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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
ChC CBIIOTO MMe, CaMO 4e TsX U3MUCBaMe ¢ HOpMaJiHO Jebesn Oyksu (regular face), nanpumep
b =Dbiby---b,, kbuero b; € {0,1}3a 1 <i<n.

Heka x,y € {0, 1}. x e Y TCTK

‘= 1, akoy =0
10, akoy=1
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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

V1€{1,2,...,n}: a; = b;
QakTa, ve @ 1 b ca NPOTUBOIOJIOKHY, 3aICBaMe HAKpaTKo Taka: @ = b. Jlobpe uzsecrHo e, 1e
a=a,rakaue a=b—a=>b=0>b.
Hyanes sexmop e Bcekn BekTop oT enna mian mnoBede Hyan 00---00. Ako ab/KUHATA HE e

CBINECTBEHA 38 JIUCKYPCa, MOXKe Jia Ka3BaMe WICHYBaHO Hy.Aecuam eexmop. HyneBusat BeKTop 1e
zarmcaMe ¢ “0”. Hamrbino anajaornvdno, BbBexKaamMe edunuwhus 6exmop, KOTo 3ammcsame ¢ “17.

1.2 dedwunuiusa una “OyaeBa dyHKIUI’

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

Hedopmasno, OyneBa dyHkius ¢ N aprymeHTa e “pa3jaBaHe’ Ha HY/JIU WM €JIUHAIMA HA M-
Bektopure. Popmasino, OysieBa GyHKINS ¢ L apryMeHTa € MHOXKecTBO oT 2™ Ha Opoil Hapee-
HU JIBOWKM, YMUTO I'bPBU €JIEMEHT € N-BeKTOp, a BropusT enemenT e uau O, mwin 1. [IpumepHo,
KOHIOHKIMATaA € Oysesa (byHKIus ¢ 2 aprymenTa, a umenno {(00,0), (01,0), (10,0), (11,1)}.

MuorxkecTBOTO OT BCHYKM OysieBu (pyHKIUU ¢ L aprymenTa e oejexkum ¢ “ F™ 7. CbriiacHo
H3ydIaBaHOTO B pasena Kombunaropuka, | F"| = 22" . IIpumepHo, 6ysesuTe DyHKIHE ¢ 1 apryMenT
ca 4 Ha Opoii, Te3u ¢ 2 aprymenTa ca 16 Ha Opoii, Te3u ¢ 3 aprymenTta ca 256 Ha Opoii, Te3u ¢ 4
apryMeHTa ca 65536 Ha Opoii, 1 TaKka HaTATbK.

BabestekeTe, ge N e eCTECTBEHO YNCII0, TaKa de Moyke j1a nMame O apryMeHTa, KaTo (OyHKITHITE
¢ 0 aprymenta ca 2 Ha 6poii. Hauncruna, O-KkparHoTo jekapToBo pousseienue e {()}, ciegoBaresHo
JIOMEHHBT € €JTHOEJIEeMEHTEH M UMa TOYHO JBe OyseBu pyHKImE ¢ 0 aprymMenTa, KOUTO OTbKIECT-
BsiBaMe C jiBeTe OyseBu KoHcTanTu O u 1.

MuoxkectBoTO F OT Bemuku OysaeBu (DyHKIHUU e u3dOpomMo Oe3kpaitHo u ce Oesexxku ¢ “F.
OueBuHO

F=Jm

neN

1.3 bBbyneBure dyHKINM KaTo BEKTOPH

[To nedunurus, Besika OyseBa byHKIMs € MHOYXKECTBO OT Hape/ieHu JABoiiku. Kro npumep 3a Oyiena
dyukus ¢ 3 aprymenra:

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

MozkeM jia omnuieM Tas3u QYHKIAA MHOTO ITO-TIPETJIEIHO ¢ TabIUIA:

NE

0

—_— )| - OO O O
—_— S O O —| - OO
= O = O =IO —=O

—_—t O | — O] — —
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HO MOZKe [Ja 3alliIIIeM d)yHKLLI/IEITa omie I1I0-KOMITaKTHO. OTTyK HaceTHe IIpueMaMe, 9€ M-BEeKTOPpUTe
BHHAIN Ca IOJPEIEHN OTTOPE HAIOJIY JIEKCUKOrPpadCKH, TOUYHO KAKTO Ca IMOJAPEIEHN 3-BEKTOPUTE
B Ta3u Tabsmia. ToraBa e M3/IUITHO JIa TU IHUIIeM — 3Haeiiku Opos Ha apryMeHTHUTE, HIe 3HAeM Ha
KOl peji B Tab/uiara, Kol € N-BeKTOPbT.

AKo He numem BEKTOpHUTE, Ta6JII/IHaTa CTaBa CbC CaMO €IHa KOJIOHA. B nmamunsa IIpuMep:

—_— O — — O - - O

3a Jia 1mecTuM MSICTO IIPU MMHCAHETO, 3arucBaMe (DYHKIUATA He KATO KOJIOHA, 8 XOPU30HTAJIHO:

f=01101101

TakoBa 1pejicraBsare Ha Oy/eBa (DYHKIM 1€ HApUIaMe KaHoHUuYH0. KaHOHUIHOTO IIpeacTaBsHe
Ha Oy/eBa PYHKIMS C L apryMeHTa € BeKTop oT 2™ Ha Opoil Oy/1eBu CTONHOCTH.

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

e AKO MM e TOYHA CTelleH Ha JIBOKaTa, TO A mpejcraBiaBa Oynesara dynkius f (T e eqHa
enuHCTBEHA) ¢ log, m aprymenTa, kato 3a Besiko 1 € {0, 1,...,m—1}, ako b e zanucsr Ha i B
JIBONYHA TIO3UIMOHHA OpOiiHa cucTeMa ¢ JbJKUHA l0g, M U €BeHTYaJHO HOI'bJIBAHE C HYJIN
orupen, To f(b) = ay;

® AKO 1M HE € TOYHa CTEIIEH Ha ILBOfIKaTa, TO (A He IIpeacTaBJisdBa 3aIlliC Ha 6YJIeBa (byHKH‘I/IH.

Karo npumep, ako nonagasio 6emre ganen sekropbT @ = 01101101, Begaara BuzKgamMe, 9e IbIKN-
HaTa My € 8 U TOBa € TOYHa CTelleH Ha JBOIKaTa, TaKa e TOH mpejcras/isiBa OysieBaTa yHKIINA
f ¢ 3 aprymenra, Takasa 4e f(000) = 0, f(001) = 1, f(010) = 1, u Taka HararbK. Bbupekn ue,
crporo opmasino, PYHKIMAT HE € BEKTOP, a MHOXKECTBO OT HAPEJIEHU IBONKH, MMaMe IIPaBO
Jla s OT'BbXKJIECTBUM C BEKTOPA, 3aIll0TO TOM s Olpee/is HAIIb/IHO IPU CIIOMEHATUTE UMILIAIATHHA
JIOTTYCKAHUSI.

Karo apyr npumep, Bekropbr 010110 He npescraBigpa OyiieBa (hyHKIUS, 3aI[0TO [IbJIKIHATA
My He € TOYHa CTelleH Ha JBOHKaTa.

1.4 AprymMeHTH M HPOMEHJINBU

Kaxro 3naem, “npomMensimBa’ e KOJIUIECTBO, KOETO MOXKe Ja IIPUeMa KaTo CTOMHOCT KOil 1a e ejre-
MEHT Ha HsKaKBO MHOxKecTBO. HedopmasHo, ToBa e KyTusi, B KOITO MOXKEM JIa CJOKUM KO j1a e
eJIeMeHT Ha MHOKecTBoTO. KoraTo roBopum 3a OyieBa dyukins f ¢ 1 aprymMmeHTa, MOKeM J1a I0JI3-
BaMe uzpasa “f(x)”, Kbiero X e nupoMenymBara Ha pyHKIuATa. [IpoMenanBaTa X B3eMa CTOMHOCTH
or muozkectBoTO {0, T}". ToBa MHOXKecTBO MMa cTpyKTypa — To € Jlekaproso mpoussenenue. ToBa
HU JlaBa IpaBo Jia noJsisBame uspasa “f(X1,X2,...,Xn)”, KbIETO X1, X2, ..., Xn C& IPOMEHJIUBH,
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B3emalru croiinoctu or MaOXKecTBOTO {0, 1}. Te ca jBe 10 JBE pa3IMYIHU IPOMEH/INBY, BHIPEKN
4ye B3eMaT CTOWHOCTH OT €JIHO U C'bINOo MHOXKecTBO. nade kazamno, B JlekapToBoTO 1pousseeHne

{O>1}X{O>1}XX{O)]}

aconuupaMe BCEKU MHOXKHUTEJI C OTJAe/IHa IIPOMEHJINBA.

JloTyk mariexja, de “npoMeHInBU Ha OyseBa GpYHKIUS U “‘apryMeHTH Ha OyjeBa YHKIHUsS ca
eqHo u cbio. Ho Tosa ne e taka. [IpomensiuBure ca nmena na aprymenture. Karo npumep, Heka
naK Jia pasriegamMe (pyHKIUITa HA 3 apryMeHTa

f=01101101

Axko msnosssame 3ammca “f(xq1, X2, X3)”, HEE KazBaMe, Ye I'bPBUAT apPIyMEHT Ce Ka3Ba X|, BTOPUSIT
ce Ka3Ba X, a TPETUsT ce Ka3Ba X3. Ho moxkerre jta nanmrem “f(x;, X1, X3)”. Cera Hapu1ame mbpBust
apryMeHT X, BTOPHS, X1, & TPeTHs, X3. KakBu nMeHa Ime 1moj3BaMe, HMa 3HadeHne 38 PYHKIIIATA
— 1e He s mpoMerat. Moxere u “f(x,y, z)”. Umenara TpsibBa a ca aBe 1O JIBe Pa3IUIHU.

Axko obaue Bede cme JeduHUpPAIIH
f(X] y X2y Xg) = 01101101

U cjieJ] ToBa mojsBaMe 3amuca “f(Xx2, X1, X3)”, Bede ropopuM 3a aApyra gpyukims! da Buaum 3aro.
Axko usnoszBame Tabsmna, 3a ga ommieM f(Xq, X2, X3), Tabaumara e Tasu:

| x1 [ x2 | x3 || flx1,%2,%3) |
0O]0]O0 0
0|0 |1 1
Ol 110 1
Ol 1|1 0
11010 1
11011 1
11110 0
1T 1111 1

Tabimna 1: f(xq,x2,%3).

B uspasa “f(xz, X1, %3)”, uMeHara “x;” u “x;” ca pasMeHeHM 110 OTHOIIEHNWEe Ha JedurunmsaTa. Tab-
jsunara Ha f(xz,X1,X3) ce moaydasa or tabsmmara Ha f(X1,X2,X3) Upe3 pasMmsHa Ha I'bpBaTa U
BTOpaTa KOJIOHA, & He 4pe3 IIPOCTO IPEUMEHYBaHe Ha KOJOHUTE:

fcHo ce BmKIa, 1e ToBa e npyra ¢pyHKns — Kagounaaoto @ orucanue e 01111001, qokaro nHagas-
nHata ¢ynkius cerre 01101101, 3abenexkere, Ue u B JgBeTe TAOJIUIMI, BHPXY €JIWH U CbIIA BEKTOD
dyHKIMATa MMa eHa 1 ¢bina croitnoct; upumepno, f(000) = 0, f(100) = 1, u Taka nararbk. Tosa
€ OYEBUIHO — CTOMHOCTUTE Ha (PYHKIUITA BbPXY BEKTOPUTE Ca HEHHATA ChITHOCTHA XapaKTepPUc-
THKa. PasMeHsiiku IpoOMEHIMBUTE X1 U X) CIIPAMO I'bpBoHada/Ho jedunupanara f(xy,x,,x3), Hue
B HJAKaKbB CMHUCHJ IIPOMEHsIME HapeabaTa Ha BekTopuTe. 3abenexkere, de B Tabimima 2, BEKTO-
puTe He ca HapeJeHM JIeKCHKOrpadCKn orrope Hajoury. IIpomensiiku mapeabarta Ha BEKTOPHUTE,
HUE IepMyTHpaMe eJIeMEeHTHTe Ha KoJjioHara f B Tabimiara, Mpu KOETO MOXKE Ja MOJIYIUM JIPYra
dYHKIIMsI, KAKTO B IIpUMeEpA.
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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).

[Ipouee, coiicTBOTO Ha OysieBa (byHKIUs (a 1 He caMo OyJieBa; TOBa € B CUJIa 3a BCSIKA (DYHKIIUST
Ha MHOT'O [IPOMEHJIMBU, KOUTO B3eMaT CTONHOCTU OT €JHO M ChI0 MHOYKECTBO) Jla HE e IMPOMEHS
[pU [IepMyTaliis Ha IIPOMeHJIUBUTE cu, ce Hapuda cumempuynocm (Ilomceknuns 1.13).

3a mpoMeH/IMBHY, KAKBUTO pasriie/laxMe JI0cera, Ka3pame, de ca He3a6UCUMU, 3aIM0TO B3eMAT CTOM-
HOCTHUTE CU HE3aBUCHUMO €/THa OT Jpyra. /la pasriemame Bb3MOKHOCTTa HAKOU OT TAX Ja Ca 3G6U-
CUMU ¥ TIO-TOYHO CTOMHOCTTa Ha eJiHaTa Jla € TOYHO paBHA Ha CTOWHOCTTa Ha jJpyrata. Tosa ce
Hapuda yHudurayus Ha TPOMEHINBE U ce 0TOe/IA3Ba Upe3 eIHaKBy nMenal . Heka mak mosssame
KaTo IIPUMEP

f(x1,%2,%x3) = 01101101

Torasa dynkmusaTa f(xq,X7,X2) ce moaydasa ot f(Xq,X2,X3) dpe3 yHu(pUKAINSA Ha ['bPBUTE JBE
npoMennBu. 3abenexkere, de f(Xq,X1,X2) € GYHKIMS Ha ABE MPOMEHJINBHU 1 C TPU apryMeHTa.
M rtaka, npu yHuduKanyus Ha ITPOMEHJIMBH, OPOAT Ha IIPOMEHIMBHTE HaMaJjdBa, HO OpodT Ha
apryMeHTHTe He HaMaJsidBa. AKO MUCJIAM 3a TabJIMIHOTO IpeICTaBsaHe, pasriezkjame QyHKIIATa
caMO BBbPXY PEJIOBETE, B KOUTO IIbPBaTa M BTOPATa MPOMEHINBA UMAT €JIHa W ChINa CTOWHOCT; B
HAKAKBLB CMUCHJI, 3a9ePKBAME OCTAHAJINTE PEIIOBE.

|

x

3 || flxa,x1,%3) |

kn
En

— == = DD OO

— O =IO R P =IO
—_— OO | = | R —

—|=lo|lo|l k| dlolo

Tabmuma 3: f(xq1,X1,X3).

fAko Tpsi6Ba A cMe HmejAHTHYHNM, YHEMDUKAIUATA € Ha APTYMEHTH, ITOHE)Ke MPOMEH/IMBATE €A HMMEHATA Ha
apryMeHTHTe.
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Besika yaudukaims HamassgBa JIbJKUHaTa Ha (PYHKIMATa HamogoBuHa. B ciaydas, f(xq, X1,X2) =
0101 e ¢ mbmkuna 4. B ekcrpemuusi BapuaHT, yHU(DUKAIMS HA BCUIKH ITPOMEHJIMBU BOJH IO
GyHKIMS ¢ Tb/RKUHA CaMO 2, He3aBUCUMO OT OpOsi HA apr'yMEHTHUTE; TOBa € HAII'bJIHO OYaKBaHO,
Thil KaTo pu yHUMUKAINA HA BCUYKU TPOMEHINBU OCTABA CAMO €JIHa MPOMEHINBA, KOSITO MMa
TOYHO JIB€ Bb3MOXKHU CTOWHOCTH.

Baciy:KaBa Jla ce akIeHTHpa, de OpoAT Ha apryMEeHTHUTe He HaMaJsisdBa Npu YHUMUKAIUS Ha
[IPOMEHJIMBHU, TaKa Y€ aKO Hada/JHaTa (PYyHKIHUS € ¢ T apryMeHTa, cJieJl YHU(pUKAIUS Ha [IPO-
MeH/IUBY (DYHKIUATA [MaK € C JIOMETH N-BeKTOpH, HO Bede He BCUYKM T-BEKTOPHU, & CaAMO Te3W,
KOUTO MMaT €JIHA U ChIIM CTOWHOCTH Ha JaJjeHn nosunun. B npumepa, pomeitabr Ha (X1, X1, X3)

e {000,001, 110, 111}

YuudukanusTa Ha TPOMEHIMBI MOXKe Jia Objie omrcana (pOpMaIHO TaKa.
Onpenenenne 2. Heka f(xq,%2,...,X,) e OysmeBa dyukiusa. Heka 1 <1 <j <n. Heka
X={a e{0,1}"ai = a}

Byaesama dynryusa, xosmo ce noayuaca om f(x1,Xz, ..., Xn) upes ynudurayua na xi u xj, e f|,.

Banucbr “f(x1,X2,...,Xn)”, KOHTO 4eCTO [OI3BaMe, IPeIIo/iara, 4e yHuMpUKalus Ha IPOMEHINBA
HsMa, TaKa 9e MPOMEH/IMBUTE ca Ha OpOil KOJIKOTO apryMEHTHUTE, & UMEHHO L.

Oupepnenenne 3. Heka f(x1,Xz,...,Xn) e OyieBa dpynknus. Heka 1 < 1 < n. [Ipomennusara Xx;
ce HApU4a PUKMUEHA, AKO

f(XhXZ) s )Xi—1>0)xi+1axi+2) e >Xn) - f(XhXZ) ceey X1, 1>Xi+1>xi+2> oo )Xn)
3a BCAKa CTOHHOCT Ha (M — 1)-BeKTOpa X1X2 -« * Xi_1Xi+1Xi12 * * - Xn. IIpoMenuBa, Koaro He e (puK-

THUBHa, C€ HapUva CoWECMEEHA.

1.5 DbyneBure dbyHKIIUM HA €AWH U ABA apryMeEHTAa

n
Kakro 3uaem or [onceknus 1.2, |F™| = 22 , Taka ue |F'| = 4. Cnensa tabuia ¢ YeTupuTre 6y/IeBd
GYHKIMN ¢ eJINH apryMeHT, HAIIMCAHU B KOJIOHU BISICHO OT JBaTa 1-BekTopa. MiMeTo Ha aprymeHTa
(mpomensimBaTa) € X.

x || 0| id(x) | neg(x)
010 0 1
110 1 0 1

Ero pazsgcuenus 3a yetupure QpyHKHGS

e 0 ce napuya xowcmanma wysa. B ciydas e KOHCTaHTa HyJa C €IUH apr'yMEHT, HO HUe IIe
moyi3BaMe ‘07 3a KOHCTaHTa HyJla Ha IMPOU3BOJIEH OPOil apryMeHTH.

e id(x) e muenturer X. fIcHO e 3aI10 ce Ka3Ba Taka: HEfHUTE CTONHOCTH ChBIIAJIAT C TE3H Ha X.
Ha npakTuka dectro ta3sm yHKIM ce 3anucBa ¢ “X”. BbIpekn de 1o To3u Ha9uH MM0JI3BaMe
eJlHa U Cbila OyKBa W 3a IMPOMEH/JIMBATA, U 3a (PYHKIUATA, IOMHUM, Y€ T€ Ca MPUHITUITHO
Pa3/IMYHN HEIA.

e neg(x) e orpuranue X. flcHO e 3a10 ce Ka3Ba Taka: HEHNTe CTONHOCTHU ChBIAJIAT C TE3U HA

U

X. Ha nmpakTuka decto Ta3u (pyHKIHSA ce 3aIllUCBa ¢ “X
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e 1 ce mapuda xoncmanma edunuya. B ciydast € KOHCTAHTa €IMHUIA C €IMH apr'yMeHT, HO,
C'BINO KATO IIPU KOHCTAHTA HyJIa, HIE TIe mor3BaMe ‘17 3a KOHCTaHTa €IMHUIA HA TPOU3BOJIEH
Opoit apryMeHTH.

Creapa Tabsuna ¢ HIKOM, HO He BCHUKH, OyieBu (byHKIWHN ¢ jBa aprymenta. Vmenara na apry-
MeHTHTE (IIPOMEHJIUBUTE) ca X H Y.

x| y|l0|xAy |id(x) |id(y) [ xBy | xVy | x|y | negly) | neg(x) | x =y | xly | 1
0(0|0 0 0 0 0 0 1 1 1 1 T |1
0|10 0 0 1 1 1 0 0 1 1 1T 11
1100 0 1 0 1 1 0 1 0 0 1 |1
1110 1 1 1 0 1 0 0 0 1 0 |1

Ero pa3dCHeHud 3a TE3U Cl)yHKHHH, KOUTO HAMAT aHaJIOI IIPU €I1MH apI'yMEHT.

e Xx/\y e koHtoHkIms. JlomycTumo e jia ce 3anucsa u ¢ amuepcani “x&y” mim ¢ KOHKaTeHAINs
Ha IIPOMEH/IUBHTE “XY’.

e Xx Py e cyMa 1o MOAYJ JBe. ToBa e aHa/oTa Ha M3KJIOYBAIIOTO WX OT ChbXKIUTETHATA
Jioruka. B reopusTa na 6yseBure (pyHKIMH, CyMa 10 MOYJI JIBE TMa MHOTO TTO-TOJIIMa, POJIS,
OTKOJIKOTO M3KJIIOYBAIOTO WM B ChXKIUTeTHATa JJoruKa. [loHskora ce 3ammicBa ¢ 0OMKHOBEH
oc “x +Y”, ako HAMa Bb3MOKHOCT 3a JIBYCMHCJIUIIA.

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

W

X. Ha nmpakTuka gecto tasm GyHKIHA ce 3aIlMcBa ¢ “X
e x Vy e musonkiusg. He mosasBaiiTe OykBaTa 1Ioc 3a JIU3IOHKITHA!

e x |y ce mapuua crpeska Ha [Ibpe (Peirce). Tasu dyukims e mupoko ussectra karo NOR,
kKoeTo uaBa oT “negation of or”. Hemocrarbk Ha nmero “NOR” e, 1e To mpejmosara KOMITO-
3urugd Ha YHKIWW; equH By, mbpso npasuM OR u mocite ro merupame. /lokaro Gyksara
“|” momuepTaBa, Ue cTaBa JyMa 3a eaHa DyHKIUS.

® X — | e UMILIMKAIWSA. 3ac/Iy’KaBa Jla ce CIIOMEHe, Y€ B ChrK/IUTeJTHATA JIOIMKa UMILINKAIH-
Ta UMa KJI0YOBO 3HaYEHUe, 3aI0TO € CBbp3aHa C IIPaBEeHeTO Ha M3BO/U, JOKATO B TCOPUITA
Ha OysieBuTe (DYHKIIMU Tsl HIMa HUKAKBO 0COOEHO 3HAUYEHUE.

e x|y ce napuua uepra Ha [lledep (Sheffer). Tasu dbyuknus e mmpoko nssecraa karo NAND,
koeTo njBa ot ‘negation of and”. Hemocrarsk Ha nmero “NAND” e, 1e To mnpe/imoara KOMIIO-
3urus Ha yHKIUW; eauH Buj, mbpBo npasuM AND u mocse ro merupame. Jlokato Gyksara
“I” moguepraBa, Ye crapa JyMa 3a eIHa (OyHKIHS.

CnoiicrBaTa Ha OysieBuTe (DYHKIMK HA JIBE TPOMEHJIMBU OTTOBAPAT TOYHO HA CBOHCTBATA HA CHOT-
BETHUTE JIOTUYECKH ChIO3U OT ChXKJIUTeTHATa JIOTUKA. [[puMepHO, KOHIOHKIIMATA € KOMyTaTUBHA 1
acolraTUBHA U JIUIOHKINATA ChI0. KOHIOHKITHATA TUCTPUOYTUPA CIIPSIMO JIUBIOHKIIAITA U 00paT-
noro. Heranusra Ha HeranusTa Ha X € CbIIOTO KaTO X, HErAIMATa HA JIMSIOHKITNATA € KOHIOHKITUATA,
Ha HEraluuTe, 1 TaKa HATATHK. 3ac/IyzKaBaT Jia Ce CIIOMEHAT HIKOJIKO KJII0YOBO BayKHU CBOWCTBA
Ha cyMmaTa 110 MOJYJI JBe, YMUTO aHAJIO3U B ChXKJINTETHATA JIOTUKA HE CMe Pas3lryiexk Ialin.

1. x®y =y & x. Cymara 1o MO/ JIBE € KOMyTaTUTBHA.

2.xP(ydz) =(xdy) @z Cymara 1o MOy JBE € ACONUATUBHA ¥ UMaMe IPaBo Jia MUIIeM
x @&y P z. Toa ce 060bIIABA 38 TPON3BOJIEH OPOil ChOUpaeMu: 3AIUCHT X1 B Xy B - - - P Xy €
k
HEJIBYCMHUCJIEH; JIOIlyCTUMO € HaKPATKO Ja ce nuire @ X;.

7
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x & 0 = x. O4eBUHO BUHATH € BIPHO, He3aBucuMO jgaju X e O wiau 1.
x @ 1 = neg(x). OuyeBujHO BUHAIK € BAPHO, He3aBucuMo Jjiaym X e O wim 1.

x @ x = 0. OuyeBUIHO BUHAIU € BSIPHO, He3aBucuMoO jajn X e O mm 1.

AR AT

y & x dx =y. Crensa Begnara or 5. u 3.

1.6 Komnozunus

Hexa f(X1,X2y+++yXiy+v-yXn) ¥ g(Y1,Y2y-+.,Ym) ca Oyaesu! dynxmun. Komnosuyuama na g ha
macmomo wa Xi 686 f e dynxyuama f(x1,X2, ..y, Xi—1, 9(Y1,Y2y -+« y Ym)y Xit1y Xit2y« - -y Xn ). TOBa
e dyHKnug, KoATo e pasiaudHa (B obmms ciaydait) u or f, m or g. AKO ce MHTepecyBame OT
U3YKC/ASIBAHETO Ha Tas3u (PYHKIWUs, aJlOPUTHM 38 HEHHOTO M3YUC/ISIBAHE MOXKE Jia Ce IOJIYUUd OT
AJTOPUTMHU 3a M3YHUC/IsiBaHeTo Ha f u Ha ¢: ajropuTbMbT 3a f BuKa aaropurbma 3a ¢. Hosara
dyskug-Komuosuusa ce gedpunnpa taka. Ta e yaknma h ¢ 14+ m — 1 aprymenrta u 3a Bceku
(n +m — 1)-BekTOp Q, CTOWHOCTTA W CbHBIAJA ChbC croiiHocTTa Ha f(b), KbIero

b] =4
b=
bi1 =ai

b = aitm

bii2 = Qiymyi

bn = Qn4m—1
a by UMa chbinara CTORHOCT KATO g(Qiy Qitqy«- -y Qitm_1)-
Konxko ca npomenmsuTe Ha (HyHKIUATA-KOMIOZUIMA!? OUEBUIHO MHOKECTBOTO OT IIPOMEHJINBH-
te Ha dysruaTa-kommosuusg e ({x1,...,xn} \ {xi}) U{y1,...,Yym}. Ako e m3mbaneno ({xi,...,
X} \ 06D N Y1, ..y Ym} = 0F, To KOMTIOBUTIMATA e dbyHKIMA Ha T+ M — 1 mpoMenmusy. Hampu-
Mep, aKo Ca JaJicHI f(XJ y X2y X3y X4, X5) ng (XG) X7y XS): TO KOMIIO3UIINATA f(X] y X2y X3, g(x6) X7y XS)) XS)
e dyukusa vHa 5 + 3 — 1 = 7 npomennuBu. Bb3moxkuo e obaue ({x1,...,%x.} \ {xi}) N {ys,...,

Ym) 7# 0. B TakbB cirydait 6posaT ce mosydaBa upe3 KOMOMHATOPHUS MPUHIUI HA BKJIIOYBAHETO U
U3KJIIOUYBAHETO: OT CyMaTa OT MOIIHOCTHTE BaJUM MOIIHOCTTA Ha CEYCHHUETO W BAJIUM OINE €IHA
eMHUIA 3apajn Xi. Hanpumep, ako ca gagenn f(Xxq,X2, X3, X4, X5) ¥ g(X1,X2, Xg), TO KOMIO3HUIIUASITA
f(x1, X2, X3, (X1, X2, X8), X5) € dbyukus ua (5+ 3) —2 —1 =5 npomenusu.

Tosa Moxke j1a ce 0606 Taka. AKO g1, g2, ..., gn ca OyaeBu (DYHKIMA CHOTBETHO HA My, ...,
M,, IPOMEH/INBU, & UMEHHO

91(91,1, oo ,y1,m1)
92(92,1»---,92,1112)

gn(yn,h e )yn,mn)

THe e meobxoaumo tesu  u g na ca OyyieBu DyHKINH, 33 Ja MOXKE J1a TOBOPUM 3a KoMIro3unus. KoMmosurust
Ha (DYHKIHATA g HA MICTOTO Ha Xi BbB dyHKIusATa f e Mucianma nopu Koraro f u g ca npousBosiHd OYHKIUU [IPU
YCJIOBHE, e KOJIOMEUHDBT Ha g € ChIUSAT Karo i-us jjomeitn Ha f. Kazano na mporpaMucTku »KaproH, IpH yCJIOBHE,
9e TUIIBT Ha U3XOMA Ha ¢ € ChIMUAT KaTO THUIMA Ha i-ust BXom Ha f.

1C apyrm mymu, ako npomensmBuTe Ha f 6€3 X{, OT eHa CTpaHa, ¥ IPOMEHIMBHATE Ha ¢, OT APYTa CTPaHA, HIMAT
O0III eJIEMEHTH.
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TO KOMIIOSUIIHATAa Ha g] Ha MsACTOTO Ha X1, Ha 92 Ha MACTOTO Ha Xz, ..., Ha gn Ha MACTOTO Ha X
e OysieBaTa pyHKITUS:
f(91 (y],]» <oy Yimy )) 92(92,1) oo )yl,mz)) ey gn(yn,h O )yn,mn))

1.7 O06001IeHa KOHIOHKIIUS 1 0000IIeHa NU3I0OHKIINS

Heka f; e OyneBara dyHKIms KoHIOHKIN. Heka X1, X2, X3 U X4 ca OysaeBn npomeHanBu. Beekn ot
CJIeJTHUTE 3allCH:

f1(x1,%2) f1(x1,x3) f1(x1,X4) f1(x2,%3) f1(x2,X4) f1(x3,X4)
(] ,ILOHYCTI/IM. OT ,ZprI‘a CTpaHa, CJICJHUTE 3allUCH.
f1(x1,%2,%3) f1(x2, X3, X4) f1(x1, X2, X3, X4)

ca, oT popMaJsIHa TJIeIHa TOYKa, HeJOIyCTUMU, [TOHEYKe KOHIOHKITUATA € (PYHKIUI HA TOYHO JTBE
MIPOMEHJINBY, a He Ha ITOBeYe.

Ha mpakTuka obade HIe rOBOPUM 3a KOHIOHKIIMS Ha MHOTO IIpoMenmBr. Kak craBa ToBa? AKo
TpsA0Ba J]a CMe HAII'bJIHO MPEIU3HU, KOHIOHKIUITA Ha [ToBeYe OT JBE IPOMEHJIMBU He € (DYHKIII-
ta f1, a Apyra gyHKIMs, KOATO ce mojydaBa oT fi Upe3 mojaxo/diina cepust oT Kommo3uimu. Karo
pUMED J1a pasriiejiaMe CjaeJHuTe 1eT (DyHKIIUN:

f1(f1(f1(x1,%2),%3), X4) f1(x1, f1(x2, f1(x3,%4))) (1)
f1(f1(x1,%2), f1(x3,%4))
f1(f1(x1, f1(x2,%3))y X4) f1(x1, f1(f1(x2,%3), X4))

Besika ot Tesu ner GpyHKIUT € (DyHKIMA HA YeTUPUTE TPOMEHIUBH X1, X2, X3 U X4. JIecHO ce BUK-
Jda, 9€ Te3n (bYHKI_H/H/I oTroBap4drT 6I/IeKTI/IBHO Ha HeTTe—r HadMHa 3a I'PyIIupaHe Ha IIPOMEHJ/IMBUTE.
[Ipouee, Te3n mer GbyHKIMU ca PaBHU—IIO-TIPENU3HO Ka3aHo, (1) cbIbpxka HeT 3ammca Ha eHa
1 CbIa (PyHKIUS—TIOPaIM acOMATHBHOCTTA Ha KOHIOHKIMATA. JIeCHO ce BWXKIa OCBEH TOBA, 1e
1 BCsIKa Jpyra JInHelHa Hapeaba Ha IPOMEHJIMBUTE, Ja KaXKeM XpX4X1X3 OM J10BejIa JI0 ChIOTO —
yHKIIMATA Ha YeTUPHU IIPOMEHINBH CH OCTaBa CbhINATa; TOBA I'bK € 3apai KOMYTaTHBHOCTTA Ha
KOHIOHKIIHATA.

U raka, dyukimsaTa ot (1) e npumep 3a obobuena xornonkyua. Tosa 1ie pede, pyHKIUSA Ha JBe
WM TTOBEYe TTPOMEHJIMBH, KOSITO Ce TOydaBa OT OOMKHOBEHATA KOHIOHKIIAS TIPe3 CepPUsi OT KOMIIO-
surun. O49eBuIHO, 0000IIeHaTa KOHIOHKITIS MMa CTORHOCT eJIMHNIA TCTK BCUIKUTE W TPOMEHTUBI
ca eIUHUIN.

Hambano anamormano pedunupame u 060bwena dudtonkyus: HYHKIMS Ha JBe WX IIOBEYe
IIPOMCHJINBU, KOATO Ce€ II0oJIydaBa OT O6I/IKHOBeHaTa JAUSIOHKINA YIPE3 cepud OT KOMIIO3UIUU, T
nMa CTOMHOCT €IMHUIA TCTK IIOHE €JIHa OT ITPOMEHINBUTE U € eIUHUTIA.

1.8 lpyru mnipejictaBsHus Ha OyjieBuTe (PyHKIUU
1.8.1 IIpeacraBsine upe3 cxeMu OT (PYHKIIMOHAJIHU €JI€eMEeHTU

Ja momycHeM, Ue HU € J@JIEHO YCTPOICTBO, KOETO N BXOAa M TOYHO €JIMH U3XOJ, 3a Hsakoe N € N.
Ha BxomoBere ce nogasat OyseBu croitnoctu. Jlanena uu e Oynesa dyuknus f ¢ n aprymenTa. Kas-
BaMe, de yCTPOUCTBOTO peanusupa Pynwkyuama f, ako 3a BcgKa KOMOMHAIMS-BEKTOD X OT Oy/IeBU

tCrpanmuana 3a6emexkka: B KoMbuHaTOpHKaTa, N-roTo umnciao ua Catalan, koero 3ammcsame kato Cy,, e 6posT Ha
BCUYKM HAYWHU JIa/IeHa JinHeliHa Hapeaba Ha N+ 1 ejleMenTa, B3eTH OT HIKAKBO MHOXKeCTBO A, jia Objie CKOOyBaHa
Taka, Je JiajleHa OmHapHa orepanys Hajl A Jia Objle IPUJIOyKeHa HaJl BbIIPOCHATA JIMHEHA Hape10a. B KOHKpeTHus
npumep, muoxkecrsoro A e {0, 1}, 6posar Ha obexkrure e 4, 6Gunapuara oneparus e f1, a JguHeliHata Hapeaba e
X1X2X3X4. HeiticrBuresno, C3 = 5, koero Touno oTroapst Ha 6pos Ha dyskiunTe B (1).
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CTOMHOCTH Ha BXOJIOBETe, Ha u3xo/a “‘u3imsa’ Oynesa croitnoct f(x). CtangapTHo AoIyCKaHe e, Je
BXOJ0BETEC HA YCTpOfICTBOTO Ca UMCHYBaHHU; TOECT BCEKU BXO/J CU UMa MICHTHUIHOCT. BCHKO TaKOBa
YCTPONCTBO HapuaaMe dynxyuonaner eaemenm’ . 3a meanTe Ha TO3M Kypc HIE Pa3rJIesKIaMe CaMo
ujaeanu3upan (pyHKIMOHAIHN €JIeMEHTH, HO TaKuBa (PYHKIMOHAJHU €JIEMEHTH MOXKe Ja ObiaT
peasim3upanyu (pU3MIECKN, KOETO € B OCHOBaTa Ha IIMpoBaTa CXeMOTEXHUKA.

[Ie nzobpasstBame (byHKIMOHATHUATE €JIEMEHTH IIPUMEPHO TaKa:

EjleMeHTHT ce pucyBa ¢ HEIO KaTo MOJYKPbHI, KATO BXOJOBeTe (B Caydas Te ca TpU Ha Opoil u
ca HOMepupanu ¢ 1, 2 u 3) ca OTKbM IpaBaTa 9acT, a U3XO[bT, KOITO BUHATU € TOYHO CJIUH, €
ot 3a0bsienara dact. imero Ha dyHKIUATA € HAIMCAHO BbPXY ejeMmenTa. EcrecTseno, pyHKIusgaTa
TpsA0OBa Ja € TakaBa, 4e OpodAT Ha apryMeHTHTEe W Ja € TOYHO paBeH Ha Opos Ha BXOJIOBETE Ha
esemenTa. AKo ce pazbepeM, Ue BXOJIOBETE ca HOMEPUPAHH OTJISIBO HAJISICHO, MOXKEM CIOKONHO J1a
M3IyCKaMe M3MICBAHETO HAa HOMepaTa MM; B TaKbB CIydail CbIMUAT (PYHKINOHAJIEH eleMeHT On
OWJ1 HApUCYBAH TaKa:

Hexka ornoBo f e ciennara dynkims:
f=01101101

Torasa Bbpxy Bxomaus Bektop 001, f uma croitroct 1. ToBa nzobpaszsiBame Bbpxy OYyHKIIMOHATHUS
€JIEMEHT €TO TaKa:

OueBmjIHO JTOTyCKaMe, Ue WMa TOCOKAa Ha ‘/IBUKeHune Ha mHpopMarmsaTra’, KOsITO € BHHAIU OT
BXOJIOBETE K'bM U3XOJIA.

Cxemure 0T (DYHKIIMOHAJHU €IEMEHTHU Ca HaJl HIKAKBO MHOYKECTBO OT OyJIeBU IIPOMEHIUBU. Y J100-
HO € Jia CH IIpeJICTaBaAMe, e IIPOMEH/IMBATE “TeKaT Mo “SKuimure’t, KOUTO BIN3aT BbHB BXOJOBETE
Ha yHKIMOHAJIHUTE ejleMeHTH. Hanmpumep, ako nckame ja m3obpasuM (HyHKIIMOHAJIEH €JIEMEHT,
cworBercTBall Ha f(X1, X2, X3), IPpABUM TakaBa jparpama;

tHa, anrmmiickn TepMunsT € gate.
i Peanmmure (yHKIMOHAIHY €JIEMEHTH Ca €JEKTPOHHI YCTPOHCTBA, MO YHUTO YKUIM TEKAT TOKOBE M MMa, Hall-
PEeXKeHMsI, KaTO HAIPEXKEHUATa Ce MHTEPIPETUPAT KATO HyJn win eqwHuim. Vaeamusupannre OyHKIIMOHAJHNA
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X1 X2 X3

Babesexkere, Ue CJIEIHOTO CBbP3BaHe Ha BXOJI0BeTe Ha (DYHKIMOHAHUS €JIEMEHT KbM TPUTE MPO-
MEHJINBU € C'bIIIECTBEHO PAa3JIMYHO OT IPEJUITHOTO

X1 X2 X3

110 CBINUTE IPUIUHHI, TOpau KouTo (X1, X2, X3) B 001mus ciaydaii e pasnundana dpyukius ot f(x2, X1, X3)
(mpumomHuere cu pasiukara Mexty Tabiuma 1 u Tabauna 2). U raka, cxemure or GyHKITMOHAJ-
HU €JIEMECHTH 9YyJ€CHO OHalJIe/sdABaT KaKBO CTaBa IIPpU II€pMyTalldd Ha IIPOMEHJIMBUTE B 3allCa Ha

dyHKIIIATA.

Cxemure OT (DYHKIMOHAJIHU €JIEMEHTHU UyJIECHO OHAIJIeJsBAT W IMOHATHETO yHUDUKAIMA HA
IpoMeH/IMBU. AKO pasriejiamMe Cbinst (DYyHKIMOHAIEH eJIeMEHT, KOHTO IIOJI3BaXMe B IPUMEPUTE
rope, To yuudukanusTa Ha X1 ¢ X; (npunomuere cu Tabiura 3) usriexjia Taka BbpXy eJIeMeHTa:

X1 X3

dcHo ce BuKIa, de ciiell yHUpUKAIUATa, IIPOMEHIUBATE ca caMo JiBe. UepHaTa TOYKa € TOYKa Ha
pa3KJIOHEHHe Ha CHUTHAJA, IIPU KOeTO HBallaTa OTTOpe CTOMHOCT Xi ce pa3MHOXKaBa U “Bin3a’ B
JABaTa BXOJa BJIABO. B TepMI/IHOﬂOFI/IHTa Ha eHeKTpOTeXHI/IKaTa, H'prI/ITe JBa BXOJ/Ja Ha €JICMCHTa
ca “Ha K'bco’.

I/IBHOHBBaﬁKH KaCKa/JHO CBbpP3aHU CbYHKHI/IOHaJIHI/I C€JIEMEHTH MOXKEM MHOI'O €JICTaHTHO Ja MJIIOC-
TpupaMe KOMIIO3UIUATa Ha (DYHKIUS HA MICTOTO Ha IIPOMEH/InBa Ha JApyra dyHkims. Kakro B
[Moacekrust 1.6, vera (X1, X2, ..+, Xy« -y Xn) 1 g(Y1,Y2y ..., Ym) ca OysneBu pysaxiuu. CboTBETHH-
TEe UM beHKHI/IOHaJIHI/I C€JIEMEHTHU CHU IIpeJCTaBAME TaKa:

X1 X2 Xi Xn Y1 Y2 Ym

€JIEMEHTH, KOUTO Pa3IJiekK1aMe TYK, ca aDCTPAKIMKA U IPHU TSIX 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 € HeOOXOJMMO HSKAKBO
BpeMe, TUIIMYHO OT IOPsbKA HA HAHOCEKYHJIU WJIU [MMKOCEKYH/IU [IPU MOJIEPHUTE BbPXOBU IU(MPOBHU €JIEKTPOH-
Hu cxemu. Vjeanusupanure (GYHKIMOHAJIHU €JIEMEHTH, KOUTO PAa3IJIeXKaMe TYK, HIMAT 3aK'bCHEHUs] W IPU TIX
CUTHAJIATE C€ PA3IPOCTPAHSIBAT HEOTPAHUIEHO ObP30.
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Torasa KoMmIO3UIUATa Ha g HA MICTOTO Ha Xi BbB f ce OIHMCBa, B TeDMUHUTE Ha (PYHKIIMOHATIHUTE
eJIeMeHTH, KaTO CBbpP3BaHe Ha M3XOJa Ha eJeMeHTa Ha § KbM 1-Us BXOJl Ha eJeMeHTa Ha f:

Y1Y2 Ym
X1 X2 Xn

1-ugT BXOJI IMPOJIbJIZKaBa Jia ChIECTBYBa, HO Bede HE € MMEHYBaH ¢ “X;’, 3alll0TO IMPOMEH/IIBA, X{
Bede HsIMa B CMUChHJ/I, 9e He ce M0J3Ba. AKTUBHHATE IMPOMEHJIMBU, C JAPYTU JAYMH, T€3H, KOUTO CE
MOJI3BAT, C& X1, .., Xi—1, Xit1s - -+ Xn, Y1, - - ., Ym. 1230 Kackaga OoT (PyHKIMOHATHU €JIeMEHTN
pceamsnpa CI)YHKL[I/IHTE% f(X] y X2y« ooy Xi1y 9(91,1.42, ce )ym)) Xit1y Xif2y oo )Xn)-

OyuknunTe 00600IeHa KOHIOHKIINA U 0000IeHa JU3I0HKIMS, 38 KOUTO cTaHa jgyma B Ilo-
ceknus 1.7, MoxKe J1a ce MIIOCTPpUPAT Upe3 KaCKaJHU CBbP3BaHUsS Ha (PYHKIIMOHAIHU €JIeMEHTH
THI KOHIOHKINS MM JU3I0HKIMsI. Heka ero To3m (yHKIMOHAJIEH eJIeMEeHT peaju3upa OyJieBara
bYHKITNA KOHIOHKITUA:

Torasa nerre kommosurmu ot (1) Morar jia GbIAT MPEJCTABEHN TaKa:

X1 X2 X3 X4 X1 X2 X3 X4 X1 X2 X3 X4 X1 X2 X3 X4 X1 X2 X3 X4

[ 1 L1 11

2 oY

Kakro ce kaza B [logceknus 1.7, mopaan aconuaTuBHOCTTA Ha KOHIOHKITUSITA, IIETT€ KOMIIO3UITII
ot (1) ca BebITHOCT HeT HaunHa Ja Obje HalmcaHa eHa u cbina GyHKusa. Ciie0BaTeHO, TeTTe
pa3/IMIHU CBbP3BaHUA Ha (DYHKIIMOHAJIHU €JIEMEHTH OT IMOc/enaTa (purypa peajgusupar eIHa 1
cbIa PYHKIHSA, a UMEHHO 0000IIeHa KOHIOHKITUS HA YeTHUPU ITPOMEHJINBH.
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1.8.2 IlIpesacraBsine ype3 Xunepkyo

[Tonsikora e MHOTO YI00HO Jla MUCJIUM 3a OyjeBuTe (bYHKIINNA HA T MPOMEHJINBA B TEPMUHUTE HA
runepkyob. N-MepeH XurepkKyo e 00o0IeHne Ha peuaTa OT FeOMeTPUIHN 0OEKTH TOYKa, OTCEeYKa,
KBaJpaT, Ky6 U Taka HATATbHK:

ToukaTa e O-MepeH XUIepkyo, KOMTO e aroMapeH B CMUCDJI, Y€ HAMa CTPYKTYypa,

oTcedKaTa € |-MepeH XWUIIEpKYD, ChCTOSIN ce OT 2 TOYKHA U €THOMEpPHHS OOEKT, KONTO ru
CBbP3Ba—MOXKEM JIa KayKeM, B HAKAKbB CMUCHJI, “KOHUTO € OIpaJieH OT TdAX

KBaJIpaThbT € 2-MepeH XUIepkyd, cberosir ce or 4 Touku, 4 oTcedKu U JAByMEPHUS O0EKT,
OrpaJieH OT THAX,

KyObT e 3-MepeH xurepky0, cberodi ce or 8§ Touku, 12 okoyinu pbba, 6 KBajpara U Tpu-
MepHUsT 00EKT, OI'PaJIeH OT THX,

1 TaKa HaTaTbK.

Ot Ta3u riegHa TOYKA, -MEPHUST XAMEPKYD € OOIIUST 1/IeH Ha Ta3u peaura. Toil e reomeTpruden
00eKT B M-MEPHOTO MPOCTpaHcTBO. MoxKe jga MUCIUM 3a XHIEpPKyba KaTo 3a 00EKT, ChCTOSII Ce

OT:

2™ TOYKHU, KOUTO Ca BbPXOBETE M
) Y

n2™" orceukn, KOUTO ca OKOJHITE My PbOOBE,
n\yn—2

(2)2 KBa/IpaTa, KOUTO Ca OKOJIHUTE MYy CTEHU,
n\yn-3

( 3)2 Kyba,

U TaKa HATATHK

(nT_L])Z“*(“*” = 2n Ha 6poii, (n — 1)-mepHu obekTa,

eIrH N-MepeH 06eKT, orpajed oT (n — 1)-MepHuTe 00EKTH.

JlecHo ce Buxk1a, Ye k-MepHUTE KOMIIOHEHTH Ha T-MepHUs XUIEPKyO ca (Tkl) 2™% ma 6poi.

Mozke j1a IpeHeOperseM reOMeTpUIHUS aCIeKT Ha XUIEPKyDa 1 J1a MUCJIUM 3a HEro KaTo 3a YUCTO
KOMOMHATOPEH O0EKT I10 CJIeTHUST HAYTMH:

Bunpxosere my ca Bektopure ot {0, 1}". Tosa ca O-mMepHUTE KOMIIOHEHTH Ha T-MEPHHUS XU-
1epKyo0.

JlBa BeKTOpa ca cscednu ToraBa M caMoO TOTaBa, KOraTo Ce pasjiidaBaT B TOYHO €/IHA MO3U-
musi. Hanmpumep, ako n = 3, Bekropure 001 u 011 ce pasnmuaBaT B TOYHO €HA MOSUIINAS
(Bropata) u Te 3ajaBaT €JIMH OKOJIeH pb0 Ha 3-MepHus xunepky6. Ul Taka, BceKn OKoJIeH Pb0
ce UAeHTUUIMPA C IBaTa BbpXa, KOUTO MY IIPUTAJJIEXKAT, a Te Ce pa3IndaBar B TOYHO €IHA
nosunust. C apyru jgymu, 1-MepHUTe KOMIIOHEHTH Ca BCUIKU (HEHAPEIeHN ) JTBOWKH BEKTODH,
KOUTO C€ Pa3/ndaBaT B TOUYHO €JIHA [TO3UIIHS.

AHa/IoruvIHO, BCSKA OKOJIHA CTEHA Ce MJICHTUMUIINPA ¢ IeTUPUTE BbPXa, KOUTO U MPUHAIIC-
xkar. C npyru Jaymu, 2-MepHUTe KOMIIOHEHTH Ca BCHYKH (HEHAPEJEHH) YeTBOPKHU BEKTODH,
TAaKUBa 9¢ MMa TOYHO JBE IIO3UINN, B KOUTO TE€3W YCTHUPHU BEKTOPa CE PA3INdaBaT.
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e AmnajiorndHo, 3-MepHUTE KOMIOHEHTH Ca BCUYKHU (HEHAPEJEHW) OCMODKH BEKTODH, TAKHBA
4e UMa TOYHO TPHU IO3UIUU, B KOUTO CE€ pa3/indaBar.

e 11 Taka HaTrarbK.

e N-MepHaTa KOMIIOHEHTa € TOYHO ejHa: TOBa € MHOXKEeCTBOTO OT Bcwuku, 2™ Ha Opoii, n-
BEKTOPH.

Torasa obmuAT 6poit KOMIIOHEHTH Ha M-MEPHHS XUIIEPKYD e:

i (E) 2= i <“T—Lk> rr= N (ni k) Pl

k=0 k=0 0<k<n

2 (n*_‘k)znk: 3y (nik)z“k: 5 (2)zk: y (z)zklnkzsn

0>—k>-—n n>n—k>0 0<k<n 0<k<n

Karo npumep j1a pasriegame 3-MepHUsT XUIIEPKYD, 3alMCaH HAIbJIHO IIOIPOOHO:

{

{{000}, {001}, {010}, {011}, {100}, {101}, {110},{111}}, //8 Bupxa
{{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 cremm
{{000,001,010,011,100,101,110,111}}  //1 obem

}

OOMKHOBEHO XWIIEpKYOBT ce pucyBa KaTo rpad: camo BbpxoBeTe m cTpaHuTe. ToBa 0O3HaYaBA,
ge O-mepHHTE M |-MepHHTE KOMIIOHEHTH Ce M300pas3siBar, a OCTaHaJHUTe, He. Taka € MHOIO II0-
npersegano. Ho Hue 3HaeM, e XunepkyobT KaTo KOMOMHATOPEH OOEKT € CbBKYITHOCT OT OOEKTHUTE
ot Bemuku pasmepnoctd, or O 10 n T, ETo THmMYHO n300parkenue Ha 3-MEpHUS XHIEPKYO:

111

011 110

RO

001 100

000

T Ako roBopuM 3a 2pag-runepryb, ToraBa MMaMe IPEIBH 0OEKTA, KOHTO € CHBKYIHOCT caMo oT O-MepHHTe
KOMIIOHEeHTH (BbpxoBere) u 1-MepHHUTe KOMIIOHEHTH, KOUTO B TO3M KOHTEKCT Hapudame “pebpa’. n-mepen rpad-
XuTIepKyO He € CHIMOTO HEIo KATO N-MepPeH XUMEePKyOD: rpadbT-XUMepKyd € MOAMHOXKECTBO Ha XUMepKyba. Xumep-
KyObT Ch/IbpKa W KOMIIOHEHTUTE OT Pa3MEpPHOCTH > 2.
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BbpxoBere Ha M-MepHUs Xuiepkyo ce pasbusar Ha N + 1 caosa. Bbpxosere or eaun cjioii ca
TOYHO T€3U BEKTOPHU, KOUTO MMAT €JUH U CHIIU OPOil eJuHUIM. BposT Ha eJIuHUINTE MOXKEe Jia €
0,1, ..., n, zaroBa u cmoesere ca N+ 1. Koraro ropopum 3a cioit k, 0 < k < n, umame mpeaBuI
CJI0SI OT BEKTOPUTE, BCEKM OT KOUTO MMa TOYHO kK eauuuim. OdueBuHO cioit K uma (Tk‘) BEXKTOPA
B cebe cu. ETo cbims xumepky6, Karo YeTUpUTe CJIOS Ca yKa3aH! C PA3JIMIHK [IBETOBE:

111

011 110

001 100

000

Besika OyieBa yHKIUS Ha T ITPOMEHIUBY MOKe Ja O'bJie pa3riiezK IaHa KaTo acoluupaHe Ha BCEKU
BPbX Ha N-MepHUs XUIEepKyO (IIOMHUM, 4e BbPXOBETe My €a TOYHO T-BEKTOPUTE) C ejiHa Oysiesa
croitnoct. Hammpumep, dpyuknusara f = 01101101 or Munanara nojcekius ce nzobdpas3sBa BbPXY
XUIlepKyOa Taka:

011 110

001 100

O 000

CroitHocTuTe HA (DYHKIUATA BbPXY BEKTOPUTE CA HAIMCAHU C YEPBEHO.

Ot Ka3aHOTO JIOTYK U3TJIEXK/IA, € KAHOHUIHOTO MIPEJICTABIHE Ha Ja/leHa Oy/ieBa (DyHKIUS U TIPeJI-
CTaBAHETO Ype3 XUIEPKyO ca eJIHO U CbIO Helo. BebIHocT, pa3inka nMa u Td € caMo B Hapei0aTa
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Ha BEKTOpHUTE. 1Ipu KaHOHUYHOTO IpejicTaBAHe, BEKTOPUTE ca HapeIeHn JeKCHKorpadcKu', a mpu
[IpeJICTaBSIHETO ¢ XHUIIEPKYD Te ca HapejeHn oT dactudHara Hapemdoa < C {0, 11" x {0, 11", nedu-
HUPAaHa 110 CJICAHNAS HATUH:

Va,be{0,1}":axbe (Vie{l,2,...,n}:q; < by) (2)

Tora e yacTmaHa Hapeaba, KOSITO He € JIMHeHa, TOHeXKe UMa JTBOMKHN BEKTOPH, KOUTO HE Ca CPaB-
aumu (copsivo Hest), Hanpumep 011 u 100. Tasu wactuuna Hapenba e MOJE3HA 38 OCMUCIISTHETO
Ha Pa3/IMYHU IOHSTHUS U pelraBaHeTO Ha MHOIO 3aJ@adu oT objacTTa Ha OyieBure byuknun. Ha
TOpHUs TIPUMEDP BCBIHOCT € MoKa3zaHa jJuarpamara Ha Hasse ma wactuunara napemba < BbPXY
3-BeKTOpUTE.

Kakro Kazaxme Beue, ChCeJIHI BEKTOPH Ca TAKHMBA, KOUTO CE PA3INYaBaT B TOUHO €HA TO3UITH’.
C'beeJICTBOTO HA BEKTOPU MOYKE JIa OCMUCJIMM M B TEDMUHKUTE Ha XUIIEPKYDa: JBa HENOBU BEKTOPA Ca
ChCEJIHN, aKO ca B cbeefHn cnoese. CbeeJICTBO Ha BEKTOPH MOXKE Jla OCMUC/IUM U 9pe3 peJialiusiTa
< (Bux (2)). A umenno, ako @ u b ca N-BeKTOPH, TO Te ca CbCEHN TOrABa U CAMO TOraBa, KOraTo
a<bwmwm b < a, kpaero penanusaTa < ce gedUHIPaA TaKa:

Va,be{0,1}":a<beoaxbANa#bA—dcfagc=xb) (3)
Hampumep, 0010 < 0011 u 0010 < 1010, 5o 0010 £ 1111, Bweupekn ge 0010 < 1111.

Cpaseane na N-meprus xuneprybd 6 i-mama Jumencus € TOHITHe, KOETO II'bPBO e OHAIJIE/IUM C
upumep. Ero cpsa3Bane Ha 3-MepHUsT XUIIEPKYO BbB BTOpaTa JIUMEHCHUS:

11

01 10
111

011 110
00

001 100

000
01 10

00

3a ymobcTBO, HEKa Jla MUCJINM 3a XUIepKyba KaTo 3a rpad-xumepkyd, TOeCT ChbBKYITHOCT OT
BbpxoBe U pedbpa. Cps3BaHEeTO ce ChCTOU B IIpeMaxBaHe Ha i-TaTa MO3UINA Ha BCUYIKUA BEKTOPU-
BBbPXOBe, CJIe]] KOeTO TAXHaTa Ib/KIHHA cTaBa N — 1, U IpeMaxBaHeTO HAa TOYHO Te3U pedpa, KOUTO

f JTexcukorpadcekara napeada e JnHeiina.
tQcBen TOBa, 3a []a TOBOPHM 32 ChCEICTBO HA BEKTOPH, TPAOBA Te J1a IMAT eHA U ChIIA Ib/KAHA. [IpH BeKTOpH
C Pa3JUYHU IB/KUHU 33 ChCEICTBO HE MOXKE JIa CTaBa JyMa.
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ca OT BHJIA:

{x0B, 1B}

KbJIETO X € OyJIeB BeKTOp ¢ AbjkKuHa 1— 1, a 3 e Oy/ieB BEKTOp ¢ ab/KHHA N —1. B mpumMepa cbe
CPSI3BAHETO Ha 3-MepHUsS XUIEPKyO BbB BTOpaTa JUMeHCHs, pedpaTta, KOUTO MaxaMe, ¢a TOUHO

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

Axko rytetame Ha xurepkyba He KaTo Ha rpad, a Karo Ha “MCTHHCKH XWUIIEPKYD ¢ KOMIIOHEHTH OT
BCHYKHU Bb3MOYKHU PA3MEPHOCTH, sICHO €, Y€ CPSA3BaHETO BOJIU JI0 U3YE3BAHETO HA N-MepHATA KOM-
IMOHEHTa, KAKTO ¥ JI0 HAaMaJITBaHeTO Ha Opost Ha K-MEepHUTE KOMIIOHEHTH OT (E) 2" % Ha (n;])Zn_k_1,
Thil KATO PEe3yJITATHT OT CPSA3BAHETO € [I0sIBATA Ha JIBA HOBU XUIIEPKYDa, BCEKH C pa3MepHocT n—1.

Ot Ka3aHOTO JI0Cera MOXKE Jia He € sICHO 3all[0 HAaCTOsiBaMe Jia e Ka3Ba, ue Cps3BamMe MMEHHO B
i-raTa pazmepuoct. Hampumep, Ha nocsaeanarta ¢purypa or euH KyO ce IMojIydaBaT JBa KBajpaTa
1 110 HUIO He JIUYU TOYHO B KOs OT TPUTE pasdMepHOCTH e Omi cpasad Kyba. OTroBopbT Ha
Ta3u 3abejIeKKa e, de XUIMEePpKyObT HU MHTEpecyBa B KOHTEKCTa Ha OysieBUTe (DYHKIIUH, KOTaTO
BbPXOBETE My ca “MapKupaHu ¢ HYJU WIN €JUHUIU — cTOiiHOCTHTE Ha OysieBara dyukiusd. [1pu
CPSI3BAHETO aCOIUAIMATa MEXKJIy BbPXOBE M CTOHHOCTH Ha (DYHKIUATA Ce 3ala3Ba, Taka |e B
O0IHsT CIydail Pe3y/ITaTbT OT CPSI3BAHETO B PA3IUYIHU PA3MEPHOCTH € PA3JIUYEH.

1.8.3 IlpencraBsine upe3 dpopmyiin

Dopmyaa € IUCTO CHHTAKTUIHO TMOoHsTHE. CPeHOIIKOICKOTO pa3bupane 3a “‘hopmysia’ e “ipoct
aJropuThbM’, HapuMep “bopMysIaTa 3a JIMIETO Ha KpPbL ¢ paayuc T e S = mr?”. Tyk nume Bb3-
preMaMe ChbBceM JIpyro pasdoupane 3a “dopmyna’. Gopmysa e BCeKH CTPUHT, KOHCTPpYUPaH HaJl
JajieHa a30yKa CbIVIACHO J@JIeHN MpaBmia. ETumosiorusaTa Ha JymMaTa € CaeJHaTa: Ha JATHHCKH
“formula” e ymanurenno or “forma”. He e rpemika ma xa3zsame “opma’ Bmecto “dopmyna’.

QopmysinTe Ha OyaeBUTE DYHKIINM MOXKE ja ce JePUHUPAT WHIYKTUBHO IO CJICTHUS HAYUH.
Ha dukcupame u30pouMo H6e3KpailHO MHOXKECTBO OT OyJIeBH IMPOMeHIuBH {Xo,X1,...}. Heka X e
as0yKaTa:

Z:{f,X,O,],-.o)9)())H}

C uepBeHo ca 3amnucanu OYKBUTE OT €3UKa, KOHTO Ie OIUIIEeM, & UMEHHO €3uKa OT (opmy/nTe
Ha Oyesure (PyHKIUH, a ¢ 9epHO ca OYyKBHTE OT MeTae3WKa, KOHTO M3IOJI3BaMe, 3a Jia OIHIIeM
esnka or opmyaure Ha Oynesure ynkmun. Heka Lq = {0, 1,...,9}. Heka L e MHOXKeCTBOTO OT
CTPUHTOBE HaJl L4, KOUTO Ca BAJIIIHA 3allUCH| Ha JHC/Ia B JeCeTHYHa O3UINOH A 6POiiHa CICTeMa.
Heka t e cranmapTuaTa jjeceTuvna MO3UITMOHHA OPOiHA CHCTeMa, TOeCT OUEKIUATa

11X 5N

KOSITO 3HaeM oT y4uiuiie. Heka enum e mpous3Bo/IHO M30posiBaHe Ha BCUYKU OysieBH (DYHKIINAMU,
toect Omekiust enum : F — N. 3a y1006cTBO B3eMaMe Hai-IIPOCTOTO U €CTeCTBEHO M30pOsBaHe Ha
Oynesute pyHKIMN:

e saBcakon €N, ako f € F' u g € F™'| 10 enum(f) < enum(g),

e zaBcgkon € N, ako f,g € F" u f # g, o enum(f) < enum(g) ToraBa u camo Torasa, KOraro
KAHOHUYHOTO IpejcTaBsHe Ha f Ipeaxoxkia JIeKCUKOrpadCKun KAHOHUYIHOTO IIPEJICTaBIHe
Ha g.

tHanpumep 0017 He e BaamjeH 3aImc 3apajIi [BETe BOJICIHA HyIIL.
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Heka uzbpoenure ot enum 6ysnesu dyukiun ca fy, f; 1 raka nararbk. [la pasrieiame HaqaaoTo Ha
u3bpostBaneTo. fy € KoHCTaHTa HyJa ¢ HyJ1a apryMmenTa, Toect (0). f; e KOHCTaHTa eJMHATIA C HYyJIa
aprymenTa, Toect (1). f; e KoHcTranTa Hysa ¢ exna apryment, Toect 00. f3, f4 u f5 ca chboTBeTHO
01,10 u 11. fs e KoHcTanTa Hysia ¢ aBa aprymenta, Toect 0000. I raka HararbK. 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)75 e KoHcTaHTa
mysa ¢ yetupu aprymenta, Toect 00000000. U Taka HaraTbK. fgs313 € KOHCTAHTa €IMHAIIA ¢ Y€THPH
aprymenTa, Toect 1TT1111111111111. fgs813 € KoHCTAHTA HysIa € TIeT apryMmenTa. M Taka HaTaTbK.

Torasa necdunupame “popmysia Ha OyaeBa GpyHKIMA Upe3 cieHaTa UHIYKTUBHA JeDUHUIIS.

Crennara nedpuHuUImMS (hopMaIn3upa MOHATHETO “‘hopMysia Ha OyaeHa (GyHKIUS ¢ BbBEXKIa
JIbJIOOYMHA Ha (POPMYJ/Ia, KOATO OEJIeKUM C V.

Onpenenenne 4 (Popmynu na OyreBure dyHKIUHU, AbiadbounHa Ha (opmyra). Beekn crpuar
b € Lt e gopmysa ma Oyaesa Pyrkuyus TOraBa U caMo ToraBa, KOraTo B CHJIA € TOYHO €JHO OT
JIBeTe:
T ned
e Baza. ¢ = x«, kbuero x € L. v(p) = 0.

e NMnanykruBHa crbnka. ¢ = fa(dq,bz,...,0n) Kbuero &1, ¢a, ..., dn ca dopmyau Ha
oyaesn dyuxmmm, « € £ u enum” (t(ot)) mMa Touno n aprymental. IlocaeanoTo e BaxkHO!
Babenexere, e f999999(x1,x2) e CHHTAKTHYHO HEBAJIMJIEH 3AIINC, 3aI0TO OysaeBaTa (QpyHK-
s HOMEP JIEBETCTOTUH JIEBEJICT/IECET U JIEBET XU/ JEBETCTOTHH JIEBET/IECET U JIEBET € C
[eT apryMeHTa ChIVIACHO HOMEpAIUsITa enum.

V() "= max (v(1), v(ba)y ., V(Pn)} + 1

Heka @ e mHO)KecTBOTO OT Bemuku popmynu Ha OysaeBn dyukimn. Pynkiuara v : @ — N, koaTo
TOKY-III0 JilepuHUpaxmMe, ce Hapuda 06.4004uHa. O

Hedopmasno, ako cu mpejcraBum (opMmysiara, peaau3upaHa dpe3 Kackaja OT (DYyHKIIMOHAJTHU
eJIEMEHTH, TO JIbJI0OUYNHATA Ha (hopMyJiaTa € MAaKCUMAJTHIAT Opoit (DYHKIITMOHAHE eJIEMEHTH, TIPe3
KOUTO TPsIOBa Jia IIPEMUHE CUTI'HAJIBT.

Horyk cme pedbunupasu, 9MCTO CUHTAKTUYHO, (hopmy/uTe Ha OysieBure dbyukmnun. He cve kazam
HUITO 33 TEeXHHUs CMUCHJI, WK, HHAYe Ka3aHo, 3a TaxHata cemanmura. CeMaHTHKATA MOXKEM Ja
JnebHIpaMe, U3MOI3BaiKN WHYKTUBHATA JTe(DUHNUIS Ha CHHTAKCHCa, KATO aHAJIOT'bT HA CUHTAK-
THUYHATA Ollepaliyst “BMbKBaHe HAa CTPUHT Ha MACTOTO Ha MOJCTPUHT (MMa ce TPeJIBUJT BMbKBAHETO
Ha dopmysnure $; Ha MecTaTa HA MMEHATA Ha POMEHJIMBUTE) € CeMaHTHIHATA “KOMIIO3UIUSA Ha
dyHKIIMS HA MICTOTO HA MPOMEHJIMBA B JpyTra (DYHKIHA .

Onpenenenne 5 (Cemanrtuka Ha dopmyiure Ha Oyiaesure dyHkiwn). B konTekcra Ha Onpe/ie-
Jierue 4:

® CeMaHTHKATa Ha BedAKa (OpMyJia ¢ IbJI00UNHA Hysla XX € Oy1eBaTa IPOMEHJINBA X, (q)-

e CceMaHTHKATa Ha BCAKa popMyJia ¢ ibadounta exuauia foc(xB1,%B2, . .., XPn), Kbiero Bi € b
za 1 <1i<mn, e 6yreBata Gynxius fi(Xi,, Xy, - - - y Xk ), Kbjlero f; = enum ™' (1(«)) u Xi; 3
1 <j < m e OyneBaTa IpOMEH/IHBA, YniiTO HHAEKC K e ;).

t3a6enerxere, e L(a) e umcio, a enum ™' (1(x)) e exHa or Bemuku OysreBn dbyHKImn, 3amoro enum ' : N — F.
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e ceMaHTHKaTa Ha Bcgka dopMysia ¢ abiabodmnta mnosede or eaununa ¢ = fo(dr,Pa, ... ,Pn)
e KOMIIO3UIUsTa Ha ceMaHTuknTe Ha @7, ..., ¢, HA MecTara HA CbOTBETHO IIbLPBATA, ...,
N-TaTa IpoMeHInBa Ha GyHKImaATa fi, Kbaeto f; = enum™' (1(x)).

JlecHo ce Bk 1a, e ipu u3pejieHnTe rnpasu/ia oyaeBara OyHKIUS, KOSITO € CEMAHTUKATA Ha HIKAK-
Ba dopMyIa, € e;JHa eAUHCTBEHA, HO OOPATHOTO HE € BAPHO: 3a BCAKa (PYyHKIMA nMa 6€30poit
MHOTO GOpMyJIH, HA KOUTO Td e ceMaHTuKa. AKo OyseBara dyukius f e cemanTukara Ha pop-
Mystata ¢ 1me KazBame, de f csomeememea na &, umu de ¢ peaausupa f. U taka, ¢ peanusupa
TouHo ejHa (yukius f, HO 6e30poit MHOrO hopMmy/in chLoTBeTCTBAT Ha (DyHKIUATA f.

Yecro cpentana 3aja4a B KoMmorbpauTe HayKn e: J1ajieHu ca JjiBe (popMyJin, Jia ce eI Jajan
ca exkBuBaJieHTHH. Toect, jlam chOTBeTHATA MM OyJieBa (DYHKIMS € €/lHa U Cbina, win He. ToBa
e JacTeH ciydail Ha obImaTa 3ajada: JaJIeHd ca J[Ba CHHTAKTUIHN OOeKTa (HSKAKBH CTPUHIOBE,
M3IPAJIeHN 110 HIKAKBH MPABIJIA), Jia Ce ONPEeJIen JIal CeMaHTHKaTa VM € eJiHa U Cblla, WIN He,
KaTO CeMaHTHUKATa € HIKaKBa j00pe jedunnpana QyHKIUS.

QopmysnTe, KOUTO IIIe pasriexkjamMme Ha IPaKTUKa, 10 IIPABUIO Ca CaMO HaJl OTPAHUIECHO MHOXKEC-
TBO OyJsieBu DYHKIINN, KOETO Hali-uecTo e Kpaitno. Heka F C F e HenpasHo; Jaju € KpaifHo Wi He,
HsMa 3HadeHne. Popmyaume nad F e ToBa moaMHOKecTBO Ha O, YunTo e/leMeHTH-POPMYIN pea-
Jjm3upat ¢yskiuuTe ot F; ¢ apyru gymu, B MHIAyKTHBHATA CThlKa Ha Omupenesnrenne 4, CTPUHI'BT
oT udpu x e Takbs, ue f o) e ejement na F.

QOyHKIIUATE, YUATO (POPMYJIH IIle U3IOJ3BaMe B TO3U Kypc, ca “‘crangapTHuTe” Oy/aeBU (PYHKITHU
Ha JIBe IMPOMEH/IMBU: KOHIOHKIINATA, AUIIOHKIUATA, UMILTUKAIUATA, CyMaTa 0 MOMIYJ 2, CTpeJI-
kaTa Ha Peirce m ueprara nHa Sheffer, a Taka cbIo U oTpuaHEETO, KOETO € (DYHKIINS Ha €/IHA
IpoMeHIIBa. VIMa CMUCHI MHOXKECTBOTO OT (DYHKIIMATE, INATO (POPMYJIH I Ce MOI3BAT, A8 ObIe
bJiHO MHOXKeCTBO (BK. Cekrust 1.12).

1.9 /IusronktuBHa Hopmaana @opma n CbebprieHa In3ionkTuBHa Hop-
maJjiHa Popma

Onpenenenne 4 nu Oupenesienne H JaBaT MOIIEH MEXaHU3bM 3a H3TPazkjgaHe Ha (pOpMyJH, Uu-
UTO CMHCHI (ceMaHTHKA) ca OymeBu dyHkinum. To3m MexaHH3bM HMa ChINECTBEH HEJIOCTATHK:
dopMmysnTe, U3rpaJIeHn MO Hero, ca MpakKTUIecKun HedeTwumu. 3apaju ToBa, B [logceknus 1.9 n
[Tonceknms 1.10 e BbBegeM GoOpMyY/IN, KOUTO Ce N3rPask/IaT 110 ChBCEM Pa3IndHU ITpaBuia. lesn
dopMyJIn ca JIECHO YeTHMU U Ca YHUBEPCAIHU B CMUCHJI, Ye BCsIKa OysieBa (DYHKIHS ce peaTn3upa
or ugkon ot Te3u dopmyiau (Teopema 1). Io ce orHacsa 1o cemanTuKara obade, Te3u HOPMyIIH
obade He ca HaJI IPOU3BOJIHO MHOYKECTBO OT Oy/1eBH (DYHKIINH, & caMO HaJIl OTPHUIAHIE, KOHIOHKITUS
U JIA3IOHKITUA.

Heka ca dukcupanu kpaen Opoit OyjeBH TPOMEHJIWBH X1, ..., Xn 3a N > 1. Jlumepas e
HapuJaMe BCSKO MMe Ha TPOMEHJIMBA WM BCAKO MMe Ha MPOMEHJIMBA ¢ depra orrope (OTpuiia-
uue). Jlurepasure orT wbpBUS BUJ Ce HAPUYAME NOA0AHCUMEANU, & OT BTOPUS — OMPUUATIEAHU.
Bemnara momguepraBame, e JurepasnTe ca OYKBH U KaTO TaKHWBa Ca KAYeCTBEHO PA3JIMIHU OT
caMHuTe ITPOMEHJINBU, ITOHEXKE 6yKBI/ITe Ca IIOHATHA OT CMHTaKTHUYIHOTO HUBO, a IIPOMEHJ/IMBUTE Ca
OT IIO-BHCOKOTO CEMAaHTUIHO HUBO. TOBa, Ue M3moJ3BaMe eIiH U CbIMU 3amuc “X;” U 3a UMEeTO Ha
npoMen/nBa (KoeTo e 6yKBa), U 3a camMara IPOMEHJINBA, He BOJH JI0 OObPKBaHe, 3all0TO ONUTHUSIT
quTaTe/]l BUHAM MOXKe Jia pasdepe oT KOHTEKCTa JaJIi cTaBa JyMa 3a CHHTAKTUIHOTO HUBO WX 34
CEMaAaHTUYHOTO HUBO. HpI/IMepI/I 3a IIOJIOZKHUTEJIHU JINTepaJiu Ca X1, X4 U TaKa HaTaTbK. HpI/HVIepI/I
3a OTPHIATEJIHU JUTEPAIN ca Xj, X3 U Taka HaTaTbK. OTHOBO: TOBa ca OykBu. Epro, ako mpo-
MeHJIUBHUTE ca L Ha Opoit, asdykara Ha dhopMmysuTe (KOUTO e CTPOUM) ChIIbpiKa 2N GyKBU CaMo
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3apa/ii IPOMEH/INBUTE; a UMEHHO, L Ha Opoil MOJIOKUTETHN JTUTEPAJIH U T Ha OPOil OTpUIlaTe THI
JINTEPAJIH.

Kownonxmuena xaaysa e BcaKa HempasHa (HOpMysa, KOSITO Cé CbCTOW OT KOHKATEHAIWsT Ha
JIITEepaJId, TaKBa Y€ BCIKO MMe Ha IIPOMEHJIMBA, Ce IIOsSIBSIBa Hail-MHOI'O BeJIHDbXK — OMJIO KaTo
HOJIOXKHUTEJIEH, OMJIO KaTo OTpUIlaTe/eH Jurepaj. AKO IPOMEHIMBUTE Ca Xq, ..., Xg, IPUMEPH 34
KOHIOHKTHBHH KJIAy3H Ca X1X3X4, X1Xs4, X1X2X3X4X5X6, X3, X2X5 Xg ¥ Taka HaTaTbkK. He e 3a/1b/oKu-
TEJIHO, HO € CHJIHO IPENOPBINTETHO NMEHATA J1a Ce 3alllCBAT OTJISIBO HAJSICHO B HApaCTBaIl Pl
Ha MHICEKCUTE.

IIsa1na KOHWOHKMUGHG KAGY30 € KOHIOHKTHBHA KJIay3a, KOSITO CbIbpKa TOYHO M jurepasa. C
JIPYTH JyMHU, TOBa € Hellpa3Ha (pOopMyJia, KOITO ¢ ChCTOU OT KOHKATEHAIUs Ha JIMTEPAJIU, TAKUBA
Y€ BCSIKO MMe Ha IIPOMEHJINBA Ce IMOABsIBA TOYHO BEJIHDBXK — OMJIO KATO IMOJOKUTEIEH, OMI0 KaTo
OTpHUIATE/IeH JTUTEePa. AKO TPOMEH/IMBUTE Ca X1, . . ., Xg, IPUMEPHU 38 IIbJIHA KOHIOHKTUBHU K18y 31
ca X1X2X3X4X5Xg, X1X2 X3 X4 X5 X¢ ¥ TaKa HaTaThK. He e 3a,1b/KuTeIH0, HO € CHJTHO PEeHOPbINTETHO
MMeHaTa JIa Ce 3allUCBaT OTJISIBO HAJSICHO B HapACTBAIN el Ha WHIEKCUTE.

uzronkmuena nopmaara gopma, cbkpareno JTHD, e popmyiia, KodTo ce ChCTOU OT €JTHA WU
IOBeUe pasINYHU KOHIOHKTHBHE KJIay3W, KOHKaTeHHpaHU ¢ OyksaTa “\”. B ropHHS KOHTEKCT,
npumepn 3a JIH®D ca xaX3x4, X1X4 V X2X5 X6 V X2 X3 1 Taka HataTbk. Cs6spuena Ju3oHKmueHa
Hopmasna popma, cbrpareno Cse/[HP e nusoHKTHBHA HOpPMaHa (GOpMa, B KOATO yJIacTBAT
caMo II'bJIHU KOHIOHKTUBHU KJjay3u. B ropaus konrekct, npumep 3a CbBIHD e x1X3X3X4X5%s V

X1 X2 X3 X4 X5 Xg-

CemanTukara Ha JIMTEPpaJINTE, KOHIOHKTUBHUTE KJIay3U U ,B;HCD € o4deBuJHaTa:

o CemaHTHKATa HA BCEKM MOJIOKUTEJIEH JIUTEpas X; € PyHKImATa naeHTuTer-X;. CeMaHTUKATA
Ha BCEKHU OTPHUIATEIEH JINTepaJi X; € (PyHKINATa OTPUIlaHuE-HA-X;.

e CemanTnKaTa Ha BCAKa KOHIOHKTHBHA Kiay3a AjA;--- Ay, KbleTo Aj ca juTepain 3a 1 <
j < k, e xommosuruaTa feo, (f1, f2y...,fx), Kbagero fe,, € 0boOIIeHaTa KOHIOHKIMS Ha kK
npoMen/uBH, a fj e cemanTukara Ha Aj, 3a 1 <j <Kk.

e CemanTtnkara Ha Beaka JJH® ¢V ¢, V -+ V ¢y, KbleTo ¢ € KOHIOHKTHBHA Kjlay3a 32
1 <j <Kk, e fas(f1,f2,...,fx), Kbaero fg € 060OIEHATA TUIIOHKIMS Ha K IPOMEHJINBH, a
fj e cemanTukara Ha ¢j, 3a 1 <j < k.

IIpumep 3a CpBIH®. Karo npumep na pasriename dhopmynara (ta e Coe/IHD, ako 1 = 6)

OueBniHO, HeliHATA ceMaHTHKa € Oy/ieBara QyHKIMA—/Ia g HapedeM h—Ha IecTTe MPOMEH/INBH X1,
..., Xg, KosiTo uMa croitioct 1 Bbpxy BekTopute 000000 u 101111 u uma croiinoct O BbpXy BCHUKH
ocTtaHaJsu, 62 Ha 6poit, BekTopu. Cera Jia cu mpeacTaBuM, Ue TpsiOBa Jia 3amuireMm h apes hopmyiia,
n3rpajieHa cbriiacHo nHIyKTuBHOTO Onipenenenue 4. EcrecrBeno, nva 6e306poit HAYMHUT J]a CTOPUM
TOBa, HO HEKa ce onuTaMe ja HarmineM hopMmysia, KodTo e anajgorndna Ha §. JlecHo ce BmKIa, ue
HU TpsiOBaT hopMmysin 3a HYHKIIMUTE OTPUIAHNE, KOHIOHKITUS U Mu3ioHKIA. PyHkiusTa h e paBHa
Ha HAKAKBA KOMIIO3HUIUSA OT Te3H (DYHKIUU', a UMEHHO Ha JAM3IOHKIMS OT HAKAKBU KOHIOHKITHIL.
AnajlorsT Ha TOBa B CHHTAKTUYHHSA CBAT Ha (opmysnure e: 1de (opmysia 3a h mMoxke ja Obje

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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oJIydeHa, KaTo BbB (hopMysa 3a AU3IOHKIMS 3aMECTUM CTPHUHIOBETE-UMEHa Ha IPOMEHIUBHU C
HIKAKBIA (POPMYJIN 38 KOHIOHKITU.

Ja mampasum dopmyna 3a h touno nmo Omupenenenne 4, KaTo M3MOI3BaMe YE€PBEH IBST 3a
oykBuTe 1. OyHKIUUTE OTPUIAHNE, KOHIOHKIUS W JU3IOHKIINS IMaT HOMepa choTBeTHO 4, 7 u 13
B n30pOSIBAHETO entin, TOeCT, ToBa ca choTBeTHO T4, f7 1 f13. ETo mpumep 3a dpopmyia, cboTBeTHA

Ha h:

¥ = f13(f7(x1, f7(f4(x2), f7(x3, {7 (x4, 7(x5,x6))))),
f7(f4(x1), f7(f4(x2), f7(f4(x3), f7(f4(x4), f7(f4(x5), 4(x6)))))))

OueBniHo ¢ € HECPABHUMO II0-JIEKA 33 YeTeHe OT ), MaKap Ue ca eKBUBAJIECHTHU, UMANKY €/THA U
cbIlla ceMaHnTuKa. Moxe Jia Bb3HUKHE BBHIIPOCHT, 3aI0 U300III0 IT0/I3BaMe TPOMaBaTa KOHCTPYKITUS
na Omupesesienne 4, cjie; KATO UMa HAYWH JIa Ce 3allUCBAT eKBUBAJIeHTHN (hOPMYJIH, KOUTO Ca MHOTO
no-jiecHu 3a dereHe. OTroBOpbHT €, 4e KOHCTPyKIuaTa Ha Oupeenerne 4 mMa IUCTO TEOPETUIHO
3Hadenne. Tam uckaxme jfa JedpuHIpamMe MMpernu3Ho u KpaTko ‘hopmysta’ u “DyHKINA, CbOTBETHA
Ha opmysia’, a He cMe UMaJId 3a IeJ oJiyueHuTe (popMy/in jia ca KpaTKu U sicHu. [0BOpeiikn 3a
JIH® uckame apyro — KparTbK U MHOTO SICEH 3aIic Ha (hopMyuTe. 3a Ta3u IejI € MHOTO T0-Y/IaHO
Jla ce BbBeJIAT JINTEPaJii U KOHIOHKTUBHU KJay3W W 4Ype3 Tax u Oyksute “V” na ce medpuHUpaT

JTH®.

JlokazarencTBoTo Ha Teopemara Ha Boole ce ocHoBaBa Ha ¢dakxTa, de Bcsgka OysieBa (pyHKIHSA C
IIOHE €JINH apryMeHT, KOATO He € KOHCTaHTa-HyJsa, uMa eigHa ejauncrsena CbelHO.

1.10 KononkruBaa Hopwmammna Popma m CobBbpiinena KoOHIOHKTHBHA
Hopmaana ®@opma
Heka ca dpukcupanu kpaeH 6poit OyeBu IPOMEHIUBHI X1, . . ., X, 3a 1L > 1. Juztonkmuena xaaysa

e BCcdKa Hellpa3Ha (hopMyJia, KOATO ce ChbCTOU OT JIMTepaJsIn, KOHKaTeHnupanu ¢ Oyksara “\/”, Takusa
e BCSIKO MMe Ha IIPOMEHJINBA, Ce MOsBABA HAN-MHOTO BEIHDBK — OMIJIO KATO MOJOKUTEEH, OUIIO0

KaTo OTpHUIaTeIeH JuTepat. AKO MPOMEHIUBUATE Ca X1, . . ., Xg, IPAMEPH 38 JIUIIOHKTUBHU KJIay31
ca:

X1V X3V Xg,

X1 vV X_4>

X1 \/Xz\/Xg\/X4\/X5\/X6,

X3,

Xz\/X_5\/X_6

n Taka HaTaTbK. He e 3aIb/IKUTEIHO, HO € CHUJIHO IPENOPBINTETHO UMeHATa Ja Ce 3alliCBaT
OTJIIBO HAIFICHO B HAPaCTBAIIl PeJi HA WHJIEKCHUTE.

Isama dusronkmuena xiay3a € TUSIOHKTHBHA KJIay3a, KOATO ChIbpKa TOYHO N jmTepasia. C
JIPYTHU JIyMH, TOBa € Hellpa3Ha popMyJia, KOSITO ¢e CbCTOU OT JIUTEPaJIn, KOHKATeHUpaHu ¢ OyKBaTa
“NV” TakuBa 4e BCSIKO MMe Ha IIPOMEHJINBA Ce IOsSBIBa TOYHO BEJIHDBIK — OMJIO KATO MOJIOXKUTEJIEH,
OMJI0 KATO OTpHUIlATE/IeH JTUTePa. AKO MPOMEHIUBUATE Ca X1, . . . , Xg, IPAMEPH 3a IIbJIHA JTU3F0HK-
TUBHU KJIAY3U CA:

X1 Vx2Vx3VxgVxsVxe,
X1 \/7(_2\/X_3\/X_4\/X_5\/X6
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u Taka HaTaThbk. He e 3ab/RKUTETHO, HO € CUJHO IMPENOPBINTETHO MMEHATa Jia Ce 3aIlUCBaT
OTJIIBO HAJIsICHO B HAPACTBAII PE/T HA UHJICKCUTE.

Kownronkusna nopmansra popma, cbkparero KH®, e ¢popmysta, KosgTo ce ¢hCTOM OT KOHKaTE-
HAIUs Ha €JIHA WJIM [0BeYe PAa3/IMIHU JU3I0HKTUBHU KJIay3H, KaTO, aKO JU3IOHKTUBHUTE KJIay3U
ca moBeve OT eJIHA, BCSIKa OT TAX € OorpajeHa oT YudT CKOOM; aKo JU3IOHKTHBHATA KJIay3a € caMo
eJlHa, cKobu He ce 1os3Bar. B ropausa konrtekct, npumepu 3a KHO ca:

X2 VX3V Xy,
(x1 Vxa VX VX5) (X VX VX3)

1 TaKa HaTaTbK.
Cseopuiera kKoHw0HEMUESHA Hopmaana dopma, cbkpareno CbBKH® e koHIOHKTHBHA HOpMAaJIHA
dopma, B KOATO ydacTBaT caMoO II'bJIHA JAU3IOHKTUBHE KJIay3W. B ropHUs KOHTEKCT, IpUMep 3a

CoBKHO® e (X] \/X_z\/X3 \/X4 \/X5 VXG)(X_1\/X_2\/X_3\/X_4\/X_5\/X_6)
Cemanrtukara Ha KH® e oueBumnara:

e CemaHTHKATa HA BCEKH IOJIOKUTEJICH JUTEepas X; € PyHKIUATa naeHTuTer-X;. CeMaHTUKaTa
Ha BCEKHM OTPUIIATEJIEH JINTepasI X; € PYHKIUATA OTPUIlaHIe-Ha-X;.

e CemanTukara Ha BCAKa JUBIOHKTUBHA Kaaysa A1V Ay V - -V Ay, KbJleTo Ay ca urepasii 3a
1 <j <k, e kommnosunusita fas(fr, f2,..., fr), Kbaero fgs € obobIEeHaTa JTU3OHKINS Ha K
IIpOMEH/INBY, a fj e cemManTukara Ha Aj, 3a 1 <j <Kk.

o Cemanrukara Ha Bcgka KH® (d1)(d2) - - (dy), kbaero ¢; e nusioHkTHBHA Kiaysa 3a 1 <
j <Kk, e feonlfry 2, ..., fi), KbreTo foon € 0600IIEHATA KOHIOHKIINA Ha Kk IIpoMeH/uBH, a fj e
ceMaHTHKaTa Ha ¢, 3a 1 <j <Kk,

1.11 Bamoanua aa JIH® nan KHO®

[Ipu TH® u KH® npoMenmBuTe ca WbPBUYHH: IIHPBO € JAJIEHO MHOXKECTBO OT OYJIEBH ITPOMEH-
JINBU, OT HErO 1O HIKAKBU IPaBUJIa IIPABUM (POPMY/IU U Oy/jeBUTe (PYHKIMHU Ce TOsIBABAT KATO
ceMaHTHKN Ha Te3u dhopmynn. ToBa e paJuKaiHO pasymdeH Moaxo 1 oT nojaxona B [logceknns 1.2,
B KOUTO (DYHKIMUTE ca IIbPBUYHM, & MTPOMEHJIMBUTE Ca HAKAKBU MNMEHYBAHUs Ha apryMeHTHUTE.
[Tpu TH® u KH® ne rosopum 3a yuudukanuu #a rnpomenusu: ako nskaksa JIH® wm KHO
[0JI3Ba [OBEYE OT BEJHbBK JinTepasi (MOJIOKUTE/IeH UM OTPUIIATE/ICH) Ha €J[HA U ChINa MTPOMEH-
JINBA, B HAKAKHB CMUCHJI YHU(DUKAIINA UMa, HO TOBa HE CH 3aCjyKaBa Jla ce CIIOMEHABA, 3aIl0TO
e oueBuaHO. JlokaTo mpm moaxona B [logceknusa 1.2 mma cMHCHI 1a ce TOBOPU E€KCIIUIUTHO 34
YHUDUKAINSA, aKO UMa, TaKaBa.

Heka e nanena JIH® nin KHO® ¢ nman ngkaksu OyjeBn TPOMEHJIMBHU X, ..., Xn. Heka ¢ pe-
anusupa Oynesara dyukiusa f(xy,X2,...,Xn). Beekn Bekrop b € {0, 11" npeacrasigasa “pasia-
BaHe  Ha KOHKPETHHW CTONHOCTH Ha IpOMEHJMBUTe. TakoBa pa3jiaBaHe Ha KOHKPETHH CTOIHOC-
TH Ha IPOMEHJIMBUTE Ce Hapuda OYae6a OUueHKa, WIH 6antoayus (Ha aHTIUACKE 4decTo e truth
assignment). OueBuno Baymoanuure ca 2™ Ha Gpoit. MoxkeM Jla MECINM, Ye BCAKA BaJIOAIUS €

dynkmys t:{xy,...,x} — {0, 1}.
Ako o e ymrepas BbB ¢ U X{ € IPOMEHIuBaTa Ha &, TO cmolinocmma Ha & nod t e:

° t|x‘ , AKO & € MOJIOXKUTEJIeH Jinrepasi (CTORHOCTTa Ha JinTepaJia CbBIIJIa CbC CTONHOCTTA,
1
KOATO t JlaBa Ha MIPOMEHJINBATA X;);

° t|X_, AKO (X € OTPHIATEesIeH JUTepasl (CTORHOCTTa Ha JinTepasa e obpaTrHaTa Ha CTOHHOCTTA,
1
KOSATO 1 J1aBa Ha IIPOMEHJIMBATA X ).
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Ako A e kjaysa BbB ¢, TO cToiiHOCTTA Ha A IO t ce ompese/is 10 IpaBUIaTa Ha KOHIOHKIUSTA,
ako A e KOHIOHKTHBHA Kiay3a (¢ e JJTH®D), niam Ha qu3oHKIUATA, aKO A € JU3IOHKTHBHA KJIay3a
(¢ e KHD).

CroitnocTTa Ha nsyiata ¢ 1Mo t ce ornpesiend 1Mo npaBuiaTa Ha JU3l0HKIUATA, ako ¢ e JTHD,
WM Ha KOHIOHKIHATa, ako ¢ e KHO.

1.12 IIbaaoTa Ha MHOXKECTBa OT OyJjieBU (PyHKIINN

Heka F C F. Hedopmasno, maO)KkecTBOTO F € nsano, ako Beska OyineBa dpyHkius f € F Moxke j1a
ObJ1e pejcTaBena upe3 gpyukimuuTe ot F. ToBa Hancruna e HedpopMasHo, 3aI10TO KAKBO O3HAYaBA
“npejcraBsae”?

dopmasito, Heka [F| o3HauaBa 3aTBapsiHeTO Ha F crpsiMO KOMITO3HIMs, KaTo 3aTBapsiHeTo [F| Moxke
na ce nedUHUPa Ipe3 caeHaTa WHIYKTUBHA JTeUHUATINA.

Onpenesnenne 6 (BarBapsire Ha MHOXKecTBO OoT Oynesu dyukiwn). Heka F C F. Torasa [F] e
Hal-MaJIKOTO 10 BKJIIOYBAHE MHOXKECTBO, TakoBa de [F] C F u

e [F] cbabpxka Bemuku dynknuu ot F.

e Heka f e dyukius, koo ce cbiabpka B [F]. Heka f uma none equn apryment. Heka ujen-
tudunupame Hakon or npomensmsure Ha f. IToayuenara dynkims ce cbiabpka B [Fl.

e Heka f u g ca npoussosau dyuknuu or [F]. Heka f uma n > 1 aprymenrta. Heka i €
{1,...,n}. ToraBa Kommo3uIUsiTa HA ¢ HA MSICTOTO Ha i-TaTa MpoMeHIMBa Ha f CHIIO ce
chabpxka B [Fl.

Onpepesienne 7 (ITbarora Ha MHOXKeCTBO OT Oysiesu dyHKIwN). B KonTekcra Ha Onpeenenue 6,
F e mbino muoXkKecTBO, ako [F] = F. O

Teopema 1 (teopema Ha Boole). MHuoxkecTBOTO OT TpuTe OysieBu (OyHKIMNA KOHIOHKITHA, TH3IOH-
KIS U OTPUIAHUE € II'bJIHO.

HokaszaresacrBo: Heka F = {/\,V,neg}. Ille nokazkem, de Bcsgika OyseBa yHknus f uma dop-
myaa Hag F. O ToBa ciensa Beanara, de [F] = F.

[IspBo ma momycuem, 1e f # 0. Ille nokazkem, ge cbmectByBa Coe/IH® ¢, Takasa qde f e ceman-
tukara Ha ¢. Heka f uma n aprymenta. Torasa f, B KAaHOHUYIHOTO CH IIPEJCTaBsIHE, € BEKTOP C
nbokuaa 2™ [lom f He e KoHCcTaHTa HyJsa, TO3UM BEKTOpP HMa IOHEe efHa eauHnia. Heka f nva

rouno k emamaunm, Kbaero 1 < k < 2™ Heka by, by, ..., by ca 6ymesure BekTopu or {0, 11",
TaKNBa, 9e

f(by) =1

f(by) =1

f(by) =1
Hexka x1, X2, ..., Xn ca OyJieBU NpOMEHJIMBU, HaJI KOUTO I1ie moctpouM ¢. ITocTtposgBame Touno k
I'bJIHM KOHIOHKTUBHE KJIay3u A, Az, ..., Ay 110 ciaeguuTe npasuia. Heka by, kbgero 1 <i<knu
1 <j < n, e j-uar enement Ha BekTopa bi. 3a Besko i € {1,...,k}uje{l,...,n}k
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e ako by; = 0, To IPOMEHIMBATA Xj yJacTBa B A; C OTPHIATEIHIA CH JIATEPAT X;.

e axo by; = 1, To mpoMenMBaTA Xj yUaCTBa B Aj C HOJOKUTETHAA CH JIITEPAT X;.

ToraBad):7\1\/7\2\/---\/7\k.

[Ile mokazkem, 1e f e cemanTukara Ha ¢. Hancruna,

e 3a Bceku BekTop a € {0, 11", TakbB 4e f(a) = 0 (Toect, a He e HuTo exun or by, by, ...,
by), 3a Besiko 1 € {1,...,k} e BapHO, 1e moHe euH JIUTEpaJI B Kaay3aTa A; uMar ctoitHoct 0.
Torasa, o npapmIaTa Ha KOHIOHKIUATA, Kjay3ara A; uMa croiinoct 0. Torasa, 1o npasuiara
Ha JIU3IOHKIINAATA, IsaaTa dopMyaa ¢ uma croitHoct 0.

e 3a Bcekn BekTop a € {0, 1}", takbe ue f(a) = 1 (roect, a e equn or by, by, ..., by), 3a
usakoe i € {1,...,k} e BapHo, 4e Bceku JmrepaJ B Kiaaysara A; umar croitmocr 1. Torasa,
110 IIpaBUJIaTa Ha KOHIOHKIMSTA, Kjay3ara A; uMma croitHoct 1. Torasa, mo mpasmiara Ha
NMBIOHKIIATA, IsaaTa dopMyaa ¢ uma croitaoct 1.

BakrovuaBamMe, Ue HAUCTUHA € ceMaHTUKaTa Ha .

OcraBa ga pasriemame ciaydad, B koitto f = 0. Crneanara dopmyiia
X1 X1

peam3upa pyHKIug Koncranta uysa. Tasu ¢popmyia ve e JTHD cbrmactno dpopmaanuTe mpasuia,
3all[0TO He € KOHIOHKTUBHA KJIay3a, Ch/IbP2KailKu J[Ba JinTepaJsa Ha eJlHa U C'biia npoMenyina. Ho
€ OYEBU/IHO, Y€ peain3upa KOHCTaHTa HyJIa 1 4e € (hopMyJIa HaJl MHOXKECTBOTO OT OyJIeBU (PYHKITIT
KOHIOHKIIUs U oTpunianue. 1 ToBa e KpasdT Ha JJ0Ka3aTeJICTBOTO Ha TeopeMaTa Ha Boole. U

Ero mpumep 3a npunaranero wa koucrpykmnuara xa Cb/IH® or teopemara na Boole. Heka
f(x1,X2,X3) € OTHOBO Ta3u (BYHKIIUS:

| x1 | x2 | x3 || flx1,x2,%3) |
0O]0]O0 0
0|0 |1 1
o110 1
Ol 1|1 0
11010 1
11011 1
11110 0
1T 1111 1

OyukiusaTa uMma croifHoct 1 BbpXy TO4YHO 1eT BeKTopa. Ha Te3u BeKTOpH chOTBETCTBAT CJIETHUTE
KJIQy3U:

e Ha Bektopa 001 cbhorBecTBa X7 X7 X3.

e Ha Bekropa 010 chorBecTBa X7 X X3.

Ha BekTopa 100 chorBecTBa X1 X7 X3.
e Ha Bekropa 101 cbhorBecTBa X1 X7 X3.

e Ha Bektopa 111 cborBecTBa X1 X X3.
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Koncrpyxkiusara nocrposisa tazu Cbs/IHD:
X1x2x3 VXixeXs Vxixaxz V x1xx3 V X1 X2X3

Heka aurarenst ce yoeau cam(a), de ceMaHTUKaTa Ha Tasu (Gopmysia e TOIHO f.

N enno npenynpexaenne. Koncrpyknusrta na cworBerHa dopmyna-Cbu/IHP moxke m1a e MHOrO
HeedukacHa. B Toky-1mo pasrieanus mpuMep MoXKe J1a OITPOCTUM TaKa:

Xix2x3 Vxixaxz Vxixaxz Vxixaxz Voxgxax3 =
VX))V XX VX Vxxx =

X_2X3\/ X_1X2X_3 \V4 X]X_zx_g V X1X2X3

B ekcrpemasaus npumep, korato f = 1, korcrpykimsara regepupa Coe/IHD ¢ n2™ nmmurepasa; a
MMEHHO, BCUYKH II'bJIHM KOHIOHKTUBHH KJay3M, KOHKaTeHupanu upe3 “\V’. A KoHcTaHTa €IuHUIA
MO2KE JIa ce ToJiydn oT popmysiata X1 V Xi.

BajiauaTa 3a remepupane Ha GopMy/ia ¢ MUHUMAJHA TbJKUHA, ChOTBETHA HA J1ajieHa (PYHK-
1isi, B 00IUs caydail e mpakTudeckn HepernmMa. Ho Bbipekn ToBa KoHcTpyKIimsTta Ha Cbe/IHD
e MOoJIe3HA — Tsl € CPEJICTBO, KOeTo HU M03BoJIsBa Ja KoHcTpyupame MexanusbM (Coh/IHD), koiito
peanu3upa HIKakBo nosejierne (pyukiusaTa). V3BecTHU ca ajrOpUTMU, Ype3 KOUTO MOYKEM 3Ha-
YUTEJIHO Ja HAMAJIUM JIb/IXKUHATA Ha (hopMysiaTa, 3ama3Baiikiu ceMaHTUKATa; BLIPEKHU Y€ B O0IIus
cydail € IpakKTUYeCKN HEeBb3MOXKHO Jla TeHepupaMe eKBUBAJIEHTHA (pOpMyJia ¢ rapaHTUPAHO MU-
HUMAJIHA, JTb/I2KUHA, B MHOTO CJIy9ald € Bb3MOXKHO JIa ChbKpaTUM (opMmyJiaTa JIPacTHIHO.

N ome wmemo. Besika 6yseBa (hyHKIMS, KOSITO € pasjindHa OT KoHcTaHTa eanania, nva CrKHO,
KOSITO Ceé KOHCTPYHUpa 110 IIpaBuia, KOUTO ca JyasHu Ha IpaBujiaTa 3a Koncrpyupane Ha CbsKH®
oT Teopemara Ha Boole. IlpaBuimara ca Te3m: pasriexkjiamMe caMoO BEKTOPUTE, BbPXY KOUTO (PYH-
KipgaTa nMma croitHocT 0, 3a BCEKH TaKbB BEKTOp b 100aBsgMe TOUHO eHa II'bJIHA JTU3IOHKTHUBHA
KJIay3a Aj:

e ako bij = 0, TO HpOMeHIMBATa Xj y4acTBa B A; C HOJOKUTEIHUA CH JTUTEPAIT X;.
e axo by; = 1, To mpoMenMBaTa Xj y9acTBa B Aj C OTPHIATETHUA CH JIITEPAI X;.

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

Karo nmpumep, weka nak f(xq,X2,X3) € Tasu QyHKIHA:

| x1 | x| x3 || flx1,%2,%3) |
0O]0]O0 0
0|01 1
o110 1
Ol 1|1 0
11010 1
1101 1
11110 0
11111 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 nbano. Heka Vf € F: f € [G]. Torasa G e wbJmHo.
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HoxkazarencrBo: lcka ce ja nokaxkewm, de [G] = F. Tosa, ye [G] C F e 04eBHIHO, 3aI0TO
BCekn eeMenT Ha [G] e Oymesa dpynkmua. Ocrasa ga nokaxkem, e F C [G].

[Ile mokazkem, e Yh € F : h € [G]. Heka h e npoussosnna Oynesa dhyuksus. [lo yciosue,
F e mbano muoxkecrso, Taka 4e h € [F]. Tosa osnauasa, ue h ce mojydaBa Karo KOMIIO3HUIIUS
Ha dynkiuu or F u moxe 6u ynudukarun na npomensiusu. [lo yciioBue, Besgka dyHKIus OT
F ce monydaBa karo kommosurius Ha GyHKIu oT G U Moke OM yHUPUKAIMYA HA TPOMEHJIUBU.
Torasa oueBuaHO h ce mosydaBa KaTo Kommosuius Ha (GyHKIun oT G u Moxke 6u yHUbDUKAIIAN
Ha IPOMEHJINBU. O

CaexncrBue 1. MuoxkectBoro oT OyseBu GpyHKIwmE {/\, neg} e mbJHO.

HoxkazaresctBo: Ille uznonzsame Teopema 1 u Teopema 2. Ot Teopema 1 3HAEM, Y€ MHOXKECT-
BoTo F = {/\,V, neg} e mbano. Ot Teopema 2 3HAEM, Ue aKO MpeJACTaBUM BCAKA OT (DYHKIMATE HA
F upes enemenTure Ha G, umaMme jokazarejcTBo 3a mbiaHorara Ha G. Ho FN G = {/\, neg}, Taka
e eJJMHCTBEHO 3a JU3IOHKIMATA TPsOBa Ja IMOKaXKeM, Je MOoxKe Jia ce “moJiydn’ OT KOHIOHKIWS U
orpunianue. Hancruna,

xVy= // JBOitHO OoTpHUIaHUe
xVy= // De Morgan
XAy

Caencrue 2. MuoxkecTBOTO OT OysieBu (pyHKIWE { |} € rbJiHo.

HoxkazaresactBo: Ille uznonzsame Teopema 1 u Cirencrsue 1. Ille uspasum u KOHIOKIUATA, U
oTpuranuero upe3 deprara Ha Sheffer. Hancruna,

X =x]|x (4)
x Ay =xly = (x|y) | (x|y) (5)

(4), m3paseno upe3 pyHKIMOHAJCH ejieMeHT Tull Yepra Ha Sheffer, usrinexkma raka:
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Komntonkius mozke j1a ce mostyuan upe3 pyHKIMOHAIEH ejieMeHT Tuil depta Ha Sheffer u ¢ mo-npocra
cxema

Babesexkere, de dopmyrnara (5) He MOxKe J1a Oblie OnpocTeHa (ChbKpaTeHa) MO AHAJIOTMYCH HAUNH,
3aI0TO (DOPMYJIUTE HE MPEJOCTaBAT MEXaHU3bM 3a “IpeHacsHe 9pe3 KUl Ha Bede IOCTPOEHA
yHKIHA, KAKHBTO MEXaHIU3bM € HAII'bJIHO eCTECTBEH 3a cxemute. ToBa e mirocTparnus Ha dakTa,
Ye CXEMUTE MOXKE JIa Ca JIOCTa MO-KOMIIAKTHU OT ChOTBETHUTE (hOPMYJIN 3apajii Bb3MOXKHOCTTA 38
IIPEHOC Upe3 KUl HA HeIo Bede mocTpoeHo (reusability). OJ

1.13 Paz3am

DOyukius (Moxe J0pu Jia He e OyJieBa, HO THIIOBeTe Ha MPOMEHJIUBUTE TPsIOBa JIa Ca €JJHU U ChIIH)
Ha T IPOMEHJINBH, Jia s HapedeM f(X1,X2,...,Xn) Ce HAPUYA CUMEMPUYHA, AKO CTORHOCTTA U Ce
3al1a3Ba Mpu BCAKA IepMyTarus Ha npomersusure. C apyru ayMu,

f(x1yX2y e ooy Xn) = F(Xn(1)y X(2)y + + + » X(n))
3a Begaka nmepMmyTanus 71(1),71(2), ..., 7t(n) na Bekropa 1,2, ...,n. Hanpumep, ako n = 3, To:
f(x1,x2,%3) = f(x1,%3,%2) = fx2,%1,%3) = fx2, %3, %1) = flx3,%1,%2) = fx3,%2,%1)
Ako bk M = 2, TO:
f(x1,%2) = f(x2,%1)

O“IeBI/IrZ[‘HO KOMYTaTUBHOCTTa € YaCTeH C.Hy‘{af/l Ha CUMETPpHUYIHOCTTa.

2 3Bagaun

Sagaua 1. Hamepere | F™|.

Pemntenune: JlobOpe m3BecTHO €, 4e OpoAT Ha TOTaIHUTE (DYHKIUKM C KpaeH jJoMeilH X u KpaeH

n
konomeiin Y e [Y|X. IIpunarame tasu dbopmyna ¢ [X| = 2™ u [Y| = 2 u nosyuasame |[F*| =2% . O
3ama4ya 2. Heka

S={feF|vw,z {0, 11" : w=2Z — f(w) = f(z)}

Hawmepere [S| (kato dyHknns na n, pasbupa ce).
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Pemenue: C apyru gymu, Tbpcu ce OposT Ha OysieBuTe (PYHKIINNA, KOUTO BbPXY IIPOTUBOIIOIOK-
HI BEKTOPH UMAT IPOTHBOIOJIOKHI CTORHOCTH! .

Jla rpymmpaMe T-BeKTOpPHTE IO JBOHKK @,b, TakmBa de @ = b. 3a Beaxa dynkmmsa f € X
U 3a BCSKA OT Te3U JBOWKM € M3I'bJIHEHO cjiegHoTo. CTOoiHOCTTa Ha (DYHKIUATA BHPXY €JIMHUS
eJIeMEeHT OT JIBOMKaTa ce OIpeJiesis OT CTONHOCTTa HA (DYHKIUATA BbPXY JAPYTUs eJIeMEeHT OT JIBOii-
kara. MHade KazaHo, croifHocTuTe, KOUTO (DYHKIUATA UMA BBPXY NOAOGUHAMG OT T-BEKTOPUTE,
s1 ONIPEJIETISIT HAIIbJTHO.

Ho n-Bekropure ca 2™, Taka de MOJOBHHATA OT TIX Ca %2“ = 2" ga 6poit. Maiiku npeasu
TOBa, BUXKJIaMe, Ue OposaT Ha BBIPOCHUTE (DYHKIIUK € paBeH Ha OPosi Ha BCUUKU OyJIeBU PYHKITIU

Bbpxy N — 1 npomensiuBu. Orrosopsr e |S| = P O
Sama4da 3. Heka

X={fe F'lyw,z {0, 11" : w =Z — f(w) = f(z)}
Hamepere [X|.

Pemenne: B Tasn 3a/lada Ce€ T'bPCU 6pOHT Ha Q)YHKHI/H/ITC, KOHUTO MMaT €JHa 1 CbhIla CTOMHOCT

n—1
BbHPXY IPOTUBOIIOJIO?KHU BEKTOPU. OTI‘OBOp'bT (§] |X| - 22 CbC IIPaKTUYIECKU CbOIUTE C'bO6pa}Ke—
HUA KaTO B pEeHIeHueTO Ha Baﬂa‘{a 2 \:\

3amaya 4. Hamepere Opost Ha OyneBuTe (DYHKINKA Ha M IPOMEHJIMBU, KOUTO UMAT CTOWHOCT |
BbPXY TOYHO K BeKTOpA.
2T1

Pemmrenue: OTroBopbT 0YEBUIHO € ) Il

Bamaua 5. Jla ce namepu OpodT Ha cuMeTpudHUTE OysIeBU (DYHKIIMU HA L IPOMEHJINBH.

Pemmenue: CobriacHo ompeie/leHRETO Ha CHMETPUIHA (DYHKITUS, CTaBa JyMa 3a OysieBu yHKITAN,
KOUTO 3ala3BaT CTOMHOCTTa CU IPU ITPOU3BOJIHO Pa3MeCcTBaHe Ha CTOWHOCTUTE Ha eJeMEeHTUTe Ha
BXO/THUS BEKTOP. BXOIHUAT BEKTOD Ce CbCTOM OT HYJIU U €JIMHUIIN, CJIEJIOBATETHO Ce UCKA BbPXY
BCUYKU BXOJIHM BEKTOPU C €AWH U C'bIIU OpOil eIMHUIM, CTONHOCTTA Ha (DYHKIUATA J1a € eTHA
u cbina. C aApyru JayMu, UCKa ce BbpPXY BCEKH CJION Ha XHUIepKyOa (DyHKIHUATA Ja UMa €IHA U
cbima croitHocT. CrioeBeTe Ha N-MepHHUSA XUIEPKYD ca N + 1, BbpPXy BCEKH OT TdX CTOHHOCTTA €
eJTHa U CbITA, a CTOMHOCTUTE BbPXY Pa3IMIHU CJIOEBE ca IMIPOM3BOJIHU €/IHa CIPSAMO JIpyra. lorasa
oTroBopsr e 2™ O

Bamava 6. Kon ca cumerpuannre 6ysieBun OyHKIUE Ha 2 IIPOMEHJIUBH !

Pemenue: C gapyru jgymu, Kou ca KOMyTaTUBHUTE (PYHKIINU, Thil KATO Ipu N = 2, CBOWCTBOTO
CUMETPUIHOCT C'bBIaJIA CbC CBOIHCTBOTO KoMyTaTtuBHOCT. ChrytacHo 3ajada 5, Te3u (hyHKIUU ca

fTakupa dbynxmun ce Hapumyar camodeoticmeenu (na anrymiicku self-dual). Ipocto deoticmeena dynkmus Ha

f € F™ e equnctBenara g € F™, 3a kosAto e mambaneno Va € {0,1}™ : g(a) = f(a). CamozmsoiicrBennrte dyHKINN
ca Te3W, KOUTO Ca IBOWCTBEHM Ha cebe Ch.
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221 = 8 na 6poit. B KaHOHNYHOTO IIpeCTaBsHe, TOBA ca (DYHKIIMATE

fo = 0000
f; = 0001
fe =0110
f; =0111
fs = 1000
fo = 1001
f12 = 1110

f15 = 1111
U

3amaga 7. [la ce onpejnenu OpodaT Ha OysieBuTe (DYHKIMU HA T MPOMEHJUBUA 3a M > 2, KOUTO
3aI1a3BaT CTONHOCTTA CH IPU PAa3MsHA Ha IIPOMEHIUBUTE X| U X3.

Pemenue: C npyru gaymu, ucka ce

F(X1yX2, X3y« e vy Xn) = (X2, X1, X35+« oy X1
3a BCUYKH BbH3MOXKHU CTOMHOCTH Ha Xi, ..., Xn. PEIIeHNeTO Ie MOJIYIUM CJIEJ KATO ChoOpasum
KOJIKO paBHHqHH BXOIHI BeKTOpI/I Ma II0 OTHOIIICHHE Ha Ta3Hu 3aJa4va.
JlecHo ce BmKa, e ako X1 = X = 0 wim X; = X = 1, pasMecTBaHeTO HA X U X) HAMA

SHa4YeHue 1 (byHKHI/IHTa 3al1a3Ba CTOMHOCTTA CHU 110 O4YeBUAHU IIPUYMHU IIPHU pa3MeCTBaHETO Ha X
n Xj. Z[a pa361/IeM MHO2KECTBOTO OT BCHUYKH BXOJHHN BEKTOPHU Ha 4 PaBHOMOIIHHU IIOAMHO2KECTBA
ChIJIaCHO YETHUPUTEC BB3MOXKHOCTHU 3a IIOJIBECKTOPa X1X2:

A=0x0x{0,1}x---x{0,1}
n—;g%TH

B=0x1x{0,1}x---x{0,1}
n—z‘;’bTI/I

C=1Tx0x{0,1} x---x{0,1}

n—2 ot

D=1x1x{0,1} x---x{0,1}
Tlfz\lfl”bTI/I

Besiko oT Te3:u MHOKecTBa nMa MormHocT 2™ 2. Jla pasruesame GyseBuTe (DYHKIMHE HA T IIPOMEH-
7mBE 6e3 orpanmucHus. Bedka OyaeBa (DYHKIMA HA T HPOMEHINBH 0€3 orpaHmdcHus mya 2™ 2
CTOMHOCTU BBPXY BEKTOpUTE 0T A, BbpXYy BeKTOopuTe OT B, Bbpxy BekTOpHUTE OT C U BBHPXY BEKTO-
pute or D. Benuku Tesu croiinocTu Ha DyHKIUATA, Ha 6poii 4 X 22 = 2™ MoxKe J1a ca e IMHUIH
WA HYJIM HE3aBUCHMO €JIHa OT JIPYyTra, OTKbJAETO U OpOAT Ha BCHIKU (DYHKINH € = 27

AKko mmame mpejBUJI OFPAHUYEHUETO OT YCJIOBHETO HA 3a/ladara, BUXKJAME, Ue BbPXY BCEKU
BekTOp OoT C, crofiHoCcTTa Ha (byHKIHATA TPAOBaA Ja ChBIIAA CbC CTOWHOCTTA W BbPXY TOYHO €/INH
BekTOp oT B. OT nipyra cTpana, BbpXy BEKTOpUTE OT A CTOWHOCTHTE Ha (PYHKIIASITA CA TPOU3BOJTHA
— 0e3 3HaYeHNe KAaKBU CTOMHOCTH MMa BBPXY OCTAHAJMTE TPU MHOXKECTBa. AHAJIOIMIHO, BHPXY
BekTOpHUTE OT D croitHOCTUTE Ha (DYHKIMATA Ca ITPOU3BOJIHU — Oe3 3HaUeHne KaKBU CTOMHOCTH
nMa BbPXY OCTAHAJUTE TPU MHOXKECTBA.
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3a ja mostyanM Oposi Ha TbpceHuTe (MYHKINH, JOCTATHIHO € J]a HTHOPUPAMe €THO OT MHOYXKEC-
tBata B u C, ma xaxem, 1e urnopupame C, u jma pasriaexgame camo A, B u D. Ba Bceku BekTOp
z € AUBUD, croiinoctTa Ha (PDYHKIUATA € He3aBUCUMa OT CTOWHOCTTA W BbPXY KOH Jia e JIpyr
BekTOop 2’ € A UB UD. Torasa orrosopsr €

[A|+]B|+|D] n-2
2 — 23><2

Ako 3aMecTHM N = 2, nojtydaBaMe 23, KOETO TOYHO C'bBIIAJIA ¢ OTTOBOPA Ha 3ajaua 6. U

Sanaya 8. [la ce mamepu OposT Ha OysieBuTe (DYHKIUKA HA T IIPOMEH/INBY, KOUTO IIPUEMAaT CTOM-
HoCT 1 BBLPXY IOHE €/IHA JBOWKA ITPOTUBOIOJIOKHU BXOHU BEKTODH.

n
Pemrenne: OTroBopsr 04eBHIHO € = 22 —|A|, KbIeTo A € MHOKECTBOTO OT GyseBnTe (byHKIII
HA T IPOMEHJIUBU, KOUTO HE IIPUEMaT CTOMHOCT 1 BbpXYy HUKOU JIBa IPOTUBOIOJIOXKHEN BekTOpa. C
JIDYTH JIyMH, 38 BCEKU BXOJIEH BEKTOp @ U 3a BcdaKa yHKIusd f € A e U3IrbJIHEHO:

(fla) =0Af(@) =0) V (6)
(fla) =0Af(@) =1) V (7)
(8)

JIBoiikTE TPOTUBOIIOIOKHN BEKTOPU Ha Opoii ca %Z” = 2™, 3a Beaka TakaBa, BOIMKa MOKa3axMe,

n—1
Ye Bb3MOXKHOCTUTE ca TOYHO 3 (3a ja Moxke dyHKuugara na objge or A). U rtaka, |A| = 3.
OTroBopbT TOraBa €

2211 . 327171 (9)

n n—1
Tyk MoOze 114 Bb3HIKHE cienaoTo matane. [Iom 227 —3? ¢ MOIIHOCTTA Ha HEIPA3HO MHOMKECTBO,
TO OYEBUHO TOBA € IMOJIOXKUTETHO YHCJIO 3a BCIKO M. AKO obade He 3HAEM KOMOMHATOPHUTE

n n—1
CHOOPAKEHNsI, JOBE/IN JI0 OTTOBOPA, a IPpocTo BEauM 22 — 3% | Moxe Ja ce 3amumTane, TOBa He
MOZKe JII Jda € OTpI/IHaTeJIHO 3a HAKaKBU TL. C IIOMOII[Ta Ha MaTeMaTHU4YeCKUAd aHaJIN3 MOZKEM JIa
JOKazKeM, 9e He MOXKe JJa ¢ OTPUIlaTC/IHO IIPU HEOT'PpAaHNYICHO HapaCTBaHe Ha Ti.
n n
2 22 .

; T S T (2" —(log, 32" ") _ 7 (2—log, 3)2™ " _
lim = lim = lim 2 = lim 2 = 00
n—oo 32“*1 n—oo )(log, 3)2n! n—oo n—00

nonexe 2 > log, 3.

CreanoTo J10Ka3aTe/ICTBO Ha CHINOTO TBbLpaeHne e Ha JJobpomup Kpasues:

zzn - 321171 _ szznfl - 32n71 _ 4211.71 B 32n71 > O

Tasu 3aj1aua MoxKe Ja ce peru u ¢ japyru cbobparkenus. Heka B e moamuoxkectBoto Ha F™ OT
dyHKIMUTE, KOUTO IIPUEMAT CTOWHOCT | BBPXY IIOHE €J/iHa JBOWKA IIPOTUBOIIOJIOXKHU BEKTOPH.
Hue TbpeuM |B|. Heka By 3a 1 < k < 2™ e moaMHOXKeCTBOTO OT Te3n (PYHKIHU, KOUTO IIPHEMAT
croitaocT 1 BbPXy TOYHO K JIBOWKM TPOTHBONOJIOKHN BeKTOpHu. OdueBmano B ce pasdbusa na B,
..., Byn1, Taka 4e

2n—]

Bl=) [Bl

k=1
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JlecHo ce Bu:Kj1a, 1e

n—1
’Bkl _ 2 3(2“717]{)

k
on—1 n—1 .
Cbobpazkennsra ca ciaenuute: o (©, ) HadmHA MOZKeM la n3bepeM oT Bemdku 2™ IBOMKIE po-
THBOIOJIOKII BEKTOPH TAaKUBa, BLPXY KOUTO (DYHKIUATA Ja UMa CTOMHOCT 1, & 3a BCAKA OT OCTa-
nayute 2X71 —k sBofikn BeKTOpU MMaMe TouHO 3 Bh3MoxkHocTH (BuzK (6)), Taxka moTo dbyHKIMATa,
Ja HaAMa croifnoct 1 BbPXy JBaTa eJleMeHTa Ha JBoiikara. 1 Taka, OTroBOpBT €:

2n71

2n—1 -
2" '1x) 1
> () ()

k=1

Ot (9) u (10) usBexkIAME (C KOMOMHATOPHE PA3CHKJICHUSI) ThKJIECTBOTO:

on—1

2211 . 3271—1 _ Z zni‘l 3(2n—17k)

i

Bamgaua 9. 3a koako Oynesu dyHKIEM f Ha N IPOMEHJIMBYE € U3IIbJIHEHO CJIeAHOTO: ako f(a)
uMma croitHocT 1, To f mMma croitnocT 1 BbPXy BCEKH BEKTOpP, KOWTO MMa IIOHE TOJIKOBA €IMHMUIIN,
KOJIKOTO A7

Pemenmne: C npyru gymn, ako f mma croitHocT 1 BbPXY HAKaKbB BEKTOD @, TO f mMa cTOHOCT
1 BBbPXY BCHYKH BEKTOPH OT CJIOsI Ha XUIEPKyOa, KbM KOUTO CJIOi MPUHAJIEXKH A, U OCBEH TOBA
f uma croifnocT 1 BbpPXy BCHYKU BEKTOPU OT BCHYKHU CJEIBAIM cjaoeBe. Bennara ce Bk, 4e
BCAKa TaKaBa (PYHKIINS UMa €/IHa U ChIla CTOMHOCT BbPXY BCEKHU CJION Ha XUIEPKyOa 1 ce ompe-
Jlesisl €THO3HAYHO OT TOBA, KbJle € ‘TpaHuIara’ MeXK/y HYJIUTEe W eIMHUINTE BbPXY XUIEPKyOa;.
[To-nosipo6bHO Ka3aHO, BbPXY HAKAKBU TOCTEI0BATE/HNA CJI0EBe Ha XUIEpKyOa (MoxKe U Jia HsMa
TaKWBa), 3amouBaiiku or cioit 0, dyHkiusTa nma croitaoct camo 0, u 1OCIe BbPXy BCHYKH OCTa-
HaJI cjoeBe (MOXKe ¥ Jia HsMa TakuBa), hbyHKIuATa nMa croitaoct camo 1. Tbil kKaTo ciioesere ca
n + 1, To uma TouHO N + 2 TaKuBa (DYHKIUH. O

Sagada 10. 3a kosiko OyseBu GpyHKnuu f Ha N IPOMEHIMBYE € W3II'bJIHEHO CJIEIHOTO: ako f(a)
uma croiiaoct 1, To f uma croitnoct 1 BbPXy BCeKHM BEKTODP, KOHTO MMa IIOBeY€e eJIMHUIN OT A7

Pemenne: 3anadara e momobHa Ha 3agada 9, HO camo goHsSKDbIe. B Samaua 10:

e 99

e UM MMa HAKAKDBLB ‘TpaHW4YeH cJoil” B XxuiepkKyba, Heka Jjia e cjioif k, B KOHTO 3a IbpBU
I'bT CE TMOsABABA CTOMHOCT Ha (PYHKIMATA 1, KATO BbPXY BCHYKHU CJIOEBE C MO-MAJTbK HOMED
dyuknusara e 3aabkuTeHo 0, a BbPXY BCHYKH CJIO€BE C MO-TOJIIM HOMED (DYHKIHATA €
3aTbJIKUTEJHO 1,

® IJTU TaK'bB FPAHUYEH CJION HeAMA, TOECT U300I0 HAMA eIMHUI, TOECT (DYHKITUATA € KOHCTAHTa-
myal.

tBaaromaproctn na Jlo6pomup Kpasrdes 3a mocodsanero Ha ToBa!
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[IbpBO Jla cMeTHEM KOJIKO ca (DYHKIMUTE OT T'bPCEHUs BUJ, KOUTO UMAT MOHE eJHA eJuHuIa (c
JPYTHU JyMH, He ca KOHCTaHTa-Hys1a). ducimoro K (HOMepbT Ha MpaHUYHES CJION) MOXKe Jia € Haii-
Masko O u Haii-muOrO N. Thit Karo B cioeBe ¢ HoMepa O, ..., k—1u k+ 1, ..., n Hemara ca
duKcrpanu, €JIMHCTBEHOTO, KOETO Bapupa, € Kak TOYHO ca “‘pas3jiajieHn HYJIUTe U eIUHUIATE B
cioit K 1o Tak'bB HAUMH, Ye J1a UMa IIOHe e/IHa eIUHUIIA.

SraeM, 4e ca10oii k mMa MOIITHOCT (E) Bewukn maunnm jga “pasmazeM’ HYJId W eIUHUANNA HA

n
neroure eementi ca 200 ma opoit. OT ToBa YHNCJIO BaJIUM €JIWHUIIA, 33 Jla OTpPasuM dakxTa,
Ye BbPXY IOHE eJMH BEKTOp OT cjoil k dyHKImMATa € equauia (¢ JAPYru JyMHU, U3BazxKJIaMe OT
pasIiek IaHeTo pa3jgaBaHero camo Ha Hysu). U taka, 3a jaseno k, 6post Ha HaunHUTE (DYHKIUATA

n
Jla UMa IIOHEe eJiHa eJMHUIA BbHPXY BeKTopuTe Ha cjoil k e 20 —1.A OTTOBOP'BT, CHIVIACHO
HPUHIUIIA HA Pa30uBaHETO, €:

(z(i‘) _1) _

n
0 k=0

M=

(2(’2)) —n—1 (11)

o~
I

KoM (11) gobassime euHUIA, 3a10TO (DYHKIUATA MOXKE Jia € KOHCTaHTa-HyJIa, U I0JIydaBaMe

(2@) n

M =

-~
I

0

g

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

Pemenne: Heka G™ e MHOKeCTBOTO 0T OysieBuTe (PYyHKIMH HA T IPOMEHJIUBU, KOUTO HAMAT
dukrupna npomensnba. Heka H™ e Muozkectsoro Ha Oyjiesure (DyHKINN HA N IPOMEHIMBI, KOUTO
uMmar none eana ¢gpukrusHa npomenausa. Ouesnano |G™| + [H"| = Zzn, CbIVIACHO KOMOMHATOPHMUS
MPUHITAI Ha pa30MBaHETO, TaKa e

G =2" — H|

AKko mpomeHsimBHUTE Ca X1, ..., Xn, HeKA H™ (11, ..., 1) o3HAUaBa MHOXKECTBOTO OT GysieBuTe (hyH-
KIUX, B KOUTO IIPOMEHJIUBH Xi,, .. ., Xi, Ca FADAaHTUPAHO (PUKTUBHU (Moxke j1a uMa u Apyru HuK-
TUBHU, HO T€3U C'bC CUTYPHOCT ca dukTuBHN), Kbaero k € {1,...,nful1 <i <i < - <i <n.

Jla pasriietame 6e3 orpanndeHue Ha OOITHOCTTa IPOMEHIUBaTa X1. B KOJIKO yHKIUN Ts € PuK-
tuBHa?! Mozke na uma u ipyru (DUKTUBHU IIPOMEHJINBH, MOXKE W Jia HfMa — IUTa Ce, 3a KOJIKO
dyukun e u3rbaHeHo X1 ja e dukruBHa? Ot gedunnusaTa Ha GUKTUBHA TPOMEH/INBA TMaMe
M3UCKBAHETO 32 BCAKA OT Te3u (DYHKITNH, J1a KaxkeM f, j1a € U3IIb/IHEHO:

O, X2y X35+ v vy Xn) = F(T,X2y X3y 40 oy Xnn)

AKo cu ipejicTaBUM BXOJIHUTE BEKTOPH, HAPEJIEHN JIEKCUKOIPAhCKI OTTOpe HAJIONY, UCKa e (DyHK-
rusiTa (KOSITO € KOJIOHA ¢ BHcoYrHa 2™) Ja e TakaBa, de TopHaTa [OJIOBUHA HA KOJOHATA J1a € TOYHO
KaTO JI0JIHATA MTOJIOBHHA. Ko puMep 3a DYHKINS HA TPU IMPOMEH/IMBH, B KOATO X| € (PUKTUBHA:
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alxe x| f]
0[0]0]0
00|11
0 [T ]01
0 [T 1|1
T[0[0]0
T (0711
T (101
T 1T

Bmxkname, ge 3a j1a O0bje X7 PUKTHUBHA, CTORHOCTTA Ha (PYHKIUATA BLPXY IOJJOBUHATA BEKTOPHU
OIIpe/Iesisl CTOMHOCTTA 1 BbPXY JIpyraTa IOJOBIHA. bpodaT Ha (pyHKIUNTE, B KOUTO X € (DUKTUBHA,

e 22TH . ChIm0TO € B cujla u 3a BCsIKA JIpyTa MPOMEH/INBa, HO 3a JPYTUTEe MTPOMEH/IMBU ITOJIOBIHUTE
BEKTOPU He ca IOpHATa U JIOJIHATA; 338 X, HAIPUMEDP, KOJOHATa OT CTOMHOCTUA BbHPXY II'bpBaTa U
TpeTaTa YeTBbLPTUHU TPSAOBA Jla € ChIaTa KaTo KOJOHATA OT CTOMHOCTU BbPXY BTOpaTa U 9eTBbP-
TaTa YeTBbPTUHU, U TaKa HATATbK.

21’1.71

Besika ipomensimBa Ha (yHKIMATa MoxKe Jia e ¢pukrupHa. Ho [H"| He e 1 X 2° | Tbit Karo

TO3U u3pa3 Opon Hskou (PYHKIINK 10 HIKOJIKO I'bTU. 3abesexkere, Ue nMa (PYHKIUU ¢ IOBEYE OT
esHa (DUKTUBHA TTpoMeH/nBa. ETo npumep 3a GpyHKIMSA, B KOATO U X1, U Xz ca PUKTUBHU:

([ x| f]

010]0]O0
0101

Ol 1T]0]0
O 1T ] 1|1
117000
11011
1T 1T]0(0
T 11111

n—1
OT nx 22 IIe u3BazkKjgaMe 110 IIPpUHIOUIIa Ha BKJ/IIOYBAHETO U U3KJIIOYBaHETO: 1€ HaMEPHUM KOJIKO

ca (PyHKIMHUTE, B KOUTO JIBE NIPOMEHJIMBU Ca TapaHTUPAHO (PUKTUBHU, B KOJKO TPH ITPOMEHINBU
ca rapaHTHpaHo (DUKTUBHH, U TaKa HATATHK, B KOJKO (DYHKINKA BCUIKU N ca (DUKTUBHU, U I
IIOCTPOUM HM3pa3 C aJTEPHUPAIN TOJIOYKUTETHA W OTPUTIATETHN 3HAIM CHIJIACHO IPUHIIUIIA HA
BKJIIOUBAHETO M M3KJ04YBaHeTo. Il Taka:

HY= 3 Hl- Y MY Y HY A by bl (=D H (e )]

1<i1<n 1<ii<iz<n 1<iy<iz<iz<n
N n—1 . . n-—2
Kakro Bewe susaxmve, 3o o [H (1) = (T)Zz - Amasoruano, 3 1 i, < [H™ (i1, 12)[ = (121)22 ,
A, -3
2 i<ii<iy<is<n IHM (1,12, 13)| = (2)22n , M TaKa HaTaTbK. [locaemHoTo chbbupaemMo 1mo abCcoIoTHA,
. O . . - 0
croitroct e [H (i, ..., 1) = H*(1,...,n)| = (})2" "=1x 22 =2.

N raka, 6podr Ha GyHKIUUTE C 1IOHE e/HA (DUKTUBHA IIPOMEHJINBA €:

n| _ . k=1 TV ) 4R
HY =) (1) (k)z

k=1

Torapa 6pogaT Ha dyHKIUNTE 663 GUKTUBHU IIPOMEHINBU €:
’Gn| — 22“ . Z(_‘I)ki] (T]:>Zan — Z(_1)k <T]z)22nk
k=1 k=0
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g

Bagaua 12. Jlagenu ca Oynesure dynkiun f = 1011 u g = 1001. /la ce namepn KaHOHUIHOTO
npejicraBsine Ha GyHKnusTa h(X;, X4, X3) = f(g(x4, X3), X2).

Pentenme: llvenara Ha NpOMEHJIMBUTE ca JaJIEHW 110 TO3UW Ha4YuH 3a oObpkpaHe. C 1pocTo
[IpenMeHyBaHe ToJlydaBaMe eKBuBaienTeH u3pas h(xq, x2,x3) = f(g(x2,x3),x1). Kaksuro u nmena
Ha [IPOMEHJIMBHU JIa [I0JI3BaMe, CTaBa JiyMa 3a 3 IPOMEH/IUMBY 1 Tab/Iurara Ha ThpceHaTa (hyHKIHs
TpsibBa Ja uma 8 peja:

x| x| x5 || h(xi,x2,%3) |
0010 ?

—_—t | )| —_— O OO
— — | O] O —h| - OO
| NI NI | | N N

Tosa, 4e f u g ca jajeHu 63 UMeHa Ha TPOMEH/INBUTE HsiMa HUKakBo 3Hadenne. Ouesnao f(00) =
1, g(00) = 1, f(01) = 0 u Taka mararbk. QPynriuara h e gedunmpana karo h(xy, Xz, x3) =
f(g(x2,%3),x1). BamecrBame B TabsmIaTa:

x| xa [ x5 || flg(xa,%x3),%1) |

0100 ?
010 |1 ?
O 110 ?
o[ 1|1 ?
110]0 ?
1101 ?
1T 1T1]0 ?
1T 111 ?

[Ile mpecMsiTaMe OTBBTPE HaBBH, Thil KATO Ta3u (DYHKIMA € KOMIO3UINs Ha (X2, X3) Ha MICTOTO
Ha rbpBaTa npoMensuBa Ha f. Ul Taka, ma BUjanM KakBu ca croifHOCTHTE Ha (X2, X3) B Tabaumara.
Te ca eHO3HAYHO OIPeIEICHH, 3AIOTO HA BCEKU PEJl X U X3 CU MMAT HIKAKBU CTOHHOCTU, a OT
KaHOHWYHATA JedUHUINS HA g 3HAEM KaKBH ca (PYHKIIMOHAJHUTE H CTONHOCTU BbHPXY BCEKU BXO/I.

[ xi [ x2 [ xs [ glxz,x3) |

01010 1
0101 0
Ol 110 0
o111 1
110]0 1
1101 0
1T 1T1]0 0
1111 1

Tyx HUKB/Ie He IIOJI3BaXMe Hail-jIiBaTa KOJIOHA, 3alll0TO g He 3aBHCele OT X1. B cienpamara cTbII-
Ka OT PeIIeHNeTo II'bK HeAMA Ja I10JI3BaMe KOJIOHUTE Ha Xz U X3, 3all0To f 3aBucH HerocpeicTBEHO
CaMO OT CTOMHOCTHATE Ha g U OT Xi:
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H g(XZ)X3) ‘ f(g(XZ)X3))X1) ‘
1

=
x
N
=
&

—_— | | — O OO O
—| OO = = OolOo
—= O = O =IO = O
— OO = = OolC
—_— OO O = | | = —

—

3a ;1a ce ybenmM, de e Taka, jga cu npurnoMunM Jedunnnuara f = 1011. Oyukiusara f e Hysra ToraBa
u caMo Torasa, Koraro BxoubT € 01. Ha ropuure yerupu peja x; = 0, a B uspasa f(g(xz,x3),X1),
X1 € BTopaTa IPOMEHJ/IMBA, TaKa 4e Ha FOPHUTE YeTUpH peaa PyHKIUATa € deTupu eaunnnu. Ha
JIOJTHUTE YeTHPHU pejia, X1 = 1, Taka 4de (pyHKImsITa IPOCTO HOBTapsi CToiHOCTUTE HA §(X2,X3). [

Bagaua 13. Heka f = 1000 u g = 0111. Jla ce namepu Kanonmdnata dopMa Ha (QYHKIHATA
h(x1,%2,x3,%4) = f(x1,%2) A\ g(x3,x4).

Penienne:

L [ xa [ x| xa || Flxayxa) | glxsyxa) | FOayx2) A glxsyxa) |
0O/010]O0 1 0 0
01001 1 1 1
oOo/o0|11]0 1 1 1
o101 ]1 1 1 1
o1 10]0 0 0 0
Ol 1T 01 0 1 0
o1 /11]0 0 1 0
O 1T ]1]1 0 1 0
11701010 0 0 0
1170101 0 1 0
1170110 0 1 0
110 (1|1 0 1 0
11711010 0 0 0
111101 0 1 0
1111110 0 1 0
111111 0 1 0

N raka, h = 01110000 0000 0000. O

Bamaua 14. [dajenu ca 6ynesu dbyuknnu f(x,y,z) = 11100111 u g(x,y, w, z) = 0011000110100101.
e Hamurmere OyneBara dbyukmus g(f(x,y,x), f(x,y,Y),X,Yy) B KAHOHUUIEH BH/I.
e Hawmepere neitnata Cop/IHO.

Pemenne: 3abesexere, ue g e dyuknus na 4 aprymenra, no g(f(x,y,x), f(x,y,y),x,y) e byn-
Kiust Ha 2 TipoMeHJinBY, HapedeHu X u Y. [a s napeuem q(x,y). T'bpcu ce KaHOHUYHMSI 3aIC HA
q KaTo OyJIeB BEKTOP OT Y€TUPU OYJIEBH CTOHHOCTH.

f(x,y,x) e dynkmnus Ha aBe mpomensueu. Jla g mapedem 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) cbmo e dyuxus Ha jBe npomersmbu. Ja g nHapedem v(x,y). v(00) = f(000) = 1.
v(01) =1f(011) = 0. v(10) = f(100) =0 v(11) = f(111) = 1.

35



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

Omnpenenuxme Harrbino w u v. Tbpeenara g(f(x,y, x), f(x,y,y),x,y) e q(u(x,y),v(x,y),x,y).
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) = 9(1010) = 1. q(11) = g(u(11),v(11),1,1) = g(1111) = 1. Torasa q e
oyneBara dyukiusa 0011, Heitnara Co/IHD e xy V x y. U

3amaua 15. [lagenu ca ciaeanure pyHkun ape3 hOpMyJIn:

f(x,Y,2) =xy ®xz B yz
gxy,z)=x—y o (ly—2)®(z—y))
h(x,y,z) = (x = y)(y = z) = (x = z)

Jla ce HAMEpAT KaHOHUYHUTE IMPEJICTABAHUS Ha (DYHKIUUTE.

OTtrosop:

f(x,y,z) = 00010111
g(x,y,z) = 10010101
h(x,y,z) = 11111111

3amaua 16. ExBuBasienTHN JU ca cjaeuuTe jiBe (popMysu:
(x®y) = xVylx = y) = (x®y))
X[y

Pemenne: Jla, exkpuBasienrru ca. llle pemmm 3amagara ¢ rabananus merosn (Tabaunure He ca
nokasann). [IbpBara dopmysia € KOHIOHKITHS OT T=((xa y)— (xVy))ulll0=((x - y) —
(x®y)), xkosaro e oueBuro 1110. A momuara dpopmyna—qaeprara Ha Sheffer—e na dynkmmsTa 1110
110 J1eUHATIHSI. O

Bazauga 17. JlokaxkeTe upe3 eKBUBAJEHTHU IIPeo0pa3yBaHusl CJICIHUTE eKBUBAJICHTHOCTH:
e x— (xy—((x—y)—ylz) =y — (x — z).

ex—o(y—z)l=x—ovy) — (x—z).

e X(ydz)=xV(ly—z)(z—y)).

Pasperiennre ekBuBajeHTHN ITpeobpa3yBaHusl ca BCUYKH CBOWCTBa Ha OysaeBuTe (DYHKIIUNA Ha JIBE
IIPOMEHJINBY, JIaJIeHN B y9eOHUKa, U OCBEH TOBa CBOHCTBOTO Ha MMILIMKAIUATA X — Y = X V' Y
U CBOIMCTBOTO Ha cyMaTra [0 MOy JBe X @Y = XYy V XY, CBOHCTBOTO HA €KBHBAJIEHTHOCTTA
X =y = xy V Xy, cBoiictBoro Ha deprara Ha Sheffer x|y = Xy u cBoiicrBoTO Ha cTpesKara Ha
Peirce x |y =x V y.

Pemenne: Ille mokakem caMo IocjieIHaTa €KBUBAJIEHTHOCT, KOSITO €

X(yoz)=xV(y—z)(z—vy))

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

(z—vy) // ceoiicTBo Ha nMmnIMKaumsTa

zV'y) /] AMCTpUBYTMBHOCT Ha KOHIOHKLMSATA HaZ ANSIOHKLMATA

g

Samaua 18. /lokaxkere upe3 eKBUBaJECHTHH IIpeoOpa3yBaHusd, ue X € (pUKTUBHA ITPOMEHJINBA B
caeHuTe (PYHKIIAN:

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

o gxi,x2) = (x2 =x1) V (x1]x2).

o h(x1,%x2,x3) = ((x1 ®x2) = x3) (X3 = X2).
Pertenne:
f(x1,%2) = (xa = x1)(x2 L x2) = (%2 = x1) (X2 V x2) = (%2 = x1)%z =

R Vxi) =XV =XVxx=X1Vx)=x;

g(x1,x2) = (x2 =%1) V (x1Ix2) = (1% VXx2) V (0%2) = x1x VXX VX VX; =
X]Xz\/X_](X_z\/U\/)(_z:X]XZ\/X_]] \/X_2:X1X2\/X_1\/X_2=

xix VXix; = // Heka x1x3 =P
pVp=1
hix1,%2,%3) = ((x1 @ x2) = x3)(x3 = %) = (x1 DX Vx3)(x3Vx2) =
x1ExVx3)(Gx2) =X dxVx)xaxs = (% Viax Vx)xax; =

= (
(
((axz Xix2) Vx3)xaxs = (X7 VX2) (G V X7) V x3)%0x3 =
(7 Vx2)(x1 VX2) Vxs)xaxs = ((ax VX xz V xaxs V xaxz) V xz)xoxs =
(x1x2 Vxax1) Vx3)xoxs = (X% V xaxg V x3)X0x3 =

X7 X2 X2X3 V XaX1X2X3 V X3XoX3 = X7 X2%3 V 0V Xox3 = X1 X2x3 V XoX3 =
(X1 V 1)x2x3 = 1X2x3 = X2X3

i

3amaga 19. /lokaxkere, Ue BcAKa cuMeTpuyHa OyseBa (PyHKIUs, pa3IndHa OT KOHCTAHTa, UMa
€caMO CbIIECTBEHU ITPOMEHJINBH.
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Pemenue: la napeuem tazu dyunkiusa f. Heka n e 6poar na meiinure npomensiusu. [Tlom f e
e KoHcTaHTa, f nMa croitHocT O BbPXY MOHE €INH BEKTOP U CTOMHOCT | BbPXY IMOHE €JMH BEKTOP.
CbriiacHo pa3cbKIEHUATA B pEIleHrneTo Ha 3ajada b, 3a BCEKH CJI0N Ha N-MepHUs XUuIepKyo, f nva
eJlHa U CbIlla CTOMHOCT BbPXY BCUYKHU BEKTOPHU OT TO3W cJioil. JlecHo ce BmKa, ye B xunepkyoda
Ma ChCEJHU CJI0eBe (TOECT, eUHUAT MMa €JlHa eJIMHWIA [oBevYe OT Jpyrus), Takuba de f nma
croftrocT O BbPXY €IUHUS OT TAX U CTOWHOCT 1 BBHPXY APYrus OT THX.

Bes orpanunuenne na obrHocTTa, HeKa f mMa croftHocT 0 BbPXYy BCHYKH BEKTOPU OT CJIOH K
u cToitHOCT 1 BBPXY BCHYKH BeKTOpHW OT cioit k + 1, 3a makoe k, takopa 1e 0 < k < n — 1.
[le mokazkem €IHO IOMOIIHO TBbPAEHNE, YHUATO BayKHOCT HaJjiara Jia ro 060coOmM KarTo Jiema.
U3no138aMe KOHTPAIIO3UTUBHOTO TBbpaenue! Ha Jlema 1 1 ThbpCEHHAT Pe3y/ITaT Cje/[Ba BeIHAra.

Jlema 1. Axo f € F™ uma 1none eHa (PUKTUBHA IPOMEHINBA, TO 38 BCEKU JIBA C'bCEIHU
cimosag Ly m Ly, Ha M-MepHua Xunepkyb CbIIECTBYBa BEKTOp @ € Ly u cbIecTByBa
BekTOp b € Ly, Takusa ue f(a) = f(b).

JokazaresacrBo: Heka x; e dukTuBna npomensusa. [lo jpedururms:
X1y X2y e v oy Xi1y Oy X1y Xig2y o o ey Xn) = T(X7, X2y ooy Xi1y 1y Xig1y Xig2y e+« y Xn)

38 BCHIKU OyJIEBU (L — 1)-BEKTOPH X1y X2y« v vy Xi 1y Xit1y Xit2y - - y Xn1-

Ja pasriemame mpoussostHo k, TakoBa de 0 < k < n — 1. Jla pasriemame Ipou3BOIEH
6ysieB (n — 1)-BekTOp

X1y X2y oo ey Xic1y Xit1y Xit2y e ooy Xny
Koi#iTo nMma TouHOo k emumHumu. ToraBa N-BeKTOPHT
a = X1,X2.. .,Xi,hO,XiJr],XiJrz,. oy Xn

“Ma TOYHO K eTMHUIH, a T-BEKTOPDHT

D = X1, X2y e ooy Xi1y Iy X1y X2y e v oy X
uma Touno k + 1 equammum. Torasa a € Ly, b € Ly u f(a) = f(b). QED
O
Crenpainara 3aj1a4a M0JI3Ba pejalysTa <, Jeduaupana B (2).
Samaua 20. /a pasriegame HskakBa f € F™', TakaBa de CbIeCTBYBaT K BeKTOpH A4, Ay, ..., Oy

3a HIKAKBO k > 2 TakuBa 1e

a0

flar) # flay) # -+ # flay)

a ce mokaxke, ye dpyHknusaTa nma moHe K — 1 ¢bIiecTBeHN TPOMEHTUBU.

TKOHTpaHOSI/ITI/IBHOTO e “Ako cbiiecTByBaT cheemau cioese Ly u Ly, 1 Ha xumnepkyba, rakusa e Va € L Vb €
Lis1:f(a) # f(b), To f nama puKTUBHEN TPOMEHIUBH.
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Pemenue: Penamusara < e pediieKcuBHa, HO OT BTOPOTO OIPAHUYEHUE CJIE/IBA, Y€ BEKTOPUTE
ca JjBa 10 jBa pasmynu. Jla cu npunoMuum m pejanusara <, JedpuHUpPaAHA B (3) OueBntHO, 110
OTHOIIIEHNE Ha <X UMa Bepura

a; <byy < <byy, <A <by < <byy, << Kb < < by, < ax

TBBLPIEM, Ue B Ta3U BepHTa UMa IoHe k — 1 pasImaHu ¢heeIHn TBOHKH BeKTOPH |, TaKuBa e (QpyH-
KIUSTa UMa TPOTHBOIIOJIOXKHU CTOWHOCTH BbPXY BEKTOPHUTE OT BCsAKa JIBOiKa. ToBa TBBbp/eHue e
OYeBUJIHO M HAMA Jla I'0 JIOKasBaMme. BeKTropuTe OT BCdKa JIBOMKA Ce pa3IndaBaT B TOYHO €JIHA
HO3UINS, CJIEJOBATEHO Ca BEKTOPU OT JIBa C'hbCEIHM CJod Ha xuiepkybOa. [Ipuiarame KoHTparo-
3UTUBHOTO TBbpeHue Ha Jlema 1 u Bukmame, de ¢yukiuara numa k — 1 hUKTUBHE TPOMEH/TUBU.

QaxTa, Ue BCAKA JIBOWKA JIBOMKHN 3a/laBa PA3JIMYHMU (DUKTUBHU ITPOMEHJ/IMBU, MOPAJIA KOETO
3aKJII09aBaMe, ue MPOMEHIUBUTE He MOXKE Ja ca Mo-MaJiko oT k — 1, e oueBuieH. U

Bazaua 21. Heka f,g € F} ca takusa, 1e f(a) @ g(a) = 1 3a Touno nederen Opoit BeKTOpH
a €{0,1}". Jla ce mokaxKe, de BCAKa MIPOMEHJINBA € ChIIECTBEHA 3a MOHE ejHaTa OT (pyHKnuuTe f

ug.

Pemtenne: Orpannvennero “f(a) ® g(a) = 1 3a Touno HedeTeH Opoil BeKTOpH’ € CHIIOTO Ka-
To “f U g ce pazaUYaBaT BbHPXY TOYHO HeUeTeH OpOil BEKTOPW — TOBa CJe/IBa TPUBHATHO OT
neduHnnrATa HA QYHKIUATA D.

U raka, asere (DyHKINU MMAT IIPOTUBOIIOIOKHKA CTORHOCTH BbPXY HOAMHOXKecTBO Ha {0, 11" ¢
HeYeTHa MOIHOCT. Jla JomycHeM, Ue ¢bIIecTBYBa IIPOMEHJIMBA Xi, KOSITO € (PUKTUBHA U 34 JIBETE
dyukiuu. [lo nedpunurms:

X1y X2y e v oy X1y Oy X1y Xig2y o e oy Xn) = T(X1, X2y ooy Xi1y 1y Xit1y Xit2y e« oy Xn)
G(X1y X2y« o oy Xio1y 0y Xig 1y Xit 2y« v oy Xn) = X1y X2y ooy Xi1y Ty Xi 1y Xig2y o oy Xn)
3a BCgAKO pazgaBaHe Ha O u 1 Ha MPOMEHIUBUATE X1, X2, « .., Xi_1, Xit1, Xit2, -+ Xn-

Ha cu npejcraBum u jiBere (DYHKIUU €IHOBPEMEHHO BbPXY XUIEPKyOa — ja CU MPEeJCTaBUM
T-MepHHUsI XUIEPKYO U JI0 BCEKU HEIOB BP'bX, CTOHOCTTA Ha QyHKIHATA f B Y€PBEHO U CTORHOCTTA
Ha (PYHKINATA g B CHHBO.

Ha cpexxem xurnepkyba B i-tarta pasmeproct. [losydyaBame jBa xunepkyba, BCEKH OT pa3Mep-
HocT N— 1. 3a IPOU3BOJIEH BPBX W OT eJuHus 1oJydeH (N — 1)-MepeH XunepKyb, ako V € HErOBUSIT
CchOTBeTeH BPbX' B Apyrus (N — 1)-Mepen xunepky6, scuo e, ge f(u) = f(v) u g(u) = g(v) — Tosa
e 3apajin GPUKTUBHOCTTA HA X; 110 OTHOIIEHNEe U Ha f, U Ha g.

CriefioBareiHO, OPOSIT Ha BbpPXOBeTe, BbpXy KOUTO f M g mMaT e/iHa M ChIfa CTOWHOCT B
equnus (N — 1)-mMepen xunepkyb e paBeH Ha Oposi Ha BbpPXOBeTe, BbPXy KouTo f U g uMar eHa
¥ C'bIA CTOWHOCT B jipyrust (N — 1)-Mepen xurepky0. A OTTyK cjie/iBa, 1e OposiT Ha BbpPXOBeTe,
BbpXy KOUTO f ¥ g UMaT pa3jim4Ha CTOWHOCT B ejiuHust (n— 1)-Mepen xurepkyb e paBeH Ha 6post
Ha BbPXOBETE, BbPXY KOUTO f 1 g MMaT pa3jimaHa CTOWHOCT B Jpyrus (N — 1)-MepeH Xunepkyo.
Ho 6posit Ha BbpxOBeTe, BbPXy KOUTO f M ¢ ce pa3andaBaT B OpUTHHAJIHUS (IIPE CPSA3BAHETO)
T-MepeH XHUIIEepKyO, € paBeH Ha cymMara OT Oposi Ha BbpXoBeTe, Bbpxy f U ¢ ce pas3jmdaBaT BbPXY
enuuus osrydeH (n—1)-mepen xunepky6 u 6post Ha BbpXoBeTe, BbpXy f 1 g ce pasamdaBar BbpXy
apyrust nojryuen (n—1)-mepen xunepky6. [1lom nBete chbupaemu ca paBHHU, TSIXHATA CyMa € YETHO
qucso. ToraBa OposiT Ha BbpXoBeTe, BbPXY KOMTO f U g ce pasjndaBaT B OpUTHHATHUS (TIpen
CpSA3BAHETO) M-MEepPeH XUIepKyo, e yerHa. KoeTo mporuBopedn Ha yCJIOBHETO Ha 3ajadara. O

tIpe TakuBa IBOMKH MOXKe Ja HMAT OO €JIEMEHT, BLIPEKH Ue Ca PA3INYHH KATO JIBOHKH.
HCrporBeTeH BpBX” O3HAMABA, Y€ HMA ChINUS €THKET, ToecT (N — 1)-MepeH 6y/1eB BEKTOD.
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Samaga 22. /lokaxkere upe3 eKBUBAJCHTHU IIpeoOpa3yBaHus, ue cjaeJHuTe jaBe hopMysin He ca
€KBUBAJICHTHU:

=(x19) - (Xz— (Fy=2)V[ZYVz)
V=(x—=yllx](yz)) Vyz

Pasperiennre ekBuBajieHTHN TTpeobpa3yBaHus ca Te3u oT 3ajgada 17.

Pentenune: Ot eana crpana:

=xVyVvxzV(Xl(y=2z)VxVyVz= //nonexeeor sugaxV - ---XV---

Ot jpyra crpana:

=(xVyxVyz) Vyz
=xVyVixVyz)VyVz
yVvVxVyzVvyvVvz
yVvIxVyzVizVy
GVv1VziyV1)Vy=xVyVz

I
xxx

[Tokazaxme, 1e V e exkBuBasienTHa Ha X V' Y V z. OT Ta3u mnpocra dopmysia jJecHO ce BUK/IA, e
cemMaHTHKaTa Ha V He e KoHcranTa-eguauna. Cienosarenso, U u V He ca eKBUBaJIEeHTHH. O

Bamaga 23. Hamepere Coe/IH® na OysneBara dyuxnus f = 01110100.

Pentenue: Nmenara Ha IPpOMEHJINBUTE HE ca YTOYHEHH, TaKa de mMaMe cBOOOJa j1a CU r'u u3be-
pem. M36upame x, Yy u z, KaTo ce M0oJI3Ba TPaJUIMOHHATa HApe10a X-1peinu-y u Y-npeu-z. Torasa
tabuiarTa Ha (QYyHKIUITA €:

(xJylz]f]
01000
00|11
O[T |01
O[T |11
110(0]0
11011
111100
1/1]1}]0

Cu/IHO e:
xXyzVxyzVvVxyzVxyz

Banaya 24. Hamepere CoB/IH® na ciieiaute OysieBu QyHKIUN:

A) (X] @Xz) — X2X3
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B) f=01101100

B) g =0001110110011011
L) xix; = X3

) (xly)z

E) xy = (y =2z

AKo poMeHIMBUTE HE ca UMEHYBaHU SBHO, JIOIYCHETE TOIXO/SAIN0 UMEHyBaHe ¢, HaIpuMep, X, Y,
Z WA X1, X2, X3 U TaKa HATATHK.

OTroBopu M pelIeHus:
A) (1 ®x) =2 xox3 =X1%%3 VXiX2x3 VXix2x3 VX1 % X3 VX1 X2 X3
B) f(x,y,z) =Xxyz V Xyz V xyz V xyz

B) g(x1,%2,X3,%) =X1X2X3 % VX1 X X3 X3 VX1 XX3% VX1 X2 X3X4 V X1 X2 X3 X5 V X1 X2 X3 X4 V
X1X2X3%X4 V X1X2X3%X3 VX1 X2 X3 X4

) xx; =2xs=xxVxs =x1Vx VX3 = X1X2X3 = X1X2%3. B 1031 cayydait namepxume CbB-
JIH® ¢ ekBuBasenTHE ipeobpasyBanus. [[o-TouHO Ka3aHo, U3BBPIIUXME PEINIa OT eKBUBA-
JIBHTHHU TIpeoOpa3yBaHusl, Pe3yATaTbT OT KOUTO e m3pa3, koito e Cbe/IH® nmo dpopmasiau
MPUYIUHA: UMa TOYHO TakaBa (opMa, KakBaTo TpsiOBa jia uma egra Cbe/IH.

) (xjy)z = Xyz. 3a cbxkanenne, noiaydenusar uspa3 He e CoB/IH®D, 3amoro Hsima xkejaHa-
ta dopma!l 3a ga e CbB/IH® ¢ enna mbiiHa KOHIOHKTHBHA KJlay3a, U3pa3bTl TpAOBa Ja e
KOHKaTeHAIns OT JINTePAJIi, & TO3U U3pa3 He € TaKbB, 3aIl0TO XY HUTO € JNTepas, HUTO €
KOHKaTeHaInsl OT JuTepan. AKO ncKamMe j1a permM o/13a1ad9ara ¢ eKBUBaJIeHTHN mpeodpa-
3yBaHUsl, TpsIOBa Ja NpoabKuM. XYz = (X VYy)z=Xxz V yz=xz(yVy) Vyz(xVx) =
xyz Vxyz VvV xyz Vxyz=xyz VvV xyz Vv xyz

E) xyz V xyz V xyz V Xyz

Bamaga 25. Koiko Cope/IH® uma nag n npomernBu?

Pemienue: bBpogar Ha mbaHUTe KOHIOHKTUBHU KJay3u € TOYHO 2™, 3aIl0TO BbB BCAKA OT THAX
YYIACTBAT TOYHO T JINTEpasa, a 33 BCEKU OT TAX MMa TOUHO 2 BH3MOKHOCTU HE3ABUCUMO OT OC-
raHasmre. Beska CbB/IH® ce onpeernst €IHO3HATHO OT TOBA, KOW II'bJIHU KOHIOHKTHUBHU KJIay3H1
yuactBar. Ho orroBopbT 22" 3a opost Ha Becuuku CbB/IHD He e TodeH, moHEXKe HE MOXKe Jla HIMa
HUTO eJlHa II'bJIHA KOHIOHKTHBHA Kiay3a. C apyru aymu, mpasaara dhopMmyna (IpasHUAT CTPUHT)
e e CoBIH® no nedunurus. OTroBopsbr € 22 1.

MozkeM Jia 10 TIOJIyIUM U C JIPYTU Pa3ChiKJIEHUs: BedKa OysaeBa DYHKIMS HA T TPOMEH/IMBU
6e3 kKoHcTanTa-ays1a nma To9HO ejgaa Coe/IHD, a na pasmuanan Cove/IH® choTBeTcTBAT pasmmanu
OyneBu OYHKITIH. U

Bamaga 26. Koo JITH® uma uvag n npomennBu?
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Pemenue: Tpsabsa jja cbobpas3uM KOJIKO KOHIOHKTHBHU KJ/Iay3U UMa. B KOHIOHKTUBHUTE KJIay3u
MMa TPU Bb3MOYKHOCTH 3 BCKa IIPOMEHJINBA (& He JiBe, KAKTO Gellie Py I'bJIHATe KOHIOHKTHBHU
KJIQy3H) — IIPOMEHJIMBATA MOKE JIa yIacTBa KaTo IOJOKUTE/IeH JINTepas, KaTo OTPUIIATE IeH JINTe-
paJ1 uin u300110 Jia He ydacTBa. ToBa o3Ha4YaBa 3™ Bb3MOKHOCTHU, HO aKO OPOUM U Bb3MOYKHOCTTA,
Jla HIMa YJacTBally IIPOMEHIMBU U3001110, TOECT PA3HATA TOCIE0BATEHOCT OT JInTepasn (Ipas-
HusT crpunr). Ho Hue nckame Besika I'bJIHA KOHIOHKTUBHA KJIAy3a Jia € HelpasHa, TOeCT Ja uMa
MOHE €JIMH JIUTEepaJsl, TaKa de Bb3MOXKHOCTTA Ja HeAMa HUTO €JIMH JIMTEPAJ OTHa/a U Bb3MOXKHOC-
ture ca 3" — 1.

Besika oT rbJiHITE KOHIOHKTHBHE KJIAy3W MOXKE JIa yIacTBa WU Ja He ydacTBa, HO TPAOBa j1a
MMa TIOHe eJlHa TaKaBa, Taka de obIo Bb3MokHocTHTe ca 23 ' — 1. O

Bamaga 27. Hamepere Opost Ha Oymesure dyukimun or F", annto CbB/IH® msmbiaagasar ycio-
BHETO:

1. Hama mbjina KOHIOHKTHUBHA KJjay3a, B KOATO OpOAT Ha IOJIOXKUTE/IHUTE JIATEPAIN € PABEH
Ha OpOs HA OTPUIATETHUTE JIUTEPAJIN.

2. Bcesika mmbjiHAa KOHIOHKTUBHA KJlay3a MMa 9eTeH Opoil OTpHUIlaTe/THU JTUTEPAJIN.
3. Begka mbiiHa KOHIOHKTHBHA KJlay3a UMa IIOHE JBa OTPHUIATENIHN JIUTEPaJIa.
Peinrenue:

1. Ako n e Heuerno, to Bemukn Coe/IH® ca takusa u orrosopsr e 22 — 1. Ako 1 e 4erHo,
otroBOpbT € 2P — 1, KbieTo P € 6posT Ha M-BEKTOPUTE C HEPABEH OPO HYJIU U €MHUIIA.
OueBuimo, p = 2™ —(, KbJIeTO ( € OPosAT HA N-BEKTOPHUTE ¢ paBeH Opoit mysu u exaunuiy. Ho
HUE 3HAEM, € UMa TOUHO (TLT/12) HAYWHA, A PA3IOJI0KUM /2 Hy/i 1 1./2 e TMHUIN B JINHETHA

Hape0a, CIe0BaTeIHO ( = (nT/lz), ciesioBaresino p = 2™ — (nf;z), CJIEIOBATETHO OTTOBOP'HT

e 28 (02) g,

2. Ba BcekHU BXOJICH BEKTOP ChOTBETHATA II'bJHA KOHIOHKTHBHA KJjay3a ydactBa B Cbe/IHO
TCTK (DYHKIUSATA UMa CTOWHOCT | BbpXYy TO3u BXOJeH BekTOp. Vcka ce dyHKIuaTa 18 €
3a,1b/KUTE/THO O BbPXY BCUYKM BXOJIHHU BEKTODPU C HeYeTeH OpOil HyJIH, TOECT CTONHOCTTA
Ha (DYHKIUATA MOXKE JIa Bapupa caMO BbPXY BEKTOPHTE ¢ dereH Opoit Hysaum. OTroBopbr e

n—1
2% —1, z3amoro Touno nososunaTal BekTOpH, TOECT %Z“ = 2" ca Te3u ¢ yeTeH 6poit HyJIH,

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

3. Bbpxy BeKTOpHUTE C HyJIa HYJIU U TOYHO €/IHa HyJIa, DYHKIIATA TPAOBA J1a € 33, TbJIZKATETHO 0.
Ocsen ToBa, He MOXKe Jia € KOHCTaHTa-Hy/1a. pyru orpanndenus uama. Vma e BeKTOp ¢
n
HyJIa HYJII ¥ L BEKTOpa ¢ TOYHO ejna Hyia. Orrosopsr e 22 1 — 1.

g

Bagada 28. Heka n > 2. Jla ce onpenenu jpbmkunara #a Cbe/IHD (kato Opoit Ha mbiaHUTE
KOHIOHKTHBHU KJIay3W) Ha cJegHuTe Oyiesn (DyHKIMY, TpejicTaBeHn Ype3 hopMyIin:

LLx1®x®- - Bxy
2. x1VxoV-- - Vx )XV V- VX,

fToBa ce n3Bek 1A TPUBHAIHO, IMANKH IIPEBII PE3y/ITaTa OT KOMOHHATOPHUKATA, Ue GPOST Ha TOIMHOYKECTBATA,
C YeTHa MOIIIHOCT € PaBeH Ha OpOosi HA IMOAMHOXKECTBATA C HEUETHA MOIIHOCT.
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3. \/1gi<jgnxixi
4. A1§i<j§n(xi — %)

Pentenmne: 3ajadara e cbiara KaTo “KOJIKO €JIUHUNM ChIbp:Ka KAaHOHUIHOTO IIPEJICTaBsAHE Ha
dyukiuaTa?”’. KaHOHHIHOTO IpeCcTaBsiHe Ha BCSIKa OT Te3W 4eTUpPH (DyHKIMH UMa JIeCHa 3a OIl-
penensine dpopma. TpsadBa ga pazdepeM KakBa € 3aKOHOMEPHOCTTa Ha KAHOHUYHOTO ITPEJICTaBIHE
Ha Besgka oT Tax. CTOpUM Jin TOBA, PEIIEHNeTO CTaBa TPUBUAJTHO.

1. OyuKIimsaTa € cymMa 1o MOJIYJI JIBe Ha BCUYIKM IpoMenmBu. O4UeBuIHO, Tasn cyMa € 1 TOYHO
BbPXY T€3U BEKTOPHU, KOUTO UMAT HeueTeH Opoil equnui. KakTo Bede KazaxMe B PEIIeHHETO
Ha 3aada 27, BEKTOPHUTE ¢ HedeTeH Opoil eIMHAIM ¢a TOYHO IIOJIOBHHATA, TOECT %2“ =21

n—1
OrrosopsT e Touno 2™ ', Babeexere, e He e 22 | 3aI[0TO BLPXY BBLIPOCHATE BEKTOPH
CTOMHOCTHTE Ha (DYHKIMATA HE BapuparT, a ca CaMO €IUHUIIA.

2. Jlecno ce Buxka, 1e pyrkiuara e 0 Bbpxy ToaHO A8a BekTopa: 00---0um 11--- 1. OTroBopsT
e 2™ —2.

3. OyHKImATa MMa CTOHOCT 1 TOYHO BBPXY T€3M BEKTOPH, KOMTO MMAT IIOHE JIBE eJMHUIN B
cebe cu. Bekropure, KOUTO HsMAT MOHE JBE €JMHUIM B cebe CH, Ca Te3U C HyJa eJIUHUIN
(camo emuH) ¥ ¢ TOUHO enHa exuauma (N takusa). OtroBopsr € 2" —n — 1.

4. Moxe 6u e 1o-1ecHO J1a ce ¢bhoOpa3u KakBa e dpopMara Ha KAHOHUIHOTO IIPEJICTaBSIHE, aKo
U3II0JI3BaMe PA3JIMIHO IIPE/ICTaBsAHe Ha ChInaTa (OyHKIUS:

N xi—=x)= / ®Vx)

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

Kosito n ot aBere dopmyin ja pasriename, BuKjame, de PyHKIUATA € HyJIa BbPXy TOUHO
Te3M BEKTOPH, KOMTO MMAT IHOHe efHa 1, KoaTo e Bigso or none exna Of. Cremosaresno,
dyuknusgara e eguaUa TOUHO Bbpxy BekTopute 00---00, 00---01, 00---11, ..., 0T---11,
11---11. Te ca Touno n + 1, u ToBa € OTTOBOPBT. U

Sagada 29. Heka f(x1,X2,...,%n) # g(Y1,Y2,...,Yn) ca OyneBu dpyukimu, takusa de Cos/IHD
Ha f uma ky I'bJIHU KOHIOHKTHBHU KJIay3H, a Ha ¢, K, ['bJIHI KOHIOHKTUBHY KJay3u. [la ce omnpeesm
JUbJIZKUHATA, B OPOM I'bJIHM KOHIOHKTUBHE KJIay3H, Ha:

h(x1,%2, ...y X0y Y1, Y2y .+ ., Yn) = fg
t(XhXZ)---»Xn)yhylw-wyn) =fVyg

Pemenne: Jla pasriemname nbpso fg. 3abesexere, de ToBa € QyHKIMA HE HA M, & HA 2N 1IPO-
menuBu. Heftnata tabimia e mokasaHa cxeMaTUIHO Ha cienHaTta Tabsmia. Jla cu mpejpcraBuM,
Ye BhPXY BXOJHHTE BEKTOPHU, BCEKH C Jb/KHHA 2N, KOUTO ca obmo 22" Ha Gpoit, e JeduHIpaHo
IpyIupaHe B HEIO KaTo MPaBObIbJIHUIMI C pa3Mepr N X 2™ KouTo Ha Tab/miara ca MOKa3aH! B
JIgBaTa CTpaHa, OIBETEHU B PO30BO U 3ejieHO. Beeku 3ejieH MpaBObIbJIHUK Orpazk/ia eHa I'PyIa
OT CTOMHOCTHU Ha Y-IIPOMEHJIMBUTE, KATO IpynuTe ca 2™ 0010 U CbIbPKAHUETO UM € €HO U ChIIO:
BCsIKa I'PYIIa ChbPKa TOYHO BCUYKHU N-BEKTOPH B JIeKCUKOTpadcku peji. PozoBuTe mpaBobIb/IHN-
I OT'PaKJIAT IPYIU OT CTOMHOCTH Ha X-IIPOMEHIMBUTE, KATO T€3U IPynu mak ca 2™ obIno un Besika
nMa 2" M-BeKTOpa, HO cera BCsiKa TPyIa Cbbprka 2™ KOMWA Ha €UH W CbINNA N-BEKTOP.

Toit kKaTo dyHKIMATA g 3aBUCH OT Y-CcTOiiHOCTHTE, a dDyHKIuATa f, OT X-CTOWHOCTUTE, B JIsIC-
HaTa CTpPaHa, KbJIETO ca (PYHKIIMOHAJIHUTE CTONHOCTH, HabJIfO[aBaMe CIeIHITE 3aKOHOMEPHOCTH.

t Toecr, B komTo mva x; = 1 u x; = 0 mpu 1 < j; Toect, KonTo ca OT Buja -+ 1---0---.
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Kosonara na g ce cberon ot 2™ 1OJKOIOHU, BCAKa OT KOMTO € KOIUE Ha €JMH U CbIy pattern,
KoiiTo uma TouHO K, emuuunu (10 yciaosue g uma CobB/IH® ¢ Touno k; 1bJIHU KOHIOHKTHUBHU
KJ1ay3n). TOYHO KAKBO € ChIbPXKAHUETO Ha Ta3W MOBTAPSIINA Ce KOJOHA 3aBUCH OT KOHKDETHKATA
Ha ¢. B Tabiaumara “g;” e kKparbk 3ammc 3a g(Yi), KbJIETO Y; € 1-usaT BEKTOp OT Y-BEKTOPHTE, 3a
0<i<2n—1.

Ot gpyra crpana, kojonata Ha f ce chberonm or 2™ MOJAKOJIOHH, BCSIKA OT KOUTO ChIbp:ka 2™
KOIIMSI Ha €JIHA M ChINa CTOMHOCT, a UMEHHO (pYHKIMOHAIHATA CTOHHOCT Ha f BBpPXYy i-Usg OT X-
BekTopuTe 3a 0 < 1 < 2™ — 1, KosTO € oTOesIsI3aHa, C ﬂ. OugeBraHO TOYHO Ky OT TE3M IOJIKOJIOHN
ca ot eaununy. Kou TouHO, 3aBUCH OT KOHKpeTHKaTa Ha f.

U raka, dyukmusaTa h e kononknus or f u ¢g. Kosonara na h #e e m3obpasena, HO JIECHO
MOZKE Jla CH ¢ IIPEJCTABUM HAIIMCAHA HAi-BISCHO, ¢ BHCOYMHA 27", C'HCTOMAINA OT IIO€JIEMEHTHH
KOHIOHKIIMKA OT KojioHnTe Ha g u f. TpuBnasHo e ja ce cbobpasu, de ako pa3dmeM KOJIOHATA
Ha h ma 2™ MOJKOJIOHN aHAJOI'MYHO Ha paszdmBanudgTa Ha KojgoHute na g u f, rouno 2™ — k; ot
IOJIKOJIOHUTE e ca CaMO OT HYJIM, 3aIloTO KojoHaTa Ha f mma TouHOo 2™ — Ky OT MOAKOJIOHH OT
HYJIA, KOUTO B ITOeJIeMeHTHUTE KOHIOHKIINK “HYJIUpaT’ CTOMHOCTTa Ha h BbPXY JaeHust 21-BEKTOp
HE3aBUCUMO OT CTOHHOCTHTE Ha ¢ BbPXY Hero. A ocrananaute Ky Ha Opoit mojgkosonn Ha f ca camo
OT €IMHUIU. 3a BCsIKa OT TAX, (DyHKIMATA h moIydaBa TOTHO K; eIMHUIN 3apa i IToeJeMeHTHATa,
KOHFOHKITHS.

O6mo, h uma Touno ky X ky emxuauIm.

Cera ma pasrimegame dynkiusaTa t. CbobparkeHnsTa ca aHAJOTMIHE U TabaUIaTa € ChImara, HO
cera ThPCHUM MOIIHOCTTa He Ha cedeHuWe, a Ha obepumuenue. Kojonara na g mma obmo ky x 2"
eauHUIM, a KosioHaTa Ha f mMma obmo ky x 2" emuammu. Ot k2™ + k2™ = (kg + kz)2™ TpsibBa
Jla, U3BAJIMM, ChIVIACHO IPHUHIMMIIA HA BKJ/IIOYBAHETO M M3KJIIOYBAHETO, MOIIHOCTTA Ha CEIEHUETO,
KOSATO, KAKTO Bede ycraHoBuxMme, e Kik;. Orrosopsbr e (kg + k)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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