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IHEPEJIMOBA

ChOroicHHS CTaBUTh TIEpEll HAYKOK BCE OLIBITY KUIBKICTh 3ajJad, IIOB’SI3aHHX 13
KoMIT toTepu3aniero. Kype AucKpeTHOT MaTeMaTuku € 0a30BOK0 MaTEMATUYHOIO JUCIMILIIHOK TPU
MIITOTOBIN CTYACHTIB, SIKi 00panu cobi dax, 1o nepeadavae KOMIT IOTEPHUM HAIMPSM ITiATOTOBKH.
JIMcKkpeTHa MaTeMaTHKa CKIIAIaeThes 3 0ararboxX po3AiliB. JlaHWN Kypce JIEKIH CBOEIO JPYror0
YaCTUHOIO OXOILIIOE TEOPito OyneBuX (hyHKIIIH.

B npononoBaHOMy Kypci JEKIIii TOKIaJHO PO3TISIHYTO CIOcOOuU 3aaHHs OyleBuX (yHKIIN:
AHATITUYHUH, TaOMMYHUN Ta rpadiuHmid, X 3B’SI30K, OCOOJIMBOCTI Ta METOAH MEPEXOy BiJl OJHOTO
croco0y 3amaHHs 0 iHIIOro. TakoXk pO3MISIHYTI OCHOBHI BJIACTMBOCTI OyJieBHX (YHKINH Ta
MOXJIMBA iX Kiacudikaiisi, OCHOBHI omeparlii Hajg OyJeBUMH (PYHKIIISIMH Ta 3aKOHH, SIK1 JUISI HUX
BUKOHYIOThECS. OCOOIMBY yBary npuIiieHo HOpMaIbHUM (hOpMaM Ta aJirOpuTMaMm, 3aCHOBAaHHM CaMe
Ha I[bOMY aHAJITUYHOMY MOJaHHI OyneBux ¢GyHKUIA. ByneBi GyHKIIT — myXe BaKIMBHH PO3JILT
JMCKPETHOI MaTeMaTUKH, 10 Ma€ TMOAAJbINE 3aCTOCYBAaHHS B TEOPii aJlTOPUTMIB, €IEKTPOTEXHIIl
TOIIO. Benuky yBary mpHUIUICHO alropuTMaM MiHiMizamii OynaeBUX (QYHKIH Ta JOCTIIKEHHEIO
cucTeM Ha (yHKIIOHAJIbHY TIOBHOTY.

B ymoBax aucTaHmiiHOTO HaBYAaHHS, IO B TENEPIlIHINA Yac cTae Bce OULIBII 3aTpeOyBaHHM,
BEJIMKE 3HAUCHHS Mae€ Bi3yallizallisi TEOpeTHYHOTro marepianmy. Lle mocsraerbes 3a IOMOMOTOIO
PO3pOOKH Mpe3eHTallil, SKUMHU CYPOBOJDKYETHCS BUKJIaaHHs JieKin. L{el Kkypc Jiekiii CKiaaeHui
13 BUKOPUCTAHHSM IMX HANpPallOBaHb, 3p00JIEHUX 32 OCTaHHI poKU. ToMy BiH MICTUTBH Jyke Oararo
KOJBOPOBHX LIIOCTpalliii, cxem 1 Tabmuib, 00 came 3a pPaxyHOK IbOIO JOCSATAIOTHCS 3pydHa
Bi3yami3allis Ta THUOIIE 3aCBOEHHS JIOCHUTh HE3BHYHOTO Ui CTYACHTIB IMEPIIOTO KypCy
MaTeMaTHYHOTO Marepiany. ba3oBuil Kypc MareMaTHKH 3aralbHOOCBITHBOI CEPEIHBOI IIKOIH HE
nepenbayae BUBYCHHA MOAIOHMX MaTeMaTHYHUX KOHCTPYKIIA. A came [uis CTYyIEHTIB-
MEPIIOKYPCHUKIB 1 CKJIaJICHUN TPOIOHOBAHUN KypC JeKIiid. Maibke yci TBEep/DKEHHS, JIEMH Ta
TEOpeMH MaloTh CYBOpPE MaTeMaTHYHEe JOBEJEHHA. IX poboTa mpoidocTpoBaHa GaraThbMma
JOKJIATHUMU MPUKITATAMH.
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1. 3AJJAHHSA BYJIEBUX q)YHKI_Hﬁ
1.1. Ognopiani Jgoriudi pyHkmii

B nuckpeTHii MaTeMaTHIl BaKIUBY POJIb BIIITPalOTh CKIHUEHHI (DYHKIIII.

O3nauenns. CkinueHHo0 (YyHKYIEI0 HA3UBAETHCS B1IOOPAKECHHSI OJHIET CKIHYCHHOT MHOKHUHU
B iHIIy [2].

Biominna ocobausicme noeiunux @hyHkyii monsTaE B TOMY, 1[0 BOHU MPUHAMAIOTh 3HAYCHHS B
CKIHYCHHUX MHOXHWHAX. [HIIMMH clioBaMH, 0ONacTh 3HAYEHb JIOTIYHOI (YHKIII 3aBXIu €

CKIHYCHHOI CYKYITHICTIO YHCEJ, CUMBOJIIB, TTOHITh, BJACTUBOCTEH 1, B3araji, Oy/b-aKuX 00’ €KTIB
[1].

O3nauenns. SIkio o6macTh 3HaYCHb (QYHKIIT MICTHTH K pi3HHX eleMeHTIB, TO Taka (yHKIIis
HasuBaeThes K-3naunoro gynxyicero.

{00 po3pi3HATH eeMeHTH 00J1acTi 3HaUYeHb PYHKIIIT, iX HEOOXiAHO B AKIHMCh CIIOCIO BIAMITHTH.
3pyuHilie 3a BCe CIEMEHTH MepeHymepyBaTH uuciamu Biff 1 10 K a00 MO3HAYUTH SIKUMHUCH
cuMBoOJiaMU (HaIpUKIIaz, OyKBaMu).

O3nauenna. HemopoxHs MHOKHHA, €JIEMEHTH SIKOI € TIOBHUM IEPETIKOM BCiX CHMBOJIIB, IIIO
BIJIMOBIAAIOTh OOJIACTI 3HAYEHb JIOT1YHOI (YHKII, HA3UBAIOTh arghasimom, a cami CUMBOJH —
oykeamu 1poro andasity [1, 3].

bykBamMu MOXYTh CITYKHUTH SIK OYKBHU OyAb-sIKOT0 an(aiTy, Tak i MOPSAIKOBI YKca 1 Oyab-sKi
iHII cuMBoud. JloriuHi QyHKIIT MOXKYTh 3aJeXaTu BiJ OJHI€T, ABOX 1 B3araii OyAb-sIKO1 KIIBKOCTI
3MIHHHX (apTyMEHTIB) X1, X3, ..., X,,. Ha BiqMiHy Big camoi QyHKIIiT, apryMEHTH MOXYTh IPUIMATH
3HAYEHHS 13 €JIEMEHTIB SIK CKIHUYEHHHUX, TaK 1 HECKIHUYEHHUX MHOKHH.

O3nauenna. SIKo apryMeHTH AesKoi JOri4HOi (YHKIT NpUMaloTh 3HAYEHHS 13 TIET XK
MHOYKHHH, 1110 i cama JioriuyHa GyHKILs, TO il Ha3UBaIOTh 00HOpiOHOI0 (hynkyicto [1].

B npomy Bunanky X1=X,=...=X,,=N, ne x; € X1, x3 € X5, ..., x, € X, 1 o1HOpiAHA PYHKIIIs
BHU3HAUaE JIeIKy N-MICHY omepallito Ha CKiHUeHH1i MHOXKHUHI N.

Osnauenns. Obnacmio eusnauenusi 00Hopionoi @yuxyii Y=F(x1, X3, «cey Xp ) CIYXKHTH
MHOXHHA D™ HaOOPiB 3HAYECHDb 3MIHHHUX (X1, X2, «.ey Xp), 110 HABUBAIOTHCS CIOBAMU, JIC KOKHUH 13
apryMeHTIB X1, X2, ..., Xy 3aMillyeTbesi OykBamu K-iunoro andasity {0, 1, ..., k—1}. Kinbkicts
OyKB y JaHOMY CIJIOB1 BU3HAUa€ HOTO 00BICUHY.

€ OYeBHIHMM, 110 KITBKICTh YCiX MOKIMBHX CJIiB JOBKUHH N B K-TuHOMY anhaBiTi 10opiBHIOE
k™. B cuiy TOTO, 110 KOXKHOMY TaKOMY CJIOBY € MOXIIUBICTH MPHUITUCATH OJHE 3 K Pi3HUX 3HAYCHb
MHOXHMHU N, TO 3aranbHa KUIBKICTh OAHOPLAHMX (PYHKIIN BiA N 3MIHHMX JOPIBHIOE k. Sxmo
oykBamu andagity € yrcia Big 0 g0 K — 1, To koxHe coBO (X1, X2, ..y X)) CHMBOJIUHO MOJIAETHCS
YIIOPSIIKOBAHOIO TIOCIIIOBHICTIO N TaKUX YHCEN 1 PO3MIIAJAETHCS K 3aliC N-PO3PSIIHOTO YKCTa B
MMO3UILIIHIN cHCTEMI YUCIEHHS 3 OCHOBOIO K.

OnHopinHa (yHKINS TBOX 3MIHHHX MOXe OyTH 3ajaHa TaOmiuieto (MaTpHUIelo), PAIKU Ta
CTOBIIII AKOi BiANMOBiAal0Th OykBaM andasity. s monanHs GyHKIIH TppoX Ta OLIBLIOT KiTBKOCTI
3MIHHUX MOTPiOHO Oyn0 6 BUKOPHCTOBYBAaTH 3-MipHi 1 B3araii N-mipHi Tabmuui. Llporo moxna
YHUKHYTH, SIKIIIO CTOBIII[I MAaTPHUIIl TOCTABUTH Y BIAMOBIAHICT HEe OykBam amngasiTy, a cjoBam, TOOTO
yrBoputu k™ croBmmiB. [y koxHOI (QyHKIIT BITBOIUTHCS PSIOK, KIITHHHU SKOTO 3allOBHIOIOTHCS
OyKBaMH 13 1aHOTO aJi(haBiTy.
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O3nauennsa. Matpuii Bcix GyHKIiil N 3MinHEX B K-3Ha9HOMY andasiti mictuts k*") psaakis
Ta Ha3UBAETBCS 3a2albHOI0 mabnuyero eionosionocmi [4, 5].
Hanpuknan, aast K = 31N = 2 taka MaTpuilsi Ma€ BUTJIS;

X1 0(0|0 |1 1 1 2 2 2
X3 o(1|2|0 1 2 0 1 2
fo olof[o[o|o|o]o][o]o
f1 olofo|o|lo|o]o]|oa]|1
f2 olofo|o|o|o]|o0o]|o0]2
faze1 0 | 1 | 0 | 0 | 1 | 2 | 2 | 0 | 1
fossz | 2 [ 22|22 ]2]2]2]2

Homepu cTOBMIIB I1i€el MaTpuIili BH3HAYAIOTHCS PO3TALIOBAHUMH HAJ HUMH N-PO3PSIHUMHU
YHCIaMU 3 OCHOBOIO K, KOYKHE 3 SIKUX YMTAEThCS 3BepXy BHHU3. HoMepu GyHKIIH OTOTOXHIOIOTHCS 3
k™-po3psqHUMH YKCIIaMH, K1 BIAMOBIIAIOTH PSJIKAM MATPHIIl B Ti€l %K CHCTEMI YHCICHHS.

Haii6inp1 mpocTuM 1 B TOM ke 4ac HaBaXKJIMBIIIMM KJIACOM OJHOPIAHUX (PYHKIIIH € ABO3HAUHI
(6ysnesi) yHKii.

Osnauennsn. bynesa ¢pynxyisn (6i0 N 3minnux) — 11e 10BiIbHE BimoOpaxenus suny f: {0, 1}" —
{0,1} [2].

Takum YMHOM, 00JIACTIO BU3HAYCHHS OyNeBUX (DYHKIIN BiJ N 3MIHHUX CITY>)KUTh MHOKHWHA CJTIB
noBXUHH N. BoHM € BCUIIKMMU HaOOpaMu i3 N ABIMKOBUX IU(p. MHOKIHA BCIX MOKIIUBUX OyJIeBUX
GbyHKIIi# mo3HavyaeTbes sk Py [2, 6].

Teopema 1. @opmyniosanns. 3arajabHa KUIbKICTh HAOOPIB 3HAYCHb N 3MIHHUX, HA SKUX 3a1aHO
OyneBy (yHKIIi10, TOpiBHIOE 2™,

Jlosedenns. 3a o3Ha4eHHSIM OyneBoi (QyHKIII, KOXXKHA 3MiHHA X;, { = 1,1, MOXe TpHuiiMaTh
snadyenns 01 1. OTxke, KibKICTh HAOOPIB, 110 MicTaTh | =0, 1, ..., N OJMHHUIIb, JOPIBHIOE KITBKOCTI

CIOJTy4Y€eHb 13 N 110 |, TOOTO C{l. B cunty Toro, 110 j Mmoske npuiiMaTs 3Havenns 0, 1, ..., N TO KUTBKICTh
BCiX MOK/IMBUX HabopiB Oyne nopisutosatu N = Y7y C],'l = 2" [4]. Teopemy n0Ben€eHO.

KinpkicTh BCiX MOXKIMBUX OyneBUX (QYHKIINA N 3MIHHUX, 10 JJOPIBHIOE 22" mBmKo 3pocTae
3 poctoM N (tipu N=3 BoHa JTopiBHIOE 256, a pu N=5 nepeOibliye Y0TUPU MiTbsIpan). Aie GpyHKIIii
OJIHIET Ta JIBOX 3MIHHHMX 1€ MOXHa MEPEeNIYUTH ¥ NOKIaJHO JOCHIIIUTH, TOMY IO iX KIJIbKICTh
NOpPiBHSHO HeBesuKa (mpu N=1 BoHa jopiBHIOE 4, a ipu N=2 BOHA JOpiBHIOE 16).

1.2. Tabauune 3axaHHs OyjaeBux QyHKuii

1.2.1. Byaesi ¢yHkuii ogHiei 3MiHHOL
Osnauennsa. Koncranta 3 oonactio 3HaueHsb {0, 1} HazuBaeThes Oyiesor koncmanmoro [2].
Taxkum 4MHOM, iCHY€ BChOrO J1Bi OyseBi koHcTaHTH: o=1 1 a=0. I3 03HaueHHs OyneBoi (pyHKii

Ta OyneBoi KOHCTaHTH BUILJIMBAE, 1110 KOXKHA 0yJieBa KOHCTAHTA TaKokK € 0yJeBolo GyHKII€IO Bit
0 3MiHHMX.

O3nauenna. OG’€KTH 3 TBOMA MOXJIMBUMHU CTaHAMU XapPaKTEPUIYIOThCS 0)1e8UMU SMIHHUMU,
SIK1 371aTHI MPUIMATH JIWIIE [BA Pi3HUX 3Ha4YeHHs. [JIs1 MO3HAYSHHS UX JIBOX 3HAUCHb 3a3BHYAIl
BUKOpUCTOBYIOTH npm 01 1.
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AmnapaTt MaTeMaTHYHO] JIOTIKH MIMPOKO BUKOPUCTOBYETHCS IS (hopMaltizallii mpUpoIHOI MOBH.
BnacHe, 3apo/UKeHHsST MaTeMaTW4HOI JIOTIKM TI0Yajocs 31 CIpo0 3amuMcaTd  MaTeMaTHYHO
BHCJIOBJIIOBaHHS Ha IPUPOAHIN JIFOACHKIM MOBI1. B 3B’s13Ky 3 M, BCi 00’ €KTH MaTeMaTHYHOI JIOT1KH
MaroTh aHaJord B MoBi. ToMmy KpiM Bka3aHuMX BUIle WP, ISl TO3HAYCHHS 3HAYCHb OYyJICBHX
3MiHHUX a00 OyneBuX (YyHKIH 1HOAI BUKOPUCTOBYIOTh OYKBH «X» - XHOHO, 1 «I» - icTHHHO
(BimmoBigHO «F» 1 «T»).

Haitieasicnusiwa ocobaugicme 6ynesux @hynkyiii moysArae B TOMy, 10 BOHH, K 1 IX apryMeHTH,
OepyTh cBOi 3HaueHHs 3 aBoxeneMeHTHOI MHOXuHH {0, 1}, abo {X, I}, ToOTO XapakTepu3yroThCs

OJTHUM 3 JIBOX MOXUIMBHX CTaHiB. DYHKII HEBENIMKOI KIIBKOCTI 3MIHHUX MOXHa 3a/laBaTd 3a
JOTTOMOT OO TaOJIHIIb, MOMIOHUX 10 TAOJIHIIb TO0IaBaHHS Ta MHOXKEHHS OJTHOPO3PSIHUX unce. s
IIbOT'O MOTPIOHO TiJIBLKM BKA3aTH 3HAYCHHS (DYHKIIIT I KOYKHOT KOMOiHaIlli 3HAa4eHb 11 apryMEHTIB.

Jlis 6yneBux QyHKIiH ofmiei 3minaoi N = 1, K = 2. Omke, KUIbKiCTh HAOOPIB, HA AKHUX 3a1aHO
ui ¢pynkuii, nopisnioe k™ = 21 = 2. 3aranpua kinpkicTs Gynesux GyHKIiH oxHiel 3MIHHOT TOPiBHIOE
KK =2@Y) =22 -4

3arajbHa Ta0auus BiAnoBiaHOCTI ans OyneBuX (yHKHiA OnHiE] 3MIHHOI Mae HaCTYITHHMA

BUTJIsL (TTpaBOPYY BKa3aHi MO3HAYCHHS 1 HA3BU QYHKIIIi):

vatops | 0 | 1 Haspa

x 01 .

fo /0|00 KomcrauTa 0

fi | 0| 1| x | Mosropennn cenexrop)
fz 1| 0 | x | 3anepeuenns (insepcis)
1|11 Kowcranra 1

O3nauennsa. Oyukuii fo 1 f3 HasuBaoTbes Pynkuii-koncmanmu (f o — momooswcnuil nyn, a

f3 — momoowcna oounuys), TOMy 110 BOHH HE 3MiHIOIOTh CBOTX 3HAYEHb TPH 3MiHi apryMEHTY.
O3nauennsn. OyHKIis f1 TOBTOPIOE 3HAYEHHS 3MIHHOI 1 TOMY TOTOXKHO JOPIBHIOE camiit
sminniil. [i Ha3uBaOTh 3MinHa X, nosmopenns abo cenexmop.

O3nauenna. €TUHOIO HETPUBIAIBHOIO (DYHKIIEIO € fo, sKa NMpHUiiMae 3HaU€HHs!, MPOTHIIEKHI
3HAa4YEeHHSM aprymMeHTy. BoHa Ha3uBaeThCs ingepcia x abo 3anepeyenns x.
Taxkum yMHOM, 3anepeyeHHs 00UHCITIOETHCS 32 GOPMYIIO0

*={1 v_o

1 B IpUPOTHOMOBHIN IHTEpIIpETAlll]l YUTAETHCS SIK «HE X».
1.2.2. ByaeBi ¢yHkuii 1BoX 3MiHHHX

Jlns OyneBux GyHKIiH 1BoX 3MiHHUX N = 2, K = 2. OTKe, KUIBKICTh HA0OPIB, Ha SIKMX 33aHO
i QyHKIil, gopiBHIOE K™ = 22 = 4. 3arajbHa KiTBKICTh OyneBux (PyHKIIIH TBOX 3MIHHUX JTOPIBHIOE
kKD = 2@ = 24 = 16 i ¢ynkuii onucano B Tabmuui 1 [4]. B Hiil Bka3aHi yMOBHI MO3Ha4YEHHS,
Ha3BU 1 MOXJIMBI BapiaHTH uuTaHHsA (B Jy)KKax IOJAHO BapiaHTH, SKi MOMIIMBO 3YCTpITH B
JiTepatypi).



Ta6mums 1

ByaeBi ¢yHkuii 1BOX 3MiHHHX

fO 0 KoHctaHTa 0 (ToToXHMit HYNb, 3aBXKAN XMEHO) Bynb-sike 0
fl XiX53 X AXy (X & X5 XN X,) | KoW'roHkuia (36ir, noriunnii fobyTOK, NnepeTnH, Noriune «in) x ixy;ix;ix,
fz X4 X, 3anepeuenHs imnnikauii (36ir is 3a6opoHoto, aHTM36ir, 3a6opona) X, Jle He X,
f3 x; MosTopeHHs (TBepaKeHHA, AOMIHALA, CENEKTOP) NEPLIOTO apryMeHTY Sk x,
f“‘ X4 X, (X, X)) 3anep 3BOPOTHOI i ikawii (380poTHMit aHTM36ir, 3anepeueHHn pennikawii, He x,, ane x,
aHTMpenikauis)
fs X, MoetopeHHa ( 11, iHaLjia, ceneKTop) Apyroro aprymeHTy Sk x,
fs x;Bx, (x;Vx;; x;+x5) Cyma 3a moaynem 2 (HepiBHO3HAUHICTb, aHTUEKBIBANIEHTHICTL) X, HE 5IK X} a00 X1, a00 X,
f7 X VX, (X1 X5 XUX,) Auz’toukuin (po3ain, noriuna cyma, cknajaHHa, noriuHe «abo») x; a0o x5 (% a00 xoua 0 X,)
fs x; J, X, (X3 VX5 X,°%3) Crpinka Nipca (byHKUia Be66a, 3anepeueHHA AU3’ IOHKLII, noriuHe «He — abo») Ani x,, aHi x, (He X, i He X;,)
f9 Xp~X; (=3 x;4¢>X,y) EKkBiBaneHLin (piBHO3HAUHICT, EKBIBAIEHTHICTL, B3AEMO3aIEKHICTB) X, 9K X, (X; SKIIO i TVILKH AKIO X,)
flO X, (X ~xy3 ]xz) 3anepeueHHs (iHBepcis) Apyroro aprymeHTy (A0NoBHEHHA 40 NepLoi 3MiHHOT) He x,
fll XX (X C Xy X <X,) 3BopoTHa .iMnniuaqiu (sBopoTHe posainenns i3 3a6opoHoIo, 3B0POTHa ceneKuyis, SAxmo x,, To X, (X, a60 He X,)
penaukauia)
fll X1 (5 ~xg; ]xl) 3anep (inBepcisn) nep 0 aprymeHTy (A0NOBHEHHA A0 APYroi 3miHHOI) He x;
f13 XX, (X DX5 X>X,) Imnnikauia (posainexHs is sabopoHoto, cnifysaHHs, cenekLis) SAKmo x,, TO X, (He X; 200 X,)
f” X1/ % (X% AXy) Ltpux LWeddepa (3anepeueHHs KOH'IOHKLT, HECYMICHICTD, JloriuHe «He — in) He x, aGo He x,
f“ 1 KoHcTaHTa 1 (ToTOMHa 0AMHULA, 3aBHKAN ICTUHHO) Eyﬂ],_ﬂ[(e 1

3arajabHy Ta0J M0 BiINOBIAHOCTI 17151 onricaHux OyneBuX (yHKIIH ABOX 3MiHHUX TOJJAHO B

Tadauni 2.
Taoauus 2
3aranbHa Ta0auusA BiAnoBiAHOCTI Oy/aeBMX (PyHKUil JBOX 3MiHHHX
v | Xp | X | K| AL B\ LS| A K| 6| fo|fu|fe|fis|hs|fis
o lolo/lo|oflo|o|o0o|o0o|0O0|0|1 |1 |1|1 1|1]|1]1
1 lo/l2/0/0|of{o0o|1 |1 |1|1|0|0|0|0|1|1|1]1
2 1/0| 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1
3 11 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
B - < =l V] -ml<lmlsl/]1

licte i3 HaBemeHux GYHKIIA He 3ajekaTh Bil Xq a00 X, (abo Big 000X aprymeHTIB
onrodacuo). Ile aBi koucrantu (fo=0 i f15=1), moBropenns (f3=x1 1 f5=X3) i 3amepeycHHs
(f10=X2 1 f12=X1), 110 € PyHKIIIMHU OHI€T 3MiHHOT (X1 a00 X3). I3 perru gecsatu Gynkiiit a8i (f4
i f11) BIAPI3HAIOTBCS Bif BiAMOBIqHUX HUM (f 1 f13) JHIIE HOPSAKOM PO3TAIIyBaHHS apTyMEHTIB i
TOMY He € camocTiiHUMH. Tomy 3 mricTHaauATH OyneBUX (YHKLINH IBOX 3MIHHMX JIUILIE BICIM €
opurinageumu (f1, f2, fe, f7: fs, fo: f13, f14). Hocnimkenns OyneBux QyHKid onHiel, 1BOX i
OUTBIIIOT KUTHBKOCTI 3MIHHUX CBITYHUTH MPO T€, 10 OyAb-sika QYHKIIIS BiJI MEHIIIOI KUTBKOCTI 3MIHHUX
MICTUTBCS cepell PyHKIIIHM O1IbII0T KITbKOCT1 3MIHHHX.

O3nauennsn. OyHKII, MO 3BOAATHCS M0 3aJEKHOCTI Bl MEHIIOI KUIBKOCTI 3MIHHHX,
Ha3UBAIOTHCS 8UPOOAHCeHuMU, a QYHKITIT, IO CYTTEBO 3aJIEKATh BiJl YCIX 3MIHHUX, € HEGUPOOHCECHUMU.

Tak, cepen byukitiit oqHiei 3MiHHOI € 1Bi BUpo pKeHi (pyHkmii-koncTant fo =01 f15 = 1, mo
€ QyHKUisMU Bix Hyns 3MiHHEX). OyHKIIT JBOX 3MIHHUX MICTATH Ti %K caMi KOHCTAHTHU i YOTHUPH
GyHKIIT oHi€T 3MIHHOT 1 T. 1. [1].
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O3nauennsn. 3MiHHA X; HA3UBAETHCSI CYMMEBOI 3MIHHOI0, SKIIO OyleBa (DYHKIIST CYTTEBO
3aJIEKUTH BIJ 1€l 3MIHHOI, TOOTO

f(xl,xZ, vy Xi—1, 0, Xi+1) ...,xn) * f(xl,xz, vy Xi—1) 1,xi+1, ...,xn).

O3nauenns. 3MiHHA X; HA3UBAETHCSA Hecymmesoro abo ikmusnow 3minHoi0, KO OyseBa
GbyHKIIIS HE 3aJIeKUTh B i€l 3MiHHOI [7], TOOTO

f(xl,xZ, vy Xi—1, 0, Xi+1) ...,xn) = f(xl,xz, vy Xi—1) 1,xi+1, ...,xn).

Hanpuknan, aast yakmii f3=xq i f12=X1 QIKTUBHOIWO € 3MiHHA X3, a uId QyHKIIH f5=x5 1
f10=X2 dixTHBHOMW € 3MiHHA X 1. {715t pyHKIiH-KOHCTAHT f=01 f15=1 QpikTHBHUMHU € OOMIBI 3MiHHI
—1X1,1X5.

[ToHsATTs IKTUBHOT 3MIHHOT T03BOJISIE€ PO3TIISAATH AB1 JOBUIbHI OyJeBi pyHKITT K GyHKIIIT Bix
OJTHAKOBOI KIJIBKOCTI 3MiHHHX [2].

O3nauenns. Tabnuyero icmunHOCcmi HA3UBAETHCS TAONUI, B sIKiil KO)KHOMY HAaOOpy 3HA4YCHb
3MIHHHX JIOT14HOI (PYHKIIiI TOCTaBJICHO Yy BiMOBIAHICTh 3HAUCHHS IIi€] QPyHKIII].

Tabauyi_icmunHOCHMI € _0OHUM I3 MONCTUBUX CROCODI8 3a0anna _n02iunux gyuxuyii. 3a
JOTIOMOT OO 3arajbHOI TaOJIHII BiIOBITHOCTI, MO’KHA BUITACATH 1HAMBITya bHI TaOJIHIN ICTHHHOCTI

ISl yCIX €JIeMEHTapHUX JIOTTYHUX (DYHKIIIH.
Inwum cnocofom 3adanns 102iuHux hyHKuii € ix nopaoxkosuit Homep. Sk Bxxe BiJl3HAYAIOCS,

JECSITKOBUI TOPSAAKOBUIT HOMep (YHKIT B 3arayibHiii TaOnuill BiAMOBIIHOCTI € aHAIOTOM HOro
JBIHKOBOTO 3alUCy y BUIVIAI HOCTIAOBHOCTI 3HaueHb Ii€i (yHKii HAa BciXx Habopax 3HAYEHb
3MmiHHHX. Lleil mopsakoBuil HOMEp, SIK AECATKOBUM, TaK 1 JABIMKOBHIi, MOBHICTIO BU3HAYAE JIOTIYHY

po3z2nA0amu AK mabauune 3a0annsa 102I4Hol QYHKYIL.

Hpukaan 1. 3HaiiTi MOpSAAKOBUN HOMEp JIOTIYHOI (YHKIIT JBOX 3MIHHHUX, IIO Ha PI3HUX
Habopax 3HAYCHb IUX 3MIHHUX MPUHMAE HACTYITHI 3HAYCHHS .
0, y=0: f(x,y)=1;
0, y=1. f(x,y)=0;
1,
1,

y=0 f(xy)=1
y=1 f(x,y)=0.

% 8 = X
I

Po3z6’azanns. TloOynyemo ans miei pyHKIT Tabnuio icTMHHOCTI. BoHa Oy/ie MaTH BUTIISIA:

x |y f
0 0 1
0 1 0
1 0 1
1 1 0

Takum unnom, T (X, y) = (1 0 1 0) — psinok 3Havens 1iei Gpynkiii. [lepeTBOprUMO ABIHKOBE YHCIIO
1010, B 1eCATKOBY CUCTEMY YMCIIECHHS. B cuity Toro, mo s GyHKIis 3aJeKUTh BiJl BOX 3MIHHHX,
3arajgbHa KUIBKICTh HA0OpIB iX 3HAYEHb JOPIBHIOBATUME 22 = 4, To6TO NBiliKOBHIA HOMEp Mae 4
po3psinu. Camuit JIiBUiT po3psI € MHOXKHUKOM IpU 3-My CTYIeHi ABiiiku (Hymeparlisi po3psiiB, K i
HA0OPIB, MOYMHAETHCS 3 HYJIS). TaKUM YMHOM, MAEMO:

1010 =1-23+0-22+1-2140:2°=8+0+2+ 0 = 10,
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OTmxe, us GpyHKis — e GyHKiis fqq. 3a Tadbmunero 1 Bu3Havyaemo, 1o 1e GyHkiis fqo=Yy.
Bionosiow. f = (1010) = f10=Y.

Ipukaang 2. [ToOyayBaTH TaOIUIO ICTUHHOCTI IJ1s1 TIOTTYHOT PYHKIT 1BOX 3MIiHHUX fg.

Po36’a3anns. IlepeTBOprUMO JECATKOBHM MOPSIAKOBUN HOMEp Ii€l QyHKIIT B IBIHKOBE YHCIIO,
1o Oyze BIAMOBIIATH MOCHIIOBHOCTI 3HA4YEHb I1i€1 (DYHKIIT Ha BCiX Habopax 3Ha4eHb 3MiHHUX. J[J1s1
[HOTO PO3KJIAJIEMO 1I€ YUCIIO Ha TOJIaHKH, KOKHUH 3 SIKUX € CTyIeHeM JABiiku. B cuy Toro, mo e
(GyHKIIIS ABOX 3MIHHHX, 3arajbHa KiUIbKICTh HAOOPIB JOPIBHIOBATHME 22 = 4, T06TO MaKCHMAJIbHHI
CTYHiHb IBIHKU cepes UX JOAaHKIB HE TOBUHEH MEPEBUIIYBATH TPETil CTYMiHb.

610)=4+2=0-23+1-22+1-2140-2°=0110(,,

OTxe, TabmUI iICTUHHOCTI UTs QYHKIIT f¢ = XOY MaTuMe BUTIISIL

X |V |fe=xDy
0 1] 0
0 1 1
1 1] 1
1 1 0

[Tpuxnan 11 npukiaa 2 HAOUHO MOKA3YIOTh, 1110, Malo4H Juiie Tabmauio 113 onucom QyHKIIIH,
3a iX TOPSJAKOBUMH HOMEpaMH MOXKHA BIJHOBHTH TaOJMIO 2, TOOTO 3araibHy TaOJHUITIO
BIJITOBIAHOCTI OyJeBUX (DYHKIIIH JBOX 3MIHHUX.

1.3. AnajgiTuune 3agaHHs OyJjeBUX (yHKILiH
1.3.1. Jloriuni omepamii

Kpim Bxe pO3IINIIHYTOro 3amepeueHHsi, OCHOBHUMH B JIBO3HAUHIN JIOTIII € TakoX (DyHKIT
U3 IOHKIIT f7=X1V X3 1 KOH IOHKLIT f=X1A X3.

O3nauenns. /lusz’onkuis — QyHKITIS TBOX 3MIHHUX, 10 ipuiiMae 3HadeHHs 0 ol ¥ uie Toi,
KoJIM o0u/iBa ii aprymMeHTu AopiBHIo0TH 0. B pemTi BunaakiB BoHa npuiimMae 3Ha4eHHs 1.

Takum YMHOM, 13’ FOHKI[IS] OOUUCITIOETHCS 32 (HOPMYIIOI0

X X {0, x1:x2:O;
\V, =
1 2 1, x1¢x2360x1=x2=1

1 B MPUPOJTHOMOBHIN I1HTEpHpETallli YUTAETHCI K « X1 a00 X, ». SIK BUIIMBAE 13 O3HAYEHHS
U3 FOHKIT Ta 11 TabiuIll ICTUHHOCTI, MosiBa Xo4a O OAHIET OJMHMUIN Cepell U3 IOHKTIB o0epTae B
OJIMHUITIO BCIO TU3 FOHKIIIIO HE3AJICXKHO BiJl 3HAUYEHHS PEIITH 113 FOHKTIB.
O3nauenna. Kon’ronkuyia — QyHkiis JBOX 3MIHHHX, IO NMpHUiiMae 3HaueHHs 1 toni i nwume
TOJI1, KOJI 00u/Ba 11 apryMeHTH JopiBHIOOTH 1. B pemti BunaakiB BoHa npuiiMae 3HaueHHs 0.
TakuM YMHOM, KOH FOHKIIiSI 0OUUCITIOETHCS 32 (HOPMYIIOI0

x x {0, x17‘—'x2 a6o X1 = Xy :0,
A =
1 2 1, x1=x2=1

1 B IPUPOTHOMOBHIH IHTEpIpeTAallii YNTAETHCS AK «Xq i X». SIK BUIUIMBAE 13 03HAUEHHS KOH FOHKIIT
Ta 1 TaOJMIl ICTUHHOCTI, TOsIBa X04a O OJIHOTO HYJS cepejl KOH IOHKTIB 00epTac B HYJb BCHO
KOHFOHKIIIIO HE3aJIeKHO BiJ] 3HAUEHHSI PEILITH KOH IOHKTIB.
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O3nauenns. bynesi QyHKIT MOKHA PO3TIIAIATH SIK J102iYHI onepayii HaJ BEIUYUHAMH, 110
puiMaroTh Juiie aBa 3HadeHHs — 01 1.

3amepeucHHs — e oJHOMIicHa (yHapHa) oreparlis, a 13 IOHKI[iSA Ta KOH FOHKIIS — JBOMICHI
(6imapwui) omeparrii.

O3nauennsn. Omepallii 3anepedeHHs, KOH FOHKINI Ta Ju3’FOHKIII HA3WBAIOTLCA 0)1esuMu
onepayiamu.

1.3.2. Jloriuni dopmy.in

O3nauenna 102iyHoi hopmynu CKIAJAETHCS 13 TBOX YACTHUH 1 Ma€ PEKYPCUBHUN XapakTep B

TOMY pO3YMiHHI, II0 Tepiia HOoro 4yacTWHAa BU3HAYAE amomapHi ¢hopmynu, a Jpyra 1 TpeTs
JO3BOJISIIOTH 13 OYyIb-IKKX (hOpMyIT yTBOproBaTH HOBI popmyiu [3]:
1. Jlociuni sminni i koncmanmu € naunpocmiwiumu (amomaprumu) popmynamu.
2. Axwo 3 0eaxoro hopmynor euxonamu onepayiio 3anepedeHts i pe3yibmam 63amu 6 OYHCKU,
Mo OMPUMAHULL 8UPA3 MaKodic 6yoe hopmynorn.
3. Axwo xq i X3 — hopmynu, mo akwo eukonamu 3 HuMu onucari 6 maoauyi 1 6inapui onepayii
i pe3ynomam 3mu 6 OYIHCKU, MO OMPUMAHT 8UPA3U — MAKOHC POPMYIU.
binbn cknagHi GopMylu OTPUMYIOTHCS 3aMIIEHHSAM 3MIHHHX, 10 A0 HUX BXOJASATH, 1HIIUMU
JOTiYHUMH QOpMYIaMH, 10 3a3BUYal OEpyThCS Y TYKKHU.
Hanpuknan: x; = @, X = b A ¢. Toxi maemo: x4 vx; = (a) v (b Ac).
Jozciuna gpopmyna € mpemin cnocodom 3adanna 102iunoi Pynkuii.
B 3ammci moriyHux (opMyn NPUNYCKArOThCS HACTYNHI cnpouienHs. SIKmo 3MiHHI abo

dbopMyInu MOB’sA3aHi JIMIIE 32 yYacTio onepaiii Au3’roHKLIT abo omepallii KOH IOHKIII1, TO iX MOKHa
BUKOHYBAaTH B Oy/Ib-SIKOMY MOPSAKY, a GOpMyJIn 3anucyBaTH 0€3 TY>KOK.

Hanmpuknan:
((x1vx2)V(x3VX,)) VX5 = X1VX2VX3VX4VXs,
a TaKoX (x1AX)A( X3A(X4AX5)) = X{AXZAXZAX4AX .

SIk1io BBaKaTH, MO OIepallis KOH FOHKIIIT MOBHHHA MepelyBaTH onepalii i3’ FHKIIi (ToO0To
omeparlisi KOH'IOHKIII CTapiia 3a OIepamil I3 IOHKIi), TO MOXXHa HE MHCATH IYXXKH, LIO
OoOMEXyIoTh (POpPMYJIM 31 3HAKOM KOH FOHKII. 3a HasBHOCTI AYKOK B IEpIIy 4epry HOBMHHI
BUKOHYBATHCsI omepallii BCepelnHl AYKOK, HE3aJeKHO Bl iX CTapIIMHCTBA. 3a3BUYail TaKOX HE
MUITYTh TY’KKH, 10 00MeXYI0Th (hopMyIH 13 3HakoM 3anepeueHHs. Llle onHe cnpoiieHHs noB’a3aHe
13 CUMBOJIIKOI0. 3HaK KOH FOHKIIIT B OopMysIax MOKHa He MucaTy abo MucaTu 3aMiCTh HbOIO0 CUMBOJT
«», TOOTO 3aMICTh X A Y mHucatu Xy abo x-y.

O3nauennsa. Omnepanito KOHIOHKIII 4acTO HAa3UBAIOTH JI02IYHUM O00OymKoM, a OIepaliio
U3 IOHKIIT — J102iYHuUM 000asanusam. 3 ypaxXyBaHHSIM HaBEJACHHUX YMOB 3amuc (GopMyl CyTTEBO
CTIPOIIY€THCSI.

Hanpuknaa: dopmyii (X A (Y A Z2)) v ((X vV y) A ) Bianosigae 3anuc Xy Z v XVYy Z.

O3nauenns. JIBi GyHkuii (1x i popMynm, mo iX BU3HAYAIOTH) BBAKAIOTBHCS PIBHOCUTLHUMU
(pierHumu), sKIO 3a OyAb-SKMX 3HAUCHb apryMeHTIB 1 ¢yHkuUii (popmysnm) nmpuiiMaroTh 0HAKOBI
3HaYeHHs. PiBHOCHIIBHI (YHKIIT ((POPMYITH) OETHYIOTHCSI 3HAKOM PiBHOCTI.

PiBHicTh (yHKil (hopmyi) HepeBipsAeThCS 3a TAOIMISIMHU ICTUHHOCTI OCHOBHHX OIEpalliii,
MIPUYOMY HEOOX1THO MOPIBHATH IX 3HAUEHHS JJIs yC1X KOMOIHaLil 3HaYeHb 3MIHHUX.
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1.3.3. OcHOBHi 3aK0oHH ajiredpu JOTiKH

Osnauennsa. bynesor aneebporo Ha3uBaeThCs anredpaiyHa cucrema, sIKy CTBOPEHO Ha IPYHTI
nBoxenemenTHol Muokuuau {0, 1} i onepartiii 1u3’fOHKIT, KOH IOHKIIT Ta 3a1epedeHHsI.

O3nauenna. Aneebporo noziku Ha3UBa€eThCs OyineBa anreOpa, B SKid MHOXHHY ii omeparii
JOTIOBHEHO OIHAPHUMHU OIEpaIlisiMH IMIUTIKAIi] Ta ekBiBaieHi1 [8].

O3nauenna. Imnaikauia — GyHKIIsE 1BOX 3MIHHUX, IO JOpiBHIOE O B TOMY 1 JIMIIE B TOMY

BUIIQ/IKY, KOJIM Tieplia 3MiHHa J1opiBHIOE 1, a apyra 3MinHa gopiBHioe 0. B ycix pemri Bumaakax
IMITTIKAIis gopiBHIOE 1.
Takum ynHOM, IMILTIKAISI OOYUCITIOETHCS 32 (POPMYIIOIO
0, X1 = 1 Xo = 0,
X1 > Xp =
1 z 1, x1:0 abo X1 = X3

1 B IPUPOTHOMOBHIH IHTEPIIPETAIi] YUTAETHCS SIK «AKIIO X1, TO X2».

Osnauenna. Jlna dyskuii immmikamii f= x; — X, BHpa3 X; HA3UBAETBCA NOCUIKOIO
(anmeyeoenmom), a BUpa3 X, — HacHiAKOM (koncexsenmom) [1].

Sk BUTUIMBAE 13 O3HAYCHHS OTEpaIlii iMIUTIKaIlii, BOHA MOXE JIOPIBHIOBATH HYJIO JIUIIIEC B TOMY
BHITA]IKY, KOJIH MTOCHIIKA € ICTHHHOO, TOOTO TOPIBHIOE OJUHUIII. B 1IbOMY BUTIQIKY BCE 3QJICIKUTH BiJT
3HAYEHHS HACHIJKY. Y BHUIAJIKY 3K, KOJU MOCHUIIKA € XMOHOIO, TOOTO JAOPIBHIOE HYJIIO, IMILTIKALlis
JOPIBHIOE OJIMHUII HE3AIEKHO BiJl 3HAUCHHS HACIIIKY.

O3nauenns. Exgisanenuyia — QyHKIig 1BOX 3MIHHUX, IO JOPiBHIOE 1, Koy oOuABI ii 3MiHHI

oJIHOYacHO JopiBHIOTE 0 a00 ogHOYAacHO AOPIBHIOWOTH 1. B pemTi BHUMAaaKiB EKBiBaJEHIIIS
nopisHtoe 0.
TakuMm YMHOM, €KBIBAJICHIIISI OOYHCITIOETHCS 32 (POPMYJIIOI0

0, X1 * X2,

X1~Xp =
1 z {1, X1 = X

1 B IPUPOAHOMOBHIH IHTEpIpeTAaIlil YNTAETHCA K «Xq1 AKIIO i TWIBKH IKIIO X2». SIK BUIIKBAE 13
O3HAYEeHHs ollepallii eKBiBaJIeHIil, BOHA JOPIBHIOE OJMHMUII JIUIIE B TOMY BUMAJKY, KOJIHU Ii 3MiHHI
MpUIMalOTh OJHAKOBI 3HadeHHs. Skmo i1 3MiHHI TPUIIMAlOTh pI3HI 3HAYEHHS, EKBIBAICHIIIS
nopiBHIO€ Hyt0. Came TOMY ii TaKOK Ha3UBAIOTh PIGHOZHAUHICMIO.

OcHoBHI onepaiii aJredpu JIOriky NoB’si3aHi HACTYIHUMM CHiBBi/IHOIIEHHAMM

811ACMUBICb IMNIIIIKAYLT
X>y=XVYy,;
811ACMUBOCMI eKB8IBAICHYT]
X~y =XYyVXY,
x~y=(xvy) (xvy),
x~y=(x-y) (y-x).
Jlist TOBEICHHS X BIACTUBOCTEN HEOOX1THO CKOPUCTATHUCS TaOIUISIMHU ICTHHHOCTI OyJIeBUX
omepariii 3amepedeHHs], U3 FOHKIIT Ta KOH FOHKII, a TaKoXX TaOJUIIMUA ICTUHHOCTI OTeparlii

iMITikarmii Ta ekBiBaseHmii. LI TaGmmii iCTHHHOCTI MOXXHA OTpPUMATH 13 3arajbHOI TaOJIHII
BIZIMOBITHOCTI JIOT1YHKUX (DyHKIIIN 1BOX 3MiHHUX (i3 TaOmHIi 2).
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3anepeuennsn Jusz’onkyis Kon’ronkuin
X Xy (x| X3 v, Xy | Xy | X3 AX,
0|1 0|0 0 0|0 0
0 0|1 1 0|1 0
1 (0 1 1|0 0
1 1 1 1 1 1
X1 [ X2 | X 2>X;z Xy | X2 | X1 ~X2
0 0 1 0 0 1
0 1 1 0 1 0
1|0 0 1|0 0
1|1 1 1|1 1
Imnaikauin Exeteanenuin

JloBeneMo enacmuesicms imniikauii X -y = X v 'y. Jns obuucieHHs 3Ha4eHb GOPMYIH B
MpaBiii 9acTHWHI PIBHOCTI 3HAMOOATHCS TAOMUIN ICTUHHOCTI UIS 3allepeueHHs Ta U3’ FOHKIIII.
OO6uucnroemo 3HaYeHHs i€l popmynu Ha BCix HAOOpax 3HAUYE€Hb 3MIHHHX:

x=0, y=0: Xvy=0v0=1vO0=1;
x=0, y=1: xvy=0v1l=1v1=1;
x=1,y=0: xvy=1v0=0v0=0;
x=1,py=1: xvy=1v1=0v1=1.

TakuM 4MHOM, 715 IPAaBOT YaCTUHMU I1i€1 PIBHOCTI Ma€MO HACTYMHY TaOJIUIIO iICTUHHOCTI:

xXvy

== |o|lo|®
m|lo|r|o|%

v
1
1
0o
1

€ oueBHIHUM, IO BOHA 30ITa€ThCS 3 TAOIUICIO ICTUHHOCTI JIs iMrutikarii. Llei 30ir 1 10BOAMTH
BJACTHBIiCTH IMILTIKAIIii.

JoBenemo Tenep eracmugocmi exgiganenyii. JIns o0uMciIeHHs 3HaueHb (GOPMYN B MPaBUX
YacTUHAX IMX PIBHOCTEH HaM 3HAJ00JATHCS TAOMUIl ICTUHHOCTI JUIs BCiX OyleBUX omepauii
(3’ roHKIIT, KOH FOHKIIIT Ta 3ariepeueHHs). 3HAUCHHS [TUX BUPA3iB TAKOK HEOOXITHO OOUUCITHTH ISt
BCiX HaOOpiB 3HavyeHb 3MiHHHX. JIJI1 BIIACTUBOCTI X~y = XYV XY I 3Ha4eHHSI OyayTh
HACTYITHHMU:

x=0,y=0: xyvxy=(0A0)v(0A0)=0v(1A1)=0v1=1;
x=0,y=1: xyvxy=(0A1)v(0A1)=0v(1A0)=0v0=0;
x=1,y=0: xyvxy=(1A0)v(1A0)=0v(0A1)=0vO0=0;
x=1,y=1: xyvxy=(1A1)v(1A1)=1v(0A0)=1vO0=1.
Jlnst BiactuBocTi X~y = (x vy) (X vV y) 1i 3Ha4eHHsI OyyTh HACTYITHUMH:
x=0, y=0: (xvi)(Evy)Z(Ova)(6v0):(0v1)/\(1v0)=1/\1:1;
x=0, y=1: (xvy)(Evy)=(0vi)(6v1)=(0v0)/\(1v1)=0/\1=0;
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x=1,y=0 (xv Evy)=(1v0)(Av0)=(1v1)AOVO0)=1A0=0;
x=1,y=1. (xvy) (fvy):(lvi) 1Iv1)=(1vOA(Ov1)=1A1=1.

s poBemeHHs BiaacTHBOCTI X~y = (x = y) (y = X) He0OXigHO OOYMCIMTH 3HAYEHHS
NpaBoi YaCTHHU I[bOTO BUpPa3y Ha BCiX HAa0Opax 3HAYCHb 3MIHHUX, BUKOPUCTOBYIOUM TaOJHIII

ICTUHHOCTI JUIA IMIUTIKALl Ta KOH FOHKIT:

x=0,y=0: x=>y)(@—->x)=(0-0)(0-0)=1A1=1;
x=0,y=1: x->y»)(@->x)=(0-1)(1-0)=1A0=0;
x=1,y=0 (x-y)(-x)=1-0(0-1)=0A1=0;
x=1,y=1 x->yY)@-~x)=1-1)(1-1)=1A1=1,

Takum yrHOM, TaONUII ICTUHHOCTI Ul MPAaBUX YAaCTHH PIBHOCTEH, 10 BUPAXKAIOTh BIACTHUBOCTI

€KBIBaJICHII1, MAIOTh BUTJISIL:

X |y |xyvXxy x |y |[xvy)(Evy) x |y |[x=y)(¥y—x)
] 0 1 0 0 1 0 0 1
0 1 0 0 1 0 0 1 0
1 0 0 1 0 0 1 0 0
1 1 1 1 1 1 1 1 1

€ oueBHIHHMM, 110 BC1 BOHU 301raf0ThCs 3 TAOJIMIICIO ICTUHHHOCTI JJIs orepaliii ekBiBasieHii. et 36ir

1 IOBOAMTH BJIACTUBOCTI eKBiBaJIeHII.

OcCHOBHI 3aK0HM 0VJIeBOI aJIreopu.;

KOMYMAMUueHicm.
XVY=YVX, XY=yX;
acoyiamueHicmo.
xv(yvz=xvy)vz, x({yz=(xy)z
OUCmpubymueHicms.

X(YVvZ)=XyvXz,
Xvyz=Xvy) (Xvz);
81ACMUBOCMI KOHCMAHMN.

xv0=x, xAl=x, xvl=1 xaA0=0;

3AKOH BUKIIOYEHHA mpeni b020.

3GKOH NPOMUPIUYSI.

ioemMnomesmuicme.

XVX=X XX=X,

3aKOHU HYJISL MA OOUHUYI

(1)

)

(3.1)
(3.2)

(4)

()

(6)

(7)



3AKOH NOOBINIHO20 3aNepeyeHH .

3axoHu 0e Mopeana.

eniminayisn (no2nunanms).

=
I
=

=
<
<
I
|

=
>
<
Il
=
< >
< <

XVXY=X,

X(XVYy) =X

(8)

©)

(10.1)
(10.2)

(11.1)
(11.2)

3aK0H_idemMnomenmuocmi_€ OCHOSHUM 3aKOHOM Oynesoi ancebpu. BiH He Mae aHAJIOTIB B

kiaacuuHiil Matemaruii. CripaBemnuBicts 3akoHiB (1) — (10) Oe3mocepeiHbO BUILIMBAE i3 O3HAYCHD

oreparii 3arnepeyeHHs, U3 IOHKII1 Ta KOH FOHKIIIT 1 JIETKO MepeBipsIOTHCS 33 TAOIUIIMH ICTHHHOCTI

OyneBux omepariliid. JloBenemo, HanpuUKIa, 3akonu 0e Mopzana. J{ns iboro HEOOX1THO OOYUCITUTH
3HAa4YeHHs JIiBHX Ta mnpaBux dacTuH piBHOCTel (10.1) i (10.2) Ha BCiX MOXIMBHUX HAOOpax 3HAYEHb
3MmiHHMX. [l1s 1-20 3axony de Mopzana maeMo.

J16a YacmuHa PieHOCMmI.

npasa yacmuna pieHoOCmi.

st 2-20 3axkony 0e Mopzana Maemo:.

J16a Yacmuna pigHocmi.

npasa yacmuna pieHoCmi.

x=0, y=0:
x=0,y=1:
x=1, y=0:
x=1 y=1

11
o o
= =

= O

=

0: xvy =0v
1: xvy =0v1
0: xvy =1vO0
1 xvy =1v1
XAY=0A0
AAYy=0Aa1
XAYy=1A0
AAy=1a1

XAy =0A0

XAy =0A1l

XAy =1A0

XAy =1A1
Avy=0vo0
Avy=0v1
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x=1,y=0: Xvy=1v 0=0v1=1;
x=1, y=1: Xvy=1v1=0v0=0.

Taxum unHOM, 111 1-T0 1 2-T0O 3aKOHIB e Moprana MaeMo HaCTYIHI TaONHUIlI ICTHHHOCTI JUI JIBUX
Ta NMPaBUX YaCTHH iX HOPMYII:

1-11 3axon 0e Mopzana 2-i1 3axkoH o0e Mopzana
x|y |xvy|xAYy x |y |xAy|xvy
0|0 1 1 oo 1 1
0|1 ] 0 0|1 1 1
1|0 0 0 1|0 1 1
1|1 ] 0 1|1 0 ]

I3 HaBemeHnx TaOHMUIb ICTUHHOCTI BHIHO, IO 3HAYEHHS JIBUX YaCTHUH CIIIBBIIHOIIEHb 3aKOHIB
ne MopraHa 30iraroTbcs 31 3HAYCHHSAMH iX MPaBUX YaCTHH JUIA BCiX HAOOPIB 3Ha4YeHb 3MiHHUX. L[i
30iru i 10BOAATH 3aKoHHU jJe Moprana.

3akonu eniminayii (11) MokKHA TOBECTH aHATITUYHO 3 BUKOpHUCTaHHIM 3akoHiB (1) — (10) Bxe
0e3 3BepHCHHSI 10 Ta0mib icTuHHOCTI. J1ist 1-20 3akony eniminauii maemo:

XV XY =X-1vV XY = (3a 1-m 3axonom oucmpubymusnocmi) = X (L v'y) = x-1 = X.

s 2-20 3axkony eniminayii Maemo:.

X (X V'Y) = (3a 1-m 3axonom oucmpubymusnocmi) = X X V X Y =
= (3a 3axonom idemnomenmuocmi kow 1oukyii) = X V XY =
= (3a 1-m 3axonom eniminayii) = X.
HaBeneHi TOTOXXHI EpeTBOPEHHS AOBOASITH 3aKOHH eJIiMiHaIIii.

3a JI0MOMOror TOTOKHHX TIEPETBOPCHb 3 BHKOpHCTaHHSAM 3akoHiB (1) — (11) moxHa
OTPUMYBATHU M 1HII BIACTUBOCTI Oys1eBoi anredpu.
Hpukaan 3. JloBecTn 3a JOMOMOTOK TOTOXXHHUX MEPETBOPEHb HACTYITHI TOTOXHOCTI, IO

TaKOXX MOXYTh PO3TIISAATHUCS SIK gracmusocmi 0ynesoi aieebpu 1, BIATIOBIAHO, aneebpu 102iKu, 1 K1
Ha3UBaIOTHCS [6]

30KOHU BUKPECIIOBAHHAL.

XVXY=XVY, (12)
XVXY=XVY. (13)

Posé’azanns. JloBenemo 3axon eukpecatosannsn (12):

XV XY = (3a 2-m 3axonom oucmpubymusnocmi) = (X v X) (X vy) =
= (3a 3axonom euxnouenns mpemvozo) = 1-(X VY) = X VY.

Baactusicts (12) noBeneHo.

JloBenemo tenep 3axkon euxpecarosannsn (13):

X V XY = (3a 2-m 3axonom oucmpubymusnocmi) = (X vV X) (X V'Y) =
= (3a 3akonom euxmouenns mpemvozo) = 1-(X VY) = X VY.

Buaacrtusicts (13) n1oBeneHo.
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BukopucroBytoun piBrocti (1) — (13), MokHa cripolyBaTi CKJaaHi Joriuni Gopmysu. Skio
MOCTaBJICHA TaKa 3aj1a4ya, TO MA€ThCS HA yBa3i, 110 B (hopMyJii HE0OX1THO MO30yTHCS BCIX HEOYIEBUX
ormeparniii (ToOTO B mMiJICYMKOBOMY BHpa3i MOBHUHHI OyTH MPHUCYTHIMH JIMIIE OIEparlii au3’ FOHKIII,
KOH FOHKIIIT Ta 3allepeueHHs), PO3KPHUTH BCI IyXKKH Ta MEPETBOPUTH (HOPMYIH TAaKUM YUHOM, 1100
orepaliii 3arepevyeHHs BITHOCHIINCS JIUIIE OE3MOCEPEIHBO K 3MIHHUM.

Hpuxaan 4. CnpocTuty BUpasu:

f=(xvyzvxy)->z
f=(Xxzv(y—>2))>xyz)(xyz—> (xzv(y—>2)).

Poss’sazanns. Crpoctumo mepmiuii Bupas, BUKopucToByroun piBHOCTI (1) — (13), a Takox
BJIACTHUBICTH IMIDIIKAI].

f=(xvyzVvEY)>Z7=(XyzVvEY)>Z=
=x(@vz)vxy)>z=(x(yvz)vxy)>z=
=(XyVvXzZvxy)>z=(Xyvxz)>z=
=XyVXZVZI=Xy XZVZ=(EVvy)EVI)VZ=
=S(XVY)(XVZ)VZ=XXVXIVXYVYIVZ=
=XxvXxzvxyvyivz=x(lvzvy)vyivz=

=(XALVYZIVZ=XVYIVZ=XVYVZ.

Bionoside. f=(x vyzvxy) >Z=XVvyVvzZ.

Cropoctumo Tenep Apyruil Bupa3, BAKOpUCTOBYtouH piBHOCTI (1) — (13), a Takok BIaCTUBOCTI
IMIDTIKAI] Ta €eKBIBAJICHITIT.

f=(xzv(y—=>2)—->xyz)xyz>xXzv(y—>2))=

=(xzv(y>2)~Xxyz=

=xyz(xzv(y>2)vxyzxzv(y—-z) =

=XyzZ(XZVyVIV(XVYVZ)xZ (y—>2) =

=XyzXzvXxyzyvxyzzv(xvyvz)(xvz) yvz =

=0vOvxyzv(xvyvz)(xv)yz=
=xyzvyz(xvyvz)(xvi)=

=xyzv(xyzvyyzvyzz)(xvi=
=xyzv(xyzvOvyz)(xvz)=

=xyzv(xyzvyz)(xvz=
=xyzvyz(xvl)(xvz)=xyzvyz(xvi=
=XYZVvXYZVYZI=Xyzvxyzv0=XyzvxyzZ.

Bionosios. T=(Xzv (y—>2) > Xyz) (Xyz>Xzv(y—>12))=Xxyzvxyz.
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2. BYJEBI ®YHKIIII BATATbOX 3MIHHUX

2.1. EnemenrtapHi OyjeBi ¢QyHKuii

3 IICTHAAIATH JOTIYHUX (YHKINH, pO3TIsAHYTHX B TaOnwii 1, 1o eremenmapuux Oyrnesux

@yHKyil HaNeXaTh NBaHAAUATH (DYHKIIIH, 10 BIIIrpalOTh BAXJIMBY POJIb B anreOpi JOTIKHU, a TAKOXK
B IPAaKTHYHOMY 3aCTOCYBaHHI IPU NOOYIOBI PI3HOMAHITHUX €JICKTPOHHUX NPUIIAAiB Ta cucteM [8].
Lle Bxe po3risHYTI BHIE JOTiYHI (YyHKIi, M0 € GYHKIIIMU Bij HyIsS 3MIHHHX fo(Xq, X2)=0 i

f15(x1,x2) =1, T00TO0 KOHCmanma O i koncmanma 1, byaxuii onniei 3MiHHOT f3(X1,X2)= X1,

TOOTO nO6mopenHs NEPLUIOTO apryMeHty abo cerekmop, i f12(xq,X3)= X, TOOTO 3anepeuenns
MEepUIOro apryMeHty abo ineepcia, i GyHKIT 1BOX 3MiHHUX f1(X1, X2)= X1 X2, TOOTO KOH tOHKYiIA,

f7(x1,x32) = x4 VvV X3, T0OTO Ou3’tonkyin, f13(x1,X2) = X1 —> X , TOOTO iMmiKauis i
fo(x1,x2)= x1 ~ X, TOOTO exgiganenyia. KpiMm HHUX, O €IEMEHTApPHUX JIOTIYHUX (QYHKIIN
HAJIe)KATh TAKOX HACTYIHI (PYHKIIII.

O3nauennsn. 3anepeuennsn imniaikayii — QyHKIS TBOX 3MIHHUX f5(X1, X2)= X1 €= X5, IO

JopiBHIOE 1 B TOMY 1 JIMIIe B TOMY BUTIQJIKY, KOJIU BUpa3 X1 AOpiBHIOE 1, a BUpa3 x, nopiBaioe 0. Y
BCIX peITi BUIAKaX 3anepedeHHs immutikamnii qopisaroe 0.
TakuMm 9MHOM, 3aNIepEeUCHHS] IMILTIKAIT 0OUUCITIOETHCS 32 POPMYIIOF0
e D 30 = 1, x4=11 x,=0;
1 2700, x;,=0 abo x; = x5.

Onepanii iMmikamii Ta 3anepeyeHHs IMIUTIKaIli He € KOMyTaTUBHUMU. TOMY, SIK BUILUIUBAE 13
O3HAUEHHS 3alepevyeHHs IMIUTIKAlii, I omepallisi Mo>K€ IOpIBHIOBAaTH OIMHHII JIHUIIE B TOMY
BUIAJIKY, KOJIM IMOCHJIKA JOPIBHIOE OJIMHMUINI. 3HAYCHHS (DYHKIIIT PH [IbOMY 3aJICKUTh BiJI 3HAYCHHS
HACIIAKY. Y BUMNAJIKY, KOJU TOCUIIKA TOPIBHIOE HYIIO, (DYHKIIiSI TAKOXK JOPIBHIOE HYJIIO HE3aICKHO
B1Jl 3HAUECHHS HACJIIJIKY.

O3nauennsn. Cyma 3a_modyaem 2 — (GyHKIIS 1BOX 3MIHHUX fg(X1,X2)= X1 @ x5, 1O
nopiBHioe 0, komu oOuABI i1 3MiHHI OJJHOYACHO J1O0piBHIOIOTH 0 abo oxHOuacHO JopiBHIOOTH 1. B
peLITi BUMaKax cCyMa 3a MOAYJeM 2 JopiBHIOE 1.

Takum unHOM, cyma 3a MOJyJieM 2 00YUCITIOEThCA 3a (POPMYIIOI0

0, X1 = Xy,

*1 ®x2 - {1, X1 F Xy.

SIK BUIIMBA€ 13 O3HAUYEHHS CyMM 3a MOJYJIeM 2, BOHA JIOPIBHIOE OJMHMIII JIUIIE B TOMY
BUIAJKY, KOJIHU ii 3MIHHI IPUMMAaIOTh P13H1 3HaYeHHsI. SIKII0 3MIHHI IPUHMAIOTh OJTHAKOBI 3HAYEHHS,
TOOTO JOPIBHIOKOTH OJTHA OJIHIM, TO CyMa 3a MOJIYJIEM 2 JOPIBHIOE HYI0. TaOIHIFO iICTHHHOCTI JIs
1€l eneMeHTapHoi JoriuHoi GyHKIIT OyJI0 PO3TIISIHYTO B MIPHKIIA 2.

Osnauenns. Cmpinka Iipca — GyHKuis 180X 3MiHHEX fg(X1, X2)= X1 ¥ X, mo gopiBHIOE 1

JIIIE B TOMY BUTIAJIKY, KOJIM OOH/IBI 11 3MiHHI H0opiBHIOIOTH 0. B ycix pemrri Bunaakax crpinka [lipca
nopiBHIOE 1.
Taxum unHOM, cTpisika [lipca oGuncmtoeThes 3a HOpMyIIor0
1, X1 = Xp = 0;
X1 l Xo =
0, X1 F Xy abo x1=x2=1.

Sk BumnmuBae 13 o3HadeHHs cTpiiku [lipca, mosiBa xoua O OJHIET OJUHUIIN Cepell 3HAYCHB il
3MIHHUX 00€pTa€ B HYJIb BCIO (DYHKIIIIO HE3AIEXKHO BiJl 3HAYCHHS PELITH 3MIHHUX.
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Osnauenns. Ilmpux Ilegdhepa — dynxitis n1Box 3MiHHUX f14(Xq1, X2)= X1 | X3, 110 ipHiiMae

3HadeHHs O Toxal ¥ Jmmie Toai, Kojau oOuaBa 1i apryMeHTH MaroTh 3HadeHHs 1. B pemri Bunagkax
BOHA NpuiiMae 3Ha4eHHs 1.

Taxum ynaOM, mtpux Hleddepa oduncmoerses 3a Gpopmyinoro

X1/ X2 = {;' :1f:2_51610 =2 =0
) 1=X2= L

Sk BurmBae i3 o3HaueHHs mrpuxa lleddepa, nmosBa xoya 6 OgHOTO HYJIS cepell 3HAYECHb
3MiHHUX Ii€] QyHKIIT 00epTae B OJUHMIIIO BCIO (DYHKIIIIO HE3aJIE€KHO BiJl 3HAYCHHS PEIITH 3MIHHUX.

Sk Bke 3a3Hauvanocs, pemra OyiaeBUX (YHKIII HE € CaMOCTIHHMMH, TOOTO MOBTOPIOIOTH
HaBEJICHUI Teperlik eneMeHTapHuX ¢yHkuid. Hampukmax, ¢yskmis fq11(X1,X2) = X3 = X
(perunikartisi) BigpisHSETHCS Bif po3mIAHYTOI f13(X1, X2)= X1 = X2 (IMIUTIKAIlii) JIHIIE TOPSAKOM
3MIHHUX. AJie Ha TOJAJbITy MaTeMaTHYHY OOpOOKY i€l (yHKIIII 32 BIACTHBICTIO IMIUTIKAIII 1ei
MOPSIZIOK H BIUIMBAE. AJITOPUTM 3aJUIIAETHCS HE3MIHHUM: U3 FOHKIIS MK HACTIJAKOM 1
3alepeYCHHsIM TOCHIIKUA. AHAJIOTiYHA CUTYAIlisl CKIANaeThes 1 3 QyHKIIEO f4(Xq, X2)= X3 < X4
(3amepeuenHs perurikaiii) Ta po3rAHYTO (yHKIIE f(X1,X2) = X1 ¢ X3 (3amepedyeHHs
immrikaii). s GyHKIii oqHiel 3MiHHOT (CeNeKTOpa Ta 3allepeyueHHs) ajlrOpUT™M POOOTH 3 OY/b-
SIKOIO 3MIHHOIO TaKOK aOCOJIOTHO OJTHAKOBHH.

2.2. 3anexHicTe Mik OyJeBuMH (QyHKIisIMH

I3 TaGnuii 2 BUgHO, 110 MiXk OyleBUMHU (QYHKIISIMU ICHY€ 3aJI€KHICTb BUIIISILY

fi=fis-i, (i=0,15),

T0OTO (QYHKII, po3TalioBaHi Ha OJHAKOBIA BiacTaHi Big KpaiB Tabmumi 1 abo Tabmumi 2, €
3arnepedyeHHssMU ojHa oaHoi. Ha rpyHTI 1ux 3ajeXHOCTeH, BUKOPHUCTOBYIOUM ONUC (QYHKIIHN 13
tabmii 1, MOXKHA 3aITUCaTH CIIBBIHOMICHHS 0151 KOHCMAHRN, O € 3aKoHamu Hyasi ma oounuyi (8):

0= 1, 1= 0 croiBBiIHOWEHHSA 048 QYHKUIL O0OHIEl 3MIHHOI, 1O € 3AKOHOM RNOOBIUHO20

sanepeuenns (9): x = X; a TAKOXK CIIBBIJHOMIEHHS 0/11 )YHKYIL 080X 3MIHHUX:

xy=x/y, x/y=xy,
T XoYy=X<7Yy,
rey=x—y, (14) a6o y_ Y (15)
x®y=x~y, x~y=x0y,
xly=xvy, xvy=x1ly.

I3 1ux 3a1eXKHOCTEH BUILTUBAE, 1110 OY/1b-sKa QYHKILisI TBOX 3MIHHUX (B TOMY YHCITi KOHCTAHTH)
BUPAKAETHCS B aHATITUYHINA (OPMI Yepe3 CYKyIHICTh IeCTH (PYHKIIIN, 1[0 MiCTUTh 3alIepeUCHHS X i
Oymb-saxy 13 koxnoi mapu Qynkuii: {fo, f1s} {f1, f1a} {f2, f13} {fe., fo}. {f7, fs} [1].
Hanpuknan, Takoro CyKyIHICTIO MOXKE CITYKUTH CYKYIHICTh (QYHKLIN anreOpu joriku: koHcranra 0,
3alepeyueHHs X, KOH FOHKIIiS X Y, U3 FOHKIIISA X V Y, eKBiBaJIEHIls X ~ Y, iMILTiKatis X — Y. JlificHo,
KOHCTaHTa 1 BHpakaeThCs yepe3 3armepeveHHs 1 koHctanTy 0, periikallis TOBTOPIOE IMILTIKAILIO, a
3anepeyueHHs pernTiKailii — 3arnepeueHHs IMILTIKaIil (SKe, Y CBOO Yepry, BUPAKAETHCS Yepe3 onepaitii
IMILTIKAIi Ta 3alepeyeHHs), cCyMa 3a MOJYJeM 2 BUPaXKAEThCs 4yepe3 OMepallilo eKBiBaJCHINT Ta
3anepedeHHs, crpiika [lipca — uepe3 AM3’IOHKIIIO Ta 3anepedeHHs, a mrtpux leddepa — yepes
KOHFOHKIIIIO Ta 3alepedeHHs.
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Opnnak, oOpaHa B Takuid croci® CyKyNmHICTh MIeCTH (YHKLIA € HaJUIMIIKOBOIO, TOMY IO
IMILTIKAIiI0O Ta CKBIBAICHII0O MOXHA BHPA3UTH dYepe3 pemTy (YHKIH 1€l CyKyImHOCTI 3a
JIOTIOMOT'OK0 PO3TJISHYTHX BJIACTMBOCTEH IMIUTIKaIli Ta ekBiBaJieHIi. TakuM YHMHOM, KOMIUICKT
eleMEeHTapHUX (PYHKIIIT CKOPOUYETHCS 10 YOTUPLOX: koHcmanma O 1 OyseBi onepariii 3anepedeHHs
X, KOH FOHKIIT X Y 1 1u3’10HKIIT X V Y. Bupazumo depes 1eit KoMIiekT GyHKIi# BCi pemira OyieBux
(GyHKIIH IBOX 3MIHHUX.

fo(x,y)=0;

f1(x,y) =xy;

f2()) =Xy S y=XVYy=Xy=Xy;

f3(x,y) =x;

faXY) =y XY X=JVX=YX=YyX=%Y;

fs(x,y)=V;

fe(x,Y)=x®y=x~y=xyvIy =xy xy=EVy) @vy)=xVvy) XVY),
=(xvy)(xVvy) =XVYyVXVY=XYyVXY=XYyVXYy,

fr(x,y)=xvy;

fe(x,y)=xly=xvy=xy;
fo(x,y)=X~y=Xyvxy,
=(xvy)(Xvy);

frox, )=y,
f11(x,Y) =y > X=YyVX=XVY,;
le(xry)ZE;

fi3(x,y) =x—>y=xVvYy,
f1a(x,y)=x/y=xy=xVvYy,
fis(x,¥)=1=0.

Takum yuHOM, 6ci enremenmapui Oynesi QynKyii modxcymov Oymu eupayceni uepes Oyneei
onepauii B HaCTYIHUHN CTIOCIO:

X>Y=XVY; (16)
X—y=Xy. (17)
X~Y=XYVXY=(XVY) (X VY); (18)
x®Yy=xyvxy=(xXvy) (Xvy); (19)
xdy=xy; (20)
xly=xvy, (21)

Pisnocri (16) i (18) € Bike po3rasHYyTUMH BHILE BJIACTHBOCTAMY iMILTIKAIlii Ta eKBiBaTeHii. [x
Oyno BuKopucTaHo Juist BuBoay Gopmyn (17) i (19) Bimnmosiguo. [ns oneparii exBiBaseHIii icHye
7IBa BapiaHTH ii mojaHHs 4epe3 OyneBl omeparii AU3’IOHKIT, KOH IOHKIIII Ta 3amnepedyeHHs. Tomy
oreparlisi CyMd 3a MOJYyJIeM 2 TaKOX Ma€ JiBa BapiaHTH Takoro momanHs. CmiBBigHorieHHs (14) —
(21) Tak0oX MOXXYTh BUKOPHCTOBYBATHCS IIPHU CHPOILEHHI 3arucy Gpopmy.
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Hpuxaag 5. CnpocTuty BUpas
f=@vy®2)) V(o x2).

Po3ze ’azanus.

f=@vy®)I(yo>x2) =@ vy ®z)) vy ->xZ)=

=XV @) yoxZ=X (¢ ®2) (YVXZ)=X(Y~2)F xZ=
=xy(zyvzy)(xvz)=(xyzyvxyzy)(xvz)=
=(xyzyvxzyy)(xvz)=(0vxyz)(xvz)=xyz(xvz)=
=XYZXVXYZZ=XXxYyZvXyz=0vXyz=XVyzZ.
Bionosion. f=(xv (y® 2)) ¥ (y > xZ)=xyz.

KommiexT OyneBux omnepariii y>xe 3pydHu, 4aCTO BAKOPUCTOBYETHCS HA TIPAKTHUIII, aje i BiH
Moxe OyTH ckopoueHwil. Tak, i3 3akoHIB 1e Moprana i BIacTUBOCTI MOABIMHOTO 3arepeyeHHs
BUILTUBAIOTH TOTOXKHOCTI

XVY=XYy, XYy=XVYy.

3Bijcu BUIUIMBa€, M0 Bci OyneBi (yHKIII MOXyThb OyTH BUpa)KeHI depe3 3amepeueHHs 1
113 IOHKIII0 ab0 Yepe3 3amepedeHHs 1 KOH IOHKIII. Bbijbll 3a Te, 014 3anucy 6yov-akoi oynesoi
dyukuii 0ocmammnvo nuuie 00Hi€l 3 060x enemenmapnux Qyuxuyiu — cmpinku Illipca abo wumpuxa
IHlegghepa. e BurmmBac i3 CriBBiTHOIICHE:

x=x¥x=x/x, xy=x/y)/(x/y), xvy=x+ydxy.

/{oeedenns IMX CHIBBIAHOUICHb MPOBOIAUTHCS 3a JAOMOMOIOI0 TaOJUIb ICTUHHOCTI OyJIeBUX
omnepauii, a Takox crpiiku I[lipca Ta mrpuxa Illeddepa.

3anepeuennn Juz’tonkuin Kontonxuin
x X1 | X2 | X4 VXy X1 | X2 | X1 AXy
o1 0|0 0 0|0 0
0 0|1 1 0|1 0
1 0 1 1 0 0
1 1 1 1 1 1
X1 | X2 X1 vaz Xy | X2 X1 I X2
0 0 1 0 0 1
0 1 0 0 1 1
1|0 o0 1|0 1
1 1 0 1 1 0
Cmpinka Iipca HImpux IHlegpepa

3HaiiieMo 3HaYeHHs IPAaBUX YaCTHH LUX PIBHOCTEH AJi BCiX HAOOpIB 3HAYeHb 3MIHHUX. JlJis

BHpasiB X ¥ X i x / x Maemo:
x=0: xIx=040=1, x/x=0/0=1;
x=1: x¥x=141=0, x/x=1/1=0,
Jns Bupasy (X /y) / (X 1'y) maemo:
x=0, y=0: x/y)/(x/y)=(0/0)/(0/0)=1/1=0;
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x=0, y=1. xX/y)/(x/y)=0/1)/(0/1)=1/1=0;

x=1,y=0: x/y)/(x/y)=(/0)/(1/0)=1/1=0;

x=1, y=1 x/y/x/y)y=@/1)/(1/1)=0/0=1.
Tlnst Bupasy (X ¥ y) 4 (x 4 y) maemo:

x=0, y=0: (x¥ydxiy=0dodolo=1l1=0;
x=0, y=1. x¥ydxiy=0dndoin=o0lo=1;
x=1, =0 x¥ydxiy=@lodalo=o0lo=1;
x=1,y=1 xyypdxiy=@adnldadn=olo=1

Takum ynHOM, I JOCIIKYBAaHUX PIBHOCTEH MaeMO HACTYIHI TaOJIUIl ICTUHHOCTI

xdx| x/x

* x|y | xy &)/l x|y xvy|eipnlaly
o1 1 1 oo 0 0 oo 0 0
0 0 0 0|1 0 0 0|1 1 1
1|0 0 0 1|0 1 1
1|1 1 1 1|1 1 1

I3 HaBeneHMX TaOIUIL BHJIHO, IO HAa BCiX HaOOpax 3HA4YeHb 3MIHHUX 3HAYEHHS JIIBUX Ta

MpaBUX YaCTHH IUX piBHOCTEH 30iraroTbes. Lli 30irm ¥ JOBOIATH CHpPaBEAJIMBICTh HaBEICHUX
BHpAa3iB.

2.3. BaacTuBocTi esiemeHTapHUX OyjaeBux (yHkumiii

B cuny 3akoniB 0yneBoi anreopu (1) — (11), 1o BioOpakaroTh BIaCTUBOCTI OyJICBHX Oepariii
113’ FOHKII, KOH FOHKIIII Ta 3alepeveHHs, 3aKOHU je MopraHa MOXHA y3arallbHUTH Ha OY/Ib-sKy
KUIBKICTh OyJI€BUX 3MIHHUX !

X1VX2V . VX = X1 AX2 A oo AXp;] (22.1)

X{AX2 A . AXp =X1{ VX2V ... VXp. (22.2)

Ha Bigminy Bix OyneBuX omepaniif, IMIUIIKalis Ta 3alepedeHHs IMIUlKamii He €
KOMYTAaTUBHMMH Ta acOI[IaTUBHUMHU OIEpaIlisiMu, ajie JUisi HUX ICHY€ psJ CIIBBIJHOIIEHb, IO
XapaKTepU3yITh 1X J0aaTKoBi BiactuBocTi [8]. i criBBigHOIIEHHS OaHO B TAONIUII 3.
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Tabauus 3

BaacTtuBocti immutikamii Ta 3anepeyeHHs iMInikamii

f=x->y f=x<y
x—>x=1 x<x=0
X>xX=x X X=X
x—>1=1 x«1=0
x—>0=Xx x«<0=x
1 >x=x lex=x
0o>x=1 0<x=0

XD y=y-o>x Xe<y=y—ox

x—=2>y)—>x=x X< (pex)=x

PiBnicTh (16), 110 € BIACTUBICTIO IMIUTIKALi, JO3BOJISIE MEPEHTH Bija omeparlii IMILTIKaIii 10
OyneBHX ormepariii Ju3’roHKIi, KOH'IOHKIIT Ta 3amepedeHHs. CniBBimHomreHHs (23) i (24)
JO3BOJISIFOTh 3IICHUTH 3BOPOTHHMH Iepexia BiJg OylneBHX omepariil A0 omepariil imrutikamii Ta
3arepedeHHs IMIDTIKAITI.

XVy=X-y; xvy=Tey;

(23)

= = (24)
Xy=x-—-y. Xy=x<y.

Crpinka Ilipca Ta mrpux Illeddepa € komyTaTUBHUMH, ajie HE € ACOLIIATUBHUMHU ONEpallisIMU,
T00TO

xyy=ydx, xly=y/x;
xyyvz)zexdydz, xiylz)=xly)lz.
Psan nogatkoBuX CHiBBiIHOMIEHB AU uX (PyHKLINA HaBeAeHO B TabmuIi 4.

Tabmuusg 4. Baactusocti crpinku Ilipca ta mrpuxa Meddgepa

f=x¢y f=x/y
xdx=%x x/lx=x
x3x=0 x/x=1
x¥1=0 x/1=X%x
xd0=% x/0=1

Oneparii ctpinku [lipca ta mrpuxa Illeddepa Takoxk MOKHA OB’ A3aTH CITIBBITHOLICHHSIMH,
1110 € aHAJIOTIYHUMH JI0 3aKOHIB Jie Moprana B OyneBiit anreopi:

xly=xly, xyy=%/y, (25)

B 3B’s13Ky 3 THM, 110 cTpinika [lipca ta mtpux Illeddepa He € acomiaTUBHUMH, TO aBTOMAaTHIHO
BJIACTUBICTh JTUCTPUOYTUBHOCTI JUIsI HUX TaKOXX HE BHUKOHYETbCs. OTKe, B XOJI TOTOXKHHUX
NEPEeTBOPEHb LIUX ONepaliii HeMOXXHa BUHOCHUTH 3a JY>KKHM CHUIbBHI MHOXHHKH a00, HaBIaKH,
PO3KPUBATH JTYXKKH, BHOCIYM B HUX CHUIBHUN MHOXHHUK. TaKuM YMHOM, JOBEIEHHS TOTOXKHOCTEH,
o cKianarThes jume 31 crpinku Ilipca ta mrpuxa Ileddepa, MOKINBO BUKOHYBAaTH y JiBa
croco6u: abo 3a JI0MOMOror0 TalJIUIb ICTUHHOCTI, a00 3a JOMOMOI0I0 OKPEMOTO CHPOIIEHHS JTiBOi
Ta PaBOi YaCTUH JOCIIPKYBAHOTO BUPa3y. SIKIIO B XO1 TAKOT'O CIIPOIIEHHS BJA€THCS 3BECTH 00U 1B
YaCTHUHU PIBHOCTI 0 OJIHAKOBOTO BUTJISITY, TOTOXKHICTh BBOKAETHCS IOBEICHOIO.

IIpukaan 6. JloBecTH TOTOXKHICTH
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xIy)/@I)=x/¥/Z/t.

Po36’azanns. CipocTUMO CIIOYATKY JIiBY YaCTUHY I[bOTO BUPA3Yy.
(X»Ly)/(Zth)=xvy/zvt=(§§)/(§f)=

Zt=XVyYVZVE=XVvYyvZIVi.

‘<I

Tenep cnpocTUMO IpaBy 4aCTUHY BHpA3y.

X/y/Z[t=X[y[/Zt)=%x/FZ)=
XYyZt=XvyvZIvEi=Xxvyvzivt.

B xoni okpemoro crpoiieHHs JiBoi Ta mpaBoi YacTHUH BUpa3y OyB OTpUMaHUil ToW camuil Bupas. 3
[[bOT'O BUILJIMBAE CIIPABEIUBICTH AOCIIPKYBaHOT piBHOCTI. TakuM YMHOM, 1110 TOTOXHICTB JOBEACHO.

2.4. JlepeBo mniggopmy.a

Osnauennn. Yactuna f nesxoi dopmynu F, ska, y cBorw dyepry, Takox € (opmylioro,
HasuBaeThes niogopmynoro T noriunoi dopmymu F. Ilpu upomy roBopsath, mo miadopmymna f
exooums 6 F, abo micmumucs 6 F [3].

Osnauennn. Oyukuis F=F(fq, fo, ..., fn), Ky oTpuMaHo i3 GyHKUIH f1, fo, ..., f IUSIXOM
iX MiZICTAHOBKU 3aMiCTh apryMEHTIB X1, X2, ..., X, GOyHKUii F(xq, X3, ..., X5 ), Ha3UBAETHCS
cynepnosuyicio Qyuryitl f1, f2, -« fn [20].

3a J0MOMOror0 cyneprno3ullii GyHKIIi MOXKHA OTpUMYBATH OUIBII CKIIaaH] popmynu Bix Oyab-
AKO1 KITBKOCTI 3MIHHUX. € 04eBUAHUM, 110 (PYHKIIIT, 3 IKUX CKIQJA€ThCS CYNepno3uilis GyHKIIIH, €
nindopmynamu Tiei Gopmynu, ska BimoOpaxkae iX MHiACYMKOBY CyHeprosuiiro. Takum 4YuHOM,
nporec 0OYUCIIEHHs 3Ha4eHb CKJIaHO JIOTTYHOT (DYHKIIT BiJ] JOBUIBHOT KIJIBKOCTI 3MIHHHX Ha BCIX
Habopax 3Ha4eHb IIMX 3MIHHUX MOKHA 3BECTH O IMOCHIIJIOBHOCTI KPOKIB, Ha KOKHOMY 3 SKHX
OO0YMCITIOETHCS 3HAYSHHSI €JIEMEHTAPHO1 JIOTTYHOT (PYHKIIIT B1JT HE OLIBII, HIXK JIBOX 3MIHHHUX.

O3nauenna. Cxema 1€papXxiqHOTo po30OUTTS JIOTIYHOI GOpMyNN HA MiAPOPMYIH, 3 IKHUX BOHA
CKJIQJIAEThCS, 3 YpaXyBaHHSIM CTAapIIMHCTBA BUKOHAHHS OMEpalliii Ha3UBAETHCS depesom nioghopmy
abo cemanmuunum depesom [14].

KopiHb Takoro siepeBa CKIaJaeTbcsl 13 00YMCIIOBAHOI (POPMYIIH, a BEPIIMHU PO3TAIIOBaHI IO
sipycam (piBHAM) i MICTATH HiaAGOpMYIU THX HOPMYII, SKi 3HAXOIATHCS Ha MOMEPETHBOMY PiBHI Ta
BUOKPEMITIOIOTHCA 13 IIMX (POPMYJT 3 BUKOPUCTAHHSAM OJIHOTO 1 JIUIIIE OJAHOTO 13 MPaBUJI YTBOPEHHS
dbopmyn. Pebpa Takoro nepeBa BUXOASITH 3 BEPIIWH, 110 BIAMOBIAAIOTH MiAGOPMYyIaM MOYaTKOBOL
dbopMynu, 1 BXOASATh Y BEpPLIMHH, IO BIANOBIAAIOTH MiAQOpMysnaM, IO BHOKPEMIIIOIOTHCS 3
nigdhopMyIt nonepenHbOro sipycy (piBHS) 3a TOMOMOTOI0 SKOTOCH 13 MPaBUII yTBOPEeHHS Gopmy [3].

Ipuxaan 7. [ToOynysatu nepeso miadopmy 1 QyHKIIT

f=xvydz) V(> x2).

Po36’a3anns. JIBa MOXKXIUBI BapiaHTH JepeBa miadopmyn s miei GyHKIli mogaHo Ha puc. 1.
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[=@veez)l@->x2) f=@Eveez)l@->x2)
x v‘(yEB/z)>—> Xz x v‘(y(@/z)>—> Xz

_>/3\ 6 _ _‘/6\ 3 e
x yoz Yy xz x y®z Yy xz
A AL b2y
Xy Z X 7 Xy 4 X Z
J N

z z

a) 0)

Puc. 1. - MoximBi BapianTu nepeBa mingopmya

I3 puc. 1 BugHO, 110 /TSI CKIJIAJIHOT JIOTTYHOT (DYHKIIIT BiJl TOBUIBHOI KUIBKOCTI 3MIHHHUX MOJXKE
ICHyBaTH JIeKUIbKa BapiaHTIB aepeBa miAdopmys, TOOTO NIeKUIbKa BapiaHTIB YEProBOCTI i 1O
obuucneHHto 3aaanoi Gpynkmii. Hanpukian, y BapianTi, moganomy Ha puc. la, 1-a i 2-a, mii MoxxHa
BUKOHYBATH B TMPOTHJICKHOMY MOpPsAKY. Lle moB’si3ane 3 TuM, 110 OOUABI IIi il BUKOPHUCTOBYIOTH
aromapHi (popMyiH, TOOTO 3HAYEHHs 3MIHHUX Ha BCiX Habopax. AHayoriyHa cutyaris i 3 4-10 i 5-10
IisIMH B BapiaHTi, mogaHoMy Ha puc. 16. Takox MOXHA MEPECTaBIATH MicsiMU 3-10 1 6-y aii B 060X
nux Bapiantax. OJHaK He3aJeXHO BiJ 0OpaHOl 4eproBOCTI oOuUMCIeHHS miaQopmyd, iX iepapxis,
TOOTO KOH(Irypallisi caMoro JiepeBa MpH [bOMY 3aJUIIAEThCS HE3MIHHOK. TakuM YMHOM, MOXHA B
pi3HOMY MOPAAKY BUKOHYBATH il BUKJIFOUHO 3 TOTO % caMoro sipycy (piBHs) nepesa. [lepectaBisatu
MICIISIMHU [ii 3 Pi3HHX PIBHIB HEMOXXHA. TaKO)X MOXXHA IMOBHICTIO 3MIHUTH YEProBiCTh BUKOHAHHS
PI3HUX «T1I0K» MoOymoBaHoro aepeBa. Ha puc. 1 momaHi BapiaHTU BiJpPI3HSIOTHCSA caMe 3a LI€I0
O3HAKOIO.

I3 mpukItagy 7 HAOYHO BUILIMBAE, 10 KOXKHA T'JIKa TOOYA0BAaHOTO JiepeBa miadopMyI MTOBUHHA
3aKiHYYBAaTUCS aTOMapHOK (HOPMYJI0K0, TOOTO CEEKTOPOM (3HAYEHHSIM KOHKPETHOI 3MIHHOI B
KO’)KHOMY HaOopi). TakuM 4MHOM, pyXarouuch JEPEBOM 3HH3Y BBEPX 1 3aCTOCOBYIOYM PO3TJISIHYTI
BUIIIE IPaBUJIa YTBOPEHHS (OPMYII, B KOKHIN BEepIIMHI AepeBa Oy/ie OTpUMAHO JAesAKY MihopMyiy.

2.5. Taoauui Kpaiina

Bynb-sikiit  ¢opmyni OyneBoi anreOpud OJHO3HAYHO BiANoOBigae maeska ¢yHkiis [13].
BuxopuctoByroun nepeBo miadopmys, MOXKHA OOYMCIIOBATHM 3HAYEHHS (QYHKIII BiJ JOBLIBHOL
KUIBKOCT1 3MIHHHX, MIJICTaBIISSIOYM 3aMICTh aTOMAapHUX (OPMYJT KOHKPETHI HaOOpH 3HAYEHb
3MIHHHX. SIKIIIO MMOCTaBJICHO 3a7auy OOUMCIUTH 3HaUY€HHs (QYHKIIT HAa KOHKPETHOMY Habopi, TO IpH
BEJIMKIM KUIBKOCTI 3MIHHUX 1MOOy0Ba JepeBa mia(opMyl CyTTeBO moJjerurye nei npouec. OnHak
SKIIO MPU BEJUKIA KUIBKOCTI 3MIHHUX IOCTaBJICHO 3aJady 3HAaWTH 3HAa4eHHs (YHKLII Ha BCIX
Habopax, BUKOPUCTaHHS JIulIe JiepeBa midopmyr Oyie HepalioHaTIbHUM.

O3nauenns. Tabiuysa Keatina BimoOpakae MOKpOKOBHIA poIiec O0UHCIEHHS 3HAYEHb CKIIAIHOT
JoT19HO1 (DYHKIIIT BiJ] JOBUTBHOI KUTBKOCTI 3MIHHMX Ha BCIX HA0Opax 3HAa4YeHb IIUX 3MIHHHX.

s noOynoBu Tabauii KaitHa npoiec o04rcieHHs 3HaueHb (QYHKIIT po30MBa€eThCS HA Aii, K
1 mpu noOyoBi aepesa miagopmyn. [Ipu oMy KoXKHA HAcTymHa il € YHapHOK a0o OiHapHOIO
oreparli€ro, B AKiil 6epyTh y4acTh JUIIEe 3HAUCHHS 3MIHHUX 13 BUIIMCAHUX HAa0OpiB, a00 pe3ynbTaTu
orepallii, 1110 BUKOHaHI B ronepenHix Aisx. [Iporec Takoro po30UTTsSI BUKOHYETHCS B X011 TOOYI0BU
nepesa miadopmyn. OgHaK A7 MOAANBIINX 00YUCIeHb OyayeThes Tabnuis KsaitHa. Taki Tabmwmi
MICTATh yci 0€3 BUKJIIOUEHHS HAa0OpH 3HAYeHb 3MIHHUX 1 3HAYEHHS HA HUX BCIX MPOMIKHHUX
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niagopmy, 3 SKUX CKIAAaeThes popmyna, mo 3anae oduucmoBany GpyHkuito. IIpouec nodydosu
maoauyi Keaiina Burisaaae HacTymHuM yuHoM [3]:

1. CroBrmi Tabmuni KBaiiHa mo3HavaroThes MiadopMylaMyd MOYaTKOBOI (OpMYSIH B MOPSIKY
YCKIIaAHEHHS miaGOopMyIT y BiAMOBiAHOCTI 10 AepeBa miadopmys (pyX IepeBoM BiaOyBaeThCs
3HM3Y BBEpX ). TaKuM YMHOM, Itepii cToBIIi Tabuii KBaiiHa BiAmoBi1al0Th 3MIHHHM, BiJI SKHX
3aJIeKUTh 00umcIoBaHa (DyHKIIis, TOOTO aromapHUM (hopmynam. Lli croBmmi po3ramoBaHi B
TabauIi ab0 B MOPSIKY 301IbIIEHHS 1HIEKCIB 3MIHHUX, a00 B iX angaBiTHOMY MOPSIKY.

2. 3amoBHEHHsI TAaONHIN 3IACHIOETHCS TMOCHTIIOBHO TO CTOBMISIX 3 BHUKOPUCTAHHSIM TaOIUIb
ICTUHHOCTI eJleMeHTapHHUX OyineBux (QyHKLIT 1 3ayie)kHOCTel Mk OyneBumu ¢QyHKiismu (14)
a6o (15). Ilpu 1bOMY CTOBIIII JJIS 3MIHHHX, BiJ SKHX 3aJIEKHTh (YHKIIis, 3alIOBHIOIOTHCS
NBIMKOBUMH HAOOpaMH, 110 PO3TAIIOBaHI B IUX CTOBMIIX, B MOPSAKY 301IBIICHHS HOMEPIB
IUX HAOOPIB.

Ipukaan 8. 3naiiTi 3HaueHH (YHKIIIT Ha BC1X 0€3 BUKIIOUYEHHS MOXJIMBUX Ha0Opax 3HaYeHb
3MIHHHX, TOOTO 0Oy yBaTH Tabnuimo Keaiina as GyHKIit

f=@vy®2)¥(y->x2)

nepeBo miadopmy s sikoi 0yiio moOy10BaHO B MPHUKIAl 7.
Poss’azannsa. OGepeMo nns peamizamii mepiiuii BapiaHT JaepeBa miadopmyi, MoJaHUN Ha
puc. la. Toai Tabmuns KBaiina ans miel gyHKii Mae BUTIIS!

6 54

f=(%\3/(y€2r)z))i(y—>x§)

1 2 3=1v2 4 S=xnd 6=y—>5 7=316

. [ — — — — —

Nlxlylzlx |y@z|xv@p®2|Z |xZ|y—>x Eve o2 y—-x2)
glojo|o]| 1 0 1 1] 0 1 0
1(0f0 1] 1 1 1 0| o 1 0
2/0(1|0]| 1 1 1 1] 0 0 0
3|lo0|1|1| 1 0 1 0| o 0 0
41|00 0 0 0 1] 1 1 0
5|1|{0|1]| 0 1 1 0| o 1 0
6l1|21]|0]| 0 1 1 1] 1 1 0
7l1|1|1]| 0 0 0 0| o 0 1

[Tepmmii cToBmenp 1€l TaOMUI 3alOBHIOETHCS BIANOBIAHMMHU JECATKOBUMH HOMEpaMH
HaOoOpiB 3HaUeHb 3MIHHMX i3 MHOKMHU D™. JlocmiypkyBaHa (QYHKIIiSI 3aJI€KUTh BiJl TPHOX 3MiHHHX.
OTxe, 3arajibHa KUJIbKICTh HAOOPIB 3HAUY€Hb 3MIHHUX B 1IbOMY BHUIAJKy OyJe D3| =23 =38. Hani
3HaueHHs (QyHKIIT oOuncaoeThes no Aisix. [lopsimok 11l BU3HAYa€ThCS Yy BIMOBIAHOCTI 3 OOpaHUM
aepeBoM mindopmyn. B Hamomy npuknani 1-it xii BiAmoBigae cToBrens 3i 3HaUCHHAMA (QYHKIIIT X,
TOOTO 3 pe3yabTaTaMd BUKOHAHHS yHapHOI omepauii 3amepedeHHs. JlaHi 111 BUKOHAHHS Ili€l
oreparlii 6epyThcs 13 CTOBMI 3HAYEHb 3MIHHOI X, TOOTO 13 yMOBU 3amadi. B 2-if 1ii BUKOHY€eThCS
OiHapHa orepallis CyMH 32 MOAYJIEM 2 MK 3MIHHUMH y 1 Z, 3HAYCHHS SIKMX 3HOBY O€pyThCS 13 YMOBHU
3anadi. J{ns BukoHaHHA 3-1 /11l BUKOPUCTOBYIOTHCS PE3YIIBTATH TOMIEPEIHIX i, TOMY 10 3-5 IS €
OIHApHOIO OIepalliero JAU3’FOHKINI M pe3yibraTaMu nonepennix 1-i ta 2-1 mii. s 4-1 mii mani
3HOBY O€pyThCs 13 YMOBH, TOMY IO IIs i Nepeadadae BUKOHAHHS YHAPHOI omepariii 3arepeueHHs
HaJ 3MiHHOIO Z. /[ 3amOBHEHHS CTOBIIIA, IO BIAMOBIAAE S-U Jii, BUKOPUCTOBYIOTHCS SIK JaH1 13
yMOBH (CTOBIEIb 3HAYCHb 3MIHHOI X) TaK i CTOBIICI[b PE3YJbTATiB monepeanboi 4-i mii. B 5-it mii
BUKOHYEThCS OiHapHa ormepamis KoH FoHKIII. CtoBrens 6-i 1ii 3almOBHIOETHCS pe3ylbTaTaMu
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BUKOHAHHS OIHApPHOI omeparfil iMITIKaIll BiJl 3HaUCHHS 3MiHHOI X (JaHi OepyThCs i3 YMOBH) 10
pe3yibTaTy nonepeanboi 5-i mii. B 7-i aii 004MCIIOI0THECA BXKE€ OCTATOYHI 3HAYCHHS (DYHKIIII, 10
po3risiaeTbes. Bona € 6inapHoro onepaiiero crpiiku [lipca mixk pesynbrarom 3-1 Ta 6-1 giit. Tomy
CTOBIIEIb, IO BIAMOBIIA€ pe3yibTaraM /-1 Ail, B AaHii TabauIi Oyie oCTaHHIM.

B cuy Toro, 1o nmopsaok po3ranryBaHHs HaOOpiB 3HAYCHb 3MIHHUX B Ta0OuIll KBaitHa cyBOpo
periaMeHTOBaHuil (CyBOpO B MOPSIKY 3pOCTaHHS iX HMOPSIKOBUX HOMEPIB), TO TaOIHII0 HOPMYIH
(dbyHkuii) MoKHA 3a7aBaTH, BKa3yrOUH IiJICYMKOBUI cTOBIeHb Tabmuii Kpaiina.

Bionosiob. T=(00000001).

TakuM 4HMHOM, 3a Oonomozoio mabauyi  Keauna mooicna 30ilicHiosamu__nepexio  6io

AHAIMUYHO20 00 MAOIUYH020 CnOcoOY 3a0AHHs CKIAOHOI 102IYHOT (DVHKUIL 810 008IIbHOI KilbKOCHI

SMIHHUX.

Joci My po3riisiaanu JoridHl GOpMYIH, B AKX IMOPSAOK JIiid, B IEPIIY Yepry, BCTAHOBIIIOBaBCS
ayxkamu. OJHaK Le He 3aBKAM Tak. SKuo B 3amucy (opMyiu, IO BU3HAYA€ JEAKY JIOTIYHY
(byHKIII0, BIACYTHI TyXXKH, TO ONEpaIii CiiJi BUKOHYBAaTH B HACTYIMHOMY TOPSJIKY: 3allepeyeHHs,
mrpux leddepa, crpinka Ilipca, KOH'IOHKIISA, cymMa 3a MOAYJEM 2, I3 FOHKIIiS, IMIUTIKAIis,
ekBiBasieHiss [10]. Takum ymHOM, eleMEHTapHI JOTiYHI omepaiii B MOPSAAKY 3MEHIICHHS IX
CTApUIMHCTBA PO3TALIOBYIOTHCS HACTYIIHIM 9HHOM: |, /, ¥, A, @, V, =, ~, TOBTO B IepiLy 4epry Mae
BUKOHYBATHCS 3allepeueHHs, 110 BIJHOCUTbCSA O€3M0CepeHbO O 3MIHHUX, a B OCTAHHIO 4epry —
eKBIBAJCHLIA. Y BUIAJKY, KOJU 3allepedyeHHs BITHOCUTBCS /10 AEAKOI YacCTUHH (OpMYyNH, a He
Oe3mocepelHbO 10 3MIHHOI, TO CIOYAaTKy BHUKOHYIOTbCS Ti oOmepamii, 3 SKHX CKJIaJaeTbCs
3anepeuyBaHuii BUpa3 (3 ypaxyBaHHSIM X CTAPIIMHCTBA), @ OTIM BXXE BUKOHYETHCS 1€ 3aIIePeUCHHS.

Hpukaan 9. [Mpunyctumo, mo y GyHKIii, SKy pO3TIISIHYTO B IPUKIAL S i mpukiazi 8, BiACyTHI
nykku. HeoOXiTHO po3CTaBUTH B Liid (OPMYITi Ty>KKH y BIATOBIAHOCTI 3 PIOPUTETOM BUKOHAHHS
eJIEeMEHTapHUX onepaliil Ta nooyayBaTu Tadbmuito Ksaitna mis orpumanoi hpopmyiu.

Pose’azanna. bes nyok po3riasHyTa (QyHKIIS Ma€e BUTTISA:

f=xvy®zly->xz
HaiiBummii mpioputeT mMae omepairis 3anepedeHHs. BizbMeMo B Ty:KKu GopMyIiH, HaJ SKUMU
CTOITh 3HAK II1€1 omneparii:
f=@)vydzly-x@).
[Mtpux Hleddepa B 1iit hopmyni BiacyTHid. ToMmy HacTymHui npioputeT Mae cTpisika [lipca.
®opmya HaOyBa€e BUTITISIAY:
f=@vy®@zly) > x@).
Hactynuuii npioputeT Mae onepartist KoH roHKII1. OTxe,
f=@vy®@zly) - x@)
Jani iine cyma 3a Moaysiem 2:
f=@vye@iy)->x@)
Hacrynauit mpiopuret Mae au3 IOHKITIS:
f=(@ vy @iy)) - @)

€IMHOIO omepalli€lo, 10 3aluIIniIacs, € iMIUTiKanis. BoHa mae HaliMeHIIMi mpiopurer i3
MPUCYTHIX B (hopMyIi elleMeHTapHUX onepaliil. Tomy BoHa Oy/ie BUKOHYBAaTUCSl B OCTAHHIO Yepry.
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OnHak, y BIAMOBIIHOCTI 3 IPUMHATUMH JOMOBJICHOCTSMH TI0 CIIPOIIECHHIO 3arucy (GopMyil, MOKHA
HE MMHUCATH TYXKKH, 1110 TyOJII0I0Th 00J1acTh il onepallii 3arepedeHHs. TakuM Y4UHOM, Y BiJIITOBITHOCTI
3 NMPUHHATAM TPIOPUTETOM BUKOHAHHS €JICMEHTAPHHUX JIOTIYHUX ONepalliif, OCTaTOYHUI BUTIIS]
3a1aHoi hopmyau Oy/ie HACTYITHUM:

f=xvy®@ziy)) > (x2)

[Tobynyemo must miei ¢opmynu gepeBo mindopMyn Ta oOepeMO OJHY 13 MOMIJIMBHX
MOCJTIIOBHOCTEH BUKOHAHHS OTepallii B il popMyti.

f=@v@WD

Ev(y@(ziy)) XZ

/N 8
y®(zly) *

%N

Yy zly

/N

z 3

w
x|
N «<—NI|

-

OOpaHniii MOCHiIOBHOCTI BUKOHAHHS Ollepalliii B MojgaHoMy JaepeBi miadopMmyn BianoBigae
HacTymnHa Tabnuis Kaiina.

f=GEvE® i) > @2

1=zly  25®1 3=x 4=2v3 5=7 6=xAS T=4-56

N|x(y|zlzlylyoeln|x|Zve@cly)|z |22 @V (zly) > (x2)
0 o|0|0 1 1 1 1 1 0 0
1/0(0]|1 0 0 1 1 0 0 0
2(0/1|0| o 1 1 1 1|0 0
3 0|11 0 1 1 1 0 0 0
4 1|/0|0 1 1 0 1 1 1 1
5 1/10|1 0 0 0 0 0 0 1
6|/1|1(|0 0 1 0 1 1 1 1
71|11 0 1 0 1 0 0 0

ITporiec 3aroBHEHHS CTOBILIB Ii€] TaOIMII B1IOYBAETHCS 32 TUM K€ MPUHIIUIIOM, 1110 OYB ONUCaHUN
s GyHKUIi 13 mpukiaany 9.

Bionosion. f=(00001110).

Sk BUIIHO 13 mpuKiIany 8 1 mpukiaxy 9, 3a iHIIOT pO3CTAHOBKH JIy’KOK OTPUMYEMO 30BCIM 1HIITY

GbyHK1LIO.
Tabauyi Keanina moorcHa maxkooc BUKOpUCmoeysamul 0 008e0eHH s N02IYHUX MOMOICHOCHEN.
Ipukaan 10. B npukiani 6 aHaTITUHYHIM IUTSIXOM OYII0 T0BEJCHO TOTOXKHICTh

x4y @d)=%/7/Z [t

JloBeCTH 1110 TOTOXKHICTH 3a JOIOMOTor0 Taonui Ksaiina.
Poss’azanna. IloOynyemo nepesa miadopMyn ais J1iBO1 Ta MpaBoi YaCTUH 1€l piBHOCTI.
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¥/l ,—c/y/;_/i
x¥vy zlt % —
AN AN p, ZfA
X yZ t x8 71—_
y/z/t
I
y Z/t
5)1; 41

Toni Tabmurs KBaitHa i miBoi Ta mpaBoi YacTHH i€l piBHOCTI Ma€ BUTIIS!

. xbylede| cdprcin |zt | 2/8 |zl P 50l nl 2| <~ ~5
Ne 17| T2 3=1/2 |1]| 2 |3=1/2 "/5 5 {E,’f J’?/?ét 8 "9/2’51’-
0 lojofo|o| 1 1 0 1|1 0 1 1 0 1 1 0 .

Niga
1/o0|lof|of1 1 0 1 1|0 1 0 1 1 0 1 1 yacTuHa
2lo0lof1|of| 1 0 1 ol 1 1 0 1 1 0 1 1 piBHocTi
3 /0/0|1(1 1 0 1 ol o0 1 0 1 1 0 1 1 1 3 2
4|ol1fofo| o 1 1 1)1 0 1 | o 1 0 1 1 (x’l'y)"'(z \z)
5/o0/1flo|1]| o 0 1 1|0 1 0 0 1 0 1 1
6 loj1fl1|0]| o 0 1 0|1 1 0 0 1 0 1 1
710111 o 0 1 0| o0 1 0 0 1 0 1 1 Npasa
8 |1({0|0]|0 0 1 1 1] 1 0 1 1 0 1 0 1 YacTuHa

iBHOCTI
9 l1/o0fo|1| o 0 1 1|0 1 0 1 1 0 0 1 P
1wl1|o|1|0o]| o 0 1 0|1 1 0 1 1 0 0 1 . T 4
1mi1foj1|2| o 0 1 0| o0 1 0 1 1 0 0 1 x/ylz/t

89 6132
12/1|1|0|0]| o0 1 1 1|1 0 1 0 1 0 0 1
13|1|1|0|1]| O 0 1 1|0 1 0 0 1 0 0 1
4l1|1|1|0]| O 0 1 0] 1 1 0 0 1 0 0 1
15/1|1|1|1]| o 0 1 0| o 1 0 0 1 0 0 1

CroBnui 3Ha4eHb Ui JiBOi Ta MpaBOi YacTMH piBHOCTI 30irarotecs. OTpumanuit 30ir i
JIOBOJIUTH TOTOXHICTb.

3. KJIACU®IKAIIIS BYJEBUX ®YHKIIIN

Osnauennsn. Oonacmio icmunnocmi (OI(f)) moriunoi GyHKIIT HA3MBAETHCS MHOKHHA TaKHX
Ha0OpiB 3Ha4YeHb 3MIHHUX i3 D™, Ha sIKuX 1 GYHKIS MpuitMae 3Ha4YeHHs 1 (icTHHHO).

O3nauennsn. Oonacmio xubnocmi (OX(f)) noriunoi (QyHKINT Ha3MBA€THCS MHOKHMHA TaKHX
HaOOpiB 3HAYCHDb 3MIHHUX 13 D™, Ha sIKUX 111 QyHKIlisA npuiimae 3HaueHHs 0 (xudHo) [3].

€ OYEBHIHUM, 1110

OI(f) U OX(f) = D", OI(f) N OX(f) = @.
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O3nauenna. Jloriuna ¢yukuis T e s3oiticnennoo (f € 3]1), sxmo mist wei OI(f) # < abo
OX(f) # D™

Takum yuHOM, JIOTiYHA (PYHKIS € 3A1MCHEHHOO, SKII0 Xo4ya O HAa OJHOMY HAaOOpi 3HAYEHb
3MIHHUX 1151 QYHKIIIS TIOPIBHIOE 0OUHUYI.

Osnauenna. Jloriuna ¢yukuis f € cnpocmysanorw (f € CII), sxmo mis vei OX(f) #J abo
OI(f)y#D™.

Takum yuHOM, JIOTIYHA QYHKIIISI € CIPOCTYBAHOIO, SKIIO X04a O HA OJJHOMY HabOpi 3HAYCHb
3MIHHUX 1151 QYHKIIIS IOPIBHIOE HYJTHO.

O3nauennsa. Jloriuna pyukiis f € momooicno icmunnoio (f € TI), sxuro st el OI(f) = D™ a6o
oX(f) =3.

[HIMME crmoBaMH, (QYHKINS € TOTOKHO ICTHHHOIO, SIKIIO BOHA JIOPIBHIOE 0OuHUYI HA BCIX
Ha0bopax 3Ha4YeHb CBOIX 3MiHHMX. CToBIenp 3Ha4deHb Takoi ¢GyHKIii B Tabmuii Ksaiina Oyme
CKJIAJJATHCS 13 CAMHX OJIMHUIIb.

O3nauenns. Jloriuna pyukuis f € momoowcno xuénoio (f € TX), sxuro st vei OX(f) = D™ abo
OI(f) = &.

[HmmMu cnoBamu, GYHKIS € TOTOKHO XHOHOMO, SKIIO BOHA JOPIBHIOE 0OuUHUYI HA BCIX
Habopax 3HaueHb CBOiX 3MiHHHMX. CTOBHENb 3HaueHb Takoi (yHkmii B Tabmuui Kaaiina Oyme
CKJIAJJAaTHCS 13 CAMHX HYIIB.

Takum 9rHOM, SIKIIO HA BCiX HAOOPax 3HAYECHb 3MIHHHUX (DYHKI[iS TPHIIMAE OJTHAKOBI 3HAYCHHS
(Bci 0 abo Bci 1), TO BOHa BHPOJKYETHCS Y BIJTOBIJIHY KOHCTAHTY 1 € MOMOMCHUM HYy1em abo
MOMOMNCHOIO 0OUHUYEIO.

Mpukaag 11. Kracudikysarn dynkmio f=(x v(y®2)V (y>Xx Z), posrmsnyry B
npuKiIaa 5 i mpukmaui 8.

Po3zé’sazannsa. B npuknani 8 mst mieil ¢yHkmii Oyino moOynoBano tabymio KBaifHa i, Takum
YuHOM, Oysi0 oTpuMaHo Tabiauune momanHs i 1iel ¢ynkmii: F=(00000001). IIpupoaso,
knacudikamis QyHkuii, SKy 3agaHO B TaONMYHUN CMOCIO, HE BUKIUKAE >KOJAHHUX TPYTHOIIIB.
JocmimkyBana (pyHKINS cepesl CBOIX 3Ha4YeHb MICTHTH K HYJI, TaK i OAMHUIN (€IWHE OAMHUYHE
3HAUYeHHS Ha ocTaHHboMy HaOopi). Omke, mms wei OIf)={7}={111)}=2QD i
0X(fH)={0,1,2,3,4,56}={000),(001),(010),(011),(100),(101),(110)}# . I3 uporo
BUILTUBAE, 10 TOCIIDKyBaHa JioriuHa ¢yHKIis kiacudikyerbes HactynmauM dunoM: T € 3], f e CII,
feTlfe TX.

Onnak knacudikyBaTu 110 (YHKIII0O MOXKHa OyJ0 BXKe MICis po3B’si3aHHs NMpHKiIany 5. B
NPUKIAAL 5 B XOJI TOTOXKHUX TEPETBOPEHb M0 (YHKII Oyio 3BefaeHo 1o Bursiny f=Xyz.
[Tomanpiie cnpoieHHs 1€l Gopmynu HeMoxIuBe. BoueBuapb, 110 B X0/1i HABEIEHUX B MPUKIIATI S
NEePETBOPEHD, 110 (PYHKIIIO HE OYII0 3BE/IEHO /10 TOTOKHOTO HyJIsl a00 TOTOXKHOI OJJMHUII, TOOTO €
odyeBuAHUM, 110 X Y Z # 0 (Hanpuknan, Ha Hatopi (1 1 1) Xy z=1)iX y z# 1 (nanpukiaja, Ha HAOOPi
(000) xy z=0). Sk HACHIIOK, 13 AHATITUYHOTO 3aMKCy VIS i€l PYHKIIT MOXKHA 3pOOUTH TaKUH
caMuii BUCHOBOK, IO 1 3 ii TabnmuuHoro 3amanus. A came, mo musa vHei OI(f) # G 1 OX(f) # &, mo
MIATBEPIKYE 11 Knacudikaiiro, sKy 3po0JI€HO Ha IPYHTI TaOJUYHOIO 3aJaHHS i€l PyHKIIi.

Bionogion. fe 311, fe CII, f ¢ TI, f ¢ TX.

[Tpuknax 11 HaoyHO MOKa3ye, M0 KJIACHU(IKYyBATH JOTIUHY (DYHKIII0O MOKHA HE3aJEKHO Bij
criocoOy i 3amanus. Ko QyHKII0 3a1aH0 TaOJIUYHO, TO JJI Hel MOXKITMBA KiIacuikallis JTUIie Ha
IPYHTI 1i TaOuUIll 3Ha4YEHb. K0 QYHKITIIO 33]JaH0 aHAJIITUYHO, TO JUIs 11 Kiacugikaiii MOXIHBUH 1
aHaIITHYHHUH, 1 TAOJIMYHAHN HIISIX.
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Cnpoiuena
dopmyna
IlouaTkoBa
dopmyaa
Taoauus
icTHHHOCTI

Puc. 2. — Knacudikanis jgoriunux QpyHkuii

SIKII0 pyxaTHCs aHATITUYHUAM HIISIXOM, TO (PYHKIIIIO MOTPIOHO CIIOYATKY CIPOCTUTH. SIKIIO B
pe3yabTaTi TAKOTO CIPOLICHHS OYJIO OTPUMAHO JIeAKY (popMyity, TO Taka (PyHKIIiSI HE BUPOIKYETHCS
B JKOAHY (PYHKIIIFO-KOHCTAHTy, TOOTO HE € aHI TOTOXKHO XHOHOIO, aHi TOTOXKHO ICTHHHOIO. Sk
HACJIJIOK, Taka (DYHKIiS € 1 3AIMCHEHHOIO, 1 CIIPOCTOBAaHOK0. SIKIIO B X0l crpomnieHHs (hopmyria
3BOJUTHCS J0 HYJs a00 10 OJMHUIN, TO Taka (YHKI[IS BUPOUKYETHCSI B KOHCTAHTY 1 € a00 TOTOKHO
XUOHOK (SIKIIO BOHA BHPOJDKYETHCS B TOTOXKHUH HYINb), a00 TOTOXXHO iCTHHHOIO (SIKIIO BOHA
BUPO/DKYETHCSI B TOTOXHY OIUHUIO). [Ipu 11bOMYy TOTOKHO iCTHHHA (QYHKISI € 3AiHCHEHHO, aje
HE € CIpPOCTOBaHOK. B CBOIO uepry, TOTO)XKHO XUOHa (YHKIIS € CHPOCTOBAHOIO, ajieé HE €
3111ICHEHHOIO.

SIkmo pyxarucs TaOIMYHUM MOUIAXOM, TO s 3agaHoi (QyHKOii HeoOXimHO NOOymyBaTH
tabmuiro KBaiiHa i Ha rpyHTI i OCTaHHBOTO CTOBHII KJIacu(iKyBaTH JOCHIPKyBaHy QyHKITiO. K10
1€l CTOBIELb MICTUTH 1 HYJIi, 1 ONWHUII, TO (QYHKIIIS € 3iiICHEHHOIO Ta cripocTyBaHow. [Ipu oMy
70 KOIHOTO KJIacy TOTOXHHX ()YHKII BOHA HE HAJIEXKHUTh. SIKIIO OCTaHHIM CTOBMENb TaOJHIli
KBaiiHa ckiagaeTses 13 caMMX OJUHMILb, TO (DYHKIIISI HAJIEKUTh JIUIIE JI0 KIaciB TOTOXKHO ICTUHHUX
1 3aiiicHeHHNX QyHKLIN. K110 ocTaHHIM cToBnens Tabnuui KBaliHa MICTUTB caMi HYJI, TO QYHKIIIS
HAJICXKUTB JIMIIE JIO KJIaciB TOTOXXKHO XMOHUX 1 CIIPOCTYBAaHUX (PYHKIIH.

I3 BChOro cka3aHOro MOXHa 3pOOMTH BHCHOBOK, L0 Oy/b-fKa JIOTi4HA (DYHKIISI OJJHOYACHO
MO’K€ HaJIe)KaTH PIBHO JO ABOX KJaciB QYHKIIH 13 YOTUPHOX MOXJIMBHUX. TakUM UMHOM, (PYHKIIiS
MOXe OyTH OJHOYACHO 3/1HCHEHHOI0 Ta CIPOCTYBAaHOIO, ajié TOJ1 MPO KOJEH KJIAaC TOTOXKHUX
¢GyHKIIM MOBa Bxke He ie. Ko K QyHKIIISI HaJIeKUTh 1O OAHOIO 3 KJIaCiB TOTOXHUX (QYHKIIH, TO
BOHA aBTOMAaTUYHO HE HAJIEKUTH JIO 1HIIOTO TOTOXHOTO KJIacy. 3MIMCHEHHICTh a00 CIIPOCTYBAHICTh
IPH [IbOMY 3aJIeXKaTh BiJ] TOTO, KOO CaMe KOHCTAHTOIO € 1aHa QyHKIis (3A1iCHEHHICTb [Tl TOTOXHO
ICTUHHUX 1 CIIPOCTYBaHICTh [UIsl TOTOXKHO XUOHUX (DYHKILii).

4. TEOMETPUYHA IHTEPIPETAIISA BYJEBUX ®YHKIIIHA

OOnacte Bu3HaueHHs OyieBux ¢yHkmid Big N 3minaux f=f(xq, x5, ..., X, ) MOXHa
PO3IIISAAATH SIK CYKYITHICTh N-BUMIPHUX BEKTOPIB (CITiB TOBKUHM N), KOMIIOHEHTAMH SIKHX € CHMBOJIH
(6yxsm) 01 1 gBiiikoBoro andasity [1]. Hanpukman, mpu N = 3 KOKHUN BEKTOP IMOIAETHCS BEPILIUHOIO
OJJMHUYHOTO Ky0y B TPhOXBUMipHOMY TIpocTopi (puc. 3a).
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Puc. 3. —T'eomeTpuuHe moaaHHs 0yJjeBUX (yHKuii

Taxkum 4MHOM, MOKHA J1TaTH HACTYIIHI O3HAYEHHS.

Osnauenna. bynesuii cinepky6 (oounuunuii 2inepky6, Oynesuil ky6, oounuunut ky6) B"
posmiprocmi N —1ie N-it cryminb Muoxkunu {0, 1}, To6To0 {0, 1}™.

Osnauenna. Enementu OyneBoro rinepkyOy {0, 1}" HasuBaroThes N-6umipHumu Oynesumu
sexmopamu, abo nabopamu, adbo eepuunamu 2inepkyoy [2].

Osnauenna. I pannio 6ynesoco 2cinepky6y po3mipunocti N —K, 1e N — po3MipHICTh OYyI€BOr0O
rinepky0y, Ha3MBAETHCS MHOKUHA HAOOPIB, 10 MICTATh HE MEHIIL, HiXK K OZTHAKOBHX KOMITOHEHT.

Hanpuknan, mis TprOXBUMIpHOTO OylieBOro KyoOy B3, nomanoro Ha puc. 3a, 2-BUMipHOIO
rpanHio Oyne cykymuicts HabopiB {(011), (111), (101), (00 1)}, mis AKuX OJHAKOBOIO € OJHA
(2 =3-1) tpers kommoneHTa x3 = 1.

O3nauenns. SIkuio yncio N — K, 3a SKUM BU3HAYAETHCS PO3MIPHICTB rpaHi, 10piBHIOE 1 (TOOTO
k = n—1), To Taka rpaHb Ha3UBAETHCS pebpom Oyneso2o 2inepkyoy B™.

Takum ymHOM, pedpo — 1€ CYKYIHICTh JBOX HAOOpIB, 110 BIAPI3HSAIOTHCA OAMH BiJ OJHOTO
3HAYEHHSM JIMIIE OJHI€1 €quHOI 3MiHHOI. 3HAYeHHs PEIITH 3MIHHUX B LIUX Habopax MawTh OyTH
OJTHAKOBHMH.

Hanpuknan, mist TphOXBHMIpHOTO OyiieBOro KyOy Ha puc. 3a pedpoM € CyKymHiCTh HabopiB
{(011), (01 0)}, 1o BiAPi3HAIOTHCS 3HAYSHHSM JIUIIIE OJHIET 3MIHHOT X3. 3HAUEHHS PEIITH 3MIHHUX
JUTS X HaOopiB 30irarotees: X1 = 0, x5 = 1.

Bynp-sika BepmmHa OyneBoro rinepkyOy BBakaeTbes 0-BHMIpHOIO TpaHHIO, a0 TpaHHIO
HYJIbOBOi PO3MIPHOCTI.

O3nauenns. MHOXHMHA BEKTOpIB (BEpPIIMH N-BUMIPHOTO TilepKyOy) YTBOPIOE J102iuHUL
npocmip [12].

bynesa ¢yHk1isg BijoOpaxaeTbcsi HA N-BUMIPHOMY TiNEpKyOl IUIIXOM IPUMTUCYBAHHS KOXKHIH
fioro BepumHi (HaOOpy) KOHKPETHOTO 3HA4YEHHs, sKe (YHKI[s MpuilMae Ha LbOMY HaOoOpI.
Hanpuknan, ¢pyHKis, Ky po3rJIsHYTO B IPUKJIaAl 8, Mae reOMETpUYHY iHTepIpeTallito, MoAaHy Ha
puc. 36. Ilpu boMy KOXKHIM BepIIMHI KyOy npumucyeTrbes 3HadeHHs 0 a6o 1 B 3aeKHOCTI Bij
3HaueHHs QyHKuii. Tak, gocniKyBaHa QyHKIIS IpUiiMae OMHUYHE 3HAYEHHS Ha OJTHOMY €JIMNHOMY
Habopi 3HaueHb 3MiHHEX (1 1 1). OTke, caMme BepIlnHI, 10 BiINOBIZAa€ 1[bOMY HaOOpPY, B Timepkyoi
MIPUBJIACHIOETHCS OJIMHUYHE 3HaYEHHS. Pemti BepimnHamM OyayTh BiANOB1IaTH HYII.

Takox nsi MO3HAYEHHS JBOX MOXJIMBUX 3HA4eHb (YHKIlI B PI3HUX BEPIIMHAX TIMEPKyOy
MOKHa BHUKOPHUCTOBYBAaTH BHJUIEHHS KoibopoMm. Hampuknan, mns ¢yHkuii i3 npukiany 8 take
reOMEeTpUYHE TOJaHHS BifoOpakeHe pHC. 36. €IMHOMY OJMHUYHOMY 3HAu€HHIO Ii€l (yHKii
BIJINIOBIJJa€ BEpIIMHA, 5Ky 3adapOOBaHO HYOPHUM KOJIBOPOM, a HYJBOBHM 3HAYCHHAM (QYHKIIT
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BIJIMIOBIAIOTh BEpIINMHH, 3a(apOoBaHi ;KOBTUM KoJIbopoM. HacrpaBai He iCHY€E KOPCTKO MPUHHATOL
CHCTEMH IMO3HAYCHb 3HA4YeHb (QYHKII y BepmmHax. Tak, MOKHA, HAIIPHUKIIAJ, OJWHUYHI BEPIIHHUA
BIIMIYaTH KHPHOIO TOYKOI OY/Ib-SKOTO KOJIbOPY, @ HYJIbOBI — HE BiAMIYaTH B3araji, abo HaBIaKH.
[Ipu 1pOMy TrOJIOBHE — 3a34ajerifilb BH3HAYUTH IMPHUUHATY B KOXKHOMY KOHKPETHOMY BHUIAJKY
CHCTEMY TIO3HAYCHb.

I3 BChOTO CKa3aHOTO BUILIMBAE, 1110 TEOMETPUYHE MOIAHHS Y BUTIISAII N-BUMIPHOTO TiNEPKYOYy,
noriunoi pyHKii.

Hpuxaan 12. JIna ¢pyskuii, 3aJaH01 OAMHAYHUM TPUBUMIPHUM KyOOM
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BinHOBUTH 11 TAOIHINIO ICTHHHOCTI Ta KIACU(IKyBaTH QYHKIIIFO.
Po3é’a3anna. Cxema, 3a KOO BEpIIMHAM OJUHUYHOTO TiMEepKyOy CTaBISATHCA y BiIMOBIAHICTD
psaKy TabIUI ICTUHHOCTI QYHKIIIT, MOAaHO Ha puc. 4.
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Puc. 4. — Cxema BiqHOBJeHHs Ta0auuni icTuHHOCTI 3a OyiaeBUM KyOoMm

KoxHa BepuimHa OJMHUYHOTO TiNEpKyOy BIANOBIAAE€ OJHOMY 1 JIHMILE OJHOMY KOHKPETHOMY
HaboOpy 3HaYeHb 3MIHHUX JIOT1YHOT (pyHKIIT. KOoXKHII BepInHI BIANOBI1a€ KOHKPETHE 3HAYCHHS 1€l
noriuHoi GyHkiii. OTxe, BCTAaHOBUBIIN B3a€EMHO-0/IHO3HAYHY BIJIMOBIIHICTh MIXK PSAKaMU TaOJIUIT
1 BepIIMHAMH TiNepKyOy, 3alOBHIOEMO CTOBIELb 3HAY€Hb (YHKINT 3HAYCHHSMH BiAMOBITHHX
BepwMH. TakuM 4uHOM, TaONW4YHE 3aJaHHSA  JOCHIDKYBaHOT (YHKIII Mae  BUIVII
f=(01100001). I3 meoro Bumuo, mo OI(f){1,2,7}={(001), (010), (111)}=Q i
0X(fH {0, 3,4,5,6}={000), (0,11),(100),(101),(110)#D. Omxe, fe3, feCIl, f & TI,
feTX.

Bionosiob. f=(01100001),fe3, feCII, f ¢ TI, f ¢ TX.
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€ OoYeBHIHHMM, IO SKIIO 3MIHUTH HANpPsIMKH BCIX CTPLIOK HAa CX€Mi Ha MPOTUIIEKHI, TO
OTpHMMaHa cxema Oyze BiJIMOBIIaTH 3BOPOTHIN MPOIEAypl, TOOTO MOOYI0BI rinepkyoy GyHKIii 3a il
TaOJIMLIEI0 ICTUHHOCTI.

Hpukaanx 13. [ToOynyBaTi oquHUYHMIA TinepkyO s Gyskuii f3g(X, Y, Z) Ta kiacudikyBatu

Po36’si3anns. B cuimy Toro, mo 1e (GyHKIIsA TphOX 3MiHHHX, TO BChOTo Habopis Oymne 23 = 8.
Jlami HeoOXiTHO TIepPEeBECTH NECATKOBE 4uCiIO0 38 B JABIMKOBY CHCTEMYy 4HCICHHs. JlJIa 1bOoro
PO3KJIaIEMO JIECATKOBE YMCIIO 38 Ha JOJJaHKH, KOXKHUMN 3 SKHX € CTYIICHEM JIBINKH:

3810y =32+4+2= 027 +0-+1.2°+ 024+ 023 + 1.22 + 1.2 + 0.20 = 00100110 ;).

Otxe, Tabmuune 3amaanns miei Gpyukmii mae Bursga: = (001001 1 0). I3 uporo tabaudHoro
3alaHHs BHILIMBAE, 110 OI(f) {2,5,6}={(010), (101), 110}>0 i
0X(f){0,1,3,4,7}={000),(001),(011),(100), (111)}# . sk nacninok, fe 31, fe CII,
fe TI feg TX. Tenep Oymyemo aist wiel GyHKii rinepkyd 3a CXeMor, OAaHOK Ha pHC. 5.
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Puc. 5. — Cxema BigHOBJIeHHsI 0yJieBOro rimepky0y 3a Tadjauuer0 icTHHHOCTI

Bionosios. ®yukiis Tpbox 3MiHHHX f3g(X, Y, Z) knacudikyerncs sk fe 3], fe CII, T ¢ TI,
f ¢ TX. I'inepky0 s Hei Moxe OyTH TIOAaHUI B OJJMH i3 HACTYITHUX CIOCOOIB.
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Knacudikysatu ¢yHkirito 3a ii TimepkyOooM MOKHA Bi3yallbHO 3a HOTO 30BHIIIHIM BUTJISIOM,
HE BIJHOBIIIOIOYM TAOJUII0 ICTUHHOCTI. SIKIIO BepLIMHAM TiNepKyOy MpuUIKcaHl pi3HI 3HAYEHHS
(ttoro BepmmHM po3dhapOOBaHO B Pi3HI KOJIBOPH), TO (GYHKIlS HE € KOJHOK KOHCTAHTOH. Sk
HACJIJOK, BOHA 3JIHCHEHHAa Ta CIPOCTYBaHAa, ajie¢ JO >KOJHOTO KJIAaCy TOTOXKHHX (YHKIIA HE
HaJISKUTh. SIKIIO K yciM BEpIIMHAM TiNepKyOy NpHUIMCaHI OIHAKOBI 3HaueHHsS (BCi BEpIIMHU
rinepky0y po3gapOoBaHO B TOW caMHii KOJIp), TO ISl (PYHKIIISI BUPOJDKYETHCS B SIKYCh 13 (DyHKIIIH-
KOHCTaHT. B 11bOMy BHIIaJIKy BOHA TOTOXKHO ICTMHHA Ta 3/1iiCHEHHa, aje He TOTOXKHO XWOHA 1 He
CIIPOCTYBaHa (SIKIIO BCi BEPIIMHU OJIMHUYHI), 200 TOTOKHO XMOHA Ta CIIPOCTYBaHa, ajie He TOTOKHO
iCTUHHA 1 He 3/iiCHeHHA (KO BCI BEPIIUHH HYJIbOBI).
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5. IBOICTICTH BYJIEBUX ®YHKIIN

5.1. O3HayeHHs1 ABOICTOI (PyHKIIl

O3nauennsa. bynesa dynkiis *(xq, ..., X,) Ha3UBAETbCA 060iCcMOIO TIO BiJHOIICHHIO 0
no4atkoBoi GyHkuii f(xq, ..., X;), AKIIO BOHA BUPAKAETLCS K 3alepeueHHs pOPMYIIH, OTPUMAaHO]

def — _
XL, veer X)) = F(E1, 2er )

Hpukaax 14: Jis dynxuii f= (X v(y®2)d (y> xZ), posrmsayroi B mpuxnami 5 i
npuKIazi 8, mooyayBaTH ABOICTY (PYHKIIiFO.

Po36’s13anns. KopucTyrounch 03HAYEHHSIM JBOICTOT (QYHKIIT, OCHOBHUMH 3aKOHaMH OYJeBOl
anreopu (1) — (13) 1 3anexHoCTAMH sl eneMeHTapHux OyneBux ¢ynkuii (14) — (21), moxHa
3aIUCaTH:

= (EV(y®Z)) L (¥ >XZ2)=(xv(¥DZ) L (Y~ *x2)=
=Xv(y®z)v(y>x2z)=XVYZVYyZVYyV
=XVYIVYZVYVXZ=XVYIVYVXZ=
=XVIVYVZI=XVYVZ.
Bionogiob. f* =xXvyvz.

Sk BUILIMBAE 13 HABEAECHOTO O3HAYEHHS, [UIS BITHOIIEHHS IBOICTOCTI Ma€ MICIIE 81ACHUBICID
s3aemuocmi, T06to (f*)* = f** = f. Takum unHOM, Oynb-sika ¢yukiis f € nBoicroro g0 dynkmii f*
[8, 15].

5.2. TabnuuHa nmoOyaoBa ABoicTOi (yHKmil

pyruii MmeTo no0y/10BU ABOIiCTOI (PYHKIIII 3aCHOBAHUN HAa TAaOIMYHOMY 3aJaHH1 (PYHKIIII.

O3nauenns. HaGop 3HaueHb 3MIiHHUX ( Xq , ..., X, ) Ha3UBAETHCS NPOMULEHCHUM, DO
anmunooom Jjisi HA0Opy 3HAYCHB 3MIHHHX (X1, ..., X,) [8].

Axmo QyHKII0 3a1aHO aHATITHYHO, TO JJII TOOYA0BU TaOIuUIll ABOICTOI (DyHKIIT HEOOX1THO
crioyaTky mnoOynayBatu Tabmuuio KsaiiHa juist mowatkoBoi ¢yHkuii. [ToTiM Aif0Th 32 HACTYIHUM
AJITOPUTMOM TNOOY/A0BM Ta0Juui AB0icTOi (YVHKIUII, SKUIl IPYHTYETbCS Ha O3HAY€HHI ABOICTOT
GyHKII:

1. 3amepeueHHs yciX 3MiHHHX MEpPETBOPIOE BCi HAOOPU B X aHTUNOAU (MPOTHIICKHI HAOOPH).
SIK HacNiZIOK, CTOBIEUb 3HAYCHb (DYHKIII MEPEBEPTAETHCS JOTOPU HOTaMH (KOKHY 3MIHHY

3aMIIyEMO 11 3aIepeueHHSIM).
2. 3amepeueHHs (YHKIIT 3MiHIOE 3Ha4YeHHA (YHKLII Ha MPOTWIEKHI. SK HACHIIOK,
nepeBepHyTHH micis 1-To KpOKy CTOBIEIb MOTPIOHO iHBepTYBaTH (BCi 3HAYCHHS 3aMiHUTH
Ha iX 3amepedeHHs), TOOTO BiOyBaeThCsl 3anepedeHHs QyHKINT, OTpUMaHOi Ha 1-My Kpoiri
AITOPUTMY.
Mpukaag 15. Tus dynxuii f= (X v(y®z))d (y>xZ) i3 npuxnagy 5 i npuxmagy 8
3anucary TabaMIo ABOICTOl (DyHKIIIT.
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Pose’azanna. B npuxinazi 8 miis niel pyskiii 0yno nodynosano tTabnuito KBaitna ra orpumano
IIICYMKOBHI CTOBITCIIh 3HAYCHB Ii€l PYyHKINT HA BCiX HaOOpax 3Ha4YeHb 3MIHHUX. CKOPUCTAEMOCH
1€ TaOTUIIEIO JIJIS TIOIAJIBIINX MTOOY/I0B.

N[>y ]z £ | 78 [re=0D
0[ofofe| o | 1T o0
1 oo ]| o\ ]/0 T 1
2 o[ 1o ] o\[/0 T 1
3o || o \/fo T 1
4t o|eo| o7 /h0 T 1
5 1o 1] o/[\\o 1
6 | |+ || of/|\o 1
722 ][ 17 ] o= 1

TakuM yuHOM, TabMM4HE 330aHHsA (QyHKIIT, 1BoicTOI 10 movyaTtkoBoi (yHkii f, Oyae maTu BUIIISAA
*=(01111111).

Bionosion. *=(01111111).

[Tpu 11bOMY CJTi/T 3a3HAYUTH, 110 TOTOXKHA QYHKIIisI (CeeKTOp) X Ta 3anepedeHus (iHBepcis) X
€ IBOICTHMH KO>KHa 10 camol cede.

Ne x |[f&~|x* | f=x| (x)*
Haoopy

0 o 0 0 1 1

1t |t |17 | o7 0

5.3. Ilpunmun aBoicTocCTi

Tpertiit MoxxnuBHii crioci® MoOyA0BHU 1BOICTOT popMynn A PyHKIT, AKY 331aHO aHAJIITUYHO,
IPYHTYETHCS Ha IPUHLUII TBOICTOCTI.

Osnauenns. ®opmyna F* HasuBaetbes 0goicmoro do ¢opmynu F, sxmo ii orpumano i3 F
3aMIHOIO0 CHMBOJIIB OTIEpaIliii Ha CAMBOJIM IBOICTHUX JO HUX OTIE€paIliif.

Teopema 2 (npunuun oeoicmocmi). @opmynosanns. Skmo dopmyna F 3amae OyieBy
dyuxiio f(xq, ..., Xp), TO ABOicTa M0 Hei popmyna F* 3amae mBoicty dynkmiro f*(xq, ..., Xp)
[15, 16].

Jlosedennsi. 3a ymoBow Teopemu, hopmyna F 3amae OyneBy dynkmito f(xq, ..., X,). 3a
o3HavyeHHsIM popmynu F maemo cynepmno3uiriio:

F=1(x1, ce0s X0) T (F1 (X1, coes Xn)s voes frn(X1y coes X0))-

PosrnsiHemo 1BoicTy 10 Hel popmyiy:

F* = P51, e %) = G5 (F1(X10 200y X))y woes frn(X1s ooy X)) =

(3a osnauennsam dgoicmoi gynryii ons fi* (x4, ..., x,), iI=1,m)

= G (f {1 o Xn), wves [ (Fs oo X)) =

(3a osnauennsim 0oicmoi ¢ynxyii ons 9(fy, ..., fm), 1I=1,m)
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=BF1 @1 oo Xn), woes Fn(®s, v X)) =

(3a 3axonom noOGitiHO20 3anepeyenns)

= E(fl(ily ooy En)a eee fm(fly cee En)) = f(fla cee En) =
(3a o3nauennsam dgoicmoi gynryii ons f(xq, ..., x,))
=% (X1, eees Xp)-

Teopemy noBeaeHo.

Takum ymHOM, TIpU MOOYAOBI JBOICTOI (POPMYNHM 3a MPUHIMIIOM ABOICTOCTI HEOOXIITHO
pyxartucs BiJ 30BHIIIHIX (QyHKIH 10 (yHKIIN, 10 BUKOPUCTOBYIOTHCS SK apIyMEHTH 30BHIIIHIX
¢byHkiii (Bix ocTaHHIX omneparliii popMyiH 10 OYaTKOBUX ), TOOTO pyXaTHUCs JEPEeBOM IiadopMyIa
3BEpXY BHU3.

3 ypaxyBaHHSIM BCBHOT'O CKa3aHOTO, MOKHA 3HAWTH JBoicTi omepauii [uis Bcix OiHapHHUX
orepariiiii OyneBoi anredpu:

(fvo =fveg=fg=fng;

(FAg=fAg =fvg=vg;
(frg=f~g=FOg=fgVvig=Fg-Vvig=rog;
fo*=f@g=f~g=fgVF rgpery

(tlo=f/g=fFg=fveg=rlg.

TakuM UMHOM, MOKHA BUAIJIATH HAPpU onepauii, 060icmux 00na 00 00HOT.

Ou3 1OHKYIA ma KOH TOHKUYIs

(fvg*=f*aAg*; (fag*=fvg*;
eK8IBaNIeHYISL MA CYyMA 3 MOOYAeM 2

(f~g)*=@g*;, (f@Q)*=F~g*;

IMRAIKayis ma 3anepeqyerts peniikauii

(f>0r =g+

3anepeyents IMnaikayli ma penaikayis

fe<Qg*=g*>1f*;
cmpinka Ilipca ma wmpux Lllecpdhepa

(fdg*=t/g*; (flg)y* =1 g*.

Mpuknan 16. [lns dysxuii f= (X v (y @ 2)) ¥ (y > XZ) i3 npuxnagy 5 ta npuxiany 8 3uaiitn
ABOICTY 110 HEl, KOPUCTYIOUYUCH IPUHIIUIIOM JIBOICTOCTI.
Po36 ’sa3anns. BUKOPUCTOBYIOUHM OTPUMaHI Mapy IBOICTUX OHEpalliif, MOKHA 3aIiCaTH:
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= (@v (@) (> xD)* =
=@V (y @ 2)*/ (y > xD)* = (@* (y @ %)/ (B)* - y*) =
=@~ 2N (V@) ) =@ ~2)] (xv7) ).

Le#t camuii pe3yabTaT MOKHA OTPHUMATH TAKOXK 1 CXEMATUYHO, SKIIO CKOPUCTATHUCS JEPEBOM
nigdopmyn. s miei pynkuii oro Oyao oTpuMaHo B MPUKIIAAL 7. 3 ypaXyBaHHSIM TOTO, IO CEIEKTOP
(x) 1 3anmepeuenns (x) € nBoicTHMU caMi 10 cebe, MaeMo:

f=@@¢\(v—>xi) =@ @~2)/((xvZ)«y)
xvipy®z) yo>xz — fmv\fﬁ—y
AN : AN /9N
x ybz y o x X y~z XVZ y
SN AL
y zZ X Z

z
A A
y z X z
Jlai 1ieit BUpa3 CipoInyeThest 3 BUKOpUCTaHHAM piBHOcTel (1) — (21).

=@ y~2)/((xv2z)e<y)=
=(x(yzvyz)/(xvz)y)=(xyzvxyz)/(xyvyz)=

=(Xyzvxyz)(xyvyz)=(xXyzvxyzvxyvyz=

=xyzxyzvxyyz=(xvyvz)(xvyvz)v(xvy)(yvz)=
=(xvyvz)(xvyvvxvy)yvay=
SXXVXYVXZIVXYVYYVYIVXZVYZVIZVXYVXIVYYVYZ=
SXVXYVXZVXYVYIVXZVYZVXYVXIVYVYZ=
SXVYIVXIVY=XVIVYVI=XVYVZ.

Bionosiob. f* =xvyvz.

Sk BuaHO 13 npuknagiB 14 1 16, ans Tiel xx camoi ¢yHKUii B pi3Hi criocodu Oyja0 OTPpUMAaHO
oJHaKoBY J1BoicTy popmyny. OnHak, 1ie He 3aBAu Tak. Lle BUIuMBae 3 TOro, 1o pi3Hi Gopmynn
MOXYTh 3aiaBaTu (peai3oByBaTH) OJHY U Ty *k camy (QYyHKIiI0. PiBHICTh IMX PIi3HHUX JBOICTHX
bopmyn nepeBipseTbest ab0 3a JOMOMOTOI0 TOTOKHHX MepeTBOpeHb (07Ha GopMysia 3BOTUTHCS 10
iHII01), a00 3a JOMOMOTO MOOYAOBH JUIs HUX Tabiuib KBaiiHa i BCTAaHOBJICHHS X PIBHOCTI Ha

OJIHaKOBUX Habopax.
Teopema 3 (Hacaigok i3 npuHIMNIy ABOicTOCTI). Popmyniosanns:. Skuo Gopmynu Fq i F,

PIBHOCHITBHI, TO ABOICTI 10 HUX popmynu F i F; Takox piBHOCHIbHI [15, 17].

Hosedenns. PiBHOCHIBHI opmynu Fq 1 F, 3a1ai0Th OgHY W Ty K caMmy OylieBy (PyHKIIiO
f(x1, .+.s X5). OTKe, 32 IPUHIMIIOM JBOICTOCTI, JBOICTI J0 HUX hopmynu F; i F5 Takox 3aat0Th
OJIHY ¥ Ty X camy aBoicTy 10 QyHkKIii f(xq, ..., X,) dyskmito (x4, ..., X,). Sk Hacnigok, popmynn
F7 i Fytakox € piBHOCHIbHUMU. Teopemy 10BeeHO.

I3 HaBenenux MetoziB MoOyAOBH MBOICTOT (PYHKIII METOM, 3aCHOBAHHWM Ha BUKOPHUCTAHHI
MIPUHITUITY ABOICTOCTI, 3Aa€ThCs HaOLThII ckimaguuM. OTHAK, 1€ HE 3aBXIU TaK. Bce 3a/IeuTh Bifg
cksaaHocTi (cTpyKTypH) moyatkoBoi Gopmynu. Hanpukian, skmo noyatkoa Gopmyia He MiCTHTh
IHIIMX omeparii, KpiM OyneBux (In3’IOHKIIIM, KOH FOHKIIi Ta 3amepedyeHHs, IO BiJHOCUTHCS
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0e3mocepeIHbO 70 3MIHHOI), TO 3aCTOCYBaHHS MPUHIUITY JBOICTOCTI 3BOJUTHCS O 3aMiHU
U3 FOHKIIT HAa KOH FOHKIIIO Ta KOH FOHKIII Ha W3 IOHKINI0. 3amepedeHHs, sK I BHUIUIUBAE 13
HaBEJICHOI TAOJIMIIi, PU ITIbOMY 30€pIraeThes.

Buxonas4u i3 BChOTO BHIIECKA3aHOT0, MOJKHA HABECTH HACTYIHY CXeMy IOOYIOBH JIBOICTOI

dbopmymu:

Qyukuilo f 3axaHo ®yukuiro f 3axano
AHAJITHYHO TaGIHYHO

| ! !

3a o3na- 3a npuHIENOM 3a rabaunero
YeHHAM JIBoICTOCTI 3Ha4YeHb
AnajgiTuununii 3anuc Tabauunuii 3anuc

apoictoi Qynkuii f* aBoicroi ynkuii f*

Puc. 6 — Cxema moGynoBu aBoicToi (yHKmii

Taxum unHOM, A pyHKLIT, 3a1aH0T TAOIUYHO, ICHYE €IMHUNA METOJI MOIIYKY ABOiCTOI GYHKIIT — 3
BUKOpHUCTaHHSIM TaOymii KeaitHa. [IpupoaHo, 1m0 ABoicTy (QyHKIIO TIPH IIOMY TaKOX OyJie 3a1aHo
BHUKJIFOYHO TaOMWYHO. SIKIIO X (PYHKINIO 3a/1aH0 aHAIITUYHO, TO JUISl HEl € JIOCTYITHUMH BCi TpHU
cIrocoou.

6. HOPMAJIbBHI ®OPMU

6.1. /In3’roHKTHUBHA HOpMaJibHA opma (JHD)

O3nauenns. Jloriaamii 10OYTOK ACKUTBKOX 3MIHHHX, B3STHX 13 3amiepeueHHsIM abo 0e3 HbOTO,
HA3UBAETHCS eleMeHmMapHolo KoH tonxyicio [19].

Koxna 3MiHHa abo T1i 3amepedyeHHs MOXK€ MICTUTUCS B JaHIH OKpeMid eneMeHTapHI|
KOHIOHKI[iT He Oumbllle, HIX OAWH pa3. Hampukian, Bupasu Xq Xz, X1 Xz X3, X Z, XYZ €
eIEMEHTAPHUMH KOH FOHKIIISIMH, a BUPa3u X ¥, X Y V X Z - Hi, TOMY 1110 B 1-My BHpa3i 4ieH X Y Mae
CIUIbHE 3allepeueHHs, a B 2-My € 3HaK U3 FOHKIII].

Teopema 4. @opmynosanns. EnementapHa KOH FOHKIIIS TOPIBHIOE OAWHUIN TOJI1 M JIMIIIE TOI,

KOJIM 3MiHHI, 1110 BXOJATH M0 ii CKJIaay i3 3anepeueHHs M, 10piBHIO0TE 0, a 3MiHHI, 1110 BXOASTH J0 il
ckyaay Oe3 3amepedeHns, 10piBHO0OTH 1 [4, 5].

/logedenns. Y BUMAAKY, KOTU B €JIEMEHTApHIA KOH IOHKIII 3MiHHI 13 3amepeyeHHsIM
npuiiMaroTh 3HaueHHs 0, a 3MiHHI 0e3 3amepedeHHs — 3HadeHHsA 1, To, B CuiIy TOro, II0 0=1i
1 A x = x, KOH IOHKIIiSl BCIX 3MIHHUX OYy/i€ JOPIBHIOBATH OJUHMUIIL. Ternep npumycTumo, 1110 B 3aJaH1i
eJIeMEHTapHIM KOH IOHKIIT Xo4ya O 0o/Ha 3MiHHA 13 3allepeueHHsIM JOpiBHIOE 1 13 sKOoroch HaboOpy.
Toni 1e 3amepeyeHHsT 3MIHHOI B CHJTy TOTO, IIIO 1= 0, 6yne nopisHtoBatH HY/I0. [losiBa Xo4a O
OJHOTO HYJNIi B KOH'IOHKIII 3MIHHUX Yy BiamoBigHocti 3 BiactuBicTio 0 AXx =0 mpusBene a0
HYJIbOBOTO 3HAueHHS Bciel KoH'toHKUii. [Ipumyctumo Ttemep, mo xoua 6 ojHa 3MiHHa 0e3
3amepedeHHs1 crana nopiBHioBatH 0. Tomi y BiAMOBIAHOCTI 3 BiacTuBicTiO KOH tOHKIIT 0 Ax =0
KOH " TOHKIIisl 3MiHHOT, 110 cTaia TopiBHIOBATH 0, 3 peITOro 3MIHHUX, HE3AJIC)KHO BiJ iX 3HAYCHB, Oy/Ie
JOPIBHIOBATH HYJ0. TakuM YMHOM, eJIeMeHTapHa KOH FOHKIIIS JTOPIBHIOE OJIMHHMIII JIUIIE B OJTHOMY
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€IMHOMY BUTIA/IKY, KOJIM BC1 3MiHHI, III0 BXOASTH 0 i1 CKIIaay i3 3amepedeHHsM, 1opiBHO0TH 0, a Bci
3MiHHI, III0 BXOAATH JIO ii CKIIaay 0e3 3anepedeHHs, 10piBHIO0Th 1. TeopeMy poBeaeHo.
Hacainok i3 Teopemu 4. KoxHili eneMeHTapHIN KOH IOHKIIIT BIAMOBIAa€ OJUH 1 JIUIIE OJUH

Ha0Op 3Ha4YEeHb 3MIHHUX, IO BXOAATH IO il CKJIa/y, Ha SKOMY L KOH IOHKIIisS JOPIBHIOE OAMHHMII. [3
TeopeMH 4 BUILIMBAE, [0 TAKUM HAOOPOM € HaOOP, B IKOMY 3MiHHI, III0 BXOASATH B JJaHy €JI€MEHTapHY
KOHIOHKIIIO 13 3amepedeHHsM, A0piBHIOIOTH 0, a 3MiHHI, IO BXOAATH B JaHy €JIEMEHTApHY
KOHIOHKIIIIO 0e3 3amepeueHHs], JOpiBHIOOTH 1.

Hanpuknan, Habopom 3Ha4eHb 3MIiHHUX (X1, Xz, X3), Ha SIKOMY €JIEMCHTapHA KOH IOHKIIiS
@ =X Xz X3 =1, Gyze nabop (011), tomy mo =0 A1AL1=1A1AL1=1. Leit nabop Gyue
€IMHUM, TOMY 110 OYAb-SKHi IHIIHI HA0OP MEPETBOPIOE €TIEMEHTApHY KOH IOHKIIIIO @ B HYJIb. SIKIIIO,
CKa&)KEeMO, 3MiHHI X1 , Xy , X3 TpuiAMyThb, BignmoBigHo, 3HadeHHs 0, 0 1 1, To
¢=6A0A121A0A1=Q

Teopema 5. @opmynrosanns. JIJis KOKHOTO HAOOPY 3HAYEHB 3MIHHUX ICHYE OJ[HA 1 JTUIIIEC OJTHA
CKJIaJICHA 3 HUX eJICMEHTAapHA KOH IOHKIIis, 1110 JOPiBHIOE oauHmLi [19].

/losedenns. 3adikcyeMo NOBUIbHHMI HAa0Op 3HAUY€Hb 3MIHHUX 1 TMOOYAYEMO e€JIeMEHTapHY
KOH IOHKIIIFO, IO JIOPIBHIOE Ha IbOMY HaOopi oxwHwmii. lle o3Hauae, MmO B il eleMEHTapHIN

KOH IOHKIII{ KO)XHOMY HYJI0 HaOopy OyJe BIiANOBiZaTH OJIHA 3MiHHA 13 3allepeueHHsIM, a KOXKHii
OJIMHUIIl HA0OPYy — OAHA 3MiHHA 0e3 3amepedeHHs. by/ib-sKka iHIlIa KOH FOHKI[IS TUX CaMHUX 3MIHHUX
Oyze BiApi3HATHCS HAsBHICTIO a00 BIJCYTHICTIO 3amepedyeHHs xoua 0 B ofHii 3minHii. le o3Hauae,
mo abo X; MEePETBOPIOETHCI B X;, a00 X; MEPETBOPIOETHCSA X; . B pe3ynbraTi eleMeHTapHa
KOH IOHKIIiSI CTaHe JIOpiBHIOBAaTH HY/II0. Teopemy 10BeeHO.

O3nauennsa. JloriuHa QyHKIS, SKYy IOAAHO W3 FOHKINIEIO €JIEMEHTAPHUX KOH’ FOHKIIIH,
HA3UBAETHCS OU3 TOHKMUBHOIW HOpMaibHOoI0 (hopmoto (THD) [8].

Hanpuknan, Xy v xy z — JIH®, Tomy 110 BCi yMOBH, 1110 BUCYBaroThCs 10 JIHD, BUKOHAHI;
xzZ vxXy — ve JH®, toMy mio 3amepeucHHs BiJHOCHTBCS JO KOH FOHKIIi 3MIHHHMX, a HeE
0e3nocepeIHbO 10 3MIHHUX; ¥ Z — X Y Z - He JJTH®, Tomy 110 dopmyna MicTUTh HEOYIIEBi onepaitii.

Anzopumm npueeoenns Qynuxuii 0o IH® ananimuunum wiaxom [4]:

1. Sxmo novarkoBa popmyrna MiCTUTh HEOYJIEBI omepallii, TO BOHH MONEPETHBO BUPAKAIOTHCS
yepe3 /113 FOHKIIII0, KOH FOHKIIIO Ta 3alepeyeHHs.

2. 3a pomomororo 3akoHiB e MopraHa ¢opMyna 3BOAUTHCA 0 TAKOTO BUIIISAY, 1100 3HAKH
3arepedeHHs BiTHOCUITUCS JIUIIE 10 OKPEMUX 3MIHHHX.

3. Ha ocHoBi 1-ro 3akoHy JAUCTpUOYTHBHOCTI (opMyna 3BOAWUTHCS A0 M3 FOHKIIT
eJIeMEHTapHUX KOH FOHKITIN.

4. OTpuMaHuU{ BHUpa3 CIPOLIYETHCS Yy BIANOBILAHOCTI 13 3aKOHOM 1JE€MIIOTEHTHOCTI Ta
BIIACTHBOCTSIMU 3aITePEUCHHS.

Hpuxaag 1/7. 3uaiitu JHO pyskmii
f=x®yv(yli).
Po3e’azanns:
f=x@yv iyl =(X~Y)VYVZ=(XYyVXY)VYZ=XyVvxyVvyZz=JTHO(.
Bionogiob. TH®(f) =Xyvxyvyz.

O3nauennsn. Ynenn JIH®, mo € eneMeHTapHUMH KOH FOHKIsiMH K JiTep, Ha3MBarOThCS
minmepmamu K-mozo paney [1].
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Hanpuknan, mist Gyskii (X, Y, Z) KOH’IOHKITSN X Y — MiIHTEpM 2-TO paHry, a X y Z - MiHTepM 3-
IO pPaHry.

3a JIH® ¢ynk1ii Mo)kHa BU3HAYUTH 00J1aCTh ICTUHHOCTI YHKIIIT, 1, TAKMM YAHOM, BITHOBUTH
il TabmuIr0 iCTUHHOCTI. B cuiy TOro, MmO W3’FOHKINS JOPIBHIOE OJWHMIN, KOJIHM X0o4da O OfuH
113’ IOHKTUBHHUN JOJJAHOK JOPIBHIOE OMUHUIN, oOnacTh ictuHHOCTI JJH® nopiBHIOE 00’€IHAHHIO
obmacTeil iICTUHHOCTI 1i eJeMeHTapHUX KOH FOHKIIH. [lignmumemo mix KOXKHOIO eIeMEHTapHOIO
KoH toHKIi€t0 JIHD 3HaueHHS 3MIHHUX, TIPH SIKUX I €JIEMEHTapHA KOH FOHKITisl JJOPIBHIOE OJIMHUIII
(BimMmivarouu 3ipOYKOIO BiAICYTHI 3MiHHI). Tak sIK 3aMiCTh «*» MOKHA IIOCTABUTH OY/Ib-5Ki 3HAYECHHS
(0 abo 1) BimcyTHBOI 3MIHHOI, TO I KOKHOI €JeMEeHTapHOI KOH IOHKIII MOYKHA BHITMCATH ITOBHI
Ha0OpU 3MIHHUX, HAa SKUX BOHA JIOPIBHIOE OAWHMIN. [Ipw mboMy pi3HI eleMeHTapHI KOH FOHKIIIT
MOXXYTb JIOPIBHIOBaTH OJIMHHUII Ha OJTHAKOBHX HabOopax. [IpupoHo, 10 001aCTi ICTHHHOCTI KOKHUI
TaKuii HA0OP BXOUTH JIUIIIE OJIUH Pa3.

Hpukaanx 18. BignoButu obnacte ictuHHOCTI 171t GyHKUii f =Xy Vv Xy zZ v Z.

Po3é’azanna. TH® 3ananoi GyHKIIT CKIaIAETHCS 13 TPHOX €IEMEHTAPHUX KOH FOHKIIIH, KOXKHA
3 SKHX MICTHTh Pi3HY KUIBKICTh 3MiHHMX. OTKe, 17 KOKHOI 3 LIHUX €JIEMEHTAPHUX KOH IOHKIIIN
OynyTth 3adikcoBaHi 3HAYCHHS Pi3HOI KUIBKOCTI 3MiHHUX. [yl KOH IOHKINT X ¥ dikcyerbes x = 1
(3MiHHa X BXOJIUTh B JIaHy €JIEMEHTapHY KOH IOHKIIiI0 0e3 3anepeueHHs) i y = 0 (3MiHHA y BXOJUTDH B
JaHy eJeMEHTapHy KOH FOHKIIIIO 13 3amepedyeHHsAM). 3MiHHA Z B JaHiil eJIeMCHTapHiil KOH FOHKII
BiZICYyTHSI, TOMy ii 3HaueHHS He (IKCYyeTbCs, TOMY IO BOHO HE BIUIMBAE HA 3HAYCHHS Ili€i
eJIEMEHTAPHOT KOH FOHKIII. EjeMeHTapHa KOH FOHKIIIS X Y Z MICTHTB BCi 3MiHHI, BiJ] SIKMX 3aJICKUTh
3amana ¢yHkmis. OTKe, M7 1i€l eleMeHTapHOI KOH IOHKIIT OyayTh 3adikcoBaHi 3HAUYEHHS BCIX
TPhOX 3MIHHMX B 3aJI)KHOCTI BiJl HasgBHOCTI y HuX 3amepedeHb. x =0, y=1, z=0. Ocranusa
eJIEMEHTAapHAa KOH FOHKINSI CKJIAAaeThCsl 13 €nuHOi 3MiHHOI Z. OTxe, Ui wi€l eleMEeHTapHOl
KOH 1oHK1II{ Oyze 3adikcoBaHe 3HaYCHHs JIMIIE 111€1 3MiHHOI. 3HAUYeHHS 3MIHHUX X 1y Ha 3HAYCHHS
i€l eleMeHTapHO1 KOH IOHKI[II HEe BIUIMBAIOTH 1, SIK HACHIJOK, He (ikcyroThes. [Ipouec momryky
HaOopiB 3HAUYeHb 3MIHHMX, Ha SKHUX 3aJaHa (yHKIisS Oyae JOpPIBHIOBATH OJMHHUII, TOOTO MOULIYK
001acTi ICTUHHOCTI 3a/1aH01 (DYHKIIIT MOXKHA MOJATH Y BUTJISII HACTYITHOT CXEMH.

f=xy vxyzv =z

10 * 010 ** 1
100 010 001

ao D

111

I3 moganoi cxemu BUIHO, 1110 P13HI €IeMEHTapH1 KOH FOHKI[IT MOXKYTh IPUHAMAaTH OJJMHUYHE 3HAUECHHS
Ha OJIHaKOBUX Habopax. Hampukiaz, i eneMeHTapHa KOH IOHKIIS X Y, 1 eleMEeHTapHa KOH FOHKIIis
X Yy z Ha nabopi (101) — obuaBi OynyTs gopiBHIOBaTH oauHUIN. Lle AyOnroBaHHS HE MOPYIIYeE
PIBHICTh OJUHHMII Ha IbOMY Habopi camoi ¢yukuii f. [lo obmacti ictunHOCTI QyHKIIT T 11eit Habop
BBilifie oMH pa3. TakuM YMHOM, 13 OTPUMAHOI CXEMH MOXXHAa BUITMCATH BCIO 00JIACTH ICTUHHOCTI
3aJ]aHo1 (PYHKIIII:
OI(f)={(001),(010),(011),(100),(101),(111)}.
Bionosion. OU(f) ={(001),(010),(011),(100),(101),(111)}={1,2,3,4,5,7}.

O3nauenns. llionecenns 0o cmynento OyaeBUX 3MIHHUX BU3HAYA€ThCs hopmyiioro [6]
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0 = x, 0=0,
x, o=1.
I3 bOro O3HAYEHHS BUILUIMBAE, IO
x°=XoVvXo0.

Teopema 6 (npo du3’onKkmugHul po3Kna0d 3a CYKynHicmio 3minnux). @opmyniosanus. Bynb-

sky OyneBy dyHkiito npu Oyas-skomy 1 < K < N Mokna mogaru dopmysioro [6, 8, 16]
f(xy, x5, o, x,) = \/ X1t x5t X f(01, 0 ) Ofy Xpp1s s Xn) -
01,02,...0|

Jloseoenns. PosrissHeMo NOBiIbHMI Habop & = (aq, d3, ..., &, ) 3HAYCHb BCIX 3MIHHHX
¢bynkuii f(xq, x2, ..., X,). [Ipu migcranoBui 10 Bka3aHoi GOPMYITH LIEOTO HAOOPY OTPUMYEMO:

flay, az, ..., &) = \/ a' ay? - ..-ay f(04, 02, ., Ok Qg1 o) Q) -

01,02,...0

. g O g : g
Kon’roukuis @' @,” ... a;* obepraeTbes B Hyilb, SKIIO X04a O O/MH 3 KOH'IOHKTIB ;' =0,

1= 1,k I3 o3HayeHHs IMAIHCECCEHHSA 0 CTyr[eHIO 6yneB01 3M1HHO1 BHIIIMBA€, II10 ai‘ = 0, KOJIHn
o1 g2 Ok — : . o . o
a,- * O'l'. HpI/I LII)OMy al az cee ak - 0, TOMy BIAIIOBIAHUU JIOTTYHHUU JOHAHOK (eﬂeMeHTapHy
. . o
KOH’IOHKI_IIIO) MOXHa BII[KI/IHYTI/I. IHaKH_Ie, KOJIN ai = O'i , MaeEMoO ai b= 1 Taxkum YUHOM,
Ok _

g1 02 : —
a' @y’ ... a =1 nuwe toni, konu (@, Az, ..., k) = (01, O3, ..., O). 3 ypaxyBaHHAM 11bOIO,
JUIS1 IPaBOT YACTHHU PIBHOCTI MAEMO:

o1, .02 . . %k . —
\/ all ay? .. ay f(04, 03 o, Ok Qpyry s Ay) =
01,02,...,.0f
— ag . a . . (2973 . —_
=a;' - a; aif-flay, az, .., Ay, Apyq, -, Ay) =

=1 Af(ay, ay, ..., a,) = f(ay, as, ..., a,).

B cuny Toro, o Habop 3HaYeHb 3MIHHUX & 0OMpPaBCs TOBUIbHO, BKa3aHUH PO3KIIaj] Ma€ Miclie
Ha Oy/b-sikoMy HaOopi 3Ha4YeHb 3MiHHUX QyHKIT f(X1, X3, ..., X;,). Teopemy noBeneHo.

Hacainok 1 (0u3’ronkmuenuii po3xiad 3a oouicio sminnoio). JIns posxinaay 0yneBoi QyHKIIil
f(xq1, X2, ..y X,) 32 3MIHHOIO X; Ma€ Miciie popmyia:

f(x1, X2y eees Xi— 1y Xjy Xig1y eoe xn) =
= X f(xl, X2, eees Xi_1, 1, Xit1y eoe s xn) Vfl" f(xl, X2y eees Xi_1, 0, Xit1y eoe s xn).

Hacainok 2 (0u3’ronkmuenuii po3xnad 3a eécima sminnumu). J{ist po3kiany 0yiaeBoi GyHKIil
f(xq1, X2, ..., X,) 32 BCiMa 3MIHHUMH Ma€ Miciie popmyJa:

f(xy, x2, ., xy) = \/ xit-x52 - xgt e f(0q, 02, o, ).

01,02,...,.0n

[Tpu 1poMy € oueBuaHUM, 110 K110 (X1, X2, ...y Xp) # 0, TO

— 01 02
f(xq, x2, o, xy) = \/ X7t xg Xy
01,02,...0n
f(o1,02,...0p,)=1
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Hpukaax 19. s dysxmii f(X,y,z, 1) =(xVvyZz)t 3HaiiTd 1U3’IOHKTUBHHI PO3KIIAT 3a
3MIHHUMMU X 1 Z.
Pos36’azannsa. BUKOpUCTOBYIOUYH TeOpeMy 6, OTpUMY€EMO:

fG 3.2 0= \[ i -af - flon v, 05, 1) -

01,03
=xzf(0,y,0,)vxzf(0,y, 1L, t)vxzf(lvy,0t)vxzf(ly,1Ht).

OO6urcnMMo BKa3aHi 3HAYCHHS (YHKITIT:

£(0,y,0,) =(0vy -0)At=Tvy 1At=1-t=0-t=0;

f0,y,1,)=(0vy D) At=Tvy OAt=1-t=0-t=0;
f(1,y,o,t):(m>m:mm:7t;

f(l,y,1,t)=(T}I-I)At:m/\t:6-t:l-t:t.

[TincTaBnsroun OTpUMaHi 3HaUeHHS (QYHKIII 10 (GOopMyTu AW3’ IOHKTUBHOTO PO3KIANy 3a
3MIHHUMH X 1 Z, OTPEMY€EMO:

fx,y,2,t)=xz-0vxz-0vxz-ytvxz-t=xzytvxzt,.

Bionosios. f(X,y,z,t)=xzytvxzt.

6.2. JJlockonasa Au3’IOHKTHBHA HopMmaibHa ¢opma (JJHD)

O3nauenna. Jloriuna QyHKIis N 3MIHHUX, IO JOPIBHIOE OJUHUIII JIUIIE HA OJTHOMY iX Ha0opI,
HA3UBAETHCS KoHcmumyenmoro oounuyi [19].

Teopema /. @opmynosanns. EnementapHa KOHIOHKIIS BCIX N 3MIHHUX, IIO0 BXOIATH 10
¢byukuii f, € koHCTUTYeHTO!O oMHMII [4].

/logedenns. Y BIANOBIAHOCTI 3 HACIIKOM 13 TeOpeMH 4, eleMeHTapHa KOH FOHKI[IS JOBUIBHOT
KUTBKOCT1 3MIHHUX JIOPIBHIOE OJMHMIII JIMIIIE HA OJTHOMY HaOop1 mux 3MiHHUX. OTXKe, 1 KOH FOHKIIIS
N 3MIHHUX JTIOPIBHIOE OJIMHMIII JIUIIIE HA OJTHOMY Ha0Opi iX 3HaueHb. TeopeMy 10Be1eHO.

Teopema 8. @opmyniosanns. KinbKicTh KOHCTUTYSHT OJJMHHUII N 3MiHHKX J0piBHIOE 2™ [8].

J{osedenns. KinpkicTh HAOOPIB 3HAUEHB I N 3MIHHUX JOpiBHIOE 2™, a KOXKHOMY Habopy, 3a
TEOPEMOIO O, BIJNIOBIA€ OJ1HA I JIUIIIe OJHA KOHCTUTYeHTa oquHuIll. Teopemy noBeaeHo.

TakuM yuHOM, AN Oyab-sAKOi (QYHKIIT iCHYye B3a€MHO-OJHO3HAYHA BIAMOBIAHICTH MDK il
KOHCTHUTYEHTaMHU OJWHHMII 1 HaOOpaMH, Ha AKUX 10 QyHKIi0 3axaHo. Hanpukman: ms f(X, y, z, t):
XyZt=1mnamnabopi (010 0); mabopy (00 0 1) Bigmopinae koHcTUTYeHTa X Y Z t = 1; BUpa3z X y t
B3arajii He € KOHCTUTYEHTOIO Ui i€l QYHKIIT, TOMY LII0 B HbOMY BIJICYTHSI 3MiHHA Z.

O3nauenna. SIK1I0 B KOXKHOMY WIE€HI HOPMaJIbHOT (POPMH MICTATHCS BC1 3MIHHI B IPSIMOMY a00
B iHBepcHOMY BHIUIsAl, (TOOTO i3 3amepeueHHs abo 0e3 HBOro), TO Taka (opmMa HA3UBAETHCS
O00CKOHANO010 HOPMATbHOIO (hOPMOIO.

O3nauenna. JIn3’1OHKIIS KOHCTUTYEHT OJMHMIN, IO JOPIBHIOE OJMHUII HA THX CaMHX
Habopax, 110 i 3a1aHa YHKIIS, HA3UBAETHCA OOCKOHANON OU3 TOHKMUBHOIO HOPMANLHOW (OPMOIO

(AAHD) [19].
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Teopema 9. @opmyniosanns. bynp-sika noriuna ¢ynkuis f, kpim koncrantu 0, B enuHuN

croci6 moske 6ytu moganoro B JJITH® [13, 17].

Hlosedenns. Jliticno, Oyab-sika joriuHa GpyHkiis f xapakrepusyerbes tum, 1o Ha K (1<k<2")
Habopax BOHA JOPIBHIOE OAMHUII, a HA PelITi Habopax — Hymo. KoHCTHTyeHTa OIMHUII JOPIBHIOE
OJIMHMIII JIUIIIE Ha OJTHOMY €IMHOMY Ha0Opi, a Ha pemTi Habopax MpuiiMae HyJIbOBE 3HaYCHHS. ToMmy
SIKIIIO BC1 KOHCTUTYEHTH ofauHuI K l-l, = 1,_k, 10 JIOPIBHIOIOTH OJIMHUII HA TUX cCaMHX Habopax, 1o
i joriuHa (yHKIsA, 00’€IHATH 3HAKOM M3 FOHKIII, TO y BiAMOBIAHOCTI 13 mpaBmioM 1lvx =1
¢bynukuis f Oyae 1opiBHIOBATH OAMHUII HAa THX CaMUX HAOOpax, M0 i KOHCTUTYEHTH OAMHUII. B Toi
e vac ¢yukmis T Oyae MOpiBHIOBATH HYIIO, SIKIIO KOJHA 3 KOHCTHTYEHT OJHHHMILI Kil He Oyne
JOPIBHIOBATH OJJUHMUIII, 1110 MOKJIMBO JIMIIIE 32 HASBHOCTI HA0OPiB 3HAUYEHb 3MIHHUX, 1[0 HE HAJICXKATh
70 KOIHOI 3 IUX KOHCTUTyeHT. lle o3naudae, mo Oyap-ska ¢yHkiis f Moxe OyTu mogaHo 3a
JIOTIOMOTOF0 JTU3 IOHKINI KOHCTHUTYCHT OJMHHII. Take MOJAaHHSA € €IUHUM, TOMY IO B IHIIOMY
BHIQJIKy MalOTh OYTH MPUCYTHIMHU ABI a00 OUIbIIE PI3HUX KOHCTHUTYEHT OJUHHUIII, 110 IOPIBHIOIOTh
OJIMHUIIl HA OJTHOMY U TOMY ) caMOMY Ha0Opi 3HaY€Hb 3MIHHHUX, 1110 y BIAMOBITHOCTI 13 HACHIIKOM
13 Teopemu 4 € HemoxumBuM. Koncranra 0 Ha Bcix Habopax JOpiBHIOE HYIO. ToMy 11 HEMOXKITHBO
MOJIaTH 32 JOMTOMOT'OK0 KOHCTUTYEHT ouHUIIl, T00TO B JI/ITH®. Teopemy noBeaeHo.

Buxonmsuu i3 goBeneHoi Teopemu 9, po3risHEMO 3a4a4y MOJAHHS JOTiYHUX (yHKUii B

JAH®. JIns i1 po3B’s3aHHS Tpeba CKIACTH U3 IOHKIKD KOHCTUTYCHT OJMHUIIL, IO JOPIBHIOIOTH
OJIMHUII HA THX CaMUX Habopax, II0 i 3a1aHa (QYHKIIiSA, 38 HACTYITHUM anroputMowm [4, 8]:
1. Bumnwucaru 3a KUIBKICTIO OJIMHUIIG B JIOT1YHIN (yHKIIT KOH IOHKIIT BCiX aprymeHTi Big 1-ro g0

N-10 1 3’€qHaTH 1X 3HAKAMHU O3 FOHKIT;

2. 3amucar MiJ KOKHOIO 3MIHHOIO 1i OMHUYHE a00 HYJIbOBE 3HAUEHHS y HAOOPi, 110 BIAMIOBIAAE
aH1 KOH FOHKII].
3. Hax 3mMiHHKMHU, 110 AOPIBHIOIOTH HYJIIO, TIOCTAaBUTH 3HAKH 3aIlepPEUCHHS.

O3nauenns. JlaHuii anroOpyUTM Ha3UBAETHCS 3ANUCOM N02TUHOL (hyHKyil no oounuysx [19].

Mpukaan 20. 3uaitta JJJIH® mis GyHkii, mo gopiBHIOe oauHuUIll Ha Habopax NeNe 0, 3, 7, i
JOPIBHIOE HYJIIO HA permTi Habopax 3HAaYeHb 3MIHHUX.

Pose’azannsa. pouec nomyky JJIH® 3aganoi GpyHKIil 3py4HO MpoBOAUTH TabauuHo. JlaHa
(GyHKILIA B CBOEMY CTOBIILI 3HaueHb Mae Tpu oauHuui. Orxke, i1 JJAH® Oyne cknagatucs i3 Tprox
KOHCTUTYEHT ofuHUI. /[ X moiryky yTBOPIOEThCS CTOBIICIb 13 TaK 3BaHUX «3aroTiBelby», AKi €
KOH IOHKIIISIMH BCIX 3MiHHUX. PsKu THX HaOOpiB, HA SKHUX JOCIHIIKyBaHa QYHKIisl JOPIBHIOE HYIIIO,
B Tabnui 3a¢apOoBaHO YOPHUM, TOMY 1110 B niporieci nomyky JI/IH® Bonu He 6epyTh yuacTs. KoxkHa
TaKa «3aroTiBJs» BIAMOBIJAE JIMIIE OJHOMY IEBHOMY HaOOpy 13 THUX, Ha SIKUX (PYHKIIIS TOPIBHIOE
OJMHHUII. Y BIAMOBIIHOCTI 3 IMMHU HAOOpaMU, B «3aroTiBJISIX)» PO3CTABISIOTHCS 3alepeueHHS Hal
3MIHHUMHU: HaJ HYJISIMU 3alepeyeHHs] CTaBJIATHCSA, OJUHMIN 3aiumIaloThes O0e3 3MiH. [loTim
KOHCTUTYEHTH OJMHUIl, OTPUMaHI B OCTAaHHbOMY CTOBIII TaONHIN, 3’ €IHYIOTHCS ONEpallisIMH
nu3’1oHKii. OtpuManuii 3anuc oyze sBistu coboro JIJIH® nocnimxyBanoi GyHKIIII.
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Taxkum unHOM, 114 i€l PyHKITT
JIH®(f=xyzvxyzvXxyLz
Bionosios. JJIH®(f)=xyzvxyzvXxyz.

AJie MOKITUBUH 1 3BOPOTHHI 00pa3 Jiit, TOOTO BITHOBJICHHS 00J1aCTi ICTUHHOCTI 1, BiIIIOBIIHO,
tabymii ictuHHOCTI QyHKHIT 3a 11 JJJIH®. [y mboro BUKOPUCTOBYETHCS AJTOPUTM, 3BOPOTHHI
3anmcy JorivyHoi pyHkuii no oMHUNAX!

1. Jns koxuoi koHCTUTYeHTH 13 JJJAIH® yHKIil BU3HAUNTH €1MHUI HAOOp 3HAYECHb 3MIHHHUX,
Ha SIKOMY JIMIIIe BOHA JJOPiBHIOE OJMHUII (3MiHHI i3 3alICpEUCHHSM JOPIBHIOIOTH HYJIIO, 3MiHHI
0e3 3arepeycHHst JOPIBHIOIOTH OAMHUIL).

2. Ha BigmoBigHux HaboOpax B CTOBMII 3HaYeHb (DYHKIIIT TOCTABUTH OJIMHHIII.

3. Ha pemri Habopax moCTaBUTH HYJII.

Ipukaan 21. BiggoButy TabIUIIO iICTUHHOCTI 1s GyHKIT, mogaHoi B JIJJHD:

JAH®(f) =XyzvXxyZvxXyzvxyL

Po3é’sazanns. Jlns po3B’s3aHHs Takoi 3aaayi OyayeTbesl Tabmuis, moAiOHa M0 Tiei, 110
BUKOPUCTOBYBaJIach sl po3B’si3aHHs npuknanga 20. JJIH® 3ananoi ¢yHkuii ckinagaerbes i3
YOTHUPHOX KOHCTUTYEHT oAuHuLi. OTxe, QyHKIiS B CBOEMY CTOBIII 3HAa4YeHb Oyne MaTh PiBHO
4OTUpHU OAUHHUIN. [3 moOymoBaHOI TaGNMIIl BUIHO BiJIMOBIIHICTh MK KOHCTUTYEHTAMH OJMHUII Ta
HabopamH, Ha SIKUX KOXHa 3 HUX MpUiiMae olMHUYHE 3HaYeHHs. B 11 BIANIOBIIHOCTI 6€pyTh y4acThb
qoTupH Habopu. B cToBnui 3HaueHb QyHKIIT HA LUX HaOopax CTaBiATbCA onuHULI. KimiTuHKM 11
pemrtn HaOopiB B Tabmumi 3agapOoBaHO 4YOpHHMM. B croBmui 3HaueHb QYHKIIT 11 Habopu

N|x|y|z| Ynenu JJH® | f
0|ofofo 0

3aIlIOBHIOIOTHCA HYJIISAMH.

1/0(0|1|xy:| XxYy
0 0 1 xyz 1
J|0o|1|1|xyz | ¥
011 xyz 1
511 1| xyz v
1 01 xyz 1
6 |1|1|0|xvyz Z
x xyz | 1

Takum unHOM, TaONMMYHE 331aHHS JaHOi QYHKIIIT Ma€e BUTIISA
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f=(01010110).
Bionosion. T=(01010110).

Onnak nonartu Jioriuny gyskiito B JI/IH® moskHa # B inmmii crioci6. ko skuiics wien JJHD
HE MICTUTh 3MIHHOT X;, TO BOHA BBOJMTHCS TOTOKHHM IEPETBOPEHHsIM [4, 5]

P=0(X; VX)=0X; VOX;. (25)
B cuiny TOoTOXKHOCTEH 11€MIOTEHTHOCTI OJJHAKOBI WIEHH, SIKIIO BOHU 3’ABISIOTHCS, 3aMIHIOIOThCA
OJTHUM TaKUM UJIEHOM.
O3nauenns. CriBBinHouieHHs (25) Ha3uBaeTbes onepayicto poseopmannsi 6 JJ/THD.
Hpuxaan 22. J{ng ¢yskuii i3 npukiiaga 17 3uaiitu 11 JIH® aHamiTHYHIM OUIIXOM.
Pewenue. TH® s miei GyHKIii Bxke 3HaAeHO. TakKuM YHHOM, MU MOKEMO CKOPUCTATHUCS
pe3yNbTaToM, [0 OTPUMAHUH B mpukiami 17:

JHO(f) =xyvxyvyz=xy@Zvz)vxy(Zvz)v(Xvx)yz=
SXYZVXYZVXYIVXYZVXYZVXYZ=XYIvXYzZvxyIivxyzvXxyz=]JIH
o (f).

Bionosiov. JAH®(f) =XyzVXYyZVXYIVXYZVXYZ

6.3. Kon’ionkTuBHa HopmaibHa ¢opma (KH®D)

O3nauenns. JIn3’ 1OHKIS TEKUTBKOX PI3HUX 3MIHHUX, B3ATHX 13 3aniepedeHHsIM abo 6e3 HbOro,
Ha3UBAETHCA eleMeHmaphoro ous toukyiero [19].

KoxHa 3MiHHa, SIKy B3STO 13 3amepedeHHsAM abo 0e3, MOXEe BXOIUTH B JaHy OKpeMy
eNIEMEHTAPHY 13 IOHKINIO0 He OlIbllie, HIX OJWH pa3. Hampukian, BUpasH X1 V Xz, X1 V X V X3,
XVYVZe eleMeHTApHUMH U3’ FOHKIIAME, a BUpasu X VY i (X v Y) (X V Z) - Hi, ToMy 10 B 1-My
BUpa3l NPUCYTHE CIUJIbHE 3alepedyeHHs, 10 BITHOCUTHCS He Oe3rocepelHbO 10 3MIHHHX, a J0
oreparii 13 OHKIIT, a B 2-My BHpa3i IPUCYTHS OMepalis KOH IOHKIIII.

Teopema 10. @opmynosanns. EnementapHa au3’FOHKIIS JOPIBHIOE HYIO TOJI M JIMIIIE TOI,

KOJIM 3MiHHI, 1110 BXOJSATH JI0 11 CKJIaay 13 3alepeueHHsM, TOPIBHIOIOTH 1, a 3MiHHI, 1110 BXOJATH 10 i1
ckiaay 0e3 3amepeueHHs, qopiBHIOOTE O [4, 5].

Jlosedenns. Y BUTIAAKY, KOJIA B €JIEMEHTApHIN A13 IOHKIIT 3MI1HHI, 1110 BXOJATH 110 11 CKIady 13
3arepedeHHsIM, JIOPIBHIOOTH 1, a 3MiHHI, III0 BXOASATH J0 11 cKiIaay 06e3 3arnepedyeHHs, JopiBHIOITH 0,
TO B CHIIy TOTO, IO 1=01i0vx=x, 113 IOHKIis BCIX 3MIHHUX Oyne AOpiBHIOBATU HYIIO. Temnep
MIPUITYCTUMO, 110 B 33/IaHil eleMeHTapHil 113 FOHKIT X0ua 0 0/1Ha 3MiHHA, III0 BXOAUTS JI0 ii CKIIaTy
13 3aniepeueHHsM, A0piBHIOE O 3 Oyab-sgKoro Habopy 3MiHHMX. ToJi i€ 3anepeyeHHs i€l HyIbOBOT
3MIHHO] y BIJITOBITHOCTI 3 THM, IIIO 0= 1, 6yne nopiBHroBaTH oauHMIII. [TosiBa X04a 6 o/THI€T OTUHUITI
B N3 TOHKIIT 3MIHHHX Yy BiJIMTOBITHOCTI 3 BIacTUBICTIO 1 Vv x = 1 mpu3Bee 10 OAMHUIHOTO 3HAYCHHS
Bciel au3’toHKIli. [Ipumyctumo Tenep, mo xoda 6 ogHa 3MiHHA 0e3 3anepedeHHs qopiBHIoe 1. Toxi
y BIIMTOBITHOCTI 3 BIACTUBICTIO 13 FOHKIIT 1 v X = 1 13’ 10HKIIisI 3MIHHOI, 1110 MPUIHSIA OTUHUYIHE
3HAUYEHHS, 3 PEIITOI0 3MIHHUMHM, HE3aJIeXKHO BiJ iX 3HaYeHb, Oy[e MOPIBHIOBATH OJAMHHUII. TaKuM
YHHOM, eJIeMEHTapHa I3 IOHKIIiS JOPIBHIOE HYIIO JUIIE B OJHOMY €IMHOMY BHUIAJKY, KOJIU BCi
3MIiHHI, 110 BXOAATH JI0 ii CKIaAy 13 3allepeueHHsIM, TOPIBHIOIOTH 1, a BCI 3MiHHI, IO BXOJATH J0 il
ckiany 0e3 3anepedeHHs, 1opiBHIOIOTE 0. TeopemMy n10BeneHo.
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Hacainok i3 Teopemu 10. KoxxHiil enemMeHTapHii q13 IOHKIIIT BiNOBIa€ OJAWH i JIUIIE OJIUH

Ha0Op 3HAYCHb 3MIHHHUX, 3 SIKUX BOHA CKIIQJIA€ThCS, HAa SKOMY BOHA JIOpPiBHIOE HYIIO. I3 Teopemu 10
BHILIMBAE, 1[0 TAKUM HAOOpOM € HAbOp, Ha sIKOMY 3MiHHI 0e3 3arepedeHHs JopiBHIOOTH 0, a 3MiHHI
13 3aIIepEUYCHHSIM JIOPIBHIOIOTH 1.

Hanpuknaa, HabopoM 3HaueHb 3MIHHHX (X1, X2, X3), Ha AKOMY CIIEMCHTApHA W3’ FOHKIIis
W =X1 VX3V x3=0,6y1enabop (100), romymoy=1vO0v0=0v0vO0=0. Lleit HaGop Oyze
€IMHUM, TOMY IO Oy/ab-SKUH IHIIMKA HAOOP MEPETBOPIOE EIEMEHTAPHY A3 FOHKIIIO Y B OJUHHIIIO.
Axkmo, ckaxemo, 3MiHHI Xq , Xz , 1 X3 HOpHMyTh BianoBigHo 3HauenHs 1, 1 1 0, 1o
y=1v1lv0=0v1lv0=1

Teopema 11. Dopmynrosanns. J1jist KOKHOTO HAOOPY 3HAYEHBb 3MIHHHX 1CHY€ OJ[HA ¥ JIUIIIE O/THA

X eeMeHTapHa Ju3 FOHKIIIA, 110 JopiBHIOE HyIo [19].

Josedenns. 3adikcyemMo JOBUIBHMM Ha0Op 3HAa4eHb 3MIHHHX 1 MOOYIYyEMO €JIeMEHTapHY
U3 IOHKINIO, [0 MpHiiMae Ha nboMy HaOopi 3HaueHHs 0. Lle o3Hauae, mo B Iil eIeMEHTapHIM
J13 IOHKIIT KOXKHIM OIUHUII HaOopy Oye BiAMOBIIATH OJHA 3MiHHA 13 3allEPCUCHHSM, 2 KOXKHOMY
HyJTI0 HA0Opy — 0/1HA 3MiHHA Oe3 3anepeueHHs. by/b-ska iHIIa T3 IOHKIIIS THX CAaMHX 3MIHHUX Oy1e
BIJIPI3HATHCS HAsBHICTIO a00 BiJICYTHICTIO 3amepeueHHst xoua O B oxHii 3MiHHiH. Lle o3Havae, mo
a00 X; TIEPETBOPIOETHCS B X, a00 X; IEPETBOPIOETHCS B X;. B pe3ysbTari eneMeHTapHa 1u3 IOHKITIS
cTaHe JIopiBHIOBaTH ouHuIli. TeopeMy 10BeaeHO.

O3nauennsa. JloriuHa QyHKINS, SKYy IOJAaHO KOH FOHKIIIEIO €JIEMCHTApHUX W3 FOHKIIIH,
HA3UBAETHCS KOH TOHKMUBHOI0 HOpManbHoto gopmoro (KHD) [19].

Hanpuknan, (Xv y) (x vyv z) — KH®, tomy 1o Bci ymMoBH, 110 BuCyBatoThes 10 KHD,
BUKOHaHI; X V Z (X vY) — He KH®, Tomy 1110 3amepedeHHs] BIAHOCUTHCS 0 U3’ FOHKIIII 3MIHHHX,
T06TO He 10 3MiHHOI, a 10 oneparii; (¥ v Z) ¥ (X vy Vv Z) — ne KH®, Tomy mo dopmyna MicTHTb
HeOyJIeBl omnepartii.

Anzopumm npueeoennsn Qyuxuii 0o KH® ananimuunum winsaxom [4]:

1 Sxmo noyarkoBa popmyrna MiCTUTh HEOYJIEBI omepallii, TO BOHH MONEPETHBO BUPAKAIOTHCS
yepe3 Au3 IOHKI[10, KOH FOHKIIIIO Ta 3alepeUeHHs.

2 3a jomomoror 3akoHiB je Moprana (Gopmysia 3BOAUTHCS JO TAaKOTO BUTIISAY, IO 3HAKH
3arepedeHHs BiTHOCHIIUCS JIUIIE 10 OKPEMUX 3MIHHHX.

3 Ha ocHOBI 2-r0 3akoHY JUCTpHUOYTHBHOCTI (oOpMysa 3BOAMTHCA JO KOH FOHKIIIT
€JIEMEHTapHUX JU3’ FOHKITIH.

4 OtpuMaHu{l BHUpa3 CIPOLIYETHCS Yy BIANOBIAHOCTI 13 3aKOHOM 1JEMIIOTEHTHOCTI Ta
BJIACTUBOCTSIMU 3aIlepeUCHHSI.

Mpuxiaax 23. Posrasremo dynkiio f = x ® y v (y 4 2) i3 npukaxy 17 Ta 38exemo ii go KH®.
B upoMy BHMagKy Maemo:

f=x@yv(yd2)=(X~y)VIVZ=(XyVEY)VYZ=XyVXYVYyZ=
=(Xyvxyvy)(xyvxyvz)=(xyvy)(xyvxyvz)=
=xvy)(yvy)xvxyvz)(yvxyvz)=
=(xvy)(xvxvz)(xvyvz)(yvxvz)(yvyvz)=
=(xvy)(xvyvz)(xvyvz)=(xvy)(xvyvz)=KHO().

3a KH® ¢yHK11i1 MOXHA BU3HAUUTH 00J1aCTh XUOHOCTI PYHKIIIT, 1, TAKMM YHHOM, sIK 132 JITHD,
BITHOBUTH ii TAaOJIUIIIO ICTUHHOCTI. B crity TOrO, 1110 KOH FOHKIiSl IOPIBHIOE HYIIO, KOJIU X04a O OAUH
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KOH IOHKTHBHUH MHOXXHUK JOpiBHIOE HYym0, oOmacts xubHocti KH® nopiBHIOE 00’€qHaHHIO
obOnacTelt XWOHOCTI 1i eleMeHTapHUX Ju3 IOHKIINA. [lianumemo mia KOXKHOK eJIEeMEHTapHOIO
mu3’oHkIier0 KH® 3HayeHHs 3MIHHHX, MPU SKUX I €JIEMEHTapHa W3 FOHKINSA JIOPIBHIOE HYIIO
(Bimmivaroun 3ipouKOr0 BiACYTHI 3MiHHI). OCKIJIBKH 3aMiCTh «*» MOKHA IIJICTABUTH OyIb-sKi
snadyenHs (0 a6o 1) BizicyTHBOI 3MIHHOI, TO I KOKHOI €JIEMEHTAPHOI 113 FOHKIIIT MOKHA BHITHCATH
MOBHI HAO0OpY 3MIHHUX, Ha SKHUX LI €JIeMEHTapHa U3 IOHKIS opiBHIOE HymO. [Ipu 1ipomy pi3Hi
eJIEMEHTapHI 13 IOHKIII MOXXYTh JOPIBHIOBATH HYJI0 Ha OJHAKOBHX Habopax. Ilpupomno, no
o0acTi XuOHOCTI KOXKHUHM Takuii HAaOOp BXOAMTS JIUIIE OJUH pa3.

Mpuknaan 24. BignoButu obnacth xubHOCTI 151 pyHKIii f=2 (XVvYy) (x vy V Z).

Po3z6’azannsn. KH® 3ananoi GyHKINT CKIIATA€ETHCS 13 TPHOX SJIEMEHTAPHUX U3’ OHKITIH, KOKHA
3 KX MICTUTh Pi3HY KUIBKICTh 3MiHHUX. OTXe, IS KOXKHOI 3 IUX €JIEMEHTApHUX A3’ FOHKIIIN
OynyTh 3adiKcOBaHi 3HAYCHHS Pi3HOI KUIBKOCTI 3MiHHUX. [lyist an3’1oHKIT (X V Y) dikcyerbes x = 0
(3MiHHA X BXOAMTH B IaHy CIIEMCHTAPHY 113 IOHKIIII0 Oe3 3amepeucHHs) i y = 1 (3MiHHA y BXOAHTH B
JaHy eJeMEHTApHY JM3 IOHKIIIO i3 3amepedeHHsM). 3MiHHA Z B JaHIf eleMEeHTapHii Jn3’FOHKIIi
BIJICYTHsS, TOMYy ii 3Ha4eHHs He (IKCyeThCS, TOMY IO BOHO HE BIUIMBA€ HA 3HAYCHHS Ili€l
efieMeHTapHol u3’roHKMii. EjneMentapHa nu3’roHkmis (X VYV Z) MICTHTh BCi 3MiHHI, BiJl SKHX
3anexuTh 3a1aHa GyHkuis. OTxe, A i€l eleMeHTapHOi A3 FOHKIT OyayTh 3adikcoBaH1 3HAYECHHS
BCIX TPhOX 3MIHHHX B 3aJIe)KHOCTI BiJl HasgsBHOCTI y HHX 3amepeueHb: x =1, y =0, z = 1. [lepma
eJIeMEHTapHa W3 IOHKIS CKIIAJaeThes 13 €QuHOi 3MiHHOI Z. OTxke, Ui i€l eleMeHTapHOi
n3 I0HKIT Oyne 3adikcoBaHe 3HAUCHHS JIMIIE 1€l 3MiHHOI. 3HAYCHHS 3MIHHHUX X 1 y Ha 3HAYCHHS
i€l ereMeHTapHOi M3 FOHKINI HE BIUIMBAIOTH 1, K HACHiJOK, He (QikcyroTscs. [Iporec momryky
HaOOpiB 3HAueHb 3MIHHMX, Ha SKUX 3a1aHa (QYyHKHiZ Oyae JAOPIBHIOBATH HYIIO, TOOTO IMOIIYKY
obuacTi XuOHOCTI 3aJaHOT PYHKIIIT MOYKHA ITOJIATH Y BUTJIAI HACTYITHOI CXEMHU.

f = z(xvy )(xvyvz)
x 10 1

00 0 @ 1 _0> 1 0 1

I3 momanoi cxemMu BUAHO, 1110 Pi3HI €J1€MEHTapH1 AU3 FOHKLII MOXYTh MPUIIMAaTH HYJIbOBE 3HAUEHHS
Ha OJIHaKOBMX Habopax. Hampukian, i eneMeHTapHa 113 10HKIIS (X V Y), 1 elleMeHTapHa A3 FOHKITIs
z na Habopi (0 1 0) — oOuaBi OyayTh HOpiBHIOBAaTH HYNO. Lle 1yOoOBaHHS HE MOPYIIYE PiBHICTH
HYITIO Ha IboMy HaOopi camoi pynkii f. /1o obmacti xubnocTi dhynkuii f neit HaGop BBiIe 01H pas.
Takum 4MHOM, 13 OTPUMAHOT CXEMH MOKHA BUITMCATH BCIO 00J1aCTh XMOHOCTI 3a/1aHO1 (PYHKIIII:

OX(H={(000),(010),(011),(L00),(101),(110)}
Bionosios. OX(f) = {(000), (01 0), (011), (L00),(101),(110)}={0,2,3,4,5,6}.

Teopema 12 (npo KoH’lOHKmMUEGHUII DO3KAAO 34 CYKYRHICMIO 3MiHHUX). Popmyniosanis.

Bynp-sxy OyneBy dyHkiiro mpu Oyas-skomy 1 < K < N MoxkHa nmogatu ¢popmysioro [6, 8]
f(x1, x2, o, xp) = /\ (x5t v x5? v...vx'_,z" vf(ey, 62, .., O Xip1, s X))
01,02,...0

[losedennsi. PosrisHemo noBinbHUN Habop & = (@1, &3, ..., @, ) 3HAYCHb BCIX 3MIHHHUX
bynxkuii f(xq, X3, ..., X,). [Ipu miacraHoBII 10 BKa3aHOi (GOPMYJIH IOTO HAOOPY OTPUMYEMO:
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flay, az, .., ay) = /\ (aitvayv..vaikv f(oy, 62, .., O Xir1, ) Xn)) -

01,02,...0

. o o g i
Jn3’ FoHKIIis 0(11 \% azz V...V ak" MEPETBOPIOETLCA B OJMHHUINO, SKIIO Xo4ya O OAWH 13
nu3’1oHKTIB @;° = 1, 1 =1, k. I3 03Ha4€HH iTHECEHHS 10 CTYIEHIO OyJIeBOi 3MIHHOI BUILIMBAE, 110
El —_— -_ 31 EZ Ek —_ . . (v} . (v}
a;' =1, xom a; # g;. llpu upomy a;" v @, v...v @, * = 1, ToMy BIAIIOBiHUI JIOTIYHUK MHOXKHHK
. . — i
(enemenTapHy 1M3’IOHKIII0) MOXHA BiAkuHyTU. IHakime, komu a@; = 6;, maemo a;' = 0. Takum

_ _ - ‘ - — —
anHOM, Q7' V @y% v..v apF =0 mawe togi, ko (@q, Az, ..., @)= (01, G2, ..., Of). 3

ypaxyBaHHM L[bOTO, JJIsl PABOi YACTUHH PIBHOCTI MAEMO:

/\ (ait vagiv..vakvf(oy, 63, .., O i1, o, @) =

— 01 %) ay —
=ai'vay’v.varvf(ay, ay, .., a agyq, .., @) =
=0v f(ay, ay, ..., a,) = f(ay, as, ..., a,).
B cuny Toro, o Habop 3HaueHb 3MIHHUX & O0MpaBCs JOBUILHO, BKa3aHUH PO3KIIa/]1 MAE Miclie
Ha Oy/b-sikoMy HaOopi 3Ha4YeHb 3MiHHUX QyHKIIT f(X1, X3, ..., X;,). Teopemy 10BeneHO.

Hacainok 1 (kon ronkmusnuii po3xiad 3a 0duicro sminnoro). Jlns poskiany 0ysineBoi QyHKI
f(xq1, X2, -..s X,) 32 3MIHHOIO X; Ma€ Miciie popmyia:

f(xl, X2y eees Xi— 1y Xijy Xig1y eoe xn) =
= (x,- A\ f(xl, X2, eees Xi_1, 0, Xit1y eoe s xn)) (El Vv f(xl, X2y eees Xi_1, 1, Xit1y eoe s xn)).

Hacainok 2 (kou’ronkmuenuti po3xiad 3a ecima sminnumu). Jlns posxinanay OynaeBoi GyHKIil
f(xq1, X2, ...y X,) 32 BCiMa 3MIHHUMH Ma€ Mmiciie popmyJa:

f(xy, %2, o, xp) = /\ (xPtvaiv..v gy fley, 0z .., 6,)).

01,02,...0n
[Tpu 1poMy € odeBHIHUM, 110 KO (X1, X2, ...y Xp) # 1, TO
_ 1 () o
f(xy, x2, oo, xp) = /\ LSERVESCAVIRVE S
01,02,...,.0n

f(o1,02,..,0,)=0

Hpukaax 25. Tna ¢yuxuii f(X, Y, z,t) = (x vy z) vt 3HAlTH KOH FOHKTUBHHI PO3KIJIa] 3a
3MIHHUMH X 1 Z.
Po36’si3anns. BukopucroByroun Teopemy 12, oTpuMyeMo:

flx,y,2t)= /\ (0(?1 v a§3 vf(oy y 03 t)=

01,03
=(xvzvf0,y0,t) xvzvf0y Lt)(xvzvi(ly01)(xvzvil,y,1lt)).
OO6uncnuMo BKa3aHi 3HaU€HHS (DYHKITIT:
(0, y, O,t):(avy-a)vt: 1vy- 1vt=1vt=0vt=t

f(O,y,1,t):(6vy-I)vt:1vy-0vt:Ivt:Ovt:t;
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f1,y,0,)=(Lvy-0)vt=0vy -1vt=yvt;
f(l,y,1,t):(Ivy-I)vt:Ovy-Ovt:6vt:1vt:1.

[TigcraBisiroun oTpUMaHi 3HaYeHHA PYHKIIT 10 GOpMynH KOH IOHKTHBHOTO PO3KIATy 3a 3MIHHHUMHU
X 1Z, OTPUMY€EMO:

fx,y,z,)=(xvzvt)(xvzvt)(xvzvyvi)(xvzvl) =
=(xvzvi(xvzvt)(xvzvywvt).

Bionosios. f(X,y,z, ) =(Xvzvt)(Xvzvi)(xvzvyvi).

6.4. JlockoHaJla KOH’IOHKTHBHa HopMaJjibHa ¢opma (JIKH®D)

O3nauenna. Jloriuna GyHKIIS N 3MIHHUX, 110 puiiMae 3HadenHs 0 nuiie Ha OAHOMY iX Ha0opi,
HA3UBAETHCS KoHcmumyenmoio nyas [19].

Teopema 13. @opmyniosanns. EnementapHa au3’IOHKISA BCiX N 3MIHHHX, IO BXOASATH JO
byukuii f, e koncruryenroro Hyis [4].

Jlosedenns. Y BIMOBIAHOCTI 10 HACHiAKY 13 Teopemu 10, enemeHTapHa Au3’ OHKIIIS JOBUIBHOT
KUTPKOCTI 3MIHHHMX IMpHUMae HYJIbOBE 3HAYCHHS JIMIIE Ha OJHOMY HaOopi mux 3miHHHX. OTXe, 1
U3 IOHKINST BCIX N 3MIHHUX JOPIBHIOE HYJIIO JIMIIE HA OJHOMY HaOopi iX 3Ha4yeHb. Teopemy
J0BEJIEHO.

Teopema 14. @opmynrosanns. KibKicTh KOHCTUTYEHT HYJIsI N 3MiHHHX JopiBHIOE 2™ [8].

/losedenns. KinbkicTh HaOOpiB it N 3MIHHMX JIOpiBHIOE 2™, a KOXKHOMY HaOopy, 3a
Teopemoro 11, BinnoBizae ogHa i nuie ogHa KOHCTUTYEHTa HY s TeopeMy 10Be/1eHO.

Takum ymHOM, UIS OyIb-sikoi (YHKIII iCHye B3a€MHO-OJHO3HAYHA BiIMOBIIHICTH MK 11
KOHCTUTYCHTaMH HyJsl 1 Habopamu, Ha sKkuX 10 QyHKHito 3amano. Hanpukman: mis f(X, Y, z, t):
Xvyvzvt=0mnamna6opi (101 1); nabopy (1 11 0) Biamopinae KoHCTUTYeHTa X VY VZ v t = 0;
BUpa3 X VY V t B3araii He € KOHCTUTYEHTO0, TOMY 1110 B HbOMY Bi/ICYTHS 3MiHHA Z.

O3nauenna. KoH IOHKISI KOHCTUTYEHT HYJIS, IO JOPIBHIOE HYJIIO Ha THX caMHX Habopax
3HA4YeHb 3MIHHHX, IO U 3a/1aHa (YHKIIiS, HA3UBAETHCS OOCKOHAION KOH TOHKMUBHOIO HOPMALbHOIO
gopmoio (IKH®D) [8, 19].

Teopema 15. Dopmyniosanns. bynb-saKy noriuny QyHKIi10, 32 BUKJIIOUYCHHIM KOHCTAHTH 1, B
€TUHUI crmoci6 MokHa noaatu B JIKH® [13, 17].

/losedenns. JlivicHO, Oynb-sika yioriuna ¢yHKitis T xapakrepusyerbes TuMm, 1o Ha K (1<k2")
Habopax BOHa JIOPIBHIOE HYJIIO, @ Ha pelITi Habopax — oauHuLI. KoHCTUTYeHTa HyJIsl TOPIBHIOE HYJTIO

JIUIIE HA OJTHOMY €IMHOMY Ha0opi, a Ha pemITi Habopax mpuiiMae OJUHUYHE 3HAUYCHHs. ToMy SIKIIIO
BCl KOHCTUTYEHTU HYIs K ?, i=1,k, uwo JOPIBHIOIOTH HYJIIO Ha TMX CaMUX Habopax, 110 I JoriyHa
¢byHKIis, 00’ €JHATH 3HAKOM KOH IOHKIII1, TO y BixnoBigHocTi 3 paBmioM 0 A x = 0 ¢pynkuis f Oyzne
JOPiBHIOBATH HYJIIO HA TUX CaMHX HaOopax, 0 i KOHCTUTYeHTH HyJsl. B Toii sxe yac ynkuis f Oyne
JOPIBHIOBATH OJMHHUII, SIKIIO YKOJHA 13 KOHCTUTYEHT Hys K ? He Oyzie AOpiBHIOBAaTH HYIIO, IO
MO>KJIMBO JIMINE 32 HAsBHOCTI HAOOpIiB 3HAYE€Hb 3MIHHHX, L0 HE HajexXaTb J0 >KOJHOI 3 LHUX
KoHCTUTYeHT. Lle o3Hauae, 1o Oyab-sika GyHkitis f Moxe OyTH ogaHO0 3a TOMOMOTOI0 KOH FOHKIIIT
KOHCTUTYEHT HyJIsl. Take MOJaHHs € €IMHUM, TOMY IO B IHIIOMY BHIIAJIKy MarfOTh OyTH MPUCYTHIMHU
1Bl a00 OlbIlIe PI3HUX KOHCTUTYEHT HYJIS, IO JOPIBHIOIOTH HYINIO Ha OJHOMY i camomy Habopi
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3HAa4YeHb 3MIHHHX, 1110 Y BIAMOBITHOCTI 10 HachiAKy i3 Teopemu 10 € nemoxxnuBuM. Koneranra 1 Ha
BCiX Habopax JOpiBHIOE OAMHUII. ToMy Ti HEMOXKIIMBO TOJATH 32 JIONIOMOT'OK0 KOHCTUTYECHT HYJI,
100TO B JIKH®. Teopemy noBeeHo.

Buxoasun 13 Teopemu 15, po3risiHeMo 3aaa4uy noaanHs Jioriynoi pyukuii B JJKH®. J{ns i

pO3B’si3aHHA Tpeba CKJIACTU KOH IOHKIIIO TUX KOHCTUTYEHT HYJIf, L0 JOPIBHIOIOTH HYIIO Ha THUX
caMux Habopax 3MiHHUX, IO i 3a7aHa QyHKIis, 32 HACTYITHUM airoputMom [4, 8]:
1. BunmcaTy 3a KUIBKICTIO HYJIB B JIOTi4HIN (yHKIIT 13 FOHKIIT BCiX aprymMeHTiB Bif 1-ro 1o N-
ro i 3’eQHaTH iX 3HAKaMH KOH FOHKIIIT;
2. 3ammcary MijJ KO)KHUM apryMEHTOM HOro 3HaY€HHS y BiMOBIAHIM JaHii U3’ IOHKIIT Habopi,
10 JIOPIBHIOE HYJIIO 200 OJTMHMIII.
3. Hag aprymenTamu, 1o JOpiBHIOIOTh OJJUHMUIIL, IOCTABUTH 3HAKHU 3aNIEPEUCHHSI.

O3nauenns. Jlanuii alrOPUTM Ha3MBAETBLCS 3aNUCOM 102I4HOL hynryii no nynsx [19].

Hpukaan 26. 3naiitu JIKH® s ¢ynkii i3 npukiana 20, To6To 115 GyHKIIT, 0 TOPiBHIOE
onuHUIl Ha Habopax NeNe 0, 3, 7, 1 TOpiBHIOE HYIIO HA PEIITI HAOOpaX 3HAYCHb 3MIHHUX.

Pewenue. Tlponec momyky JKH® 3amanoi ¢yHkiii 3pydHo mpoBoautu TabmuuHo. [laHa
(byHKIIIS y CBOEMY CTOBIII 3HAYEHb MICTUTH 1’ s1Th HYJiB. OTXke, il JKH® Oyne cknamatucs i3 m’stu
KOHCTUTYEHT Hyns. [y iX MONIyKy YTBOPIOETBCS CTOBIICIb 13 TaK 3BAHHMX «3aroTiBENb», IO €
U3’ IOHKINISIMA BCiX 3MIHHUX. Psiikui TUX HaOOpiB, Ha SKUX JOCTKyBaHa (DYHKISI TOPIBHIOE
OJIMHUII, B Tabnulli 3adapOoBaHO YOPHUM KOJIBOPOM, TOMY 110 B mporeci nomyky JJKH® Bonu e
O6epyTh yuacti. KoxHa Taka «3arotTiBis» BiAIOBiJa€e JWIIE OAHOMY I[EBHOMY HaOOpy 3Ha4YeHb
3MIHHHMX 13 THUX, Ha SKUX (YHKI[S TOPIBHIOE HYJIO. Y BIANOBIAHOCTI 3 LKMMH HaOoOpamu, B
«3aroTiBJSIX» PO3CTABIISIIOTHCS 3alepeyeHHs] HaJ 3MIHHUMHU: HaJ OJUHULSAMU 3allepeueHHs
CTaBIATHCS, HYJI 3anMumiaroTbes 0e3 3MiH. [IOTiM KOHCTHUTYEHTH HYJs, OTPUMaHI B OCTAHHBOMY
CTOBMII TaONHII, 3’ €THYIOTHCS OMepalisiMi KOH 1OHKIIi. OTpuMaHuil 3amuc Oyzae SBIATH cOOO0r0

N|x|ylz| £l Ynenujxuo
0o o 1
1 0 0

1|0 |xvyvz| xvyvz

JKH® nocmimxyBanoi GyHKITII.

o

2 0 1 0 0 XV yvz xXvyvz
0 1 0

3|0 1|1

4 |1|0|0|0 | xvyvz xXvyvz

TakuM unHOM, 174 1€l yHKIIT
AKH®() =(Xvyvz)(Xvyvz)(xvyvi)A
Alxvyvz)(xvyv).
Bionosiob. IKH®(f) = (Xvyvz) Xvyvz) (xvyvz(xvyvz)(xvyvz).

Sk 1y Bunazaxy 3 JJIH®, 115 KoH FOHKTUBHOT (HOPMU TaKOK MOXKIIMBHI 1 3BOPOTHii 00pa3 i,
TOOTO BiJTHOBJIEHHS 00J1acTi XMOHOCTI 1, BIAMOBIAHO, Tabuuii ictTuHHOoCT ¢yHKuii 3a 11 JKH®. [{ns
LIbOI'0 BUKOPUCTOBYETHCS AJATOPUTM, 3BOPOTHHIA 3aNKUCY JOTiYHOI GYHKUIII 10 HYJIAX!
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1. Jns xoxHoi koHcTUTyeHTH 13 JKH® ¢yHKUii BU3HAYUTH €AMHUN HAOOp, HA SIKOMY JIUIIIE
BOHA JOPIBHIOE HYyIO0 (3MiHHI i3 3alepedcHHSIM JIOPIBHIOIOTH OIMHHUIN, 3MIiHHI 0e3
3arepeyeHHs JOPIBHIOIOTh HYJIIO).

2. Ha BignmoBigHux HaboOpax B CTOBIIII 3HAaYeHb (DYHKIIIT TOCTABUTH HYJII.

3. Ha pemri Habopax MOCTaBUTH OJMHHMIII.

Ipukaan 27. BigHoBuTH TabIUIO iICTUHHOCTI A1 GyHKIIT, moganoi B JIKH®:

AKH®(H) =(xvyvz)(xvyvi)(Xxvyvz)(Xvyvzi).

Po3z6’azanns. JInsg po3s’sa3aHHs Takoi 3amadi OyayeTbes TaOauIls, MoAiOHA 10 Ti€l, Ky OyJ0
BHKOPHUCTAHO JUIsl po3B’si3aHHs npukiiana 24. JIKH® 3amanoi GyHKIIT CKIaZa€ThCs 13 YOTHPHOX
KOHCTUTYeHT Hyssg. OTke, QyHKIIS Yy CBOEMY CTOBIII 3HA4eHb Oy/ie MICTUTH YOTUPH HyJs. I3
o0y 10BaHO1 TaOIUIIl BUJHO BIAMOBIIHICTS MK KOHCTUTYEHTaMU HYJIS 1 HA0OpamHu, Ha SKHX KOXKHA
3 IMX KOHCTUTYEHT MpHiiMae HYyJIbOBE 3HA4YCHHS. B Wil BinmoBimHOCTI OepyTh y4acTh YOTHPHU
Habopu. B cToBmii 3HaYeHb PYHKINIT HA ITUX HAOOpax CTaBIAThCA HyJi. KimiTruHKH 1115 perty HabopiB
B Tabnu1i 3adapOoBano yopHUM. B cToBmIi 3HaueHs (yHKIIIT 11i HAOOPH 3aNIOBHIOIOTHCS OTUHUIISIMH.

Ynenu IKHD

TakuM unHOM, 1aHa (YHKIIiS Ma€ BUTIISI:

f=(10011001).
Bionosior. f=(10011001).

OpHak, 5K 13 113’ IOHKTUBHOIO (popMOI0, os1aTu JoriyHy pyHkuito B JJIKH® MosxHa 1 B 1HIINH,
aHAMTHYHUKN croci0. Skmo skuiich wieH KH® He MicTUTh 3MIHHOI X;, TO BOHA BBOJIUTHCS
TOTOXKHUM TIEPETBOPEHHsM [4, 5]

Y=y v X = (yvxg) (yvx). (26)
B cuny ToTOXXHOCTEH 11€MIOTEHTHOCTI OJTHAKOBI WICHH, SIKIO BOHU 3’SIBISIOTHCS, 3aMIHIOIOTHCS
OJTHMM TaKUM YJICHOM.

Osnauennsn. CuiBBinHomeHHs (26) Ha3UBa€eTbCs onepayieto pozeopmants 8 JJKH®.

Hpuxaan 28. Jng ¢yskuii 13 npuxnanay 17 3uaiitu 11 JJKH® anamiTHaHUM MIISIXOM.

Poss’azox. KH® s miel pyHkuii Bxe 0yio 3HaiiieHo B npukiani 23. BukopucroByroun et
pe3yibTaT, MaeMo:

KHo(f)=(xvy)(xvyvz)=(Xvyvzz)(xvyvz)=
=Xvyvz)(xvyvz)(xvyvz)=KH®D().
Bionogiob. IKH®(f)=(XvyvzZ) (Xvyvz)(xvyvz).
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6.5. 3B’A30K MiXK JOCKOHAJIMMH HOPMaJbHUMHU GopMaMu

Cnin 3BepHyTH yBary Ha Kinbkicth wieHiB B JIJTH® 1 B JIKH®, mo BunucyroTbes 0 oouiei
miei oic_camoi @yukyii. B cymi BOHM MaroTh JOPIBHIOBATH KUJIBKOCTI HAOOpiB, Ha SKUX 3aJIaHO

(YHKIIIFO BiJT 3asBJICHOT KUTBKOCTI 3MiHHUX. e moB’s13aHe 3 TUM, 1110 Ha IKUXOCh Habopax (QyHKITiS
nopiBHIOE oauHUII (X KUIBKICTh Bianoinae kiibkocTi wieHiB JJJAH® mns mocaimkyBanoi GyHKIIiT),
a Ha pemrti Habopax — HyJr0 (iX KUIBKICTH BiAmoBigae kimbkocti wieHiB JJKH® mocmimkyBaHoi
¢ynkuii). He icHye Habopy, Ha sikoMy (YHKIIisl MOTJIa O OJJHOYACHO JJOPiBHIOBATH 1 HYJIIO, 1 OJJMHUIII.
OTxe, cymapHa KUTBKICTh WICHIB JOCKOHAIUX (popM uis wi€l ¢pyHKLIT HE MOXKe MepedibIryBaTu
KUTBKOCT1 HaOopiB. 3 iHIIOro 60Ky, HE iICHye HAaOOpy, Ha SIKOMY (YHKIIiS HE TpHiiMaiia 0 HIIKOTO
3Ha4YeHHs. SIK HACIIJIOK, CyMapHa KIJIbKICTh WICHIB JOCKOHAIUX GopM s 1iei QyHKIT He MOXe
OyTH MEHIIOK 3a KUIBKICTh HaOOPIB, Ha AKUX 110 (QYHKINIO 3a1aH0. TakuM YMHOM, JJI KOXKHOT
GbyHKIII1 cymMapHa KUTBKICTh 11 KOHCTUTYEHT OJIMHHMII Ta KOHCTHUTYEHT HYJIS, TOOTO CyMapHa KUIbKICTh
4ieHiB ii JockoHamuX (opM, 30iraeThest 3 KUIBKICTIO HabopiB i 11 3aganHs. Hanpukman, GpyHKIis
i3 mpukianiB 20 1 26 mictuth cepen cBoix 3HaueHb Tpu oauHui (11 JJJH® ckiamaerbes i3 Tphox
KOHCTUTYEeHT omuuuii) i m’are HydiB (i1 JKH® ckmagaerbes i3 m’STH KOHCTHUTYEHT Hyus). B
MiZCYMKY CyMapHa KUIBKICTb ii KOHCTUTYEHT HYJISl Ta OAMHUIII BUBOJUTH HAC HA KUIBKICTh HAOODIB,
Ha sKuX i1 3amano. Konmm ¢yHKI0 3a1aH0 TabimyHO, o0y10Ba ii JOCKOHAIUX (JOPM HE BHKIIUKAE
TPYIHOIIIB. AJie KOiH (YHKIIIO 3a/1aH0 aHaMITU4YHO 1, Bignosiano, JJJIH® 1 JIKH® s Hel Takox
OTPUMYIOThCS aHAITHYHUM IUIIXoM (PyHKIGs 13 mpukiamiB 17, 22 i 28), To 1ie nmpaBUao MOXHA
BUKOPUCTOBYBATH JJIsi CaMOIEPEBIPKU, TOMY IO IPU aHATITHUYHUX OOUYMCICHHSIX WMOBIPHICTD
MPUITYCTUTHUCS IOMUJIKY OLTbIIIA.

Kpim TOr0, BpaxoByrO4M NPUHLIKM ABOICTOCTI AJIs OTIepawiid J13 FOHKIIT Ta KOH TOHKIIIT, MOYXKHA
3aIMCcaTy CIIiBBITHOMICHHS, 0 OB’ s13yI0Th JAH®D i JIKH®D 0goicmux 00ua 00uitl pyrKyii:

(IIH®(f))* = AKH®(f *), (27)
(AKH®(f))* = IIH®(f *). (28)

Mpukaan 29. 3uaiiTi ockoHani Gopmu wst byHKii, aBoicToi 10 byrkiii f= x® y v (y ¥ 2)
13 mpukiany 17.
Pose’azanna. B npuxnani 22 nis uiei pyskuii Oymno 3xHaiaeno JJIH®. Takum unHOM, MaeMo:

T*=(IAHD(M)*=(XyZVXYZVXYIVXYZVXYZ)*=
=(xy)*(xyz)* (xy2)* (xy z)* (xy 2)* =
=(xvwvz)Xxvyvz)(xvyvz (xvyvz)(Xvyvz)=]KHD({ *)=f*
B mpuknani 28 nns uiei dynkuii 3naiiaeno JKH®. Takum ynHOM, MaeMO:
f*=(IKH®()*=(xvyv) Xvyvz)(xvyvz) =
S(Xvyv*vV(Xvyvz)*v(xvyvz)*=xyzvxyzvxyz=]JIJIHO(f*)=f*
Bionogiob. JJIH®(f*)=XyzvXyzvXxyZ,
AKH®(f*) = (xvyvz) xvyvz)(xvyvz (xvyvz)(Xvyvz).

Lleit 3B’I30K TAaKOX JIETKO MOMITUTH JUI (DYHKIIIH, K1 3aJaHO TaOIUYHO.
Mpukaaa 30. 3uaiita gockoHami ¢opmu s GyHKIIT, ABoicTOi g0 QyHKIII f, M0 H0piBHIOE
onuHUIl Ha Habopax NeNe 0, 3, 7, 1 TOpiBHIOE HYITIO HA PEIITI HAOOpaxX 3HAYCHb 3MIHHUX.
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Pos¢’sizannsn. B mpuknanax 20 i 26 ke posrisiHyro ¢yHKuito f i HaBemeHo il Tabmuio
ictuaHOCTi. TakUM YHHOM, MOYKHA 3alIMCAaTH TAOIUIFO ICTUHHHOCTI jyu1s f*:

% [x [y ]z £ | 1 =0
0oofole] 1 [ 11— o0
1 e o] ol | /0= 1
2ol 1[0 ol\[/0 4— 1
3[o [ ] 1 0 +— 1
4[] 0o/h"1 — o
s 22| o]\\o 1
6 |1 o/[\o 1
7222 1711 o

SAx BUAHO 13 HaBelneHO! TaOJMIN, KUIbKICTh OJWHHUIIL B CTOBMII 3HAY€Hb IMMOYATKOBOI (DyHKIIIT
(kimbKicTh 1i KOHCTUTYEHT OJMHHIN) 30ira€Thes 3 KUIBKICTIO HYITIB B CTOBIII 3HAY€Hb JBOICTOI
GYHKIT (3 KUTBKICTIO KOHCTHTYEHT HYJISI 1BOICTOI ByHKIIiT). OTxe, KinbKicTs wieHiB B JJJIHD(f) i B
JKH®(f*) 6yne oanakoBoro. BiamosiaHo 30iraeThCst KUIbKICTh HYJIIB B CTOBIIL 3HAYCHB MTOYATKOBOT
(KUTBKICTh KOHCTHUTYEHT OAMHHUII BOiCTOI (yHKIT). ToMy Takox Oyje 30iraTucs KiIbKiCTh WICHIB
B JIKHO(f) i B JAH®D(f*). I3 npaBuia moOymoBu Tabuili ABOICTOT QYHKIIT BUILUTMBAE, 110 BiAMOBIIHI
yjeHn moyatkoBoi ¢yskuii f i aBoicroi ¢yHkuii f* posramosani Ha mpoTHiaeKHMX Habopax. Lle
O3Havae, M0 3amepedeHHs Hajg 3MiHHuMH B mapax ¢yskuin {JJAHO(f), AKHDO(f*)} i
{AKH®(f), IAH®D(f*)} Oyayre po3TamioBaHi 0HaKOBO. TakuM YMHOM, TAOJMYHHMM IUIIXOM MH
3HOBY MPHUXOIMMO 0 criBBigHOMIECHD (27) i (28). OTke, Ma4u TaOIHUIFO ICTHHHOCTI MOYaTKOBOT
byukiii, MmoxxHa Bimpasy sunucysatu JJJIH®(f*) i AKH®(f*) asoictoi dynkuii. JIHD(f) u
JKH®(f) snaiineno B nmpukiagax 20 i 26. BUkopucToByroUH 1eii pe3ysibTaT i HaBeAeHYy TaOJHIIO,
Ma€eMo:

JH®(f)=xyz v xyz v XYz,
(xvyvz)(xvyvz) (Xvyvz)=IKHD(f*).
AKH®(H)=(xvyvz)(Xvyvi) (xvyv (xvyvz)(xvyvzi),
XYZ Vv Xyz v XYz v xYz v xyz=]JH®(f*).
Bionosioo. JAH®(f*) =XyZVvXYyZIVXYIVXYZVXYZ,
AKH®(f*)=(xvyvz)(xvyvz (Xvyvai).

Meroa nomyky KH® 1 JIKH®, 3acHoBaHMif Ha IPUHIUII ABOICTOCT1, MOXKE BUSBUTHCS OUIBIII

pamioHaIbHUM, HIXK PO3TJITHYTHI BUIIE METOJ 3 BUKOPHCTAHHSIM 2-TO 3aKOHY JAUCTPUOYTHBHOCTI y

BHUMaaKax, koimu orpumana JIH® mictuth 6arato eneMeHTApHUX KOH IOHKIINA. B oMy BUNAAKy
MmoxHa 3HaxoquTH KH®, kopuctyrouncek anroputmom [21]

f - THO(f) - KHO(f *) > JTHO(f *) - KHO(f). (29)

Ipukaan 31. Hexait s gesikoi pynkuii JH®(F) =Xyv xzvyzv xyz. 3uaiti s wiei
¢ynkuii KH®, BukopucroByroun anroputm (29), 3acHOBaHHI Ha PUHIIUII JBOiCTOCTI.

Pose’azanna. 3 ypaxyBaHHSM TOTO, IO ONeparii 113’ FOHKIIT Ta KOH FOHKIII] € Maporo ABOICTHX
OJTHa O/IHI{ omepallii, 1BoicTa A 1aHoi GyHKUii OyJe MaTH BUTIIAL!

f*= (MH®(F))* = (XY vXZVvYZVvEYZ)* =(xvY) (X v2) T v2) @ VYV Z)= KHD(*).
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Cupomnryroun ueit Bupas 1o JHD, maemo:

KHO(f*)=(xvy)(xvz)(yvz(xvyvz)=
=(XXVXZVYXVYZD)(XYyVYYVYZVXIVYIVZIZ)=
=(xzvxyvyz)(xyvyzvxivyz=
SXZXYVXYXYVYZXYVXIYZVXYYZVYILYZVXIXIV
VXYXIVYZIXIVXIYIVXYYIVYyZYyZ=
=0vOvOvOvOvOvOvxyzvxyzvXyzvxyzvyz=
=xyzvXxyzvyz=yz=]JHd®(f*).

KHO®(f) = (AH®(f*)* = (y2)* =y v z.

Bionosiob. KH®(f) =y vz,

I3 BChOTO BHIIECKA3aHOTO BUILIMBAE, IO MOJAHHS (QYHKIIT B JOCKOHAJIH (GOPMI € MOXKITMBUM
Ta €IMHUM HE3aJICKHO Bix crmocoly 3amanus (yHkiii (tabauune abo aHagiThdHe). Binbmn Toro,
3apxau MoxiuBuid nepexia Big JJAH® no JIKH® i wazan. [ng ananituyHoro 3agaHHs QyHKIT
MOKJIUBUH K aHANITUYHUH, TaK 1 TAONMWYHUM NUISX TOOYI0BU JHOCKOHANUX GopM. s TabnuuHo
3aaHuX (YHKIIA MOXIUBHHA JIMIIe TaOJMYHUN ILISIX BHU3HAYCHHS JOCKOHAIUX (opm (3amuc
GyHKIIT 0 HysX a00 MO OMUHHMIX ). BiJHOBUTH MpU IbOMY aHAJITUYHUI 3aIIMC MOXKJIMBO JIMIIIE

yepe3 OyiieBi onepariii (113’ FOHKIIII0, KOH FOHKIIIIO Ta 3aIllepeYCHHS ), CIIPOCTUBIIHN JJOCKOHAII (hopmu
1o JH®. Cxemu MOKJIMBHX IIEPEX0/1iB TOKAa3aHO HA PUC. 7.

/ JJAH® I
DyHKIIIO 331aH0
AHAJITHYHO > JIKH® |
(popmyaoro)
\ Tabauns

icTuaHOCTI

€—> uH®

DyHKIi0 3a]aH0
Tabanuno

\ AHaniTHaHui

3anMc uepes

\ Gyaesi omepauii
JAKH® I/

Puc. 7 — Ilepexix Bix aHajgiTuyHOro 3agaHHsa (yHKHii 70 TAOIHIHOTO
i Hazax 4yepe3 amapar aockoHaAuX ¢opm

6.6. HopmaabHa ¢gopma Keraakina (HDIK)

6.6.1. ModynoBa mousinomy Kerankina ¢yHkuii yepe3 mogaHHs
B H®X enementapuux ¢yHkuii

O3nauenna. Anceopa Kecankina — 1e MHOXUHA OyneBUX (YHKILINH, Ha [Kifl BU3HAYEHO
HYJbapHy onepailiro (KoHCTaHTy) B3ATTs onunui (1) Ta OiHapHi oneparlii KOH KHKILI (A) Ta CyMH
3a MojayJjem 2 (D).

Yepes omnepartii anredpu XKerankina MokHa mofatu Bei Oynesi onepariii. PiBrocri (30) — (32)
MEPEBIPSAIOTHCS 32 JOMOMOTOI0 TaOIHIIh ICTUHHOCTI AJIsL OTepaIlii CyMu 3a MOJyJieM 2, 13 IOHKIIII,
KOH IOHKIIIT Ta 3arepeyueHHsl, sSKi B35TO 13 Ta0NuIli 2:
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3anepeuennn Juz’ronkuin Kon’ronkuin Cyma 3a modynem 2
E xl xz 1.'1 sz xl xz x1 N xz xl xz xl G) xz
[V | 0 0 0 0 0 0 0 0 0
1(0 0 1 1 0 1 0 0 1 1
1 0 1 1 0 0 1 0 1
1 1 1 1 1 1 1 1 0
0=1®1; (30)
x=1®x; (31)
XVYy=X®y®xy. (32)

L{i TOTOXKHOCTI JJO3BOJISIIOTH MEPElTH BiJ Oyab-sKoi (hopmyu OyineBoi anreOpu A0 BiAMOBIAHOT i
dopmynu anredpu XKerankina. 3BOpOTHUI Mepexij 3MIHCHIOETHCS Yepe3 BiKe Bigomi Gpopmyiu:

XOYy=xyvxy=(xvy)(xvy).

besnocepenHbOI0 TEPEeBiIPKOIO 3a TAOIHIISIME ICTUHHOCTI JIJISt OTIEepalliid KOH FOHKIIIT Ta CyMH 3a
MOJIyJIeM 2 BCTAHOBJIIOIOTHCS HACTYIIHI 0CHO8HI 81acmueocmi uiei anceopu [8]:

KOMYMamugHicmb XOYy=y®X,Xy=yx,;
acoyiamueHicms x®y)Dz=x® YDz, (XY)z=x((2);

oucmpudymueHicmos KoH 1OHKYIT
BIOHOCHO 000ABAHHSL X(y®z)=xy®xz;

3AKOH NpueedeHHs NOOIOHUX

Ynenie npu 000a6aHHi X®x=0:;

30KOH 10eMNOMEHMHOCMI

07151 KOH 'TOHKYIT XX=Xx;
811ACMUBOCMI KOHCIAHM XA0=0, XAl=x, X®0=x.

Bci i BmactuBocTi oi0H1 3BUYaiiHIN OyneBii anredpi, aje Ha BiIMIHY BiJ OyJsieBoi anreOpu 3aK0H
JAMCTPUOYTUBHOCTI JIOJaBaHHS BiTHOCHO KOH IOHKIIIT He Mae cuu [1]:

XOyz(X®yY) (XD 2).

Takum uuHOM, B (opmynax anreOpu JKerankiHa, sk 1 B OyJneBiil anreOpi, He MOXKYThb 3 ABJIATHUCA
KOE(IIIEHTH NPH 3MIHHUX 1 TOKa3HUKH CTYIIEHIO.

3 ypaxysanusam (opmyn (31) i (32) uepe3 omnepauii anredopu Xerankina MoxkHA BUPa3UTH BCi
iHII eneMeHTapHi Oynesi Gynkmii [1]:

X>y=xVvy=x0y@xy=1dx0ydy(l®Xx)=1OXOYyBYyDXy=1OxDXY;

X~ry=x@y=10xdDYVY;

Xe—y=x->y=1D1DXDXYy=0DXDXYy=XDXY;

Xly=xy=1®&xy;

Xyy=xvy=1®xdydxy.
Takum YUHOM, MAEMO.

X>Yy=1®xX@®XYy,; (33)
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X~y=1®Xx®y; (34)
X y=XOXY; (35)
xly=1@®xy; (36)
Xyy=1®xDydxy. (37)

Ipukaan 32. Bupasutu yepes onepartii anredpu XKerankina ¢GyHKIiO
f=((xv@i2)/ xE>2)®xY7Z
BuKopucroByroun nojaanus (31) — (37) uepes onepartii anredpu XKeraykina eneMeHTapHUX OyIeBUX
byHKIIIH.
Pos3e sizanns.
f=((xv@L) I xd>2)®xyz=1®dxXvFI2)ETo2)Dxyz=
zlexv(ley®dz®y)(ldx®xz)dxXyz=
=1OXv(lP1ley®zPz(10Y) (1010 XxBPz(1D®X)D®XYyZ=
=1OXv(yPzDz@Y2) (XDPzOX2)DXYyZ=
:1®(XV(y®yz))(x€Bz€sz)€BxyEE|
1O XPYRYyzOX(YPYZ)(XDPzDX2)DXYZ=
—1O(XPYPYZIDOXYDXYZ)(XDPzDXZ)DXYyZ=
=1 OXDXZIDXZIDOXYDPYZIDOXYyzOXYyzOYyzDXYyZzD
OXYDXYZOXYZI®OXYyZIDXYyzDXYyzOXYyZ=
=1®OXOXYy(1®z)=1®XDBXYyDXYyzZ.

Opnak 710 Ti€i % camoi BiIMOBiAl MOXKHA OyJi0 MPUNTH i iHIIUM 1IIsixoM. He3Baxatoun Ha Te,
10 OCTATOYHOIO METOI0 € 3aMiHa BCIX eJeMEHTapHHX OyJieBHMX olepauliid Ha omepatii anreOpu
Xerankina, B X0/i Takoro MepeTBOPEHHS BCi 3aKOHHM OyleBOi anreOpu A [UX eleMEHTapHUX
omepariii MpoJOBXKYIOTh TisTH. 30KpeMa, 3akoH npoTupiuds X X = 0. TakuMm YWHOM, SKIIO HE
MOCIHIIIATH Bipa3y Mo30aBJsITUCS BCiX 3amepedeHb (a iHOMI HABITh 3MIHCHUTH i MOBEPHEHHS JI0
3arepedyeHHs 3rigHo 3 ¢popmynoro (31)), To 3acTOCYBaBIIM 3aKOH MPOTUPIYUsS MOXKHA MTO30aBUTHCS
JesIKOT KIIBKOCTI IO/IaHKIB 1, THM CaMHUM, CKOPOTUTH KUJIbKICTh TOIBIINX IEPETBOPEHb. Buxoasuu

3 IOTO, MICJIs BUALICHOTO 3HaKy PIBHOCTI [=] mosxna OyJI0 BUKOHATH HACTYIHI IEPETBOPEHHS

f=1®dXvyPy2) XPzPx2)Bxyz=
=10 (xvy(le)xdz(1@Xx)Dxyz=1®(Xvyz)(X®x2)®xXyz=
1O (xPyzdxyz) (X®xz)Dxyz=
—1OXOXXZIOXYZBOYZXZIDOXYZOXYZXZ1DXYZ=1OXD®DXYyZ=
—1ldxDxy(l®z)=1®dxdDxydxyz.
Bionosiob. T=1@ X ® Xy @ Xyz .

Osnauenns. [Tozumusnoro kon tonkyicio (K™) Ha3uBaeThest eneMeHTapHa KOH FOHKILiS, 110 He
MICTHTB 3arnepedeHb 3MiHHuX [18].
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Hanpuknan, enemenTapri kon’rouknii K* =y, K¥ =xy, Kt =Xy z He MicTaTh 3amepedeHb
3MIHHHX 1 TOMYy € TMO3MUTUBHUMH, a eleMeHTapHi KoH toHkuii K=Xx 2z i K=XYy Z — Hi, ToMy 10
MICTSITb 3allepEeYCHHS 3MIHHUX.

Osnauenns. Iloninom Keeankina (kanoniunutl 6acamounen, Hopmanvha gopma Keeankina
(HDX), aneeopaiuna nopmanvra ¢popma (AH®D)) — e cyma 3a MoaysieMm 2 pi3HUX MO3UTHBHHUX
KOH FOHKIIii 3MIHHHX 13 MHOXXUHH X = {X1, ..., X5}, TOOTO (hopmyia Buxy [18]:

f=K{®K;®...0K; .

Buxonsun i3 mporo o3naueHus, (opmynu (6) — (12) moxna posrmsmatu sk HOX st
eneMeHTapHux (¢QyHKuid. Takum uymHOM, Oyap-sAKy QyHKOiF0 MoxHa nomatu B HODXK,
BukopuctoByroun H®XK enementapuux ¢yukmivd (31) — (37). Hampukman, mis  ¢yHKmii
f=(xv@{2)/ (&> 2)®xyZi3 npuxnaxy 32 Gy10 orpuMane mogaHHs B anrebpi Kerankina
akf=1@® X® xy® xy z lle noganus € HOX ms i€l GpyHKIIiT, TOMY 110 MiCTHTb JIAIIE IIO3UTHBHI
KOH IOHKIII{ 3MIHHHX, 00’ €/THaH1 OIepalli€ro CyMu 3a MOJyJieM 2.

O3nauenns. /osocunoro noninomy JKeeankina Ha3MBAETHCS KIJIbKICTh KOH IOHKIIIH B TOJIHOMI.
JlorxuHa koHcTanT 0 1opiBHIOE HYIH0. JIoBXkKMHA KOHCTaHTH 1 nopiBHIOE oqunuit [18].

O3nauennsn. Cmynenem noninomy Kezankina Ha3UBAETHCS HAMOUTBIINIA 13 paHT1B KOH FOHKITIH,
110 BXOISITh JI0 CKJIaay mosinoMy. Ctyminb kKoHcTanTH 0 i KoHcTanT 1 topiBHioe Hyiio [18].

Hanpuknan, mis ¢yukiii i3 npukinany 32 HOK(H)=1 @ x ® xy @ X y z. [lis 1poro moiiHoMy

f= IEBxGBxyGB;c;/é

Takum yuHOM, 715 MOCITIKYBaHOi GYHKIIT dosxacuna(f)=4, cmynins(f)=3.
6.6.2. Mepexin Bix JAH® no HOXK

O3nauenna. JIBl KOH IOHKIIT 3MIHHUX Ha3UBAIOTHCS OPMO2OHANbHUMU 33 3MIHHOIO X;, SKILO
1151 3MiHHA BXOJIUTh JI0 OJIHIET KOH TOHKIIIT 13 3arepedeHHsM (B iHBEpCHOMY BHUTUIS), a B iHIITY — 0e3
3anepeucHHs (B MPSIMOMY BUTJISI).

O3nauenna. JIB1 KOH IOHKIIIT 3MIHHUX Ha3UBAIOTHCS CYMINCHUMU, SIKIIIO BOHU OPTOTOHAJIBHI 32
OJIHIEFO ¥ JIMIIIE O/IHIEI0 3MIHHOIO X; (3a3BUYAii TAKOK TOBOPSTE «CYMINCHI 34 3MIHHOI X;»).

Hanpukman,

Xyz i Xyz opmozonanvhi 3a mpvoma sminuumu (X, Y, 2) ;
xXyz i Xyz opmozonanvhi 3a mpvoma sminnumu (X, Y, 2) ;
Xyz i xXyz opmozonanshi 3a 0eoma 3minnumu (X, Y) ;

Xyz i Xyz 0pMO2OHANbHI 3a 0OHIEI 3MIHHOIO (Z) — CyMIdHCHI |
Xy i Xy opmozonanvhi 3a 00nicio sminnoio (Y) — cymixncHi .

Posrimstaemo dopmyny (32), mo € HOX mis aus’ronkii. Skmo B 1miii dopmym 3MmiHHI
3aMIHMTHU Ha eJIEeMEHTapHI KOH IOHKIII{, TO OTPUMAa€EMO BHpa3:

K1VKZ:K1®K2®K1 Kz. (38)

SIkmio mpu bOMY KOH FOHKIIIT € opToroHansHUMH, TO K1 K5 = 0. OTXe, Ui OpTOrOHATHHHUX
KOH 10HKIII# BHpa3 (38) HaOysae Burnsny: K, v K, = K1 ® K,. Ane JIJITH® Oynp-sxoi OyneBoi
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(yHKIiT CKIaaeThes i3 MOMapHO OPTOTOHANBHHUX KOH'IOHKIIiH — KOHCTUTYeHT oxuHnmi K1, Orxe
[18],

V Kj= @K}
j j _

Teopema 16 (npo_icnysanns HDIK). @opmynrosanns. Byns-saxy O0yneBy (QyHKIIIO MOXKHA

nojaru nojinomoM JXKerankina [8, 18].

Jlosedenns. Koneranra 0 — e monminom JKerankina 3a 1oMoBiIeHicTIO. Byap-ska inmia OyneBa
bynkmis f(xq, ..., X,) Moke O0ytu nmoganoro B JIJIH®, oTke, K mI0iHO OYyJ10 IIOKa3aHO, i HOPMYIIO0
Burisiny f= D j K} . s dopmyna He € momiHomom JKerasikiHa, SIKIIO MICTUTh 3MiHHI 13
3anepeueHHsIMU. 3anepeueHb MOXKHA M030yTHCS, BUKOPUCTOBYIOYH PiBHICTH X = 1 @ X Po3kpuBiu
B OTpUMaHii (GOpMYyJIi Ty>KKH Ha OCHOBI 3aKOHY AUCTPUOYTHBHOCTI, OTPUMAEMO CYMY ITO3HUTHBHUX
KOH IOHKIIIH, fKa He € mojiHoMoM JKerankiHa, SKIIO B HIH KOH FOHKINI ITOBTOPIOIOTHCS.
BuxopuctoBytoun piBHocTi X @ X =0 1 X @ 0 =X, BumansiemMo mapu OJHAKOBI KOH IOHKIIHA. B
pesynbrati orpumaemo HOXK. Teopemy noBeaeHo.

Mpukaag 33. [ oyukmii f= (Xv (¥ ¥ 2))/ (X > 2)) ® Xy Z i3 npuknany 32 mobymysatu
H®X, BukopucroByroun nepexin Bix AJJHD no HOXK.

Posé’azanusa.  3rimno 3 Teopemoro 9,  ams  miei  QyHKOii  icHye — €auMHA
JIH®(f)=xyzvxyzvxyzvXxyzvxyz Tonui, 3rigHo 3 Teopemoro 16, maemo:

JIH®(f)=xyzZzvXYZVXYIVXYZVXYZ=
=XyI1Dxyz®xyz®Xxyz®xyz-=
=y (leX) @Yyl xX)(1D2)@z(1dX)(1PYy)OXxy(1D2) D (1D X)(1OY)(1D2) =
—yzOXyz@OY1 D XD zDX2)Dz(1DXDYDXY)DXYy®Xxyz® (1D xXxDYyDdxy)(1®z)=
“yIOYDXyQyzOXyz@z1OXZDYIDOXyIOXYD1DzDXDPXZDYDYyzD Xy D Xyz =
=1@® XD xydxyz=HDK().
Bionosioo. HOK(f) =1 ® x © xy @ xyz .

6.6.3. HOXK nas ¢ynkuii, sky 3axaHo TadJIM4HO

Jlema (npo kinvkicmv _nosumuenux Kou’rwonkuyin). Popmyniosanns. KUTbKiCTh pPi3HHX

MO3UTHBHUX KOH FOHKIIH 3MIHHHX 13 MHOXHUHHU X = {X1, ..., X5} A0OpiBHIOE 2™ [18].

J{ogedenns. KoxxHa MO3UTHUBHA KOH FOHKIISl CKIIAAA€THCS 13 MiIMHOKUHHU 3MIHHHX 13 X, TOOTO
€ OyleBMM BEKTOPOM JOBXKHHH N, 1 HaBMNakd, KOXKHUH BEKTOpP AOBXKHHU N 3aJa€ TO3UTHBHY
KOHFOHKIIIIO MIZIMHOKHUHH 3MIHHMX 13 MHOKUHU X. Lle o3Hauae, 110 KiAbKICTh PI3HUX MO3UTUBHHUX
KOH FOHKIIIH JOPIBHIOE KIJTBKOCTI BEKTOPIB JOBXKHMHHU N, TOOTO HopiBHIOE 2™, JlemMy 10Be/IeHo.

O3nauenna. ®opma nojganHs nojaiHomy JKerankiHa

f=a)K{ ®a Ki ®...® ay_1Kn_,,

ne a; — OyneBi KOHCTAHTH, HA3UBAETHCS hopmoro 3 koepiyicnmamu [18].

Yuco | mogaersest OyneBuM BekTopoM (b, ..., by), KK, y CBOIO Yepry, 3a1a€ MiIMHOXHHY
3MiHHHX, 110 CKJIaIaloTh KoH roHkiiro K7 . Hampuknan, s GyHKIT TphoX 3MiHHUX, TOOTO pu N=3,
kol 1oHKIIA K7y, = X1X3, Tomy mo Oynesuit Bektop (1 0 1) 3amae migMHOKuHY 3MiHEEX {X7, X3}
MHOXUHH { X1, X2, X3 }. Takum uunom, momiHoMm JKerankina OymeBoi (yHKIII N apryMeHTiB
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OJTHO3HAYHO BM3HAYAETHCS BEKTOPOM CBOIX KoedimieHTiB a = (@g, Ay, ..., Apn_q) 1 HABOAKH, OYIb-
SKUW OyJIeBUiI BEKTOp JOBXKHMHU 2" OnHO3Ha4YHO BHU3Ha4yae moiiHoMm JKerankina ¢yHkmii N
apryMeHTiB. SIK HAcHiI0K, KIIBKICTh pi3HUX moniHOMiB JKerankina OyneBux (yHKILINA N apryMeHTIB
JOPIBHIOE KUTBKOCTI Pi3HUX OYJICBUX BEKTOPIB JOBKUHU 2™,

Teopema 17 (npo _edunicme HDIK). Popmynrosanns. Koxna OyiaeBa (GyHKIS B €IHHHIA
crioci6 moske Oytu moganoro B HOX [8, 18].

Jlosedenns. KinpkicTp pi3HuX nominomiB JKerankina OyneBux (yHKIIH N 3MIHHUX JOPIBHIOE
KiMBKOCTI OyIIeBHX BEKTOpiB mOBKHHH 2", ToOTO mopiBHIoE 22" . Aje KiIbKiCTh PI3HHX OyIeBHX
(yHKIL#H N 3MiHEEX Takox gopiBHIoE 22", 1 KoxKHa GyneBa QYHKI Moe GYTH 10JaHOIO ITOTIHOMOM
XKerankina (3a TeopemMoro mpo icHyBaHHS moyiHOMY). OTXe, Ha KOXHY OyjeBy (DYHKIIIO ITpHITagae
piBHO 110 oTHOMY mosiHOMY JKerankiHa. SIk HacmioK, 17 KoxkHoi OyneBoi ¢pynkuii moganus B HOX
€ equHUM. Teopemy 10BeIEHO.

[Mpouec momyky HOX mns dyHkuii, sKy 3amaHo TabIUYHO, PO3IIISTHEMO HA HACTYITHOMY
MIPUKJIIAI].

Hpuxaan 34. Ts dyskwii f = (X v ¥ 2)) / (X = 2)) ® X y Z i3 npuxnany 32 nobyaysarn ii
H®X, BUKOpHCTOBYIOUH IS IIHOTO TAOIHINIO ICTUHHOCTI i€l (PYHKITII.

Poss’azanns. B npuxnazni 33 0ya0 BUKOPUCTAHO

NJIH®(f)=xyzZvXYyZVXYIVXYZVXYZ

uiei ¢pynkuii ansg nepexony 1o HOX. Tenep ckopucraemocs miero JJJIH® nns noGynosu Tabnuii
ICTUHHOCTI 3a71aH01 QYHKIIIT 32 aIropuT™MOM, poOOTY SIKOTO OYII0 po3risHyTO B nipukiani 21. Jns
3a1aHoi PyHKIIIT TAOIHIIST ICTHHHOCTI Oy/Ie MaTH BHUTJISI:

N |x|y| z| Ynenu J/[HD f
0O(ojo0|O0|xyz|XxYyZ
00 0 xyZ 1
1/0/01|xyz|XxYy
001 yz 1
2/0(1(0|x»yz| xypZ 1
010
J(O0|1|1|xVy2z
011 xyz 1
4100 0
5(1|0]|1 0
1/(1|0|xvpyz:z 7
6 Yrixyz 1
70111 0

Takum umHOM, 11 TaOmmuHe 3amanHs Mmae Burisya: T=(11110010). 3anumemo HDXK(F) Bix
BKA3aHUX 3MIHHHMX TOKH IO 3 HEBH3HAYEHUMHU KOE(QIlliEHTaMH, BUKOPUCTOBYIOUH ISl 1HIAEKCAIlil
HOMEPH 3MiHHUX, 1[I0 YTBOPIOIOTh MO3UTHBHY KOH IOHKIIIO [2]:

fX,¥,2) =ag D a;X® ay D az;z D a;,Xy © a 13Xz ® azyz ® a3Xyz.

Tenep, nna BU3HAYCHHS KOEPIIIEHTIB, CKOPUCTAEMOCH THUM, IO TAOJHIIST 3HAYCHb (DYHKIIIT BigoMa,
T00TO Biftomi 3HaueHHss HDXK(F) Ha koxkHOMY HabOpi 3Ha4YeHb 3MiHHUX. [TiZicTAaBUMO MOCTIIOBHO B
Bupa3z HOX 3HaueHHs HaOOpiB 3MIHHUX, 30UIBIIYIOYM HA KOXXHOMY KpOII KIJIbKICTh OJUHUIIL B
3amuci HaOopiB, 1 BpaxyeMo 3HaueHHs (QyHKIIT Ha nux Habopax [14]. PosrisiHemo ciodaTky Habop,
B 3aITUCY SIKOTO HEMAa€ OJIMHUIL. MaeMo:

f(0 0 0) =Q D a1-0 D az'o d a3'0 D a12'0'0 D a13'0'0 D a23'0'0 D a123'0'0'0 =1.
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Toni, BpaxoByl04H BIAaCTUBOCTI CyMH 32 MOAYJIEM 2, OTPUMYEMO:
f(000)=ay = 1.

Tum camum, nepmuii xoedinieHT Oararouwneny JKerajkiHa @ 3HAHAEHO 1 MOYATKOBHH BHpa3
H®X(f) HaOyBae Burmsiny:

fX,y,2) =1 @ a;Xx® ayy ® az;z® a Xy ® a;3xX2 ® ay3yz ® a z3Xyz.

Jlai mociiiIoBHO BUKOPUCTOBYEMO HAOOPH, B 3aMUCY SIKMX HMPUCYTHS €IUHA OJUHULS (IPUYOMY LIS
OJIMHHMIIS Oyj1ie 3aiiMaTH MOCHIIOBHO MICISl B 3aIIMCy HAOOPiB, MOYMHAIOYH 3 MepIIoro). Maemo:

f100)=ay®a;-1® a,-0® az-0® a;,-1-0® a,;3-1-0 D a,3-0-0 ® a,,3-1-0.0 =
—ap®a;=1®a,=0.
3Biaku oTpumMyemMo: aq = 1. Jlai
f010)=ay®a;-0® a,1® az-0® a;3-0-1® a;3:0-:0® ay3-1.0 D a;,3:0-1-0 =
=ag®a,=1®a, =1.
3Biaku oTpUMyeEMO: @, = 0. Jlaimi
f001)=ay®a;-0® a,0®D az-1® a;3-0-0® a;3:0-1 ® a,3-:0-1 D a;,3:0-0-1 =
=ag®az;=1@az=1.

3Biaku oTpuMyeMo: az = 0. TakuM yuHOM, MIACTABISIOYM 10 GOPMHU BKE 3HAWIEHI KOEQIIiEHTH,
MAaEeMO:.

fX,y,2)=1@1XxD0y® 0z apxy ® a3xz ® a3yz ® aq,3Xxyz.
Temnep BukoprucTaeMo HaOOPH, B 3aNUCY SIKUX MPUCYTHI Bi onuHUI. MaeMo:
f110)=ay®a;:1®a1®az0® ap-1-1® a;3:1-:0D ay3-1.0 D a;,3:1-1-0=
—ap®a;Pa,Pa;;=10100®@a;,=0Ddayqy =1.
3BIIKH OTPUMY€EMO: A4, = 1. Jlami
f10)=ay®a;:1®a, 0D az1® ap-1-0® a;3:1-1® a,3:0-1 D ap3-1-0-1 =
—ap®a; Pa;Pa3=10100®a;3=0day3=0.
3BiKH OTpUMYEMO: aq3 = 0. Jami
f01l)=ay®a;:0®a1®az1l®a;01®a;3:011D az; 11D aqp;:0-1-1=
=apPa, Paz;Pa);3=19000@ a3 =1Da,;=1.

3BiIKH OTPUMYEMO: Ay3 = 0. Takum unHOM, TiicTaBIAI0YH 10 hopMu 3HaieH] KoedilieHTH Tpu
MONAPHUX KOH FOHKIIISIX 3MIHHUX, MAEMO:

f(X,y,2) =1 @ 1x® 0y ® 0-z® 1-xy @ 0-xz ® 0-yz @ a,3Xyz.

3anumunocss 3HaWTH OCTaHHIA KoedimieHT Oaratouneny JKerankiHa, BUKOPHUCTOBYHOUHM HAOOP
3HAYEHb 3MIHHHUX, 10 CKIATAETHCS 13 CaMHUX OJMHHITL. Maemo:

f(l 1 1) =Qy (&) a1-1 @ az'l &) a3-1 @ a12-1-1 D a13-1-1 D a23-1-1 D a123-1-1-1 =

=a0®a2®a3®a12®a13@a23@a123=
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:1®1@0®O@1@0®0@a123::1@(1123:0.
3BiIKH OTPUMYEMO: @123 = 1. TakuM 4nHOM, MaEMO:
fX,y,2)=1®1x®0-y® 0-2® 1-xy ® 0-xz & 0-yz & 1-xyz.
Orxe, nus 1iei GyHKIii
HOK)=1OXDXydxyz.

Bci HaBeneni oOumcneHHs koedimieHTiB OararowieHy JKerankiHa 3pydHimie OQOpPMITIOBATH 3a
nornoMororo Tabmuiti. [Ipu 1boMy B KOJKHOMY PSIKY CHIBBLIHOMIEHHS MK KOS(IIIEHTaAMH € CyMaMH
KOE(iI[i€HTIB, B AKUX OOOB’S3KOBO NPUCYTHIN KOE]Ii€HT @y Ta Ti KOSPII€EHTH, 1HIEKCH SKUX
BU3HAYAIOTHCS HOMEPaMH OJMHHUIb Y BiAMOBIMHMX HaOopax [21]. Hanpukman, mis Ha6opy (0 1 1),

HOMEpPH OJAWHUITL B 3anucy Habopy — 2 1 3. Tomy y BKazaHiil cymi 0epyTh y4acTh KoeillieHTH dy,
a,, asz, dzs.

No Koeivienmu HOK
s | TV

0 |o|o|o|q | a,=1
1 0|0 1| q ["%*az=1+a; a3;=0
2 0|10 7 ["%*@=1+a a;=0
3 0|1 |1 q [=%*a+a3+a;3=1+0+0+ay;=1+0s; a;3=0
4 1/0(0| 0 |" Ao+ag=1+ay a;=1
5 10|10 =@ota;+az+a;z=1+1+0+a;3=0+ass a,3=0
6 1 (1|0 7 ["%+a1+0;+a13=1+1+0+0a52=0+ay2 ag;=1
7 1 1 1 0 = Qg+ +Ay+A3+Ay3+A13+Ay3+01p3=1+1+0+0+0+1+0+ ayp3=1+ayz3 | @y33=1

I3 Tabnuui Bunucyemo OaratowieH JKerankiHa, A0 SKOTO BBIMIYTh Ti MO3UTHBHI KOH IOHKIIIT,
KOC(QIIIEHTH NMPH SKUX JOPIBHIOIOTH OAWHUII, TOOTO 3HOBY OTPUMYEMO TOM CaMUMl €AMHUHN Ui
JOCTIKYBaHOT byHKIIT (He3anexHO BiJl croco0y no0y/I0BH) MOJIIHOM
HOXK{) =1 x D xy D xyz.

Bionosioo. HOK(f)=1@®X®XyD xyz.

O3nauenna. Anroput™m nodbynosu HOX, onucanuit B npuknaai 34, Ha3UBa€TbC MemMooom
HesusHauenux koegiyicumis [2, 8].

OT1xe, U151 KOXKHOT QYHKIIIT MU PO3IJISIHYJIM TPU KaHOHIYHI HOpMaJibHI GOpMH, TOJAHHS B IKUX
it koxkHoi1 pyHkii € equanm: JJJIHO, JKH® 1 HOX. [Tpu upomy nepexin Big JJJHD no HOX
MOXUIMBHUH Oe3nocepeanno, a nepexia mix JIKH® 1 HOX a6o mixk IKH® 1 JI/TH® moxnuBuii uiie
3 BUKOPHUCTAHHSAM TaOIHIl ICTUHHOCTI (PyHKLIT SK MPOMIKHOTO obuncieHHs (abo 3a JT0MOMOTroro
CKJIaTHUX TPOMI3JIKUX TOTOKHUX MEPETBOPEHD, 1110 HE € PAIliOHAIBHUM 3 IPAKTHYHOI TOYKH 30PY).
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DyHKUi0 321aH0
aHAJITHYHO

TabnuuHuii wnax

@yHKUIi0 321aH0
Tabanuero

Puc. 8 — Cnoco6u mo0ya0BH KAHOHIYHMX HOPMAJBHHX ¢(opm

7. MIHIMIBAIISA BYJIEBUX ®YHKIIIA

3rigHo 3 Teopemamu 9 1 15, Oynp-sika OyneBa GyHKIIISA B €MHHI cr1OCiO MOXke OyTH MOAAHOIO
B JI/IH® a6o AKH®. binpm Toro, Take mofaHHs € MEPIIUM KPOKOM MEPEeXOoay BiJ TaOIUYHOTO
3amaHHs QYHKIT A0 11 aHATITUYHOTO BUPa3y.

O3nauenna. Minimizayis Oynesux ¢yukyiu aBusge codborw noganus nux ¢yakuiid 8 JJHD ado
KH®, 110 micTaTh MiHIMaIbHY KIIBKICTh OYKB (3MIHHHX a00 iX 3amepedens) [4, 5].

Kinbkicte OykB, mo Bxoasth 10 JJH® abo KH® noriunoi ¢yHKIIIT, TOpiBHIOE 200 € OLIBIIO0
3a KUIbKICTh 3MIHHUX, [0 MICTATBCS B il (DYHKIIIT, TOMY IO OJTHA i Ta )X cama 3MIHHA MO>K€ BXOJTUTH
1o dynkuii nexinbka pasis. Hanpuknan, JTH® mis pyskuii f =Xy Zv Xy Z V'Y Z MICTUTB TpH 3MiHHI
X, Y, Z 1 BiciM OYKB 3a paXyHOK TOT'0, III0 X BXOJHUTh 10 HyHKIIT JBidi (00KMIBa pa3u Oe3 3aliepeUucHHs),
y — Tpuui (oMH pa3 3 3amepedyeHHsM i Bidi 0e3 HbOro) i Z — TaKoXK Tpu4i (OJJMH pa3 B IHBEPCHOMY
BUTJISLII 1 ZBiYi B ipsiMoMy). AHasnoriuao KH® mis yukuii f = (X v y)(x vy v 2)(X V Z) MicTuTh Ti
K caMi TpH 3MiHHI X, Y, Z i ¢iM OYKB 3a paXxyHOK TOrO, IO X BXOAWUTH 10 (yHKIIl Tpuyi (aBivi B
OpsSIMOMY BUTJISIII ¥ OJTMH pa3 B iHBEpPCHOMY), Y — JBiui (00H/Ba pa3u i3 3alepeueHHsM) i Z — TaAKOK
nBidi (OIMH pa3 i3 3armepeycHHsIM 1 OuH pa3 0e3 Hboro). TakuM YMHOM, Ha TPAKTHII 1, BIAMOBIIHO,
B TeOpii CTOITh 3a/1a4a ckopoueHHs KiabKocTi OykB B JIH® 1 KHD.

7.1. Meroa KBaiina
7.1.1. ImmiikanTa

O3nauenna 1. Slxuio nesixka noriyHa (yHKmis ¢ (B OKpeMOMY BUIAJKy — €JIeMEHTapHa
KOH OHKI[isI) IOPIiBHIOE HYJIFO Ha THX CaMUX HaOopax, Ha SKUX JOPiBHIOE HY0 iHma dyHkiis f, To
byHKIIs @ Ha3uBaeThes imnaikanmoro Gynkuii f [19].

Jane popmyItoBaHHS BU3HAYA€E IMIUTIKAHTY yepe3 00J1acTh XMOHOCTI JOCIIKYBAaHUX (YHKITIH
fi@. OnHak, e 03HaYCHHSI MO’KHA TaKOX JaTH 1 4yepe3 0071acTh iCTHHHOCTI.

O3nauenna 2. Oyukuis ¢ € imnaikanmoro ¢ynkuii f, skmo Ha Tux Habopax, Ha sKuX @ = 1,
takox 1 f=1[8, 11].

TakuM ynHOM, (QYHKIIS (¢ MOXKE JOPIBHIOBATH HYJIO Ha TUX HaOopax, Ha skux f =1, ane He
HaBIaku. BUxoas4u 3 11b0T0, MOYKHA JIaTH 11Ie OHE (OPMYITFOBAaHHS 03HAYEHHS IMITTIKAHTH.
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O3nauenna 3. Oyukiis @ € ivnaikanmoro Gynkii f, sxio @ v =1 [17].

O3nauenns. Y BUNAIKy, Koiau QYHKILS @ € IMIUTIKAHTOK QYHKIIT f, TO roBOpsTH, 1110 QyHKILiS
¢ BxoauTh 110 GyHKIii f. YMoBa BXomKeHHS 3amucyeThest sk @ C f.

Ipukaaa 35. Hexaii 3agano tpu dyskii (X, y, 2), (X, Y, 2) i h(X, Y, 2).

Ne |x|y|lz| f | g |h
0|00 |0]| O 0 0
1 0|01 1 1 0
2 010 0 0 0
3 0|11 1 0 0
4 1,00 0 0 1
5 1/0(1 0 0 0
6 1,10 1 0 0
7 111 1 1 1

Busnauuty, siKi 3 1uxX QyHKIIHA € IMIUTIKAHTaMH O/IHA OJIHOI.

Po3zé’sa3annsa. CkopuCTaEMOCh MEPIIMM O3HAYEHHAM iMIumikaHTH. Jnsg mux  QyHKIii
0X(f)={0, 2, 4,5}, 0X(g)={0,2,3,4,5,6}, OX(h)={0,1,2,3,5 6} € oueBugHum, M0
OX(f) € OX(9), To6TO Ha Bcix THX Habopax, Ha skux (yHkuis f =0, QyHKIisS g TaKOX JTOpIBHIOE

Hymo. Sk Hacinok, ¢pyHkiis g € immutikanroro f. @ynkiis g = 0 takox i Ha Habopax Ne 3 i Ne 6, 1e
dbyukuis f = 1, rooto OX(g) & OX(f). Tomy dyukitis f He € immrikanToro it GyHKIIT §. B Toit *xe
vac, Ha Habopi Ne 4 dynkuis h = 1, a ¢pynkiis f = 0, mo cynepeunts o3HaueHHIO iMIUTiKaHTH. OTXKE,
¢yukuist h vHe € imrutikanToro ¢GyHkiii f. 3BOPOTHE BKIIOYCHHS TaKOX HE BHKOHYETHCS, TOOTO
OX(h) & OX(f), To6Tto Ha Habopax NeNel, 3,6 odyukiis h=0, a dyskuis f=1, mo Takox
CYIEepPEUUTh O3HAYCHHIO IMILTiIKaHTH. SIk Hacmiok, Gpyukiis f He € immrikanToro aus Gynkii h. J{s
¢dynxuiit g i h 0X(g) & OX(h), Tooto Ha Habopi Ne 4 g =0, a h = 1. Sk Hacninok, ¢pyHkiis h He €
iMmTikanToro (QyHKIii §. 3BOPOTHE BKJIFOUCHHS TaKOK He BUKOHYyeThes, TooTo OX(h) & OX(Q),
Tomy 1o Ha Habopi Ne 1 h =0, a g = 1. Omxke, QyHKIis § HE € IMIUTIKaHTOIO QyHKIIIT h.

Tenep ckopucTaEMOCh APYTUM O3HAUEHHSAM IMILTIKAHTH 1 PO3TJISTHEMO 00JIacTi ICTUHHOCTI ISt
samanux ¢yukiit: OI(f) ={1,3,6,7}, OI(g) ={1,7}, OI(h)={4,7}. € oueBumHUM, IO
OI(g) < OI(f), To6To sixmo g = 1, To i f = 1. Lleii ¢akT miATBEpKYE BUCHOBOK TIPO T€, M0 QYHKIIIS

g € immrikanToro ¢yskmii f. 3BopoTHe BKIIOUEeHHS He BHKOHYeThes, ToOTO OI(f) Z OI(Q)
(mopyieHns BinOyBaeThest Ha Habopax Ne Ne3, 6). OTke, BUCHOBOK Mo Te, 1110 T He € iMIutikanToo
st GyHKOii g, Takok miaTBepKyeThes. Jlns obnacteit ictuHHOcTi ¢yHkuii f i h Takox He
BUKOHYeThCs sxkomaHe 3 BkimoueHb. OI(h) & OI(f) (mopymienns BimOyBaeThcs Ha Habopi Ne 4) i
OI(f) z OI(h) (nmopymienns BinOyBaeThest Ha Habopax NeNe 1, 3, 6). SIk HacimOK, *OAHA 3 IUX
GyHKLiH He € iMIuTiKaHTO 1HIIOT QyHKHii. s GyHKiA g i h TakoX He BUKOHYETBHCS KOJHE 3
sriroueHb: OI(g) & OI(h) (mopymienns BinOyBaeThest Ha Habopi Ne 1) i OI(h) & OI(g) (mopyreHHs
BiZIOyBaeThest Ha HaOopi Ne 4). O1xe, 1 i GYHKIIT HE € IMIUTIKAHTaMK OJTHA JJIS1 OJTHON.

TakuMm unHOM, TOPIBHAHHA 00JacTel ICTUHHOCTI 3aaHUX (PYHKIIH MIPU3BOAUTH A0 THX CAMUX
BHCHOBKIB, 110 ¥ MOPIBHAHHSA 1X 001acTeil XMOHOCTI.

CkopucTaeMoch Temep TPETiM O3HAYEHHAM IMIUTIKaHTU. J[is 1mporo moOyayeMo Tabmuil

icruanocti s fv g, fvhigvh.
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N | x|y|z| f|g|h | fvg |fvh |gvh
0|jojo0o|O0| O 0|0 0 0 0
1 (0(0|1]1 1 0 1 1 1
2 |0(1|0| 0 0O 0 0 0
3 (0|11 1 0|0 1 1 0
4 (1/0(0| 0|01 0 1 1
5|1(0|1]| 0 0O 0 0 0
6 |1|1|0]| 1 0|0 1 1 0
7 1|11 1 1 1 1 1 1

Sk BuaHO 13 HaBexeHoi Tabmuii ictuarocTi, fv g =f. Omke, yHkuis ¢ € immtikaaroro GyHkii f.
[Tpu upomy fv g+ g, mo cBiguuTh npo e, mo ¢yakuis f wis pyHkuii g iMrutikanToro He €. [l
pewrtu au3 toukid f v h#f£ hig v hs#g#h. Lli cniBBinHOIICHHS TAKOX MM ITBEPHKYIOTb, IO IS
nap ¢yukmiii {f, h} i {g, h} xonna 3 GpyHkuil He € iIMIUTIKaHTOO 115 1HIIOT QYHKIIIT 13 MTapH.

PosrnsiHyTHil puKkiaa mokasye, 1Mo HE3aJIeKHO BiJl TOTO, B KM CIIOCIO JOCITIKYBATH TIapy
GYHKIIH Ha HASBHICTH IMIUNIKAHTH (SKMM i3 O3HAYCHb IMIUTIKAHTH KOPHUCTYBATHCS), OTPUMaHi
BHUCHOBKH OY/yTh OJJHAKOBUMH.

Bionosids. ®yukiiist g € immtikantoro Gyskiii f, ane Gpynkiis f He € iMITikaHTO0 Tt QYHKITIT
g. Permrra monapHi noegHaHHS po3MIAHYTHX (QYHKIIN HE € IMIUTIKAHTaMH OfHa OHIMH.

Teopema 18. @opmyniosanns. Bynap-sika KOHCTUTYCHTa OAWHMIN, IO BXOJWUTH JIO CKIATY
JJIH® snoriunoi ¢pyukuii f, € ii immiikanToro [19].

Jlosedenns. KoHCTUTYEHTA OMHUIII TOpiBHIOE 1 nuie Ha equHOMY HaOOpi 3HAYCHD 3MIHHHUX.
B cuny toro, mo JAJIH® soriunoi ¢yukmii f ckimagaerses i3 au3’FOHKINT KOHCTUTYEHT OMHHMIIL,

OJIMHUYHE 3HAYCHHS Oy/b-5KOi KOHCTUTYEHTH OJUHUII, 1110 BXoauTh 10 JIJIHD, 36iraeThcs 3 onHUM
i3 oquHUYHUX 3HaueHb QyHKIi f. ToMy, y BiAMOBIZHOCTI 3 03HAYECHHSAM IMILUTIKAHTH, KOHCTHUTYEHTA
omuHMmIl, mo BXxoauth a0 JJIH®, € immiuikantoro JJIH® i, sk Hacmimok, ¢pynkuii f. Teopemy
JOBEIEHO.

Hacainok i3 _Teopemmu 18. EnementapHi KOH’IOHKII, i3 skux ckiamaerscs JIH®D neskoi

norignoi Gpyskuii f, € imrutikanTamu wiei Gynkiii  [8].
Teopema 19. @opmyniosanns. Koncranra 0 € iMIITikaHTo0 Oy1b-sK01 JTOTT9HOT PYyHKIIIT.
/{losedenns. 3a o3HaueHHAM, KOHcTaHTa 0 JOPIBHIOE HYITIO Ha BCiX Habopax 3HaYeHb 3MIHHUX

1, SIK HACIII0K, 000B’SI3KOBO JIOPIBHIOE HYJIIO Ha BCiX TUX HaOopax, Ha sikux ¢yHkiis f = 0. Teopemy
J0BE/IEHO.

€ oueBHIHUM, 1110 KOXKHA JIOTi4Ha (QYHKIIS € iMIUTIKaHTO0 camoi cede [4, 5].

Teopema 20. Dopmyniosanns. bynp-sika noriuyHa GyHKIIS € IMIUTIKAHTOI0 KOHCTAHTH 1.

/{ogedenns. Koncranra 1 He HOPIBHIOE HYINIO Ha >KOAHOMY Habopi. Lle o3Hauae, mo y Oynb-
AKOi JIOT14yHOi (YHKIII, HA SKUX OM HaOopax He CTOAIM y Hei OoauHUIl, OyJe BIANOBIAHICTH ii

OIMHUYHUX 3HAYEHb 3 OJIMHUYHUMH 3HAYCHHSIMU KOHCTAHTH 1 1 Hime He Oyae Habopy, M SKOTO
moriuHa (QYHKIIS JTOPIBHIOE OJIMHMIN, a KOHCTaHTa 1 B 1meil wac nopiBHIoe Hym0. Teopemy
JA0BeIEHO.
O3nauennsn. JIBi moriuni (QyHKIT @1 1 (P HABUBAKOTHCA NOPIGHAHHUMU, SKIIO BOHHU €
IMITJTIKQHTaM¥ OJTHA JUTSl OJHIM, TOOTO SKIIO /I HUX BUKOHYIOTBCS YMOBHU (1 C P2, P2 C P1.
O3nauennsn. EnevMeHTapHa KOH’IOHKIIIS, OTPUMaHa HUISXOM BHKIJIIOUEHHS i3 MOYaTKOBOT
KOHFOHKIIIT O/IHi€T 200 JEKIIBKOX 3MIHHUX, HA3UBAETHCS GIACHOIO YacmuHoio el KoH FoHKIT [11].
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Hanpukina, Hexaii 3a1aHO eJIeMEHTapHY KOH FOHKIIi0 @ = X y Z . Toi il BJTaCHUMH 4aCTHHAMHA
OyayTh KOH IOHKINI Y Z , X Z, X ¥, X, ¥, Z. Cama ejleMeHTapHa KOH FOHKIIiSI X Y Z HE € CBOEIO BIIACHOIO
YaCTUHOIO, TOMY IIO Y BiJIMOBIAHOCTI 3 O3HAYEHHSM JIJIsl OTPUMAHHS BJIACHOI YaCTUHU 13 TOYaTKOBOL
eJIeMEHTApHOI KOH FOHKIIIT HEOOX1JHO BUKITIOYMTH X04a O OAHY 3MIHHY.

O3nauennsn 1. EneMeHTapHi KOH IOHKIII, 110 caMmi BXOJATh B JaHy (QYHKIIIO, ajie HisKa iX
BJacHA YaCTHHA HE BXOJIUTh, HA3UBAIOTHCS npocmumu imnaikanmamu [8].

Hanpuknan, ana ysxmi f(X,y, 2, ) =Xy zvy Zt vX Yy v Xt mpocTUMH iMITiKaHTaMH
Oy/IyTh JHUIIE eleMeHTapHi KOH IoHKIIi Y Z £, X ¥ i X t. EnemenTapHa kol I0HKIis (iMIITikanTa) X y Z
HE € TMPOCTOK0 IMIUTIKAHTO0, TOMY IO ii BJaCHa YacTHHA X Y TaK0K BXOAUTH B AaHy GyHKHi0 (€ Ti
IMIUTIKaHTOIO).

O3nauenns 2. Takum 9MHOM, eJIEMEHTapHA KOH FOHKIIIS ¢ € IPOCHOI0 IMAIIKAHMOIO JTOTTIHOT
GbyHKIT f, AKIIO TpU BUIAICHHI 13 @ BXO/DKEHHS X04a O O/IHIET 3MIHHOT, 1151 eJIEeMEHTapHa KOH  FOHKIIis
npunuHsae Oyt iMitikanToro ¢yukiii T [6].

SIKuio sKach KOH'IOHKI[IS BXOJAUTH B JIaHy (PYHKIIIO, TO MPH JAOAaBaHHI J0 1€l KOH FOHKIT
OyIb-sIKUX 3MIHHMX HOBAa KOH IOHKIIiSl TakoX OyJe BXOAWTHU B 10 (DYHKIIIFO, TOMY IO ISl HOBa
KOHFOHKIIisl 00€pPTa€THCSI B HYJIb PAa30M 3 ITOYATKOBOIO KOH FOHKIII€IO.
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7.1.2. Minimizania 3a Kgaiinom B JJH®

O3nauenna. JIn3’ 10HKIA BCiX MPOCTHX iMIUTIKaHT GyHKIIT T HasuBaeThes ckopouenoro JHD
i€l Gynkiii [8].
Teopema 21. @opmynrosanns. Byap-sky noriuny ¢pyHkmiro f MokHa B €1uHuit crrocib mogatu

y Burisiai ckopoueHoi JJH® [19].

/losedenns. B cuity TOro, mo mpocTi IMIUTIKaHTH BXOAATh 10 ¢yHkuii f, BoHM MawTh
JOpPIBHIOBATH HYJIIO Ha THX caMUX Habopax, mo i ¢pynkuis f. Skio e He Tak i mpocTa iMIUTIKaHTa
JOpPIBHIOE ONUHHMLI TaM, ae QyHKIis f Mae HOpiBHIOBaTH HYIIO, TO y BIAMOBIIHOCTI 3 PIBHICTIO
1 v x =1 dyskuis f Oyxe Toai JOPIBHIOBATH OJMHHIII, 1[0 HEPUITYCTUMO. J1J1s1 KOXKHOTO HAOOPY, /1€
byukuis f gopiBHIOE oauHMIN, Mae 3HAWTHCA Xo4ya O OJHA MPOCTa IMIUTIKAHTA, MO JOPIBHIOE
onunui, iHakme Qyskuis f B npoMy Bumaaky He Oy/e JNOpiBHIOBaTH OIWHHMII. B Haiiripmomy
BUIIAJIKy TaKOK IMIUTIKAHTOK BUCTYIA€ KOHCTHTyeHTa omuuuili. Cepen iMrutikanT y QyHkuii f
MOXYTb 3HAUTHCS IPOCTI IMILTIKAHTH V, 110 € BIACHUMHU YaCTHHAMH IMIUTIKaHTH . B 1bomMy BUmaaxy
¢ =V W. B cury piBHOCTI VW Vv V =V (W Vv 1) = Vi, IK HACIIIOK, @ V V = @, BiIOYACTHCSI OTJIHHAHHS
(emiMiHaris) iIMIUTIKAHTH @ 11 BJTaCHOI YaCTHHOIO V, IO € MPOCTOI0 iMILTIKaHTO0. Lle o3Hauae, mo
¢byukiist f Oyze micis BCiX MOKJIMBUX MOTJIMHAHB B MIJACYMKY CKJIQJATHCS JIMIIE 13 CAMUX MPOCTUX
IMIUTIKQHT.

[Mpumnyctumo tenep, 1mo st GyHkiii f icHyoTh 1B pi3Hi ckopoueni JJHD. Ase 3a o3HaYeHHIM
ckopouenoi /IH®, BoHa Mae MICTUTH BWUYEPIHHUU IMEPETiK MPOCTHX iMIUTiKaHT. Llel mepemik €
€IMHUM, 1HaKIIe BiH He OyB OM BuuepnHUM. OTXKe, 00MABI 11 HOPMHU CKIIAIAIOTHCS 13 OJHUX 1 THX
CaMHX NPOCTHUX IMIUTIKaHT, TOOTO 1i ckopoueHi JIH® peanizyloTbcsi OFHIEIO TIE K CaMOIO
dopmyoro. Ile o3nauae, mo mi ckopoueri JJH® imenTrdHi, ToOTO MogaHHs (QYHKIIIT CKOPOUYCHOIO
JAH® € equanm. Teopemy q10BeeHO.

Jlnst moganust storiunoi Gyskiii f ckopoueroro TH® BUKOPHCTOBYIOTHCS Omepaliii MOBHOTO i
HETIOBHOT'O CKJICIOBAHHSI, a TAKOXX MOTIMHAHHSI Ta po3ropranns B JTHD [4, 8].

Onepallist n06H020 CK€I06aHHA BU3HAYAETHCS CITIBB1THOIICHHAM

PXVOX=0, (39)
[Ilo BunmBae 3 TOrO, IO
OXVex=p(XvXx)=pAl=e.

CkJICtOBaHHSI KOH FOHKIIIN () X 1 @ X B TaHOMY BUITIKy BiIOYBa€ThCs 3a 3MiHHOO X. CI1ijl 3a3HA4YHTH,
1110 OTepallisi CKICIOBAHHS MOXKJIMBA JIMIIE sl CYMDKHUX (OPTOTOHATIBHUX JIMIIIE 33 OHIEI0 €NHOIO
3MIHHOI0) €IIEMEHTAPHUX KOH IOHKIIIH, 1 TAKKX, [[[0 MAIOTh MPH [IbOMY OJIHAKOBUH CKJIajl 3MiHHUX.

Onepalliss Hene6H020 CK1eI08AHHA MAE HACTYITHUM BUTJISI:
PXVOPX=QVOXVQX. (40)

3MicT wi€i onepaliii moJsirae B TOMY, 110 An3 FOHKILSI BUPa3y @ 3 GOPMYIO0 @ X V @ X HiIKHM YHHOM
Ha 3Ha4YeHHS 1i€l GopMynn He BIUIMBae. BOHO 3anMiaeThcss HE3MIHHUM, CKIJIBKU O pa3iB BUpa3 @ 3
i€ GopMyInnoro He A1u3’ FOHKTYBaBCS.

Onepallis noznunanna BU3HAYAECTHCA 13 PIBHOCTEH

OVex=¢ i PVOX=09. (41)
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B upboMy Bumanky Bupaz @ moriuHae Bcio ¢opmyny. lle BumnuBae 13 CIIBBIAHOIICHD
emiminarii (11.1) i (11.2).

Jlanexko He 3aBKAHM MOYATKOBY JioriuHy (yHKuito nogano B JJJIH®. ¥V Bumanxy, Konu me He
TaK, 3aCTOCOBYETBCS OIepallis pozzopmanns. [i GaraTokpaTHe 3aCTOCYBaHHS J03BOIIAE HEPETBOPUTH
OyIb-sIKy TIPOCTY IMIUTIKAHTY B JH3’FOHKIIIFO KOHCTUTYEHT ofuHMII. L[5 omeparris BimoOpaxaeTbes
criBBiHOIIEHHIM (25). IIpu po3ropraHHi pi3Hi IMILTIKAHTH MOKYTh YTBOPIOBATH OJHY i Ty camy
KOHCTUTYEHTY OJIMHHIII. B 1[bOMY BHIIaJIKy Ha OCHOBI BJIaCTUBOCTI 1JIEMIIOTEHTHOCTI 13’ tOHKIIIT (7)
XV X=Xx Tpeba 3IMIIMTU JIMIIE OJHY TaKy KOHCTHTYEHTY OJMHHMII. B pe3ynpTaTi OoTprMaemo
JJIH® mouyaTkoBOi JIOTIYHOT (PyHKII].

Teopema 22 (meopema Keauna ona JUIH®). Dopmymosanns. Slkmo B JJJHD noriunoi
¢ynukuii f mpoBecTH BCi omepallii HEMMOBHOTO CKJICIOBAaHHS, a MOTIM BCi omeparlii MOrJIHHAHHS, TO
orpumaemo ckopoueny JJH® wiei pynkuii, TOOTO 113’ 1OHKIIIIO BCiX 11 mpocTux iMrutikat [4, 16].

Josedennsn. Hexaii, HanpuKIiIaa, TICIs MPOBEACHHS BCIX OMEpaIliii HEIMOBHOTO CKJICIOBAHHS, a
notiM nornuHaHHsg JJH® Oyae MicTUTH 4iieH W, 110 HE € MPOCTO IMIUTiKaHTOw. Tozal mo miei
¢byHKIii, KpiM W, BXOANUTH SKAaCh HOro 4acTHUHA (@, IO € MPOCTOI0 IMIUTIKaHTo0. Lle o3Hauae, mo
dbyukiis f 6yme MicTUTH IMIUTIKAHTY W i IPOCTY IMILTIKAHTY @ Y BUIJIAI 1X A13 IOHKINT @ vV W. AJjie
W =V . Toi wieH W y BiITOBIAHOCTI 3 PIBHICTIO WV @ = @ V V @ = ¢ OyJie MOTJIMHEHUH TPOCTOIO
IMIUTIKQHTOIO @ 1, BiANOBigHO, ckopoueHa [IH® mictuTume nuiie 10 OpocTy imrmiikanty. e x
CTOCYy€eThCs 1 pemty iMITikanT. Bignosigno JTH® Oyne cknamaTucs Jiuiie i3 NPOCTUX IMILIIKAHT,
00’enHaHuX onepanismu Au3’toHKLii. Teopemy 10BeeHo.

Ocobaugicmiw_memody minimizauii 3a_Keaitnom € te, 1o Moro podoTa MOYMHAETHCS MICIs

MOJIaHHA JIOT14HO1 (DyHKIIi, 110 MiHIMI3y€eThCS, B JOCKOHANil HOpManbpHIA Qopmi. Tomy sKIo
¢bynknito 3agano aoBinbHOIWO JH®, To ii cimix cmouatky meperBoputu B JJIH® unmsixom ii
po3ropranHs. Jlaii JiF0Th 32 HACTYITHUM @120pummom minimizayii dpynxuii, nodanoi ¢ //IH®D.

1. B JJH® ¢yskuii f=f(xq, X2, ..., X,) TPOBOISATHCSA BCi OMeEpailii HEMMOBHOTO CKJICIOBAHHS
KOHCTUTYEHT OJWHHII. HemoBHEe CKJIErOBaHHS BUKIMKAHO THM, IO KOXXKHA KOHCTHTYEHTa
OJIMHUIII MOKE€ CKJICIOBATHUCS 3 ACKUIbKOMA IHIIMUMH. ToMYy 11 MiCJIg MEepIIOro CKICIOBaHHS HE
MOTJIMHAIOTH, @ BAKOPUCTOBYIOTH JUIS 1HIIUX, B MOPSIAKY YeprH, onepaiiii ckietoBanHs. Le i
€ oreparlisi HEMOBHOI'O CKJICIOBaHHS. B pe3ynabTaTi OTPUMYEMO IMIUTIKAHTH, 110 MAlOTh IO
(n — 1) 3minHuX. [Ipy 11bOMY MOXKIJIMBE TaKOXK 1 OTPUMAHHS MPOCTUX IMIUTIKAHT.

2. BingOyBaeThcs MOMIMHAHHS IMIDTIKAHTAMHU BCIX KOHCTUTYCHT OJMHHIN, IO Opajid y4acTh B
HEMOBHOMY CKJIetOBaHHI. KOHCTUTYEHTH OJIMHUIII, [0 Opaii y4acTh B OMEpallisix HETOBHOTO
CKJICIOBAaHHS, TOTJUHAIOTHCS OOOB’S3KOBO, TOMY IO BOHHM MICTSITh B CBOEMY CKIaJIl
IMILTIKaHTH, 10 MAOTh ITiCJIs IEPIIOro CKICoBaHHs 1o (N — 1) OyKBi Ta MicTATHCS B QyHKIIIT
f. KoHCcTUTYeHTH OJIMHHIII, SIKUX HE OYJI0 3a/isTHO B OTEpaIlisxX CKICIOBAaHHSI, HE MOXYTh OyTH
MOTJIMHEHUMHU, TOMY 1110 BOHU BXKE € MMPOCTUMU IMILTIKAHTaMHU 3 N 3MiHHUMH.

3. TIpoBomsAThCs onepailii HETOBHOTO CKJICIOBAHHSI 1 MOTTTHHAHHS IMITTIKaHT 3 (N — 1) 3MiHHUMH,
10 OTPUMaHi Ha MEPHIOMY KpPOIll CKIICIOBAaHHS, 3a aHajoriero 3 myHkrtamu 1) i 2). Lx
poreypa TOBTOPIOETHCS JIOTH, TIOKH OIeparlii HEMOBHOTO CKJICIOBAHHS 3aJTHIINAIOTHCS
MosxauBuMu. OTpumana B pesynbtati JJIH® 6yne ckopouenoro JJTHD.

Ipukaan 36. HeoOxinHo 3uaiiTi ckopoueny JIH® moriunoi ¢pymukiii [5]

f(x,y,2) =xyvxzvyz.

Po3ze’azannsa
1. 3acTrocoBytoun onepaiito po3ropranss, orpumyeMo JJIHD pynkmii
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f=xyvxzvyz=xy@zvz)vxz(yvy)vyz(Xvx)=
=SXYZVXYZVXYIVXYIVXYZVXYZ.

2. [Ipoenemo B JJJIH® ¢ynkuii f Bci MoxIIMBI onepallii HEMOBHOTO CKJICIOBAaHHS KOHCTHTYCHT

oauHMLI. J{715 IbOTO MPOHYMEPYEMO BCi KOHCTUTYCHTH OJUHHMIII (DYHKIIIT:
XYPIVXYZVXYIVXYIVXYZIVXYZ
1 2 3 a4 5 6

[ToTiMm BUKOHaeMO BCi omeparlii HEMOBHOT'O CKJICIOBAHHS WICHIB (YHKIIl, TTOYHHAIOYH 3
nepmoro, 3 pemror. Ha mepmomy erami CKJI€OBaHHS BCi €JIEMEHTAapHI KOH IOHKIII €
KOHCTUTYECHTAMH OJHMHHUII 1, SIK HACIiJOK, MalTh OJHAKOBUH CKJIaJ 3MiHHUX. ToMmy iX
MONIAPHUM TTOPIBHSHHSIM BHSBIISIEMO CEpell HUX CYMDKHI 3a SKOIOCHh 3MIHHOIO 1 MPOBOJUMO
OTIepallii0 CKJICIOBAHHS caMe 3a M€ 3MIHHOO.

3. Pe3ynbraTu CKJICIOBaHHS 3aIHUIIEMO B TAOIHIIO, B SKiil EPIINiA CTOBIIEIh BiOOpaXkae HOMEpH
KOHCTUTYEHT, IO CKJICIOIOTHCS, IPYTUH CTOBIEIH MTOKA3y€e pPe3ysbTaT CKICIOBAHHS, a TPETIl —
3MiHHI, 32 SKUMH BiIOYIIOCS CKJICIOBAHHSI.

NeNe
KOHCmumyeHm, ImnaikaHma

w{o CKn1erorombscs

1) 12 xy z
2) 13 vz x
3) 25 xZ v
4) 34 Xz y
5 46 Xy z
6) 56 Yz x

I3 meprroro croBmI i€l TaOIMIN BUAHO, IO B OTIEPALIisSX HEMOBHOTO CKJICIOBAHHS Opalii y4acTh BCI
KOHCTUTYEHTH (Cepe/l HOMEPiB KOHCTHTYEHT, 10 CKIICIOIOTHCS MPUCYTHI BCl, Bi 1-1 i 0 OCTaHHBOT,
6-1 KOHCTUTYeHTH). SIK HACIIIOK, BCI BOHM OyIyTh MOTJIMHEHI OTpUMaHUMU iMIuTikaHTamu. Cepen
OTPUMAaHMX Ha IbOMY €Talll CKJICIOBaHHS MPOCTUX IMIUTIKAHT OJHAKOBI 3a CKJIAJOM 3MIHHHUX
immutikanTy (1-a i 5-a, 2-a i 6-a, 3-51 1 4-a) He € cyMiKHAMH. Bei 11 mapu iMILTIKAHT OPTOTOHAITBHI 32
JIBOMa 3MIHHUMHU. TakMM YHMHOM, TOJAjbllle CKJICIOBAaHHS HEMOXXIIMBE, 1 HaBeJEHI B TaOmwuili
IMIUTIKAHTH  OynyTh mpocTumu. [licias mMOTIMHAHHS UMHU  IMIUTIKAHTAMH  BIAMOBIAHUX 1M
KOHCTUTYEHT OJMHUII oTpuMaeMo ckopodeHy JIH®, mo MicTUTh LIICTh NPOCTUX IMIUTIKAHT, SKi €

BUYEPITHUM MEPETIKOM BCIX MOXIIMBUX MPOCTUX IMIUIIKAHT JOCIHIIKYBaHOT (PYHKIIII.
1 2 3 4 5 6

fexop=XVYVYIVXZVXIVXYVYZ
Cepe HUX € | KOH FOHKIIIT, 1[0 BXOJSTH B MoYaTkoBy GyHKIi0 T X Y, X 21y Z. ToMy MOXHa BBOKATH
IMIUTIKAHTH Y Z, X Z 1 X y 3aiiBuMu. JlaHuii pe3ynbTar 1me pa3 migTBEepUKYE, M0 KOH IOHKIIIT, 1110
BXOJSTH JI0 TIOYATKOBOI (PYHKIII1, € MPOCTUMH IMITIKAaHTaMH. TakMM YMHOM, BHJIHO, IO CKOpPOYEHA
JJH® — ne manexko He 3apxau MidimManbHa J[H®, ToMy 1o BoHa X04 1 MICTUTH cami MPOCTi
IMIUTIKaHTH, aje cepel HUX MOXKYTh OyTH 1 3aiiBi.

O3nauenna. JIU3’1OHKIIA TPOCTUX IMIUTIKAHT, JKOJHA 3 SKUX HE € 3aliBOI0, HA3WBAETHCSA
mynukogoio /[H® noriunoi ¢pynkuii [4, 19].

TynukoBux ¢opm y ¢yHKUIi B 3aralbHOMY BHUMAJIKy Moxe OyTu jaekinbka. KokHa 3 mux
TYNUKOBHUX (DOPM MOXKE MICTUTH KUIBKICTh OYKB, BIIMIHHY Bij pemitu. To/l mocrae 3ajjaua MomyKy
TaKOoi TYMHUKOBO1 ()OPMU JIOTTUHOT PYHKIIIT, 1110 MicTUIa O MiHIMANbHY KIJIbKICTh OYKB.
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O3nauenns. Cknaonicmio JJH® Ha3MBa€THCS KUTBKICTh OYKB (BCIX BXO/DKEHB 3MIHHUX ), 3 SIKUX
ckimagaerses nana JJHD [6].

Osnauenna. JJHO® noriunoi ¢yukuii f wHasuBaerscst minimanvnoro /JJH®, sKio BOHa Mae
HaMEeHIIy CKJIaAHICTh B HOPiBHSHHI 3 pemToro JIH®, mo 3amxarots gany ¢yskiiiro f.

Jesiki moriuHi (yHKIT MOXYTh MaTH AeKiabka MiHiManbHUX JJH®, mo MicTATh OJHAKOBY
KUTbKiCTh OyKkB. B 1ipomy Bumaaky obupaerbcst Ta MmiHiManbHa JJTH®, mo € OuIbI mpUIaTHOIO B
MOPIBHSIHHI 3 PEIITOIO JUIS pealtizaiii KOHKPEeTHUX MPUKJIAIHUX [UIeH JaHo1 3a1adi.

3 MeTor0 BU3Ha4YeHHs MiHIManbHOI JITH® BUKOPHCTOBYIOTHCS IMILTIKAHTHI MAaTPUIL.

O3nauenns. Ivniikanmuoro mampuyero Ui 3aaHoi QYHKITIT HA3UBAETHCS TAOIHIIS, B K1 110
BEpPTUKAJI 3alUCYIOThCS KOHCTUTYCHTH OJMHMII, a IO TOPU3OHTAIl — MPOCTI IMIUTIKAHTH 3a7aHO1
¢bynkmii, orpuMani i3 ckopoueHoi JIH®. SIkmio iMmrurikaHTa € BJIACHOK YaCTHHOIO JIEAKOI
KOHCTUTYEHTH OJIMHMII, TO KJITHHKA IMIUIIKAHTHOI MAaTpHIll, IO BiAMOBiJa€ UM IMIUTIKAHTI Ta
KOHCTUTYEHTI OJIMHHMIII, IKUMOCh YHHOM BIIMIYAETHCS.

Pose’sizannsn  npuknady 36 (npodosoicenns). TloOynmyeMo IMIUIIKAHTHY MATPUIIO IS
JOCIIKYBAHOT JIOT19HOT (DyHKIII].

L Kowomumyewma ]
RLBocTS 1 2 3 4 5 6
IMAdikaHma — — = — = —

xXyz Xyz | xyz Xyz | xyz | xyz

1 xy * *

2 yz * *

3 Xz * *

4 Xz * *

5 E? * *

6 yi % *

o6 orpumaru MminiManbHy JIH® 3amanoi ¢yHKIil, AOCTATHHO 3HAWTHU MIHIMAIbHY KIUIBKICTb
IMIUTIKAHT, SIKi pa30M HAaKpUIOTh TOMITKaMH BC1 CTOBIII IMIUTIKAHTHOI MaTpulli. B jaHOMy BUIaIKy
KOXEH CTOBIMEIb MICTUTH /1Bl MOMITKU. Tomy 13 ckopouenoi JJH® nocnimkyBaHoi QpyHKIIT MOXHA
BUKIIIOUUTHU OyAb-SKYy IMIUTIKaHTy. MiHIMajdbHa KIJIbKICTh IMIUTIKAHT, 110 HAKPUBAIOTh MOMITKAMH
BCI CTOBIIIII, JOPIBHIOE TPHOM: 1-a IMIUTIKAHTa X Y HaKpUBae 1-y 1 2-y KOHCTUTYEHTH, 4-a IMILTIKaHTa
X Z— 3-10 i 4-y KOHCTUTYEHTH, 6-a iMIUTIKaHTa Y Z — 5-y 1 6-y KOHCTUTYeHTH (CTOBIILI IMITTIKAHTHOT
Marpuili). Mo)Ha HAKPUTH CTOBMII (KOHCTUTYEHTH) B IHILIHIA CIIOCIO: 2-a IMILTIKaHTa Y Z HAaKpUBA€e
1-y 1 3-10 KOHCTUTYEHTH, 3-s IMIUTIKaHTa X Z — 2-y 1 5-y KOHCTUTYEHTH, 5-a iMIUTiIKaHTa X Y — 4-y i
6-y KOHCTHUTyeHTU. TakuM 4MHOM, JaHa joriyHa (QyHKIis Mae nBi TynukoBi JJH® 3 ogHakoBoio
kibKicTiO (6) OykB. IMITTIKAHTH, 10 CKJIAAAI0Th OAHY 3 X TynukoBux JIH®, € 3aliBumMu jyis iHIIO
tynukoBoi JJH®. Ane ue He 3aBxau Tak. Kpim BkazaHux, n1aHa QyHKIs, K BUIHO 13 TOOyI0BaHOL
JUIsl Hel IMIUTIKQHTHOT MaTpUIli, Ma€ W 1HII TymUKOBI (OPMH, IO MAIOTh OUIBINY CKIAIHICTH (8).
3o0kpema, 1-10 IMIUTIKAaHTOIO 3aKpUBAOThCA 1-a 1 2-a KOHCTUTYEHTH, 2-10 IMIUTIKaHTo — 1-a 1 3-1
KOHCTUTYEHTH, 5-10 IMIUTIKAaHTOW — 4-a 1 6-a KOHCTUTYeHTH, 0-10 IMIUTIKaHTO — 5-a 1 6-a
KOHCTUTYeHTH. [Ipu TakoMy OOpaHHI MOKPUTTA JESKI KOHCTUTYEHTH HAKPUBAIOTHCS JAEKUIbKOMa
iMITikantamMu  ofiHoYacHO (1-a KOHCTHUTYeHTa HaKpUBaeThcs 1-f0 1 2-10 iMIUTIKaHTaMu, a 6-a
KOHCTHTYEHTA HaKpUBA€ThCs 5-10 1 6-10 imrutikantamu). s tynukoBoi JJH® 1ie npumyctumo, Tomy
10 BCE OJIHO YKOJHY 13 00paHUX IMILUTIKAHT BUKIIFOUUTH HEMOJKHA: MIPU BUKJIIOUEHHI 1-1 IMIUTIKAHTH
3aJIMIIAETHCA HE3aKPUTOI0 2-a KOHCTUTYEHTA, MPU BHUKIIOYEHHI Z-i IMIUTIKAHTH 3ajUIIAEThCS
HE3aKPHUTOIO 3-51 KOHCTUTYEHTA, IIPH BUKIIIOUYEHH1 5-1 200 6-1 IMIUTIKaHT 3aIMIIAI0THCSl HEHAKPUTHUMU
4-a15-a KOHCTUTYEHTH BianoBiHO. [HIIa TynukoBa JJH®, 110 Takoxk Mae CKIaJHICTh 8, CKIIa1aeThCs
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HACTYMHMUM 4MHOM: 1-a iMIUTiKaHTa MOKpHuBa€ 1-y 1 2-y KOHCTUTYEHTH, 3-4 IMIUTIKaHTa — 2-y 1 5-y
KOHCTUTYEHTH, 4-a IMIUTIKaHTa — 3-10 1 4-y KOHCTUTYEHTH, 5-a iIMIUTiKaHTa — 4-y 1 6-y KOHCTUTYEHTH.
[Ipu 1npoMy TakoX BiOYBAa€ThCSA TOKPHUTTS OJHIE] KOHCTUTYCHTH JEKUIbBKOMa IMIUTIKAaHTaMH
OJHOYACHO (2-y KOHCTHUTYCHTY IMOKPHBAIOTh 1-a i 3-s1 IMIUTIKAHTH, a 4-y KOHCTUTYeHTY — 4-a 1 5-a
IMIUTIKAQHTH). AJIe IPU TaAKOMY OOpaHHI IOKPUTTSI KOHCTUTYEHT TaKOXK HEMOYKHA BUKITFOUUTH YKOJHY
i3 OoOpaHMX IMIUTIKQHT: TOpU BHUKIIOYCHHI 1-1 IMIUTIKAHTH BUSBISAETHCS HE3aKpUTOw 1-a
KOHCTUTYEHTA, MPU BUKIIIOYECHHI 3-1 IMIUTIKAHTH BHUSBIISIETHCS HE3aKPUTOIO 5-a KOHCTUTYEHTA, IPU
BUKIIIOYEeHHI 4-1 a0o 5-1 IMIUTIKAaHT BUSIBISIFOTBCS HE3aKPUTHMU 3-s a00 6-a KOHCTUTYCHTH
BiIMOBIAHO. [HIMMX TynmukoBUX (Hopm IS 3a7aHO1 JTOTT9HOT QYHKIIT Hemae. TakuM YuHOM, IS 1i€i
GyHK1IT icHY€e YoTHpH pi3HUX TynmuKoBux JIHO:

. 1 4 6
Tyn =XYVXIVYZ
6 e b2 324 5E
, _ 2 3 _5
Wn=VIVXZVXY

1,3 2,5 4,6

Cepen 1ux TynukoBux TH® nBi MaroTh 0JjHaKOBY HaiiMeHmny (WIicTh) cKIaaHicTh. OTXKe, s i€l
¢byHKil icHye AB1 pi3Hi MiHIManbHi JTHO.

) 1 4 6_
fmin=Xyvxzvyz
1,2 3,4 56
2 3 5

foun =VIVXZVXY
1,3 2,5 4,6
Bionogios. fl.. =XyvXivyz, [l =YIVXZIVXY.

Buxonsuu 13 po3riIHyTOro MPUKIAAY, 3alUIIEMO peuimy KpOKig an2opummy Minimizayil
n02i4noi pynkuii, aky nodano ¢ /U/IH®.
4. 3a orpumanoro ckopoueHoro JJH® OyayeTbcs iIMIUTIKAHTHA MAaTPULIS.

5. B iMmiuikaHTHIA MaTpulll BiAIIYKYIOTbCS BCl HaOOpHM MPOCTUX IMIUIIKAHT, HIO CYMICHO
HaKpUBaIOTh BC1 KOHCTUTYEHTH OJMHMUIIL JIOT1YHOI (PYHKIIIT, IO MIHIMI3YEThCH, 1 SIKY [TO/1aHO B
JJAH®. O6’enHaBmM IMIUTIKAHTH KOXKHOTO 3 IIUX HAOOPIB 3HAKaMU /U3 FOHKIIII, OTPUMYIOTh
Bcl MOXJIUBI TynukoBi JIH® 3aganoi ¢pyHkmii.

6. Cepen nux tynukoux JJH® BimmykyeThcst oiHa abo eKibKa TaKuX, 110 MAIOTh HaMEHIITY
CKJIaJIHICTh, TOOTO $KI B CyMi MICTATh MiHIMaIbHY KiTbKicTh OykB. Takum dYHMHOM,
BU3HAYAEThCA OHA a00 JeKiIbKka MiHIManbHuX JJHO.

Mpukaan 37. 3uaiitu midiMansHy JTH® noriunoi ¢pynkuii yotupbox 3minaux f(X, Yy, z, t), mo
JOopiBHIOE oMHUII Ha Habopax NeNe 1, 3,5, 7, 14, 15 i nopiBHIOE HYJIIO Ha pemTi Habopax [5].

Po3ze’azanns. Tlobynyemo nmst 1iei QyHKIT TaOnMMII0 ICTUHHOCTI, 3a SIKOK MOXKHa Oyje
punucatu JJJIH®.



MN|x|ylz|lt f Ynenu JIHD

0o |0j0O]|0O]| O o

1 0|0 1 xyzgt T
0001 xth

3 0|1 1 xyzt 3 a7
0011 xyzt

4 1 ] (1]

5 1 1 1 xyzt EV I
0101 xth

6 1(1|0 o

7 11111 1 xyzt ¥
o111 xyzt

8 1]1]0(0|0 (1]

9 1]1]0(0|1 (1]

10 |1]|0|1]|0 (1]

1m|1/01]1 (1]

12 |1]1]0]0 o

131|101 [+]

14 1 1 1 0 1 xyzt T
1110 xyzt

15 | 1 1 1 1 1 xyzgt
1111 xyzt

Buxonsuu i3 noOynoBanoi Tabnuii, Bunucyemo s uiei dynkuii JIH® ta Hymepyemo oTpumani
KOHCTUTYEHTH OJIUHHUIII:
_ _1 _ _ _2 _ 3 _ _ 4 5 _ 6
JNHO=XYZIVXYZIIVXYZIVXyZIvxyztvxyzt
[IpoBenemo omepariii HEMOBHOTO CKJICIOBAaHHS KOHCTUTYEHT OJMHHUI, IO CKJIAJal0Th
orpumany IJTH®D.

NeNe
KoHcmumyeHm, | Imnaikauma

Wo CKnerornmbca

1) 12 Xyt z
2) 13 xzt y
3) 24 xzt y
4 34 xyt z
5) 46 yzt X
6) 356 Xyz t

I3 mepmoro croBmus i€l TaGaMIl BUIHO, IO B OMEpaIlisgX HEMOBHOTO CKJICIOBaHHS Opaiu
y4acTh BCl KOHCTUTYEHTH. SIK HACHiJOK, BOHU BCl OyIyTh MOTJMHEH] OTPUMAHUMHU IMIUTIKAHTaMH.
OO6’eHyIOUM OTpUMAaHI IMITIIKAHTHU 3HaKaMU 113 IOHKLIT, oTpuMyeMo HacTynHy JJH®:

[=XYIVXZIvVXIIVXYIVYZIIVXYZ

1 2 3 ) 5 6

Cepen oTpUMaHMX IMILTIKAaHT OJHAKOBHMH 3a CKJIaJIOM 3MIHHUX € 1-a i1 4-a, a Takox 2-a 1 3-5
iMmutikanTd. L{i mapy iMIUIIKaHT TaKoX € 1 CyMDKHUMH. ToMy MoJaibllie CKJICIOBaHHS BKa3aHHX

IMIUTIKQHT € MOKJIUBUM. TakuM 4nHOM, HEOOX1HO IPOBECTH IPYTHil €Tall CKICIOBaHHS.

NeNe imnaikaHm, Hosa
W0 CKAermbcsa | iMmnaikaHma

1) 14
2) 23

®|| Rl
~ |~
&
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Ha nepiomy etami CKJIClOBaHHS HEMOXXJIMBO OTPHUMATH OJHAKOBI iMIUTiKaHTH. Ll cutyaris
CTae MOKJIMBOIO, [TOYMHAIOUH 3 JIpyroro eramy. CaMe e i BiOysocs 3 JOCIHIIPKYBAaHOIO B IaHOMY
pUKIaal GyHKIIE. 3a CKJIaIOM 3MIHHUX TapH IMIUTIKAHT, IO CKJICIOITHCS, BIAPI3HIAIOTHCS came
TUMH 3MIHHMMH, 32 SIKHMH BIJOYBaJIOCS CKJICIOBaHHA. TOMYy OTpUMaHi B pe3yibTaTi PI3HHUX
CKJICIOBaHb HOBI IMIUTIKAHTH MOJXYTh BHSIBUTHCS OJIHAaKOBUMH. B jaHOMy BHUTNAJKy B pe3ysbTarti
PI3HHX CKJICIOBaHb OTPUMAHO OJIHY i Ty caMy HOBY imIutikanty X t. [Ipu 11OMy Ha Apyromy erari B
CKJICIOBAHHSAX Opajy ydacTb OTpuMMaHi Ha mepmiomy ertari imrutikanta NeNe 1, 2, 3, 4. Bcei BoHM
OyayTh MMOTJMHEHI OTPUMAHOK HOBOIO IMILIIKaHTOIO X t. IMrutikanTu nepioro eramy Ne 51 Ne 6 He
Opaiy ydJacTi B KOJHOMY CKJICIOBaHHI JIPyroro eramy. Ik HaciijoK, BOHU He OyayTh IOTJIMHEHI,
TOMY IO BXKE€ € MPOCTHMHU IMIUTIKaHTaMH. Bci IMIUTIKaHTH, OTpUMaHi B pe3yJbTaTi APYroro eramy
CKJICIOBAHHS, € PI3HUMH 32 CKJIIaJOM 3MiHHUX. TOMy moJaJiblie CKJICIOBaHHS HeMoxiuBe. OTxe,
oTpuMaHa Ha apyromy erarmi ckieroBanHs JJTH®D e ckopodenoro JTHD gocnimkyBaHoi QyHKITII:

-1 2 3
fexop=XtVyztvxyz

3a mouarkoBoto JJJIH® i orpumanoto ckopoueHoto JTH®D OynyeMo iMIDTIKaHTHY MaTpPHULIO.

- [ Koncmumyemma ]
T 1 2 3 4 5 6
WER L Xy 7zt Xyt XyZe | ®yoe | xyzt | xyat
1 xt * * * *

2 yzt * *

3 xXyz * *

I3 wiei Tabnuii BUAHO, MO AesKi cToBmIi MaTpuil (koHcturyeHTH IJIH®) MaroTh nuile OaHy
MOMITKY. SIK HacHiOK, IMIUTIKAHTa, 110 3a0e3ledye L0 €UHY MOMITKY, A0 CKJIaay Oyab-iKoi 3
MOKJIUBUX TYNHKOBUX ()OpM MMOBMHHA BBIHTH OOOB’A3KOBO. B iHIIOMY BHMaAKy BiANOBiJAHA
KOHCTUTYEHTA 3aIMIIUTHCS He3aKpHUTOro. [ aHoi GyHKIlT TaKUMU KOHCTUTYeHTaMu € 1-a, 2-a, 3-
s (ix 3akpuBae ymiie 1-a iMrutikanTa) i 5-a (i 3akpuBae mume 3-s1 iMrutikadTa). Tomy 1-a i 3-s
IMIUTIKQHTH J0 CKJIaAy TYNHMKOBOI QOPMH MOBUHHI BBIMTH OOOB’A3KOBO. AJjie MiCisi OOpaHHS LMX
00OB’SI3KOBHX IMILTIKAHT BUSIBIISIETHCS, IO iX JIOCTATHBO JUIsSi MOKPHTTS BCiX KOHCTHUTYeHT (1-a
IMILTIKaHTa 3aKpUBAE IIe i 4-y KOHCTUTYEHTY, a 3-s IMIUTIKaHTa — 11e i 6-y KOHCTUTYeHTy). OTXKe, 2-
a iMrTikanTa Yy Z t € HaaMkoBoro 1 Ao TynukoBoi JJH® ue BBiiige. Takum unHOM, gaHa QYHKITiS
Mae euHy Tynukosy JHO.

1 3
fryn= Xt VXyz
5 6yKe l s !4 @) 6
B cuny Toro, mo BoHa € eauHOO, 115 TynukoBa JJH® aBromaTtnuno € i miHimManbHOIO JJH® s
JOCTIKYBaHOT (PYHKIIIT.

Bionogiows. fmin =XtvXyz.

O3nauennsn. llpocta IMIITIKaHTa HA3UBAETHCSA 5A0p060I0, SKIIO BOHA TOKPUBAE JEIKY
KOHCTUTYEHTY oJuHHMIII moyaTkoBoi JJJTH®, sxy He mokpuBae jk0/1HA iHIIIA TPOCTA iMILTIKaHTa [2].

O3nauenna. MHOXHWHA BCIX SJIpOBUX IMIUTIKAaHT ckopodeHoi /IH® HasuBaerbcs sopom
imnaikanm [2].

Buxojsuu i3 1aHuX 03HaueHb, I QyHKIIT 13 mpukiany 37 1-a 1 3-s IMIDIIKAHTH CKJIaIal0Th
SJIPO, KOTO B JJAHOMY BUTAJKY BHSBHIIOCS JIOCTATHBO IS IIOKPUTTS BCIX KOHCTHUTYSHT IMTOYATKOBOI
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JJAH® i, Takum yuHOM, A1t MiHiManbHOI JIH®. Takum unHOM, 1st PyHKIIT 13 mpukiaxy 37 i sapo
IMIUTIKAQHT € oxHo4acHOo 1 MiHiMansHOK JIH®. Ilpum mpomy y ¢yskuii i3 npukiany 36 cepen
KOHCTUTYEHT oauHuIll ii modatkoBoi JIJIH® Hemae »x0mHOi, sika MOKpHUBaJIacs O JIMIIE OJHIEIO
€IMHOI0 IMIUTIKAHTOI, TOOTO HEMAE KOIHOI sApoBoi iMITikaHTH. OTxe, Yy QyHKIIT 13 npukiaxy 36
B3arajii HeMae siapa.

7.1.3. Immainenra

Osnauenna 1. Slkmo geska yoriuHa QyHKINS W (30KpemMa — eJeMeHTapHa Ju3 FOHKILis)
JTOPIBHIOE OJMHMII HA THX CAMUX HAOOpax, Ha AKMX JOPIBHIOE oAuHUII iHIIa GyHKiis f, To GyHKIis
W Ha3uBaeThes imniiyenmoio ¢ynkii T [19].

Jlane ¢opmyntoBaHHS BU3HAYA€ IMIUTILEHTY dYepe3 O00JacTh ICTUHHOCTI JOCTIIKYBaHUX
¢bynukuii iy, OngHak, 11e 03HaYCHHS MOYKHA JIaTH 1 yepe3 001acTh XUOHOCTI.

O3nauenna 2. Oyukiiisa ¢ € innaiyenmoro Gyskuii f, aximo Ha tTux Habopax, Ha skux Y =0,
takox i =0 [8, 11].

TakuMm ynHOM, YHKIIISI Y MOKE JJOPIBHIOBATH OJJMHUII HA TUX Habopax, Ha skux f = 0, ane He
HaBIaku. BUxoas4u 3 1IbOT0, MOKHA JIaTH 11Ie OJHE (POPMYITFOBAHHS O3HAYCHHS IMILTIIICHTH.

O3nauenna 3. Oyukuis Y € ivniiyenmoro Gyukiii f, sixmo yw A F=1,

O3nauennsn. Y BUNAIKY, KO QYHKIIS Y € IMILTIIEHTO0 QYHKIIT f, TO TakoX roBopsATh, 110
byHkis ¢ Bxoauth 10 ¢yHkuii f. YMoBa BXomKeHHs 3anucyeThes sk y < f.

Hpuxaan 38. /{nsa GpyHKIiH TPbOX 3MIHHUX

f=(01010011),g=(01000001),h=(00001001)
13 mpuKiIany 36 BUSHAUUTH, SIKi 3 HUX € IMIUTIIIEHTaMU OJIHA OJTHIH.
Po3é’sazannsa. CxopucTaeMOCh HEpUIMM O3HAYeHHSAM iMrmineHTH. Jng 1mux ¢GyHKOiin

OI(f) ={1, 3, 6, 7}, OI(g) = {1, 7}, OI(h) = {4, 7}. € oueunuum, mo OI(g) < OI(f), To6TO Ha THX
HaOopax 3HaueHb 3MIHHUX, Ha sSkuXx § =1, takox 1 ¢ynkuis f=1. Sk wacmigok, ¢pynkuis f e

immrinenToro st Gyskuii g. Ane gynkuis f=1 takox i Ha Habopax Ne 3 1 Ne 6, Ha sxux ¢ =0,
tooTo OI(f) & OI(g). Sk Hachinok, GbyHkiis § He € immutiteHToro as ¢yukmii f. [ dpynakiii fi h
He BHKOHYeThbes komuHe 3 BkmoueHb OI(f) ¢ OI(h) (mopymienHs BinOyBaeThcsi Ha Habopax
NeNe 1, 3, 6, na sxkux h =0, a f=1) i OI(h) & OI(f) (mopymienns BinOyBaeThest Ha Habopi Ne 4, e
f=0, ah=1). Orxe, xxoana i3 mapu dyukuiii {f, h} He € immrinenroro s iHmoi. Just GyHKii g i
h OI(g) & OI(h) (mopyrienust BinOyBaeThest Ha Habopi Nel, ne g=1, a h=0). Sk Hacmigok,
byHkiis h He € iMIuTineHTOr0 A1t PYHKINT . 3BOPOTHE BKJIFOUSHHS TAKOX HE BUKOHYETHCS, TOOTO
OI(h) & OI(g) (mopyrenns BinOyBaeThest Ha Habopi Ne 4, Ha sskomy h =1, a g = 0). Omxe, QyHKITIsA
g TaKOX HE € IMILTIIEHTOO Juis PYHKIIT h.

Tenep ckopucTaeMoCh IPYruM O3HAYCHHSIM IMILTIIIEHTH 1 PO3TJITHEMO 00JacTi XUOHOCTI JJIst
samanmx  ¢yukmid: OX(f) ={0, 2, 4,5}, 0X(g) =40, 2,3,4,5,6}, O0X(h)={0,1,2,3,5,6}. €
oueBuaanM, mo OX(f) € OX(g), To6To Ha BCcix Habopax, Ha skux ¢yHkuis f =0, pyHKIiA § TaKOXK

nopiBHioe Hymo. Omke, dyHkuis f e immtinenroro 1 Gynkuii g. B Toit e vac, 0X(g) ¢ OX(T),
ToMy 110 Ha Habopax Ne3 i Ne 6 g =0, a f=1. Sk Hacmigok, QyHKIliA § HE € IMIUTIIIEHTOIO IS
¢byuxuii f. Ha mabopi Ne 4 ¢pynkuis f =0, a h = 1, mo cynepeunTs 2-My 03HAYEHHIO IMIUTIIICHTH. SIK
Hacinok, ¢pynkuis f e € immtinenToro st Gynkuii h. A va Habopax NeNe 1, 3,6 h=0,af =1, mo
TaKOX CYIEPEYHTh 2-My O3HAYCHHIO IMILTiEeHTH. Sk HacHioK, i GyHKIisA h He € IMIUTIIEeHTO0 s
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bynkmii f. [lns dyaxuiii g i h OX(g) ¢ OX(h), Tomy o Ha Habopi Ne4 g=0, a h=1. 3 poro
BUIUIMBAE, 10 (GYHKIiL ( HE € iMInTinentoro (yHKii h. 3BOPOTHE BKIIOYEHHS TaKOX HE
BukoHyeThes, T06To OX(h) & 0OX(g), Tomy 1o Ha Habopi Ne 1 h =0, a g = 1. Orxke, byukuis h we
€ IMILTIIeHTO0 (QyHKIIT J.

Takum yuHOM, MMOPIBHAHHS 00J1acTe XMOHOCTI 3a1aHuX QYHKIIIH TO3BOJISE 3pOOUTH Ti K cami
BHCHOBKH, 110 1 TOPIBHSAHHSA iX 00J1acTe 1CTUHHOCTI.

CKOpHCTaEMOCH TeTep TPETIM O3HAYCHHSIM IMILIIIEeHTH. [l 1poro moOymyemo Tabiuini
icrunHocTi s fA Q, fAhigAh.

N |x|y|lz| f|g|h | farg | fanh |gnh
0 | 0jO0|O0]| O 0|0 0 0 0
1 |0|0|21]| 1 10 1 0 0
2 0o|1(0 0 0 0 0 0 0
3|o0|1|1| 1 0|0 0 0 0
4 |11|0|0]| 0 0|1 0 0 0
5(1|0(1| 00| O 0 0 0
6 (1|10 1 0|0 0 0 0
7 |1)11]1]| 1 1 1 1 1 1

SIk BUIHO i3 HaBeneHoi Tabnui ictunHocTi, T A g = ¢g. Omxke, byukiis f € iMrutinieaTor0 QyHKIIT J.
[pu upomy f A g#f, mo cBimuute npo e, mo dyukuis g ans Gyukuii T iMmotinesToro He €. [
pemrru ko 1oHKIIH FAh#f#h i gAh=g=h. Lli cniBBigHOIIEHHS TaAKOX MiATBEPHKYIOTh, 110
s map ¢yukii {f, h} i {g, h} sxonna i3 pyHk1i# He € IMIUTITICHTOO A7 iHIIOT QYHKIIT i3 mapH.

PosrnsiHyTHil puKiIaa mokasye, 10 HE3aJIeKHO BiJl TOTO, B KM CIIOCIO JOCITIKYBATH TIapy
GYHKIIH Ha HASsSBHICTh IMIUTICHTH (SKUM i3 O3HAYCHb IMILIILEHTH KOPHUCTYBATHCS), OTPUMaHi
BHUCHOBKH OYy/yTh OJIHAKOBHUMH.

Bionosios. ®yukiis f € immutitienToro GyHKii g, ane QyHKIisI § He € IMILTIIEHTOO sl PYHKITIT
f. Perrra monapHi moeHaHHS PO3TASHYTHX (YHKIIIH HE € IMIUTIIICHTaMH OJTHA OJTHIH.

Teopema 23. @opmyniosanus. byab-sika KOHCTUTYEHTa HYIS, 10 BXOAUTH J10 ckiaxy JKHD
soriunoi Gpynkuii f, e 1 immrinerroro [19].

J{ogedenns. KoHCTUTYeHTa HYIIsl IOPIBHIOE HYJIIO JIMINIE HA OJTHOMY HaOOpi 3HaYeHb 3MIHHHX.
B cuity toro, mo JIKH® noriunoi ¢pynkuii f Bki1agaeTses i3 KOH FOHKIIH KOHCTUTYEHT HYJIS, HYJTbOBE
3HA4YEHHs OYy/b-KOI KOHCTUTYCHTH HYJIA, 10 BXOAUTH 10 ckiaxy JIKH®, 30iraeTscs 3 ogHUM 13
HYIbOBHX 3Ha4eHb (yHkuii f. ToMy, y BiINOBIZHOCTI 3 O3HAYCHHSAM IMIUTIIICHTH, KOHCTHUTYCHTA
HyJIs, o BXoauTh 10 ckiany JKH®, e immiinentoro JIKH® i, sk Hachinok, ¢pyHkiii f. Teopemy
JAOBEIEeHO.

Hacainok i3 _teopemu 23. EnmemenTapHi 1u3’rOHKI, 13 sSkux ckiamaeTbess KH® neskoi

noriunoi Gpynkuii f, € iMrutinenTamu wiei Gpynxuii f [8].
Teopema 24. Dopmyniosanns. Konceranra 1 e immiinenToro Oyap-sKoi J0riyHoi QyHKIIi.
/losedenns. 3a O3HAYECHHSAM, KOHCTaHTa 1 NMOpiBHIOE OAMHUII Ha BCiX Habopax 3HAa4YeHb
3MIHHHX 1, SIK HacliJI0K, 00OB’SI3KOBO JIOPIBHIOE OJMHHUIII Ha BCIX THX HaOopax, Ha SKHX (YHKIIis
f=1. Teopemy n0BeeHo.

€ oYeBHIHUM, 110 KOXKHA JIOT1YHa QYHKIIiS € IMILTIIeHTOr0 camoi cebe [4, 5].

Teopema 25. Dopmynosanns. bynp-ska noridaa GyHKIIS € IMILTIEHTOr0 KoHcTanTH 0.

Hlosedenns. Koncranta 0 He MOpiBHIOE OTMHMIN HA )KOTHOMY Habopi. Lle o3Havae, mo y 0yab-
AKOI JoriuyHoi pyHKIIT, Ha sKUX OU HAbopax He CTOSIM Yy Hel Hyli, Oy/e BIAMOBIAHICTD 11 HYTbOBUX
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3HAa4YeHb HYJIHOBUM 3HaueHHSIM KoHcTaHTH 0 1 Hine He Oyzae Habopy, /Ui SKOTO JOTiYHA (YHKIIIS
JOPIBHIOE HYIIO, a KOHcTaHTa 0 B 11e# jke yac 1opiBHIOE ouHUIll. Teopemy 10Be1€eHO.
Osnauenna. JIBi noriuni GyHKUil W, 1 Y, HA3UBAIOTHCS MOPIGHAHHUMU, AKIIO BOHHU €
IMILTIEHTaMK OJIHA JUTISL OJIHOT, TOOTO AKIIO ISt HUX BUKOHYIOTHCSL YMOBH W, C W, W, C V.
Teopema 26. @opmyarosanus. ko noriyHa QyHKIS f1 € IMIUTIKAHTOO JUTS 1HIIOT JIOT19HOT
bynkuii f,, To GyHKuia f, € immiinenroro st GyHkuii f4. [ HaBmaku, sk sorivyaa GyHKis fq €
IMILTIIEHTORO JIJIS 1HINOT JIOTIYHOT QyHKIIT f7, TO GYHKIIS fo € IMITTIKaHTOO s PyHKIT f1.

Jlosedenns. JIna noBeAeHHs IIi€l TEOpEeMHU CKOPHCTAEMOCH 3-M O3HAUCHHSM IMIUTIKAHTH Ta
immutinenTu. JloBenemo mnepury yacTuHy TeopeMu. Hexaii noriuynHa QyHKIIS f41 € IMIUTIKAHTOIO IS
iHII01 Noriunoi GyHkil f,. Lle o3navae, mo f1 Vv fo = fo. Toni

finfz=fr(favf)=fi-fivfi-f2=fivfi-f2=f1 AV f)=f1-1=f1.
I3 Toro, mo f1 A f2 = f1 3a 3-M 03HaYCHHAM IMILTIIEHTH BUILTUBAE, 0 QYHKIIIS [ € IMILTIIIEHTOO
st GyHKii fy.
Tenep noBenemo Apyry yacTuHy TeopeMu. Hexail Tenep noriuna GyHKUiA f41 € IMIUTILIEHTOO
IS 1HIo1 noriyaoi GyHKIIT fo. Lle o3Hauae, mo f1 A f = fo. Toni

fivia=fivfi-f2=f1QVvf)=f1-1=f1.

I3 Toro, mo f1 v fo = f1 32 3-M 03HAUYECHHAM IMIUTIKAHTH BUILTUBAE, 0 QPYHKIIS fo € IMIUTIKAHTOO
g Gynkuii f1. Teopemy n10BeaeHo.

O3nauennsa. EnementapHa Iu3 IOHKIIIS, SIKY OTPUMAaHO NUISXOM BUKJIIOYEHHS 13 TOYATKOBOI
U3 FOHKINT OAHiel a00 HEKUIBKOX 3MIHHUX, HA3UBAECTHCI GIACHOK YACMUHOM LI€I MOYaTKOBOI
w3’ FoHKIT [11].

Hanpuknaa, Hexaii gaHa eneMeHTapHa TU3’IOHKIIA Y =XV y vz. Toxi ii BaacHUMH
JacTHHAMHM OyIyTh U3 FOHKLII X VY, Y V Z, X V Z, X, ¥, Z. Cama eleMeHTapHa JAu3 IOHKISI X V Y V Z
HE € CBOEIO BJIACHOIO YACTUHOIO, TOMY IO 3TiTHO 3 O3HAYCHHSM JIJIsi OTPUMAHHS BJIACHOI YaCTHHH 13
[IOYaTKOBOI eJIEMEHTapHO1 113 FOHKIIT TpeOa BUKIIOYUTH X04a O OJIHY 3MIHHY.

O3nauennsn 1. EnemMentapHi 1u3’OHKIIII, SKI caMi BXOJATh JO JaHOI (PYHKINI, ajie HisKa iX
BJIaCHA YAaCTHHA HE BXOJUTh, HA3UBAIOTLCS npocmumu imniiyenmamu [8].

Hanpuknan, ana ¢ynxuii f(X,y,z,)=(Xv y v2)(y vzv t)(Xv ¥) (X vt) npoctumu
iMmminenTaMu GyayTh JMINE eleMeHTapHi Au3’IoHKIil ¥ VZV t, XV ¥ i X vt Enemenrapua
113 FOHKIS (IMIUTIEHTa) X V' Y V Z HE € TPOCTOI0 IMILTIIICHTO0, TOMY IO ii BIaCHA YacThHA X V Y
TaKO BXOJUTH 110 JaHoi GyHKIIT (€ 11 IMILTILEHTO0).

O3nauenna 2. TakuM YUHOM, €JIEeMEHTapHA JIN3 IOHKILIS Y € NPOCMON0 IMIIYeHM oo TOTTYHOT
¢bynkii f, K10 Mpu BUIANIEeHHI 13 Y BXOJDKESHHS X04a O 0JTHi€T 3MIHHO1, 1151 eJIeMEHTapHA TU3 FOHKIIS
npunuHsie OyTH iMIuTinenTor ¢yHkuii f.

SIKmo sikach U3 IOHKIS BXOAUTH /10 JaHOi (yHKIIi, TO MpU AOAAaBaHHI A0 Ii€i qU3’FOHKIIT
OyIb-SKMX 3MIHHUX HOBa JU3 FOHKIIISI TaKOXX OyJe BXOIWUTH A0 ITi€i (yHKII, TOMY IO IS HOBA
713 FOHKIIISE 00EPTAETHCS B OJJMHULIIO Pa30M 3 TTOYATKOBOIO /I3’ FOHKITIETO.

7.1.4. Miuimizanisa 3a Ksaiinom B JIKH®

O3nauennsa. KoH 1OHKIIIS BCIX POCTUX IMILTILIEHT Ha3UBA€ThCs ckopoueroo KH [8].
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Teopema 27. @opmyntosanns. bynp-aky noriuny ¢ynkuito f MoxHa B €MHUIA crociO moaatu
ckopoucHoro KH® [19].

Jloseoenns. B 3B’s13Ky 3 THM, IO HPOCTI IMIUTIIEHTH BXOAATHh A0 GyHKii f, BoHH MaroTh
JIOPiBHIOBATH OAMHUII HA THX CaMUX HaOopax, 110 i ¢yukmis f. ko e He Tax i mpocra iMILTiIEHTa

JOPIBHIOE HYJIIO TaM, e ¢yHKitis T Mae qopiBHIOBaTH OAMHUIL, TO B crity piBHOCTI 0 A x = 0 yHKIIis
f Oyne Toai qOpiBHIOBATH HYJIIO, 1110 Hempuiyctumo. Jliis koskHoro Habopy, e Gyukiis f qopiBHIOE
HYJIIO, Ma€ 3HalTHCs Xouya O OJHA MpOCTa IMILIIIEHTA, IO JOPIBHIOE HYIIO, iHakue ¢yHkiis f B
[IbOMY BHUNAJAKy He OyJe JOpIBHIOBATH HYJ0. B Halripmomy BHUIAQIKYy TaKOK IMILIIIIEHTOI €
KoHcTUTyeHTa Hyas. Cepen iMiutineHT y GyHKIT T MOXyTh 3HAWTHCS MPOCTI IMILTILIEHTH W, IO €
BJACHUMH 4YacTUHAMH IMIUTIIEHTH Y. B 1poMy Bumaaky Yy =WvV. B cuiny piBHOCTI
W (WV V) =WV VW= Wi, IK HACTi 10K, Y W = W, BiI0OyIeThCs MOTTUHAHHS (eTiMiHAaIlis) IMIUTIICHTH
W 11 BJIACHOIO YaCTHHOIO W, III0 € MPOCTO iMIutinieHTor. [le o3nauae, mo ¢ynkiis f micas Beix
MOJKJIMBHX TMOTJIMHAHB B MiJICYMKY Oy/ie CKJIAAAaTUCS JIUIIE 13 CAMHUX MPOCTUX IMIUTILICHT.

[Mpunycrumo tenep, o aist GyHkIii f icHyroTh 181 pi3Hi ckopoueHi KH®. Aje 3a o3HaueHHIM
ckopoueroi KH®, BoHa MOBMHHA MICTUTH BUYEPITHUHN MEPETIK MPOCTHX iMIuTineHT. Lleil mepenik €
€IUHUM, 00 1HaKIIe BiH He OyB 61 BuueprnHuM. OTxe, 001 1B 11 HOPMU CKIAJAIOTHCS 13 OJTHUX 1 THX
caMHX MPOCTUX IMIUTIIEHT, TOOTO 1i ckopoueHi KH® peamnizyroThcsi OfHI€IO U TI€O X CaMOIO
dopmynoro. A 1ie o3nauae, mo mi ckopoueHi KH® e igeHTnunumu, T00TO momaHHa (yHKIIi
ckopoueHoto KH® € equnum. Teopemy 10BeaeHO.

I3 Teopemu 21 1 Teopemu 27 MoOXHA 3pOOUTH BUCHOBOK IPO T, o ckopouena JIHD i

ckopouena KH® makoore € kanoniynumu popmamu nooauus 6ynresoi cyukuii.

O3nauennsn. JIBi eneMeHTapHI Tu3 IOHKIII HA3WBAIOTBCS OPMOCOHAILHUMU 33 3MIHHOIO Xj,
SIKIIO 1151 3MiHHA BXOJUTh B OJIHY JM3 FOHKIIIIO i3 3aniepeucHHsM (B iHBEPCHOMY BUIJISII), @ B iHIIY
— 0e3 3anepeveHHs (B MPSIMOMY BHTJISN).

O3nauennsa. JIBi eneMeHTapHi [U3’IOHKIT HAa3UBAIOTBCA CYMIJICHUMU, SIKIIO BOHU
OPTOTOHANIbHI 32 OJHIEI0 W JIMIIE OJHIEI0 3MIHHOIO X; (IPHIHATO TAKOX TOBOPHTH «CYMINCHI 3a
3MIHHOIO X»).

Hanpukian,

XVvVyvz i XVYVzZ opmozonanshi 3a mpsoma 3minnumu (X, Y, 2) ;
XVyVvz i XVYVZ opmozonansui 3a mpooma sminuumu (X, Y, 2) ;
XVyvVvZz i xXvyvz opmozonansi 3a 0eoma sminuwumu (X, Y) ;
XVYyVz i XVyvVvz 0pmMo2OHANbHI 3a QOHIEI0 3MIHHOI0 (Z) — CyMidcHi |
xXVvy i xXVvy opmoz2onanbti 3a 00uicio sminnoio (Y) — cymixncui .

3 MeTo10 nojiaHHs Joriunoi ¢pyHkuii ckopoueHoro KH® BukopucToBYIOTHCA Omepallii TOBHOTO
1 HEOBHOT'O CKJICIOBAHHS, a TAKOXK TIOTJIMHAHHSI Ta po3ropranus g0 KH® [4, 8].
Omnepallisi nHO6H020 CK1€I08AHHA BU3HAYAETHCS CITIBBITHOIICHHIM

wvXx)(yvx) =y, (42)

110 BUIUIABAE 13 TOTO, 1110

(WvX)(WVvX)=yVvyYXVYXVXX=yVvyXvx)=yv0=y.
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CxuieroBaHHs U3 FOHKIIA YV X 1 YV X B TaHOMY BHUIAAKy MPOBOAUTHCS 3a 3MiHHOWO X. Ciifg
3a3HAYMTH, 10 OIEpallis CKJICIOBAaHHS MOXKJIMBA JIMIIC JUIS CYMDKHUX (OPTOrOHAJbHUX JIMIIE 32
OJIHI€IO €IMHOIO 3MIHHOIO) €JIEMEHTAPHUX JIN3 FOHKIIIN, 1 TAKKX, 1[0 MAIOTh MPH [IbOMY OJHAKOBHI
CKJIAJl 3MIHHUX.

Orneparisi Heno6HO20 CK1EI08AHHA MAE HACTYITHUI BUTIISA !

WvxX)(wvx)=y(yVvX)(yvXx). (43)

Onepartist noenunannua BU3HAYAETHCA 13 PIBHOCTEH

v (yvx) =y i vy (yvx)=vy. (44)

B npomy Bumanky Bupaz Y mnorimHae Bclo ¢Gopmyny. lle BumimBae 13 CIIBBiIHOIICHD
emiminarii (11.1) 1 (11.2).

Jlanexko He 3aBXIH MMOYATKOBY JoriuHy (yHKito nogano B JIKH®. ¥V Bunaaxy, xonu me He
TaK, 3aCTOCOBYETBCS OIepallis pozzopmanns. [i GaraTokpaTHe 3aCTOCYBaHHS JI03BOIIAE HEPETBOPUTH
OyIb-sIKy MPOCTY IMIUTIIEHTY B KOH IOHKI[IF0O KOHCTUTYEHT Hyns. Lls omeparis BimoOpaskaeThcs
criBBigHoIIeHHsM (26). IIpu po3ropTaHHi pi3Hi IMIUTILIEHTH MOXYTh YTBOPIOBATH OJHY Ty camy
KOHCTHUTYEHTY HyJs. B 1[bOMY BHIIQJIKy Ha OCHOBI BJIACTHBOCTI 1I€MIIOTEHTHOCTI KOH toHKIIii (7)
X X = Xx Tpeba 3aIMIINTH JIUILIE OHY TaKy KOHCTUTYEHTY Hyns. B pesynbrari orpumaemo JIKH®
MOYATKOBOT1 JIOTIYHOT (YHKII].

Teopema 28 (meopema Keaiina onsa JIKH®). Dopmymosanns. Sxmo B JKH® moriunoi

¢ynkuii f nmpoBecTn Bci omepallii HEMOBHOTO CKJICIOBAaHHS, a MOTIM OINEparlii MOTIMHAHHS, TO
orpumaemo ckopoueny KH® miei ¢pyHkiii, TOOTO KOH FOHKIIIIO BCiX il MPOCTUX IMIUTILIEHT.

Jlosedenns. Hexaii, HampuKIIad, MICIsl TPOBEICHHS BCIiX ONMEpaliii HEMOBHOTO CKJICIOBAHHS, a
notiM nornuHanHsgs KH® Oyne MicTUTH uieH W, 1[0 HE € MPOCTOI0 iMmIulineHTor. Toxai 1o mi€i
¢byHKLii, KpiM W, BXOIUTH SIKaCh HOT0 YacTWHA VY, IO € MPOCTOI0 iMILTieHTor0. Lle o3Hauae, mo
¢ynkuis f Oyne MicTUTH IMILTIIEHTY W 1 IPOCTY IMIUTIEHTY Y Yy BUIVISAL iX KOH FOHKLIT Y W. AJe
w=(vvwy). Tomi 4ieH W y BIAMOBIIHOCTI 3 piBHICTIO YW =y (VV V) =y Oylne NOrIMHECHUI
IPOCTOI0 IMIUTIEHTOK W 1, BiamoBinHO, ckopouyeHa KH® Oyne MicTUTH nuIIe II0 MPOCTY
immutinenty. Lle crocyetbest 1 pemrtu immoinent. Binnosinno, KH® Oyne cknanatucsa nuie i3
MPOCTUX IMILIIIEHT, 00’ €IHaHUX orepauisMu KoH 1oHKLIi. Teopemy 10BeaeHo.

Jnsa nomyky miHiManbHOi KH® BUKOPHUCTOBYIOTBHCS Ti 3K cami MOHATTS, L0 W Ui HOLIYKY
MiHimManbHOT JITHD.

O3nauenna. KoH IOHKIIS NMPOCTUX IMIUTILEHT, JKOJHA 3 SKHUX HE € 3aliBOI0, HA3UMBAETHCA
mynukogoto KH® noriunoi pynkuii [4, 19].

O3nauennsn. Cknaonicmio KH® Ha3uBaeThcs KUTbKICTh OYKB (BCIX BXOJKEHb 3MIHHHX), 13
SIKUX cKkiIagaeThesa nada KHO.

Osnauenna. KHO noriunoi ¢ynkuii f HasuBaeTbcst minimanvroro KH®, Ko BOHA Mae
HalMEHIy CKJIQJHICTh y nopiBHsAHHI 3 iHmmMu KH®, mo 3agarote nany ¢yskiiro f.

Jesixi noriuni (yHKIIT MOXKYTh MaTu Jekiibka MiHiManeHUX KH®, 1m0 MICTATH OJHAKOBY
KUTbKICTh OykB. B 1ipomy Bumaaky obupaerscs Ta MiHiManbHa KH®, mo € Ouibll mpuaaTHOIO B
MOPIBHSIHHI 3 1HIIUMU AJIs peaizailii KOHKPEeTHUX MPUKIATHUX [iJel naHoi 3amadi.

3 mMeToro Bu3HaueHHs MiHiMaibHOT KH® BUKOPHCTOBYIOTHCS IMILTILIEHTHI MaTPUIIL.

O3nauenna. Iuniiyenmuoro mampuyero IUTs 3aaHOT PYHKIIIT HA3UBAETHCS TaOJIUI, B SKii TIO
BEPTHUKAIl 3alHUCYIOThCS KOHCTUTYEHTH HYJS, a MO0 TOPU30HTANl — MPOCTI IMIUTILEHTH 3aJaHoi
¢byHkuii, orpumani i3 ckopoueHoi KH®. Skmro iMmmiineHTa € BJIACHOI YacTHHOI JIEAKOi
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KOHCTUTYEHTH HYJs, TO KJIITHHKA IMIUTIIEHTHOI MATpPHWIN, IO BiAMOBiAa€ UM IMIUTILIIEHTI Ta
KOHCTUTYEHTI HYJISA, SKHMOCh YHHOM ITOMIYa€ThCH.
3a Teopemoro KBaiina mis miniMizanii soridaoi ¢ynkiii, moganoi 8 KH®, ii crioyarky Tpeba
neperBoputr B JIKH®, a moTiM BHKOHATH HACTYIIHI KPOKH @I20pUMMY MIHIMI3auii 102iuHoi
dyukuii, nooanoi ¢ JIKH®.
1. B AKH® ¢yukuii f =f(xq, x5, ..., X;;) IPOBOAATHCS BCi Omepariii HEIMOBHOI'O CKIICIOBAHHS

KOHCTUTYEHT HYJISI.
2. BinOyBaeTbcs MOTIMHAHHS IMIUTIIIEHTAMH BCIX THX KOHCTUTYEHT HYJIS, IO OpaJid y4acTh B
HEMOBHOMY CKJICtOBaHHI. KOHCTUTYeHTH HyId, 110 Opajy ydacTh B ONEpalisix HEMOBHOIO
CKJICIOBAaHHS, IOTJMHAIOTHCS OOOB’S3KOBO, TOMY IO BOHHM MICTSITh B CBOEMY CKJIaJl
IMILTILIEHTH, 1[0 MArOTh IIiCIIsA MEPIIOro CKiIetoBaHHs 1Mo (N — 1) 6ykBi Ta MiCTATHCS B PYHKILT
f. Koncturyentu Hyss, mi0 He OyJd 3aisHi B ONEpAaIlisiX CKJICIOBaHHS, HE MOXYTh OyTH
MOTJIMHCHUMH, TOMY 1110 BOHU BXKE € MMPOCTUMHU IMILTIIIEHTaMU 3 N 3MiHHUMHU.
3. TlpoBomsThcs ormepallii HEMOBHOTO CKJICIOBAHHS Ta MOTJIMHAHHA imintineHT 3 (N —1)
3MIHHHMH, [II0 OTPUMAHI Ha MEPIIOMY KpOIIi CKJICIOBAaHHSI, 32 aHAJIOTI€I0 3 IMyHKTaMu 1) i 2).
L{s mponeaypa MOBTOPIOETHCS JOTH, MOKU OIepallii HeIOBHOTO CKJICIOBAHHS 3aIMIIAIOTHCS
mosxauBuMu. Otpumana B pe3ynbrati KH® 6yne ckopouenoro KHO.
4. 3aorpumanoro ckopoueHoro KH® OyayeThcs iMIITILIEHTHA MATPULIS.
5. B immuinenTHi# MaTpuili Bci HAOOPH MPOCTUX IMILTILIEHT, SIKI HAKPUBAIOTh BC1 KOHCTUTYEHTH
Hy1s QyHKIII, sika MiHIMI3yeTbes 1 mogana B JIKH®. O6’exnaBmm iMILTIEHTH KOKHOTO 13
X HaOOPiB 3HAKAMH KOH TOHKIIi1, OTprMYy€eMO Bci MoxkimBi TynukoBi KH® 3amanoi GpyHkiii.
6. Cepen mux TynukoBux KH® obupaeThcs ogaa abo JEKUIbKA TaKKX, 1[0 MAIOTh HAWMEHIITY
CKJIaHICTh, TOOTO $KIi B CyMi MICTATh MiHIMadbHy KUIbKICTh OykB. TakuM UWHOM,
BHU3HAYAIOTHCS OJTHA a00 JeKkiibka MiHiMabHUX KHO.
Jiia nomyky MiniManbHOoi KH® BBOASATECS 03HAUYEeHHSI, aHANIOTIYHI 0 TUX, 10 Oyl BBEICHI
U1 ouryKy MiHiManbHoi JJH®.
O3nauenns. Ilpocta IMIUTIIIEHTa HA3UBAETHCS 0p060I0, SKIIO BOHA TOKPUBAE JESIKY
KOHCTUTYEHTY HyJs mouaTkoBoi JJKH®, siky He mokpuBae x0/1Ha iHIIIA MPOCTa IMILTIIIEHTA.
O3nauenna. MHOXUHA BCiX sAApoBUX IMIUIIIEHT ckopoueHoi KH® HazuBaerbes so0pom
imnaiyexnm.
Hpukaan 39. 3naiitn Minimaneny KH® noriunoi ¢yHKMil, mo nopiBHIOE HYII0 Ha Habopax
NeNe 0, 1, 2,3,7,9,12, 13, 15 i nopiBHIO€E HYITIO Ha periti Habopax [5].
Poss’azanna. Tlobynyemo it i€l QyHKIIT TaGNMIIO ICTUHHOCTI, 3a SIKOIO MOKHa Oyne
Bunucaru JJKH®.
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Nu
Ne |(x|yl|z|t]| [ Unenu JKHD
o (0|ofo|o]| o )
svpvIvEl xvyvIvie

tololo|1] 0 | xvpvzve n
a RVl lxvyvrvt

2 001 0 0 xvyvivi

2 0 10 | XVYVEZVLE

3 001 1 0 xvyvivi = F
2 ViVl lxvyvzvt

~ | [ | &
o|lolo|le

; t - = F
D AVEVIIxvyvEvVt

]
-
o
o
o

9 |[1|0]0]|1 xvyvivi | = -
TAVEVI lxvyvrvit

0 (1|]0|1]0
m |10 1]1

12 [ 1 1100 0 xvywvgvt v ar
1 1 0 0 Xvyvzivt
1311|011 0 xvyvIvt | =.. = F
TRVl |l xvyvovit
5]1]1]1]1] o , N —
VIVIVE X vy vZvit

Buxonsuu 13 modynoBanoi tabnuii, Bunucyemo ans uiei pynkuii JJKH® i nymepyemo oTpumani
KOHCTUTYEHTH HYJIS:

1 2 _ 3_ a_ _
JKHO® =(xvyvzIv)(xvyVvIvi)AxvyvZzvi)(xvyvzvi)a
AXVYVZVEHYEVYyVIVOAEXVYVIVHEVYVIVH)ARXVYVZVL)
5 6 7 8 9

[IpoBenemMo omeparlii HEMOBHOTO CKIICIOBAHHS KOHCTUTYEHT HYJIS, IO CKIAJAl0Th OTPUMaHy
JKH®.

NeNe
KoHcmumyenm, | Imnniyenma

Wo CKnerwomoca

1 12 XVyvVvyg t
2) 13 xXvyvt z
) 24 xvyvt z
9 26 yvIvit x
5 34 XVyvZ t
6) 45 xXVvZvt y
n 59 yVvzZvt x
8 68 xXvzvt y
9 78 Xvyvz t
10) 89 Xvyvt z

I3 mepuroro croBmi i€l TaOMUIl BUIHO, IO B OMEpallisiX HEIMOBHOTO CKJCIOBAHHS Opaju
y4acTb BCi KOHCTHTyeHTH. OTke, BOHHM BCli OyAyThb NOIJIMHEHI OTPUMAHMMHU IMIUTILIEHTaMH.
OO6’eHaBIIM OTPUMaHI IMIUTIEHTH 3HaKaMU KOH FOHKII1, oTpuMyemo HacTynHy KH®:

f=(xv;vz) (xvat)(xv_l?;vf)(yv;vf) (xv?;vf)/\
A(xvefvf)(yvgvf) (Evzévf)(fv%vz)(fv?lgf)
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Cepen oTpuMaHUX IMIUTIIIEHT OJHAKOBHMH 3a CKJIaIOM 3MiHHHX € 1-a, 5-a 1 9-a, 2-a 3-1 1 10-a
IMIUTIIIEHTH, a TaKoK 6-a 1 8-a iMmuiineHTn. Ale CyMi>KHUMHE cepes HuX € e 1-ai5-a (1-ai9-a, a
Tako 5-a i 9-a oproroHasbHi 3a JBOMa 3MiHHMMH) 1 2-a i 3-1 (2-a i 10-a oproroHasbHi 3a TpbOMa
3MiHHUMH, a 3-51 1 10-a — 3a 1BOMa 3miHHMMHK). TakoXx 3a JBOMa 3MiHHMMH OPTOrOHaJbHI 6-a 1 8-a
iMILTiIIIEHTH. TOMY BOHU TaKOXX HE € CYMDKHUMH. TakuM YHMHOM, TIOJIaJIbIIE CKICIOBAHHS MOJKIIUBE
mumre Mk 1-10 1 5-10, a Takok MiX 2-10 1 3-10 IMIUTIIIEHTaMU. TakuM YMHOM, HEOOX1THO TPOBECTH
JOPYTUH €Tan CKICIOBaHHS.

NeNe imnaiyeHm, Hosa
Wo CKaelomeca | imnaiyeHma

H 15 xXVy

2) 23 xXVvy 1§

Ha nmepmomy etami ckiieloBaHHs, sIK 1 IpU BiAlIyKyBaHHI MiHiManbHOI JIH®, HemoxinBo
OTpUMATH OJHAKOBI iMILTIIIEHTH. L[ cuTyallis cTae MOXKIIMBOIO, IOYMHAIOYH 3 Ipyroro etamy. Came
e W BiAOyocs 3 JOCTIPKYBAaHOI B JaHOMY MpUKIanl (QyHKIi€0. 3a CKJIAJOM 3MIHHUX MapH
IMIUTIIICHT, SIKi CKJICIOBAJTUCS, BIIPI3HSIIMCS cCaMe TUMH 3MIHHHMH, 32 SKHMH Bi0OYIIOCS CKIICIOBAHHS.
ToMy oTpuMaHi B pe3yabTaTi pi3HUX CKJICIOBaHb HOBI IMIUTIIIEHTH MOXYTh BUSBUTHCS OJTHAKOBHMH.
B nanomy Bumanky B pe3ynbTaTi pi3HHUX CKJICIOBaHb Oyl0 OTPHUMAaHO OJHY M Ty caMy HOBY
iMmutinenty X vy. Ilpu mpomy Ha JIpyromy erari B CKICIOBAaHHSIX Opajy ydacTb OTpHMaHi Ha
nepmomy ertami iMrorimeHTd NeNe 1,2, 3, 5. Bci BoHM OyayTh MNOTIIMHEHI OTPUMAHOI HOBOIO
iMIUTiIIeHTor0 X VY. IMmminenTtu nepuoro erany Ne 4, 6, 7, 8,9, 10 He Opanu ydacTi B KOIHOMY
CKJICIOBaHH1 Jpyroro eramy. Ik HaclioK, BOHU HE OyayTh MOTJIMHEHI, TOMY IO BXE€ € MPOCTUMU
IMIUTIIIEHTaMu. Bcel iMIUTIIIeHTH, OTpUMaHi B pe3yNbTaTi JPYTroro eTay CKICIOBaHHs, € a00 pi3HUMU
3a CKJIaJJOM 3MIHHUX, 00 OPTOrOHATFHUMH OUNIbIIE, HIK 32 OJIHIE€I0 3MIHHOIO, TOOTO HECYMIXKHUMU
(2-a i 4-a, a takox 3-s 1 5-a immiinentn). ToMmy mopanbine CKICrOBaHHS HeMOxinBe. OTxe,
oTpuMaHa Ha Apyromy erani ckietoBaHHs KH® e ckopouenoro KH® nocnixyBanoi GyHKIi:

1 2 _ _3_ _  _a_
fcmp=(xvy)(yvzvt)(xvzvt)(yvzvt)/\
AEVIVH(EVYV)E VYV
5 6 7

3a nouyatkoBoto JJKH® i orpumanoro ckopoueHoro KH® OynyeMo iMIUTIIEHTHY MaTPHILIIO.

 Mpocma 1 2 3 4 5 3 7 8 9

imnniyerma _ _ - [ == = — =l = = =
XvyvIvi|(xvyvivit | XvyvZIvl|xvyvEvil|xvyvzvi|xvyvivi|xvyvIvli|xvyvivi |xvyvzvi

1 xXVy * * * *

2 szVE * *

Slxvzvt * *

dlyvzvt * *

Slxvzvt * *

b lxvywvs * *

lxvyvt * *

I3 1iei Tabnuii BUAHO, MO AesKi cToBmii Matpull (koHcturyeHTH IKH®) MaroTh nuiie omHy
MOMITKY. 3 I[bOTO BUILIMBAE, 110 IMILTIIIEHTA, KA 3a0e3Meuye 10 €IMHY TTOMITKY, 10 CKIIaay KOXHOT
3 MOXUIMBHUX TYMUKOBHUX ()OpM IMOBHMHHA BBIMTH 0OOB’S3KOBO, TOMY IO € SAPOBOIO. B iHIIOMY
BUIAJKy BIJANOBIIHA KOHCTUTYEHTa 3aJMIIUThCS He3zakputoro. Jlng naHoi (yHKIIT TakKUMH
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KOHCTUTyeHTamMH € 1-a i 3-s1 (ix 3akpuBae jumie 1l-a imrutinenTa) i 7-a (ii 3akpuBae yumie 6-a
imrutinienTa). Tomy 1-a 1 6-a IMIUTIIEHTH CKIAAal0Th PO KOXHOI TynrkoBoi KH® 3amanol ¢yHkil.
B pesynprari 0OpaHHS IUX IMIUNIEHT BUSABJISIOTHCS HAKpuUTHMH 1-a, 2-a, 3-1, 4-a, 7-a 1 8-a
KOHCTUTYeHTH. Pemty 5-y, 6-y 1 9-y KOHCTUTYEHTH MOKHA HAKPUTH JCKITIbKOMa criocodamu. OauH
3 HHX MICTHTh 4-y (3akpuBae 5-y i 9-y koHCTUTYeHTH) 1 2-y (3aKkpuBa€ 2-y i 6-y KOHCTHTYEHTH)
iMIUTineHTH, a apyruit — 4-y (3akpuBae 5-y i 9-y koHcturyeHTH) i 5-y (3akpuBae 6-y i 8-y
KOHCTUTYeHTH) imIntineHTH. Lli aBa cmocoOu matoth Ham TynukoBi KH®. IMpu BuximodeHHi 4-i
IMIUTIEHTH HE3aKPUTUMH CTAIOTh 5-a 1 9-a KOHCTUTYEHTH, a IPU BUKJIIOUEHH] 2-1 a00 5-1 iMITinenT
— 6-a xoHctutyenta). Lli TymukoBi popmu maroTh ogHakoBy ckinamHicte — 14, Tlpu BkazaHoMy
oO0paHHI MPOCTHX IMIUTILEHT 5-a 1 9-a KOHCTUTYEHTH 3aKpUBAIOTHCS OJHIEI0 X TIEI0 CAMOIO
iMIuTineHTor0 (4-10). Aje 3aMicTh OoaHi€i 4-1 IMILTILIEHTH MOKHA oOpaTt 3-10 (100 3aKpUTH 5-y
KOHCTUTYEHTY), /-y (100 3akputu 9-y KOHCTHTYEHTY), a TakoK 2-y abo 5-y immiineHtn (11oo
3akpuTH 6-y KoHCTUTYyeHTY). L{i aBa crmocobum garoTh Iie JABI TYMHKOBI (OPMH 3 OIHAKOBOIO

cxinaanicTio — 14. Takum ynHOM, 1aHa QyHKIisS Mae 4oTupH TynukoBux KHO:

fim= (xv )(xvyvz)(yvzvt)(yvzvt)
11 6yke (1, 2,3, 4 (7,8

fyn = (xvy)(XVJ'VZ)(yvzvt)(xvzvt)

11 6yre 1!"’!@; .! s,a

fTH—(xvy)(xvyvz)(yvzvt)(xvyvt)(yvzvt)
14 5pe @ 23,4 78

fiyn = (xvy)(J:vyvz)(yvzvt)(xvyvt)(xvzvt)
146yr{s [, 2,3, 4 (@

Cepen 1ux tynukoBux KH® 1Bi MaroTh 0iHaKOBY HaltMeHIIy (OJMHAALATH) CKIAAHICTD. OTKe, Iis
i€l QyHKIil iCHYIOTh 11Bi pi3Hi MiHiMabHi KHO:

frin = (x_vy)(;cvyvz)(yvzvt)(vvzvt)

Frn= (V) (;cvyvz) (yvzvt) (xvzvt)
(1, 2,3,4 (7)s

Bionogios. fl.. =(Xvy)xvyvz)(yvZvt)(yvivi),

frm=Xvy)@EVvyv)(@vZvt) (xvzvi).

Crin 3a3HauuTH, 10 KUTbKICTh OyKB B MiHiManbHuX KH® 1 JIH® noriynoi ¢pyHKuUii € pi3HUM.
ToMy mpu po3B’si3aHHI 3a/a4 MiHIMI3aMii TOTTYHUX (QYHKIII CIiJl 3HAWTH SK JW3 FOHKTUBHI, TaK i
KOH IOHKTHBHI MIHIMaJbHI HOpMaJbH1 (popmH 1 oOpatu cepes; HUX (GopMy, 110 MICTUTh HAWMEHITY
KUIBKICTb OYKB.

7.1.5. Orpumannsa minimanbuux KH® 3a gomomororo
AU3’IOHKTUBHHUX (opM

Hexait 3amano moriuny ¢yukmito f(xq, X2, ..., X5,), 10 JOPIBHIOE OJWHMIN Ha Habopax 3
HOMEPAMH J 1, j2, «++s j; 1 HYJIFO Ha HAOOpAX 3 HOMEPAMH i1, i, «ey iy [Ipu iboMy m = 2™ — | [19].

Teopema 29. @opmynrosanns. JIn3 1OHKIISA BCIX KOHCTUTYEHT OJUHMII, 110 HE BXOMASTH JI0
JJAH®(f), € 3anepedyennsm 1iei pynkiii f, TooTo

1 1 1 _F
Kil\/KizV"'VKim_f'
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/losedenns. B 3araipbHOMY BHUMAAKy Asi Oyab-sKOi JOriuyHOi (yHKLII N 3MIHHHX, KpiM
KOHCTAHTH 0, 13’ IOHKIIIS BCIX MOXKJIMBUX KOHCTUTYEHT OJIMHHUIII JTIOPIBHIOE OJUHUII, TOOTO
KivKIvKiv.. vK%n_1 =1
Cepen 1MX KOHCTUTYEHT BHALIMMO iMIUTIKaHTH GyHKIT f, TOOTO Ti KOHCTUTYEHTH OJUHMII, 3 SIKHX
ckmagaerses JJJAH® miei ¢pynkmii f. Tomi
_ _ 1 1 1
f= JJAH®(f) = K;j vKj,v..VvKj.

€ OueBMAHMM, IO JAW3 IOHKIIS LUX KOHCTHTYEHT-IMIUIIKAHT 31 BCIMa pPEIITOI0 MOXKJIMBHMHU
KOHCTUTYEHTaMH OJMHHMII BiJl N 3MIHHUX Oyze TOPIBHIOBATH OJUHHMIII, TOOTO

va,-lviilZv...vKilm:L

VY BiAmoBigHOCTI i3 3akoHOM BHKIOUeHHs Tpethoro fv f = 1. Ile o3navae, mo ¢yHkuis f
CKJIQJIAETHCS 13 THX KOHCTUTYEHT OJMHHMIII, 1110 HE € iMIUTiKanTaMu GyHKI1 f, TOOTO He MicTAThCS B
JJIH®(f). Takum 9uHOM,

F -l 1 1
f=Ki VKi,Vv..VK; .
Teopemy noBeaeHo.
BukopucroByrouu 1ieit pe3ynabrar, MiHiMizanito joriyHoi ¢yskuii f, momanoi B KH®, moxHa
npoBecTH nuisixom nepexony Bix Hel g0 JH®(f). 3aiiicHuTu 1iel mepexia J03BOJsIE HACTYITHA

TeopeMa.
Teopema 30. @opmyniosanns. KH® noriunoi ¢yukuii f, ssky orpumano i3 miniMansHoi JJHD

(byHKui'l'f micis 1l IepeTBOPEHHA 3a JOMOMOIOl0 3aKOHIB Je MopraHa, Takox Oyze MiHIMaJbHOIO
[19].

/losedenns. 3axon ne Moprana He 3MiHIOE KUTBbKICTh OyKB B JIOTi4HINA (OPMYITi MOPIBHSHO 3
MMOYaTKOBOIO (POPMYIIOI0 OE€3MOCePEeTHBO MICIIsI BUKOHAHHS MEPETBOPEHHS. TOMY SIKIIIO MiHIMalbHA
JH® ¢ynkuii mictute K OykB, TO i oTpuMaHa TMicis MEPETBOPEHHS 3a 3aKOHOM Je MopraHa
bopmyra Oye MiCTHTH Ty K caMmy KinbKicTh OykB K. 151 KinbKicTh Oy/ie MiHIMAIbHOIO.

[Tpunyctumo mpoTuiekHe, TOOTO mpuirycTuMo, mo icHye inma KH® moriunoi ¢ynkmii f 3
MEHIIOK KuIbKicTo OYKB. [leperBopusmu o KH® 3a 3akonom e Moprana, orpumaemMo I[H(I)(f)
3 KUIBKICTIO OYKB, MEHIIIOI0, HIX 1€ OyJl0 BU3HAYEHO paHille B MOYaTKOBIA MiHIMalbHIN I[H(I)(f).
Arne ne HeMOXJIHMBO, ToMy 110 MeTo/ KBaiina nae BuuepnnHuii nepenik tynukoBux JJH®, cepen axux
oOupaeThcs HallkopoTina. OTpuMaHe MPOTUPIYYS 1 JOBOIUTE TeopeMy. Teopemy 10BeeHO.

Buxonsauu i3 noseaenux teopem 29 i 30, MOXKHA 3aMKcaTv @I20pPUMM_HOULYKY MIHIMATbHOT
KH®(f) na ocnosi minimizauii f ¢ JUIH®D.

1. Bu3Ha4aroThCs BCI KOHCTUTYEHTH OuHHMIN, 10 He BxoAsaTh n0 JJAH®(f), To6TO HE €

immrikantamu  QyHKIT f. 1li KOHCTHTYyeHTH 00’ €IHYIOTHCS 3HAKaMM U3 FOHKIIi, TOOTO
BUITUCYETHCSA I[I[H(I)(f).

2. BigmykyeTbcs MiHIMallbHA I[H(I)(f ).

3. Beperncs 3anepedeHHs )IH(I)(f), TOOTO BIIIYKYETHCS L[HCD(f) 1 IEPETBOPIOETHCS HA OCHOBI

3akoHy e Moprana. Orpumana KH® Oyne minimansaoro KH®(F).
Npukaax 40. PosrnsHemo ¢ynkmito f=(0000111010110010) i3 mpuknaxy 39.

3uaiitu st Hel MiniManbHy KH®, BukoprcToByroun HaBeneHuii anroput™ minimizarii JJTH®(f).
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Po3s6¢’si3anns. Bukopucraemo HaBeneHy B npukiaai 39 tabnwmiro ictuHHOCTI (yHKIii f s
sarcy JJIH®(f).

m Vi f Ynenu JJHD
0 ojo0o|0)| 0 (1] 1 oxa}!g:,‘ Eyff
1 0|0|0]|1 (1] 1 oxg!g:‘ Eyir
2 0ojo0|1]|0 (1] 1 gg!f:; Eyzf
3 ({0j0)1]1 1] 1 ung: Eizt

= 0|00
I

o|lo|e|e
O | = | = -
o R
-
-y
-~
2]
~

U = N

- -

w®
=
=]
=]
=]
-
o
%I

-1
o
(=]
-
o
-
k]
ow
N
~

(=]

10 |1(0(1]0 1 L]
m (1]0|1]|1 1 o
2 (1({1)0]|0 (1] 1

xyzt —r
1100 xth
13 (11|01 (] 1 Xyt =
110 1 xyzt

14 |1(1(1]0 1 L]
15 111 (1]1 1] 1

-
e
-
-~

xyzt

€ oyeBMIHMM, IO BCi Ti U jmiie Ti HaObopw, 3a skumu Bunucyetbes JJKH®(f), Oepyrs yuacts B
dbopMyBaHHI1 Z[I[Hq)(f). Jani giemo 3a anropuTMoM MiHiMizalii ¢yHkuii, noganoi B JJAH®. I3

HaBeeHol Tabsuii Bunucyemo JJIH®(f) i HyMepyeMO KOHCTUTYEHTH OJUHUII, Ki i1 CKJIaIai0Th:

1 2 3 4 5
JH® =XyZtvXyZIVvXyItVvXyZIVXyItV
VXYZIVXYZEVXYZIVXyL
Ve Y Vs Vet

[IpoBenemo 3 OTpUMaHUMU KOHCTUTYEHTaMH OJMHMUIII BC1 ONepallii HEMOBHOTO CKJICIOBAHHS.

NeNe
KOHCmumyenm, | Imnnikauma

W0 CKnerwrwmbca

n 12 xyz ‘
2) 13 xy t z
3) 24 Xyt =
4 26 Yzt x
5 34 Xyz t
6) 4-5 x zt y
7 59 yzt x
8 68 xXZt ¥y
9 718 xXyz 1
10) 89 Xyt z

SIK BHJIHO 13 TeEpIIOTrO CTOBILS Ili€i TaOnuill, B CKICIOBAHHAX Opajiu ydacTb BCi HasBHI
KOHCTUTYeHTH. OTXe, BCl BOHU OYyJyTh MOTJIMHEHI OTPUMAaHUMM Ha I[bOMY €Talll IMIUTIKaHTaMH.
OO6’etHaBIIM IMIUTIKAHTH 3HAKaMM JIM3’FOHKIII1, oTpuMaeMo HacTynHy JJH®.

5 6 7 8 9 10
INXYIVXIIVYIIVXZIVXYZVXYL

2 3
ZVXYtVvXYytvy

2| -
NI B

f=x
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Cepen OoTpUMaHHX IMIUTIKAHT OJHAKOBHMH 3a CKJIaJoM 3MiHHUX € l-a, 5-a 1 9-a, 2-a, 3-1 1 10-a
IMIUTIKaHTH, a TaKOX 6-a 1 8-a iMITikanTH. AJle CyMKHUMU cepen Hux € jume 1-ai5-a (1-ai9-a, a
Tako 5-a i 9-a oproroHasbHi 3a JBOMa 3MiHHMMH) 1 2-a i 3-51 (2-a i 10-a oproroHasbHi 3a TpbOMa
3MiHHUMH, a 3-51 1 10-a — 3a 1BOMa 3miHHMMHK). TakoXx 3a JBOMa 3MiHHMMH OPTOrOHaJbHI 6-a 1 8-a
iMIUTIKaHTH. TOMY BOHHM TaK0oX He € cyMbKHIUMH. OTKe, MOAAIIbIIE CKICIOBAHHS MOYKITHBE JIMILIE MIXK
1-10 1 5-10, @ TaKOX MiX 2-10 1 3-10 IMIUTIKAaHTaMH. TakuM YHHOM, HEOOX1THO MPOBECTH JPYTUH eTan
CKJICIOBAHHS.

NeNe imnaikanm, Hosa
wo cknerorombea | imnnikanma

1) 15
2) 23

=|[ =
<=

Ha npyromy eramni B CKJICIOBaHHSX Opalid y4acTh OTPUMaHI Ha TEPIIOMY €Tarl IMIUTIKaHTH
NeNe 1, 2, 3, 5. Bci BoHM OyayTh MOTJIMHEHI OTPUMAHOK HOBOKO IMILTIKAHTOIO X Y. IMIuTikaHTH
nepmoro erany Ne 4, 6,7, 8,9, 10 He Opayin y4acTi B )KOJHOMY CKJICIOBaHHI JIpyroro eramy. Sk
HACJIIZIOK, BOHM HE OyAyTh MOTJIMHEHI, TOMY IO BXE € MPOCTHMH iMIUTiIKaHTamMH. Bcei iMImtikaHTH,
OTpHMaHi B pe3yabTaTi IPYroro €ramy CKJICIOBaHHSA, € a00 PI3HHUMH 3a CKIIQJAOM 3MiHHHUX, a0o
OpPTOTOHAILHUMH OiJTbIIIE, HIX 3a OJHIEI0 3MIHHOKO (2-a i 4-a, a TakoXK 3-1 1 5-a immutikanTn). Tomy
MOJIaJIbIIIe CKIICIOBAaHHS HeMOXJMBe. OTXe, OTpUMaHa Ha JPYroMy €Talli CKJICIOBaHHS IIHd)(f) €
ckopouenoro JIH® nocnimxyBanoi pyHKIii.

fcgop=xJ’VyZtvxztvyztvxztvxyzvxyt

3a MOYaTKOBOIO I[I[H(I)(f) 1 OTPUMaHOIO CKOPOYEHOIO I[H(I)(f) OyAyeEMO IMIUTIKaHTHY

MaTpunro.
m
AARESEEE XyZt | XYZt | Xxyzt | Xyzt | Xyzt | xXYZt | xyzZt | xyZt xyzt
1 E? * * * *
2| yzt * *
3 xzt * *
4 yzt * *
5 xzt * *
6| xyz * *
7 xyt * *

[MopiBHIOIOYH X1/ pO3B’sI3aHHS [IHOTO MPUKIIANY 1 TpUKIaay 39, MOKHA TIOMITHTH, 1110 HOMEPH
BUKOPUCTAHUX KOHCTUTYEHT OJMHHUII Ta HYJSA, a TAaKOX IMIUTIIEHT 1 IMIUIIKaHT 301raroThCsl.
IMnnikaHTHA Ta IMIUTIEHTHA MaTPUL TAKOX MAlOTh OJHAKOBY CTPYKTYPY PO3TallyBaHHs MOMITOK.

Ile o3Hauae, 110 B LIbOMY MPHUKIAAl X1 MIPKYBaHb AJISl BIAUIYKAHHS TYMHUKOBHUX )IHd)(f) Oyne
MIOBHICTIO aHAJIOTIYHUI MipKyBaHHIM B ipukiaai 39 ms Bimmykanns tynukosux KH®(T). Leit 36ir

He € BUnagkoBuM. Bil moB’s3anuii 3 M, wo OX(f) = OI(f). Tomy HabopH, 110 BUKOPHUCTAHI LIS
nooynosu JAKH®(f) i ILZ[HQ)(f) 3aBx1U OynyTh 30iratucs s Oyab-sakoi ¢pyHkuii f. BpaxoByroun

el ¢akT, MOYKHA BUMTMCATH BCI TYIHUKOBI I[H(I)(f ).
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€ OYeBUIHHM, 1[0 Cepe]] IIUX TYMHUKOBUX (OPM € JIBi 3 OTHAKOBOI HAHMEHILOK CKJIAJHICTIO
(11 6yks). Lli Tymukosi dopmu i 6yayrs MiniMansanmu JHEO(F).
1 1 6 a 2

finin=XYVXyzZVvyztvyzt
@, 23,4 [78 59 2,6

—2 1 6_ 4 5
fonin=XYVXyzvyztvxzt
(1, 2,3, 4 @, 8 539 68

Terep HEOOXiAHO 3MIMCHUTH 3BOpOTHHM mepexin Bia f mo ¢yskmii f. 3acTocoByroun 3aKoH
ne Moprana, OTpuMy€eMo:

1 -
fmin=Fpn =XYVXYZVYyZtVYZt=Xy xyzZ yzt

zt=

<|

=xvy)(xvyvz)(yvzvt)(yvzvit)=
=(xvy)xvyvi)(yvzvi)(yvivt),

—2 S

ffnin=fmin=Eivxy7vyztvx2t=ﬁ Xyzyzt xzt=

=xXvy)(xvyvz)(yvzvt)(xvzZvt) =
=xvy)xvyvz)(yvzvi)(xvivi).

Bionogios. fl.. =(Xvy)xvyvz)(yvZvt)(yvivi),

frm=Xvy)@EVvyv)(@vZvt)(xvzvi).

Leit cnoci6 BinnrykanHs MiHiManbHuXx KH® nouinbHO 3acTOCOBYBaTH, KOJIU (PYHKIIISI MICTUTD
6arato HymiB, T00TO ii JIKH® cknagaeTrbes i3 BeIMKOI KiTBKOCTI KOHCTUTYEHT Hyns. B 1pomy
BUIAJKy PO3B’SI3aHHA 3 BUKOPUCTAHHIM JIU3 IOHKTUBHUX (opM Oy/ie 3HAUHO MEHILIE TPOMI3JIKUM 32
PaxyHOK HPUIHATUX CIIPOILIEHB MPHU 3aMUCY JOTTYHUX POpMYI (3HAK KOH FOHKIIIT MiXK 3MiHHUMH, SIK
1 3HaK MHOXKCHHS B 3BHYAlHIM MaTeMaTHIN, MOKHA HE MUCAaTH). Y BHUIAAKY KOMIT IOTEPHOTO
pOo3B’s3aHHA 3a1a4l MiHiMI3amii QyHkiii, moganoi B JJKH®, neit cnoci® cebe BUTIPaBIOBYE, SKIIO
BXKE € 3arporpaMoBaHna mporueaypa miniMizamii B JIJJIH®. Toai BukopuctanHs A0AaTKOBOI PYyHKIIIT,
10 peanidye 3akoHM Je MopraHa, nmoTpedye MEHIIMX 3aTpaT pecypciB, HIX OKPEMHH alrOpUTM

MiHiMi3amii. SIKIo * 1€ He Tak, TO Takui crocid € MeHIl e()eKTUBHUM, TOMY IO MpOrpamHa
peaiizalisi MpoIyCKiB 3aIUCy 3HAKIB olepaliil KOH IOHKIIT He repeadayae.

7.2. Kapru Kapno

MeTtoaom rpadiunoro BigoOpakeHHs OyneBux GyHKUIN € kapmu Kapno, 110 SBASIOTH COO0I0
creniajdbHO OpraHizoBaHi Tadmuii ictuHHOCTI [4]. CToBMOI Ta psAKM TAOJUIl BiAMOBIAAIOTH BCIM
MO>KJIMBUM HaOopaM 3Ha4deHb He Oinblie, HDK ABOX 3MiHHUX. [Ipudomy mi Habopu po3TaiioBaHi B
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TaKoOMYy MOPSIKY, 10 KOXKHHUN HACTYITHUH BIAPI3HIETHCS BiJl MOMEPETHBOTO JIUIIIE 3HAYCHHSIM OIHI€T
3MiHHOT, TOOTO B opsiAKy Tak 3BaHoro koxy I'pes: (0; 0), (0; 1), (1; 1), (1; 0) [7]. Takum gunOM, 1Ii
Ha0oOpH € CYCITHIMH 1 B MaTeMaTHUYHOMY CEHCI. 3aBISKH IIbOMY 1 CYCIJIHI KJITHHKH TaOJIMIIl IO
TOPU30HTAIl Ta 1O BEPTHUKAIl BIAPI3HAIOTHCA 3HAYCHHSAM JHIIe ojaHiel 3MiHHOI. KmiTwHKH,
po3TamnioBaHi o Kpasx TabJIHIIl, TAKOK BBAKAIOTHCS CYCIIHIMHM Ta MAIOTh IO BJIACTUBICTh. B boMy
JIETKO MEPEKOHATHCS, SIKIIO po3TanryBatu kapty KapHo He Ha uioniuHi, a Ha nmoBepxHi Topy [6, 7].
Ha puc. 9 nokazano kaptu Kapuo mist 2-x, 3-x i 4-x 3minnux. s noOGynosu kapt Kapuo ms
¢byHK1il 5-11 260 6-TH 3MIHHUX BUKOPUCTOBYIOTHCS TPUBUMIpPHI TaOJIUII, /1€ 110 TPETii 0ci 3HAYCHHS
3MIHHUX JJIs1 CTOBIILIB Ta PAIKIB KapTH pPO3TAIIOBYIOTHCS TaKOX B mopsanaky koay I'pes. Ilpu
MOAAIBIIOMY 301IBIIIEHH] KIJTBKOCTI 3MIHHMX KapTH KapHO CTaloTh HEMPHAATHUMH 3 MPAKTUYHOT
TOYKH 30py, TOMY IO BOHH CTAIOTh 3aHAJTO TPOMI3IKUMH, 1 BTPAYa€ThCS NIepeBara mboro METo Iy
MiHiMi3amii nepen metogom Keaiina. B kaprax KapHo 3HaueHHsI 3SMIHHUX pO3TaIllOBaHi B 3ar0JI0BKax
paakiB Ta croBmiiB. KoxHili KOHCTUTYEHTI OJMHHUII a00 KOHCTUTYEHTI Hy/s (B 3al€KHOCTI Bif
3aja4i MiHiMi3allii) CTaBUTHCS Y BiJIIOBIIHICTh OJTHA KIIITHHKA Tabmwuii [8].

it
xy\ | 00| 01|11 10
y z
x 0| 1 x 00 | 01 |11 | 10 00 1
0 ; 111 01 111
'BERE 1 |1 [1]1 1111
1011
@) 2 3minni 0) 3 minni 8) 4 3viuni

Puc. 9 — Kaprn Kapno nast dpynkniii 2-x, 3-x i 4-x 3mMiHHHX

Sk 1 B 3BMYAWHUX TaONULAX ICTMHHOCTI, KJIITHHKM HAOOpiB, HAa SKUX (YHKIIS TOpiBHIOE 1,
3aIOBHIOOTHCS OJIMHUIISAMU, a Ha IKUX BoHA AopiBHIoe 0 — Hyisimu. [Ipu BukopucranHi kaptu KapHo
JUIg olyKy MiHiManbHo1 JJH® MoxHa He BMcyBaTH HYJIbOBI 3HaU€HHS QyHKIII. B ibomMy BUnaaky
iM BIANOBIAAIOTh MOPOKHI KIITUHKU. [Ipu momryky miHimanbHoi KH® 3 BukopucTaHHSM KapTu
KapHo moxxHa He BIUCyBaTH 10 Hei OJMHWYHI 3HA4eHHsS (QyHKUIi. B 1boMy BHMaIKy MOpPOXKHI
KIITUHKA BIJIMOBIJAIOTh OJUHUISIM. B 3aralbHOMY BHIAJKy JIETKO 3IIHCHIOETHCS Tepexia BiA
Ta0JIMIll ICTHHHOCTI JIoriuHOi GYyHKIIT 10 ii kapTi Kapho i Hazaz [4, 5].

Ipukaax 41. Jlns goriuaoi ¢yskmii wotupsox 3minaux f(X,Y, z,t) i3 npuxmany 37, mio
nopiBHIOE onuHUI Ha Habopax NeNel, 3,5,7,14,15 1 nmopiBHIOE HymO Ha pemTi Habopax,
no0OynyBatu kapty KapHo.

Posé’azannsa. CkoprctaeMoch TaOIUIE0 ICTUHHOCTI 14 1i€i QyHKI, sIKy Oyso noOynoBaHO
NIpH PO3B’s13aHHI NpuKiIany 37. 3 ypaXyBaHHIM TOTO, IO ISl (QYHKINIS 3aI€XKHUTH BiJ 4-X 3MIHHHX,
kaprta KapHo mis Hei OymyBaTMMeTbCS 3a CXEMOIO, TOJaHOK Ha puc. 96. BcraHoBorO4H
BiJITIOBITHOCTI MIXk psITKaMH TaOJIMII ICTUHHOCTI Ta KJIiTHHKamMu Kaptu KapHo (HabopamMu 3Ha4YeHb
3MIHHHUX, Ha SKHX 3a/I1aHO JOCIIDKYBaHy (YHKIII), OTPUMYEMO HACTYITHY CXEMY.
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BinnoBnennst tabnuiii iCTHHHOCTI JoriyHoi (yHKIIT 3a kapToro KapHo 3miiiCHIOETBCS 3a TIEKO XK
CaMOI0 CXEMOI0, alle PyX CTPLUIKAMHU BiZIOYBA€THCS B MPOTUIICKHOMY HAMPSAMKY.

IlepeBaroro MeToay MiHiMi3alii 3a Jornomoroto kapt KapHo nepen meronom Ksaiina € e, 1o
kapra KapHo 103Bojsie TpadiuHO BUKOHATH OApa3y BCl €Tamd CKJICIOBAHHS 1 MOIJIMHAHHA
KOHCTUTYEHT OJMHHIN Ta IMIUTIKAHT a00 KOHCTHTYEHT HYJS Ta IMIUTIEHT. Y MiACYMKY i3 1€l B
crieniadbHUN croci0 3amucanoi TabauIll ICTHHHOCTI MOXKHA OJJpa3y BHIIMCATH HAOOp BCIX MPOCTHX
immrikant (ckopoueny JJH®) i Habop Beix npoctux immutineHt (ckopodeny KH®) nocnimkyBanoi
noriunoi GpyHKmii.

Ha kapti Kapno kxoHctuTyeHTam Hyns abo OAMHMIN, sIKI OEpyTh y4yacThb y CKIJICIOBaHHI
BIJIMOBIA€ CYKYMHICTh IBOX CYCITHIX KIIITHHOK, II0 PO3TAIIOBaHI B PANKY, CTOBII, KBaapaTi abo
OPSIMOKYTHHUKY (3 ypaxyBaHHSM CYyCIJICTBa MPOTHICKHUX KpaiB kaptu). ToMy BCi 3a3Ha4eHi BUIle
TBEp/DKCHHS MaroTh Micue i mis kapt Kapuo [4,5]. 3agaya momyky minimanbaoi JJH® abo
MmiHiManbHOI KH® 3a nonomororo kaptu KapHo 3BOAMTHCS 10 3a7a4i HOKPUTTS BCIX OJMHUIL a00
HYJIIB KapTH NPSIMOKYTHUKaMH SIKHalOLIb1I0T0 po3mipy. Ilpu nboMy 1uionii Takux NpsMOKYTHHKIB
(kiTbKiCTh KIITHHOK KapTh KapHO, sSika HUMU TOKPUBAETHCS) € IUTUMH CTYICHSAMH IBiiiku [6].
Suumysanusa npocmux imniikanm 3 kapmu Kapno 6iobysacmocs 3a nacmynnum npasunom. Cyciai
KIITHHKH, Ha SKUX (YHKIlIS TpUiiMae 0THAKOBI 3HAYCHHS, Jaf0Th MiHTepM (N-S)-T0 paHTy, 10 SKOTO

BXOATH Ti (N-S) 3MiHHI, 10 30€piratoTh OJHAKOBI 3HAUCHHS B ITUX KiIiTHHKAX. [ JIHD mpu 1isomy
3HaueHHsAM 1 BiAMOBiZarOTh caMi 3MiHHI, a 3HaueHHsIM 0 — ix 3amepeueHHs. [ns KH® naBmakwy,
3HaueHHsAM 0 BiIMOBIAal0TH caMi 3MiHHI, a 3HAaYeHHAM 1 — iX 3anepeueHHs. 3MiHHI, 10 He 30epiralTh
CBOE 3HAYCHHS IMPH MEPEXOJi M0 CYCIAHBOI KIITHHKH, B iMIUTiKanTi (imrotinenTi) BiacytHi [1, 5].
SIkiio oauHML 200 HYII, SIKi CKIICFOIOTHCS, PO3TAIIOBaHI B IPIMOKYTHHKY 1x2 (2x1), TO CKIICrOBaHHS
KOHCTHUTYEHT BiZOyBa€ThCs JIMINE 3a JBOMA CTOBIIMH (JIHMINE 3a JBOMa psIKaMH), TOOTO
CKJICIOETHCSI JIMIIIE O/THA 3MiHHA. B pe3ynbTati Takoro CKJICIOBaHHS OTpUMaHa MPOoCTa IMILTIKaHTa abo
MPOCTa IMILTIIIEHTa Oy/1e MICTUTH JIUILIE Ha OJJHY 3MIHHY MEHIIIe, H)K KOHCTUTYEHTa 11 i€l QyHKIII.
Sxmio oauHMII a00 HYII, SKi CKICIOIOTHCS, PO3TAIIOBaHI B YOTUPHOX KIITHHKAX, IO YTBOPIOIOTH
KBaJIpaT 2x2, TO IIe 03HAYAE, 10 BiAOYBAETHCS CKIICIOBAHHS YOTHPHOX CYCIJIHIX KOHCTUTYEHT 1 3a
CTOBMISIMH, 1 32 psAKaMu. B 1iboMy BUMaKy CKJICIOBaHHSI BIOYIETHCS 32 IBOMA 3MIHHUMH OJpasy,
1 B OTpUMaHii MPOCTii IMIUTIKaHTI a00 MPOCTiH IMILTIEHTI OyAyTh BIZICYTHI BXKe JIBi 3MiHHI — O/IHa
3 THX, YWi 3HaYeHHsI BKa3aHi B HA3BaxX PAJKIB, 1 OJJHA 3 TUX, Y1 3HAYCHHS BKa3aH1 B Ha3BaX CTOBIIIIIB.
S0 oguHMI ab0 HyI, SKi CKICIOIOTHCS, PO3TANIOBaHI B MPIMOKYTHUKY 1x4 (4x1), To6TO B
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CKJICIOBaHHI MOBHICTIO 33/IiIHUI BeCh PsIOK (BECh CTOBIEIB) KAPTH, TO B MiJCYMKOBUX IMPOCTii
IMITTIKaHT1 @00 MPOCTIH IMIUTIIIEHTI OYyTh HAsBHI JIMIIIE Ti 3MiHHI, 3HAUYEHHS SIKUX BKa3aHi B Ha3Bi
1p0ro psaaKy (mporo crosiirt). [Ipu 1bOMy BCi 3MiHHI, 3HAYEHHS SIKMX YTBOPIOIOTh HA3BU CTOBIIIIIB
(psakiB) B miaCyMKOBHX MPOCTiH IMIUTIKaHTI ab0 MpOCTiM iMIUTINEHTI OyayTh BimcyTHi. SKImo
oJMHUII a00 HyJ, SIKI CKJICIOIOTBCS, PO3TAIIOBaHI B MPSIMOKYTHUKY 2x4 (4x2), TO mpH 1bOMY B
CKJICIOBaHHI OEpyTh ydacTh JBa PSAKM 1 BCi cTOBMIN (BCi psiaku i aBa croBmili) kaptd. OTxe, B
MiCYMKOBHX HPOCTiH IMIUTIKaHTI a00 MPOCTiH IMIUTIIEHTI OyAyTh BiACYTHI BCi 3MiHHI, 3HAUYCHHA
SIKMX YTBOPIOIOTh HA3BM CTOBIIIIB (PSIKiB) i 0JIHA 3MiHHA, IKa 3MIHHIIA CBOE 3HAYEHHS IIPH IIEPEXO/Ii
BiJl OJTHOTO PsIIKa 10 iHIIOTO (BiJ OHOTO CTOBIIIA [0 iHIOr0). TAKUM YHHOM, SKIIIO IPYITH, J0 AKUX
00’ €THYIOTHCSI KOHCTUTYCHTH, SIKi CKJICIOIOTHCS, MAIOTh PO3Mip Oubiiuid, HiXK 1x2 abo 2x1 (To6TO
Oinpmmii, Hix 21 ), To kapra KapHo 103BOJII€E CKOPOTHUTH JAEKibKa €TamiB CKJICIOBAHHS, IO
MPOBOJATHCS TPH BUKOpHCTaHHI MeTony KgaitHa, 1 oxpasy Bummcatu ckopodeHy JIH® a6o
ckopoueHy KH®. SIkmo kapra KapHo MICTHTH KIITHHKY, 3allOBHEHY OJWHHIICIO (HYysJeM), a BCi
CYCiIHI KIIITUHKH [P [[bOMY MiCTSTh JIKIIE HYTi (OAWHHMIII), TOOTO pO3MIip IPAMOKYTHUKY TOPiBHIOE
1x1 (10670 2°), TO AN TakOi KOHCTMTYEHTH OIEpalii CKIEIOBAHHS i TOAANBIIOTO TOTIMHAHHS
HeMO>THBI. Taka KJIITHHKA BiIIOBIZa€ KOHCTUTYEHTI OJMHUIN (KOHCTUTYCHTI HYJIS), KA B TOU XKe
9ac € AAPOBOIO MPOCTOIO IMILIIKAHTOXO (SAPOBOIO MIPOCTOIO IMILTIIIEHTO0). SIKIIO BCI KIIITHHKU KapTh
KapHo 3amoBHEeHI OAMHHUISAMHU (HYJISMH), TO TPOBOIUTHCSA CKJICIOBAHHS 1 IMOTJIMHAHHS BCIX
MOXITUBMX KOHCTHTYEHT Ta IMIUTIKaHT (IMIUTILEHT), i (QYHKIiS € TOTOXKHOK ojuHuUIe fqi5 =1
(toroxuuMm Hynem fo = 0).

Kapty Kapno Takox MOHa pO3risaaTy He JUIIE SK TaOJUII0 ICTUHHOCTI, aJie OJTHOYACHO 1 SIK
iMIUTiKaHTHY a00 IMIUTIEHTHY MaTpHIO (B 3aJ€XKHOCTI Bij 3amadi MiHimizamii). Ha xaprti Kapuo
MOKHa 0Jipa3y MoOa4yuTH, sSKi caMe MPOCTi IMIUTIKAHTA ab0 MPOCTi IMIDTIIEHTH, IO BXOJISATH JI0
ckopouenoi JTH® a6o ckopoueHoi KHD, € simpoBuMu ab0 HAUTMIIKOBUMH 1, TAKAM YHHOM, O/Ipa3y
BUIUCATHU BC1 TYMHUKOBI (hopMHU 1, BinnoBinHO, MiHiMansHy JJH® a6o minimansny KHO.

Taxkum yuHOM, W1t nowtyKy minimanvnoi /TH® (minimansnoi KH®) noriynoi QyHKIil 3a

nonomororo kaptu KapHo HE0OXiTHO MiSTH 32 Hacmynnum anzopummonm [8].
1. Kunituaku kapta 00’€IHYIOTHCS B TPYIMH, IO BU3HAYAIOTh Omepallii CKIeroBaHHSA. B 1npomy
00’eIHaHHI O€PYTh YJ4aCTh JIHMIIE Ti CYCiHI KITITHHKH, 110 3alIOBHEHI OJMHUIISIMHA (HYJIsIMHU). B
KOXHY TPYIy 03BOJISIEThCS 00’ €IHYBATH KIJIBKICTh KIITUHOK, IO € LIJTUM CTYIIEHEM JBIHKH.

[Tpu poMy Taka rpyna MOXe MaTH JIMIIEe NMPSMOKYTHY abo kBanpatHy ¢opmy. Kokna Taka
rpymna OyJie BiAMOBIIaTH TaKii MpOCTii IMILTIKaHTI (TPOCTii IMILTILIEHTI) JIOTIYHOT (PYHKIIIT, 110
MIHIMI3Y€ThCS, 3MIHHI SIKO1 MalOTh OJIHAKOBI 3HAYEHHS JIJIs1 BCIX KJIITUHOK TPYIIH.

2. I3 mux rpym CKJIaAarThCs Taki HAOOPH, MO CYMICHO HAaKPUBAKOTh BCi OMUHHMII (HYJI) KapTH
Kapwo, ane npu 1ipoMy KOIHY i3 IIUX TPYIIT HEMOKHA BHKJIIOUUTH 0€3 TOPYIIEHHS TOBHOTH
nokputTs. Taki HaGopu OynyTe sBiATH coboro TynukoBi JH® (tymukosi KHO)
JIOCIIIJIKYBAHOT JIOT1YHOT (PyHKIII].

3. 34HTyIOTHCS MPOCTI IMILTIKAHTH (MPOCTI IMILTIIEHTH IUX HAOOPIB Ta 00’ €IHYIOTHCS 3HAKAMHU
u3 toHKIIT (koH toHKIIT). Cepen oTpuMaHuXx (OpM OOMPArOTHCS Ti, IO MAIOTh MiHIMAJIBHY
ckianHicTb. Boum 1 Oynyrs wmiHimManbHumu JH® (minimansaumu KH®) nocnimxyBanoi
JIOT1YHOI (PYHKITI].

Mpukaan 42. 3uraiitn miniManeHi JJH® 1 KH® ana dynakmii, momanoi kaproro KapHo Ha
puc. 9s.

Pose’azanna. JInsa nomyky minimMansHoi IH® 00’e€aHaeMo B rpynu OJMHUYHI KIITUHKHU Li€]
KapTH.
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B 1-it rpymi 6epyts yuacts psaku (1 1) i (1 0), a takox crosmmi (0 0) i (0 1). € oueBuanum,

0 TpH TEPEeXoai MK pSAAKaMH CBOE 3HAUCHHS 3MiHWJIAa 3MiHHA Y. lle o3Hauae, mo 1m0 omHiel
KOHCTUTYEHTH BOHA BXOJUTb 13 3allepeUeHHsIM, a B CYCIIHIO CYMDKHY — 0€3 3anepedeHHs. ToMmy came
3a HEIO Ha OJTHOMY 13 €TariB BiAOYAeThCs CKiIetoBaHH. [Ipu mepexo1i Mi>k CTOBIIISIMU CBO€ 3HAYCHHS
3miHioe 3MmiHHA t. OTKe, Ha HIIOMY eTarni BiIOYJeThCs CKICIOBAHHS BXKE 3a Ii€r0 3MiHHO0. [licis
BCIX €TaIliB CKJICIOBaHHS Oye OTPUMAHO MPOCTY IMIUTIKAHTY, IO CKJIAJAEThCA 13 TUX 3MIHHHUX, SIKi
cBO€ 3HaueHHA 30eperiu. [Ipu npomy X = 1, TOMy B OCTaTOUHY MPOCTY IMIUTIKAHTY 1151 3MiHHA BBiiie
B nipsimomy BurJisiai (0e3 3anepedenns). B Toit xke vac, Z = 0, TOMy B OCTaTOYHY NMPOCTY IMILTIKAHTY
15 3MiHHA BBiiijie B iHBepcHOMY BUrIsi (i3 3anmepedeHHsiM). Takum YUHOM, LS Tpyna Aa€ mpocTy
IMILTIKaHTY X Z.

B 2-it 6epyth yuactb psinku (0 1) i (1 1), a takox cropmui (01) i (11). ITpu nmepexomi Mix
pSIKaMH CBOE 3HAYCHHS 3MIHHJIA 3MiHHA X, a MIPH MEePEeX0/li MiXK CTOBMISIMU — 3MiHHA Z. OTXKe, Ha
JBOX PI3HHUX eTamax CKJICIOBAaHHS Ii 3MiHHI OyAyTh BHKIIIOYEHI. Y MJICYMKY i3 3MIHHHX, SIKi B Il
rpymi 30eperiiv CBOE 3HaUeHHS, Oyie CKIIaJICHO MPOoCTy iMIuTiKaHTy Y t, tomy mo iy =1,1t= 1.

B 3-ii rpymi 6epyTh yuacts crosiii (1 1) i (1 0) i e ogun psimok (0 1). B 3B’s13Ky 3 THM, 110
B 11 rpyIi pyxy psjkaMu He OyJ10, )KO/IHa 3MIHHA, 1110 YTBOPIOIOTH Ha3BU PSAKIB, CBOE 3HAUEHHS HE
3MiHHIA. SIK HACTiAOK, CKIICIOBAHHS 3a IIUMH 3MIHHUMH HE BiOyneThcs Ha xoaHomy etami. [lpu
upomy X = 0, y = 1. Tomy B ocTaTouHy NpOCTY IMILTIKAHTY 3MiHHA X BBiii/ie B IHBEpCHOMY BUTJISL,
a 3MiHHa Y — B npssMomy. [Ipu mepexo1i Mi>k CTOBHIIMU CBO€ 3HAU€HHS 3MiHWIa 3MiHHA t. OTxe,
JIUIIIE 32 HEIO0 MOXKITMBE CKJICIOBaHHS MK KOHCTUTyeHTaMH 1iei rpynu. [Ipu nibomy 3miHHa Z 30eperia
CBO€ OJIMHMYHE 3HAYEHHs 1 TOMY BBIHJI€ B OCTaTOYHY MPOCTY IMIUIIKAHTy B MpSAMOMY BUTJsAl. B
pe3ynbTaTi i3 3MiHHHX, 1110 30€periy CBOE 3HAYCHHsI, OTPUMYEMO MTPOCTY IMILTIKAHTY X Y Z.

B 4-ii rpyni 6epyts yuacts psaxu (0 0) i (0 1) i mumre ogus crosmens (1 0). Tpu nepexomi mixk
psAKaMU CBO€ 3HAUYEHHS 3MiHMJA 3MiHHA Y. SIK HAcHiJoK, 3a HE BiAOyAeTbCsS CKJICIOBaHHS, 1 B
OCTaTOYHIN IMIUTIKaHTI BoHa Oyze BiACcyTHs. 3MiHHA X = 0, TOMy B OCTaTOYHY IPOCTY BOHA BBiiizie i3
3anepeueHHsaM. Pyxy croBmipiMu B 1iil rpyni He Oyno. e o3Hauae, mo »o/aHa 3MiHHA, 3HAYCHHS
SIKUX CKJIAJIal0Th Ha3BU CTOBMI[IB, CBOE 3HAUYCHHs HE 3MiHMWIA. OTXe, B OCTAaTOYHIN MPOCTiH
iMIutikanTi BoHM Oyayth mpucytHi Bei. [lpm mpomy z=1, t=0. Tomy B ocraTouHy mnpocty
IMIUTIKAHTY 3MiHHa Z BBiiiie 0e3 3amepedeHHs, a 3MIHHA Y — 13 3amepeueHHsAM. TakuM YuHOM, 1
rpyna Ja€ mpocTy IMILTIKaHTy X Y Z.

OTxe, 3UUTYIOUH TPYNH 00’ €IHAHUX OJIMHUIL, OTpUMYyeMO ckopoueHy JIH® s uiei pyHkmii:

1_ 2 _3 _4_
fokop=XZVyIvVXyzvXyZzZ

I3 HaBeneHO! cXeMHM TOKPHUTTS OJMHHUIL KapTH BUAHO, mo 1-a, 2-a i 4-a rpymu (mpocrti
IMIUTIKQHTH) € SIIPOBMMH, TOMY IO TPH iX BHJAJCHHI MOPYIIYETHCS MOBHOTAa MOKPHUTTS. [licms
OoOpaHHS IUX TMPOCTUX IMIUTIKAHT CTa€ OYEBHIHHMM, MO0 3-8 Tpyna (mpocTta IMIUTIKaHTa) €
Ha/IJTMILIKOBOIO, TOMY 110 BC1 OJJMHMIII KapTH BXKe 3aKpHTi 6e3 11 yuacti. OTxe, 114 1i€l GyHKLIT icHy€e
enuHa tynukosa JIH®, mo ckinagaeTses auie 13 sapa IMIUTIKAHT i€l pyHKIii:
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1_ 2 _4_
fryn=xZVvytvxyz

B cunty Toro, mo tynukosa JJH® ms miel ¢yHKIii € quHOI0, BOHA X € 1 MiHiMasibHOIO JTHD.
st momryky miniManbHOT KH® 00’ eaHaemMo B rpynu HyJIbOBI KIIITHHKY 337aHO1 KapTH KapHo.

zt
xy 00 | 01 | 11 | 10

00 ((0,][0] )

o1 | O
11 ST]
10 [04 0

B '-ii rpymi 00’ eqHaHMX KOHCTUTYEHT HyIs OepyThb yuacts psinku (0 0) 1 (0 1), a Takox enuHmiA
crosrerb (0 0). B xoai pyxy psakamu cBoe 3HaueHHs 3MiHMIA 3MiHHA Y. ToMy 3a HEtO BiIOYAeThCS
CKJICIOBAaHHS 1 B OCTaTOYHIM MPOCTIH IMILTIIICHTI BOHA Oy/ie BiIcyTHS. [HIIa 3MiHHA 13 psAAKY 30eperiia
CBO€ 3HaueHHs X = 0, TOMy /10 OCTaTOYHOI IPOCTOI IMIUIILIEHTH BOHA BBiiJie Oe3 3anepedeHHs. Pyxy
CTOBIILISIMHU B 11iii Tpy1i He 0y70, ToMy 00uaBi 3MiHH1 Z = 01t = 0 10 ocTaTOYHOI MPOCTOT IMIUTILIEHTH
TaKOX BBIHIYTh O0€3 3anepedeHb. TakuM YUHOM, IIs TPYIIa Aa€ MPOCTY IMILTIEHTY X V Z V 1.

B 2-it rpyni Gepe yuacth equnuii psugok (00), a takox nsa cromii (00) i (01). 3minni
enuHOTO psAAKy X = 0 1y = 0 BBilIyTh 0 OCTATOYHOI MPOCTOI IMILTIIIEHTH Oe3 3amepeueHsb. B xomi
PYXY CTOBHISIMHM CBO€ 3HAYEHHS 3MIHWJIA 3MiHHA I, TOMY B pe3yJbTaTi CKJICIOBaHHS B OCTATOYHIH
MPOCTii iMIITiEeHTI BoHA Oyne BiAcyTHs. 3MiHHa Z = 0, sika 3a/IMiIniack Ta 30eperia CBoe 3HaYeHHS,
BBiif/Ie 10 OCTaTOYHOI MPOCTOI IMILTIIIEHTH Takoxk Oe3 3amepeueHHs. OTxke, 13 1€l TPyNmH MaEMO
MPOCTY IMILTIIIEHTY X V Y V Z.

B 3-ii rpymi takox Oepe yuacth eaunuii psgok (00) i aBa croemui (01) i (11). Ak i mus
MoTepeHbOi Tpynu, 3MiHHI e€auHOTO psaky X =0 i y=0 BBiligyTh M0 OCTaTOYHOI MPOCTOI
iMIuTineHTH Oe3 3amepeueHb. B Xoai pyXy CTOBNISMHU CBOE€ 3HAUYEHHS 3MIHWJIA 3MiHHA Z, TOMYy B
pe3yibTaTi CKICIOBAHHS B OCTaTOYHINH MPOCTIH IMIUTILEHTI BOHA Oyze BiACyTHs. 3MiHHaA t =1, sxa
3aJMIIMIIAcs Ta 30eperia CBO€ 3HAUeHHs, BBiiIe 1O OCTaTOYHOI MPOCTOI IMILIILIEHTH B IHBEPCHOMY
Burnszai. OTKe, i3 i€l rpynu MaeMo MPocTy IMILTIEHTY X V'Y V L.

B 4-ii rpymi Oepe yuacts eauuuii psgok (1 0) i gea crosmmi (1 1) i (1 0). I3 eaunoro psiaky
3MiHHa X = 1 BBiiiie 10 OCTaTOYHOI MPOCTOI IMIUTILIEHTH B IHBEPCHOMY BUTJIAL, a 3MiHHa Y =0 — B
psIMOMY BUTJISAL. B X041 pyXy CTOBIISIMU CBOE 3HAUEHHS 3MIHWIIA 3MiHHA t, sika 1 Oy1e BICYTHS B
OCTAaTOYHIN MPOCTIH IMIUTIIIEHTI. 3MiHHA Z = 1, sika 3aIMIIIIIach Ta 30eperia CBoe 3HaUeHHS, BBIjIe
JI0 OCTaTOYHOI MPOCTOi IMIUTILIEHTH B 1HBEpCHOMY BHUIJsAl. OTxe, 13 i€l rpynu MaeMO MPOCTY
IMILTILIEHTY X VY V Z.

B 5-it rpymi 6epe yuacts equnnii crores (1 0) i aa psaxu (1 1) i (1 0). B xoai pyxy psakamMu
CBO€ 3Ha4YeHHs 3MiHWIA 3MiHHA Y. Tomy BoHa Oyze BiJICYTHS B OCTATOYHINA MPOCTIH IMIUTILIEHTI.
3minHa X = 1, 110 ipu 11boMY 30€periia CBO€ 3HAYEHHS, BBIM/I€ O OCTATOYHOI MPOCTOT IMIUTIIIEHTH 13
3amepeueHHsM. [3 €IMHOTrO CTOBIIS 3MiHHA Z = 1 BBiifIe 10 OCTaTOYHOI MPOCTOI IMILTIIIEHTH 13
3arepedeHHsM, a 3MiHHa t =0 — Oe3 3amepedeHHs. TakuM YWHOM, 13 IIi€l TPy MaeMO MPOCTY
iMILTIEHTY X V Z V L.

OTxe, 3UMTYIOUM OTPUMAaH1 Ipynu 00’€JHAHUX HYIIB, oTpuMmyeMo ckopoueny KH® s miel
byHKIII:
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2 3 _ 4 5
faop=GxvIvhxvyvy)xvyvt)(xvyvz)(x vZvi

I3 HaBeseHOI CXeMH MOKPHUTTS OJAMHUIIL KapTH BHIHO, 110 |-a, 3-1, 4-a i 5-a rpymu (mpocti
IMIUTIIIEHTH) € SAPOBMMH IMIUTIIEHTAMM, TOMY IO IPH iX BHAAJEHHI MOPYIIYETHCS IMMOBHOTA
mokputTs. Ilicas oOpaHHS IMX MPOCTHX IMIUIIEHT CTAa€ OYEBMIHHM, [0 2-a rpyma (mpocra
IMILTIIIEHTA) € Ha UTMIIIKOBOIO, TOMY II[0 BCi HYJII KapTH BXKe 3aKpUTO Oe3 11 yuacTi. SIK HacmiIoK, A1
i€l pynkiii icnye equna TynukoBa KH®, 1o ckinagaeTbes Jiniie 13 siapa IMILTIIEHT 1i€i G yHKIII:

nyn=(xvzvt)(xvysvf)(fv;vi)(fvsivt).

B cuny Toro, mo tynukoBa KH® st miei dyHKii € €quHOI0, BOHA X € 1 MiHIMasibHOIO KH®.
Bionosios. fmin =XZVvYytvxyz— miniMansaa JJHO;
fmin=Xvzvt)(Xvyvt)(xvyvz)(xvZzvt)— migimansaa KHO.

Takox Ha kapTti KapHo, sk 1 Ha IMIUTIKaHTHIM a00 IMIUTILIEHTHIN MaTPHIIX, MOJKHA TTOOAYUTH
BCl BapiaHTH IMOKPUTTS KOHCTUTYEHT, SIKIIO IIMX BapiaHTIB JEKiIbKa.

Hpukaan 43. 3uaiitu midiMaeHi JTH® 1 KH® i oriunoi gynkii, 3aganoi kaproto KapHo,
MO/IaHOI0 Ha puc. 96.

Po3é’sazanns. {ns nomryky MinimansHoi JJH® 00’€qHaemMo B rpynu OJUHUYHI KIITHHKA ITi€T
KapTH.

X 00 | 01 | 11 | 10
o (1)
EICIEN

B 1-it 6epe yuacts equnuit psok (1) i qea crosmi (0 0) i (0 1). Tomy 3minna X = 1 BBiitne 1m0

OCTaTOYHOI MPOCTOI IMILIIKAHTH 1i€i Tpynu Oe3 3anepeueHHs. [Ipu nepexo/i MK CTOBILSMU CBOE
3HAa4YeHHs 3MiHWJIA 3MiHHa Z. ToMy 13 3MIHHMX, 3HAY€HHs SKHUX YTBOPHWJIM HAa3BH CTOBIILIB, B
OCTaTOYHIN MPOCTiH iMIUTiKaHTI Oyae npucyTHs auime 3MiHHA Y = 0, sxa 30eperyia cBoe 3HaYCHHS.
[TpuyomMy BoHa BBiiiie TYAH B iIHBEPCHOMY BUIJISIII. TakuM 4MHOM, L1 TpyHa Jja€ MPOCTy IMIUTIKAHTY
Xy.

B 2-ii rpymi Oepe ydactb Toit camuii enuHmii psiiok (1) i gea crosmi (0 1) i (1 1). Tomy 3miHHa
X =1 BBIiiJIe 10 OCTaTOYHOI MPOCTOI IMIUIIKAHTHU LI€T Tpynu 6e3 3anepeyeHHs. [Ipu nepexoai Mix
CTOBIIIMHM CBO€ 3HAUYEHHS 3MIHWJIA 3MiHHA y. TOMy B OCTaTOYHY MPOCTY IMIUTIKAHTY LI€l Tpynu
BBiii/ie 3MiHHA Z, sIKa CBO€ 3HaueHHs 30eperia 3 ypaxyBaHHSAM TOro, 1o Z = 1, BoHa BBiiiae A0 miei
pocToi iMIUTiKaHTH Oe3 3anepedeHHs. OTxe, 13 L€l TPy 00’ €IHAHUX KOHCTUTYEHT OTPUMYEMO
IPOCTY IMILTIKAHTY X Z.

B “-it rpymi 6epyts yuacts nBa psaku (0) i (1) i oqun cronens (1 1). 3miHHa X TIpU mepexoi
MDK pSIIKAMH CBO€ 3HAU€HHS 3MIHWJIA, TOMY B OCTAaTOYHINA MPOCTIN IMILIIKaHTI Oyae BiJICYTHS.
OOwuB1 3MiHHI, 3HAYE€HHS SIKUX YTBOPWJIM Ha3BU CTOBIIIB, CBOI 3HaYEHHs 30€periu, TOMY 13 HUX 1
Oyze ckiajaTrucs 0CTaTOYHA MPOCTa IMIUIIKaHTa. 3 ypaxyBaHHSAM Toro, mjoy = 11z = 1, 06uBi BoHU
BBIMyTh 70 IIi€1 MpoOCTOi IMILTiKaHTH Oe3 3amepeueHb. TakuM YMHOM, i3 Mi€i TPYNU OTPUMYEMO
MPOCTY IMILTIKAHTY Y Z.

B 4-i1 rpymi 6epe yuactb enunmii psaaok (0) i gea crosmmi (1 1) i (1 0). Tomy 3minna X =0
BBIlJIe /10 OCTaTOYHOI MPOCTOi IMIUIIKAHTH Iii€i rpynu i3 3amepedeHHsM. [lpu mepexoni mix
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CTOBIIIMHM CBO€ 3HAYEHHS 3MiHMJA 3MiHHA Z. TOMy B OCTaToOuHy NMPOCTY IMIUTIKAHTY L€l Ipynu
BBilijic 3MiHHA Y, sIKa CBOE 3HAYCHHS 30eperiia. 3 ypaxyBaHHSIM TOro, 1o Y = 1, 111 3MiHHA BBiif1€ 10
miei mpocToi IMIUTIKAaHTH Oe3 3amepedeHHs. TakuMm 4YMHOM, 13 1€l TPyNmH OTPUMYEMO IPOCTY
IMILTIKaHTY X Y.
OTxe, 3UUTYIOUH OTpUMaHI Tpynu 00’ €THAHUX OJMHHUIb, OTpUMYeMO cKopoueHy JAH®D ms
i€l GyHKIii:
1 _ 2 _4
foxop=XyVXZVYIVXY
I3 cxemMu MOKPUTTS OJUHMIL Ha mojaHiil xkapti KapHo BHAHO, 1m0 10 OyAb-AKOi TYyMHUKOBOL
JTH® 00608B’s13k0B0O Tpeba BKIOUKTH 1-y i 4-y rpymnu (IPOCTi IMIUTIKAHTH), TOMY II[0 BOHH € SAPOM
iMmtikanT. Ilicas o6paHHs IMX TPy 3aIMIIAETHCA HE3aKPUTOIO €1MHA ouHuUI Ha Habopi (1 1 1). Ii
MOJKHA 3aKPHUTH B JBa CIIOCOOH: 2-10 rpymoro (IIpH [bOMY -5 IMIUTIKaHTa Oyjie HaJIUIIKOBOK) ab0
-0 Tpymno (mpu MpOMY 2-a iMILTiKaHTa Oy/e HaJIHIIKOBOK). TakuM duHOM, JUIf mi€i (yHKINT
icHyIOTb 11Bi TynukoBi JJH®:
1 2 4
f%yn =SXyYyVXIVXYy

6 6yxe
4

fon=XyVyIvxy

6 [7C

i TynukoBi [IH® maroTh 01HAKOBY CKJIaAHICTh — 6 OykB. I3 IbOTO BHILIMBAE, IO IS i€l
noriunoi GyHKHil icHyr0Th 1Bi MiHIMaIbHI JJHD:

s nonryky MiHiManbHOi KH® 00’€1HaeEMo B rpynu HYIbOBI KIIITHHKH LI€T KapTH.

X 00 | 01 | 11 | 10
(] [o 1 O ]
1
HOKpI/ITT}I BCiX HyJ'ILOBI/IX KJ‘IiTI/IHOK I.Iiéf KapTI/I MOKJIINBEC JIUIIC 3a JOITOMOI'OK0 IBOX rpyr[, j11(¢]

HEC HepeTI/IHaIOTLCSI.

B 1-it rpymi O6epyts yuacts eaunuii psjgok (0) i aa cropmipst (0 0) i (0 1). Tomy 3minna X = 0
BBIlJIe 1O OCTAaTOYHOI MPOCTOi IMIUTILEHTH Oe3 3amepedyeHHs. [Ipu nmepexo/i MK CTOBIISIMH CBO€E
3HAYeHHS 3MiHWJIA 3MiHHA Z. ToMy /0 OCTaTOYHOI MPOCTOi IMIUTILEHTH O€3 3amepedyeHHs BBliizie
3MiHHa Y = 0, sika 30eperiia cBoe 3Ha4eHHA. TakUM YMHOM, IIf Tpyla Ja€ NPOCTY IMILTILIEHTY X V' Y.

[Tnoma 2-1 rpynu gopiBHioe 1x1, ToOTO B 1iii rpymni pyXy He OyJio Hi CTOBIISAMU, H1 pAIKaMU.
Sk HACMIIOK, KOHA 3MIHHA 13 Ha3B PSAKIB Ta CTOBIMIIIB B IIH TPYIT CBOE 3HAYEHHS HE 3MiHuma. Lle
O3HAYae, Mo JI0 OCTATOYHOI MPOCTOI IMIUTIIIEHTH BOHU BBIHIYTH YCi: 3MIHHA X — 13 3alepeYeHHsIM
(x =1), 3minHa y — i3 3anepeueHssm (y = 1), 3minHa z — 6e3 3anepedenns (Z = 0). TakuMm 4uHOM, 115
rpymna Jia€ mpocTy IMILTIIEHTY X V' Y V Z.

34nTyr044 3 BKa3aHoi kapTu KapHo oTpumaHi mpoCTi IMITTIEHTH, MOYKHA 3alIUCAaTH CKOPOUYEHY
KH® nns 3amanoi GyHkmii:
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feop =@V @BV V)

OOwuBi oTpuMaHi rpynu (IPOCTI IMILTILIEHTH) € SAPOBUMH, TOMY BUIAJICHHS OYIb-SIKOI 3 HUX
NPU3BOIUTH 0 MOpYIIeHHs MOKpUTTA. OTxke, s ckopoueHa KH® € Takox 1 €AMHOIO TYHKOBOIO, i,
SIK HACMII0K, €quHOI0 MiHiMasibHOXO KH® myist mocmimkyBaHoi (yHKIIII.

Bionogios. fl. =Xy vXzvxy, fi, =XyVvyzvXxy—mMinivasai JHD;

fmin =X VvY) (x vy vVvz)— minimansaa KHO.

8. IOBHI CUCTEMM BYJIEBUX ®YHKIII

8.1. epumii kpuTepiii NIOBHOTH

B posznini 2.4 Bxke 0yno po3riasiHyTo NOHSTTA cyneprno3uiii pyskiii. [loBropumo ioro e pas.
Osnauennsn. Oyukiist F=F(fq, f2, .., fn), Ky OTpUMaHO i3 QYHKIUH f1, f2, «ees [ IUBIXOM
iX MiZCTAaHOBKH 3aMiCTh apryMEHTIB X1, X3, «..y X OyHKIIT F(Xq, X3, ...y Xy ), HA3UBAETHCS

cynepnosuyicio Gyukyitl f1, 2, «+os fn [20].
Sk Bxke Oyno 3a3HayeHo, P, — MHOXKUHA BCiX 0€3 BUKIIOUEHHS MOXJIMBHUX OYyneBUX (DYHKITIH.

Hexait H={f1, f2, .e0s fm | fi € Py, i=1,m} — noBinbHa MHOXHHA (K CKiHYEHHA, TaK i
HECKIHYCHHA) Pi3HUX OyJIeBUX (YHKITiH.

O3nauenna. MHOXUHA BCIX MOKJIMBUX CYNEpIIO3ULIN QyHKIIH 13 H Ha3UBAETbCA 3AMUKAHHAM
H i no3navaernscs [H] [14].

3aMUKaHHS MHOKMH Ma€ HACTYITHI OueBHHI BJaacTuBocTi [14, 20].

1. Byov-axa MHOMCUHA € NIOMHONCUHOIO CB020 3AMUKAHHSL.
H < [H].
2. 3amuxanms NIOMHONCUHU € NIOMHONCUHOIO 3AMUKAHHSL.
Hyc H, = [H1] c [H,]
3. Bacamopasose 3acmocysanns onepayii 3aMUKaHHsL eKei8aieHmHe 00HOPA3080MY:
[[HII = [H].
4. 06’ eOHanHs 3aMUKAHD MHONCUH € NIOMHONCUHOIO 3AMUKAHHS 00 €OHAHHSA YUX MHOICUH.
[H1] U [H;] € [Hy L H,].
5. l[lepemun 3amuKanb MHONCUH € RIOMHONCUHOIO 3AMUKAHHSL NEPEMUHY YUX MHOICUH'
[H1] N [H2] € [Hy N Hy).

O3nauennsn. Cucrema OyneBux QYHKIN HA3UBAETHCS NOBHO0, SIKINO i1 3aMUKAHHS TOPIBHIOE
MHOYHHI BCiX 0e3 BUKIIOUEHHS OyneBux (yHKIii, T06T0 [20]

H={f1. for oo fm | f1 € Py i=T,m}—enosnono = [H]=P,.

[Hmmmu cnoBamu, cuctema OyneBHX (YHKLINH € MOBHOIO, SKIIO 32 JOINOMOTOI0 CYNEpHO3HLi
(bYHKIIH 1i€T cucTeMu MOXKHA TIOAATH Oyab-sKy OyneBy ¢yHkuito [16].
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Teopema 31 (1-iz kpumepin nosnomu cucmemu b®D). Qopmyniosannsa: Hexail 3amani nsi

cucremu OyneBux ¢yukuiit H={f1, f2, ..o fnt 1 G={91, 92, ---» g}, puuomy cucrema H €
noBHOI0. Tozi cucrema G Oy/ie MOBHOKO CUCTEMOFO TOA1 M JIUIIE TOI1, KOJIM Oyab-sKa (yHKIIISI TOBHOT

cucremu H Moxe OyTH MojiaHa JISSKOI0 Cyrepno3uiiero ¢pyHkiii i3 cucremu G, TooTo [13, 16, 20]

([Gl=P,) & (Vi=1m,V fieH :f e[G)]).

Jlosedenns. Cnodatky IOBeIeMO, IO I TOro, mob cuctema (ynkmid G Oyna mMOBHOIO,
neo6xiono, mo6 Gymp-sika Gynxuis f;, i = 1,n, cucremu H BUpaxxanacsi Cynepriosuiieio GpyHKIiit
cuctemu G, T00TO 13 TOroO, MO cucteMa (GyHkmiii G € MOBHOW, BUILIUBAE, IO Oyab-sKa (QYHKITIS
cuctemu H BupaxaeThcs cynepno3uuicro Gpynkimii cucremu G. Takum yuHOM, Tpeba JOBECTH, IO

[20]

([Gl=Py) = (Vi=1m ,V f,eH :f; e[G)).

3a yMOBOIO TeopeMu, cucteMa QyHKIii H € miAMHOXUHOIO MHOKUHU BCiX 0€3 BUKIIOUEHHS
OyneBux Qynkmiii P, To6to H < P,. B Toif ke yac, B cuiny Toro, mo cuctema G € moBHOMO, 32
O3HauYCHHAM MOBHHUX cucTeM, [G] = P,. I3 11b0ro, 3 ypaxyBaHHSIM TPaH3UTHBHOCTI BiTHOIICHHS
BKIIIOYCHHST MHOXWUH [22], BurutuBae, 1o H < [G], To6T0

[G] = P,

Hep, }:»«Hg[G]).

Le o3Havae, mo cuctema GyHKIiH H € mMiIMHOKHHOI MHOXHHHU CYIEPIIO3UIIIH, IO CKIAJIeH]
13 ¢pyskuii cucremu G, To0TO OyIb-siKa PyHKIis cucteMu H € cyneprnio3utieto ¢pyHkiiil cuctemu G.
Heooxionicms 0osedeno.

Tenep moBeaeMo, 110 TOTO, 1110 Oyab-ika GyHKILs f;, | = 1,_n, cuctemu H Moxke OyTu mojaHa
cyneprosuiiieto GyHkuii cucremu G, docmamnpo 175 Toro, mood cucrema pyHkuii G 6yna noBHoo,
T06TO i3 TOro, M0 Gyab-aKa GyHKIis f;, | = 1,1, cuctemu H TOa€ThCS CyMEpIIO3HI€o ByHKILiit
cucremu G, BUIIIMBae, 1o cucrtema GyHkiii G € moBHoro. Takum 4rMHOM, Tpeba JOBECTH, 1110

(Vi=1m ,VfieH :fi e[G]) = ([G]=P,).

I3 Toro, mo Oyap-saKky ¢yHkuito cuctemu H MOXXKHA TIOJIaTH CYNEPHO3ULIEI0 PYHKIIIH CUCTEMU
G, BunnmBae, mo cucrema GpyHkuii H € niAMHOXXUHOIO 3aMUKaHHS MHOXUHM (PyHKIIH cuctemu G,
10610 H < [G]. Togi, 3riiHo 3 2-10 BIACTUBICTIO 3aMHKaHHS, MOKHA cTBepKyBaTH, 1o [H] < [G].
B cuny Toro, 1o 3a ymoBoto TeopeMu cuctema H € TOBHOIO, 13 03HaUYE€HHS TOBHUX CUCTEM BUTLIIMBAE,
o [H] = P,. Takum unHOM, oTpumMyemo, mo P, < [G], To6TO

[H] = P,

H| G]} = (P2 < [G)).

B Toii xe dac, MHOXHHA P, — 116 MHOXKHHA BCIX 0€3 BUKIIIOUEHHS OyieBux (yHKIIH. 3 1bOro
BHILIUBAE, MO QyHKII cucteMu G TakoX MICTAThCS B MHOXUHI Py, To6T0 G <€ P,. Tomi i3 2-i
BJIACTHBOCTI 3aMHKaHHs BUILIHBaE, mo [G] € P,. TakuM 4MHOM, OJHOYACHO MAlOTh MICIIEC JBa
BifHOIIEeHHs BKItoueHHs: P, < [G] i [G] € P,. I3 BnacTuBOCTEl BiJHOIICHHS BKIIOYEHHS MHOXHH
[22] BurntuBae, mo [G] = P, ToOTO



Ile o3nauae, mo cucrema ¢pyHkiii G € moBHow. Jocmamuicms 008€0€HO.

Teopemy noBeaeHo.

[Ipu mocaimkeHH] CUCTEMU JIOTTYHUX (DYHKIIH Ha IMOBHOTY CJIIJT YITKO PO3PI3HATH, IO caMe
BUKOPHUCTOBYETHCS JIJIsl OOIPYHTYBAHHS MIOBHOTH CUCTEMH — O3HAYCHHS TIOBHUX CHCTEM UM TEPIITHIA
KpuTepiit moBHOTH. Hanpukiaz, po3risiHeMo cucremy GyHKin H = {—| A, V,—,~} — cucremy
OCHOBHHX orepaniid anredpu yoriku. B po3aini 1.3 Oyno nmokaszano, mo Oyab-saKy OyieBy (QyHKITiO
MOXKHa mojaaTtu  JAeskor  ¢dopMylnor  anredpu  JOriKM. 3 [bOTO  BUILIMBAE, IO
[H] = [—| , A, V, >, ~]=P,.1le o3nauae, mo cuctema H € IOBHOIO 3d 03HAYEHHAM, TOMY IO HisKa

iHma cucrema ¢ysHkmiii G B gKocTi mocepeqHHKa HE BUKOpUCTOBYBajacs. J[ns oOrpyHTyBaHHS
NoBHOTH cucteMu H mm 3Bepranmcs OesmocepeqHbo 10 MHOXHMHU P, . B TO#t *e wac, mus
CKBIiBaJICHIIi iCHYE BIACTUBICTh X~Y=(X—Y) (y—> X), 1m0 BuUpaxae 10 (QYHKI[IIO Yepe3
KOH'IOHKIIIIO Ta IMIUTIKaLif0, TOOTO uepe3 iHmm (yHKmii qociimkyBanoi cuctemu H. SIk HacIizoK,
(x~y) e {1,A,v,—>}] = [G]. Pewra ¢pynxuii cucremu H micTsitbest B cuctemi G. TakuM 4nHOM,
H c [G]. BignocHo cuctemu H Bike BizioMo, 1110 BOHA € TIOBHOIO. Le 03Havae, 1110 BCi PyHKIIIT TOBHOT
cucremMu H MOXXHa moAatu cymnepro3umiero GyHkuii iHmoi cuctemu G. OTxe, cucrema QyHKIINA
G= {-| ,A,V,—>} TakoX € TOBHOI 3rimHO 3 1l-m kpumepiem nosnomu cucmem bD. Jns

oOTpyHTYBaHHSI TOBHOTH cucTeMu (pyHKIii G My He 3BepTaiucs 6€3M0CcepeHbO O MHOKHHH BCIiX
0e3 BUKIIOUEeHHS OyneBuXx (QyHKIINH Py, a BAKOPUCTOBYBAIHU B SKOCTI MOCEPEIHUKA 1HIIY CUCTEMY
byukuit H, npo Ky 3a3Aaleriip BiJoMO, 110 BOHA € MOBHOW. Tomy /it cuctemu G noBeaeHHs ii
MOBHOTH BiI0YyBajocs HE 32 O3HAYEHHSAM, a 32 1-M KpuUTepieM MOBHOTH.

Takox ¢/ 3a3HaYUTH TON BOXIUBHMA (DAKT, 1110 OY0b-sKa cucmema QyHKYiil, o CKA1a0aemvcs
He auute i3 pyHKYit-koncmanm, 0608 13k060 MiCmumsb y c80emy ckaadi momocny gyuxyiio f(X) = X
(nosmopenns, abo cenexkmop).

O3nauennsn. Cucrema 0yneBux QyHKIIN HA3UBAETHCS HE3AIEHCHOI0, SIKINO KOIHA 3 11 QYHKITIHA
HEe MOKe OYTH MOJ[aHa CYNepro3uIliero pemT GyHKiii miel cucremu [20].

O3nauennsa. Cuctema OyneBux QYHKIH Ha3UBAETBCA Oasucom (MIHIMATLHO NOBHOIO
cucmemoio), SIKIIO BOHA € TIOBHOO 1 yK0JHa 11 BJacHa MiJICHCTEMa TMOBHOIO He € (TOOTO SIKIO BOHA
OJIHOYACHO € TIOBHOIO 1 HE3AJICIKHOIO).

O3nauenna. SIkuo moBHa cuctema OyneBUX (QYHKLIA MICTUTh Xoua O OJHY (YHKIIIO-
KOHCTAHTY, TO TaKa CHCTeMa Ha3UBA€EThCs nociabaerno nosuoio [1, 6].

O3nauenna. MHOXWHA JOTIYHUX (GYHKIIH A HA3UBAETHCS 3AMKHEHUM KIACOM, SIKIIO il
3aMHUKaHHS BIJHOCHO OIepallii Cyrneprno3Huilii 30ira€TbCs 3 CaMoro Li€r0 MHOKUHOIO, TOOTO [A]=A [8].
[HImIMMUK cnOBaMHM, MHOMKHHA JIOTTYHUX QYHKIIN A € 3amkHenoro, KO Oynb-ika (QyHKIS, Ky
MO>KHa N0JIaTH (POPMYJIOI0 3 BUKOPUCTAHHAM (DYHKLIN JHIIE 3 Ii€] MHOXKHHM, TAaKOX BXOAMUTDH IO
i€l MHOKUHU.

€ o4eBUIHUM, 110 MHOKMHA BCIX 0€3 BUKIIFOUCHHsI OyneBUX QyHKIINA P, € 3aMKHEHOIO.

3amkneni knacu OyneBux QyHKIIH MarOTh HACTYIHI gracmugocmi [23]:

1. HemnopoxxHiil mepeTHH 3aMKHEHUX KJIACiB TaKOX € 3aMKHEHHM KJIACOM.

2. OO0’enHaHHS 3aMKHEHHX KJIaciB MOYKE 3aMKHEHHUM KJIACOM HE OyTH.

3. 3amKkHeHHUH KJ1ac OyJIeBUX (QYHKIIIH, IO MICTHTh HE JIUIIC KOHCTAaHTH, 00OB’SI3KOBO MICTHTH
TOTOXHY (yHKIIiO (CenekTop).
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4. ]JIoTOBHEHHS 3aMKHEHOTo Kiacy OyneBuX (YHKLIA 70 MHOXXHHHM BCiX 0€3 BUKIIOUYEHHS
OyneBux (QyHKIil Py 3aMKHEHUM KIIACOM HE €.
Ipukjiaam 3aMKHEHHX KJIaciB OyJaeBux GpyHkiii [24]:

» Knac xon’tonxuiin K, mo € 3amukanusm MHOKUHHE {A, 0, 1}. BiH € MHOXUHOIO (GYyHKIIIH
BUAY: Co (€1 V Xq1) (€3 V X3) ... (€, V Xp,), 1€ €; — OyJeBi KOHCTAHTH.

» Knac ous’ronxyin D, mo € 3amukanasm Muokua# {v, 0, 1}. Bin € MHOKHHOO QYHKITIH BUIY:
CoV €L X1V Cy XV .oV Cp Xy, € C; — OYyJICBI KOHCTAHTH.

» Knac pynkuin ooniei 3minnoi U, 1110 MiCTHTB JIMIIIE KOHCTAHTH, 3aIIEPEUCHHS Ta CEICKTOP.

A\

Knac O™ ¢yukuiii (M > 1) € N), 010 3a10BOIBHSAIOTE HACTYIIHIM yMOBI: I/ OyIb-SIKUX M
HaOopiB, Ha SKUX (DYHKIIS TOPIBHIOE HYIIO, 3HAMIETHCA 3MIHHA, 110 TAKOX JIOPIBHIOE HYIIO
Ha BCIX IIMX HabOpax.

» Knac 0% pyskuiii, nus skux BukoHano ymoBy: f(xq, ..., X,) > X, 1€ X; — O/IHA 13 3MIHHUX

GbyHKITI.

» Knac I'™ pyunxuiii ((m>1)eN), mo 3a10BOJBHSAIOTh HACTYIHIA yMOBIi: JUIS Oyab-sSKUX M
HaOOpiB, Ha SKUX (PYHKIIS JOPIBHIOE OJIWHUIN, 3HAMIETHCS 3MIHHA, IO TaKOX JOPIBHIOE
OJIMHMIII Ha BCIX IIMX HA0Opax.

» Knac I” bynxuiit, 11s sskux BUKOHaHO YMOBY: T(Xq, ..., Xp) < X, 1€ X; — OJlHA i3 3MIHHHX
GbyHKII.

8.2. Knacu Ilocra OyjeBux ¢yHkKuii

B anre6pi noriku i3 MHOXHUHH P, BCIX MOXJIMBHX PI3HHX OyleBUX (YHKIIH N 3MIHHHX
f(x1, X2, «++s X;,) BHIUIAIOTHCSI HACTYIHI I’STh THIIB OyJieBUX (QYHKIIH, SKI HA3UBAIOTh KIACAMU
Ilocma. 3 ypaxyBaHHSIM TOTO, L0 | P, | = 22", PO3TIITHEMO BCI 111 KJIacu.

8.2.1. Knac T, ¢yHkuiii, mo 306epiraiors koHcranty 0

Osnauennsa. Oyukuis (x4, X3, ...y Xn) 36epicac koncmanmy 0, To6T0 f € Ty, AkmO Ha
HYIHO0BOMY HaOOpi BOHA MpHiiMae HymboBe 3HaueHHs, TooTo f(0) = 0 [8, 16, 20]:

To & {f(xy, X5, ..., x,) € P, | (00 ... 0) = 0}.

Bnacmueocmi knacy T:

1. To#d

Hlogedenns. Oynxkiis-konctanTa fo = 0 qOpiBHIOE HYJTIO HA BCiX HA0Opax 3HAUCHb 3MIHHUX, B
TOMY YHCI i Ha HylTboBOMY HaOopi. OTke, 3a 03HaueHHsIM, 1151 pyHKIis 30epirae koHcTanTy 0, TOOTO
HaylexkuTh 10 Kiacy To. Takum unHoM, MHOXkUHA T QyHKIIH, 1m0 30epiratoTe KoHCTaHTY 0, He €
nopoxHbo10. BiactusicTs 1 10BeneHo.

2. [To] =Ty, moomo T € 3amxnenum [13]

Jlosedennsi. Po3risiHeMO TOBUTBHY CYKYHHICTE Q( Y1, Y21 ees Ym )s f1 (X1, X2, cees Xp),
f2(X1, X2, 00 X))y ooy fin (X1, X2, eees X)) GyHKIi# k7gacy To. CkaamemMo 3 HHX JCSIKY
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cynepnosutiiio F = §(f1, f2, ++«r fm). Toxi, 3 ypaxyBauusm Toro, mo g(0) = 0, £1(0) = 0, f,(0) =0,
.oy fm(0) = 0, oTpuMyeMmO:

F(0) = 9(f1(0), £2(0). ..., fm(0)) =9(0 0 ...0) = g(0) = 0.

Ile o3nayae, mo Oyab-sfKa MOBUIbHA cymepHo3uuis (QyHKIiH, sKi 30epirarorb KoHCTaHTy 0, Takox
30epirae koncranty 0, To0TO Hanexuth 10 knacy Ty. Orxe, 3a o3HaueHHM, Knac Ty QyHKIIH, 1110
30epiratoTh koHcTaHTy 0, € 3aMKkHeHHM. BiiacTuBicTh 2 1oBeneHo.

3. Ilonosuna ecix oe3 eukniouenns oyneeux Qyukyii 3oepizaromo koncmanumy 0
Jlosedenns. B cuiy Toro, mo Ha ogHOMY i3 2™ HaOOpiB 3HAYCHD 3MIHHUX (X1, X2, «eey Xp)

3Ha4YeHHs Takux (yHKIiN 3adikcoBaHi, iX 3aranbHa KiIbKICTh qopiBHIOE [17]

| To()| =22"-1=222" =2 | P,(m) |,

TOOTO TOJIOBMHA BCiX 0e3 BUKIIOYEHHsS OyneBMX (DyHKLIA N 3MiHHHUX 30epiraioTb KoHcTaHTy 0.
BaacruBicrs 3 10BeaeHO.

4. [To] # Py, moomo knac ¢pynkuin Ty ne € nosnum

/loeedenns. HeszanexHO BiA KIIBKOCTI 3MIHHUX, (DYHKIIS-KOHCTaHTa f g2"_q = 1 Ha BCIX
Habopax 3Ha4YeHb 3MIHHUX, B TOMY YHCII W Ha HYJIbOBOMY HaOOpi, JOPIBHIOE OJUHMII, TOOTO
f22"-1(6) =1=0. le osnauae, wo f,on_ (X1, Xz, ..., X,) € To. I3 BacTuBoCTI 2 1BOTO KIACY
ynkuii BumMBae, wo GyHKUIO foon | =1 HEMOKIMBO NOAATH SK CYNEPIO3ULII0 QYHKUIHN, sKi
30epiratoth kKoHCTaHTy 0. OToxe, 3amukanus [T] kinacy GyHKIi, mo 30epiratorh kKoHCTaHTY 0, He
30iraeTbcs 3 MHOKUHOKO P, Beix 0e3 BUKItoueHHs OyneBux (yHKIiN, T00TO Kiac Ty HE € TIOBHOIO
CHCTEMOIO (32 O3HAUCHHSM MOBHHUX cucTeM OyseBux (yHkiii). BaacruBicTs 4 moBeneHo.

8.2.2. Knac T, ¢yHkuiii, mo 30epiraiorb koncraunry 1

Osnauennsa. Oyukuis (x4, X3, ...y Xn) 36epicac koncmanmy 1, To6to f € T, Akmo Ha
OJIMHUYHOMY Habopi BOHa IpHiiMae o MHUYHE 3HaueHHs, TooTo (1) = 1 [8, 16, 20]:

Ty, & {f(xy, xp, ooy x,) € Py | (1 1...1) = 1},

Baacmusocmi knacy T+

1. T,#J

Hosedenna. OyHxuis-koHcranta f,om |, =1 n0piBHIOE OAMHMLI Ha BCiX HabOpax 3HAYCHb

3MIHHUX, B TOMY YHCIi ¥ Ha ofMHMYHOMY Habopi. OTxe, 3a o3HaYeHHAM, L (yHKLIA 30epirae
KOHCTaHTy 1, ToO6TO Hanexuth 10 kinacy Tq. Takum unHOM, MHOXKMHA T¢ QyHKIIIH, 110 30epiraoTh
KOHCTaHTy 1, He € mopoxkHbOI0. CBOlicTBO 1 10KA3aHO.

2. [T1] = T1, moomo knac T € 3amxnenum [13]

Jlosedenns. PosrissHeMo MOBUTBHY CYKYIHICTE (Y1, Y21 eees Ym )s f1 (X1, X2\ ceey Xp),
f2(X1, X2, 00 X )y ooy fn (X1, X2, eees X)) yHKuiéi xkmacy Tp. CkiaseMo 3 HUX JESIKY
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cynepnosutiiio F = §(f1, f2, ++«r fm)- Toxi, 3 ypaxyBauusm Toro, mo g(1) = 1, f1(1) = 1, f,(1) =1,
ooy fm(1) = 1, oTpEMy€EMO:

F@) = 9(f1(D), f2(1), -, fn(@) =01 1 ... =g(T) = 1.

Ile o3nayae, mo Oyab-sfKa MOBUTbHA CymepHo3uis (QyHKIH, sKi 30epiraloTb KOHCTaHTY 1, Takox
30epirae kKoHCTaHTy 1, TOOTO TakoXX HalIeKUTh a0 kiacy Tq. Ormxke, 3a o3HadeHHsM, kinac Tq
GyHKIIH, sKi 30epiratoTh KOHCTaHTY 1, € 3aMKkHeHUM. BjiacTuBicTh 2 10Be1€eHO.

3. Ilonosuna ecix oe3 euknouenns oynesux ynkuii 3oepizaromes koncmanmy 1

Jlosedenns. B cuiy Toro, mo Ha ogHOMY i3 2™ HaOOpiB 3HAYCHD 3MIHHUX (X1, X2, «eey Xp)
3HAYCHHS TakuX QYHKIIIH 3adiKCOBaHi, iX 3arajibHa KiJIbKICTh JIOPiBHIOE

Ty =22"1=222" =2 | P,(m) |,

To6To mosioBMHA BCix 0e3 BUKIIOUEHHSA OynaeBUX (QYHKIIM N 3MiHHUX 30epiraloTh KOHCTaHTY 1.
BaacruBicrs 3 10BeaeHO.

4. [T1]# P,
/{ogedenns. HezanexHo BiJl KITbKOCTI 3MIHHUX, (yHKIisA-KOHCTaHTa f( = 0 Ha Bcix Habopax

3Ha4YCHb 3MiHHI/IX, B TOMY ypci i Ha OIUHUYIHOMY Ha60pi, HprIMaE HYJIBOBC 3HAUCHHA, TOOTO

fo(1) = 0= 1. Ile o3Hauae, mo fo(xq, X2, ..., X,) € Tq. I3 BracTHBOCTI 2 BOTO Kiacy (yHKIiH
BUITUBaE, 10 (yHKIIO fo =0 HEMOXJIMBO MOAATH CyNEpHo3uiico (QyHKIIN, ki 30epiraioThb
koHctanty 1. OTke, 3amukanns [T4] kinacy QyHKIi, ki 30epiratoTh KOHCTaHTY 1, He 30iraeThes 3
MHOXHUHOI P, BCiX 0€3 BUKIIOUYCHHs OyJieBUX (QYHKIIIH, TOOTO Kiac T1 HE € MOBHOIO CUCTEMOIO (32
O3HaYEHHSIM MOBHHUX CUCTeM OyieBux (yHKIiii). BiacruicTsb 4 10BeneHo.

8.2.3. Kumac S camoaBoicTux ¢yHnkuiii

Osnauennsn 1 (ananimuune). Oyuxiis f(xq, x5, ..., X;) HABUBAETBCA camo06oicmoio, TOOTO

f € S, sxmio 1 popmMysa TOTOXHA 70 ABOICTOI st Hel hopmyiau, TooTo [16, 20]

S def {f(x1, X2, «ees Xp) € Py | f(x1, X, eeey Xp) = (x4, X2, «ovs X))}

Ile o3Ha4yeHHs JIeTKO 3acTOCyBaTH 10 GYHKIIH, K1 3a/1aHO aHAIITUYHO (popmyroro). IcHye nBa
aHAITUYHI c1T0cOOU MOOYI0BH ABOICTOT QYHKIIIT (32 O3HAYEHHSIM Ta 3@ MPUHIMIIOM JIBOICTOCTI), 110
JI03BOJISIFOTh QHAJIITUYHUM LUIIXOM JIOCTIIUTH (PYHKIIIIO Ha MPHHAIEKHICTh 70 Kiacy S. Aje s
GbyHKLIH, SKI 3a]1aHO TabJIMYHO, 11l coco0u OyIyTh HAATO TpyAoMicTKUMHU. OJIHAK, 3 ypaxXyBaHHAM
O3HA4YeHHs J1BOICTOI (yHKIIIi 1 32CHOBAHOTO HAa HHOMY CIIOCOOY MOOYJIOBM /BOICTOI (yHKMLIT 3a 11
TaOJMUIICI0 ICTUHHOCTI, MOXHa C(HOpPMYJIIOBATH O3HAUYEHHS CaMOJBOICTOT (QyHKLIi s OyleBux
GbyHKIIH, sIK1 3a1aH1 TAOIUYHO.

O3nauennsa 2 (maoauune). Oynxuis f(xq, X, ..., X,) HA3UBAETBCA CcaMOO80iCMOIO, TOOTO

f € S, sakm0 BoHa TpuiiMae MPOTHIIEKHI 3HAYEHHS Ha OyIb-IKHX JIBOX IMPOTHIICKHHUX Habopax
3HAa4YEeHb CBOIX 3MIHHMX, TOOTO [8]

def - — —
s= {f(x1, x2, .0y xp) € Py | f(x1, X2, oo0s X)) = flX1, X25 05 Xp)}-
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Buxonsun 3 1bOro O3HAYEHHS, MOXXHA CQOPMYIIOBATH YMOBY AHMUCUMEHIPUYHOCHIL

CTOBIIEIb 3HAYCHb CaMOIBOICTOT YHKIII1 € AHTUCUMETPUYHUM B1JIHOCHO CBO€I CEpeIMHHU.

Bracmueocmi knacy S:

1. S0

Hogedenns. Tlpu po3risgaHHI TaOIMYHOTO CIOCO0y MOOYMOBH MBOICTHX (YHKIIH Oyio
MOKAa3aHo, 10 s QyHKIIIi-cenekTopa 1 as GyHKIii-3armepedeHHs Ta0InIlsg iCTUHHOCTI TOYaTKOBOT
GbyHKIii 30ira€Thcs 3 TAOIUIECIO ICTUHHOCTI 1BOICTOT QyHKIi, TOOTO mast nux dynkmii f=f*. Ile
O3Hayae, IO 3alepPeueHHs] 1 CEeJICKTOpP € CaMOABOICTHMH (YHKIIISIMH, TOOTO MHOXHHA S
camoiBoicTuX (PyHKIIiH HE € MOpokHBOI0. BiacTuicTh 1 10BeeHo.

2. [S] =S, moomo knac S € 3amxnenum [13, 20]

Jlosedenns. Po3risHeMO MOBUIbHY CYKYHHICTB Q( Y1, Y2, ces Ym )y f1 (X1, X2, cees X ),
[2(X1, X2, cees X0), ooy f(X1, X2, «oey Xp) OyHKIIH KTaCy S. CKITaAEMO i3 HUX JAEAKY CYIEPIIO3HUIIFO
F=0(f1, f2, -++,» fim). [loOynyemo st 1i€i cymepro3uiiii aBoicty (GopMyiry, BUKOPHUCTOBYIOUH
O3HAYEHHS JBOICTOI (PYHKIII:

F*=g(f1(x1, . X0), f2(X1, 0, X)), ooy frn(Xy, oo, X)) =

(3a mabnuunum oznauennam camoosoicmoi ynryii ons Gynxyiti fi(xq, Xg, «oey Xp), 1=1,m)

= g(fl( E11 ---:En),fz(fp ""En)' ""fm(ill ""En) =

(3a 3axonom noOGiliHO20 3anepeyenns)

= g(fl(zli ---;En): fZ(Eli "'rzn)' ""fm(ilr 'En)) =

(3a o3nauennsim 06oicmoi Gynxyii ons Gynxyii fi(Xq1, Xz, <oy Xp), 1 =1, m)

=8(f1(x1, o, xy), f3(xq, s Xn), e, fin(Xq, o x3)) =
(3a o3nauennsim 06oicmoi Gpynxyii Ons pynxyii g)
= g*(fi(xli X2, eees xn)a f;(xla X2 eeey xn)v LA f;n(xlv X2, eees xn)) =
(3a ananimuynum osnauennsm camodsoicmoi Gyuxyii 0na Gyuryiti fi(X1, Xz, «eey Xp), 1 = 1, M)
= 0*(f1(x1, X2, «oes Xn), F2(X1, X2,y s X0), ooy (X1, X2, 005 X)) =
(3a ananimuunum o3nauennsm camoodsoicmoi Gynkyii ons Gynxyii g)
= g(fl(xla X2 eeey xn)1 fZ(xL X2y eeey xn)a AL fm(xla X2y eees xn)) =F.

Taxkum unHOM, JUIA TOBUIBHOI Cymnepno3uiii caMoiBoicTUX (yHKLIH 11 popmyna 36iraeTbes 3
nBoictoro i Hei ¢opmynoro. OTke, 3a aHANITUYHUM O3HAYCHHSIM caMoJBOicToi (yHKIIIi, Taka
CYNEpIO3MIlisl TaKOX BIJIMOBIIAE CcaMOABOICTIH (yHKIT, TOOTO HANEXUTh A0 MHOXKHMHH S
caMo/1BOiCTHX (YHKIH. [3 1bOro BUIUIMBaE, MO0 KJIAC S caMOABOICTUX (DYHKIIH € 3aMKHEHHM.
BuaactusicTs 2 10BeieHo.

3. Kinvkicmob camoosoicmux oynesux pynkuyii N smiHHUX 00pieHIOE | P,(n) |

Hosedenns. CamoaBoicTa (pyHKIIiS IOBHICTIO BU3HAYAETHCS 3aJaHHSIM ii 3HAUE€Hb HA MOJIOBHHI
BCiX Ha0OPiB 3HAYCHB 3MIHHUX (pelITa 3HaYeHb BU3HAYAIOTHCS 13 YMOBH aHTUCHMETPHUYHOCTI), TOMY
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. . ) 1 .. . . .y
KUTBKICTh HE3QJIEKHUX HA0OpiB TOPIBHIOE EZ". OTKe, KUIBKICTh BCIX CaMOABOICTUX (YHKIIii

JOPIBHIOE

|s(n)| = 222" =v2Z" = || Py(m) .

BuaacruBicTs 3 10BeaeHo.

4. [S]# P,

Hosedenns. Posrisaemo ¢yHkiiro f = X Y. 3rigHO 3 IPUHIMIIOM JBOICTOCTI, /IS HEl ABOICTOO
oyne ¢pyukuis f* = X v y. Ananoriuno s f = X v y aBoictoro € f* = X y. € oueBUIHUM, 1110 IS ITUX
¢bynkmiii f# f*. Ile o3navae, o MHOXHHA P, MICTUTH MiHIMYM J1Bi (DYHKIII, III0 CAaMOIBOICTUMH HE
€. I3 BmactuBocTi 2 mporo kmacy GYHKIIH BHUIUMBAE, MO i (QYHKIIT HEMOXXJIMBO IOJATH
Cymnepro3uiliero camoaBoictux (ynkmiin. OTke, 3amukanHs [S] kiaacy caMoABOICTUX (GYHKIIH He
30ira€Thbcst 3 MHOXKHUHOIO P, BCix 0€3 BUKITIOUCHHS OyJeBUX (QYHKIIH, TOOTO KjIac S HE € TOBHOIO
CHCTEMOIO (32 O3HAUCHHSM MOBHHUX cucTeM OyseBux (yHkiii). BaacruBicTs 4 moBeaeHo.

8.2.4. Knac L ninilinnx ¢yHkuiii

O3nauennsn. Oyukiist f(xq, X3, ..., X,) Ha3UBA€THCS Ainitino0, T00TO T € L, ko 11 MoxHA
nojaTi mosinomMoM JKerankiHa, CTyIiHb SKOrO He mepeBuinye oauHuino [17]. Iammmu crioBamy,
H®X nns miel pyHKii He MICTUTh KOH FOHKIIIH 3MiHHUX, TOOTO

L ) {f(x1, <0y X5) € Py | f(x1, o0y Xp) = ag ® ay1x1 @ ayx, @ ... ® a,x,, a;{0,1}}.

Bnacmugicmu knacy L:

1. L9

Hlosedenns. Hanpuknan, aist 3anepedenuss HOK(x) =1 @D X. € oueBHIHUM, IO CTYIMiHb
[BOTO TOJIHOMY JOpiBHIOE OAMHUII. OTXKe, 32 03HAUEHHSM, 3alEPEUYCHHS € JIIHINHOK (YHKIIIEHO,
T00TO X € L. Ile o3Hauae, mo MHOkMHA L MHIHHUX QYHKIIIH HE € TTOPOKHBOIO.

2. [L]=L, mo6mo knac L € 3amxnenum [13, 20]

Jlosedenns. PosrisiHeMo TOBUTBHY CYKYIHICTE J( V1, Y2, eees Ym )s f1 (X1, X2, ceey Xp),
[2(X1, X2, cees X3), ooy fn (X1, X2, «evy X)) DyHKIH KTACY L, TAKHX, 110

g=0ayPax;Pax;® ... ®a,x,,
fi = bi®blx; ®blx,® .. ®blx,,
f2 = b3 ® bix, ®b3x, ® ... ® bix,,,

fm = by @ b{'x, ® by'x, ® ... ® b'x,,

ne a; €{0,1}, b; {0,1}, i=1,m, j= 1,n . CxiagemMo i3 HHX J€JKYy CYICPIO3HIIiIO
F= g(fl, fz, coey fm) TOI[i
F=ay® a,(bi® bix @ bix,®...® blx,) ®...® a,,(bI'® bT'x,® bT'x,®...® bx,) =
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=ag® a;b} ® ab3 ® ... ® a,, b &
® (a,b1® a,bi®...® a,b) x1®...® (a,bl® a,b%®...® a,,b™) x, =

= oD c1x1D c3x,9...0 ¢, x,, ,

Je ¢j € {0, 1}, j = 1, n. 3BiAcK BUIUIMBAE, 1O JOBIIbHA CYNEPIIO3UILS JIHIHHUX (QYHKIIH TaKOX €
JHIHHOI QYHKIIEI, TOOTO HAJICKUTD 110 Kiacy L miHidHUX (yHKIIA. [3 11OTO BUIUIMBAE, 110 KJ1ac
L niniiHuX (QYHKIIH € 3aMKHEHUM. BJiacTuBicTh 2 10BeieHO.

3. Kinvkicms ninitinux gpynkuiii N sminnux oopisnioe 2™1

Jlosedenns. B cunmy TOro, mo 3arajibHa KUTBKICTh KOE(DIIIEHTIB JIHIHHOTO IMOJIHOMY
Kerankina Big N 3MIHHUX JOpiBHIOE N + 1, KUIBKICTh PI3HUX JIiHIKHUX OaratowieHiB Oyje
JOPIBHIOBATH 2n+1 B CWITY OJTHO3HAYHOCTI MOJIaHHS (DYHKI[IT KAHOHIYHUM 0araToujIeHOM 1€ YHCIIO
TaKOX CKJIaJIa€ 1 KUTbKICTh JIIHIHHUX OyleBuX (QyHKIIiH, TOOTO

|L(n)| = 2n+1,
Baacrusicrs 3 10BeIeHO.

4. [L]=#P,

Omxe, dynkiis f= Xy uiii yMOBi He 3a/I0BOJIbHSIE 1, BIIMOBIIHO, JIHIHHOIO HE €. [3 BiacTHBOCTI 2
HOTO KJacy (YHKIIA BHUILTMBAE, IO II0 (YHKI[II0O HEMOXKIIUBO TOJATH CYIEPIIO3HINIEI0 JIIHIHHUX
¢byukuiit. Takum ynHOM, 3amukanHs [L] kimacy miHIMHUX QYHKIINA HE 30ira€ThCsi 3 MHOXKUHOIO P,
BCiX 0e3 BHKIIOYEHHs OyineBux (yHKIiH, TOOTO Kiac L He € MOBHOIO CHCTEMOO (3a O3HAYCHHSIM
MOBHUX cHCTeM OyneBux (yHkiiii). BimacruicTs 4 noBeneHo.

8.2.5. Knac M moHoTOHHUX (yHKUiH

PosrisiHemo nBa noBinbHI Habopu &, B € D™, & = (aq, ..., &), B =(B1, .- Brn) 3HAUCHD
3MIHHUX 13 0071acTi BU3HaUeHHs OyJeBoi (yHKIIII.
O3nauenna. Jlpa Habopu @ 1 [ 3HaueHb 3MIHHUX OyneBoi QyHKUIT Ha3UBarOThCA

NOPIGHAHHUMU, SKIIO TIO0 KOXHIH KOMIOHEHTI 1= 1, m [l HUX BHKOHYEThCS OJIHA i Ta cama
HEPIBHICTB: JIJISl BCIX KOMITOHEHT @; < f3; a00 sl BCiX KOMITOHEHT &; > f3;.

Osnauenns. Ha6op & nepedye nadopy B (& < B) (nabop & «menwuii» 3a Habop B a6o HaGop
B «Ginbwuii» 3a HaGOp @), AKUIO B KOXHiil MO3MINi KOMIOHEHTH HaGopy @& He NEpPEBHILYIOTH

KOMIOHeHT Habopy B [15, 20], To6To

@<B & (Vi=1,n:a,<b).

POo3rnsHEMO, HAIPHUKIA, MHOKMHY HaGOpiB 3HAUE€Hb apIyMEHTIB GyHKIiH 3-X 3MinHmEX D3,
Bisbmemo raGopu &' = (00 0)i B = (0 1 1). Jlst 1iux HaGOPIB 110 KOXKHiif KOMITOHEHTi BHKOHYETHCS
onHakoBa HepiBHicTs: @1 < B] (0=0), &2 < B3, (0< 1), @ < B3 (0< 1). Orxe, 1i HaGopu €
TOPIBHSAHHIMH, TIPHYOMy HaGop &' «Menmmii» 3a HaGop B, abo HaGop &' mepenye HaGopy B,
10670 &' < B1. Tenep posrasHeMo HaGopH 3HadYeHb 3MiHHUX &% = (1 00) i B2 = (00 1). Jus uux

HaGOpiB /s Pi3HUX Tap OAHOMMEHHHX KOMIIOHEHT BHMKOHYIOTHCS Pi3Hi HepiBHOCTI: &3 > B3
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1>0),a;< f?% 0=0), a5 < ﬁ% (0 < 1). Orxe, 1i HabOpH B3araji HE € MOPIBHAHHUMHU, TOOTO
a’ % p?ip? % a’.

Osnauenna. Oyukuis f(xq, X3, ..., X;) HA3UBAETHCA MoHOMOHKHOI0, TOOTO T € M, K110 BOHA
Ha «OUTBIINX» HA0Opax 3HAUYCHb 3MIHHUX NPUIMAE «HE MEHIIT» 3HaYeHHs, TOOTO

M g, enx) e Py | V@, Bebm : (@<B)= (@) < (B}

Bracmueocmi knacy M:

1. M=

Hosedenna. € ouesnannM, wo Qynxuii-konerantu fo =0 1 f,n_ =1 30epiraiorh cBoOE

3HAUeHHS Ha BCiX HAOOpax 3HAYECHb 3MIHHUX. TakuM YMHOM, 3a O3HAYeHHsM, i (YHKIIT €
MOHOTOHHMMH (GyHKIlisiMU. [le o3Hauae, 1m0 MHOXHHA M MOHOTOHHHMX (PYHKIIH HE € MOPOKHBOIO.
Baacrusicrs 1 goBeaeHo.

2. [M] =M, moomo knac M € 3amknenum

Jlosedenns. PosrisiHeMo MOBUIBHY CYKYHHICTE Q( V1, Y2, eces Ym )s f1 (X1, X2, cees Xp),
f2 (X1, X2, eees X))y ooey fn (X1, X2, ooy X)) dyHKUiK kgacy M. CxiaageMo i3 HHX JEAKY
cynepriosutiito F=9(f1, f2, ..., fm ). Bi3bMeMo nBa Taki JOBUIbHI HAOOpH 3HAYCHDb 3MIHHHX
@ =(ay, ... @), B =(B1, ey Bn), 1T SKHX BUKOHYETHCS BiIHOIICHHS mepenyBaHHA & < fB.
IlincraBuMo B moGynoBany cyneprosuiiio F o6uasa ui HaGopu i nopisusemo F(@) i F(B) [20].

F(@) = 9(f1(@), f2(@), ..., fm(@)),
F(B)=9(f1(B), f2(B). ---» fm(B)).

B cuny MoroTOHHOCTI QYHKIH fi(X1, X2, «e0s Xp), | = 1, M i3 ypaxyBaHHIM TOTO, 1110 & < [§, MAEMO

f1@ < f1(B), f2(@) < f2(B), .-, Fm(@) < fml(B).

I1e o3Hayae, 1110 BUKOHYETHCS BITHOLICHHS TIepelyBaHHA 1)1 HaOopiB

(F1(@), f2(@), .o fm(@) < (F1(B), F2(B), ---s Fm(B))-

B cuity MoHOTOHHOCTI yHKILIT §, MaEMO, 10

9(f1(@), F2(@), «ves fu(@) K IF1(B), F2(B), +oes fm(B)),
TOOTO
F(a) < F(B).

OTxe, 32 03HAUEHHSIM MOHOTOHHOCTI, IOBUIbHA CYNEPIO3HILlis MOHOTOHHUX (YHKIIIH TaKOX €
MOHOTOHHOIO (DYHKIIi€0, TOOTO HaleXUTh N0 Kinacy M mMoHoToHHMX (yHkmii. Lle o3nauae, mo
MHOXHHAa M MOHOTOHHUX (DYHKIIIH € 3aMKHEHO10. BiracTuBicTh 2 10BeaeHo.

3. 3azanvna Kinvbkicme MmMOHOMOHHUX Oyneeux @YHKYill N 3MIHHUX GU3HAYAEMbCA
HepieHicmIo:

n/ n/
26 < IM(n)| < 36
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[Momryk ximbkocti M(N) MOHOTOHHMX (YHKIIM Big N 3MIHHUX BIIOMUH SIK npodrema
Jeoexinoa [25]. Ha Bigminy Bix inmux kiaciB Ilocra, it KiTbKOCTI MOHOTOHHHMX (DYHKIIH Big N
3MIHHUX, 3arajibHOi opMynu s ii momyky He icHye. TouHi 3Ha4eHHs yucen Jlenekinma Bigomi
mumie as N < 8. Jls OLIbIIKMX 3HaYEHb N BiJoMa JIMIIE aCUMIITOTIKA.

4. [M]# P,

Jlosedenns. PosrisHeMo, HanpuKiIaz, 3anepedenss. [ uiei Gpyskuii ogniei sminnoi f(0) = 1,
a f(1) = 0. Ile o3nauae, o st Habopis 0 < 1 BukoHyeThest HepiBricTs f(0) > f(T), mo cymepeunts
O3Ha4YeHHIO MOHOTOHHOCTI. OTxe, QpyHKIis f = X HE € MOHOTOHHOKW (yHKI€w, ToOTO X € M. B
CHJTY BJIACTUBOCTI 2 JUIs I[bOTO KJacy (pyHKIIiH, 3armepedeHHsi HEMOXIIMBO TO/IaTH CYTIEPIIO3HIIIEI0
MOHOTOHHMX (GyHKIIIH. TakuM unHOM, 3amuKaHHs [M] kiaacy MOHOTOHHUX ()YHKIIIH He 30iraeTbes 3
MHOXXHUHOI P, BCiX 0e3 BUKIIIOUYCHHS OyaeBUX QyHKIIIH, TOOTO kiiac M He € MOBHOK CHCTEMOIO (3a
O3Ha4YeHHSIM OBHUX cUCTeM OyneBux (yHkiiii). Bimacruicts 4 1oBeneHo.

8.2.6. Ilpunanexuictey 10 kjiaciB Ilocra ¢ynkuii, sky 3agaHo TaOJIUYHO

Jlna pgociimkeHHs: GyHKIIT HA MOHOTOHHICTh 3a ii TaOJMUICI0 ICTUHHOCTI Tpeba MOpIBHATU
3HaueHHs (YHKIIi Ha BCIX Mapax MOPIBHIHHUX HAOOpIB 3HAUYEHb 3MIHHUX. SIKIIO HEPIBHICTH IS
KOXHOI Tapu HaOopiB 30epiraerbes 1 JUis 3HA4YeHb (QYHKIII Ha UX Habopax, To (YHKIA €
MOHOTOHHOI0. OJTHAK, SIK BXKE 3a3HAYAIOCs, 31 30UTBIICHHSM KiJIbKOCTI 3MIHHHUX Pi3KO 301UIBIIYETHCS
KUTBKICTh HAOOpiB 1X 3Ha4eHb. TOMy NOpHM BeNMKIH KUIBKOCTI 3MIHHHUX TIpOLEAYypa TaKOTro
JOCTIDKEHHSI CTa€ JIy’)K€ TPOMI3IKOI0. AJie BHSIBJISIETHCSA, IO KUIBKICTh TAKUX IMOPIBHIHH MOXHA
CYTTEBO CKOPOTHTH.

O3nauenns. JIBa Habopu 3Ha4YeHb OyNEeBUX 3MIHHHMX HA3UBAIOTBHCS CYCIOHIMU, SIKIIO BOHU
BIJIPI3HAIOTHCS 3HAYCHHSM JIMIIIE OHI€T 3MIHHOT, TOOTO

& B — ¢ cycioninu def i?cv = (ay, ..., x;_1,0, 41, ..., Q) ,
B = (ay,...,ai_1,1, i1, ..., ay).

Teopema 32 (npo «cmpudok» nemonomonnoi ynkuii). Popmymosanns. SIKo GyHKIisS HE
€ MOHOTOHHOIO, TO ICHYE Tapa CyCiJiHIX HaOOpiB, Ha AKUX L (QYHKIS BUKOHYE «CTPUOOK», TOOTO
3MIHIOE CBO€ 3Ha4YeHHs 3 1 (Ha «MeHImoMy» Habopi) Ha 0 (Ha «OiabpmoMy» Habopi), TooTo [2, 20]

freM = a,Bebm: (@B -ccycioninu) & @< B) & (@) > 1(B))).

/loeedenns. Hexaii Gynkuisa f3; € M, To6T0 He € MoHOTOHHOMO. Toni icHye Taka napa HaboOpiB
3HAYeHb 3MIHHUX & i §, /15l AKMX BHKOHYETHCS BiJHOIICHHS TepeyBaHHs & < B, ane Ipu oMy
f(@) > f(B). Lle € moxuBUM nHIIe B TOMY BHIaAKy, komu (&) = 1, a f(B) = 0. Bynemo BBaXaTH, 10
i HabopH Binpi3HstOTECS 3HaueHHAMH nepiux K (K =1,n — 1) xommnoneHt. Toji B CHITy TOTO, 110

@ < B, B HaGopi & 11i KoMIIOHeHTH OyayTh HopiBHIOBaTH 0, a B HAGOPi B BOHU GYIYTh TOPiBHIOBATH
1. Tomi

a= (0, 0, cooy 0, (447 PR an), Zé = (1, 1, coey 1, (147 PR an).

[Teperpynyemo temnep HabOpH 3HAUYEHb 3MIHHHX HE B MOPSAKY 301TBIIEHHS X HOMEpIB, a B
HacTymHHI croci0. BeraBumo Mik Habopamu @& i B iHmi K—1 Habopu Tak, mo0 B OTpUMaHiif
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MOCTIIOBHOCTI HaOOpiB Oyab-sKi 1Ba HAOOpH, L0 PO3TAIIOBaHI MOPsA, OyIU CYCIIHIMU 1 KOXKHHNA
Ha0Op MOCIIIOBHOCTI Iepe/yBaB HIKYE po3TamoBaHuM Habopam. [Ipu oMy oTpumyemo:

@ =(00 ..,0,0, Qprq, .., Ay),
al = (1, 0, ery 0, 0, ak+1, eey an),
az = (1, 1, ery 0, 0, ak+1, eey an),

ﬁ = (1, 1, . 1, Api1, ) an)'

Ha nouarkoBomy HaOopi i€l mociigoBHocTi (Ha HaOopi &) dynkiis f(&) =1, a Ha ocTaHHBOMY
Habopi (na Habopi B) — Bimmosizso f(B) = 0. Skimjo Ha BCiX NPOMIKHMX HaGOPax AOCIIKyBaHA
Gynxuis f3; =1, To «cTpuOOK» BiOYBA€THCA MPHU MEPEXOJi 10 HAbOpy B Bix cycimaboro 3 Hum
HaOopy &_1. S0 Ha BCix MpomixkHUX Habopax GyHKUid f3; = 0, To «cTpUOOK» BiOyBa€THCS IPU
Mepexo/Ii BiJ HA0Opy & 10 CYCITHBOTO 3 HUM HA0OPy (4. SIKIIO Ha MPOMIXKHUX HA0Opax 3HAYCHHS
Qynxuii f3; He € cTanUM, TO «CTPUOOK» BiIOYBACTHCA MK IKMMHCh 3 IIMX NPOMKHHX HaOOpiB. Ale
B OyIb-sIKOMY BHUIIQJKy B LIl MOCIiJOBHOCTI HabOpiB OOOB’A3KOBO 3HAMIEThCSA Mapa CYCIIHIX
Ha0OpIB, HA SKUX 151 PYHKI[ISI BAKOHYE «CTPHOOK» (3MiHIOE CBOT 3Ha4YCHHS 3 1 Ha MEHIIOMY HabOpi
Ha 0 Ha OutbiIoMy). Teopemy 10BeIeHo.

Buxonsuun 31 BChOro CKa3aHOTO, MOXKHA C(OPMYITIOBATH @/I20PUMM PO3NOJINY 3a Kiacamu

Ilocma oyneeoi hynkuii, AKy 3a0aH0 MaAdIUUHO.
» 3a TabnMier0 ICTUHHOCTI BHM3HAYaeThCs 3HA4YeHHs (YHKIT Ha HYIbOBOMY Habopi. ko

f(0) = 0, To pynkuis 36epirac koncranry 0, 10610 f € T,y. B inmomy Bumanxy f ¢ T.

» 3a TabaMIel0 ICTUHHOCTI BH3HAYAE€THCS 3HAYCHHsS (YHKII HAa OCTAaHHHOMY, OJMHUYHOMY
Ha6opi. dxmo f(1) = 1, To pyHkuis 36epirae koncranty 1, To6T0 f € T4. B iHImOMY BUManKy
feT,.

» Buznauaerscs cepeuHa TaONUIl ICTHHHOCTI Ta TOPIBHIOIOTHCS 3HAYEHHsI PYHKIIIT Ha BCIX mapax
OpOTHISKHUX (PO3TAlIOBAHUX Ha PIBHIM BiICTaHi Bij KpaiB Tabmwmii) HabopiB. [Ipu mpomy
MO’KHa pyXaTHcs K BiJl cepeAMHU Tabuui 1o ii KpaiB, Tak 1 Bia kpaiB Talbauui 10 ii cepeauHu.
SIKI0 B XOJi Takoro IMOPIBHSHHS 3 SICOBYETHCS, IO Ha BCIX Mapax MPOTHIEKHUX HaOOpiB
GyHKIis TpHiiMae TPOTHIICKHI 3HA4YCHHs (CTOBIENb 3Ha4YeHb (DYHKIIT € aHTHCHUMETPUYHHM
BIJIHOCHO CBO€T CepeIMHU), TO PYHKIIS € caMo1BOicTOr, TOOTO T € S. B iHmomy Bumaaky, To6to
SKILO X04a O Ha OJHIM mapi MPOTHIIEKHUX HAOOPIB YMOBA aHTUCUMETPUYHOCTI CTOBIIIS 3HAYEHb
¢byukuii mopymryersesi, To T € S. Takum 4MHOM, MOPIBHATH 3HA4YeHHsS (QYHKIIi Ha BCIX mapax
MPOTUJIEKHUX HAOOpIB JOBOAUTHLCS JIMIIE B TOMY BMIAJKY, KOJU JOCIIIKyBaHa (PYHKIIS €
CaMOJBOICTOIO. SIKIIIO BUSABIIEHO X04a O O/HY Mapy NPOTUJICKHUX HAOOpiB, HA SKHUX ISl yMOBa
MOPYUIYETHCS, ITOAAJBIII MOPIBHAHHS MOKHA BXKE HE TPOBOJUTH, TOMY IO BXKE € OUEBUIHUM,
10 (PyHKIIiSI HE € CaMOJIBOICTOIO.

» MeronoM HeBU3HaueHUX Koe(illieHTIB BH3Ha4alOThCs Koedimientn HOXK mis miei pyHKIii.
S0 Bci KoedilieHTH NPH KOH FOHKIISX 3MIHHUX BUSBISIOTHCS piBHUMHU 0, TO Taka QyHKIIs €
niniiiHOWO, TOOTO f e L. B iHmOMYy BUmaaky, TOOTO SKImO0 Xoua O OJUH KOe(DIIlieHT mHpu
KOH FOHKIIT 3MiHHUX BusiBuBCs piBHUM 1, To f ¢ L. [lpu mpomy ciin 3a3Ha4uuMTH, MO TPU
JOCHIJDKeHH] Ha JHIMHICTE TaOMM4HO 3a7aHoi (yHKIII HemMa NoTpeOu OOYHMCIIOBAaTH BCi
koedimientu noniHoMmy JKerankina. BinmoBinp Ha muTaHHA Opo JHIMHICTE (QYHKUIT Hae
HasBHICTH a00 BIJICYTHICTh B MOJIIHOMI KOH 1OHKIiH. Tomy sikio xoua 6 o uH KoedilieHT npu
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KOHIOHKII{ 3MiHHMX BHsABHMBCA piBHUM 1, To pemty koediumientiB HOXX Bxke MoxHa He
00YHCITIOBATH, TOMY III0 BXKE € OYEBHUIHUM, IO (QYHKIIS HE € JiHIHHOK. be3yMoBHO, 1m0 y
BHIAJIKY JIIHIHHOCTI TOCTIKYBaHO1 PYHKITIT TpeOa 00UMCIUTH BCl KOS]IIIEHTH, 1100 MMOKa3aTH,
1110 YKOJAHOT KOH FOHKIII1 B TIOJIIHOMI HE Oy/ie.

» B Ta0iuii iCTHHHOCTI IMTOPIBHIOIOTHCS 3HAYCHHS (PYHKIIIT Ha BCiX Mapax CyCiJIHiX HabopiB. Ko
JUTS BCiX Takux map i @& < B mae micue nepisicts (&) < f(B), T0 QyHKIisA € MOHOTOHHOKO,
T0o6TO f € M. B iHmIOMY BHIanKy, TOOTO SIKIIO BUSIBJICHO Xo4ya O OJMH «CTPUOOK» Ha mapi
cycignix Hadopis, To f ¢ M. Takum 4yMHOM, SK 1 IIPH JOCTIKCHHI Ha CaMOJBOICTICTh Ta Ha
JIHIMHICTh, TIOPIBHIOBATH BCi Mapu CYCiIHIX HAOOPIB JOBEAETHCS JIMIIE Y BHUIAAKY
MOHOTOHHOCTI PYyHKITii. SIKII10 BUSBICHO X04a O OJUH «CTPUOOK», TOAAJIBIII MTOPIBHSIHHSI MOKHA
HE TIPOBOJIUTH, TOMY IO BXKE € OYEBHIHUM, IO (QYHKIIiSI HE € MOHOTOHHOIO.

Po3rnsiHyTHII adrOpUTM MOKHA TTOAATH Y BUTJISI OJIOK-CXeMH Ha puc. 9.

Tabaumsa icTuHHOCTI  QYyHKIIT

- \ —-— Anmucumem- . Hma.( -— A pisnoco 1 —
f (6) =0 f (i) =1 pusnicms gionoc- «cmpubkie» na Koedinicumy npu
Ho cepedunu cycionix Kol ’mm_a{ri‘ 3
i Habepax HPK

+ Lfetol+| [feml+| Lresl, Lreml. [fec|
m |teT1I teSI m m

Puc. 9. — Po3noxin 3a kiacamu Ilocra ¢ynkuii, Ky 3a1aHo TaGJu4HO

Kopucrytounch M anroputMoM, MoKHa po3NOoAUIMTH 3a kiacamu Ilocra Bci enemeHTapH1
Oynei Gynkii. s mocmikeHHs Ha JiHIHHICTD Oynu Bukopuctadi criiBigHomenHs (30) — (30), a
JUIA PO3MOMALIY 3a PEHITO KiacaMu — Tabmwuisd 2 (3arajgbHa TaOMWI BIAMOBIAHOCTI OyJIeBHX
GyHKIIH [BOX 3MiHHKX). B mizcymMKy Oyno OTpUMaHO HACTYIHUE PO3IMOILI:

n::o— Xp | X, h \h | L |6V LGS H || || fo|hs|hs|bhis
Py
ololo|/o|o|o|o|o|o|of|o|1|1|1|1|1]|1]|1]1
1 0 1 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1
2 1 0 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1
3(1/1/0|1|l0|1]|0]1 1/0[1/0|1]|0|1|0]1
C  INEARaROEEEERERE
€Ty eTy €Ty €T, €Ty €Ty ¢Ty €Ty ¢Ty €Tog €Ty €T,
¢T, €T, ¢T, €T, ¢T, eTy, ¢T, €T, ¢T, eT, ¢T, €T,
el ¢L ¢L €L el ¢l ¢lL el el ¢ L ¢l €L
¢S ¢85 ¢85 €8 eSS ¢85 ¢85 ¢85 €85 g8 ¢85 g8
eEM eM eM €M eM eM eM eM eM eM eM eM

Ile#t pe3ynbTaT MOKHA 3BECTHU B Tak 3BaHy laobauyto Ilocma.



Taoauusa Ilocra ais exeMeHTapHUX OyJeBUX (QYyHKIiH

Hpukaan 44. Posnoxainurtu 3a kinacamu [Tocta ¢pynkmiro f=(11011101).
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p Krac 1To Ty | L | S | M
+ -+ | - |+
-+ |+ -]+
- - + -
+ - -
+ - -
- + - - -
- + | + - -
- + - -

Tabauus 5

Poss’azannsa. 3anmmemo TaOmUI0 iCTUHHOCTI wmiel QyHKOiT Ta OyaemMo 0OYMCITIOBATH
koedimientn HOXK notu, moku He OTpUMAEMO SIKiCh KOS(IIIEHT MPU KOH FOHKII1, 0 JOPIBHIOE

OJIMHUII, 200 HE MOKAKEMO, 110 BC1 KOS(IIIEHTH TP KOH IOHKIIISX 3MIHHUX JIOPIBHIOIOTH HYJIIO.

Min|x|y| z Koeiyicimu HOK

0 |0[0]|0| 1% 20=1
1 |olo|1]1|Fetas=1+as a;=0
2 |ol1|0]|0gfwra=1+a a,=1
r3 0 1|11 |=a+tamtaz+tay=1+1+0+a;3=0+ay az3=1
L4 [1]o|o|1

5 1,0 1|1

6 ([1|1/0]|0

7 11,11

3 Ta0uIi OyIo0 3HaWAEHO KOe(hIIICHT MPU KOH FOHKI[T 3MIHHUX = 1. Ile o3Hauae, mo g1g
I 3 0 ’ ass 1

miei Gynkuii HOX Oyne mictutu koH’toHKLI0 Y Z. [Tomanbiie o6uncneHHs pemTy KoedillieHTiB

nojiHoMmy JKeranmkiHa Juis i€l ¢yHKUii MOXXHa He NpoBOAWTH. HasBHOCTI BXke OTpHUMaHOI

KOHFOHKIIIT IOCTATHBO JUISI BUCHOBKY TIPO Heninitinicms GyHkiii, Todto f & L.

I3 tabmumi Buamo, mo f(0)=1 i f(1)=1. Ile o3nauae, mo maHa (yHKIiA 36epizae

xoncmanmy 1 1 ne 3oepizac koncmanmy 0, rootof ¢ Ty, f e T4.

Jnst nociipkeHHs QyHKIIT Ha caMOJIBOICTICTh OyZeMO pyXaTucs BiJ CepeIuHM TaluuIi 10 ii
kpaiB. [Ipu oMy repiiia 5x mapa npotuiexunx Hadbopis (Ne 3 1 Ne 4) naroTh HaM 0THAKOBI 3HAYEHHSI

¢bynkmii: f(011)=f(100)=1. dx macmigok, 11 GyHKIIS He € camodsoicmoro, T00To f & S.

HaGopu, Ha SKMX TMOPYHIIYETHCS YMOBAa aHTUCUMETPUYHOCTI CTOBMIlS 3HAYCHb (PYHKINT B TaOIHII

no3HayeHi 3eneHoro ayroro. Ilomaneim MOpiBHSHHS 3HaueHb (QYHKIIT Ha PeIlTi MPOTHUIICKHUX
Habopax MOKHA BXX€ HE MMPOBOJIUTH.
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Jnst gocnimpkeHHst GyHKLIT Ha MOHOTOHHICTh TpeOa MOpPIBHATH 3HAUeHHS (YHKLII Ha mapax
cycimnix HaOopiB. Bizbmemo Habop Ne 0. Hactymuuii B Tabmuiti Habop Ne 1 € miis HbOrO CycigHIM
(BoHH BiAPI3HAIOTHCS JIKIIIE 3HAYEHHSM 3MiHHOI Z), mpudyomy Habop Ne 0 «meHmuii» 3a Habop Ne 1,
af(000)=1(00 1), Tobro mpu mepexoi 10 CyciaHbOro Habopy PYHKIIiS CBOE 3HAYCHHS 30€eperia.
Ile o3Hauae, Mo «CTpUOOK» HE BiIOYBCS, MOHOTOHHICTh (DYHKIIT HA IUX HAOOpax HE MOPYIIEHO.
HaGop Ne 2 takox € i Habopy Ne O cycigHiM (BOHHU BiAPI3HSAIOTHCS JIMIIE 3HAUCHHIM 3MIHHOT Y),
npuuomy Habop Ne O «menmmii» 3a Habop Ne 2, a f(000)=1>0=1f(0 1 0). Takum uuHOM, TIpH
nepexoi Bij «MmeHmoro» Habopy (Ne 0) mo «Oiibimoro» (Ne 2) GyHKI[iS 3MiHHIA CBOE 3HAYCHHS 3
OUTBIIOTO HA MEHINE, TOOTO 3MiHa HOMEpIB CYCiAHIX HAOOpiB i 3MiHA 3HaueHHsS (YHKLII Ha HUX
BiIOYJIMCSI B IPOTHIICKHUX HarpsiMkax. L{s cutyaiis 1 € «cTpuOKom», 10 MOPyIIye MOHOTOHHICTh
¢bynkmii. Habopu, Ha skuX BigOyBCS e «CTpUOOK», MO3HAYEHO B TAOJHUII YEPBOHOIO IYTOIO.
HasBHICTB IbOTO «CTpHOKay J103BOJISIE 3pOOUTH BUCHOBOK IIPO T, MO (DYHKIIISI He € MOHOMOHHOI),
To0TO T & M. [Tonanbiri mOopiBHIHHS 3HAUYCHb (PYHKIIIT HA PEIITI Mapax CyciHiX HaOOPiB MOXKHA BXKE
HE TIPOBOJIUTH.

Bionosion. T ¢ Ty, fe T, T& S, felL, feM

8.2.7. Npunanexuictey a0 kiaaciB Ilocrta ¢ynkumii, iKy 3a1aHO0 aHAJTITHYHO

SIkmo (yHKIiI0 33aJaHO aHAIITHYHO, TO JUIS Hei MokHa moOyayBatu Tabmuiio KeaitHa i
CKOPHUCTATHUCS BXKE PO3TIITHYTUM ITOPHUTMOM PO3MOALTy 3a kKiacamu [locra. OgHak 1e He 3aBXKAU
nouineHO. Skmo ¢opmyna, o 3amae (QyHKIiO, € JOCTaTHbO CKJIAJHOI0, TO palliOHAJBHIIIE
BUKOPHUCTATU aHATITUYHUI METO/ PO3MOILTY.

O3nauennsa. JITH® OyneBoi (QyHKIT Ha3UBAETHCA HNO3UMUGHOIO, SKIIO BOHA HE MICTHUTH
3anepedyeHb 3MiHHUX.

Teopema 33 (ananimuunuii kKpumepiin monomonnocmi_yuxuir). Popmymosanns. bynesa
GbyHKIIIS € MOHOTOHHOFO TOJII ¥ JIHIIIE TOA1, Koyu st Hei icHye mo3utuBHa JIH®, To6T0 [20]

f=1;
feM) e [f=0;
JH®(f) — nosuTuBHa .

/losedenns. SIko GyHKIS € OyIb-IKOK KOHCTAHTOW (Koncmanmoro 0 abo koncmanmoio 1),
TO Tl 3HAUYEHHS HE 3MIHIOIOTHCS IPU MEPEXOl MK MOPIBHAHHUMU HabopaMu. ToMy Juist Oyab-KUX

1BOX HabopiB & i B, Takux, mo & < B /1A 3HaUeHb DYHKIIT Ha UX HAGoOpax Oyje BUKOHYBATHCS
pisuicts f(&) =f(B), mo mpUIyCTHMO 3a O3HAYEHHSAM MOHOTOHHOI (yHKiii. ToMmy (yHKIIi-
KOHCTAHTH € MOHOTOHHUMH (pyHKUisMU. Lleil sxe pe3ynbraT Mo)kHa oTpuMaTH 1 13 Tabnuni Ilocra
(Tabunuii 5) 1uis eneMeHTapHUX OyJIeBUX (YHKIIH.

PosrnsiHemo Tenep NOBUIbHY OyneBy (yHKIiO BiJ N 3MiHHMX. CroyaTKky MOKaXeMo, II0
icHyBaHHs 1o3uTuBHOI JIH® docmammnvo st toro, mob ¢yHKIlis Oyia MOHOTOHHOO, TOOTO

(AH®(f) € nozumuenow) = (f € M).

Hexait y dynxmii f(xq, X2, ..., X,) icHye no3utuBHa JJH®. PosrnsHemo noBinbHHNA HAO0p
3Ha4YeHb 3MIHHUX & = (a1, A3, ..., &) € D™. Sxmo f(&) =0, To ans BCix HAbOpPIB fi, TaKuX, 110
@ < B, nepisnicts (&) < f(B) BHKOHYEThCS He3aIeXKHO Bij TOro, kUM Oy/e 3Hauenns (). ko
f(B) =0, to f(@) = f(B), T06TO BUKOHYeThCs piBHicTb. Skimo x f(B) =1, To f(&) < f(B), T06TO
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BUKOHYEThCS CyBOpa HepiBHiCTh. Y Bumanky, konu f(&) =1, B nmosurusniii JJHO(f) ichHye Taka
eJIeMEHTapHa KOH FOHKIIIS Xiy Xi o+ Xj,, IO HA Habopi & O6yne nopiHoBatu 1. Ile o3Hayae, 1o B

~

Habopi @ xomnonentu a;, =1, a;, =1, ..., a; =1. Toxi B Oynp-sikoMy HabOPi B, mst sixoroo & < BB,

KOMIOHEHTH B , B, .--, Bi, TaKOK MawTh JopiBHIOBaTH 1. OTXKEHO, Ha TakoMmy Habopi f8

k
€JIEMEHTapHa KOH IOHKIA X, X;, ... Xj, TaKoxk OyJe JOPiBHIOBATHU 1, 1[0 NPU3BOAMTH [0 TOTO, IO
f(B) = 1. Taxum unnOM, i B bOMY Bumazaky Hepisuictb f(&) < f(B) BuKOHYeTBCS I Gy aB-IKOTO
Habopy f}, UIA SIKOTO & <X ﬁ I3 nporo BurummBae, mo st GyHKIII, ska Mae mo3utuBHy JIHD,

BHKOHYETbHCA YMOBA

Va&Bebd: (@<p)= (@ <f(B)

110 Bi/AMOBi/1a€ 03HAYEHHIO MOHOTOHHOT PyHKIi1. OTXe, sKImo y GpyHKIiT icHye no3utuBHa JJHD, TO
Taka QyHKIlISI € MOHOTOHHOIO. /[ocmamHuicmb 008€0€HO.

JloBenemo Temep, 1o Juist TOro, mob (yHKiis OyJa MOHOTOHHOIO, HeoOXiOHo, 00 y Hel
icayBana no3utuHa JJH®, T06TO sKI10 QYHKIIIS € MOHOTOHHOIO, TO Y Hel icHye nmo3utuBHa JJHO:

(f e M) = (3 THD(f), saxa € nosumusnoio).

JloBeneHHs 11i€l HEOOXiTHOCTI OyIeMO ITPOBOAUTH METOIOM MAaTEeMATUYHOT iHTYKIII.

Ipu n = 0 QyHKIIA BUPOIKYETHCA B OAHY 13 PYHKIINA-KOHCTAHT, JUIS AKHUX 1€ TBEPKCHHS €
BIpHUM.

Hexaii 11e TBepKEHHS € BIpHUM JUTs Oy/1b-IKOT MOHOTOHHOT OyJ1eBoi GyHKIIiT, 1is sikoi N = K,
T00TO siKIO (yHKIsA Bix K cyrreBux 3minaux f(xq, X3, ..., X)) € MOHOTOHHOIO, TO Y HEi iCHYE
no3utuBHa JJHO(T).

Ipunycrumo, mo ¢yskmis Bix N =K+ 1 cyrreBux 3minaux f(xq, X3, «eoy X, Xgs1) €
MOHOTOHHOIO. 3aMuIeMo 13’ IOHKTUBHHUN PO3KIIAN 1€l PYHKINIT 32 OHIEI0 3MIHHOIO X 41

f(xl’ X2 eoey X xk+1) = Xk+1° f(xl’ X2y ooy Xk 1) V X1 f(xl’ X2y eees Xk 0)
PosrnsHemo tenep ¢yHKii
fO(xlv X2y eeey xk) = f(xl’ X2y eeey Xy 0)’

f1(x1, X2, eees X)) = F(x1, X2, eees X, 1)
OTPUMAHOTO JIU3’FOHKTUBHOTO PO3KJIAAY 1 MOKaXKEeMO, [0 BOHM MOHOTOHHI. Bi3bMeMo /1Ba TOBUIbHI
HaGopu & = (4, Az, ..., &) € D*i B = (B4, B2, .-, Bx) € D¥ taxi, mo & < B. Toxi

a; = (aq, az, ooy A, 1) < (B1, B2, ooy Br, 1) = Bi

s 6ynb-sikoro 3HaveHHs | € {0, 1}. B cuny toro, mo ¢yHkiis f € M, i3 1poro BigHOIICHHS st
HaGopiB &; < B; BUILTHBAE, 1[0

fi(@) = f(@;) < f(B;) = fi(B).
I3 miei HepiBHOCTI BUIUIMBAE, MO QYHKINT fo (X1, X, «oes Xg) 1 f1(X1, X2, +vs X) € MOHOTOHHHUMH.
PosrnsHemo tenep iMrutikamiro fo = f1. Axmo fo = f1 Z 1, TO e o3Havae, mo icHye Takuii Habop
3HAYeHb 3MiHHUX & = (@q, ®z, ..., &) € D¥, Ha axomy fo(@) = f1 (@) =0. Immuikamis Mosxe

JIOPIBHIOBATH HYIIIO JIMINIE B OJHOMY €IMHOMY BHUIIAJKY, KOJH IMOCUJIKA JOPIBHIOE 1, a Hacigok
nopisHtoe 0, ToOTO
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{fO(a) = fO(alf az, .., ak) = f(xll X2, ey X 0) =1,
fl(ﬁ) = fo(al, aj, ..., ak) = f(xl, X2, vy Xy 1) =0
BHKOHAHHS IIMX yMOB 03HA4ae, 10 Ul HaGopis &; <X B; Bukonyerscs Hepisuicts f(&;) > f(B;), mo
cymnepeynTh MOHOTOHHOCTI QyHKIIii f. 3 1[bOr0 BUILIMBAE, IO HE ICHYE TAKOr0 HAOOPY &, HA IKOMY
fo(@) = f1(@) = 0. Le o3nauae, mo fo(a@) > f1(@&) =1. Toxi, B cuiny BIacTUBOCTI X A 1 = X, ay1st
HABEJICHOTO JM3 IOHKTHBHOrO po3kiany ¢yskuii f MokHa BUKOHATH HACTYIHI TOTOXHI
MIEPETBOPCHHS
f(x1, X2, coes Xpy Xpey1) = Xperns F(X1, X2, 000 X0, 1) v Xppq - F(x1, X2, 005 2, 0) =
= Xpe1f1V Xia1 - fo = X1 f1 vV X1 - fo) (fo o f1) =
= (Xk41:f1 vV Xie1 - fo) (o v f1) =
=Xk f1 Fov Xt f1V X1 fo-fovxier-fo-f1=
= X1 f1 oV Xk f1 VX1 fo - f1=%ks1 - fo - f1V X1 f1(fov]) =
=Xir1 fo F1V Xke1 1= F1(Xp1 - fo vV Xia1) = F1(Fo V Xpern).
Sk Oyno mokazaHo, GyHKIUIT fq 1 f1, 10 3anexarh Big K CyTTeBUX 3MiHHHX, € MOHOTOHHUMHU. Ll
O3HaYae, 110 I HUX icHytoTh mo3uTuBHI JTHD(f () i JHD(f ). [liacranstoun 1i mo3utusHi JJHD

1o dopmynu f1(fo V Xki1), oTpumMaemMo Takox nozutuBHy JH® s pynkuii Big K + 1 cyrreBux
3MiHHUX F(X1, X2, ceey X, Xgt1)-

OTike, KO GYHKIIA JOBUTBHOT KITBKOCTI 3MIHHUX € MOHOTOHHOIO, TO Y Hel iCHY€ TIO3UTHBHA
JAH®. Heooxionicmsb 006edeno.

Teopemy noBeaeHo.

Hacainok i3 Teopemu 33. @opmyniosannsa. bynesa GyHKIIis, sika 3a1eXUTh Big N > 1 cyTTeBUX

3MIHHUX, MOHOTOHHA TOJIi i JIHIIEe TOi, KoJH ii MiHiMansHa JJH® € mo3utuBHOIO, TOOTO [27, 28]
(fe M) & (AHD,,in(f) € nozsumusnor).

/losedenns. B cuny noseaenoi teopemu 33, icHyBaHHs no3uTHBHOI JIH® € HeoOXigHOMO 1
JI0OCTaTHHOI0 YMOBOIO MOHOTOHHOCTI OyneBoi pyHkuii. Onnak noganHs Gynkuii y Burnaai JJHO nwe
€ equHUM. ToToxHicTh pizHuX JJH®, 1o peani3yroTs oiHYy i Ty caMy QyHKIIIO, HE 3aBXK/I1 BAAETHCS
JIOBECTH 32 JIOTIOMOTOX0 TOTOXXHHX MEPETBOPEHb. TaKUM YHHOM, aHATITHYHUM HUITXOM MOXe OyTH
orpumana aesika JIH®, 1110 He € TO3UTHUBHOIO 1 HE MOXKE OyTH CITPOIIEHOI0 BUKJITFOYHO 32 JOITOMOT OO
TOTO)KHUX MEPEeTBOPEHb, ajlé MOXKe OYyTH CYTTEBO CIPOIICHOI0 3a JIOMOMOIOI0 AJITOPUTMIB
MiHiMi3alii. AaropuT™M MiHiMizalii OyneBoi (yHKuii rapantye orpumanHs JIH® nailimeHmoi
ckiaaHocTi. Akmo miniMansHa JIH® MicTUTh 3aniepedeHHs], TO T030yTHCS HUX 32 JOTIOMOTO0 Oy 1b-
SKHX TOTOXKHUX TEPETBOPEHB B)KE€ HEMOXKIIMBO. AJle B CHITy JI0Be/IeHOi TeopeMu 33, Y MOHOTOHHOI
¢ynkuii Mae icHyBatu nozutusHa JJH®. Sk Oyno mokasano Buiie, X € M. B cuiry 3aMKHEHOCTI
kiaacy M MOHOTOHHHMX (QYHKIIH (BmacTuBicTh 2 kiacy M), cynmeprosuiis, SKy HEMOXIIUBO
CIIPOCTHUTH, 1 IKa peai3ye MOHOTOHHY (YHKIIIIO, MOX€E CKJIQAATUCS JIUIIE 13 MOHOTOHHHUX (DYHKIIIH.
Orxe, minimanvna JJTH® monomonnoi ¢ynxyii 0606 ’a3x060 O6yoe nozumuenoro. 1 HaBMaku, SKIIO
MmiHniManpHa JJTH® neskoi noriunoi GyHKINT € TO3UTUBHOK, TO BOHA CKJIAIA€THCS JIUIIE 13 Onepaii
713 FOHKINT Ta KOH FOHKIII, 5IK1, SIK B)ke OyJI0 MoKa3aHO, € MOHOTOHHUMHU. [3 3aMKHEHOCTI kiacy M
(BmactuBicTh 2 Kiacy M) BUILIMBAE, IO CYNEPHO3HMILS, 10 CKIAJAETHCS JIUIIE 13 MOHOTOHHHX
GyHKIIH, MOXKe peani3oByBaTH Jiniie (YHKIIIO TOTO X CaMOro KJjacy, TOOTO TaKOX MOHOTOHHY.
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Orxe, axwo minimarena [JH® Oesaxoi 6ynegoi ¢ymxyii € nosumuenow, mo ys @YHKYia €
mornomonnoro. Haciaigox noseneHo.

JloBeneny Teopemy 33 1 HACHIOK 3 HEi CiiJ pO3YMITH TaKUM YWHOM, IO SKIIO B XOIi
TOTOXKHHX TEPETBOPEHB IS JIesakoi (pyHKIIiT Oyso oTpumano no3utuBHy JJH®D, TOo MoXkHa 3po0OuTH
BHCHOBOK PO MOHOTOHHICTH I1i€i GyHKIi. Skmo orpumanas JJH® micTuTh 3anepedeHHs, TO CIij
3HaiiTH MiHiManeHy JIH®. BucHOBOK 1po Te, 1110 QyHKIIisl HE € MOHOTOHHOIO, MOYKHA 3pOOUTH JINIIIE
B TOMY BUNAJKy, ko MiHimanbHa JIH® mis Hei BusBMIAcS He MO3UTHUBHOKO. SIKIO Bramocs
OTpHUMATH MO3UTHBHY MiHIMaibHY JJH®D, TO QyHKIIsI € MOHOTOHHOIO.

Teopema 34 (ananimuunui_xkpumepinu_npunanexcuocmi 0o kunacy To). Popmyniosannsi.

Oyuxiis f(xq, X3, ..., X,) 30epirae koncTanty 0 Tomi i snumie toai, komu il HOXK(f) ne mictuts
oqunuito, T06To B HOX(f) ag = 0:

(feTy) © HPKF)=a,K®...® ay_1K;n_,).

/{ogedenns. CrouaTKy JOBEAEMO, IO UiA TOro, o0 ¢yHkmis 30epirana KoHcTaHTy 0
Heobdxiono, mo0 11 HOX He mictiiia BiipbHUN 4ieH, TOOTO

(f (S To) = (H(I))K(f) = alKiL D...D azn_lK;n_l).

Hexaii ¢pynkuis f € To. Toxi, 3a o3Hauennsm dynkuii, mo 36epirae koncranty 0, f(0) = 0.
incrapmsoun Hadop 0 = (0 0 ... 0) 10 popmu 3 KoedilieHTaMu IS TAKOT (YHKIIT Ta JOPiBHIOIOUN
11 HYJII0, MAa€EMO:

f(a) = a0K0+® alK-{@...@ azn_lK;n_l =Q @ a1K1-®...® azn_lK;n_l =
=a0®a1-0®a2-0®...@azn_l-O:ao =0.
Takum ymbOM, i3 Toro, mo f e Ty, BummBae, mo B HOK(f) mis miei dynkuii ag = 0.
Heooxionicmo 0oeeoeno.

JloBenemo Teriep, 110 piBHOCTI Hy:to BibHOTO wieHy B HOXK(f) docmamubo nis toro, mod
¢bynkuig 36epirana koucranty 0, To6TO

HOK) = a,KF @ ... ® apn_1Kin_)) = (fe Ty).

Hexait gms  ¢ymxmii  f( x4 , X2 ,..., X, ) B HOX({) ay =0, T100TO
H®K(f) = a; KT ® ... ® ayn_1K;n_,. 3naiinemo 3Hauenns uiei pynkiii na nadopi 0 = (00 ... 0):

f(0) = a1 KT @...@ ayn_1Kjn_1=a;- 0@ ay- 0@...® azn_q- 0=0.

Takum unHoOM, i3 Toro, mo B HOXK(f) BixcyTHiit BitbHUIA WieH, TOOTO @y = 0, BUILIMBAE, 110
15 pyskis 36epirae koucranry 0, To6to f € T. Jocmamuicms 0osedeno.

Takum ynHOM, came 3HAYEHHS BUTLHOTO WIEHY ¢ BU3HAYA€E 3HAYCHHS (PYHKIIIi HA HYJTbOBOMY
Habopi 1, BIAMOBIAHO, MpUHANEXHICTh GyHKLIT 10 Ki1acy T. Teopemy 1oBeaeHo.

Teopema 35 (ananimuunuii_kpumepinu_npunanexcnocmi 00 kaacy T1). Popmyniosanus.

Oynkiis f(xq, X2, ..., X,) 30epirae koHcTanTy 1 Toni ¥ ynmmie toxi, konu noexkuHa i HOXK(f) e
HETMapHUM YKCIIOM, TOOTO

(f € T1) <~ (AOB}KHHAHCD)KO’) =2k+1 ke N)

/losedenns. Tlokaxkemo, 10 Jyist Toro, o0 GyHKIIisA 30epiraja KOHCTAHTY 1, HeodxioHo, 11100
it HOX(f) cknamanacst i3 HemapHOT KUTbKOCTI JOJaHKiB, TOOTO

(f € T1) = (AOBH{I/IHAH@)KU) =2k + 1, ke N)
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Hexaii ¢pyukuist f € Ty. Toxi, 3a o3nauennsm dynkuii, mo 36epirae koucranty 1, f(1) = 1.
Iincrasmsoun nadop 1 = (1 1 ... 1) g0 hopmu 3 koedinienTamu st Takoi QYHKIT Ta KOPiBHIOOYN
Tl OIMHUIL, MAEMO:

f(i) = aoKf{GB alKiLGB...GB azn_lK;n_l =Qy @ a1-1 @ a2°1 @..0D azn_1°1 =
:a()@al@az@...@azn_l:l.

Ileit BUpa3 € 3aralbHUM BUIJILIOM noiiHomy JKerankina Ha vaGopi 1= (11 ... 1) st Gymb-
sakoi ¢yHKIHil, mo 30epirac koHcTaHTy 1. s KOXHOI KOHKpeTHOI (YHKII mei Bupasz Oyze
BIJIPI3HATHUCS HAsIBHICTIO 200 BIZICYTHICTIO SIKUXOCH 3 X KOe(iIi€HTIB. € OY4EBUIHUM, IO IIeH BUPa3
JUTSI KOXKHOT KOHKpeTHO1 (DyHKIIIT Oye CKiIaaaTucs JUIIe 13 TUX KoeilieHTiB, mo IS i€l GyHKmil
JOpiBHIOWOTH 1, TOOTO CKIagaTHCs 13 SKOICh KUIBKOCTI OJMHUYHUX JOJIaHKIB. 3 ypaxXyBaHHSIM
MpaBWiIa TpHUBeIeHHs Noai0HuX B anreopi XKerankina X @ X = 0, ogHaKOBi JAOJAaHKK B TOJIHOMI
Kerankina nonapHo 3HUINYIOTbCA. OTKe, SKIO OAMHAYHHUX AOAAHKIB MapHa KUIBKICTb, TO iX cyma
3a MoayJsieM 2 Oyne MOpIBHIOBATH HYJO. SIKIIO KiJIBKICTh OJUHHYHHUX JIOJJAHKIB € HEMapHOK, TO
ICJIS TIPUBEACHHS MOAIOHUX ISl CyMa OyJie CKIIaJaTUCS i3 OJTHOTO €IMHOTO OJMHUYHOTO JIOJIAHKY,
KU 3a0€3MeUnTh PIBHICTh OJMHHUIII BCHOTO BUPA3y. 3BiICH MOXKHA 3pOOUTH BUCHOBOK, IO SIKILO
el BUpa3 JOPIBHIOE OJIMHMII, TO BiH CKJIQAETHCS 13 HEMAPHOI KITbKOCTI OAMHUYHUX JTOAaHKIB. Lle
O3Havae, 1110 i3 Toro, o Gyukiuis f € Tq, ButumBae, mo s Hei moninoM JKerajikiHa cKiIagaeThes i3
HEIapHO1 KUTLKOCTI JIOJaHKIB, TOOTO ,Z[OB)KI/IHAH@K(D =2k + 1, k € N. Heob6xionicms 0osedeno.

[Tokaxxemo Temep, MO HENApHOI KIJIBKOCTI [OJaHKIB, 13 skux ckiagaeTbes HOWK(T)
docmammuypo 11151 Toro, mob GyHKuig 30epirana KOHCTAHTY 1, ToOTO

(MOBXWHAugw(r) =2k +1, k<2™ -1, ke N) = (feTy).

Hexait HOX(f) bynkmii f(xq, X2, ..., X,,) CKIQJA€ThCS 13 HEMAPHOI KITBKOCTI JOIAHKIB.
3naiinemo 3HadeHHs Hiei Gpynkuii na Habopi 1= (11 ... 1):

f(l) = a0K3® alK-{@...@ azn_lK;n_l =Qy ® a1-1 (&) az'l ®...® azn_l'l =
= a()@ a1® az@...® Ayn_q1=
sajiuuaemo auuie OduHultHi OOOaHKu, KIiNbKIiCmb AKUX € HenapHorw

= ai1® ai2®...® ai2k_1@ ai2k® ai2k+1: ai2k+1: 1.

Bei nonanku 3 a;, = 1 1o a;,, = 1 nonapro 3uummnucst. Omke, Best cyma Oyjie CKiafatucs i3
OJIHOTO €JIMHOTO JIOJAHKY @;,, .= 1. Takum uuHOM, i3 Toro, mo B HOX(f) mictutecs nemapua
KUIBKICTh J0/aHKiB, T00TO 13 Toro, mo AOBXUHAygx )= 2k + 1, BuIuMBae, 1o 3HAYECHHS i€l
dynxmii va Ha6opi 1 = (1 1 ... 1) nopisrtoe 1. e o3Hauae, mo 3a 03HaYeHHAM BYHKII, 110 36epirae
KkoHcTaHTy 1, nocnimkysana ¢yukuis f € Tq. Jocmamuicms dosedeno.

Teopemy noBeaeHo.

3 ypaxyBaHHIM J0BeIeHHUX TeopeM 33 — 35, MO)KHA COPMYIIIOBATH AJTOPUTM PO3NO/IIY 32
kjaacamu [Hocra pyHKmii, IKY 3a1aH0 AHATITHYHO:

» @yukuis cnpouryerbes q0 JJH®. Sxmo orpumana JJH®D, s skoi HEMOXKIUBE TOAIbIIIE

CIIPOIIEHHS 3a JIOIOMOTOI0 TOTOXXKHUX IIEPETBOPEHB, € mo3utuBHOW0, f € M. B iHmomy
BUNIAKy Tpeba 3HaiTu MiHiManbHy JJH®. Skuio BoHa € mo3utuBHOW0, TO T € M, B iHIIOMY
Bunajaky f ¢ M.
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> 3a orpumanoro Ha nonepeanbomy kpoui JH®(f) oynyerbcs HDXK(f). Axmo HDXK(F) ne
MICTHTb KOH IOHKIIIH 3MiHHUX, f € L. B iHmomy Bumanaky f & L.

» 3a orpumanoro Ha nepinomy kpoii JTH®D(f) abo 3a orpumanoro ua apyromy kporti HDXK(F)
oynyerbes f*. Skmo Bona 36iraerses 3 JIHD(f) abo 3 HOXK(f), Tob6T0 sikmro f* =, ro f € S.
B inmomy Bunaaky, rooto komu f* = f, f ¢ S.

»  Sxmo HOXK(f) ve mictuth oaunuiiio (ag = 0), to f € Ty. B inmomy Bunaaky f ¢ T.

A\

Sxmo HOXK(f) mictute HenmapHy KinbkicTs gogaskis, f € Tq. SIkmo KilbKiCTh JT0JaHKIB €

napuoto — f ¢ T.

Le#t anropuT™ MOXHa MOAATH Y BUTJISA1 HACTYITHOI OJIOK-CXEMHU.

HecopomyBana TH®
(minimanbaa JTH®) Hominom Kerankina

N .
Micmums

HenapHy
KLIbKICHb
Qdodatikie

\
He micmump
-—

KoWIoHKuin

Puc. 10. — Posnogin 3a kiaacamu Ilocra ¢yHknii, siky 3agano aHaJgiTHYHO

Mpukaax 45. Posnoninuty 3a knacamu Iocra dynkiio f=(X Z < Gz ® xy)) L (x Dy 2).
Po3ss’azanns.

1. Cnpocmumo uro ¢hynxuyiio oo /IH®.

f=@zZe AL XBY)=(XZ<« @ zDxy)VvxDyz)=

=XZz0x) AXxDyz=(xz> Y zDXY)) (X~y2)=
=(xZv(F2@xY) (xyzvE¥y2z)=
=@VIVYZIYVXYY) (xyZVE(F V)=
=(xvzvyz(xvy)vxy(yvz)(Xyzvxyvxz)=
=(Xvzvxyzvyzvxy(yvz)(Xyzvxyvxz)=
=(Xvzvxyvxyz)(Xxyzvxyvxz)=Xvz)(Xyzvxyvxz)=
SXYIZIVXXYVXXZVXYIVXYIVXZL=
=xyzvxyz=JHd(f).
Otpumana JIH® micTuth 3amepeueHHsi, TOOTO HE € MO3UTHUBHOIO. TOMY Ciil 3HAUTH MiHIMaIbHY
JTH® s miei pyskiii. € oueBuannm, 1o orpumana JIH® e oxnouacuo i IJJHD (), mo cknamaerbes

13 IBOX KOHCTHUTYEHT OJUHHUIIL, sIK1 HE € CYMIXKHUMH, 1 CKJICFOBAHHS SKUX B 3B’SI3KY 3 IIIM HEMOKJIHBE.
TakuM 4MHOM, 11l KOHCTUTYEHTH OJMHULI € IPOCTUMH IMIUTIKAHTaAMH I TOCHIKYBAaHOT (PYHKIIIT.
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Sk Hachinok, orpumana JIJITH®(f) omnouacHo € i ckopoueHoto, i enuHOo0 MiHiManbHOK JTHD(F),
TOOTO

fmin =XYIVXYyL
s minimanpHa JJH® He € mo3utuBHOW0. OTX)e, y miel Gynkmii He icHye mo3utuBHoi JJH®D. Tomy

naHa QyHKIIsS He € MOHOmOoHHO0, TOOTO T & M.

2. 3a ompumanoro minimanvroro /[H® oyoyemo HDIK (F). [liis 1bOro CKOPUCTAEMOCH
MetoaoMm nepexony Bia JJJIH® no HOXK:
f=xyzvxyz=xyz®xyz®xyzxyz=
=XYZ@z(1D®X)(1BY)=xXyz@zBXzBYyzDBXYyZ=
=z@®xz®yz=HDK().
Otpumana H®OJK(f) mictute KoH toHKIIT 3MiHHUX. OTXKe, HaHa QyHKIs He € ainiinor, T00To T & L.

3. 3a ompumanorw H®DIK({) oyoyemo osoicmy ¢yuxuyiro. Jlis 1pOro CKOPHCTAEMOCH
O3HAYEHHSAM JBOICTOI (DYHKIIII.
*=z®xz®yz=10Z®xZDyZ=
=101z (ldx)(1dz)D(10Yy)(1D2)=
=701 PXxXPzBXxz@1OYDzBYyz=
=XOYyDzD®XxzDYyz=HDK(*) = HDK().
Toit ke cammii pe3ynabTar nae modymoBa aBoictoi ¢yHkmii i3 MiHiManeHOi JJH®. Taky moOymoBy
3pYYHO TPOBOJHUTH 3 BUKOPUCTAHHSAM HPUHIIHUITY TBOICTOCTI.
F=(xyzvxyz)*=(Xvyvz(xvyvz=
SXXVXYVXIVXYVYYVYIVXIVYIVLI=
=xyvxyvz#f.
B cuity Toro, mo * # f, yskuis f ne € camoosoicmoro, To610 f & S.

4. Busnauumo oosxcuny H®DK () onn yier ¢pynxuii. Orpumana na npyromy kpori HOXK(F)
CKJIAJJA€ThCS 13 TPHOX JI0JIaHKIB, TOOTO 711 TaHOi (PyHKIIT

JOBXKHHA , 6, ;0 7 =3-

Yucno «3» € HemapauM. Lle o3Hauae, mo nana ¢pyHkuis 3oepizae koncmanmy 1, ooto f € T.

5. Busnauumo 3nauenns xoeivicnmy ay ¢ H®K() ona uiei ¢pynxuii. B orpumaniii Ha
apyromy kpori HOXK(f) mns wiei ¢yskuii BigcyTHii BibHUE wieH, To0TO @y = 0. Omxke, naHa
byHKIIS 30epizaec koncmanmy 0, 10010 T € T).

Bionosiob. T € Ty, fe T, TS, fel, feM.
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8.3. Jlpyruii kpuTtepiii MOBHOTH cHcTeM OyjaeBHX (YHKIIiH
(xputepiii Ilocta)

Ak Oyno n0BeneHO, PO3MNIAHYTI Kiacu OyleBUX (YHKIIA 3aMKHEHI BIJHOCHO orepartii
CyINepIo3uilii, ToOTO cynepro3ullis Oyab-AKOi KUIbKOCTI OyneBuUX (yHKIIH OaHOTO Kjacy €
(YHKITIEO TOTO % caMoro Kiacy. BUXo1s14u 3 11bOro, MOKHA JIOBECTH HACTYITHI JIEMHU.

Jlema (npo ¢yukuii, axi ne 30epicaromo koncmaumu). Popmynoeanns. 3a TOINOMOTOIO

cynepnosuuii Gpyskuiit fg & Ty, f1€Tq i cenexropa (toroxuoi ¢ynxuii f=X) Moxyrs Gyrn
noOy/oBaHi a00 0OM/IBI KOHCTaHTH, a00 OJIHA 13 KOHCTAHT 1 QyHKIis-3anIepeyeHHs X, a00 PYyHKITis-
3anepedyenHs X, Tooto [20]

{0, 1}<[ifs. r3l
fo&To _
freT) = {const, X} c [{f5, fi}];
{x}clifs F13l-
[losedenns. Posrnsnemo dynkuiro f5To, o He 30epirac kKoHcTanTy 0, 1 TOTOXHY QYHKIIIIO
f = X. BukopucToBytoun Cyneprnosuiiio Uux (GyHKIiH, MOXKHA OTOTOKHUTH BCi 3MiHHI QyHKLIT [ 3
¢ynkuiero X. B pesynbraTi oTpumMaemo dynxuiro oauiei sminnoi g(x) = f5(X, X, ..., X). I3 Toro, mo
[fo €Ty, BUIIUBAE, LIO 9(0) = g(0)= 1. Tlpu uBOMY Ha OJMHMYHOMY HAGOpi, KMl 3aIHIIMBCA,
MO>KJIHBI 06H1Ba BapianTH 3HaueHb, T06T0 K §(1) = g(1)= 1, Tax i (1) = g(1)= 0. ITpu rpoMy, KIIO
g(0)=11g(1)=0, To e o3Hayae, MO PyHKINS OpUiMaEe 3HAYCHHS, TPOTUIICKHI 3HAYCHHSAM CBOTO
aprymenry, To6to g(X) = x. ko x g(0)=11g(1)= 1, To e o3uayae, mo GyHKIIisS HE 3MIHIOE CBOTO
OJJMHUYHOTO 3HAYCHHS IMPU 3MiHI 3HAYCHb apTyMEHTY, TOOTO € momoxycHolw odunuyero. Takum
YUHOM, MAEMO:

o = sw=%.
3(0) ; 1 = {1, x}c[f5 Xl
{g(l) -1 — 8W=1.

TOOTO 3a JJOMTOMOTOK0 CYIIEPIIO3HINii cellekTopa Ta (YHKII, o He 30epirac koHcTaHTy 0, MOXHa
nodynyBaTu koncmanmyy 1 abo 3anepeuenns. Sk Bxxe 3a3Havanocs, Oyap-sika cucreMa (QyHKIIIH,
710 CKJIaJy SIKOi BXOJISITh HE JIMIIE KOHCTAHTH, 000B’3KOBO MiCTHTh ceniekTop T = X. Takum uuHOM,
{1, x} < [f5].

Tenep B ananoriunmii crocié posrisHeMo Qynkuiro f7€T, mo He 30epirac KOHCTaHTy 1, 1
ToTtoxkHy (yHKuito f = X. BukopucroByroun cyneprno3umito ux (yHKIiH, MOXHA OTOTOXHUTH BCi
sminHi QyHkmii f7 3 ¢yskmicro X. B pesynpTaTi Takoxk oTpuMaeMo (yHKIiIO onHiel 3MiHHOI
g(x) = f1(X, X, ..., X). I3 Toro, mo f7¢T¢, BUNIMBAE, IO g(1) = g(1)= 0. IIpu 11bOMY Ha HYJILOBOMY
HAGOpi, AKMIl 3aIMIIMBCS, MOXJIMBI OOHMIBA BapiaHTHM 3HauyeHb, T06To sk ¢(0) =g(0)=1, TaK i
9(0) = g(0)= 0. IIpu upomy, sixuro g(1)= 01 g(0)= 1, To e 03Hauae, MmO PYHKIiS TPHIMa€e 3HAYCHHS,
MPOTHIIEXKHI 3HAYSHHIO CBOTO apryMenTy, To6To g(X) = x. Sxmo x g(1)= 01 g(0)= 0, To 11e o3Hauae,
mo (yHKIIS HE 3MIHIOE CBOTO HYJIBOBOI'O 3HAa4YE€HHS IMPHU 3MiHI 3HAYeHb apryMeHTy, TOOTO €
momodxcnum nynem. TakuM YUHOM, MAEMO:
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(o] = sw=%
g1)=0 = {0,x}c [f1 Xl
{g(()) —0 = gx)=0.

TOOTO 3a JIOTIOMOTOI0 CyIepno3uiii cenekropa i GyHKUii, mo He 30epirae KOHCTAHTY 1, Mo)KHa
no0ynysatu koncmanmy 0 ado 3anepeuenns. Takum unnom, {0, x} < [f7].

I3 HaBeleHUX CITIBBiJHOIIEHb BUILUIMBAE, IO 3a JOTIOMOTOK CYIIEPIO3HIIii TOBUIbHOI (DYHKIIIT,
mo He 30epirae koHcranty 0, 1 goBinbHOI ¢yHKII, MmO He 30epirac KOHCTAHTY 1, MOXHa
o0y yBaTH YOTUPH PI3HUX CHCTEMH (DYHKITIH:

[0, 13 [{f5. f)l:
f5¢ To} N {0.x}c{f5. fill;
f1¢Tq |{1.f}§[{f5,fi}]1

L {(x}<[if5. D)

{0, 1}c[if5, 3
= |{const, x} c [{f5, f1}];
{x}clifs, 3]

Jlemy 10Be1eHO.
Jlema (npo no6yodosy koncmanmu). @opmyniosanisi. 3a TOTOMOTOK CYNEPHO3HUIT QYHKINT

fs S, ska He € caMo/IBOiCTOO, cenekTopa (ToToxkHoi GyHkuii f = X) i dpynkuii-3anepeuenns f=x
Moe OyTH oOymoBaHa QyHKIIis-KOHCTaHTa, To0To [15, 20]
f§_¢ S} = const € [{f5, x}].
x

[losedenns. Posrnsanemo dyHkuiro fs ¢ S, sxa He € camoaBoicTorw. Toxi, y BIANOBIAHOCTI 3
TaOJIMYHUM O3HAYEHHSAM CaMOJBOICTOI (DYHKIIT, iICHY€E Taka rapa IpOTHJICKHUX HAOOpiB 3HAYCHD

3MIHHUX & = (@1, Q2 ..., @t,) 1 & = (A4, Az, ..., Ay), HA AKUX QYHKIUiA f3 IpuiiMae OIHAKOBI
3HaYeHHsd, To0To f3 (@)= f5(@). 3 ypaxyBaHHAM HpaBulla MiJHECEHHS N0 CTYNEHIO OyneBHX
3MiHHHX, Maemo [13]:

f5@) = fylay, az, ..., ay) = f5(af, az, ..., a3) = f5(1%1, 1%, ..., 1),

fg(g) = f5(ay, @y, ..., ay) = fg(a(l), ad, ..., ad)= f5(091, 092, ..., 0%),
BukopucroByroun cynepnosuuito ¢ynkuii fg € S i cenexkropa f = X, MoxkHa 0TOTOXHUTH BCi
sMminHl  QyHkmii fy 3 Qynkmiero X. B pesynbrari  oTpumaeMo (QyHKIIHO OIHI€l 3MiHHOI
0(x) = fs(x®1, x*2, ..., x*). 3 ypaxyBaHHAM HaBeJEHUX CHiBBiIHOWEHb s fg (&) ifg(E) i

piBHOCTI f3(@) = fg(ﬁ), orpumyemo [15]:

9(0) = f5(07, 0%, .., 0°n) = f(@) = f5(@) = f5(11, 12, ..., 1) = g(1).

Ile o3Hauae, 110 HE3aJIEKHO Bij 3HAUEHb 3MIHHUX, Ha BCIX X Habopax (yHKIis npuiiMae OHAKOBI
3HAYEHHs, TOOTO € OnHi€0 3 (QyHKUINH-KOHCTAHT (a00 momoscHow odunuyero, a0O MOMOHCHUM
nynem). OTxe, 3a JOMOMOTOI0 CYNEpro3uiii AOBUIbHOI HecamoaBoicToi (yHKii, cerekropa i
3amnepeueHHs Moxe OyTu moOynoBaHa ghyHKyin-koncmanma. Jlemy n1oBeieHo.

Jlema (npo_nooydosy 3anepeuenns). @opmyniosanis. 3a TOTOMOTOW (DYHKIIIH-KOHCTAHT,

cenekropa (ToroxHoi ¢ynkuii f=X) i HemonoTonHoi ¢yHkuii f3; € M Moxe Oyru moGynoBaHa
¢yHkuis-3anepeyeHHs X, To6To [15, 20]



118

fieM = xe[{fy 0, 1}

[losedenns. B cuity Teopemu 32 mpo «CTpHOOK» HEMOHOTOHHOT (pyHKII, i3 TOrO, O f7; € M,
BHILIUBAE, 110 icHYyE Taka napa CYCITHIX HabopiB 3HA4YCHb 3MIHHUX
@= (g, Ag, eee, A1, 0, Ajiqy oeer Q) i B = (A1, A, wun, Xj_1, 1, Ajiq, oevy Oy), DT IKUX & < B 1
npu upomy f7(d) > fﬁ(ﬁ). Ile € MOXIMBUM JIULIE B TOMY BUNAKy, konu f4(d) =1, a fﬁ(ﬁ) =0
[2]. Buxopucrosytoun cynepnosuuito ¢yskuii f3; € M, cenexkropa f=X i ¢yHkuili-koHCTaHT,
MoxkHa noOyaysatu (yukiito onuiei sminnoi g(X) = f(aq, az, ..., @i_q, X, Ajyq, ..., @y). B cuny
Toro, mo f3; € M, maemo g(0) =1 i g(1) = 0. Omxe, g GyHKIIia MpuiiMae 3HAYEHHs, TPOTHIIEKHI
3HAa4YEeHHSAM CBO€I 3MiHHOI, ToOTO ¢(X) = X. Ile 03Hauae, 110 3a JOIMOMOIOI0 CYMEPIO3uilii GyHKIi#H-
KOHCTaHT, CEJIEKTOpa 1 JOBLIbHOI HEMOHOTOHHOI (YyHKII Moxke OyTu moOymoBaHa (yHKIIis-
3anepeuenns. Jlemy noBeaeHo.

Jlema (npo _nooydosy kom’roukuii). @opmymosanns. 3a IOMOMOTOK (DYHKIIH-KOHCTAHT,

cenekropa (Toroxknoi Qyukuii f=X), neniniiinoi gpynxuii f; & L 1 dyukuii-3anepedeHns X Moxe
OyTu moOynoBaHa QyHKIIis-KOH IOHKIIISI X A Y, To0TO. [15, 20]

fiell o xyelifro1m
X

Jlosedenns. B 38°a3ky 3 Tum, mo f1 & L, To, 3a o3nauennsam, HOX(f7) Oyne mictutu Xoua 6
OJIMH JI0JIAaHOK, IO € KOH FOHKIIIEI0 SKOICh KUTBKOCTI 3MIHHUMX. Hexail TakuMu 3MiHHUME OYyIyTh X1
1 X3, TOOTO Oy/Ib-sIKa KOH FOHKIIISI 000B’I3KOBO MICTUTh 200 OJHY 3 LIUX 3MIHHUX, 200 00U/IBI, 1 TpU
npomy B HOXK(f7) BincyTHI KOH IOHKIIT, 10 yTBOpEHi 6e3 ydacTi BKa3aHHX 3MiHHUX. Tozi MOXKHa
srpynyBaty Bci goganku HOXK(f7), B AKUX NpHUCYTHS KOH IOHKIIIA X1 X7, 1 BAHECTH 1110 KOH'TOHKIIIFO
3a TIY’)KKH K CHUTbHAA MHOXKHUK. [I0TIM aHaNIOTi9HO MOKHA 3rPYITyBaTH BCi JOJAHKH, IO MICTSThH
X1, Qe HE MICTATh X3. JIsl HUX MO’KHa BHHECTH 3a JYXKHU CIIJIbHHNA MHOXHHUK X1. Ty X camy
MPOIIeAYPY MOBTOPIOEMO 3 JI0JIaHKAMHU, 10 MICTSTh 3MIHHY X3, e HE MICTATh 3MIHHY X1. s HUX
MO>KHA BUHECTH 32 TyXKKH CIIJIHHUI MHOXKHUK X. Bl pemira goganku Takox 3rpymyemo. Ls rpyma
BKe He Oyjie MiCTHTH KOH FOHKIIT 3MiHHUX. B miicyMKy oTprMaeMo HacTymnHuit Bupas [13]:

fi(xli X2y eeey xn) =
= X1X2f1(X3, X4, ey X)) @ X1f2(X3, X4, oe0s X3) © X2f 3(X3, Xg, o0y X)) © falX3, X4, oevs Xp).
B upomy Bupasi QyHKIS f1(X3, X4, «ees X5 ) € 3], TOOTO HE € TOTOXHUM HyJeM. B iHmomy
BUMIAJKY, TOOTO 1ipH f1(X3, X4, «.es Xp) =0 Takox 1 X1X2f1(X3, X4, ..., X,) =0. Lle o3Hauae, mo
noOyIoBaHUN BUpa3 HE OyJe MICTHUTH KOH IOHKIIIO XqXp, IO CYNMEPEYUTh YMOBI HEIIHINMHOCTI
¢ynxuii f7. I3 nporo BUIIMBAE, MO iCHYe Takuil HAOOp 3HAYEHb 3MIHHMX & = (d3, Ay, ..., &), HA
skomy f1(az, ay, ..., a,) = 1. Hexaii Toai Ha 1iboMy HaOODi

fZ(a31 Ay eeey an) =aq, f3(a3! Ay eeey an) = b, f4(a3’ Ay, oees an) =c,
ne a, b, c € {0, 1} — nesxi OyneBi koHcTaHTH. TOJi, BUKOPHCTOBYIOUH CYIEPIIO3UIIII0 HENiHIHHOT
Qynxuii f7 1 pyHKUii-KOHCTAHT, MOkKHA TOOYyBaTH (DyHKIIiIO JBOX 3MiHHHUX
g(xq, x2) = f1(x1, X2, @3, Ay, oees Ay) = X1 X, B ax, ®bx; e

VY Bunanky, komu @ =0 1 b =0, orpumyemo g(Xxq, X3 ) = X1X3 1, TAKUM YUHOM, (YHKIIifO-
KOH IOHKIIII0 ToOynoBaHo. Hexaii remep xoua 6 oHa 3 1iux OyseBux KoHCTaHT AopiBHIOE 1. Toxai abo
x1©b=x,®1=x4,2a60 x,® a=x,® 1=x,,abo maroTh Miciie 00KBa 1i criBBigHOmEeHHs. Toi,
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BUKOPHUCTOBYIOUH CYIEPITO3UIlif0 (yHKIIii-3amepedeHts i mooymoBanoi panimie GyHKIii g(xq, X2),
MOKHa 1mo0OyyBatu (yHKIIio [15]

h(xq, x2) =9(x1® b, x,® a) ® ab & c.
Jlst wiel GyHKIii
h(xq, x3) = (x1© b)(x2,® a) ® a(x1,® b) ® b(x,®a)® c®ab ®c=
=x1x,0ax1®Dbx,@ab®axab®bx,®ab®c®ab®c=xx,,

TOOTO B IIbOMY BHUITJIKy TaKOXX MOOYI0BaHO (PYHKITIFO-KOH IOHKI10. OTXKe, B 3araJIbHOMY BUIAIKY
3a JOTIOMOTOK0 CYNEPMO3uIlli JOBUIBHOI HENMiHIWHOT (QyHKINT, (YHKIIH-KOHCTAHT 1 3allepeuyeHHS
Moxke OyTu noOynoBaHa QpyHKIsA-KoH tonkyia. JleMy 1oBeaeHO.

JloBeieHi ieMH JT03BOJISIFOTH C(HOPMYITIOBATH 1€ OJWH KPUTEPii MTOBHOTH JAOBUILHOI CHCTEMU
OyneBux (pyHKIIIH.

Teopema 36 (kpumepiii Ilocma, abo OJpyzuit kpumepii _nosnomu cucmem b®).

Dopmymosanns. Cucrema 0ysineBux Gyukuiii H = {f, f2, ..., fn} € HOBHOO TO/I 1 JIUIIIE TOJI, KOJIH
BOHA MOBHICTIO HE MICTUTBCS B JKOHOMY i3 KiaciB [Tocta [2], ToOTO

(H]=Py) < (V K e {To, Ty, L, S,M} : HEZK).

H{ogedenns. Crioyatky AoBeneMo, 1o Ans Toro, mob cuctema ¢yHkiiii H Oyna moBHO,
HeQOXidHo, 100 BOHA HE MICTUIIACS MOBHICTIO B KOJHOMY 13 kiaciB [locta, ToOTO

((H] = Py) = (V K e {Ty, Ty, L, S, M} : HEZK).

Hexaii cucrema dynkiiit H € moBHoto, To6TO [H] = P,. Ko 6 ans aeskoro kiacy Iocra K,
ie{0,1,L,S, M} 3anoBosipHsiiace ymoBa Hc K;, To B CHIy 3aMKHEHOCTI BCiX IMX KJACiB
(BmacTuBicTh 4 IS KOXKHOTO 3 HHX) 32 JIOMIOMOTOI CYNEepro3ullil QyHKIIH Takol CUCTEMH MOXHa
Oyno 6 moOyayBaru numie GyHKIN, [0 HaJIeXaTh 10 IIOT0 Kiacy. OaHakK, K BUIAHO 13 TaOIUIN S
(tabmumi ITocra mis eneMeHTapHUX OyleBUX (QYHKIIIH), cepes eleMeHTapHuX OyineBuX (yHKIIH €
TaKi, 1o He HaleKaTh KOTHOMY 3 Kiacis ITocta — e crpinka Iipca X ¥ y Ta mrrpux Ileddepa X /Y.
OTxe, 11 pyHKLIT Oy/1e HEMOXKIMBO MOAATH CYyNEepHO3MLIi€0 QYHKIIN cucteMu H, 110 cynepeuuts ii
NMOBHOTI. TakuM 4MHOM, SKIIO cHcTeMa (YHKIII € MOBHOI, TO BOHA HE MICTUTHCS MOBHICTIO B
xoaHoMmy 3 kiaciB [locra. Heooxionicms 0ogedeno.

JoBenemo Terep, IO sl TOBHOTH cucTeMu QyHKIINH H docmamnpo, 11106 BoHA TTOBHICTIO HE
MicTHJIacs B )KOAHOMY 3 KiaciB [locta, ToO6TO

(V Ke{To T, LS, M} : HEK) = ([H] = Py).

YmoBa (V K e {Ty, T, L,S, M} :H E K) o3Hauae, 110 33JJ0BOJILHAETHCS CUCTEMA YMOB

HZT,,
HZT,,
HZL,
HZS,
\He M.
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I3 miei cucremu ymoB BHILIHBae€, 1o cepen QyHKuid cucremu H mpucytHs xoda 06 omHa
Qynxuis f5€ Ty, mo He 30epirac koncranry 0, xoua 6 oxna Qynkuia f7eT,, mwo He 30epirae
KoHcTaHTy 1, Xoua 6 onHa Heninilina pyukuia f1 € L, xoua 6 onqHa HecamoBoicTa QyHKILis fg ¢S

i1x04a 0 oqHa HeMOHOTOHHA QyHKUIA f3; € M. IloOynyemo i3 nux QpyHkuUii nigcucremy cucremu H:

{fo: f1 fo. 5 fat e H.

3a nemoro 1po QyHKIIT, Mo He 30epiraloTh KOHCTaHTH, i3 cucteMu QyHKuil {fg, f1} Moxe
Oyt moOyaoBaHa CHCTEMa, IO CKIAMAEThCs 13 (YHKIIH-KOHCTAHT 1 3amepedyeHHs, TOOTO
{0, 1, x} c [{f5, f1}]- 3a nemoro npo nobynoBy kon’1oHKMUil i3 cuctemu {0, 1, x} i Ppynkuii f; MoxHa
OTPUMATH CHUCTEMY, IO CKJIAJA€ThCA 13 (YHKIIM-KOHCTAHT, 3all€pPeUeHHs] 1 KOH FOHKII, TOOTO
{O! 1’ E’ Xy} c [{fﬁv fi’ fz}]

Sxmo i3 cucremu dyukuiit {f5, f1} 3a nemoro npo dyukuii, M0 He 30epiral0Th KOHCTAHTH,
OyJI0 OTPUMAHO CHCTEMY, IO CKIAMAEThCS Juie i3 KoHcTant, T00To {0, 1}, To oTpumaru i3 Hei
byHKIit0-3anepedeHHs (siKa, 3riTHO 3 TAOJIUIIIEI0 5, HE € MOHOTOHHOIO), 3TiJHO 3 TeopeMoro 32 (po
«CcTpUOOK» HEMOHOTOHHOI (yHKII{), MOXHA jume 3 BUKOpUCTaHHAM (yHkuii f3; , TOOTO
{0, 1, x} < [{f5, f1, f3}] Hani, sx Gyno nokasano, i3 cucremu {fy, f1, X} Moxe OyTu oTpumaHa
{0, 1, x, xy}.

Slxmo i3 cucremu Qynkuiit {fg, f1} 3a nemoro npo QyHkuii, Mo He 30epiralTh KOHCTAHTH,
OyJI0O OTPUMAHO CHUCTEMY, IO CKJIAJA€ThCS JIMIIE 13 3amepedeHHs, To0To {x}, To oTpumMaTH i3 i€l
cucteMu (yHKIIi KOHCTAHTH, 3TIHO 3 JIEMOIO MPO TOOYAOBY KOHCTaHT, MOXHa JIUIIEC 3
BuKopuctanuaM ¢yHkuii f3, To61o {0, 1, x} < [{f5, f1, fs}]. Hani, sx 6yno nokasawno, i3 cuctemMu
{0, 1, x} moxna orpumaru cuctemy {0, 1, x, Xy}. OTxe, 3 ypaxyBaHHSIM 2-1 BIACTHBOCTI 3aMUKaHHS,
Ma€eMo:

{0, 1, x, xy} = ({fq. 1 falVlSfs f1 FsHOl S f1 FXD) < s f1 o s Fad)-

3BiJICH, 3 ypaxyBaHHSIM TPAH3UTUBHOCTI BiTHOILICHHS BKIFOUYCHHS [22], BUILTHBAE, II0:

{01 1, E, Xy} - [{fﬁi fIv fZ! f§1 fﬁ}]

[Tpu po3risinanHi 3anexHocTe Mixk OyneBuMu pyHkmismu (11.2.2) Oyiio nmokaszaHo, 1o 0y/b-
AKy OyneBy (pyHKIIIIO MOXHA BUPAa3UTH Yepe3 3arnepeueHHs 1 KOoH IoHKILi0. OTxe, cuctemMa (QyHKIIIH

{x, xy} e nosuorw. Ilpu bomy 0 = X x, 1 = x x. Takum uuroM, Bci ¢yHkuii cuctemu {0, 1, x, Xy}
BUpaXaroThcs uepe3 (yHkiii moBHoi cucrtemu {X, Xy}. Ile o3Hauae, 1o 3a 1-M KpuTEpieM MOBHOTH
cuctema{0, 1, x, Xy} Takox € MOBHOK. I3 MOBHOTH IIi€i CHCTEMH 3a 1-M KpHUTEpiEM MOBHOTH
BuIUIMBac nosHota cucremu {fg, f1, f1, fs, [} Takum umsOM, AKmo cuctema QyHKILiH He
MICTHTBCS MOBHICTIO B >KOAHOMY 3 kiaciB Ilocta, To Taka cucrema € moBHOW. Jocmammnicme
006€0€eH0.

Teopemy noBeaeHo.

Buxonsun i3 noBenmeHoi Teopemu 36, MOKHA JIaTH ajdbTepHATUBHE (DOPMYITIOBAHHS 2-TO
KpPUTEPIIO IOBHOTH.

Kpurepiii Ilocta. /i Toro, mo6 cucrema 0yneBux QpyHKIii Oyna GyHKI[IOHATHFHO TTOBHOIO,

HEOOXIJHO 1 JOCTaTHBO, 00 BOHA MicThIIa X04a 0 oaHy QyHKILiO fg, o He 30epirac koncranry 0,
xo04a 6 omHy QyHKIiro f7, mo He 30epirac KoHcTaHTy 1, X04a 6 ogHy HecamonBoicTy QyHKILIO [,
xo4a 0 oiHy HeqiHiMHY QyHKLi0 f7 1 X04a 6 0JJHy HEMOHOTOHHY (QYHKUIIO f7, TOOTO
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Af5:UoeH)A(f5eTo);
A3fi:(freE)A(f1eT1);
[Hl=P, & {3fi: (feEH)A(fr ¢L);
l3f§=(f§€H)/\(f§E5):
AfgUgeDA(reM).

HacJainok i3 kputepis Ilocra. @opmynrosanns. byns-skuii 3aMKHEHUH Ki1ac R, BiqMiHHMIA Bijx
MHOKHMHU BCiX 0€3 BUKJIIOUCHHS OyieBuX QyHKIIH P,, MICTUThCS TPUHAWMHI B 0JTHOMY 13 Ki1aciB [Tocta

[15, 20].

Hosedennsn. CkopuctaeMoch THM (hakToM, 110 i3 piBHOcTi A = B Buruiusae pisnicts A = B. Toxi e

bopmyroBaHHS € piBHOCWIbHUM TBeppkeHHI0 [20], mo [R] # P, Toxi i juiie TO/i, KOJIK iCHYE TaKUi
kiac oynesux Qpynkuiii K ¢ {To, Tq, L, S, M}, mo R < K. Haciizok 1oBeaeHuii.

Ipukaan 46. Jlocniauty Ha TOBHOTY 3a kputepiem [locra cucremy i3 1BOX QyHKIIIH, 110 Oynu
PO3TIISHYTI paHimie B mpukiai 44 i B mpukiami 45:

f1=(11011101),
f2=Z« @zDxYy) I xDy2).

Po3é’sazanna. Insg mux Gyakuii B npukianax 44 i 45 6yio orpuMaHo HACTYITHUN PO3IOILT 3a
xiacamu [locra:

f1¢To. f1e€T1,f1¢S f1eLl,f1eM,
f2€To. f2€T1,fo&S, foeLl,.foeM

[Tobynyemo g uux Gynkiii rabnuito [locta.

Hoae 7T L | S | M

f1 -+ - - -

fa + |+ -] - -

€ o4eBMIHUM, IO L cucTeMa (PYHKIIM € HEMOBHOIO, TOMY III0 BOHA IMOBHICTIO MICTUTHCS B
knaci Tq. Takum gmnOM, 3a kputepiem Ilocra, s moBHOTH il He BHCTayae QyHKUIi f7, MO He
30epirae koncranty 1. B cuy Toro, mo cuctema He € OBHOM, TO i 6a3uciB B Hiil Hemae. OnHaK,
BUKOPHCTOBYIOUH OJIHY a00 JeKiibKa (3a moTpeOu) eneMeHTapHuX OyiIeBUX (YHKIIIH, IO CHCTEMY
MOJKHA JIOTIOBHUTH TaKMM YHHOM, 100 BOHA CTaja (YHKIIOHATIHHO MOBHOIO. [Ipy boMy HEMOXKHA
BUKopucToBYBaTH cTpuiKy [lipca abo mrpux [leddepa, Tomy mo BoHM cami mo coll Bke €
(yYHKI[IOHAJIbHO MOBHUMH CHUCTEMaMH. 3 ypaxyBaHHSAM TaOIuIl 5, JaHy cucteMy OyineBUX (QyHKIIN
MO>KHa JIOTIOBHUTH B JIEKUIbKA CIIOCOOIB.
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Knac \To|T1 | L | S| M

- + - - -

+ - - -

- - |+

= o + | + o

x®y + |-+ | -] -

JocmimxyBaHa B JaHOMY IPHUKJIaAl cUcTeMa (YHKIIA € BHUITaJIKOM, KOJU MHOXKHMHA KJIaciB
ITocra, 10 SIKUX HAJNESKUTH PYHKUIA f1, € TIMHOKUHOIO KJIACIB, 10 SKUX HAJICKUTH QYyHKUIA fo. B
[IbOMY BHIIAJIKy, IKUMHU O €JIeMEHTapHUMH (DYHKI[ISIMH MU HE JIOTIOBHIOBAIM CHCTEMY i3 (pyHKIIiH
{f1, f2}, byukuis f, no 6asucy He BBiiige. e moB’sA3aHe 3 TUM, IIO MIOHHO 3 ABIAETHCSA (PYHKIIIS
f1, cucrema i3 dyukuiii fq i f7 Oyne dynkuionansHO moBHOW i 6e3 ywacTi f,. Takum uMHOM,
cuctema {f1, f2, f1} € HOBHOIO, ajle HANINIIKOBOK. CAMHUM JUIsl HOTO MPHKJIATY BUKIIOUEHHSM €
BHIIAJIOK, KOJIU JI0 CUCTEMHU JIOAAEThC QyHKUiA f7 = X, TOMy III0O BOHa OJHOYAcHO He 30epirae i
KkoHcTaHTy 0 TakoX 1 TOMy MOXKE YTBOproBaTH 0a3uc 1 3 ¢pyHKIi€w f, 6e3 yuacti pyHkuii f1. Ane
B KOJHOMY 0a3uci o0uaBi ynkuii cuctemu {f1, f2} 0qHOYACHO MICTUTHCSA HE MOXYThb. TaKkum
yuHOM, B cuctemi GyHkii {fq, f2, fI} MOYKHA BUJIUTUTH HACTYIHI 0a3ucH (B Jy)KKaxX MO3HAYEHO

KJIaCH, HEe MPUHAIISKHICTD JI0 SKHUX 3a0e3redye BkazaHa QyHKIis):

{f1.0}: f1 (To, L, M), 0 (Ty);
{f1.2}: f1(To, L,S), X (Ty);
{f1. <} f1(To), « (Ty);
{f1.8}: f1 (To, L), ® (Ty);
{f2.%}: f1(L,S), X (To, Ty).

Bionosios. Cuctema dyukiiii {f1, f2} € HeIMOBHOIO, TOMY Oa3UCH B Hilf BUILTUTH HEMOKIIHBO.
JInst IOBHOTH i€l CHCTEMH 10 HEi MOKHA JOJaTH OIHY i3 CHCTEM €JI€MEHTapHHUX
oynesux ¢yukuiit {0}, {x}, {«}, {®}. [Ipu uboMy MOKXIHBE OTPUMAHHS HACTYITHHX

6asucis: {f1, 0}, {f1, x}, {f1, <} {f1, B}, {f2, x}.

PosrnsiHyTHI mpHKiIan Mokasye, 110 OJHAa i Ta cama JIOriuHa (YHKIIS MOKe IPEICTaBIATH B
(GyHKIIOHAJIBHO TOBHIN cHCTeMi ofpa3y JeKilbka HeoOXiHUX BiacTUBocTe. ToMy MiHiMalbHa
KUTBKICTh (DYHKIIIH, 110 CKJIaJal0Th (PYHKI[IOHAIBHO MOBHY CHCTEMY, JOPIBHIOE OAMHUII. B Takux
cuCTeMax OJHa eauHa (yHKIs Mae Bci HeoOXimHi m’sTh BractuBoctei [8]. IlpukimamamMu Takux
CHCTEM MOXYTb CIYKUTH CUCTEMH, 10 CKJIAZar0Thes Juie 13 cTpiiku [lipca abo nuie i3 mrpuxa
Ilepdepa, Tooto Hy = {Xx ¥ y}i Hy = {x/y}.

Teopema 37. @opmynwoeanns. 13 Oyab-1Koi MOBHOI cucTeMH OyneBUX (QYHKLIH MOXHa
BUJIUINTH MTOBHY MiJICUCTEMY, IO MICTUTh HE O1JIbIIIe, HI’)K YOTUPH (PYHKITIT.

/{losedenns. B cuny kputepis [locrta, i3 K0KHOI OBHOI cHUcTeMHU OyneBUX (YHKIIH MOXKHa
BUJILIMTY IOBHY HifcucteMmy i3 st dyukuiit {fg, f1, f1, fs, fa}- Ana dyskuii f, mo ne 36epirae
KOHCTaHTY 0, 0IHO3HAYHO BU3HAYAETHCS 11 3HAUCHHS fa(ﬁ) = 1. OgHak Ha OAMHUYHOMY HAOOPI IS

Hel MOJKJIMBI JiBa BapiaHTH: fa(I) =0 abo fa(i) =1. V Bunaaky, Koau fa(i) =0, uo ¢yHKII0O
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MOYKHa BUKOPHCTOBYBATH TaKOX i K QyHKILiIO f7, 0 He 30epirac koncrauTy 1. Kpim Toro, B ubomy
Bunaaky mMaemo f5(0) > f5(1), To6T0 Mae micue «cTpudok». e o3nauae, mo Gpynkuio fz MOXKHA
TaKO)K BHKOPUCTOBYBaTH 1 SK HEMOHOTOHHY (YHKLiIO f7;. TakuM 4YMHOM, B LbOMY BHUIAIKY
BUABJIAETHCA, 10 3a KputepieM Ilocta cucrema dynxkuiit {fg, f1, f5} € noHo. Y BUNAAKY, KOJIHU
f5(1) =1, orpumyemo f5(0) = f5(1), mo nopyurye yMOBY aHTHCHMMETPUYHOCTI CTOBIILS 3HAYEHb
¢ynkuii BizHocHO Horo cepexunu. TakuM YMHOM, B UbOMY BUNAAKy (QYHKUiIO f5 MOXHA TaKOXK
BHKOPHCTOBYBATH 1 K HECaMOABOICTy (QyHKIIIO f5. OTXke, B LIbOMY BHIAJKy OTPHMYEMO, IO 3a
kputepiem Ilocra mosHolo € cucrema dyukuiit {f5, f1, f1, 3} Takum uunOM, B Oyab-iKOMY
BUIIAJIKY JUIS IIOBHOTH CUCTEMH OyineBHX (DYHKI[iH JOCTaTHHO HE OLIbII, HixK yoTupu QyHKIi [15].
Teopemy 10Be1eHO.

I3 BChOTO BHIIE CKa3aHOTO TAaKOXK BUIUIMBAE, 1110 HE3AJIEKHO BiJl TOTO, K CaMe 3aJaH0 KOKHY
3 ¢yHKIiK (TabiuyHO a00 aHATITUYHO), AOCHIPKEHHS Ha (QYHKI[IOHAIbHY MOBHOTY 3a JIOTIOMOIO0
kpurepito [locTa cucTemu, 0 3 HUX CKIIAJICHO, 3aBXKIH € MOXJIMBUM (puc. 11).

@yukumHio f 3amano Oynknuio f 3amano
AHAJITHYHO TAOJIHYHO
JH® H®XK |

v !

Posxnao 3a wnacamu Iocma

v

Jocaipkenns cucteMH HAa (PyHKHIOHATBHY
NOBHOTY

Puc. 11 — locaimkennsi Ha (pyHKIiOHATbHY MOBHOTY CHCTeM OyJjeBUX (yHKIii

O3nauennsn. 3avkHeHudd kimac A OyneBux (QyHKIIA HA3UBAETHCS  NepeOnoSHUM
(maxcumanvnum) xknacom, SKIO 3aMUKaHHS 00 €THAHHSA I[HOTO KJIacy 3 OYAb-sKOI OYJIeBOIO
GyHKITI€IO, 110 HE HAJISKUTH JI0 IHOTO KJIAcy, MOPOKYE BCIO MHOKUHY P [15], To6TO

A — nepeonoenuii et VfieP, figd: [AU{f}1=P,.

Teopema 38. Dopmyniosanna. Knacu Ilocta € BHUSPITHUM TEpENiKOM MEPEATIOBHUX

(MakcUMaNbHUX) KIACiB OyleBUX (DYHKILIH.

Hlogedenns. TlokaxkeMo crouaTky, 1o ojeH 3 kinaciB [locta He micTUTbCs B iHIIOMY. J[71s
[[LOTO JOCTATHBO I KO’KHOTO KJIacy BKa3aTH TaKy CUCTeMY (YHKIIiH, sika HAJIEKUTH JaHOMY KJIacy,
aJie He BXOIUTh IMOBHICTIO B %O7IeH i3 pemtH kiacis [20]. Pe3ynbpraTu 3Be1€MO B HACTYIIHY TaOJIHIIIO,
1€ sl KO>KHOT (YHKINT TaObNMuIll psIOK, 110 ii MICTUTh, BU3HAYAE KIIAC, 0 SKOTO BOHA HANEKUTh, a
CTOBIICIIb — KJIac, JI0 SKOTO BOHA HE HAJICKUTh.
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L S M
0; xy; x®y x®y
1; xy; 1&6x®y| 1&xDy

L 1 0; 1; x@y
S x x xy®xz®yz
M 1 0 Xy

I3 HaBeneHoi Tabnuui BuaHO, mo cuctema ¢yHkuiit {0, Xy, XDy} noBHicTio MictuTbes B Kiaci T
(xkoxxHa 3 GyHKIIH i€l cucTeMu 30epirae koHceranTty 0), ajne npu MbOMY HE MICTHTHCS ITOBHICTIO B
KOIHOMY 3 pemTH KiaciB (koHcTtanTa 0 He 30epirac KOHCTaHTY 1 1 HE € caMOABOICTOI0, (PYHKILis
XY He € JiHIHHOIO 1 HEe € CaMO/IBOICTOI0, a PyHKIis XDY — HE € cCaMOIBOICTOIO 1 HE € MOHOTOHHOIO).
Cucrema ¢ynkmii {1, Xy, 1@®x®y} nosHicTio Mictuthest B kiaci T (kokHa QyHKIsS 1€l cucreMu
30epira€ KOHCTAHTY laje mpu LBOMY HE MICTUTHCA IIOBHICTIO B JKOAHOMY I1HIIOMY KJaci
(koHcTanTa 1 He 30epirae koHcraHTy 0 1 He € caMoBOICTOO, (DYHKILSL XY HE € JIHIHHOK 1 HE €
caMoJIBOICTOI0, a pyHKIis 1@XDY — HemMoHOTOHHA 1 He 30epirae koucranty 0). Cucrema JIiHIHHUX
¢dynkuiit {0, 1, Xy} He HaNCKUTh MOBHICTIO KOJJHOMY 3 PEIITH YOTHPHOX KiaciB (kKoHcTanTa 0 He
30epirae koncranTy 1, koncranra 1 He 306epirac koHcranty 0, pyHKIisE XDY € HEMOHOTOHHOIO,
CaMOJIBOICTOI0 HE € oaHa 3 ¢yHkmii 1wiei cucremn). CuctemMa camMOABOICTHX (DyHKIIIH
{x, Xy®xz@yz} He HaNEKUTH MOBHICTIO KOAHOMY iHIIOMY Kiacy Ilocta (pyHKiis X He 30epirae
’KOJIHY 3 KOHCTAHT I HEMOHOTOHHA, a (yHKiiss Xy@xz@®yz — Heminiitna). CucTeMa MOHOTOHHHX
obyukii {0, 1, Xy} Takok He HAJICHKUTHh MOBHICTIO YKOAHOMY 3 PEUITH YOTHPHhOX KiaciB Ilocra
(xoncTanTa O He 30epirae KoHcTaHTy 1, kKoHcTanTa 1 He 30epirae koHcTanty 0, QyHKIS XY €
HEJHIHHOI0, CaMOJIBOICTOIO HE € OjHa 3 (QYHKIIH 1i€l cuctemu). TakuM YMHOM, JKOJICH 3 KJIaciB
[Tocta He MICTUTBCSI TOBHICTIO B KOJIHOMY 1HIIOMY 3 pemtu kiaciB [locra.

Hosenemo Tenep, mo Bci kiacu [locra € nepennoBaumu. Posrisinemo kinac ¢ynkmiit K, mo €
onuuM 3 kiaciB [locra, T00T0 K € {Ty, T4, L, S, M}, 1 noBineny dyskuito f & K. B cuny toro, mo
kjac K He MICTUTBCS MOBHICTIO B JKOJHOMY 1HIIOMY 13 peIlTH 4OTHphOX KiaciB Ilocta, cuctema
oynkuiit KU{f} Oyne moBHOw 3a 2-M kputepiem mnoBHOTH (kputepiem Ilocta). IloBHOTa 1Ii€d
CHCTEMH, 3TiIHO 3 O3HAYCHHSM, o3Hauae, mo [KU{f}] = P,. 3Biacu BummBae, mo K — nepeanoBHuii
kiac. Takum uynHOM, Oyb-sKuii 13 kiaciB [locTa € mepenoBHUM.

JloBeneMo Tenep, 10 He ICHY€ IHIIUX NEepeArnoBHUX KiaciB, KpiM kiaciB ITocra. /loBenenHs
Oy/seMO TIPOBOJUTH METOAOM BiJl MPOTHIIEKHOTO. [IpUmmycTuMo, mo icHye NeSsKUi TepenrnoBHUN
kyac GyHkid R, mo He 30iraeTses 3 xoaHUM 13 kiaciB [locra. Toxl, B cuity 3aMKHEHOCTI Kiacy R 1
Hacyiaky i3 kputepito [locra, icaye takuit kiac K € {Ty, T4, L, S, M}, mo R < K. fxmo R # K, 0
icaye taka ¢ynkuis f ¢ R, sxa npu upomy f e K. Toxi (RuU {f}) =K, i, y BianosigHocti 3 2-t0
BiactusicTio 3amukanus, [R U {f}] < [K]. Ane B cuny Toro, mo K € ogaum i3 kiacis [Tocta, [K] # P,
(BnmactuBicTh 4 Beix kiaciB [locta). Ane nie o3Hauae, mo [R U {f}] # P, 1110 cynepeyuTs ToMy, 110
kiac R e nepeanoBHuM. OTpuMaHe MPOTUPIYYS JOBOAUTH, IO OyIb-sSKUN mepeAnoBHUN Kiac R
30iraetbes 3 ogauM 13 kinaciB [Tocta. Teopemy noBeneHo.
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