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METO/] PO3POBKH M}ETAMOI[EJIEFI HA OCHOBI
JIOI'TYHUX MOJEJIEU NIPEIMETHHUX OBJIACTEHN

Binomuii meton R - ¢dynkuiii B.JI. PBayoBa ai1st po3B’si3aHHS 33734 aHAIITHYHOI T€OMETpii BUKOPHUC-
TOBYE MHOXXHMHH (DYHKIIIH KITBKOX 3MIiHHUX, [0 MAIOTh BJIACTUBOCTI, TICHO IOB’5I3aHi 3 BIACTUBOCTSIMH
OyneBux ¢yHkuiit. B naniit po6oti 17t po3poOku MeTaMozenell MpONOHYEThCS BUKOPHCTOBYBATH TEX
JIOTiYHI MOJIeNi IPEeAMETHUX oOnacteil. Po3risHyTo npukiaz.

UsBectubiii Meton R -pynxuuit B.JI. PpauoBa mis pelicHHs 33124 aHAIMTHYECKOH TeOMETpHH HC-
MOJIb3yeT MHOXKeCTBa (DyHKIMH HECKONBKUX NEPEMEHHBIX, KOTOPhIE 0071a/1al0T CBOMCTBAMM, TECHO CBSI-
3aHHBIMH CO CBOWcTBaMH OylieBbIX (yHKUMA. B nanHO# pabote st pa3pabOTKu MeTaMoesel Takxke
Mpe/IaraeTcs NCHob30BaTh JOTHYECKHE MOJIENH MPEIMETHBIX obnacTeif. PaccMoTpen npumep.

The well-known method of R -functions of V. Rvachov for solving problems of analytic geometry,
uses a set of functions of several variables which have properties, closely associated with properties of
Boolean functions. In this work it is also suggested to use the logical models of subject domains for
metamodels development. An example is considered.

Beryn. B indopmariitaiii Texnomorii (IT) mpeaMeTHO-OpieHTOBaHOTO Mate-
MaTHYHOTO MoxemoBanus DSMM (Domain Specific Mathematical Modelling)
[1; 6] mig memamoOdennto po3yMieThCs opMalibHA CUCTEMA, IO BU3HAYAE CIICITH-
¢iuny s npenmerHoi obmacti (ITpO) MoBYy MozemoBaHHS. Y HAIIMX MOMEpeIHIX
JOCTIKCHHAX Oya 3aIpolIOHOBaHa y3araJibHeHa MOJENbh METaMOIEi, 0 BKITIO-
ya€ MHOXHHHU THIIOBHX ejieMeHTiB [IpO, mpaBwi rpaMaTHKH Ta OIEpaliid Han
MHOXUHaMu THITOBUX enleMeHTiB [1]. B IT DSMM BusnaudatoThcs HacTymHi (op-
MaJlbHI CHCTEMH: MeTa-MeTa-MeTaMonenb ( M4 ), meta-meTamonens ( M3 ) Ta me-
tamozens (M2), mo CIyryrooTh, BiINOBITHO, UIs MOOYIOBH MeTa-MeTaMoIenel
(M3), meramoneneit (M2 ) ta mogeneit [IpO (M1).

VY cTaTTi MPONOHYETHCS METO]] PO3pOOKM MeTaMozeNel y paMkax anredpaid-
HHUX CHCTEM, M0 JO3BOJIIE 3aCTOCYBAaTH METOAM CYy4YacHOI anreOpw s
po3B’s3anng BuHuKaounx y I1pO 3agau. CTBOpeHHS MeTaMoIelNi 3aiiCHIOETECS Ha
ocHOBI Joriyaux mozxeneit I1pO, mo HafalThCs, 30KpeMa, y paMKax JIOTIKH BH-
CJIOBJIFOBAaHb Ta JIOTIKHM TPEAUKATIB. Takuil miaxXil JO3BOJSIE BU3HAYUTHA METaMO-
JIeITb SIK 0COOJIMBOTO BUIY JIOTiKO-anreOpaigHy crcTemy.

Sk mpukiazg, y ma”i poboTi Ha OCHOBI BEKTOpHOI anredpu OyIyeThCsl MeTa-
Mozenb s jgorivaux moaeneit [IpO, popmainizoBaHux y paMKax JIOTIKHM BUCIIOB-
JIIOBaHb; HAa 3acajax ajareOpu MOJIHOMIB OyIyeThCs METaMOJECTb JJIs MOJIEel
[IpO, BU3HAYCHHX 32 JOIIOMOTOIO CHCTEeMH OyNeBUX (DYHKINH. Y TepnioMy BHMAI-
Ky MHOXWHA OTIepariii BEKTOPHOI aireOpy 3aCTOCOBYETHCS U BUSHAUECHHS CHC-
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TEMH JIOTIYHOTO BUBENICHHSI, 1[0 JI03BOJISIE BUKOPUCTATH 3aIIPOIIOHOBAHHI METOJI B
ONTUYHUX KOMIT IOTe€pax JJIsl aBTOMATUYHOTO OBEACHHS TeopeM [7]. Y npyromy
BHIIAJKY JOBOAMTHCS, IO 3aHYPEHHS OYJICBOI JIOTIKH B anreOpy MOJIIHOMIB TO3BO-
JIsi€ CYTTEBO MiABUIMUTH €(eKTUBHICTD PO3B’A3aHHA 3a1ad Hax [IpO, mio imocTpy-
€ThCS Ha MPUKJIAAI OOYMCIIEHHs cTereHeBol GyHKINI. 3a3HaYMMO, 1110 3aIPOIIOHO-
BaHUH MiXix Mae 6arato CHUTFHOTO 3 METOIOM 3aHypeHHs [IpO aHamITHYHOT reo-
MeTpii B MHOXWHY OyJeBHX (YHKIIH MUITXOM BUAUICHHA Y MHOXHWHI (YHKIIN
IBOX 1 OinpIne 3MIHHUX MIMHOXWHA R — ¢ymuxyiti B.JI. Peauosa (INBUCH, 30K-
pema [3]), 110 JO3BOJMJIO CTBOPUTH METOJl OIKCY PIBHSHBb I'paHMIb OOJacTei
cKiangHol (opMu; IHIIMHA NpHKIax NeMOHCTpye 3anypeHHs [IpO B eBkiimoBHi
MIPOCTip, IO JocHimKyBanocs y poborax FO.I. Cmosana Ta #oro y4HIiB (IMB., 30K-
pemal[4]).

MocTanoBka 3amayi. [loOynoBa MeTamMozemi 30iICHIOETHCSI HA OCHOBI aHaJTi-
3y aTtpuOyTiB, QYHKIIH, CTPYKTYpH Ta iHIMX BiIactuBocted monenmi I1pO. V 3ame-
HOCTI Big Buay mozeneit I1pO, B3arani kaky4dw, MOKHA BHIUIMTH ABa MiAXOAN
JI0 CTBOPEHHSI METaMO/IeTIeH:

- anreOpaiunmii (abo Oe3mocepenHiit), Mo 3AIICHIOETHCS Ha MiICTaBi aHAIIZY
mozeneit [1pO, sk gacTHHU AIHCHOCTI;

- Jnoriynuii (abo ormocepenKoBaHMIA), IO 3AIHCHIOETHCS HA MIACTABI aHAII3y
mozenel 31anb npo IpO.

VY mepuioMy BHIAAKy BXOJAOM METOMY /s HOOYZ0BH METaMoOJIeNi € aTpuoy-
TH, CTPYKTypa, IpaBuia, omepamnii Ta inmi enementd mogeni [IpO, mo HamaHi y
¢dbopmi Qi3MYHKMX BETMYUH, BUIIAIKOBUX TPOLECIB, MaTeMaTHYHUX (QyHKLIH, (i3u-
YHHUX 3aKOHIB Ta TOMY TOAiOHE. Y APyroMy BHITAIKy MeTamojesi OyIyrThCs Ha
OCHOBI Mojereit 3Hanb mpo [IpO (30kpema, ceMaHTHYHOT MEPEeXi, MPOAYKIIHHOT,
($peliMoBOi, JOTIYHOI MOJENi TOmIO0). 3a3HAYMMO, IO MOXKIUBHUM € iCHYBaHHS
3MIIIaHUX BHUIMAJKIB, KOJU BXOJOM METOIY AJsl MOOyJOBU METaMOJIelli € BOJHOYAC
sIK anreOpaiuni Tak i gorivni mogeni [pO.

V nasiif poOOTi PO3TIIATAETHECS METO PO3POOKH METaMOIeNIei Ha OCHOBI JIO-
riuaux mozenet [IpO, mo Mae BaxJIMBe OKpeMe 3HaUeHHS y pamMKax cydacHux IT.
CyTHicTh miaxoay moisirac y 3anypensi jioriunoi mogeni I1pO y mesiky anreOpaiu-
HY CHCTEMY, 1[0 PO3IIIIAEThCA SIK Memda-memamooens Ul T00yI0BA MeTaMoJle-
mi. Takum umHOM, Joriyaa wmomens I[IpO po3miIsgaeTbes SK  Mema-mema-
memamoodens ( M4) nis nodynosu mera-meramoneni (M3 ).

Jloriuna moaens IIpO € MHOKHHOIO TBEpKEHb Mpo Biactuocti [1p0, 110
MOJTAIOTHCS K (GOPMYIH y JesiKii Jorimi. 3a3Buuaii, jgoriuaa monenb [IpO Takox
BKJIFOYA€ aKCIOMHU Ta MPOLEAYPH BUBEICHHS, IO O3BOJIIOTH OTPHUMATH HOBI
3ranHs po [IpO.

Takum yrHOM, JIOTiYHY MOJeNb [IpO MOKHA BU3HAYHUTH K (HOPMAIbHY CHC-
TeMYy:

A=(A, ApAgAy) (1),
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ne A, — MHOXHHA cuMBONIB JoridHoi Moxeni A IIpO (o cuyrye andasitom
MeTa-MeTa-Meramozeni M4 ); Ap — MHOXHUHA onepalii Hax A p Ap - MHOXH-
Ha BIAHOILIEHb MK NMOOYJOBaHMMH 3a JomomMoror A, Qopmyramu, mo BH3Ha-

YaloTh IpaBUJla BUBEJEHHS; A 4, — MHOXUHA aKkcioM (anpiopi icTUHHUX (GopMyi).

PosrnsHEMO MeTa-MeTaMoOeNb SK OCOOIUBOIO BUAY aireOpaidyHy CHCTEMY,
TOOTO MHOXKHHY 3 3aJJaHUM Ha Hiii Ha0opoM orrepaliii Ta BiTHOIICHb, IO 3aI0BO-
JIBHAIOTE JEsKil cucTeMi akcioM. BiamoBigHO [0 IbOr0, BH3HAYMMO MeETa-
METaMOJeb K KOPTEXK:

Q:<QT»QF’QRsQA>s (2)
ae (Q; € HeMOpOXKHBOI MHOXKHHOIO, III0 € HOcieM anrebpaiuHoi cuctemu (MeTa-
Mmeramoneni M3); Qp - MHOXKUHOIO 3alaHuX Ha (), anreOpaiuHux omepauiil; Qp
- MHOKHHOIO 33/1aHUX Ha () BigHOIIEHB; (), - MHOXXHHOIO aKCiOM.

3 ¢opmynu (2) BUILIHBAE, 10 PO3POOKAa METa-METaMOENI HAa OCHOBI JIOTiY-
Hoi mozeni IIpO (1) morpebye BU3HAaUEHHsS HOCis anredpaiuHoi cuctemu (., a
TaKOXX MHOXKHUH 3aJaHuX Ha (), anreOpaluHux onepauiil Ta BigHomeHs. Ocobmu-
BICTIO BU3HAYCHHS MeTa-MeTaMmozeli (2) € po3riisg MHOKHHU 33aJaHuX Ha (), Bi-
JHOLIeHb (), SK NPaBUJI paMaTUKH, L0 BU3HAYAIOTh CIIOCOOU MOEIHAHHS eK3e-
MIULIPIB Q.
3a3HaumMo, 1m0 No0yAoBaHa sK anredpaiuna cucrema (), MeTa-MeTaMOAETh
M3 wmae BIAIIOBIaTH HACTYIHII BIaCTHBOCTI:
Uit MeTamoneneir M4 sk A, ta M3 sk Q wmae miciie romoMopdizm, 110
30epirae onepaii Hay MHOXKHHAMH A , Ta Q.
My A, >Qr, My cA,xQp. 3)
To6To omeparii, BU3Ha4eHi Ha A p » € 34CTOCOBHUMH JLsI €KBIBAJICHTHHX €Jle-

MEHTIB MHOXKHHH Q.

PosrnsiHeMO TpakTHYHI CHOCOOM BH3HAYCHHS anreOpailyHMX MeTa-MeTa -
MOJIeNe! IS pi3HOTO POJY JIOTIYHHUX CHCTEM, IIO BiAMOBiIal0Th KpuTepiro (3).

IloOynoBa Meta mMonesi 1S JIOTIKM BHCJIOBJIIOBaHb (JOTiKM HYJIBLOBOIO
nopsAaKYy). Jlorika BUCIOBIIOBaHb € POPMAaIHHOIO CHCTEMOIO, B SIKil JOTiuHI (op-
MyJIH, II0 BiAIOBIZAIOTH BUCIOBIEHHAM Ipo BiacTuBOcTi [IpO, yTBOpIOIOTHCS
HIJIAXOM IMO€HAHHA MPOCTHUX BUCJIOBIIOBAHL 3a JOIIOMOI'O0 MHOXWHU J'IOl"i‘IHI/IX
orepartiiid. Jlorika BUCIIOBIIOBaHb TaKOXX BKJIIOYA€ CHCTEMY NPABHJI BHBEICHHS, B
SIKIM TIEBHI ()OPMYJIH BU3HAYAIOTHCS K TEOPEMH AaHOi ()OPMaTbHOI CHCTEMH.

TakuM 4MHOM, BH3HAYEHHS JIOTIKM BHUCIIOBIIOBAaHb 3HAXOAWUTHCA y paMKax
3arajgpbHOro Bu3HaueHHs (1), ne:

Ap € CKiH‘-ICHHOIO MHOXXHWHOIO C€JICMCHTApHUX BUCJIOBJIIOBAaHb, JIA IO3HA-
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YeHHs SKUX Yy Joriyniid Mozaen [IpO 3a3Buyail BAKOPUCTOBYIOTh Maji JIATUHCHKI
mitepu: a,b,c,...,x,y,z;

A € CKIHYeHHOIO0 MHOXKUHOIO JIOTIUHMX oIepawi, Ay = {—.,v, /\,—)} ;

Ay € CKIHUEHHOIO MHOKHHOIO IIPaBMII BUBEIEHHS, 1[0 TO3BOJIIOTH OJIEPKY-
BaTH HOBI (POPMYIH 3 ICHYIOUNX;

A , € CKIHUE€HHOIO0 MHOXKUHOIO aKcioM. B okpemomy Bunaaxy, Ap =O.

Sk 3a3HaYanoCs paHilie, OCOONMBICTIO BU3HAYEHHS METaMOJIeNli Ha OCHOBI
¢dopmynu (1) € posrasy A, sK IpaBHII TpaMaTHKKA MOBH MoJemtoBaHHs [1pO.

1. AndaBiToM MOBH € MHOXXHHA P , IO CKIIQJIAEThCS 3 €IEeMEHTApHUX BU-
CJIOBIIIOBaHb. Bei enemMeHT MHOKHHN P € hopMynamu;

2. SIkmo ay,a,,...,a, € hopmymamu ta f€Q,, 10 f(a,a,,...,a,) TeX €
¢dopmyioro. Hanpuknan, sxkmo a 1 b € dopmynu, To Bupasu avb, anb, —a,
a — b Takox € popMmynamu;

3. Tnmmx ¢opmyn, HiX oOynoBaHi 3a npaBmwiaMu 1 i 2, Hemae.

[MobymoBa anreOpaigHOi MeTa-MeTaMOJeNi s JOTiKH BHCIIOBIIOBAHb TIO-
TpeOye BCTAaHOBJICHHS BiHOMICHh MK HOCISIMH anTeOpaidHol Ta JOTIYHOI CHCTEM,
Y JaHOMy NpHKIaZi, CIEMEHTaMH MHOXHHH CIEMEHTAPHUX BUCIOBIIOBaHb A,

Joriku A Ta eneMeHTaMH MHOXUHH (), SK Hocis anredpaidnoi cucremu Q.
Binmosinzo 1o (3), Taki BiAHOIIEHHS MOBHHHI OyTH TOMOMOpP(HUMHU, IO TO3BOJISIE
BUKOPHCTATH JUISl EIEMEHTIB MHOKMHHM A, BU3Ha4eHi Ha () anreOpaivHi onepa-
wii.

Posrmsinemo mpukiiax moOyZOBH OCHOBaHOI Ha BEKTOpHIH anreOpi Mmera-
MeTtamozeni V Ui JOTiKK BUCIOBIIOBaHB A . 3a3HaumMo, 1o BHOIp anreOpaid-
HOI CHCTEMH IS TOOYIOBH METa-METaMOIeNl BU3HAYAEThCA BIacTHBOCTsIME [1pO
Ta 3a1a4aMu, ki HeoOXiqHo po3B’si3atu Haj [IpO. Y nanomy BUMaaky BUOIp Bek-
TOPHOI anreOpH 3yMOBJICHUH MOTpedaMy MPaKTHKH, a caMe MOXIIMBICTIO 3aCTOCY-
BaHHS HasBHOTO TEXHIYHOTO OONaTHAHHS IJIs peaji3allii JOTiKM BHCIIOBIIOBAHb.
KonkpeTHO KakydHu, BEKTOPH MOXXYThb OYTH peari3oBaHi sSK MPOMEHI Ja3epiB OIl-
THYHOTO KOMIT'IOTEpa, JIe OIepallis CyMYyBaHHS BEKTOPIB Ma€ (hi3MuHy HPUPOIY
inTepdepeHuii onTHYHUX XBUIH [4, 5].

Bu3HaunmMo BEKTOpPHY MeTa-MeTaMoJelb y OylIeBoMy HpOCTOpi B* = {0,1}
SIK

V= <B”;+; = G> 4,

ne B" € dexapmosa cmenine Muoxuan {0, 1}; «+» - omepaliis cyMyBaHHS BEKTO-
piB, «-» - omeparisi 3HaXO/HKEHHS 3BOPOTHOTO BeKTOpY; G — MHOXHHA TIPaBIII
rpamMaTHKy (3aJaHuX SK BiJHOIICHHs Hax B" ). 3 piBHOCTI (4) BUILIUBAE, IO JIOTi-

9YHUH BEKTOp mpocTopy B" Meramoneni V 3a1a€TbCs KOPTEKEM JOBKUHOIO 71,
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SIKHiT CKITAAeThes 3 HyJIiB Ta OMHULL: a =(aj,...,d, ) .

BBeneMo NOHATTS HEHUTpanbHOTO eneMeHTa At V@ 0 = (01,...,0,, ) .
Buznaunmo HacTymHi onepartii.

1. 3Haxo/KEHHS 3BOPOTHOTO eleMeHTa (YHapHHH «-»): —d

—(al,...,an)=(—|a1,...,—|an), (5)
2. MHOXEHHS JIOTIYHHUX BEKTOPIB (OiHAPHUH «+»): a*b
(al,...,an)*(bl,...,bn ) = (al Aby,...,a, ND, ) , (6)

3. CyMyBaHHs JIOTIYHHX BEKTOPIB (OIHAPHUH «+»): a+b
(a1 yeees ) +(b] yeesby ) = (a] vb,..,a,Vvb, ) . @)

TakuMm 9rHOM, OCOONHMBICTIO BU3HAYCHHS aireOpaidHoi orepariil Haj Jorid-
HUMH BEKTOpaMH € 3aJiaHHs BiJIIOBIJIHUX JIOTIYHUX ONeEpaliil Ha/Jl KOYKHOIO CKJa-
JIOBOIO JIOTIYHOTO BEKTOPA OKPEMO.

TBepmkeHHs. Buxopucmanns suznauenoi sik (4) eekmopHnoi memamooderni 0o-
360J1€ 3MEHWUMU KilbKicmb onepayiil 0111 nobyodosu modeni IlpO 6 n pasis, 0e
N € -apHICMIO 102i4H020 6EKMOPa.

JloBeneHHS IIhOTO TBEP/KSHHS BUIUIMBAE 3 BU3HAUEHHS omnepaiit (5),(6),(7)
0 3iMCHIOIOTHCS Hal JIOTIYHUM BEKTOPOM -apHOCTI 7 SIK LUINM, TTOPIBHSHO 3
OTIPAIFOBAHHAM KOKHOI OKPEeMO1 CKJIaIO0BO1 JIOT19HOTO BeKTOpa. [HIMMu ciioBamu,
SIKIIO PO3TJIIIATH SIK OINEpaH]l JIOTIYHUX Olepamii KOXHY OKpeMy KOMITOHEHTY
JIOT1YHOTO BEKTOpA, TO BEKTOPHA JIOTiKa 3BOIUTHCS 0 OyieBoi anredpu.

Posrisinemo peasizamito JIOTIYHUX olepaliii Ha MHOXKUHI orepariit 3 jorid-
HUMHU BEKTOPaMH B OJHOBHMIPHOMY BUIIAJIKY.

Tabmuus 1.
MHOXHHA Omepalliii 3 JOriYHUMH BEKTOPaMH B OJJHOBHMIPHOMY BHIAJKY.
OHOBUMIPHHUIT BUNIAJIOK peai3allii JIOTIYHUX Omeparlii

By.aesa anredpa OHOBUMIpHMIi BUIIA0K
x Y - | xay|xvy | g b -a a*b | a+b
0 0 1 0 0 0 0 (@) () 0
0 1 1 0 1 0 @)) (1) 0) (@))
1 0 0 0 1 (@))] 0 0) 0) (@)
1 I 0 1 Lo T olo oo

PosrnsgHyTHI OMHOBUMIpHMI BHIAIOK MOXKE OyTH HEpEHECEHHH Ha TOBiNb-
HHUI KOMITOHEHT JIOTIYHOTO BEKTOpa, TOOTO € 3aCTOCOBHUM JUIS JOBLIBHOI KiIbKOC-
Ti BUMIDIB.

157



Tabmuug 2.
MHOKHHA Oreparliii 3 JOTiYHUMH BEKTOPAMH Y TBOBUMIPHOMY BHIIAKY.
JIBOBUMIpHMIA BUITAIOK pealtizallii JOTYHUX onepamii

JIBoBUMipHMIi BUIIAI0OK

a b -a a*b a+b
0,0) (0,0) 1,1 (0,0) (0, 0)
0,1 (0,0) (1,0) (0,0) 0,1
(1,0) (0,0) 0, 1) (0,0) (1,0)
(1,1 (0, 0) (0, 0) (0, 0) (1,1
(0, 0) 0, 1) 1,1 (0,0) (0, 0)
0,1 0, 1) (1,0) 0,1) 0, 1)
(1, 0) 0,1 0, 1) 0, 0) (1, 1)
(1,0) 0,1 0, 1) (0,0) 1,1
(1, 1) 0, 1) (0, 0) 0, 1) (1, 1)
(0, 0) (1,0) 1,1 (0,0) (1,0)
0,1 (1,0) (1,0) (0,0) (LD
(1,0) (1,0) 0,1) (1,0) (1,0)
(1, D (1,0) (0, 0) (1,0) (1, D
0,0) 1,1 1,1 (0,0) (LD
0,1 1,1 (1,0) 0, 1) (L1
(1,0) 1,1 0, 1) (1,0) (L1
(1,1 (1,1 (0, 0) (1,1) (1,1

Ha puc. HaBeneHunii MpuKIIag CyMyBaHHS BEKTOPIB a= (1,0) Ta b= (0,1) SIK

BHUKOHAHHS JIOTIYHOI onepauii «abo» (BiXNOBiAHUI pSaoK y Tabauui 2 Bigdopma-
TOBAaHMH HAIIBXUPHUM MIPUGTOM).

A
AT ‘
I
N2
I
/\0/ }
= N |
S "0///0 |
S~—r1 |
Il s X |
= Y }

a=(L0) G |

Pucynok — [puxiian cyMmyBaHHS BEKTOPIiB a= (1,0) Ta b= (0,1) .
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3a3Haunmo, 1mo b = (0,1) = —(1,0) = —q . Po3ristHeMo [esKl iHII BIaCTHBOC-
Ti JIOTIYHUX BEKTOPIB:

IloOynoBa mMeTramoneseil 1JIs JIOTIKU NpeJUKAaTiB (JIOTIKH MepUIOro mo-
psaaky). Jlorika npenukariB € GpopManbHOIO CHCTEMOIO, B SIKif JOMYyCKAOTHCS BH-
CIIOBJICHHS BiTHOCHO 3MiHHEX, (pikcoBaHMX (PyHKIIH 1 mpenukaTis. Jlorika nepimo-
ro nopsiAky ¥ € po3mMpeHHsIM JIOTiKM BUCIIOBIIOBaHb A .

AndasitT MoBH JOTiKM TIepmoro nopsaky ¥ Oyayerbcs Ha OCHOBI MHOXKHH

3MIHHUX {a,b,c,...,x, y,z} , QYHKIIOHATTFHUX CUMBOJIB F 1 MpeIuKaTHUX CHMBO-

niB P . KoxxeH QyHKIIIOHATHHUH 1 TpeANKATHIIA CHMBOJ Ma€ BU3HAYCHY KUIBbKICTh
apryMenTiB (-apHicTh). Iy moOymoBH BHpa3iB MHOXXHHA JIOTIYHHX OIepariiit

{/\,v,—|, —)} PO3IIMPIOETHCST KBAHTOPAMH 3arajbHOCTI V' Ta iCHyBaHHSA 3, a Ta-
KOXX CITy’KOOBHMH CHMBOJIAMH: JTy>KKaMH 1 KOMOIO.

MHoXWHa 3MiHHUX, CAMBOJHN 3 P 1 F yTBOPIOIOTH aigasim MOBU JOTIKH
neporo nopsaky YV . ['pamaTrka MOBH BH3HAYA€THCS TAKHUMH PaBUIIAMU:

® TEpM - IIe CUMBOJI 3MIHHOI 200 (yHKIIis f(t1 ,t2,...,tn) ,ne f - dyHkigio-
HAJIBHUI CUMBOJI -apHOCTI 71, @ #,1,,...,1, — TEPMH;

e aroM - p(f,t5,..0l,), A€ p - NPCAMKATHHI CHMBOJ -apHOCTI 7, a
t,t,..., 1, — TEPMU;

e (Qopmyna € aromMoM, a0 OJHIEIO 3 HACTYNMHUX KOHCTPYKUii: Fj v F,,
EAF,, =F, F, > F, VxF, 3xF , ne F,F,F, - opmynu, a x - 3MiHHa.

HaBenemo meron moOyaoBu Mera-MeTamonedai Ha ocHoBi moaedai IIpO,
HAIaHOI Y paMKax Jorikn npeaukatis V.V 3aransHoMy Bunajaky MeTon BKIIIO-
Yyae TPH eTaIu.

1. Andagit mozeni [IpO y paMkax JOTiKM HpEIUKaTIB PO3MIISIAETHCS K Oa-
30Ba MHOXMHA Q) anrebpaiqnoi MeTa Mozemi 2.

2. KoxeH n -apHuit QyHKIIOHAIBHUN CUMBOJ f € F' TIEpEeTBOPIOETHLCS B 7 -
apuy QyHkuito Q. (f):DyxDyx..xD, > D.
3. KoXHOMY 7 -apHOMY MpEIUKATHOMY CUMBONY p € P CTaBHThCS y Bii-

HOBIIHICTH 7 -apHE BiJHOLIEHHSA (2, (p) c D xD,x..xD, .

Oco06uBoOCTi BU3HAYEHHSI ajiredpaiuHuX omepaiiii MeTamopnenei. 7 -apHa
omepanis f Ha D — ne Bimobpaxkenus f :D" — D nexkapToBoro g00yTKYy n eK-

3eMIUISIPIB MHOKHHH B caMy MHOXHHY D . Okpemuii iHTepec Mae (-apHa omnepa-
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ist (f DY - D) , IO € BUIICHHSIM €JICMEHTY MHOXHHUA D .

Oco06amnBoCTi BU3HAYEHHS a1redpaiyHUX BiIHOIIEHb eJiIeMeHTiB MeTaMo-
Jeseil. n-MiCHUM BiJHOIIEHHSM Hax D € MIMHOXHHA JEKapTOBOTO CTETEHS

D" wmuoxuun D . Enementu d,,d,,...,d, € D 3Haxomitbes y BimHOIeHHI R,
SAKINO KopTex (d,d,,...,d, )€ D. OCKiNbKH BiHOIWECHHs Ha D € TAKOX MHOMKH-

HaMHU, TO IS HIX MOKHA 3aCTOCOBYBATH TEOPETHKO-MHOKHHHI OTepartii.

Hanpuknan, nepernaom GiHapHUX BigHOIIEHB "Oinbiie abo qopiBHIOE" 1 "Me-
HIe abo JOpIBHIOE" € BiIHONICHHS "MOpiBHIOE", 00’€IHAHHSAM BiJHOLICHb "MEH-
me" 1 "OutbIne" € BimHOIICHHS "HE JOPIBHIOE", JOMOBHEHHSM BIJIHOIICHHS "i-
JIMTHCA HA" € BigHOLIEHHS "HE MIMUTHCA Ha" TOIIO.

BusnaueHHsi aTpudyTy Ik YHapHOro BigHomeHHs. [Ipn » =1 BigHOMICH-
H1 R C D € yHapHUM BiJHOIIEHHSM, 110 OyIeMO Ha3UBATH AmMpuOymom eiemeH-
my d wmuoxuHH D . Hagami Oynemo BBaxartu, 1o eneMeHT d € D Mae aTpuOyT
R ,sxmo d € R i R < D . binapHe BifHOIIEHHS HAa MHOXWHI [ BCTaHOBIIOETHCS
MDX JJBOMa eJeMeHTaMi MHOXUHH. EnemMeHTn X, y € D 3HaxonsThCcs y OiHapHOMY
BigHomenHi R: aRb , Ao BopsakoBana napa (x,y)e R . Omke, R € miamuo-
JKUHOIO JIeKapToBOro kBaapata: R < Dx D .

Po3kpuemo nani nmonoxeHHs Ha npukianl mozaeni I1pO, HagaHoi y pamkax
JIOTIKH{ TIEPIIOTO MOPSIAKY:

e (O-apui mpemukaTtu JoriydHoi moxpeni IIpO cTaroTh eleMeHTaMH MeTa-
metamozieni. Hanpukman, MAIIMHA, BOJIIM (ma piBi moGynoBu moxeni mpu-
WMaroTh KOHKpETHI 3HaueHHs: JKurymi, [BaHoB);

e l-apHi mpenukatd CTalOTh aTpuOyramu 00’ekTiB, Hanpukman CHUHS
(MAILINHA);

e 2 i Oimpmre -apHi HpeAWKAaTH BU3HAYAIOTH IPaBHIIa TpaMAaTHKW, HampH-
x1ax, BIACHHUK (BOJIIN, MAILIMHA);

® YacTWHA MPEIWKATIB KIACH(IKYIOThCA SK (PYHKIIOHAIBHI 1 BH3HAYAIOTH
CHHTaKCHC OIepaliifi MeTaMoei: KiIbKICTh 1 THI IMapaMeTpiB, THII pe3yNbTary.
Hanpuknan, PEMOHT (BOJIII, MAILIHA).

Jlanuii miaxin J03BOJISIE BU3HAYNTU CHHTAKCHC MeTamozeni (angasit, rpama-
TUKY U orrepartii).

Po3rnsinemo MeTo[ 3aHypeHHsI OyJieBoi aiaredpu Big n 3MiHHHX Yy miI-

MHOKMHY MHOKMHH TOJIHOMIB 7 3MiHHMX, SKi Ha MHOXUHI B" HpUAMAKOTH
nnmie 3HadeHHs 0 abo 1.

Sk Bimomo, uepe3 OCHOBHI OyIeBi omeparii KOH IOHKIII1, 13 IOHKIIT Ta 3a1e-
pedeHHsI MoXe OyTH BHpaXKeHa KOKHA OyieBa orepatis. B Toi xe yac s BKasa-
HUX 0a30BHX OYyJIEBHUX OIeEpaliil CIpaBeIUBI HACTYIHI BHUpa3H 4epe3 3BUYANHI
TTOJIIHOMHU:

XAY=Xy, XVy=x+y—xy, -x=1-x.
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To6TO crpaBeTBa TOTOKHICTE HA MHOKHHI B :
. RN . — n
VF:B" - B EIP.F(xl,...,xn)—P(xl,...,xn) v (xl,...,xn)e B,
ae P(xl,...,xn) — [IOJIHOM BiJ] # 3MIHHHX.

Lle TBepKEHHS HO3BOJISIE 3aNPOIIOHYBATH e(EKTUBHHI METOJl MiHiMi3a-
uii OyneBux QyHkKIiH. CyTh [bOIO METO/Y IMOJISITA€ B HACTYITHOMY.
BBenemo nosHaueHHs:

P, (xl,...,x,1 ) = PkF(xl,...,xn ) =F |xk:0
1. Byayemo MOJIiHOM y TAKOMY BUTJISII:
P(xl,...,xn): ::ll’LIF(xl,...,xn). (8)

2. BUKOPHUCTOBYEMO KIACHYHI METOJIHU CIIPOIIEHHS MOJIIHOMIB, BPaXOBYIOUH
Takoxk, mo cepen 2" gomankiB y Gopmyri (8) 3anumaThCs IMIIE Ti JOJAHKH, SKi
MarTh MHOKHUKK F =1. Bcl iHIi noganku Oy1yTh JOPIBHIOBATH HYIIIO.

Kpim Toro cmixg BpaxyBaTH, Wm0 y BUNagKy, Komum F |X/ o=F|
K

(1=x )+ F gy % k=1sn.

xk=1:
= Fj (XpseeXp_s Xpy10en Xy ) s K=1,sn, 10 Py = F .

OueBngHoO, Mo kKomu F =0 Ha Bcix Habopax, To i PF =0, a TaKoX, KOJIU
F =1 Ha Bcix Habopax, To i PF =1. fkio, Hanpukmag n=3, F(l,l,l):l , a Ha
BCiX 1HIIUX HAOOpax F =0, T0 PF =XXyX; =X AXy AX;.

AmHanorigai GopMyIr MOXXHA HANFCATH TaKOX 1 I iHIMUX OyJeBHX (YHK-
.

BucHoBkH. Y naHiit poO0Ti 3aNpONOHOBaHUI METO]T TOOYJOBU METaMOIelei
IIpO sax ocobmmBoi noriko-anredpaigHoi cucremu. Takui miAXid JO3BOSAE 301Tb-
muTH edekTuBHICTh o0y noBr Monenei [IpO, a Takok 3amponoHyBaTH HOBI ede-
KTUBHI MeTOM po3B’si3anHs 3a1a4d Haj [1pO.
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