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NEPIIOMOPAJAKOBI CEKBEHIIHHI YACJAEHHS
JIOT'IK KBA3IAPHUX ITPEAUKATIB 3 POSHIUPEHUMUA
PEHOMIHAIISIMUA TA PIBHICTIHO

Oxcana lxinonaxk, Cmenan Llkinonsax

VY po6oTi JOCTPKEHO HOBI KJIACH MPOrPaMHO-OPIEHTOBAHMX JIOTIK — YHCTI MEPIIONOPSIKOBI JIOTIKM YaCTKOBHMX KBa3iapHUX MPEIHKATIB i3
PO3IIMPEHHMH PEHOMIHAIIAMM Ta MPEIMKATAMU CTPOroi PiBHOCTI # cmaGkoi piBHOCTI, HasBai BimmosinHo L & ta L 7. XapakrepHUMH
0COOIMBOCTSIMH [HX JIOTIK € BUKOPHUCTAHHS KOMITO3ULIIT PO3IIMPEHOT peHOMIHALII] Ta crienianbHuX 0-apHHX KOMIIO3ULIH — PeIUKaTiB-IHANKATOpiB
HAsIBHOCTI 3HAYCHHS JUTSL 3MIHHMX Ta NPEAUKATIB pIBHOCTI. BuinieHo a1Ba pi3sHOBHIM MPEAUKATIB PIBHOCTI: CIIA0KOT (3 TOUHICTIO 10 BU3HAYECHOCTI)
piBHOCTI =, Ta cTporoi piBHOCTI =. HasemeHO OCHOBHI BIIACTUBOCTI KOMITO3MIIIM TaKMX JIOTIK, OMUACAHO TXHI MOBHM. BHU3HAYEHO BiJHOIICHHS
JOTiYHOTO HACTIAKy B X JoTikaX. B L ¢ MaeMo jmie ofHe KOpeKTHe BifHomenHs /|=,, B L % MaeMo Bimmomenns ™=, ™=, ™=, ™=,
=, OnHCaHO BIACTHBOCTI IMX BiTHOIIEHB, OCOOTHBY YBATy TIPHIIEHO BIACTHBOCTSIM, TIOB’I3aHHM i3 TIpeukaTamMu piBHOCT. CeKBeHmiitHi
4UCIeHHS ()OPMAIi3yIOTh BiJHOIICHHS JIOTIYHOTO HACHIJKY Il MHOKHH ()OPMYIT, TOMY BIIACTHBOCTI IUX BiJHOIIEH € CEMAHTHYIHOIO OCHOBOIO
To0yZIOBY CEKBEHIIHANX uncyienk. s BinHomenns "|=, mu nporonyemo unciernns C ¢7%, a ma igpomens *=,, ==, ™=, =, "=, -
uncnerns C &"F, C ¢, C &7, C &F, C ", B pobori HaBenieHO 6a30Bi CEKBEHIIiiHI (JOPMHU IIMX UHCIIEHh Ta YMOBH 3aMKHEHOCTi CEKBEHIIIH.
OrnmcaHo MOOYIOBY BUBEICHHS B TaKMX YHCICHHSX — CEKBEHLIMHOTO JlepeBa, BKa3aHO OCOOIMBOCTI 3acTocyBaHHsS (OpM, IMOB’SI3aHHX i3
TIpeMKaTaMH PiBHOCTI. Po3IIsHYTO TeopemH 1o icHyBaHHs KOHTpMozienielt Ha pukiaj yucnenns C ¢** napeneno nobynoBy KOHTpMOzIENei 3a
HE3aMKHEHHM IIUISIXOM Y CeKBEHIIHHOMY JiepeBi. Jlist PONOHOBAHKX YHCIICHb JOBEJCHO TEOPEMHU KOPEKTHOCTI Ta MOBHOTH; BOJHOYAC JOBEIACHHS
TEOPEM MOBHOTH CIIMPAETBCA HA TIOGY/IOBY Bi/NOBITHUX KOHTpMOJENeH. Y HACTyNMHUX poGoTaX MUIaHY€eThCs NOCHIIUTH POSMIMPEHHS Joriku L 9
KOMIIO3HLII€IO MPEIUKATHOTO JIOTIOBHEHHS.

Kitro4oBi croBa: Jorika, YaCTKOBHII IPEINKAT, PIBHICTD, JIOTIYHHI HACIIIOK, CeKBEHLIHHE YMCICHHS, KOPEKTHICTh, IOBHOTA.

The paper considers new classes of software-oriented logical formalisms — pure first-order logics of partial quasiary predicates with extended renomi-
nations and predicates of strong equality and of weak equality, denoted respectively Z ¢= and L ©-. The characteristic features of the studied logics are
using of composition of extended renomination, and special 0-ary predicate compositions that detect if the subject variables or predicates of equality
have assigned values. We specify two kinds of equality predicates: the predicate of weak (up to definedness) equality = , and the predicate of strong

equality = . For the considered logics, main propetties of their compositions are given, their languages are described, and various variants of logical

consequence relations are defined. For the language L ¢~ we obtain only one correct relation ’|= ,, at the same time for L 2= we have relations ™=, =,

"= E e I, We describe properties of the introduced relations, paying special attention to those connected with equality predicates. As sequent
calculi formalise logical consequence relations for sets of formulas, properties of the latter become the semantic basis for construction of the respective
calculi. Thus, for *-|=,, we get calculus C ¢*; relations *=,, |=,, "=, "=, and "=, induce calculi C ¢, C ¢, C ¢, C ¢, and C " respec-
tively. We specify base sequent forms (rules) for the presented calculi, and conditions for sequent closedness. Description of the derivation procedure
via sequent tree is given, using of rules concerning equality predicates explained. The counter-model existence theorems are considered; on the example
of calculus C " we illustrate a counter-model construction by an unclosed path in the sequent tree. For the introduced calculi, the soundness and
completeness theorems are proved; the proof of the completeness theorems is based on construction of the respective counter-models. In the future we
plan to investigate extending of logic L 2= with the composition of predicate complement.

Keywords: logic, partial predicate, equality, logical consequence, sequent calculus, soundness, completeness.

Beryn

[ToHATTS 1 METOAM MaTEeMaTHYHOI JIOTIKH 3aCBiAYYIOTh ¢()EKTUBHICTh Y PO3B’sI3aHHI IIMPOKOrO Kojia 3ajad
LITYYHOTO 1HTEJeKTy, iHpopMaTuky it mporpamysaHHs. [y bOro po3pobiaeHo 0araTto pisHOMaHITHUX JOTTYHHX CHC-
TeM (nuB., Hamp., [1,2]). Taki cuctemu 3a3Bu4ail 6a3yroThCs HA KIIaCHYHiH Jorini npenukaris [3]. Bonnouac xiracnaaa
sorika mMae [4] HU3KY 0OMeXKeHb, 1110 YCKIaaHIoe 11 BUKopucTanHs. ToMy HaOyBae aKkTyaJlbHOCTI IpobieMa nmoOyaoBu
HOBHX JIOTIYHUX (hOpMalli3MiB, OpiEHTOBAaHMX Ha NOTpeOH iH(opMaTHKU i mporpamyBaHHs. J{o Takux ¢opmaiizmiB
HaJeXaTh KoMro3uniiHo-HoMiHatuBHI joriku (KHJI) gacTkoBux kBasziapHuX mpenukatiB. PizHomanitHi kimacu KHIJI
OMHCaHo, 30Kkpema, B [4—10]./lana poboTa nmpUCBIYCHA JOCIIKCHHIO HOBUX KiaciB KHJI — mepironopsakoBUX JIOTiK
KBa3iapHHUX NPEANKaTIB i3 PO3LMIMPEHUMH PEHOMIHALISIMU Ta piBHICTIO. [IJIs TaKMX JIOTIK 3alPOINIOHOBAHO HU3KY YHC-
JIeHb ceKBeHIiiHoTo TuIy. CeKBEHIIHHI YUCICHHS € IMOTY)KHUM arapaTroM Mo0yJoBH BUBeACHb. EdexTuBHMiA monryk
BUBEJICHb HEOOX1THU /IS PO3B’I3aHH IMPOKOT0 KOJIa 3a/1a4, 1[0 BUHUKAIOTh B iHQOPMATHIII i MporpaMmyBaHHi, TOMY
po3po0Ka CEeKBEHIIHHUX YHCIEHb Y NPOTPaMHO-OPIEHTOBAHUX JIOTIKaX € BAXKJIMBOIO 1 aKTyaJIbHOIO.

Yucri nepmonopsimkosi KHJIT (UKHJT) takox Hasusaemo L (logics of quantifier level). YUKHIJT i3 posmmpernmu
penominamismu Hassemo UKHJI, a Takox L . UKHJI 3 mpenukatamu cTporoi piBHOCTI Ta cnabkoi piBHOCTI Ha3BeMO
BianosiaHo L9 ta L°7; YKHJI 3 npeaukaramu cTporoi piBHOCTI Ta ciabkoi piBHocTi Hassemo L %= ta L 7. UKHJI Ta
iX YIMCIEHHS IETANBHO OMHUCAHO B HU3MLI PoOiT, 30KpemMa, B [4,5, 11]. UKHJI posmisHyTO B [6], CEKBEHUiHHI YMCIEHHS
TaKWX JOTiK orucano B [12]. L2~ ta L¢= mig nazsamu YKHJIIP ta YKHJIIPC BuBvanuce B [7], a Takox [8]. BeskBanTtopHi
PEHOMIHATHBHI JIOTIKH 13 PO3MINPEHNMH PEHOMIHALIISIMH Ta MIPEANKaTaMH PiBHOCTI po3misiaainuce y [9, 10].

Mertoro gaHoi poOOTH € ZOCIiHKEHHS BiTHOMICHB JIOTIYHOTO HACTIAKY B L lQ: 1L LQE Ta mo0ymoBa sl X Bij-
HOLIEHb CEKBEHILIHHMX uncienb. Taki ynuciaeHns, 3 oqHOro 00Ky, y3arajibHIOIOTh onucani B [12] uncnenns YKHII,
a 3 iHoro — onucaxi B [7] uucienHs norik L2 ta L2°. HaBeneHo 6a30Bi cekBeHUilHI Hopmu OyI0BaHHX YHCICHB
Ta YMOBH 3aMKHEHOCTI CE€KBEHIIH. /)11 MPONIOHOBAHNX YHCICHD HOBEACHO TEOPEMH KOPEKTHOCTI Ta MOBHOTH. Jlis
JIOBEJICHHS TEOPEM ITOBHOTH BUKOPUCTAHO TEOPEMHU MPO iICHYBAHHS KOHTPMOJEICH.
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1. Komnosuuilini npexukarni anredépu jorik L 2" ta L ¢

Jls monermeHHs YUTaHHS HaBeJeMO OTPiOHI IS MOJaNbIIOro BUKIIAAy BU3HaUeHHs. [IoHATTS, SKi TyT He
BH3HAYAIOTHCS, TIIYMauduMO B ceHci pooiT [5, 8, 12].

ITiz1 V-A-KBa3iapHUM NPEIMKATOM PO3YMiEMO YaCTKOBY HeoqHO3HauHY GyHkuiro umisany Q : "4 — {T, F'}. Tyt
{T, F} — MHOXXHHA ICTHHHICHUX 3Ha4YeHb, "4 — MHOXHHA BCiX V-A-iMCHHHX MHOXUH. V-A-iMmenHa MHOXHUHA (V-A-IM)
BH3HAYa€ThCSA [4, 5] sik ogHO3HaYHA (yHKUIA BUNIAAY d: V' A. Tpakryemo Vi A sk MHOXKUHU MIPEIMETHUX IMEH 1 TIpe/i-
MeTHUX 3Ha4eHb. Jlani V-4-IM nopaemo y Bursni [vi—a,,...,v =>a ,...]; Tyt v.eV, a €4, V,#V, 1IpH i#].

Hns V-A-IM BBOAMMO TEOPETHKO-MHOXKHHHI onepanii M Ta \, a Taxox [4, 5] onepaunii || ZTa || , ne ZC V-

d|Z={vi>aecd|veZ};, d|z={v>aed|veZ}.

[TapameTpu3oBaHy 3a MHOXXHHOIO Map IMEH Omepamit I
peHoMiHanii, e yci v, x,u. V, a cumBoi L ¢V 03Ha4ae BiICyTHICTh 3HAYEHHS, 3a/]aMO TaK:

r[vlHxl,A.A,v"HX",ulHL,.“,uml—)L](d) =d ||_ V) [Vl — d(xl) o V Hd(x )]'

[V X eV X > Ly, > L], VA N VA pOSHII/IpeHOI

VL seees Vi st sty }

L
3okpema, "7 (d)=d ||, . Axmo Tyt d(x )T, TO KOMIOHEHTa 3 iMeHeM V, BmlcyTH;lL
= X e Vg P 5 L, >
Beenemo s yeen MO3HAYEHHS . Bamictp PR iy " I crmeno  mumemo
1 4 n y
Vseeos Vi st 5eosllpy
s S B Ta rEL
V,iu,y v,i,y V i,z
3a ymosn d(z)1 maemo 13" (d) —rflL(d) Ta }l£(d) —rf “(d) .
V.,5,Z,t 17 5, w,t u,5,V, Wz,
[TocninoBHE 3acTOCYBaHHS oneparii ryElL Tary; |, MOXHA nofatH [6] y Burnsaai onHiei 55101 AKY
u,s W, V,5,Z,0 u,s ,wit (. V,5,Z,0 ﬁ?ﬂ/t V,5,Z,0 0,5V, W,Z,l
HA3BEMO X 320pmKoio Ta mosHaunumo 17" o007 Tomi vy (027 () =10 <007 (d) =1, ().

VY miit poboti Mu OyayeMO CEKBEHIITHI YMCICHHS B JIOTiKaX HEOJHO3HAYHHX (HEASTEPMiHOBAHHX) MpeA-
UKaTiB penayitinozo THily, abo R-mpenukariB. TpakTyeMo R-mpenukaTH sIK BifHOIIEHHsS (pemsiuii) MiX MHOXH-
namu "4 i {T, F}. Koxuuit R-upeaukar Q OJHO3HAYHO 3aJA€THCS JBOMA MHOXHHAMU: OONACTAMU ICHUHHOCHIE
T(Q) = {d| TO(d)} Tta xubrnocmi F(Q) = {d| FO(d)}. Tyt O(d) no3Hauyae MHOXXHHY BCiX 3Ha4eHB, AKi O MOXKe MpH-
fiMatu Ha aprymenTi de’A.

IM’s1 xe V neicmomne nns R-npenukara Q, saxmo jns Beix d,, d, €’4 maemo: d || =d,|| .= 0(d) = O(d,).

V-A-xBasiapauii R-npeaukar Q:

— 4aCTKOBUIl OIHO3HAUHUH, abo P-nipenukart, skuo T(Q)NF(Q)=J;

— ToTaJbHUH, ab0 T-npenukar, skmwo T(Q)UF(Q) ="4;

— TOTaJbHHUI ONHO3HAYHUI, a00 TS-npenukar, ko 7(Q)NF(Q)=J ta T(Q)VF(Q) ="A;

— HECIPOCTOBHUH (4aCTKOBO iCTUHHUIN), ko F(Q) = J; yci HECIPOCTOBHI NPEANKATH € P-TIpearKaTaMu;

— ToToXHO icTuHHUH (103H. T), axmo F(Q) = & ta T(Q) = "4;

— TOTOKHO XubHMH (mo3H. F), skmo 7(Q) = ta F(Q)="4,

— TOTOXHO (BCIOIM) HEBU3HAueHUH (Mo3H. A ), akmo 7(Q) = F(Q) = J;

— ToTaJbHO ambiBaneHTHHH (103H. Y), akmo T(P) = F(P) ="4;

— MoHOTOHHMH, akmo d,=d, = 0(d) = 0(d,); antuTonHni, skmo d, cd, = O(d,)20(d,).

Krnacu V-A-kBasziapuux R-tipeaukaris, P-npenukaris, T-npeaukariB TS-npeauKaris aaii mo3Hayaemo Pr’
PrP7, Pr7", Pr7S". Kuac Pr7S" Bupomkenwuii: yci TS-npenukaru, okpiMm koHctaHTHUX T Ta F, HOMOHOTOHHI.

BpaxoBytouu ayaibHicTs (quB. [5]) knaciB PrP" ta PrT" i Bupopkenicts PrTS", nouinbHo po3risiaatu
JIMILE JIOTiKU R-TIpeiuKariB Ta joriku P-npeaukaris. lle nae nactynni pisnosuan  YKHJIL:

- L LQ Ta L LQP — UKHJI R-mpenukaris Ta UKHJI P-mpenukaris;

—L % Tal 9"— YKHJI R-npenuxkaris 3i cnabkoro pisnictio Ta  YKHJI P-npeaukaris 3i ciabkoro piBHiCTIO;

—L °Tta L 9" - YKHJI R-npenukaris 3i cTporoto pisnictio Ta UKHJI P-npenukaris 3i cTpororo piBHicTIO.

Cemanrtuunoro ocHooto KHJI € komnosumiiini npexukarni cucremu ("4, Pr', C,), ne C, — MHOX1Ha 0a-
30BUX KoMmo3uiliid. KoxxHa Taka cucreMa 3aaae anreopy nanux ("4, Pr’) ta KoMNo3uuiiiHy MpeauKaTHy anreopy
(Pr"1, C)).

I[Jm plBHOBI/IJ:[lB YKHJI maemo Taxi MHO)KI/IHI/I 6a3oBux komnosuuiit: Cip = {—,V, Rx ‘1, 3x, Ex} ana L 9 r1a

, =C ui= } ma L ¢ ral o7, C| u{ ot } nns L 9= ta L 2. Ba3osi koMmnosuii 3az[aeM0 TaK.

IQIponosnuu/IHl KOMITO3UIiT (normHl 3B ;131<1/1) — Ta V 3a1aMo 4epes 06.HaCT1 ICTUHHOCTI ¥ XMOHOCTI Tpe-
HKATiB:

I(=P) = F(P); F(P)=T(P); I(PvO) = TIPT(Q);  F(PvQ) = F(P)F(Q).

Komnosuuis posumpenoi penominanii RE" : Y — Pr’" sanaetncs Tax: RY 1(PXd)=P (rY L(a’))

3r0pT1<a KOMITO3UIIif peH0M1Hau11 BI/I3HaqaeT},c>1 Yepes 3rOPTKY BiJMOBiAHUX ONepalliii peHOMiHAIL1:

R & (P)(d) =R (RY (P))(d) = P( fi vyi(d))
KoMnosumis KBaHTH(blKaun (KBaHTop) IxP: Pr' 4 — Py’ 3amaerbcs Tak:
TExP)=U{d|d|  vxt>aeT(P)}; FAxP)=N{d|d|_, wxr>aecF(P)}.

acA acA
CHeHlaHBHl O-ale KOMHOSI/IHI'I. — NpeaAUuKaTU-1THAUKATOPpHU Ez — BCTaHOBIIIOIOTH HasIBHICTH Y BX1JHUX OJaHUX

KOMIIOHEHTH 3 BigmoBigauM iMmeneM ze V. llpenukaru Ez 3apaemo [5] tak: T(Ez) = {d|d(z)1}; F(Ez)= {d|d(z)1}.
Ipenukaru Ez TOTanbHi, OHO3HAYHI, HEeMOHOTOHHI. KoxkHe x €V Take, 10 x #z, HeicTOTHE s Ez.
[Ipenukatu cmabkoi (3 TOYHICTIO 10 BUSHAYCHOCTI) piBHOCTI =, | 3amaemo [7] Tak:

I(=,,) = {d | dx)}, dy)l Tad(x) =d(y)};
F(—{w\) ={d | dx){, dy)l Tad(x) = d@y)}.

)
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IIpenuxaru crporoi plBHOCTl 3amaemMo [7] Tak:

T(=,.,,) = {d] dx)}, dp)d ra Ay = dy)y U {d | d(x)/ Ta d) T}
F(=,.,) = {d| dx)}, dp)b ta dx) = d(y)} U {d | dx)/, dy)T a6o d(x)T, d)i}.
Haaam MpeanKaTu _{Yy} Ta _{\’J’ cxopoqeﬂo IIO3HAYA€EMO = —X Ta = Tpa[[I/IHII/IHI/IMI/I € IIO3HAUCHHA X =) Ta X =)

Ipenwkary =  TOTaNbHI OHO3HAYHI, HEMOHOTOHHI i HeaHTHTOHHi. HeicToTHIM st =, € KokHe z€ V\{x,}.

[Ipenukatu =, YaCTKOBI OJHO3HAYHI, MOHOTOHHI (eKBlTOHHl) HeictorHuMm 17151 Ta = 1xy) € KOXKHE zV\{x,y}.

OxpemMuM BUIAJKOM =, . Ta = 1y JIKILO X T2 p — 1LIe OHE 1T )K IIpeIMETHE iM’sl, € PeUKATH =, Ta =
AKi OyIeMo Mo3Ha4YaTh = Ta =_, B TPAIULIHHOMY BHITIAAI X =X Ta x=X. HeicToTHUM 1151 = =, Ta=_€KoKHE zE V\{x}.

Hnsa=_wmaemo 7( ) ="Ata F(= )= O, 3pinku =_=T. [ns =, Maemo F(=_ )=, 3B11KH = HECTIPOCTOBHHH.

TakuM ynHOM, BU3HAYEHO HaCTyl‘IHl HpeI[I/IKaTHl KOMITO3UIIHI anredpu LIJKHJ'I

—A°%=4,Pr, C, JTad, P = ("4, PrP", C o)> Ipu boMy A | 9 — miganre6pa 4 ©

-4, o = ("4, Pr” ) Ta A =P = ("4, PrP“ C _), ipu oMy 4 97— n1nanre6paA

—ALQ* = ("4, Pr’, CQ ) Ta A =P = ("4, PrP” C,,.), npu HLOMy A - n1,uanre6pa A 9.

Ocnopni Baactusocti komnosuuiii YKHJI. BracTuBocTi Mpono3uiiiiHuX KOMIIO3HIIIN Ta KBaHTOPIB, He
OB’ s13aHi 3 PEHOMIHAIlISIMH, AaHAJIOTTYHI BIACTUBOCTAM KIIACHYHUX JIOTIYHHUX 3B’A30K Ta KBAaHTOPIB (quB. [4,5]).

Haenemo TyT 6a30Bi BIaCTHBOCTI CIIPOIIEHHS, ITOB’s13aH1 3 KOMITO3UII€I0 PO3MUPEHOI peHOMIHAIII]:

Z,V,u v u o : .
R R> oz (P = L(P) — 3rOpPTKa TOTOKHOI IIapy IMEH y pEHOMIHALII;

z, V u V u
R U) zeV neicrotne nns npenukara P = RO (P)=RY" (P);
v,u,y v,u,y v,u,z _ v,u .

RT) 3a ymosn d(z)1 maeso RZT (P)(d) =RL"™ (P)(d) ta RU™ (P)(d) =R (P)(d):
Rig) RUY? v(Ez)=Ey; 3aymoBu z ¢ {v,u} maemo RZ" | (Ez) = Ez.

BHaCTI/IBOCTl peHOMlHauu R,R R,R—,Rv T2 BIIACTHBOCTI, IIOB’A3aHi 3 KBAaHTOPAMH, HABE/ICHO B [6,9,12].
Po3rnsiHeMO BIACTHUBOCTI MPEAUKATIB PIBHOCTI. 3ayBakMMO, M0 CHMETPUYHICTh PIBHOCTI — (DAKTUYHO Ha

piBHI MO3HAYEHD, AJUKE = Ta = — II€ OJMH i TOH XKe MpefuKar, =, Ta = — OJiH 1 TOU e MPeUKAaT.
BrnactuBocTi pe(bheKanHOCTl MPEANKaTIB PIBHOCTI MOXKHA HO,Z(aTI/I TaK:
Rf=) koxHuit npeaukar =_ € HECTPOCTOBHUM; TIOHAJ( T€, JUIS =  MAa€MO TaKe MOJAHHA: = = =Exv;
Rf=) xoxxHwMit mpeaukar = = € TOTOXHO iCTUHHUM, ToOTO = = T.
BrnactuBocTi TpaHSI/ITI/IBHOCTl MpeIUKaTiB PiBHOCTI MAIOTh TAKHii BUIJISI.
Tr=) dnsa Beix de’4 maemo: = (d)=Tra= (d)=T = _(d) =T, 3incu = &= . —> =, — HECIIPOCTOBHHUI.

Tr=) dus Beix d’A maemo: (d) TTa= (ds T =, ch T; 3Biacu = & —>_ =T.
Hagememo BIacTHBOCTI peHOMlHaun npemeaTls ci1abKo1 piBHOCTI (ue BITACTHBOCTI tuny R =):

Ru= xx) RV oY (=xx) ==z, RL_Z) RV o v( =xy) ==,

w,1l,z w,Ll,z,s

R.=|)3a ymoBu y & {it,v}, x #y maemo R’"" (=y) ==2;

L,z
R.i=¢) 3a ymoBHU X,y ¢ {u,v} MaeMo R;’i( =) ==y, 30KpeMa, 3a YMOBM X &{i,V} MaemMo
RE% (=) = =
Ri=1) R;’i’i( =y) = A ; 30Kpema, R;ii( =x) = A .
Jlns nmpenukaTiB caabkoi piBHOCTI Ma€EMO BIACTHBOCTI 3aMiHH PIBHHX Ta eJliMiHAIl TapH piBHUX B pCHOMIHAIIIi:
=R r) ans Beix PePrP" 1a de’4 maemo: = (d) =T = RZ%% (P)(d)=R%"7 (P)(d) — 3amina pisnux;

w,L1,x w, L,y
=elR ) nns Beix PPrP"* 1a de’4 maemo: (d) = Rfv‘lxy (P)(d) = :,V“L (P)(d).
Tenep BIacTUBOCTI peHOMIHAIIT Hpe}:[I/IKaTlB cTporoi piBHOCTI (BracTuBOCTi THIY R =):
Ri=w) REI(=) = = Ri=) RETTIE,) = = Ri=p) RETY(E,) = £z

Ri=i)3a ymoBu y ¢ {u,v}, x # y MaeMo R;”’L’;(_w)z
Ri=ig) 3a ymoBu y ¢ {u,v}, x # y MaeMo va‘i’l =)= —Ey;
Ri=¢) 3a ymoBm x,y ¢ {u,v} mMaemo RM (=)=

Ri=)) R (=)= T; sokpema, R;7i(=,)=T

= 30Kpema, RM = )= =_33yMOBH X & {U,V};

BriacTuBOCTI 3aMiHM piBHUX Ta eJiMiHAaIlil Tapy piBHUX B pEHOMIHAIIIT:
=Rr) nns Bcix PPrP" ta de’4 maemo: =d=T= R>? (P)(d)=R%"* (P)(d) - 3amiua piBHux;

w,L,x w, L,y
elR)) nns Beix PePrP" ta de’4 maemo: = (d)=T= Rfv'ixy (P)(d) =R} (P)Xd).

2. BigHouIeHHSs JTOTiYHOT0 HACJIAKY B LLQ= Ta LLQE

Onumemo moeu  UKHJI. Aknent 3po6umo Ha MOBi LY%, MoBu L ¢ Ta L 2 ONMCYIOTBCS aHAJIOTi4HO.
Andasit MoBH LQ*. MHOXHHA V TMPE/IMCTHHX iMeH (3M1HHI/IX) MHO)KI/IHa Ps npenquKkaTHUX CHMBOJIIB, MHO-
xuHa Cs_= {—,V, R>Y, 3x, Ex, _W} CUMBOJIIB 0a30BHX KOMITO3HIIN. JlaMo iHAYKTHBHE BU3HAYEHHS MHOXXWHU F7

x,L1°
bopmymn:
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— KOKHHMH pePs, KOKHUHA cMMBOJI EX Ta KOKHHH CHMBOJI =, € dopmyiioro; Taki popmysin HazBeMoO
aTOMapHHUMH;
—uexat @, WFr; toni —®efFr, vOVYeFr, RV “CD e Fr, IxeFr.
Bupninumo MHOXHMHY V, C V iMeH, HEiCTOTHHX I BCiX p€Ps — MHOXKUHY TOTAJIBHO HEiCTOTHHX iMeH. JIs
BHU3HAYECHHSI MHOXKUH 2APAHMOBAHO Helcmomuux st OPMYIT IMEH TaKy v pooBKyeMo (auB. [5,6,8]) mo v: Fr—27.
Sxmo xev(®P), o [5, 6] iMm’s1 x HeicToTHE 11t D.
dopmyna HpI/IMlTI/IBHa SIKIIIO BOHA aToMapHa ab0 Mae BUTIIA RV jp, ne pePs, pePs, ,utnv(p)= & Ta
HE Ma€ rap TOTOXXHUX iMeH. DopMmynn BUDISILY RV ”(I) Ha3BeMo R- (popmysiamH.
MHuoxuHY BCiX x€V, aki QirypyoTs y (l)opMynl CD, mo3HaquMo nm(D).
s nosinsroi I' € Fr sBogumo nosuauensst: nm(I) = |J nm(®); v(T) = ﬂ v(®D); fu(l) =V \nm(T).

del
InTepripetyemMo MOBY L 97 Ha KOMIO3MIiHHEX TNPE/IMKATHUX CHCTEMAX Bnrn;u:[y CS=("4,Pr', C, )

CuMBonu 6a30BHUX KOMHOSHHII/I 1HTepnpeTy€M0 SIK BIJIIOBIIHI KOMITO3UILiT; cUMBOJU EX i 1HTepnpeTy€M0 K
BI/IOBIIHI IIPE/INKATH-1HAMKATOPH Ex; CHMBOIH = | 1HTepnpeTyeMo SK BIATIOBIIHI IPEJUKATH CTPOroi PiBHOCTI = .

3anaemMo ToTanbHe ofHO3HauHe [ : Ps— Pr' sxe nmponoskumo 10 BinoOpaskeHHs iHTeprperanii / :
Fr— Pr’: o o

I(—=®) = =(10), I(vOY) = v([(D), I[(‘V)), [(R;|D) =R (I(D)), I(xD) = 3Ix(/()).

Inmepnpemayicio mosu L 2= masemo tpiiiky J = (CS, X, 1), ne X = (V, V,, Cs_, Ps) — po3IIupeHa CUTHaTypa
MoBH. CKOpOYEHO iHTepIpeTanii MOBU o3Hadaemo (4, 7).

ITpenukar /(®) — 3nauenns Gpopmynn npu inteprperanii J, Gynemo noznadatu O, .

IM’s xe V neicrorne aus popmynu O, AKIO X HEICTOTHE Juist mpeaukara @ Ipu KOXHIA iHTeprpeTanii J.

Moga L 9”7 BU3Ha4a€ThCS AaHAJOTIUYHO MOBI L 9 JMlue 3aMiCTh CUMBOJIB = THIIEMO ="

R

u
x,L

YBunajaky MoBu L¢ onyckaeMo NyHKTH 1JIsi CHMBOJIB = .

Knacu inTepnperaniii MoBu Takox Ha3uBalOTh cemanmuxamu. Buninenns B anrebpax 4 2, 4 97, A 9 nin-
anreOp P-TIpeIMKaTiB 1a€ 3MOTY TOBOPHMTH IIPO Taki ceManTuku: Rta P, R"ta P, R Tta P~

®opmyna O mecnpocToBHa NIpH inTepnperanii J (mosu. J|=), akmo npeaukar O, — HECIPOCTOBHUM.

®dopmyna @ HecripocToBHA B ceMaHTULI o (103H. %= D), axmo J|=® npu koxHil Jea.

®opmyna @ ToTOXKHO icTHHHA IpH iHTepnpeTanii J (mo3n. J|=,, @), axmo npeaukar @, — TOTOXHO iCTHHHHH.

®opmyna O TOTOXHO iCTHHHA B cEMaHTHIL O, (M03H. *|=,, D), sxmo J |= @ npu koxHil Jea.

@DopmyJiH, SIKi 3aBKAN IHTEPIPETYIOThCA K KOHCTaHTHI npequkatu T, F uu |, HA3BEMO KOHCMAHMHUMU.
_ X,Z [ V,U,zZ VU,Z [
Hanpuxnan, Exv —Ex, =, xEx, R (=) — ~bopmynu; R7'"] (Ez) — -bopmyna, RY' 7 (= =,,) — ~bopmyna.

x,1,1
Un-exBiBajenTHi dopmy.an. HexaI/I R;;;ﬁ‘fj(cp) - R—(bopMyna taka, wo {u,w}c v(P). R-popmyny

R;i(cl)), YTBOPEHY i3 MOYaTKOBOi R-(OpPMYJIM BCEMOXKJIMBUMH CIPOLIEHHIM 30BHIIIHBOT peHOMIiHaIIl HA OCHOBI
R, R I, R U, a Takox BnacTMBOCTe# peHoMiHalii npeaukaTis piBHOCTI THIy R =, HazBeMo Rs-hopmoro noyaTkoBoi
R-do pMme

Rs- (b(ipMH R-popmyn Ha3BEMO RS-(POpMynaMI/I. Axmo 9 — Rs—'(bopMa R-popmymn ¥, To 3, = | s Beix J.

Hexaii Un c V' — MHOXMHA IMEH, 51Kl TPAKTYEMO SIK HEO3HAYEHI.

; 7 ] = Vv —
Dopmynn ¥ Ta § Un-exsiearenmni (no3n. ¥~ 8), sxmo nns seix J=(4, I) Ta def{l [, MaeMo tPJ(d)f 8 (d).
v Vv
Tsepakenns 1 (Burumsac 3 R1). Hexait ze Un, Toni R72® ~,, R Ta R~ RO

Kosxuy Rs-popmyny MoxkHa nopatu y Bumisai R2200VD | ne {y r.s,uycUn, {v,x,wynUn=02.

V.75, L1
Z X7 U,W,

Un-gpopmoro taxoi R7C"" D HasBeMo Rs-dopmyry Rv 1. Taki Un-popmu Hasusaemo Un-dopmynamu.

y,5,1,1
Teepaxenus 2. Skmo ¥~ Un- dhopma popmynu @, To D~ on -
Bignomenns jgoriunoro nacuaiaky. [Tomupumo Binomi [5] BmHomeHHﬂ JIOTIYHOTO HACTIAKY f|=
> = BU3HAUEH] HA GopMmynax MoBu L, Ha popmynu Mo L 9, L9 ta L .
3amaemMo Taki BiIHOMICHHS HACTIAKY AJIS JBOX MHO)KI/IH q)opMyn npu ¢ikcoBaHiil iHTepuperamii J:
— HECNIPOCTOBHicHUH, a00 IR-nHacninok |=,: @ |=, ¥ < T(®)NF(Y) = J;
— iCTUHHICHHUH, a00 T-Hacnigok |=.: @ |= ¥ < T(P ) 1();
— XuOHicHuH, abo F-Hacminok |=,: @ |=. ¥ < F(Y)c F();
— cunbHul, a6o TF-wacnipok |=,.: @ |= VY < @ = Yrad |= ¥
BiamoBigHi BiTHOMICHHS JIOTIYHOTO T-HACTIIKY B CEMaHTHIII O 3a7JaEMO 32 CXEMOIO:
O 4=t ¥, sxmo CI)J|*T Y s koxHOI Jea.
BiHOIIEHHS T-€KBIBAJIEHTHOCTI Tip 1HTepnperau11 [ J 3a1a€MO TaK: CD ‘P Ko O Jl— Y1aV¥ ) (O}
BinHomeHHs JI0TiYHOT T-€KBIBAJIEHTHOCTI B CEMaHTHIII OL 3azxaeMo Tak: @~ W, gaxuio D “= ¥ ra¥=_ D
OcobnuBe Micle TOCifae BiAHOMIEHHS | ~ Cmpasni, ® ~,. ¥ < T(d)j) (¥) Ta F(CDJ) FY) <
O =Y,
BinHomeHHs HaCHiAKY Ta JIOTIYHOTO HACIHIKY JUISl TBOX (OPMYJI IIOIIMPIOIOTHCS Ha MTapy MHOXKUH (Gopmyi.
Hexait Z,T", Ac Fr — mEOXUHH Qopmydn, J — iHTeprpeTanis. Jani 6ynemo mo3HadaTu:

ﬂ T(0,) sk TV(Z)), U T(0,) sk TV(Z)), ﬂ F(0,) sk F1(Z)), U F(0,) sk FY(Z)).
A € IR-HaciIKOM F an 1HTepHpeTau11 J (HOSH [ =0, }IKH.IO ™I )NFYA)=D.

A € T-Hacaiakom I” npu 1HTepnpeTau11 J (mo3u. I' |— A) sxmo T(I° )C V(A ).
A € F-racminkom I' npu inrepnperanii J (mo3n. T’ =), KO0 F“(A )CFU(F ).

]R’ P|:T’ |:F’
Pl=

TF *
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A e TF-nacnigkom I' npu intepnperanii J (mosn. I' |=_ A), axkmo I' |= Artal |=,A

BiamoBigHi BiTHOMICHHS JIOTIYHOTO T-HACTIAKY B CEMaHTHIII Ol BU3BHAYAEMO 32 CXEMOIO:

= A, sxmo I' |= A nns xoxsoi Jea.

Slkmo o — e onna i3 cemantuk R, P, R-, P-, R*, P=, 10 oTpuMyeMO 24 BiIHOLIEHHS JIOTIYHOTO HACIIiJIKY.

JlesKi 3 IUX BiTHOMICHH 30iTafoThCs, ACSAKI BITHOMICHHS BUPOKCHI, a BiTHOIICHHS ”:|=T, P:|=F, P:|=TF’ rl=
HeKOpeKTHi (1uB. [5,7,8]. Tomy B morikax LY, L 97, L 9% 3anumaoThcs Taki HEBUPOIIKEHI KOPEKTHI BiTHOIIEHHS:

P|_ P|: P|: P|: R|_ . P:|: . PE|: PE|: PE|: PE|: RE|:
IR’ TF TF’ IR IR TF? TF*
TyT i Jani BXKUBaeMO Taki mo3Ha4YeHHS: P# — onHe 3 P, P ,P=; R#—onue3 R, R=, R=; ~ _—onHe 3 R#TF, P#~TF;
|=, —me omne 3 M=, 7=, = P#\—TF, = . BXXHBaeMO TaKoX 3pO3yMilli MO3HAYEHHSA *|— Ta -|—

BaactuBocti BigHomeHb JorivHoro Hacaigky. CekBeHIIHHI YHCICHHS (OpPMaTi3yOTh BiJIHOMICHHS JIO-
TIYHOTO HACIIJKY, TOMY CEMaHTHYHOIO OCHOBOIO iX TOOY/IOBH € BIIACTHBOCTI BiMOBITHUX BigHOMmMEHb. HU3KY Takmx
BIACTHBOCTeH omucano B [5—12]. Posrnsanemo nmume xapakrepHi ans L 9 ta L 9% B1acTHBOCTI, HeOOXiaHI 1714 1MO-
Oy[I0BU YHCJICHB.

TpagumuifHIMA € BIaCTHBOCTI IEKOMIO3ULii (OpMYI, BOHHU JACTANBHO OMHUCaHi B [5].

s Ez Ta iX peHOMIHAIIH MaEMO BIIaCTHBOCTI 3HATTS — MPHU [IEPCHECEHHI B 1HIITY YaCTHHY BIJHOIICHHS:

=) Lz, T = A T= AEz; — )= A —Ez Ez, T |= A;

—wrer) —RG(E2), U= A < Tl=, RY(E2), A —rer) T |=, =R (E2),A < R\ (E2),T|=, A

BrnacTHBOCTI eKBiBaJIGHTHUX IEPETBOPEHbB, OB’ S3aHi 3 PO3UIMPEHUMH PEHOMIHAIISIMU, BUKOHYIOTHCS IS
w s T T ¥, BOHE 0a3yloThes Ha BaacTHBOCTAX npeaukatis R, R I, RU, RT, R—, Rv, RR taR ,
Koxna3R,R I,RU,R —, R v,R Rnpoxykye 4 BianosinHi BIaCTHBOCTI AJIs BiAHONIEHHS JIOTiYHOTO HACIIKY, KOJIH
BUJNeHa popMyrna uH ii 3arepedeHHs 3HaXOAUThCS Yy JIIBIH UM MpaBii yacTuHI 1[bOTO BigHOUWeHHs (auB. [6, 10, 12]).

BrnactuBicts RT mpoaykye qBi 4eTBIpKHU BiJMOBIIHUX BIACTHBOCTEH BiMHOIIECHHS JIOTIYHOTO HACII/IKY:

RTi) RV (®),T = A, Ez < RV (D)L= A, Ez;

X, Lz x, 1,1

RTp) T l=A, RV (D), Ez < D= A, RUT (D), Ez;

X, L1,z X, 1,1
Rty) RTI(D),T = A Ez & RV (D)L = A, Ez;
RT3R) T |=:A, R;jj(CID),Ez & Tl=A, R”‘((I)) Ez;
Jlo HUX TOIAaEMO aHAJIOTIYHI BIACTUBOCTI —|RT1L, —RT ., —RT, =RT_ i3 3anepeuennsam suzinenoi ¢pop-

P#|:

MYJIH.
Bnactueicts R | ponykye 4 BIaCTHBOCTI CIPOINEHHS MPU PEHOMIHALIT MPEIMKATiB-1HANKATOPIB:

RLEVL)R;I;(EZ)’rlz* A< EyT'=A R, T A AR (Ez) < T|=, A Ey;

x, L,y
RJ_EL)RVM(EZ)F|— A o Ezl|E A peze{v,ul; R )T = AR”‘(EZ) & Tl A Ez, nez e {(v,u}.

BractuBocTi emimiHalii KBaHTOPIB, a TaKOXK E-pO3MOAiTy Ta MEPBICHOTO O3HAYCHHS, onucaHi B [5, 6, 12].

OnuieMo BIaCTHBOCTI, SIKi TapaHTyIOTh HasBHICTh BiAHOMICHHS JIOTIYHOTO HAcHiaKy. J{is BCiX po3misiHy-
THX BiJIHOINEHb MAEMO 3arajbHy BJIAaCTHBICTh C Ta MOB’A3aHy 3 KOHCTAHTHUMHM -~popMynamu (1uB. R . ) BiracTH-
Bicte CF:

V U,z

O)D,T'|=,A; CF)R(E2),['|= A

I[O,Z[aTKOBO rapaHTyIOTh (I[I/IB. TaKoXK [S]) HasIBHICTh BiATIOBITHOTO BiTHOLICHHS TaKi BIACTUBOCTI:

CL) D, D, "= A; CR)T "= A, ®,-®; CLR) D, O, "=_A, =V.

Ha ocHOBI 1IIUX BIaCTUBOCTEI OTPUMYEMO YMOBH 2dpaHmoO8aHOi HAS6HOCMI TOTO YW 1HIIOTO BiJHOIIEHHS

LEF

r'=A.

C) icuye @: el ta ®eA; CF)icuye R "I (Ez) eT;

CL) icaye ®@: ®el’ ta —-®el; CR) icuye @: ®eA ta -®eA; CLR) icuytors @, ¥: O, -Del Ta ¥, -V eA.

C ra CF rapaunryrots koxne I'|[=,A;  CL rapanrye I' ”|= A; CR rapaunrye I' /= A; CLR rapaurye
I PH=

Po3risHemMo BlacTHBOCTI BiIHOLIEHB OTIYHOTO HACHIKY, MOB’A3aHi 3 =_. TpaH3UTHBHICTH cIabKoi piBHO-
cti mopymena [7, 8] nna *7|=, Ta *7|=, Tomy i mna 77|= ta *7|= .. Orxe, B L ¢ KOpeKTHUM Oyl IHIIE BiTHOMEHHS
P= ‘_

BriacTuBiCTh TPAaH3UTHBHOCTI = Ha6yBa€ BUNIAAY: Tr=) = - [7=,Ae= e C7=,A

Ha ocnosi Bnactusocreii R = , R =, R =,R = s Hpe,I[I/IKaTlB OTPUMY€EMO TaKi BIACTUBOCTI:

Ri=u1) R:i’;(— ), [ “l=rA < =..,T 7|=IRA; Ri=ur) [P =Rr A, R‘:'i;(— ) e I =rA,=

RL—zL) R:}Ii;”y ),FP:‘ZJRA = =Zs,FP:‘=1RA; RL—zR) rer= |—1RA R‘: Li_ ( x},) o = ‘—IRA =

Ri=i1) R} (=, )T =rA < =5, T |=rA 3aymosu y & {u,v}, x# y;
Ru=1r) [ 7= A, RyH(=,) & T =rA, =, 3aymoBu y & (i, v}, x#y;

Ri=ot) R} (=,).T "=rA < =4, T |=rA 3aymosn x,y ¢ {ii,v} ;

Ri=or) I "=z A, &L =) & "5 =rA,=, 3aymoBU X,y & {i,V} .

BractuBicts =Rr iHAyKy€ BIaCTHBOCTI 3aMiHH PIBHHUX IJIS BigHOUmICHHS F|=
=Rur) =, RyTUD),LT l=rA & = RTH(D), &m(@) I =R A;

=Rurg) =,,.T "=y RLTUD)A < :W,r g RYTUD), R (D),A.
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Ha ocnosi BiactuBocTi =¢lR | MaeMo BIaCTUBOCTI CNIPOLIEHHS — eJliMiHaNLil Mapy PiBHUX B pEHOMiHAIii:
—, _ P= P=|— .

_elRiL) = Vil "((D) I ‘—IRA p=— xy,R; j(CI)),F |—IR A;

r- P=

=elRix) =, "y REI@)A & = T "=, RE(@D),A.

Bnactusocti Rf= ta R = iHAyKyrOTh BJIaCTHBOCTI HAsABHOCTI BiTHOIIEHHS ~|=
Pel= =
CRf:) r | IR xx>°

CL) RTI(=).T 7 FmA 1a RETI (=)0 FFrd; CLo) TP =wA RTI(=,) 18 TP =rA RYTI(=,).

MaeMo I(=, )mF (Ex)= ta F(= )F (Ex) =, 3BiacH TaKi BHaCTI/IBOCTl HasBHOCTI BiHOMEHHS "7|=

Ty ’ Txy 9

) Sy p= | = Ex,; 30Kkpema, =, P2 IREx,, o) D= = o Ex,.
BJ‘IaCTI/IBOCTl HasABHOCTI ”~|= . iHIYKyIOTb ClIeLiaJIbHi yMOo6U rapaHTOBaH01 HasBroCTi [~ =, A
CRt:)

Cu) R ‘(7 ) eT’; 30kpema, X“ (=) el Cr) R;V" 1 (=) € A; 30Kpema, 3“ (=) €A

Co) =, T Ta ExA; 30Kpema, = €l 1a ExeA; E Nt A Ta ExeA.
Temep yxameMo BIIACTMBOCTI BiIHOMICHD JIOTYHOTO HACIIJIKY, "TioB’s13aHi 3 = ,» BIIaCTUBICTb TPAH3HTHUBHOCTI =

Tr=) = = = ==

IIJM) =, ‘Ta IXFpLHOﬁI:I?;HIXIZI, M);.’CMY)’ BJI2|ICTI/IBOCT1 3HATTSA — IPH MEPEHECCHHI B 1HINY YaCTHHY BiIHOIICHHS:
=) = R ASTIR A, —=) [ A= o= T4

—R=1) =R} [(=,).[ = A & F|:* R(=,).4 —R=p) ['l=, —RI(=,).A & R[(=,).T= A

Ha ocnosi Bnactusocteii R = , R =, R =, R= oTpuMyemo BIacTHBOCTI CIIPOILEHHS — peHOMiHauﬁ' piBHOCTI:
Ri=w) RTI(E=).T=A & Ezz,l"=|=* ; Ri=ur) [=ARITI(=,) © [=A,=;

Ri=o) RET (= ) DI =A & =TI =A; Ri=r) T A, RIT (=) & TH=A =

Ri=21) Rwﬁi(j},),l“ﬂ:*A & —Ez T=A, Ru=er) I' 5=+ Rwix ) © TH=A, -z

Ri=i) RIEH(E,) T T4 & =, T Ri=p) AR (=,) © Tl=A=;

Ri=p1) R;zi (=, )T A & —Ey, T7=A; Rui=igr) TT=A, R;ij(z ) < TF=A,—Ey.

Ri=q1) Rlu(—x},),l"ﬂ:*A & =g, [T=A; Rui=er) T'F=A, R‘u(—m”_*A < = A, =y,

Hus R = =0 R =, Rfusu R = .. ymoBa: yef{u, vy, x#y. Jlna R = =0 Rroa yMoBa: x,y & {u,v}

Ha OCHOBI BIACTUBOCTI =¢IR | MaeMo BIACTHBOCTI CHOPOIIEHHS — eliMiHallii Napy PiBHUX B PEHOMiHAIIIi:
=elRir) =, R1(P).IF=A & = R (D), T=A;

=elRir) =,.I 7|=, RITI(D),A < = T 7= R(D)A;.

=el-Ri1) = ,—R[(D), T [=+A & = ,—R|(D).[[=A

sel-Rix) = ,T 7=, —=RI1N(@),A & = .T 7= ﬁR;ﬁ(Q)),A.

BracTuBOCTi 3aMiHM PiBHHX OTPUMY€EMO Ha OCHOBi =R r:

=Rin) = RO =A & = RITH(D), R (@), = A

=Rir) =,.[ 7=, RIZ@).A & =, =, BRI (O), R0 (D),A.

=Rin) = ,~RTZ (@)L= A & =, —RIT(0), R (D), = A;

=Rir) =,.T "=, ~RI(@LA & =, =, —RLT: (@), R (D), A.

[MToB’s13aHi 3 =, BJIACTHBOCTI HAsBHOCTI BITHOLIEHHS ~|=,:
=|— —_ . =| VL ,X,Z . =| V.,
Cr=) [ F= A, =y; Cr=) U717 A, RYTT (=, ); 30Kkpema, IE= A, RV (=,,);
C.)=,Ex,T= Ey,A' C._)TI=, =, Ex, Ey,A
3a3Haqu1 BJIACTHBOCTI iHIYKYIOTh CIEIiajibHi YMO6U FApaHTOBAHOT HasBHOCTI I ==, A
V M X,Z V M X
Cri=) =w€A; Cre) RUTTT(5.) €A; 30Kkpema, RUVT(=,) €A

C.) = €I, Exel' Ta EyeA; Cip) =, €A, ExeATa EyeA.

3. CexkBeHUiHI YUCJICHHA B LLQ= Ta LLQE

[ToOynyeMo YKCIIEHHS CEKBEHIIIHOTO TUILY, SIKi ()OPMalTi3ylOTh BIJIHOIICHHS JIOTTYHOTO HACIIIKY JUIS MHOXHH
dopmyn B L " tal 9. ina Binnomenns “~|=, B L ¢~ npononyemo uucnenns C 7%, a nus ignowens =, , =, =
M=, =, B L —uucnenns C &%, C 7, C o7, C fH , C 7%, 11i uncieHHs € po3mupeHHsaMy 30y1oBanuX B [12] umc-
JICHB JUIS BIJIHOHIGHB S |—TF, | »B L 9, BOHM y3aranbHIOIOTh YHCJICHH /IS BiTHOIIEHb JOTiYHOTO HACI/-
Ky B LC (muB. [5, 11]). Mu Tpakryemo ceKBeHun SIK MHO)}(I/IHI/I (dopmy, crienuikoBaHUX CHMBOJIAMH |  (T-popmynnm) Ta
(F-bopmynn). [To3HauaEMO CeKBeHIIIT sk ' A;tyrI' ta A — ne MHOKUHK T~ q)opMyJI Ta F-hopmyiL.

CekBeHIliiHEe YUCIICHHS SallaCTBCH 6a3OBI/IMI/I CEKBEHILIHHUMHU (OpPMaMHK 1 yMOBaMH 3aMKHEHOCTI CEKBEHIIi.

3aMKHEHI CeKBeHHll € aKcioMaMH CeKBeHIIlI/IHOFO YHCJICHH. HKIIIO ‘7F7‘A 3aMKHE€HAa, TO rapaHTOBAaHO r |_
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[TpaBuiiaMy BHBENEHHS CEKBEHLIMHUX YHCICHb € CEKBEHUiHHI (pOpMHU, BOHM IHAYKYIOTHCS BIaCTHBOCTSIMHU

BiTHOIIIEHE JIOTIYHOTO HACIHiAKy. BUBeIeHHS B CEKBEHIIIHHMX YMCICHHAX Ma€ BHUIJISJL EpPEBa, BEPIIMHAMHE SKOTO €
cekBenilii. CekBeHIliiHEe JepPEeBO 3aMKHEHE, SIKII0 KOKHUN HOTO JINCT — 3aMKHeHa CeKBeHIlis. CeKBEHIIS X BUBIIHA,
SIKIIO ICHY€ 3aMKHEHE CEKBEHIIifiHE EpPEeBO 3 KOPEHEM X, sIKE€ HA3UBAIOTh BUBEJICHHIM CEKBEHIIT 2.

Jns MHOXWHE crienudikoBaHuX GopMyn X =

F A 3a1aMO MHOKHWHHU O3Ha4eHux TNPECAMCETHUX lMeH

a00 val-3MIHHUX, Ta Ta HEO3HAYeHUX TPEIMETHHX 1MeH ab0 unv-3MiHHHX: val(‘ r A) {xV'| Exel'};
unv( I' A) = {xeV|ExeA}.

CIIJIKY.

3a;[aM0 TaK0)XK MHOXXHIHY Hep03n0()meHux s X iMeH: ud(X) = nm(2)\ (val(Z) v unv(Z))

YMOBU 3amKkHeHnoCmI CeKBeHI_lll 3a1aI0TbCA YMOBaMU FapaHTOBaHOl HasIBHOCTI BI,Z[HOI.HGHHH JIOT1YHOTO Ha-

31"1HHO HAaBCJICHUX BUIIC YMOB FapaHTOBaHOl HasiBHOCTI [ |—— A MaeMo Taki yYMOBH 3aMKHEHOCTI CCKBCHL{II F A

Yucnenns C ¢ ymosa CVCF C,_vC v,C vC_ vC_
Yucnenns C ;. ymosa C\/CF\/C vC \/C \/C

f=
Yucnenns C &7: ymosa CvCFv Cﬁv (O v C v Cp.. v CEER
Yucnenns C ¢ ymoBa CVCFVCR v C vC, v C VC..
Yucnenns C & TF ymoBa CvCFVvCLR v CRL Y C Vv C VC

Yucnenns C % TFR ymoBa CvCFvC, vC, _vC, vC

GGG

Ba3zosi ceKBeHumm ¢dopmu. Yucnenns C =TFR C O=TF C o T, C 9, maroTh oiHaKoBi 6a30Bi CeKBeHIiHHI
(dbopmu, a BiIPi3HAIOTHCSA PI3HUMU YMOBAaMHU 3aMKHEHOCTiI CEKBEHIIii. Ba30131 CEKBEHIIHI (OPMHU CKJIAMAIOThCS 3
6a3zoBux ¢popm uncnenns C O* (qus. [12]), sxi nonoBHeHi popmMaMu 171s NpeUKaTiB PIBHOCTI =
basoBi cexBenmiiini Gpopmu uncnens C * ta C 7% cxmamarotbes 3 6asoBux dopm uncnenns C 2% (qus.
[12]), sixi momoBHEHI popMaMHu BiIMTOBIAHO JJIs IPESIUKATIB = Ta MPEIUKATIB =

Basosi cekBenuiiini gopmu uncnens C o7k, C O=1F"C o=, C 2 moxHa po30MTH HA TaKi rPyIH.
JonomixHi (opMHu CTIPOIIEHHS; BOHU yCIaaKoBaHi Bif uucneHs L o:

LD, L0, 0,2 P
IR ———— R —; =R — 4R ——;
R(CD) E LR(®),2 - ﬂR((D) E LR(®),X
RV”CD, R”“(D, —|R”(D, 7—|R'”(D Z
‘ . u( ) ’ 7‘RJ‘I ztu( ) ; ‘7_‘RJ‘I vu( ) 7‘_|R'LI ‘ E( )
RZ . (D)2 R ((D) z’ —|R ((D) z f\_‘R~’F,L ((D),Z
R (D), 7R\V'” R —|R”(D, —RI (D),
% # RU g \—R.U 4 —R.U 4
R‘:f((D)Z R”“(CD)Z —|R”“((D)Z ﬂRf\‘i((D)Z
R (p),  Ez,% R” W (p), . Ez, Z —‘R” (),  Ez,X —‘R” (),  Ez,X
iy ERLLOL FE gy RIDLEE gy iDL Y gy R FE
\—R\ (D), L EzE LR (p), ] EZ,Z —|Ruz(p), L EzE —|R“Z(p), L EzE
R” “(p),  Ez,2 Vi (),  Ez,X R (p),  Ez,X R‘ “(p),  Ez,X
RT2 0 (P B2 e ;;Z(p LR SO —‘ ui(p E —R12 —L - 1(P)
- E,L,L(p)7 4 EZ,Z —\RY:L:L(p)J 4 Ez,% —R Li(p) 4 Ez,% —R: M(P) b | Ez,X

Hns popm tuny R U ymosa: ye(®); s popm tumy RT1 ta RT2 ymosa: pePs.

®opmu 3HATTA — Ta 3HATTA PEHOMiHaI{ IpeuKaTiB-iHAMKaTOPiB (ycnankoBaHi Bix uncnenns C 27F):

JEz3 Ez3 RV (E2),E RVI(E2),E
- 7E 5 - 5 F‘\RE ? ) 7‘ﬁRE ? 5
—Ezx —Ezx —RT(E2),% —R(Ez),%
B3 (B L Ey,S Ey,z
Rip ——=———,ze{,u}; Rig ——-F,z¢{vu}; | Riv —7—7 Riev ————
RW(EZ)Z ‘R;z(EZ),Z R:i;(E)Z ‘R;zl(Ez)Z

CDOpMI/I €KBiBaJICHTHUX NEPETBOPEHb (yCraaKkoBaHi BiJl uucnens L ©):

g EFLRI@T o RIS @ e bR @ e RIS @O
R (R (@),2 (RI(RY (@), LR (REL (), ;j(R”i((D)) z’
R‘"(DZ R”’(DZ RV”(I)Z RV (D)2

‘7R'L Vi ( ) 7‘RJ'_‘ Vil ( ) ‘7_|RL_‘ V. u( ) ) 7‘_‘R'L_| - ;;( ) )

R (@)v 1(\11),2 RV a (CD)VR” T(P),3
FR1v ; “Riv = ;
- ;i (dvVY)X ] ;i (dvVY),2
(R (@) v RIT ()2 SR (@) VR (P),Z
-—R1v ; J—Ruv —
—\RV i T(DVvY),X N =R (DPVvY),Z

®opmu ekoMnosuii popmyi (ycnaakosaHi BiJ uuciens L ©):
0,3 03 0T ¥I 0, Y3 IR 0 N I )

s -V 5 Vv s Vv .
JOVvY.E (@ vY)E (@ VvY),E

[ e e | |

5 -V
‘7—|—\<D,Z 7‘—|—|CD,Z FCDV\P,E

®opwmu enimiHanii KBaHTOPiB, £-pO3NOiTy Ta MEpBiCHOT0 0O3HAaYeHHs (YCHaAKOBaHi Bij ynciens L 9):
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LRI(D), Ez, X ) JRIA(D), Bz, X FR;'T; (@), Ez,% 7‘—|R;ﬁ’;(<b), P BT
B R e
|- Ix®, X —dx®, X LR (FxD), 2 LR (FxD),E
av LoIxd, By, —R(D), Z ) v 43D, Ey, | Rj(D), X '
F—EIx(I), - Ey, 2 N Ix D, - Ey, 2
3R ‘_ﬁR;ﬁ(Elx(Ij)j L oRT(D), - Ep,E , SR N ;:i(ﬂx?)}, JRVT(D), | Ey,E )
LRy (Gx D), Ey,X LRy (3x®),, Ey,X
LEx,Z Ex,E LBz,
d ——MM; Ev 3a yMOBH: z€fi(Z).

®opmu 3R, IR, 3, 7‘E|RLV,‘7—|E|RLVHa3BeMOHF-(I)OpMaMI/I.

s AR, —3 Ha3BeMo I -popmamu; GpopmMu 7‘E|V,Ji—|E|V,

Hnst 3, é—EI yMoBa: zefu(X, Eix&)); s IR, 3R, ymoBa: zefu(Z, Ry (3xD)); HHQE,'F'QOPMEE)” {ie BXOJIUTB J10 2.
MelialbHOI0 (POPMOTO YHCIICHD L LQE € hopMa TPaH3UTHBHOCTI = Tr= A AN
Dopmu 3HATTS — Ui PIBHOCTI Ta peHOMIHAII PIBHOCTI: ' FEg S 2
P P e IENE e LREGDE
o=, e R (=,).E FRIEDE . one

MDKHI ()OPMH CIIPOLIEHHS — eiMiHaNi] Tapu piBHUX B peHOMIiHAMII:

=, RI(®)X =, RI(D)X =, —R(D),T =, —R1(D),X
| =elR %’ _=elR %’ | =el-R %’ _=el-R %
[ R»TILZX ((D)’ X S0 Rg:l:x ((D)a )2 ok _‘Rﬁ';i::r (CD)7 X [ _‘RW:L:,\' ((D)a z
®DopMu CIIpoIIeHHS — PeHOMIHAIiT PiBHOCTI:
|- =i 2 —| Exz 4 )y |- Exv 2 z | Exy >
FRi|e —=—— Ri=mw —7—— FRi=g ————3 Ri=)p ————
- RW:L’.Z (Exx )7 Z -| RW:L:: (Exx )’ Z |- RW:L (Exy )’ 2 - RW,L (Exy )7 Z
\—sz’z 7\523:2 ‘7_|EZ,Z
7,UL,X, Y ;7‘RLEZ V,i,x,y ’ ‘7RLEZE V,i,x,y ’
(IR (Exy)’ z —\Rm_),z,'s (E,\'y )2 - RW,J_).Z.'J_ (E)(y ),z
RO =By, 2 By, 2
Ri= — ‘ x-} 5 FRi=ie ‘vm ; Ri=ie V‘E x ;
- RW,L,: (Eu )2 - RW:L,L (Exy )2 - Rﬂ-,f,i (Exy ),Z

Hms R =, R=, R . R=, ymosaye w, vy Tax#y;, nuas R =, R = ymosa x,yefu,v}

CrernianapHi Gopmu 3aMiHK pIBHEX(IIS ITUX GopM p e Ps):

RT(p), RYTL(P).E RYTA(p),  RYTL(D)LE

=Rur bk Vi, > -=Rur P i,z
=0 BT ()2 =g o R (D),
= Rur =g R (p): - =R (P)LE = Rur =g —RET (p): N =R (p), 2 .
L= - RYT(P),Z L= RYT(P)E

®opmu tutniB R, RI, RU, RT, =eIR — donomisicni, BAKOHYIOTHCS KOKEH pa3 MpH MMOABI BiAMOBIAHOT CUTYaIIil.

Ba3oBi cexBeHuiiiHi opmu dyncjaeHHs CLQE’R CKJIAJAIOThCS 13 HaBEACHUX BHINE CEKBEHIIHHUX (opM,
3 SIKMX BHJIYy4eHO (POpPMH i3 3amepeyeHHsIM 30BHIIHLOI peHoMiHallii Ta popmu tumiB —E, —RE, —=, —R=, 3ate
JI0IaHO GopMHu

|0, T D, %
R S x

Basosi cexpenuiiini ¢popmu uncaenns C 27'* cknanarorses i3 6asoBux Gpopm uncienns C 2% (hopmu R,
R,RI _RIL RU RU RTI, RTl, R12, RT2, R, R, R . R ., RR RR, R- R, Rv, Ryv,

| |
s s Vs Y, \—3’ \ij ﬁv, 7‘3RLV, Ed, Ev), no sxkux nomano ¢popmu, MoB’s3aHi 3 MpeUKaTaAMU =

. =/R 1= -
Cneniansnoro gpopmoro uncienns C ¢F € hopma TpaH3UTHBHOCTI =
Tr= Ewr kT T z
S - S T

®dopMu CIIPOIIECHHS — PEHOMIHAIIIT CJ1a0K0i pIBHOCTI:

L:xv,z 7\:XZ,Z F:(},,Z 7‘:\_}.’2

R= Ty RS ey Ri=p ——="— Rimp

- R‘T,LZ (:.\'x )’ z -l RW:l:Z (:xx )7 z - RW:L (:xy )7 X - Rw:L (:xy )7 2

- :zs’z *\:ZS’Z |- :zv’2

R= — s Ty R s, Ty Ri= — “Ri=

R (B0 )2 ARG ()2 CRETN(E).E
fua R,=, R,=, ymosa ygi,vjmax=y; amt R=, R=, ymosax,ye @y}
JlonoMixkHi (hOpMH CIIPOIIEHHS — eTiMiHaIlii Tapy piBHUX B PEHOMIHAIIT:
| =elR n :xy 2 R‘;I (CD)’ z : \=61R - :x)‘ > - Réi (@), )y

T RE(D), 2 =, RT(D),2

18



Teopemuuni i Memooono2iuni 0CHO8U NPOZPAMYBAHHA

CreuianbHi ¢popmu 3aMinu piBHUX (A1 X Gopm p e Ps):

= RYDL(D), L RUT(P)LE =Rup Ew R (p), R (D)2
‘ 7‘_R:ylj_i(p)’2 |_:xy3_‘R:/j_i(p)12

-=Rur

JU1 KOXKHOTO 3 pO3IISHYTHX CEKBEHLIHHHUX YHCICHb BIACTHBOCTI BiANOBIAHUX BiZHOIIEHB JIOTIYHOTO Ha-
CHIJIKY AJIi MHOXHH (OpPMYJI iIHAYKYIOTh OCHOBHY BJIaCTHBICTh 0a30BHX CEKBEHUIHHUX (popMm:

Teopema 1. 1. Hexail “A“IZ — 6azoBa dpopma. Toxi: a) A= K I'|= A; b)I'|#,A A% K.
A

2. Hexait 1 A-K X.Z _ Gasosa popma. Toxi: a) A |=.KrtaX|=,Z I'l=,A; b) Al#,KaboX|#,Z I'|#A.

IloOynosa BupEaéuHs. CTHCIIO ONMUIIEMO OCOONMBOCTI MOOYJOBU BHMBEIEHHS — CEKBEHLIHHOro JepeBa —
A7 3a71aH0i cKinvyenHoi cexsennii X. Posrian Benemo ms uucnenns C "% nng inmmx yucnens mobynosa aHa-
JIOTiYHAa.

Ha mowarky BUBEOEHHS BUKOHYEMO nepgicHull po3nodin iMmeH ud(X): BukopuctoBytoun Ed-hopmy, podumo
BCEMOXKJIMBI PO3IOIIIHN BCIX iMEH 13 ud(X) Ha 03Ha4YeHI Ta HeO3HauyeHI (AeTanbHime aus. [5, 12]).

ETtan BuBemeHHS IS HE3aMKHEHOI JINCTA-CEKBEHIIIT 1) MOJSATae B HACTYMHIA JOOYIOBI CKIHUCHHOTO ITiJI-
JIepeBa 3 BEPIIMHOIO 1. AKTHUBI3yeMO (OPMYIH CEKBEHIIi 1, OKpiM MPUMITHBHHUX. [0 KOXKHOI aKTUBHOI (opMynn
Jaji 3acTOCOByeThCs BiamoBiana dopma. [l{opa3y y BiANMOBIAHIN CHUTYyallil BAKOHYEMO CIIPOILICHHS, 3aCTOCOBYIOUN
HanexHi donomiscni opmu tumis R, R I, R U, RT, =elR. ®opmu tuny RT 3acTocoByeMo 10 IPUMITHBHUX (op-
My’ Ta iX 3anepedess. [licns ix 3aCTocyBaHHa yci IpUMITHBHI (I)OpMyJH/I CEKBEHIII Ta iX 3amepedeHHs craioTh Un-
¢dbopmynamu, ae Un — MHOXKHMHA BCiX unv-3MiHHUX (OPMYI CEKBEHIIH Ha IUISIXY BiJl KOpEHs J0 AaHOT CEKBEHIIIi.

@opmu THIy =R 1 (3aMiHK PiBHHX) BUKOHYIOTBCS KOXKEH pa3 i3 MOABOIO Mapu (pOpMYJ, OJHA 3 AKHX BUIVIALY
X=Y,anpyra— BI/IFJISII[y R ii(!’)» 7‘Rfvﬁ(p), ‘7—|R:,ﬁ(p) 4 »% (p), IPUYOMY TIpHHAMMHI O1HA 3 HUX HO6a JIs
cekBeHuii. @opmu Tr= BI/IKOHy}OTI)CSI pa3 1o pa3 Mnpu HosABI napu cpopMyn =, Ta NpUHAWMHI OJIHA 3 SIKUX HO6A
JUIS TAHOT CeKBEHIII1.

3actocyBaHHs Ha eTamni 3,-popM nmepeaye 3acTOCYBaHHIO J.-popM. I3 KoKHHM 3acTOCYBaHHAM 1 -hopmu
OepeMo Hoge z€ V, sike BiJICyTHE Ha HUIAXY Bifl KopeHs 0 naHoi cekpenuii. Koxkna 3 -popma BukonyeThcs 6araro-
KpaTHO JUISl KO)KHOT'O 03HAYEHOTOo ) i3 (opMysd Ha NUISIXY Bix X 1o naHoi cexkseHiii. [licas 3acTocyBaHHS OCHO-
BHOI ()OpMH Ta BUKOHAHHS CIIPOIICHb YTBOPEHI HEIO POPMYIH HAa HAHOMY €Talll nacuséwui, 10 Takux (GopmMyn Ha
[bOMY €TaIli OCHOBHI CEKBEHIIiiTHI (opMHu He 3acTOCOBYIOThCS. [Ticis BUKOHAHHS (OPMH MEPEBIPSIEMO OTPUMAaHY
CEKBEHIIII0 Ha 3aMKHEHICTbh. SIKII[0 CEeKBEHIIisl He3aMKHEHa, TO mepeBipsieMo, un Oynae Q (iHaIbHOIO CEKBEHIIEO.

®diHanpHICTh HE3aMKHEHOI BEPITNHU-CEKBEHIIII 03HAaYae, M0 A0 Hel He3aCTOCOBHA KoaHa (opMa, abo KOJKHE
3aCTOCYBaHHs CEKBEHIIHHOT (opmu 0 Q He BBOJIUTH HOGUX GOPMYI, BIAMIHHUX BiJl GOPMYI Ha HUISIXY P BiJl KOPEHs
% o Q. lle o3Havae cuTyalito NIOBTOPEHHS HE3aMKHEHOI CEKBEHIII1 Ha NIISAXY P, TOMY BCl BEPIINHU p — HE3aMKHEHI
cekseHuii. [TosiBa B 1epeBi Takoro HezamkHeH020 IUISIXY 3aCBiAUYy€E HecamugHe 3aBepIICHHS M00y10Ba BUBEICHHS.

OTxe, Ipu MOOYIOBI CEKBEHIIIHTHOTO epeBa — BUBEACHHS CKIHYCHHOT CEKBEHI[IT — MOKJIMBI TaKi BUITAIKH:

1) Bci nmctn OynoBaHOro JepeBa 3aMKHEHI, MU OTpUMaJIM CKiHYEHHE 3aMKHEHE CEKBEHIIHE J1epeBo, I10-
OyZnoBa BUBEJCHHS 3aBEPIICHA NO3UMUBHO.

2) Maemo CKiHYEHHE HEe3aMKHEHE JIepeBO, B IKOMY ICHY€ HE3aMKHEHMU NUIAX; MOOYJ0BY 3aBEpIICHO He-
raTHBHO.

3) [TobynoBa He 3aBepuIyeTHCS, TOAI OyIoBaHE JAepeBO HeckiHueHHe. HeckiHUeHHE AepeBO 31 CKiIHYCHHUM
pO3TanxyXeHHsAM Mae xo4da 0 omuH HeckiHueHHuH musax (ema Kewira [3]). Takwmii masx He3aMKHEHH, yci Horo
BEpIINHU — HE3aMKHEHI CEKBEHIIi{, aJKe MosiBa 3aMKHEHOI CeKBEeHIIii 0OpuBae moOyIOBy /iepeBa Ha IbOMY IUIAXY.

[ToeranHa moOynoBa CEKBEHIIHHOTO JepeBa IS HecKinweHrHOI 37M14eHHO] CeKBEHLII X Mae Taky ocoOu-
BICTB: KOXHE 3aCTOCYBaHHS CEKBEHIIIHHOI (OPMHU MPOBOAUMO 0 CKiHIEHHOI MHOXUHU OOCMYNHUX HA JaHUH MO-
MeHT Gopmyi. JleranpHuil onuc NoOyI0BH CEKBEHIIHHOTO JepeBa AuB., Hanp., B [5, 11, 12].

[Ipu noOymoBi AepeBa Iy 37MiYeHHOT CeKBEHIII1 MOXJINBI 2 BUIIAAKHU:

1) moOynoBa 3aBepiieHa IO3UTHBHO, OTPUMAHO CKiHYCHHE 3aMKHEHE JIEPEBO;

2) moOynoBa He 3aBEPIIYETHCS, TOMII MaEMO HECKiHUEHHE HE3aMKHEHE JIepeBO, a B TAKOMY JIepeBi iCHYye
HECKiHYEeHHUH He3aMKHeHHMH Isix. KoxHa 3 ¢opMmyn cekBeHIi ¥ 3ycTpiHEThCS Ha IbOMY IIJISAXY 1 CTaHe JO-
CTYIIHOIO.

Jls KO)KHOTO 3 NPONOHOBAaHMX CEKBEHI[IHHUX YHCIIEHb CIPAaBIKYETbCS meopema Kopekmuocmi. BoHa
(hOPMYITIOETECA 1 TOBOAUTHCS] OTHOTHITHO I KOXKHOTO 3 IIUX YUCIIEHB. Y IOMY (OPMYIIOBaHHI BiIHOMIECHHSIM JIO-
riudoro Haciuiaky = ., =, "=, =, 7|= ., ”|=,, BianosimaioTs uncnenns C & C =, C T, C F, C R,
C R,

1

|f yz?

TF TF IR IR

Teopema 2. Hexaii CeKBeHHlS[ T A BuBinHa B yncnenHi C*, roni I'|=, A

HKLuo T A BHUBIIHA B ‘{I/ICJICHHI C# TO nys Hei moOynoBaHe 3aMKHEHE CEKBEHIiifHe aepeBo. s KokHOT
Horo BepIHI/IHI/I A K maemo A |=, K. Jlng nucTiB AepeBa lie BUILUIUBAE 3 BU3HAUEHHS 3aMKHEHOI CeKBeHIIil, a 30e-
pexeHHs CeKBeHHII/IHI/IMI/I (opMaMu BiZHOIIEHHS JIOT1YHOTO HACHiAKY (Bil 3aCHOBKIB JO BHCHOBKY) BHUIUIHBAE 3
Teopemu 3. ToMy 175 KOpeHsl 1epeBa — CEKBEHIIT I A —rtex maemo I' =, A

TeopeMu npo KoHTpMoaei. JloBeaeHHS TeOpeM MOBHOTH CEKBEHIIHHUX YUCICHb CIHUPAETHCS HA Te-
OpEeMH TPO ICHYBaHHSA KOHTPMOJECII [IJIT MHOXUHU (OPMYJ HE3aMKHEHOTO HUIsxy. [Ijis TOBEACHHS TEOpEeM Mpo
KOHTPMO/IENII BUKOPUCTOBYIOTh METOJ MOJCIbHUX MHOXHUH. [[oBeIeHHS TeopeM Mpo KOHTPMOAEIi MoAiOHe 10
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noBeneHHs B [5, 11] BignoBinHux TeopeM Juis yucienp Tpaauniiaunx YKHIL. Po3risitHeMo TeopemMy mpo KOHTp-
MOJENl I YUCIEHHS CLQETFRE.

TeopeMa 3. Hexaii ¢ — He3aMKHEHUH MIIAX Y ceKBeHuiﬁHOMy JepeBi, 36y,Z[OBaHOMy s I' A, mexaii H -
MHOXKHMHA BCiX crienu@pikoBaHuX GOpMyl CeKBeHLiH nuiaxy g . Toai icHyroTh iHTeprpeTanii 4 = (S } ), B= (S, 1,
Ta 5e’s:

H) ®eH = 3el(®,)ra PeH = d¢T(D));

H)) ®eH = d¢F(®)ra PeH= BEF(CD ).

Ta1<1 mapu (A, d) Ta (B 0) HaBBeMO T=- KOHTPMOJIEIITIO 1 FE-KOHTPMOJIEILITIO s

={yenm(H)| ‘EyeH} 11e MHO)KMHA HeO3HaYeHUX iMeH H. 3amgamo W= nm(H)\ l}n HasBricTh nmepBicHOTO

O3HAYCHHS J1a€ yMOBY W= {ye nm(H)| EyeH}. Muoxuny W BBa)ka€MO MHOXKWHOIO O3HAYCHUX IMEH MHOXUHH H.

3aCT00yBaHH$[ CeKBCHHlI/IHI/IX (hopM 10 CEeKBEHLIN MIIAXY BIZ[6YBa€TBC$I JIOTH, TIOKH 1€ MOXJINBO, TOMY
KOKHa HeNIPUMITHBHA GopMyrna 4H ii 3anepedeHHs Ha IUIIXY ( PaHO YH Ii3HO Oyle po3KiIaJeHa YH CIPOLICHA.

Yci cexBeHIii MUIAXyY ( He3aMKHEHi, TOMy JUisl HUX He BukoHyeThest ymosa CvCFvC,  vC, _vC__ vC
Tomy nnst MHOXHHH H BUKOHYIOTHCSI TaKi yMOBH KOPEKTHOCTI:

HC) ne icaye popmynu ® Takoi, mo  deH 1a DeH;

HCEF) ne icaye ¢hopmymu Burisiny R v “(Ez) TaKOI o \—R; zj(Ez) eH,

x, 1,1

HCre=) He icHye x€ V Takoro, mo = € H,

HCr=) He icHye (hopMyTH BUTTISITY R; z 77 (=) TaKoi, wo R: i (=) eH;

HC _.) He icaye Gopmyn = » Ex, Ey takux, mo | = € H, Ex €H, EyeH,

) HE ICHyC bopmyn = Ex Ey Takux, Luo L=, € H, Ex €H, EyeH.

Hepexozm BiJl HUXKYOT Bepun/nm WUIAXY 0 110 BI/IIlIOl BméyBamTLc;{ 3TriIHO 3 MEBHOK CEKBEHIINHHOK (op-
MO0, TOMY AJs1 H BUKOHYIOTBCS BiAMOBIHI yMOBH nepexoay. HaBeaemo i npukiany HaCTyIHI yMOBH MEPEXOY:

HT=) =y eHtap=.eH = | = €H,

HEer) Ifz)c,VEH’\ ‘;ii(p)eH = |- Eera }R;/ (p)EH,‘ Rwiy(p)eH

=,eH. RTp)eH = = cH, R (p)eH, R (p)eH,
H—=Rur) = eH, ‘7—|Rv“(p)eH = _=,€ ,‘7—|Rv“(p)eH, |7—|R””(p)eH;

w,L,x w,L,x w, L,y

=y€H, SRY(p)eH = | =, eH, SRUT(p)eH, \—RYTI(p)eH.

Muoxunry cnenupikoBanux Gopmyin H, 1i1s AKOi BUKOHYIOTBCS TaKi yMOBH, Ha3BEMO R, -M00enbHOI0.

[ToGynyemo KOHTPMOJIETb 32 RTF:MOJICJ'[LHO}O MHOXXHUHOIO H.

Ipeukary piBHOCTI IHAYKYIOT HA MHOXHHI J/ BITHOLICHHS CKBIBAJICHTHOCTI: X~y <> = €H.

Hexaii S = / (akTOp-MHOXXHHA MHOXKUHH W 3a BitHOLIEHHAM ~. [l03HaunMO K (v) KJIac €KBIBaJIEHTHOC-
Ti 3 IpeacTaBHUKOM v. Busnaunmo & = [vi—>(v) | ve W]. Take BinoOpakeHHs O € ciop’ekitiero W S.

[l mpenuKaTiB-iHAMKATOPiB Ta MPEANKAaTIiB PiBHOCTI B iHTepIperanisx A Ta B Mmaemo:

- Ex € H nae xe W, Tomy Ex ,(8) = T'ta Ex ,(8) = T = deT(Ex ) Ta dgF(EX p);

- Ex € H nae xg W, tomy S(x)T 3BigKH Ex (6) Ex ,(8) = F:> d¢T(Ex ) ta SeF(Ex BE

- SIKIHO =, €H, 10 x~y, TOMYy 3a r[06yz[030}0 o= (6) =Tra=_,(8)= T:> de (=, ) Tadef(=_,

— AKIIO _ EV €H, TO HEBIpHO X ~ y, TOMY 3a HO6YZ[OBO}0 S = = (6) = F rta= (8) =T = SGF( ) Ta
ST, ).

3anamo Ha O B 1HTepnpeTaumx A Ta B 3HavYeHHS NpenuKaTiB, NOAaHUX NPEAUKATHUMHU CHMBOJAMH Ta iX

3alepeyeHHsIMHE, i MofaHuX npuMiTuBHUMHU Un-popMynamu Ta ix 3anepeueHusmu. Lle po6umo rak:
- peH=08¢€l(p)1adeF(py); peH= ¢I(p,) 1a €F(p,);
— —peH =8eT(—p,) 1ad¢F(—py); —peH=08¢T(—p,) radeF(—py);

- R (p) e H=11(8) eT(p,) tary’ (8) & F(p,), 10610 3 T(R.(p),) 1ad & F(R(p)y);
R”‘(p)eHzr“_(S)eT(pA) Tarﬂ_(S)EF(pB) 10610 & ¢ T(R VL(P)A)TaSEF( ‘J_(p)B)
v (p) e H =11 (8) e T(—p,) Tary’| (8) & F(—py), 10610 € T(—R, (p),) Tad & F(=R. (p)y);

2L (p) e H=r1y' (8) 2 T(—p,) tary’| (8) € F(—py), 10010 § 2 T(—RI (p),) 1ad € F(=R: (p)y)-

IIH;{ aTOMapHI/IX (bopMyn i npuMituBHUX Un-popmyl Ta iX 3amepedeHb TBEPIXKEHHS TEOPEMH BUILIMBAE 3
HaBEJCHOTO BHIIC BU3HAYCHHSI 3HAYCHD BiIOBIAHNX ITpenuKaTiB. st MyHKTIB, iHIyKOBaHUX popmamu Tr= Ta Ty
=R r, TBEpP/UKEHHS TEOPEMHU BUIUINBAE 3 BU3HAYECHHS 3HAYEHD MPENUKATIB PIBHOCTI Ta 3HaYeHb 6a30BMX MPENUKATIB
11X 3anepedeHb. Tak caMo JOBOIMMO JUIsl 1HIIUX MYyHKTIB, OB’ sI3aHUX 3 EZ Ta 3 mpenKaTaMu pPiBHOCTI.

JIIst pemTy NyHKTIB IOBOJMMO IHIYKIII€I0 32 CKJIAJHICTIO GOPMYITH 3riJHO 3 BU3HAUCHHAM H.

[oni6HO GOPMYTIOIOTHCS i IOBOAATHCA TEOPEMH IPO KOHTPMOAeNi At uucnens C 7, C o, C 17, C =R,
C%'*. Haezmemo dopmymoanHs nux Teopem s C Fra C /K,

Teopema 4. Hexall ¢ — He3amMKHeHMH IUIAX y CEKBEHIIHHOMY JiepeBi, 30ynosanomy B C ™" nns ‘,F,|Aa
Hexall H — MHOXWHA BCiX crenupikoBannx GpopMmyn cekBeHmid muaxy ¢ . Toxi icayrots A= (S,1,), B= (S, 1))
ta 6&”S Taki:

HS)‘(I)GHZ(D (8)=Tra ®eH= (8)#T;

S) OH = @ ,(5) # Fra_ CDeH:>(D ,(8) = F.

vlt
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[Mapu (4, 6) Ta (B, 5) Ha3BeMO TP‘—KOHTpMoz[enmo i FP=- KOHTPMOJIEILIIO JIIsl | T A

V dopmymoBanHi Teopemu npo KonTpMozeni At C =7 sanumaeThes 1HTepnpeTau1$1 A=(S,I)ramn H}S
dopmymosansi a1 C 9 3anuuraeTbes inTeprperanis B = (S )Ta m H,5

Teopema 5. HexaM § — HE3aMKHEHMH IIAX y ceKBeHumHOMy ,uepeBl 36y)1013aHOMy B C % nna T A
Hexall H — MHOXWHA BCiX crienudikoBaHUX (OpMyI CEKBEHIIN NUIIXY . Toxi icHYIOTh iHTEepIpeTamis 4 = (bJ I) Ta
de”S Taxki:

H) ®eH=®,()=Tra ®eH=d ()=F.

Hapy (4, 8) HazBemo IR——KOHTpMO,I[CJ‘IJ‘IIO TUTS ceKBeHuu I A

st yucnenns C2='% reopema mpo KOHTPMOZEI d)opMymoeTLc;{ aHAJIOTIYHO TeopeMi 5.

Teopemu moBHOTH. Ha 0CHOBI TeopeM Mpo KOHTPMOJIEII JIJIsl KOKHOTO 3 IPOMOHOBAHUX YUCICHb OTPUMY-
€MO TeopeMy IMOBHOTH. BoHa (pOpMYITIOETBCS OMHOTHUITHO IS KOXKHOTO 3 [UX YHCICHb. Y NbOMY (OPMYITIOBAHHI
BigHOmeEHHsAM "= = PF= = P5= =, Binmosimaiots uucnenns C R C 95TF C T C F, C R
C o

- Teopema 6. Hexaii ' |= A, Toni cexBenmis I A BUBiaHA B unciienHi C*.

Hoseziemo s npuknamy ans *=,ta C| Q'TF’J Hoz[16H1 JIOBE/ICHHS T€OPEM TIOBHOTH JIVB. [5 12].

Hexaii maemo CYNpOTHBHE! I * |— A Ta CeKBeHHlH I' A ueBuBigna. Toxai cexkBeHIliliHE IEpPEBO ans r A
HE3aMKHEHE, TOMY B IIbOMY JIepeBi icHye HE3aMKHEHUN Lun;[x ﬁexan H — MmHOXWHA BCiX cneuﬂquOBaHHx Q)opMyn
CEKBEHIIIH HOT0 NUIAXY. 3a TEOPEMOIO 3 iCHYIOTh T--KOHTpMOIeb (A,d) Ta F=-koHTpMoOaeis (B, d) Taki:

DPeH = 8eT(D, )Ta QeH = 8eT(D)); PeH=d¢F(D,)T1a DeH= SeF((D ).

I[Jm T=-KoHTpMOZETi 31“1£[H0 3, I AcHzms[ Bcix @ el maemo 8€T2CI) ), JUTS BCiX ‘PA MaeMo SQT(‘P ). 3Bin-
cu deT(I" ) Ta deT(A), ToMy HeBlpHO T(i" )= T( ). Le 3anepeuye I' |= A, Tomy i sanepedye &= A.

)lnﬂ F=-xonrpmoneni 3rigao 3 I’ ACHI[J'IH Bcix @ el maemo 8F(CD ), nis Beix ¥ e A maemo 8€F(‘“P ). 3Bin-
cu OF(I',) Ta € F(A,), ToMy HEBipHO )7( ) S F(I"). Lle 3anepeuye I" |=, A, Tomy i 3anepeuye I' = A

BucHoBKH

JocmimKkeHo HOBI KJTacH MPOTPaMHO-OPIEHTOBAHUX JIOTIK — YUCTI MEPIIOMOPSAKOBI JIOTIKH 4aCTKOBUX KBa-
3lapHUX MPeNuKaTiB i3 PO3IIMPEHUMH PEHOMIHALISIMH Ta MpEeJUKaTaMHu CTPOroi piBHOCTI W ciabkoi piBHOCTI, Ha-
3BaHi BIAMOBIITHO L le Ta L LQ:. HapeneHo BIacTHBOCTI KOMMO3HUIIIH TaKUX JIOTiK, OMUCAHO iXHI MOBHU. Po3mistHyTO
BiHOIIIEHHS JIOTIYHOTO HACHIIAKY B IHX JIOTiKaX, OMHCAHO BJIACTHBOCTI I[UX BigHOmeHb. OCOOIUBY yBary mpuIi-
JIGHO BJIACTUBOCTSIM, ITOB’SI3aHUM 13 MpeUKaTaMu PiBHOCTI. JIJIsl BiTHOIICHB JIOTIYHOTO HACHIAKY OOYI0BaHO Bij-
TIOBIi/IHI YUCJICHHS CEKBEHIIIHHOTO THITY. HaBeaeHo 6a30Bi CeKBEHIIHI (OPMHU IIUX YHUCICHb T YMOBH 3aMKHEHOCTI
CEKBEHIIiH, OMMMCAaHO MOOYJOBY CEKBEHI[IHHOTO JepeBa — BUBEACHHS B IUX YUCIIECHHAX. PO3MISHYTO TeopeMu mpo
ICHYBaHHS KOHTPMOJIeNei, HaBeJeHO MOOYyI0BY KOHTPMOIEeH 32 HE3aMKHEHUM IIUISIXOM Y CEKBEHIIIITHOMY JepeBi.
J1yis IpONIOHOBAHKUX YHCIICHD JOBEJECHO TEOPEMH KOPEKTHOCTI Ta HOBHOTH; JOBEICHHS TE€OPEM MOBHOTH CITUPAETHCS
Ha TEOPEMH PO KOHTPMOIEII.
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