Teopemuuni ma memooono2iuni 0CHO8U NPOZPAMYBAHHA

VK 004.655

BHEIIHUE MHOKECTBEHHBIE OIITEPALIUHN
TABJIMYHOU AJIT'EBPbI BECKOHEYHbBIX TABJINI]

UM. I'nywro

PosrnsmaeTbess Tabnmuna anreOpa HECKiHYeHHHX TaOmunb. CurHatypa TaOiaM4HOI ainreOpu HECKIHYCHHUX TaOJHUIb IONOBHEHA
30BHILIHIME MHOXXHHHAMH OHepalisiMd. 3aJaHo (GopMajbHy MaTeMaTHYHYy CEMAHTHKY LHUX ONepaliii i HaBeIeHO NPHUKIATH iX
3aCTOCYBaHHS.

KirouoBi cnoBa: pensiuiiini 6a3u JaHuX, TabnuuHa anreOpa HECKIHYCHHHMX TaOJHLb, 30BHIIIHE 00’ €THAHHS, 30BHILIHS PI3HULLL, 30BHINIHIN
MePETHH.

PaccmatpuBaercs Tabniynas anrebpa 6eckoHeuHbIx Tabnun. CHrHatypa TabiuIHON anreOpbl 6ECKOHEUHBIX TAOMI] MONOIHEHa BHEITHUMU
MHOYKECTBEHHBIMH OIEPAlMsIMHI. 3a7aHo (OpPMaIbHYI0 MATEMATHYECKYI0 CEMAHTHKY OTHX OIEpaldii M NPUBEIEHBI MPUMEPHI X
MPUMEHEHUSL.

KiroueBble ciioBa: pessiiMOHHbIE 0a3bl JAHHBIX, TaOaM4Has anrebpa OSCKOHEUHBIX TadNML, BHELIHEe OObEJAMHEHHE, BHEIUHSS pa3HHLA,
BHEIIIHEE MepEeCceUCHHUE.

Table algebra of infinite tables is considered. The signature of table algebra of infinite tables is filled up with outer set operations. A formal
mathematical semantics of these operations is defined.
Key words: relation databases, table algebra of infinite tables, outer union, outer difference, outer intersection.

Beenenune

Cucremsl ympasnenus 0azamu nansHbeix (CYBJl) B HacTosiee Bpemsi HCHOJNB3YIOTCS NMPAaKTHUECKH BO BCEX
cepax deEIOBEYECKOH JESATENBHOCTH, CBSI3aHHBIX C COXpaHeHWeM u o0pabotkoit wuHpopmanuu. IIporpecc,
JIOCTUTHYTHIM B 00JacCTH TEXHOJOTHM 0a3 AaHHBIX, B 3HAYUTEIBHOM CTENEHH 0a3upyeTcs Ha PEAIUOHHON MOJIeNH,
npennoxkeHHoir J. Kogmom B 70-x rogax XX B. CyTh pesIIMOHHOTO TMOAXOJA COCTaBISET TMOHSATHE DPEISLUU.
YTo4HEeHHE pesIny B TEPMHUHAX MNMEHHBIX MHOXKECTB Obuto coBepuieHo B.H. Pempko, FO.U. Bpownoit, [.b. byem,
C.A. llomsikoBeiM [1]. Ilpm TakoM YTOYHEHHH pacCMaTPHBACTCS ONUH YHHUBEPCAIBHBIH IOMEH, YTO ITO3BOJSCT
nccien0BaTh OOIIME CBOWCTBA TaONMYHBIX MAHMIYJSALHUH, HE BBOAS K PACCMOTPEHHUIO HECYIIECTBEHHbIC AETald, W
YIIPOCTHUTH paccyxeHus. B pabore [2] BBeseHO K pacCMOTpEHHIO TabIMYHYIO anre0py O€CKOHEUHBIX TabHIl, KOTOpas
sBIsIeTCS 0000meHneM TaONMMYHOI anreOphl mpenoxeHHoW B [1] W, B CBOKO oOuepenb, CYIIECTBEHHO 0000maer
KJIACCHYECKYI0 pensinuonnyio anreopy Komma. O0oOiieHre 3akioyacTcs B TOM, YTO IOJ PEIAIUEH MOHUMAETCS
MIPOU3BOJIFHOE MHOXECTBO OJHOCXEMHBIX CTPOK, B YacTHOCTH, OECKOHEYHOe, MpH OSTOM KaXkAOoH Tabimie
MIPUITUCHIBAETCA OTIPEIeIeHHAas CXeMa.

B xome pasButus kommepueckux pensiuoHHbXx CYBJ] Bo3HMKIA TOTPEOHOCT, B HCIHOJIB30BaHUU
JIOTIONTHUTENBHBIX ONepaluii, B YaCTHOCTH, OINEpaluii BHYTPEHHMX ¢ BHEUIHHX COEAWHEHHH, OINepaluu
MOJTyCOETUHEHNS], BHEIITHUX MHOXKECTBEHHBIX OINEpaluii, arperaTtHelx omepanuii. OcTaHoBUMcA Ooiee MOAPOOHO Ha
BHEITHUX MHOXXECTBEHHBIX ONEpalusx. BcemM Xopomo H3BECTHBI ONEpaldd BHEIIHUX COEIUHEHHH, KOTOpbIE
MO3BOJISIIOT  YYECTh CTPOKHM TaOIMI-apryMEHTOB, KOTOpBIE HE IIOMAJM B PE3yAbTaT HMCXOAHOTO BHYTPEHHETO
coenuHenusi. Kpome omepanuii BHEIIHUX COEIMHEHUM BBIIESIOT '"BHEWIHME" BEpCHUM JPYIHX OIEpaTopoB
PEIALMOHHOI anreOphl, B YaCTHOCTH OOBEIMHEHUS, TIepeCceYeH s U pasHoCcTH [ 3, 4].

Elmasri R. u Navathe S. onmceiBaroT omepanuio BHemrHero o0senuHenus (outer union) tadmurn [4]. Oneparms
UCTIONB3YyeTCs Ul OOBEIUHEHHs CTPOK JBYX TAOJMI, CXEMBbl KOTOPBIX pa3iuyHbl. JlaHHBIE TaONMIBI JOIKHEI OBITh
YaCTUYHO COBMECTHUMBI II0 O0BETUHEHHUIO, TO €CTh HEKOTOPBIE aTPHUOYTHI TOJHKHBI OBITh OJJTHAKOBHI IS 00SHX TaOIHII.
[IpenmonaraeTcst, YTO COIUCOK OJUHAKOBBIX aTPpUOYTOB COAECPKUT Kirtod aiisi o0enx Ttabmuil. CTpOKH, KOTOPhIE UMEIOT
TOT K€ KJIIOY B UCXOJHBIX TAOJHUIIAX, TPEACTABICHBI B Pe3yIbTHPYIOIEH TabvIie TOIBKO OWH pa3 U UMEIOT 3HAYCHHE
JUTA KKAO0TO aTpuOyTa. ATpHOYTHI, KOTOPBIE SIBISIOTCS PAa3IMYHBIMU I JAHHBIX TaONUIl, TOKE BXOAST B CXEMEI, a
CTPOKH, HE UMEIOIINE 3HAYSHUSI JIJISl 9TUX aTpUOyTOB, MOMOIHIIOTCS 3HaueHneM Null.

B kxHure B kauectBe npumepa paccMoTpeHo BHemiHee oOberauHenue nByx Tabmui: STUDENT (Name, SSN,
Department, Advisor) 1 FACULTY (Name, SSN, Department, Rank). B pesynsrare momydaem tabmmiy R (Name,
SSN, Department, Advisor, Rank), B koTopyto BritoueHbl Bce cTpoku odenx Tabmui. Crpoku Tadmuust STUDENT
nmetor 3Hadenne Null ms atpubyra Rank, a crpokm Tabmmubt FACULTY umeror 3nauenue Null s atpubyra
Advisor. Ctpoka, koTopasi B 00enx Tabiaunax MMeeT OJMHaKOBbIe 3HaueHus aist arpudyToB Name, SSN, Department,
OyzeT UMeTh 3HaUeHHe /sl BceX aTpuOyToB, TO ecTh 11t arpudyTroB Name, SSN, Department, Advisor, Rank.

Koanx O. [10] kpoMe omnepalinu BHEIIHETO 00BEIUHEHHMS, 3a/1a€T TAKXKE ONEpalliy BHENTHETO MepeceueHus (outer
set intersection) n BHemHe#d pasHuIpl (outer set difference). Ilpu 3ToM BBOAWMTCS TOHATHE, KOTOPOE SIBISETCS Oojee
00IIMM 3a MMOHATHE PABEHCTBA CTPOK — MOHsTHE Oyim3koro anamora (close counterpart). CTpoka TaOmuIBl S SBISETCS
OJM3KMM aHAJIOTOM CTPOKH TaOnuipl 7, €Cin BBIOJHSIOTCS YCIOBUS:

e tabnuipl S U I MMEIOT OJJMHAKOBBIC TIEPBUYHBIC KITIOUH;
* 1Be CTpOKH (omHa U3 S, a mpyras u3 1 ) HMEIOT PaBHbIC 3HAUYCHUS IEPBHYHOTO KIIFOYA,;
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* TOMApHOE pAaBCHCTBO M3BECTHBIX 3HAUCHHWH COXpaHsAeTCA Uil TeX arpuOyToB Tabmumbl S, KOTOpBIE
COOTBETCTBYIOT arpudyTam Tadauus! T .

ITo cytn, BBOAWTCS OWHApHOE OTHOIIEHHWE HA ICKAPTOBOM TMpom3BedeHHH Tadmui SxT. JletanpHbIA aHANMH3
9TOTO OTHOIICHWS W TPHUBENCHHBIX B [3, 4] MPUMEpPOB IMOKA3bIBAET, YTO OTHOUICHHE OJIM3KOTO aHajora COBIAJaeT C
OTHOIICHHEM COBMECTHMOCTH CTpOK. [103TOMy mpH 3aJaHMM BHEIIHMX MHOXECTBEHHBIX OMepanuil HCIOJIb3yeTcs
HMEHHO OTHOIIICHHE COBMECTUMOCTH JIBYX CTPOK.

Tabanunas anredpa 6ecKOHeYHbIX TalIHIL

PaccmoTtpum 1Ba MHOXKecTBa: A — MHOXecTBO arpubyToB u D — yHuBepcambHbIl gomeH. [Ipom3BosnbHOE
(beckonewHOE) MHOXKECTBO aTpudyToB R = A HazoBeM cCXeMOii.

PsgkoM cxembl R Ha3piBaeTCs MMEHHOC MHOXECTBO Ha mape R, D, mpoekuust KOTOpOro 3a mepBoOi
KOMIOHEHTO! paBHa R (TO ecTs, M0 CyTH, paccMarpuBaercs QpyHKus Biuga S: R — D).

Ion Tabnmuelt cxembl R moHMMaeM mapy <t, R>, rae t — MHOXeCTBO (B YaCTHOCTH, OCCKOHEYHOE) CTPOK
yKkazaHHOH cxembl R . B nmampHelmem kak (<t, R>)l OyzneM 0003Ha4YaTh MEPBYIO KOMIIOHEHTY IMapbl <t, R>, TO €CTb

MHOXecCTBO 1.
MHOokeCcTBO BCeX CTpoK (Tabmui) cxembl R o6osHaunM S(R) (coorBerctBenHo T(R)), a MHOKECTBO BCEX

ctpok (tabmui) — S (coorBerctBeHHO T ). Takum oOpazom,

s= USR), TR ={t, R)ItePSR)}, T= UTR),
RcA RcA

rae P(X) — Oynean MHOXecTBa X .
IMox TabmuuHOW anreOpoll OECKOHEYHBIX TAONHUI[ TMOHMMaeM (JaCTHYHYIO MapaMeTPHUYECKYI0) anredpy

<T,QP’E> ,Tae T — MHOXECTBO Bcex Tabunul,

peP 2

R
QP,E :{UR,HRl\Rlap'Rlﬂ'x’R; ® ’+R;'Rt§,R’~R}
RuRe X,R.R,R,cA

— curHarypa, P,E — MHOXecTBO mapameTpoB. Onepaniiil CHTHATYpPHI 3a1aHO B padoTte [2].

BHelnHne MHOKECTBEHHbBIE onepanuu

Samaaum GhopMabHYI0 MATEMAaTHYECKYI0 CEMAHTHKY BHEITHUX MHOKECTBECHHBIX ONEPAIUU TAOJIUIHOMN aareOpsl
OECKOHEYHBIX TAOIHII.

PaccMoTpuM 11Be TabnMIIbl <t1, R1> u <t2, R2> , mpmaeM Ry NR, #&J. Jlna o6o3HaueHUs OTCYTCTBYIOLIUX
3HAUEHHH B PE3yNBTHPYIOIIEH TabIHIe NCTIONB3yeTcs 0Co0bIi 3neMeHT yHuBepcaiabHoro qomena NULL . O6o3naunm
4epe3 Sk yuLL KOHCTaHTHYIO CTPOKy cxeMbl R Buma Sy, - R > {NULL}, koropas npucauBaer Bcem arpubyram

cBoeil cxembl 3Hauenne NULL .
Hycts ¢:T(R)xT(R,) >T(R,UR,) — HekoTopas wacTnyHas GMHApHAS OINEpalys HA MHOMKECTBE TaOIMII,

MIPUYEM BBITIOJHIETCS BKIIIOUEHHE ((p(<tl,Rl>,<t2,R2>))l g(<t1,Rl>R(>% <t2,R2>j U BCEX <<tl,R1>,<t2,R2>> edome.
1112 1
OTMeTHM, YTO omepaiuu BHemHuX coeanHennit Cj (mexaptoBo coenuHeHue), ®  (€CTECTBEHHOE COEIMHEHHE),

Ri,R, RiR,

® (coemuuenue 3a arpubyramu A,...,A,), ® (coequHeHHe 3a IPEIUKATOM [) ) UMEHHO TaKHeE.
A,...A RR, P.R1.R,

3adukcupyem TaOIUIIBI <t1,Rl>, <t2,R2> c obmactu ompeneneHusi omepauun ¢ . Torga Tabmuna <tl,Rl>

npeanojgaracT CICAYOIEC NPEACTABICHUEC!:

<t1’ R1> = <t1 ﬂtzv R1> UR1 <t1—th R1> )
® (4

rae

<t1[;t2, R1> = <{51 ISy ety /\352(32 etynsUs, e (€0(<t1: R1>,<t2,R2>))1)}, R1> :

<t1 ;t2: R1> = <{51 sy €t A VS, (52 ety=>5Us, ¢ ((/’(<t1’ Ro)(t2, R2>))1)}’ R1> :
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Jpyrumu cioBamMH, CTPOKH W3 TaOJIHILBI <t1 ﬂtz,Rl> UCIIONB3YIOTCS NPU  (POPMUPOBAHUM pe3yJibTara
?

COCITUHEHUS, a CTPOKH W3 TaOJIHIIbI <t1—t2, R1> HE UCTOJB3YIOTCS. AHATOTMYHOC MPEACTABICHUE TaOJHIIbI <t2,R2>
7

HOJTyYHM, 3aMEHHB POJIM TaOJIHULL <tl, R1> ) <t2, R2> B [IPEJCTABJIEHUH TaOIHLbI <t1, R1> :

3amanuM onepanuy BHENIHEr0 00beJMHEHNS, BHEIIHEH Pa3HUIIBI M BHEITHETO IepecedeHus. s Bcex oneparuit
cXeMa pe3yNbTHPYIONIeH TabIuIlbl paBHA 0OBEANHEHHUIO CXeM TaOIHIl-apTyMEHTOB.

Onpeoenenue 1. BHemHuMm o6beauHeHueM (outer union) Tabmui cxemM R; um R, HasbBaeTca OuHapHas
HapaMeTPHUIECKas OIepalys BUaa

Wg p/ET(R)XT(R,) > T(R UR,),

pu4emM

(t, Ri)\Ug, g, /(t2,Ry) =

1

®R2<t2’R2>jUR1UR2 Y ° 2, Ry

NULL
® <{SR2\R1 } R \R)UR g, (t2 = iRy
) RuR,\R, )
1,R2 2R

® sNUELY R AR, ),
RyRAR, <{ R1\R2} 1 2>

rre (4 —t,,R )= <tl—t2, R1> , @ ( — OoIepanus BHEIIHETO ECTECTBCHHOTO COCAMHEHUS U <t ,R1> eT(R),
®
Ri.R2 ?

(t,,R,) eT(R,).

Takum o00pazoM, pesynpTHUpyIOIlas Ta0lIMIa COOEPKUT CTPOKH, MOJNydeHHblE B pe3yabTaTe BCIKHX
00BbeIMHEHUIT COBMECTUMBIX CTPOK TaOJIUI-apTyMEHTOB, U CTPOK MIEPBOIl U BTOPOH Tabnull, KOTOpbIe HEe UCIONB3YIOTCSA
npu (popMHUPOBaHUU pe3yjbTaTa COeJUHEHUs, nononHeHHble 3HaueHHeM NULL 11 0603HaueHMs OTCYTCTBYIOLIMX
3HAYCHUH.

Hy>XHO OTMETHTb, YTO ONEpAals BHEHIHETO OOBEIUHECHUS SBIIETCSA YACTUYHBIM CIyd4aeM ONEpaliH IHOJHOTO
BHEIIIHET0 COSANHEHHMs, KOT/la Ollepanus ¢ sBIAETCS ONepalyeil BHyTPEHHET0 IPHPOIHOTO COSIUHEHUS.

Ipumep 1. Paccmotpum Tabn. 1 u 2: <Cnopmcmeﬁbl, R1> co cxemoit R, = {®amunus, Wwms, I'pynna,
@akynsret, ['on p} u <Om/mtmu1<u, R2> co cxemoil R, = {®amumusa, Wms, I'pynna, ®opma_obyu}. Onpenenum

(Cnopmemenot, Ry ) \Ug,g, / (Ommnuxu, Ry ).

Tabmnuua 1. CioprcMeHsl

Qammmusa | Ums I'pynna | ®akynerer log_p
Bakos Cemen | MU-11 | ®usuko-matematuueckuii | 1991
Botiko WBan | ME3-31 | ®usuko-maremaruyeckuii | 1988
Kaiinan HOnust | Un-16 Hcropuko-ropuandeckuii | 1991
MoikbiTiOK | UpuHa | Au-12 | IHOCTpaHHBIX SI3bIKOB 1990
Hamenko | Amuna | Ya3-21 | ®wunonormyeckuii 1989

Tab6muua 2. OTINYHUKHA

Oamumus | Ums I'pymma | ®opma_o0y4

Bopona Urops | [1d-41 | [IneBHas

Boiiko WBan | ME3-31 | 3aounas
Kaiigan HOmus | UI1-16 | JIneBHast

Ilopantox | ITaBen | CU-11 | /IueBHas

! JIns 0603HaYEHKS BHEIIHUX MHOKECTBEHHBIX Onepaluii, kak 1 Koj ucronb3yem 3Haku \,/ , IpU 3TOM yKa3blBaeM

eI1Ie CXeMBI Ta0JIHII-apTyMEHTOB.
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Pe3ynpraToM BBIIOTHEHHUS OMNEpAaIM BHEIIHETO OOBEAWHEHWS NAHHBIX TaOIuWI] sBisieTcs Tabn. 3 u3 cxemoi
Ry = {®amunus, Ums, I'pynna, Gakynsrer, l'og_p, Popma_obyu}.

Tab6muua 3. Baemnee 00beuHEHNE

Qammmusa | Umsa I'pynna | ®akynerer l'og p | ®opma o0yu
bakxos Cemen | MU-11 | ®dusuko-matematuueckuii | 1991 NULL
Boiixo UBan | ME3-31 | ®usnko-matemarnuecknii | 1988 3aouHas
Katiman Omus | UI1-16 | Ucropuxo-topuamueckuii | 1991 JHeBHas

MpeikbiTiok | Upuna | AH-12 | MHOCTpaHHBIX SI36IKOB 1990 NULL

Hamenxko Amuaa | YA3-21 | ®wionornyeckui 1989 NULL
Bopona Urops | T1d-41 | NULL NULL | JueBHas
IMomantox | IMasen | CU-11 NULL NULL | JduesHas

HHH Oorecpanry BHCUIHETO OGLGJII/IHGHI/IH HUMCCT MECTO PABCHCTBO
<t1, Rl> \ URlsz /<t2, R2> = <t2, R2> \ URZ,Rl /<tl’ Rl> y

KOTOPOC aHAJIOTUYHO KOMMYTATUBHOCTH B CUITY KOMMYTAaTUBHOCTH OllCpaliun O6I>€I[I/IH€HI/I$I U RLR, *

Onpedenenue 2. Buemneil pasuuueil (outer difference) tabmunm cxem R, u R, HaspBaerca OunapHas

napaMeTpuicCKas orcpanunsa Buia

\\Rl,Rzl T(R)xT(R) »T(RUR,),

puaeM

R1!2 L

<tllR1>\\R1,R2 /<t2:R2> = <tllR1>\R1 t Q Ry Rl,%\R1<{SQZL{g1}'R2 \ R1> = <t1 ° t21R1> E?\R <{SQ;{IF|21}7R2 \ R1>,

R1.R2 Ri.R2

e (t,R)eT(R), (t,,R,)eT(R,).

Takum 00pa3oM, pe3ybTHPYIOas TabInla COOEPKUT Te CTPOKU MEPBOM TaOIHIpI, TTOMOJHEHHBIC 3HAYCHUEM
NULL nanst o0o3HaueHHs OTCYTCTBYIOLIMX 3Ha4€HHH, KOTOPbIE HE HCIOJIB3YIOTCS MpU (POPMUPOBAHUH PE3YJIbTaTa
COCTUHEHUSL.

Ipumep 2. OTrICKaTH

<Cn0pmcmeH bl, R1> \\g R, /<Om.fzulm UKy, R2> u <Omzzulmu1<u, R2> e, /<Cn0pmcmeH bl, R1> .

B pesynbTaTe nosyuyuM COOTBETCTBEHHO Tabul. 4 u Tabm. 5.

Tabnuna 4. Baewnss pa3Huia <C}’l0pMCM€Hbl, R1> g R, /<0mﬂu'mui<u, R2>

Oamumus | Ums I'pynna | ®akynbrer l'og_p | ®opma_oOyu

Bakos Cemen | MU-11 | dusuko-maremarudeckuii | 1991 NULL

MpeikbiTioK | Mpuna | AH-12 | HOCTpaHHBIX SI3BIKOB 1990 NULL
Hamenko | Amina | YAz-21 | ®unonorudyecknit 1989 NULL

Tabnuna 5. BHemHss pa3Huna <0m/quuKu, R, > \\Rzle / <CnomeMeHbl, Rl>

Gamunusa | Ums I'pymma | @akynerer | ['og p | @opma obyu

Bopona HUrops | [Id-41 | NULL NULL | JIueBHast

TTomanrok | IMaBno | CHU-11 NULL NULL | dueBnas
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Kak BumHO M3 mpuMepa 2 omepanus BHEIIHEH pa3HUIBI HE KOMMYTAaTHBHAs, YTO SIBIISIETCS €CTECTBEHHBIM, TO

ecThb
<tl’ Rl> \ \Rl'RZ /<t2, R2> * <t2, R2> \ \RZ'Rl /<tl’ Rl> .
Ecnu mpu ompeneneHnn onepanyu BHELIHEro IepecedeHus (outer intersection) \ﬂRsz/ Ta0IHI <t1, R1> u
<t2, R2> NPUMEHUTh PACCY)KICHUS, WCIOIb30BAHHBIE IIPU  ONpPENCICHUH MPEABITYIINX JBYX BHEIIHHUX

MHOYKECTBEHHBIX OIEpPAIlfii, TO MOIYIHM, YTO JaHHAS OIEpalys COBIANACT C Olepanreil BHYTPEHHETO €CTECTBEHHOTO
coenuHeHnsa &
R,.R,

Hpumep 3. B pesynpraTe NPUMEHCHHS ONCpAIMA BHEIIHETO IMEPECEUCHUS TaOJIHIT <CHOMCMeHbl, R1> u

<Omilulmul<u, R2> moTyyrM Tabd. 6.

Tabnuna 6. Bueninee nepeceucHue

OGammus | Umsa I'pynna | ®akynereT Tog_p | ®opma_oOyu

Boiiko UBan | ME3-31 | ®usuxo-maremaruueckuii | 1988 3ao4yHa

Kaitnan Omus | UI1-16 | Ucropuko-topunnueckuii | 1991 | JIneBHas

Teopema. IlycTs cxembl TabIMI <t1, R1> u <t2, R2> coBnazaioT ¥ paBHel R . Torga BEINONHAIOTCS PaBEHCTBA:
1) (tR)\Nrr/(tR) = (. RN (2. R) ;
2) (t,R)\rr/(tz,R) = (t, R\ (t2, R);

3) (t,R)\WUrr/(t2,R) = (ti, R)U (2, R) .

Hoxazamenvcmeo.
Ilpn  1OKa3aTenbCTBE  TEOPEMBI  HCHOJB3YETCS — OUHAPHOE — OMHOWEHUe — COGMECHIUMOCMU — CMPOK:
dlef
S ~S,<5 |R=s,|R, rtne R'=RNR,, a R,R, — cxembl CTpoK §;,S, COOTBETCTBEHHO. 31ech, S|X —
oepanuvenue  cmpoku S 33  MHOXKECTBOM  arpubyroB X, KOTOpOe  IOHMMAeTCs  CTaHAAPTHO:

s| X =sN(XxD)=sN(X x 7r22$) . OCHOBHOE CBOWCTBO OTHOIICHHS COBMECTHMOCTH 3aKIFOYaeTCS B CIICHYIOIIEM:
s5Us, e S(RIURy) < 51 =5, [1].

Janee noka3pIBaeTCs KaXXI0€ U3 PaBEHCTB.

1. Jloka3zaTenmsCTBO CIEAYyeT W3 pPaBEHCTBA (<t1,R> ®<t2,R>j =1 ﬂtzl, TO €CThb COEIMHEHHE TaOJIMI
R,R
' 1

OAWHAKOBBIX CXEM COBHAAa€T C HUX MCPECCYCHUEM. ITokaxxem o10. CHauana YCTaHOBUM  BKIIFOUCHHEC

t, Nt, g(<t1,R>RQ??<t2,R>j . IIyete set(t,, T0 ectb Sety u Set,. Tak kak S=sUS u S=S (orHoLICHHE
, 1

COBMECTUMOCTH ~ — pe(IIeKCUBHO), TO Se(<t1,R>®<t2,R>). IToxaxxem o6OparHoe BKkItO4YeHHe. IlycTb
1

R,R

Se (<tl, R> RQ%QZ, R>) ,torma S=5,US, w11 S, ety u S, et,, npudem $; S, . YUuThIBasi, 4T0 72'1251 = 72'1252 = 7[125, a
’ 1

Ha OJHOCXEMHBIX CTPOKAaX COBMECTHMOCTH TEPEXOJUT B PaBEHCTBO (TaK KaK CXEMBI TaOIHIL <t1,Rl> 51 <t2,R2>

COBI3AAIOT, TO U TaOIULA <t1, R> ® <t2, R> HMEeT Ty JKe CXeMy) UMeeM S=S; =S,, To ecTb St Nt,.
RR

2. TloxaxeM cHayala BKIIOYCHHE (<t1, R> \\R’R/<t2, R>)1 ct\t,. Iycts Se (<t1, R> \\R’R/<t2, R>)1 , Torna
se|({t, —t,,R)® <{g},®> =t —t, yureno, uro {e}=t, emunmma 3a coemuuenmem [1]. Otcroma Se <t1, R> u
® RO ®

R.R R.R
. 1 .
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INokaxkem, yro S¢t, or mporusHoro. Ilycts Set,, Torma S=S (100 OTHOIIEHHE COBMECTUMOCTH
pedekcuBHOe). [IpHIIIN K IPOTHBOPEUHIO C YCTAHOBJICHHEIM yTBEPXKICHHUEM, 4TO —(S =~ S,) AII BCeX S, €t,.

Takkak Set; u Set, umeem set \t,.

IMokaxxem obpaTHOe BKitodyeHue. [lycte S et \t,, Torma set; u s¢t,, ciemoBarensho, S ¢t (1t,. [ycTs
ds'et, u s'~ S, TOrzma, MOCKOJIBKY CXEMBI TAaONUII-apIyMEHTOB PABHBI, TO OTHOLIEHHE COBMECTHMOCTH NEPEXOAUT B
pPaBEHCTBO, TO €CTh S'=S, a 3TO MNPOTHBOPEUUT MpeAnoioxkeHuto. CrenoBaTeNbHO, VS'(s'e t, > sUs etlﬂtz)

(npyrumu crioBamu, Vs'(S'et, = —(s'= S))) u s et;. Takum o6pasom, S € (<t1, R)W\g /(t,, R>)1'

3. HOKEDKGM TPETHE PABCHCTBO MCHOJIb3Ys HETIOYKY PABCHCTB!

(t,, R) \Ug p/(t2.R)), =

_ (<t1,R>F§R<t2,R>)uR b2 tR) 8 () 2) U [t - 4R ) 8((:3) | =
R,R R,R 1

=((t.Nty, R)Ug (4 \t,, R)Ug (2 \t4,R)), =t Ut,..

BriBOaBI

JanHas paboTa MocBsIIeHa aKTyallbHOH Ipo0IieMe pa3BUTHS TEOPETHUCCKONH OCHOBHI TAOIIMYHBIX 0a3 TaHHBIX, B
Ka4yeCTBE KOTOPOH BBICTYMAIOT TaOIU4HbIC anreOpbl. TaOauyHbIe aareOpbl MOCTPOCHBI HA OCHOBE XOPOIIIO M3BECTHBIX
persAuoHHbIX anreOpsl Koana u cymecTBeHHO ux 00001ar0T. OCHOBHOS BHUMAaHKE COCPEIOTOYCHO HA OMPEACICHUU
(dbopMabHON MaTeMaTHYECKONH CEMaHTHUKE BHCIIHHUX MHO)KECTBCHHBIX OIEpaIldy TaOIMYHON anreOphl OECKOHEYHBIX
Tabnui. B KkadecTBe HIEOJIOTMYECKOTO, TEOPETHUECKOTO M KOHIENTyalbHOro Oasuca B paboTe HCHOJIB3YIOTCS
MIPUHLIMIIBI U TTOJIOKEHMSI LIKOJIBI KOMIIO3ULIMOHHOTO IporpaMMupoBanus akagemuka HAH Ykpaunsl B.H. Pensko.
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06 agmope:

I'nywixo Upuna Huxonaegna,

KaH1uAaT PU3NKO-MaTeMaTHYECKUX HaYK,

noueHT kadeaps! [IpukianHoit MaremMaTnk, HTHOOPMATHKH U 00pa30BaTENIbHBIX H3MEPEHHH.
KonmuecTBo HayuHBIX MyOIMKALMKA B YKpauHCKHUX U3aHusx — 50.

KonmuecTBo HayuHBIX IMyOIMKAIMH B MHOCTPAHHBIX W3IAHUIX — 5.
http://orcid.org/0000-0003-2549-5356.
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