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Mi>kHApOAHUIT HAYKOBO-HaBYAILHUN LIEHTP
iHpopMmaniiHux TexHoorii ta cucreM HAH ta MOH Ykpainu

ITPABUJIA PO3I'OPTAHHSA 3HAKOBUX KOMBIHATOPHHUX ITPOCTOPIB

3naxosi KOMOIHAMOPHI NPOCMOPU ICHYIOMb 6 080X CMAHAX. CNOKOL (320pHYymomy), sKull
3a0a€EMbCst 3HAKOM, ma OuHamiyi (PO32OPHYMOMY), SKULL pO320pMAacmvcsi 3i 320pHymoeo. Toukamu
Yux npocmopis € KoMoiHamopHi Kougicypayii pisnux munis. B ocrosi ixnboi nobyodoeu nesxcams
npasuia ymeopeHHs ma enopsaoKkyeanHsa yux oo 'ekmis. OcmanHi ghopmyromocs 3 eremenmie
3a0anoi 6a3080i MHONCUHU MPbOMA PEKYPEHMHUMU KOMOIHAMOPHUMU ONnepamopamu, a
YNOPAOKOBYIOMbCA 34 NPABUNAMY, 6 SKUX BUKOPUCIAHO 6IACMUGICMb NepioOUdHOCHI.
3naxosuil 320pHymMull KOMOIHAMOPHULL NPOCMIP 3A0AEMbCS THPOPMAYIUHUM 3HAKOM, SAKUU
Micmumb 6a308y MHONMCUHY, 11020 MUN | NPABUNA YMBOPEHHS 3 eleMeHmie Oa30680i MHOMCUHU
MOYOK PO320PHYMO20 NPOCMOPY.

Y npupooi icnye cxinuenne 4ucio MHONCUH KOMOIHAMOPHUX KOHpicypayii 00H020 i
MO20 JHC MUNY, KONCHA 3 AKUX MOdce OYMuU 6NOPAOKOSAHA PISHUMU CHOCOOAMU K CMPO20,
mak i xaomuuno. K noKazaé ananiz yux MHONCUH, 6a2amo 3 HUX YNopsAOKO8YIOMbCs OOHUMU
I mumu camumu cmpo2umu npoyeodypamu, mooOmo iCHYIOmb 3aKOHOMIPHOCMI iXHbO2O
eenepyganus. OQOHIEI0 3 HUX € 61ACMUGICMb NEPIOOUYHOCTI, KA BUNIUBAE 3 PEKYPEHMHO20
Cnocoby YmeopeHHs ma B6NOPAOKYBAHHS KOMOIHamopHux Kougicypayitu. Ha ocnosi yiei
811ACMUBOCMI PO3POONIEHO PeKYPEHMHO-NEPioOUYHULL MemOO, OPIEHMOBAHUU OJisl 2eHePYBAHHS
KOMOIHAMOpHUX KoH@ieypayii piznux munie. 3a 00NOMO02010 Yb020 Memoody YHOPAOKYEAHHS
CMPYKMYPOBAHUX KOMOIHAMOPHUX MHONCUH HNPOBOOUMbCA 3a OOHUMU | MUMU CAMUMU
npasuiamu, a OesKi 3 HUX 2eHepyrmbvCs PISHUMU MOOUDIKAYIAMU 0OHO20 I MO20 CAMO20
ancopummy.

B cmammi onucyromvcs npaeuna ymeopenHs ma 6nopsoOKy8aHHs CMPYKMYPOBAHUX
KOMOIHAMOPHUX MHOJNCUH, BIONOBIOHO I 3HAKOBUX KOMOIHAMOPHUX Npocmopis. Yeeoeno mpu
PEKypeHmHi KOMOIHAMOPHI onepamopu, 3a 00NOMO20H0 SKUX GOPMYIOMbCs KOMOIHAMOPHI
KoHghieypayii. Lle — mpaucnosuyis, eubuUpanHs ma  apuQMemuuHull  Onepamop.
Copmynvoearno mpu npasuna, 3a AKUMU YHOPAOKOBYIOMbCSA KOMOIHAMOPHI MHOMCUHU. L[i
npasuia Gopmyomscs Ha OCHO8I ananisy ixuvoi cmpykmypu. I enepyeanus KOMOIHAMOPHUX
MHOICUH NPOBOOUMBCSL 3 eleMeHmMi8 3a0aH0i 6A3080i MHONCUHU 3a OONOMO20K HABEOEHUX
npasuin. Tobmo, 011 iXHb0O20 6NOPAOKYBAHHS OOCMAMHLO 3A0aMU MUn KOMOIHAMOPHOL
KOHGhicypayii, 06a308y MHOJMCUHY mMa NPAGUIA IXHbO2O YMBOPEHHS Ma BHOPAOKYEAHHS.
AHanoeiyHo onucyemuvcs i 3HAK08Ul KOMOIHAMOPHULL NPOCMIP.

Knrouosi crnosa: snaxosuii kombinamopuuilt npocmip, KomMOiHamopra Koughicypayis,
81acCmMuBicms NepioOUUHOCHI, peKypenmHi KOMOIHAMOpHi onepamopu, iHhopmayiunull 3HAK.
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Mek1yHapOIHBIH Hay9HO-Y4EeOHbIH LIEHTP
nHpopManmoHHbIX TexHojorui u cucteM HAH n MOH VYxkpauns

ITPABUJIA PA3BEPTBIBAHUS 3HAKOBBIX KOMBUHATOPHBIX
IMPOCTPAHCTB

3Hnaxosvie KoMbUHamMopHvie NPOCMPAHCMEA CYWECMBYIOM 8 08YX COCMOAHUAX. NOKOe
(ceepuymom), xomopwuii  3a0aemcs  3nakom, u Ounamuxe (pazeepHymom), KOMOpbill
pazeopayusaemcs u3 cgepHymoeo. Toukamu smux npocmpancme AeisA0mcs KOMOUHAMOpHble
KOHGhu2ypayuu pasHvlx munos. B ocnoge ux nocmpoenus nexcam npaguia oopazosamus u
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ynopsoouenuss smux o06vekmos. Ilocieonue gopmupyromes u3 31eMeHmMo8 3a0AHHO20
0a306020 MHOJCECBA MpPEMs PEKYPPEHMHLIMU KOMOUHAMOPHLIMU ONEpamopamu, d
YHOPAOOUUBAIOMCSL NO NPAGUNAM, 8 KOMOPbLIX UCHOAb3YEMC L CEOUCMBO NePUOOUUHOCTILL.
3naxosoe ceepHymoe KOMOUHAMOPHOE NPOCMPAHCMBO 3A0Aem sl UHPOPMAYUOHHBIM 3HAKOM,
cooeporcawuti 6a3080€ MHONCECMBO, €20 Mun U Npasuid 00paA306aHuUs U3 NEMEHMO8
0a306020 MHOJCECMBA MOUEK PA3BEPHYMO20 NPOCPAHCNEA.

B nmpupooe  cywecmeyem — KOHeYHOE  UYUCIO  MHONCECME  KOMOUHAMOPHLIX
KOH@Uueypayuil 00HO20 U MO20 Hce MUnd, Kaxcooe u3 KOmopvlx Modxcem Oblmsb YROPAOOUEHO
PA3UUHbIMU  CHOCODAMU KAk cmpozo, maxk u xaomuuno. Kax nokazan awanuz smux
MHOJHCECE, MHO2UE U3 HUX YNOPAOOUUBAIOMCS OOHUMU U MU e CIPO2UMU NPOYedypamu,
Mo ecmv Cyuecmeyiom 3aKOHOMepHOCmU ux eeHepuposanus. OOHOU U3 HUX A6IAEmCs
CBOLICMBO NEPUOOUYHOCIU, KOMOpoe cledyem U3 peKyppeHmHo2o cnocoba obpazosanus u
YHOpAOOUeHUus KOMOUHamopuvix Kougueypayuu. Ha ocnose smozo ceoticmea paspaboman
PEKYPPEHMHO-NEPUOOUYecKUll  Memoo, OpUEHMUPOBAHHBILL OISl 2EHEePUPOBAHUS
KOMOUHAMOPHLIX — KOHQueypayuil  pasauunelx  munos. C  NOMOWbIO  2Mo20  Memood
Yynopsaoouenue cmpyKmypupo8aHHblX KOMOUHAMOPHBIX MHOHNCECME NPOBOOUMCS. NO OOHUM U
mem e Npasuiam, d HEKOmopbvle U3 HUX 2eHEePUPYIOMCS PA3TUYHBIMU MOOUDUKAYUAMU
00HO20 U MO20 JHCe Aneopumma.

B cmamve onucwisatomes npasuna coz0anusi u ynopsaoodenus CmpyKmypuposaHHvix
KOMOUHAMOPHBIX ~ MHOXMCECMS,  COOMBEMCMEEHHO U 3HAKOBLIX — KOMOUHAMOPHbIX
npocmpancms. Beedenvl mpu peKyppenmuble KOMOUHAMOPHbIE ONepamopul, ¢ NOMOUbIO
KOMOPbLIX  (hopmupyromecs  KOMOUHAMOpHble  KOHQueypayuu. Omo — MmMpaHCno3uyus,
svloupanue u apugmemuyeckuti onepamop. Chopmyruposansvt mpu npasuida, no KOmMopbim
YNOPAOOUUBAIOMCSL KOMOUHAMOPHbBIE MHOMCECMBA. Dmu npasuia GopmMupyromcs Ha 0CHOGe
ananusza ux cmpykmypwvi. Ienepuposanue KOMOUHAMOPHBIX MHONCECE NPOBOOUMCI U3
IIEMEHMO8 3a0AHH020 6A308020 MHONMCECMBA C NOMOWLIO NPUBEOeHHbIX npasui. To ecmo,
0151 UX Ynops0o4eHuss 00OCMAmoyHoO 3a0amvb Mun KOMOUHAMOPHOU KoHusypayuu, 6azosoe
MHOJCECTB0 U NpABUNA UX 00pA308aHUs U YNopsAooYeHus. AHAN02UYHO OnuUCLIBaemcs U
3HAKOB0E KOMOUHAMOPHOE NPOCMPAHCIEO.

Kniouesvie cnosa: 3naxkogoe KomOUHamopHoe NpOCMPAHCMEO, KOMOUHAMOPHAS
KOH@ueypayus, ceotucmeo NepuoOUUHOCMU, PeKYpPPeHMHble KOMOUHAMOpPHble ONnepamopol,
UHGOPMAYUOHHDBII 3HAK.

N.K. TIMOFEEVA

International Scientific Training Centre
for Information Technologies and Systems

RULES FOR DEVELOPING SIGNIFICANT COMBINARY SPACES

Significant combinatorial spaces exist in two states: tranquility (convolute), which is
given by the sign, and dynamics (deployed), which deployed from convolute. The points of these
spaces are combinatorial configurations of different types. Their construction is based on the
rules of formation and ordering of these objects. The latter are formed from the elements of a
given basic set by three recurrent combinatorial operators, and are ordered according to the
rules in which the periodicity property is used. The significant convolute combinatorial space
is given by an information sign, which contains the base set, its type and rules of formation
from the elements of the base set of points of the deployed space.

In nature, there are a finite number of sets of combinatorial configurations of the same
type, each of which can be ordered in different ways, both strictly and chaotically. As the
analysis of these sets has shown, many of them are ordered by the same strict procedures, ie
there are patterns of their generation. One of them is the property of periodicity, which
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follows from the recurrent method of formation and ordering of combinatorial configurations.
Based on this property, a recurrent-periodic method was developed, focused on generating
combinatorial configurations of different types. Using this method, the ordering of structured
combinatorial sets is performed according to the same rules, and some of them are generated
by different modifications of the same algorithm.

The article describes the rules of formation and ordering of structured combinatorial
sets and, respectively, sign combinatorial spaces. Three recurrent combinatorial operators
are introduced, according to which combinatorial configurations are formed. It is a
transposition, a selection, and an arithmetic operator. Three rules are formulated according
to which combinatorial sets are ordered. These rules are formed on the basis of the analysis
of their structure. The generation of combinatorial sets is performed from the elements of a
given base set using the above rules. That is, for their generation it is enough to specify the
type of combinatorial configuration, the base set and the rules of their formation and
ordering. The significant combinatorial space is similarly described.

Keywords: sign combinatorial space, combinatorial configuration, periodicity
property, recurrent combinatorial operators, information sign.

ITocTanoBka npodaemu

3HaKOBI KOMOIHATOPHI MPOCTOPU ICHYIOTH B JIBOX CTaHAaX: CIIOKOI (3rOpHYTOMY), SIKHM
3aJIa€ThCS 3HAKOM, Ta JIMHaMIL (PO3TOPHYTOMY), SIKMI pO3ropTaeThes 3i 3ropHytoro [1]. Toukamu
IIUX TPOCTOPIB € KOMOIHATOpHI KOH(]Iryparii pi3HMX THIIB. B OCHOBI iX MOOyIOBU JEXKaTh
NpaBuja YTBOPEHHS Ta BIOPSJIKYBaHHS KOMOIHAaTOpHUX KOH(pirypamiid. [Insi BcTaHOBIEHHS
NPaBWJI PO3TOPTAHHS OTOBOPEHHMX IPOCTOPIB  HEOOXIAHO TIPOBECTH aHAJ3 CTPYKTYpH
KOMOIHATOPHUX MHOXKMH Ta BH3HAYMTH 3aKOHOMIPHOCTI IXHBOTO T'€HEPYBAaHHS Ta YTBOPEHHS
KoMOiHaTopHUX KOH(irypariiii. Boun (opmyroTecs 3 enemeHTiB 3amaHoi 0a30BOi MHOXKHUHHU
TpbOMa PEKYPEHTHUMH KOMOIHAaTOPHUMH OIEPAaTOpaMH, a YIOPSIKOBYIOTHCS 3a MpaBHIIaMH,
B KUX BUKOPUCTAHO BJIACTUBICTH MEPIOIUIHOCTI.

AHaJIi3 OCTAHHIX J0CTiIKeHb | myOaikamnii

JlocnipkeHHI0O KOMOIHATOPHUX KOH(QIrypamiii 1 crnocob6aM iXHbOTO TeHepyBaHHS B
JiTepaTypi mpuUCBSYeHO Oarato poOit, Hampukiaa [2—-7]. ['eHepyBaHHA KOMOIHATOPHHX
KOH(}Iryparliii, K npaBUIO0, MPOBOIUTHCS AJITOPUTMAMHU, SIKI iX MOPOIKYIOTh, 32 CTPOTOIO
cxemMor0 abo SK pPIBHOMIPHO pO3MOAUICHI BHUNAAKOBI 00'ekTH. B Takux anroputmax
3aKJIQAAI0ThCS TMPOLEAYPH, SIKi MiJBUIIYIOTh €(PEKTUBHICT IXHBOI POOOTH 3a IIBUIKOIIEIO.
Jlessiki anrOpuTMHM OpIEHTOBAaHI Ha PO3B’S3aHHS MNPUKIATHUX 3a7ad  KOMOIHATOPHOI
ONTHUMI3aIlii, TOMY 3a iX TOMOMOTOI0 TeHEPYEThCS HE BCS KOMOIHATOpHA MHOXKHMHA, a 1i eBHA
niaMHOKMHA.  OCKUIBKM B TpUpOAl iCHYe Oarato BHOPSAKYBaHb KOMOIHATOPHUX
KoH(pirypariii, ToMy e(QeKTUBHICTh Ta IIBUIAKOAIS aJITOPUTMIB 3aJIeKaTh BiJ TOTro, sKa
MHOXHHA 3 ICHYIOUMX BHOpaHa /sl TeHepyBaHHS, TOOTO NpaBWja, 3a SKUMH BOHA
YIOPSAKOBYETHCS, POPMYIOTH AITOPUTM.

SIk mokaszaB aHalli3 IIMX MHOXXHH, BOHH MOXYTh YIOPSIKOBYBATUCS OJHUMH 1 TUMH
CaMHMH TIPOLIeTypaMH, TOOTO iICHYIOTh 3aKOHOMIPHOCTI iXHBOTO reHepyBaHHs. OJIHA 3 TaKUX
BJIACTHBOCTEH onucaHa y poOoTi [8], B OCHOBI 5IKO1 JIGKUTh XapaKTepHa [yl 0araTboX THITIB
KOMOIHATOpHUX KOHQITYypalliid eracmusicms nepiooudHocmi, sika BUTUIMBAE 3 PEKYPEHTHOTO
cnoco0y TXHBOTO YTBOpPEHHSA. BHSBICHHS 3aKOHOMIpHOCTEH YHMOPSAIKYBaHHS IEBHOI
MHOKHMHHU JIO3BOJISIE PO3POOJIATH HECKJIaJHI MpOUEAYpH ii TeHepyBaHHS ISl JOBUIBHOTO
3HAYEHHs N 1 CTPOro JOBOJWTH, IO IS MHOXXHMHA MICTHTH yCi HETOTOXKHI KOMOIHATOPHI
KoH(pirypamii. SIKmo mpoBecTH aHami3 ACSIKUAX, BIIOMHX Yy JiTepaTypl ajaroOpuUTMIB
reHepyBaHHS KOMOIHaTOPHHUX 00'€KTiB, TOJI MOXKHA MOMITUTH, 10 B HUX Ha IHTYiTUBHOMY
piBHI 3aKJIa/IcHI MpaBHiIa IXHLOTO YIIOPSAKYBaHHS, onucaHi y [8].
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Meta nocaixkeHHs

st po3B’si3aHHS  TOCTaBJICHOI 3a7adi HEOOXIHO TIPOBECTH aHAli3 CTPYKTYpH
KOMOIHATOPHUX MHOXHMH. Ha OCHOBI pe3ynbTaTiB aHami3y IOKa3aTH, II0 YTBOPEHHS
KOMOIHAaTOPHUX KOH(QIrypaiii MpPOBOAWTHCS 3a JIOMOMOTOK TPhOX  PEKYPEHTHHUX
KOMOIHATOPHUX OIEpaTopiB, a IXHE CTPOTe BIOPSAAKYBAHHS BUKOHYETHCS TaKOX 33 TpbOMa
npaBwiaMu. ['eHepyBaHHS KOMOIHATOPHMX MHOXHH MPOBOAMTHCS 3 €JIEMEHTIB 3a/JaHol
06a30B01 MHOXHHM 3a JOIMOMOIOI0 HAaBEJICHMX NpaBwil. To0To, Ui BIOPAIKYBaHHS
KOMOIHAaTOPHUX MHOXHH JOCTaTHhO 3aJaTh THUI KOMOIHATOpHOI KoH(iryparii, 06a30By
MHOKMHY Ta TpaBuUia IXHBOTO YTBOPEHHS Ta BIOPSAKYBaHHS. AHAJIOTIYHO 3a/1a€ThCS
3HAKOBUW KOMOIHATOPHUI MPOCTIP, IJIs IKOTO YBOAUTHCS 1HPOPMAIIHHHN 3HAK.

BukJiageHHs1 0CHOBHOI0 MaTepiay 10CIi:KeHHS

ba3oBi MHoxMHH Ta KomOiHaTopHi kKoH(irypauii. OCKITBKH €JeMEHTaMH
KOMOIHATOPHUX MHOXHH € KOMOIHATOpHI KOH(Irypauii IeBHOTO THITY, PO3TJITHEMO, SIK BOHU
YTBOPIOKOTHCS Ta 32 SKMMHU NPaBUIAMHU BIOPSIKOBYIOTHCS.

KombinaTopHOt0 KOH(Irypamieo Ha3BeMO OyIb-IKy CYKYIHICTh €JIE€MEHTIB, S5Ka
YTBOPIOETBCSL 3 yCiX abo 3 Jeskux eneMeHTiB 3amanoi mMHoxuman A={a ,.,a,} [8].
[To3sHauumo ii BIOPSAIKOBAHOI MHOXHHOIO wX :(Wf,...,wﬁ). Ilin cuMBOIOM W'j‘ e A
PO3YMIEMO SIK OKpEeMi €JIEMEHTH, Tak i migMHOxuHH (On0ku), 77 €{l,...,N} — KUIBKICTH
enemenTiB y W, W ={w"}! — MuoxuHa kxomGinaTopuux koHdirypanuiit. Bepxuiii innexc K
(k e{L...,q}) y W* mosnauae nopsaxosuii Homep W* y W, — Kimbkicts W y W .

Kombinatopni koH¢irypauii Oyab-iKoro Tumy (QOpMYIOTbCS 3 €IEMEHTIB 3aJaHoi
MHOXHHHU XapaKTEPHOIO IS KOXKHOTO 3 HHUX omepariero. OmHi 3 MUX omnepariid 3MiHIOIOTh
MOPSITOK PO3MIIIIEHHS B HUX €JIEMEHTIB, 1HIII 3MIHIOIOTh iXHIH CKIIa.

Oznavennst 1. Muoxuny A={a ,..,a,}, 3 CJICMCHTIB SKOI YTBOPIOIOTHCS
KOMOIHaTOpHI KOH(Irypairii, Ha3BeMO 0a30BOIO.

O3HaveHHst 2. PekypeHTHUM KOMOIHATOPHMM OIIEpAaTOPOM Ha3BEMO CYKYIIHICTh
TIPaBHII, 33 JOIMOMOTOIO SIKUX 3 CIEMEHTIB 6a30Boi MHOXMHH A (abo 3 momepemuboi W ™)
YTBOPIOETHCS KOMOIHATOPHA KOH(Irypamis W*.

Pi3HOMaHITHI TUOM KOMOIHATOPHHUX KOH(]Iryparmiii yTBOPIOIOTHCS 3a JIOTMOMOTOIO
TPHOX PEKYPEHTHUX KOMOIHATOPHUX OIEpaTOPiB: BUOMPAHHS, TPAHCIIO3HIIIS, apU(PMETHIHHIA.

O3HayeHHs OrOBOPEHUX OIepaTopiB MoaaHo y [8].

VYpaxoByloun BHIIEBHKIAJCHE, y3aralbHUMO CIOCOOM YTBOPEHHS KOMOIHATOPHHUX
KOH}Irypartii.

KomGinatopui kondirypamii W* 3 exeMeHTiB 6a30BOi MHOXKHHH A yTBOPIOIOTbCS
PEKYPEHTHHM KOMGiHATOPHMM OIepaTopoM BuOHpanHsa. KomGinatopHa koHpirypamis W* y
mEOKHHI W yTBOproeThcst 3 W' €W  peKypeHTHHM KOMOIHATODHHM —OIEPaTopOM
Tpancno3umii abo apudmernaanM, K < i. Ilepma W' yTBOPIOETBCS 3 €IEMEHTIB MHOKHHE A
oTrepaTopoM BUOWPAHHS.

Ockinbku 0a30Ba MHOXHMHA A MICTUTH YC1 €JIEMEHTH, HEOOXiaHl i (hopmMyBaHHS
w“ eW , Toxi mepma W' eW s ycix THIiB KOMOGIHATOPHEX KOH(Irypalili yTBOPIOEThCS 3
A omepatropom BuGupamHsa. Tum komGiHaTOpHOI KoH(irypamii W eW Bu3HauaeThcs
PEKYypEeHTHUM KOMOIHATOPHUM ONEPaTOPOM.

Ak mokazye aHami3 KOMOIHATOPHMX MHOXXHH, BOHH MOXYTh YIIOPSIKOBYBAaTHUCS
ONHMMH 1 THMH CaMHMH TpPOIEAYpaMH, TOOTO ICHYIOTh 3aKOHOMIPHOCTI IXHBOTO
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reHepyBaHHs. OjHa 3 TakWX 3aKOHOMIPHOCTEH, IO XapakTepHa i 0araTbOX THIIIB
KOMOIHATOPHUX KOH(]Iryparliii, € BIaCTHBICTb MEPIOAUYHOCTI, KA BUILJIMBAE 3 PEKYPEHTHOTO
croco0y IXHhOTO YTBOPEHHS.

BuacTuBicTh mepioAMYHOCTI yMOpSAAKYBaHHS KOMOIHATOPHUX MHOXMH BHILTHBAE 3
PEKYPEHTHOTO CIoco0y yTBOpPEHHS KOMOIHATOPHUX KOH(DIrypaiiii i mojisrae B ToMy, mo I
MHOXHHH YIOPSAKOBAaHI 1HTEpBalaMH, B KOXXHOMY 3 SIKUX KOMOIHaTOpHI KoH(iryparii
YTBOPIOIOTHCS 32 OTHUMH 1 THMH CaMUMH IIPaBUJIAMHU.

Ha ocHOBI BIacTHBOCTI NMEPiOAMYHOCTI po3pOOICHO PEKYPEHTHO-NIEPIOANIHUNA METO/
reHepyBaHHS KOMOIHATOpHUX KOH]ITrypariii.

SIKIIO TPOBECTH aHali3 JAESKHX, BIIOMHUX Yy JITE€paTypi alropuTMiB T€HEpYBaHHS
KOMOIHATOpHUX KOH(Iirypairiii, Toai MOXHa MOMITUTH, 110 B HUX Ha IHTYITUBHOMY piBHI
3aKJIaJIeH1 IPaBUia YIIOPAIKYBaHHS, 1110 IPYHTYIOTHCS Ha Iili BIACTUBOCTI.

VropsinkyeMo MHoxHHY W KoMGiHaTopHHX KoH®irypauii w* eW , ke{l,...q},

Tak, mo HacTymHa W™ (opmyerbcs 3 momepemHboi WX a6o 3 Ga30Boi MHOXHHH A

XapakTEepHUM  JUIi  TEBHOTO  TUIy PEKYpEHTHHMM  KOMOIHAaTOPHUM  OINEpaTopoM
(TpaHCIO3HIIi€0, BAOMPAHHAM YU apu(METHUHUM orepaTopoM). OCKITIBKH B YIIOPSAKOBAHIN
mEOkHHI W KoMGiHaTopHi KoH®irypamii W e W posMileHi B meBHOMY TOPAAKY, TOMi IIpH
po3pobJIeHHI TIPoLIeIyp iXHBOTO TeHEPYBaHHS MHOXHHY A, 3 €JIEMEHTIB SIKOi OIepaTopoM
BUOMpAHHS BOHH YTBOPIOIOTHCS, PpO3IJSHEMO SK YIOPSIKOBaHY 1 MO3HAYUMO i

A=(a,,..,a,). Beaxxaemo W* eW TakoX ymopsaKOBaHOIO i To3Ha4MMO ii W* = (Wlk,...,W,‘;) .
VY Oynb-sikiii ynopsiikoBaHii komOiHaTopHid MHOkuHI W Ha3Bemo iHTepBanom L, .

(b<C) miaMHOXHMHY NOCTiZOBHHX KOMOGiHATOPHMX KOH(irypamiii W* 3 MmodaTKOBUM
HOMepoM b i kinueBuM C. Moro 10BXMHOIO HAa3BEMO KiIbKIiCTh €eMEHTIB WX, sIKi MiCTATBCS
B IIbOMY 1HTEpBaJIi, BKJItoYaroun b 1 C.

PosrnssHeMo po0OTYy pEKypeHTHO-TIEPIOAMYHOTO METONYy Ha TPHKIAAl  3aJaHOTO
YHOPAIKYBaHHS IEPECTAHOBOK 11 N=4. B inTepBan L, ¢. BXOAATH IIEPECTaHOBKY, B AKHX

Hactymia W' eW (opMyeTbcs 3 TIONEpeqHBOI OJHI€I0 TPAHCIIO3MIIEI IBOX CYCiMHIX
(mepmoro i apyroro, abo Ipyroro i TPeTbOro) enemMeHTiB. Ha3BeMo ioro iHTepBalioMm
Hy1bOBOro panry (irepBamu Lo, L,,,, L4, Lig, ) B KOXXHOMY iHTepBami HyJIbOBOTO

paHry epecTaHOBKH YTBOPIOIOTHCS 32 OJHUMH 1 TUMH K TpaBuiaMu. [lepia mepectaHOBKa
HYJIbOBOT'O PaHTy YTBOPIOETHCS 3a iHIIMMHM NpaBuiamu. HazBemo ii oOMexyBanbHOIO. Pi3Hi
npaBuja yTBOPEHHS OOMEXYBaIbHOI KOMOIHATOPHOI KOH(ITypallii 3aJar0Th Pi3HI CIOCOOH
YIOPAIKYBaHHS KOMOIHATOPHUX MHOKHH.

InTepBan neporo panry mnepecTaHoBok (L, ,,) cKnamaerscs 3 4OTMPLOX IHTEpBaiB

HYJBOBOTO PaHTry, APYTOro paHry — 3 II’SITH 1HTEPBAJiB MEPILIOr0 PaHry, a IHTEpPBal O -TO
panry — 3 inTepBaiiB (o —1) -ro panry. IatepBanu (o —1) -ro paHry B iHTepBaii ¢ -TO paHTy
YTBOPIOIOThCS 32 OJHUMH 1 THMH K TpaBWJIaMH. AHAJIOTIYHO YIHOPSAKOBYIOTHCS
KOMOiHATOPHI KOH}Irypallii iHIINUX THIIB.

OTtxe, sl TeHEpyBaHHS KOMOIHATOPHMX MHOXHH 3 BHUKOPHUCTAHHSIM BIIACTHBOCTI
NEepiOANYHOCTI HEOOXiMHO CcOpPMYINIOBaTH TpU TMpaBHia, 32 SKAMH YTBOPIOIOTHCS:
a) IHTEpBaJ HYJIBOBOTO paHTy; 0) oOMeXyBalibHa KoMOiHaTOpHA KOHQIryparis (mepiia B
1HTEpBaJll HyJLOBOTO PaHTy); B) IHTEPBAJl O -TO PaHTYy.

O3HaveHHss 3. AJNTOpUTM TEHEpYBaHHA JOBUIbHOI MHOXXMHH KOMOIHATOPHHUX
KoH(pirypariiit W Ha3BeMO KOPEKTHHUM, SIKIIO B Pe3yibTaTi HOro podOTH OTpUMaHa MHOKHHA

W B3aemMHO 0HO3HAa4YHO BimoOpakae W .
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VYBeneMo TpaBWiIa YTBOPEHHS IHTEpBaly HYJIBOBOTO paHry, OOMEKYBaJbHOI
KOMOIHAaTOpHOI KOH(]Iirypauii Ta iHTepBaly O -TO paHTy JUIsl CHOJy4eHHs 0e3 MOBTOpPEHb,
MEPECTaHOBOK Ta PO3OUTTS HATYPAILHOTO YHCIA.

IIpaBuio 1. CionydeHHs IHTEpBaTy HYJbOBOTO PaHTY Y IXHIM MHOKHHI YTBOPIOETHCS
PEKypeHTHUM KOMOIHAaTOPHMM OIEpaTOpOM BUOHMpAHHS OIHOTO eleMeHTa 3 0a30Boi
MHOXHMHM A TakMM YHHOM, IO wW* 1o Bimmomenmoo mo W< BIJIPI3HAETHCS OCTaHHIM
€JIEMEHTOM Wf; =a;, 3, € A, j=6,n, k=b+1c.

Bennuuny 6 Ha3BeMO KoeQilli€EHTOM iHTEpBaJly HYJIHOBOTO paHTy. BiH 3MiHIOETBCS
npu (GopMyBaHHI YeproBOro iHTEpPBaIy HYJIHLOBOT'O pPaHTy i HaOyBae 3HaueHHs O €{7,...,N}.

[HTepBaI HYJIHOBOTO PAHTY, YTBOPEHHIA 3a LM MPABUIOM, MICTUTh YCi MOXKIMBI W* .
IIpaBuio 2. OOMexyBajgbHE  CIIOJIyY€HHS  YTBOPIOETHCS  PEKYpPEHTHHM

KOMOIHATOPHUM OIIEPaTOpOM BHOMpPAHHS TaKHUM YHHOM, IO €JIEMEHTH W;f =a, j=0,7,

|=6,5, ne 0 =(7—0) — HOMep TO3MIIT y MHOKHHI W, Ky 3aiiMae eTeMeHT a, €A,

Se{l,..o-1}, ce{l,...,n—1}. Tlpu upomy W* BimpisHseTbca Bim W' ommum abo

k

. k k k k-1 k-1
KUIBKOMA elleMeHTaMH W_,..., W, , @ eJIeMEHTH Wy =W, ..., W . =W " . EnemenTu nmepimoro

-1
crionydeHHs W IiIMHOXKHHHM  i30MOp(HHX  CIOJNy4eHb  HAaOyBalOTh  3HAYCHHS
i i
W=a ., W, =a,.
IpaBuio 3. Byap-ske CHONYy4YEeHHS IHTEPBANy O -TO PaHTy YTBOPIOETHCS TaKUM
YHHOM, M0 CJIEMEHTH W‘; =w =a , kzi, jefl,...,oc -, w,weW_, lefl,..s-1},a

3 €NIEMEHTIB & ,..., 8, MHOXKUHH A, sIKi OIepaTopoM BUOMPAHHS PO3MIIIYIOTHCS Yy HO3HIISAX

-
o ,...n cuomydenas W< = (W,...,w*

e WE) , YTBOPIOETHCSI MHOJKWHA BCUISIKHAX CIIOJTYyYCHb.
3MiHHI 0 1 0 Ha3BeMoO Koe(ilieHTaMHu IHTepBally o -TO paHry. BoHW BH3Ha4aloTh

HOMEpa MO3MLIH THX CIEMEHTIB & € A, 3 IKUX [I0YMHAETHCS (POPMYBAHHS LIBOTO IHTEPBAIY.

Po3rnsHEMO pPO3OMTTS HATYpalbHOTO 4YWclIa. EleMeHTH MHOXKHHM W — umcna
HATYPaAJILHOTO PAIY.

IIpaBuio 4. HeroToxHi po30UTTS uucia N B IHTEpBalIl HYJIbOBOI'O DAHTY
YTBOPIOIOTHCS apH(PMETHIHUM PEKYPEHTHHUM KOMOIHATOPHUM ONEPATOPOM TaKUM YHHOM, IO
oyne-ike W, k =b +1, ¢, dopmyerbcs 3 monepemaboro W', k —1=b,c—1, BigHiMaHHIM
OJIMHUIII BiJ] MEPIIOTO YuCia Wl"’l 1 TIOAaBaHHSIM OJWHHII JIO APYroro 4Yucia W‘z"l, TOOTO

k k-1

W =(Wl"’1—1, Wit 41, W

‘ okl k-1 —
; ) IpU BUKOHaHHI ymoB: W, —1> w, ™ +1 . KubkicTh Takux

po30uTTIB uKcna B cycinHix iHTepBanax t—1, t, t+1 — pi3na.
Mpasuio 5. O6MexyBaabHe PO36UTT W* iHTEpBaTy HYIHOBOIO PAHTY YTBOPIOETHCS
apu(METHUYHUM PEKYPEeHTHUM KOMOIHATOPHHUM ONEPaTOPOM TakK, IO W‘;= w1, j=2,r,

- n
r3,..., n}, Wl‘=W';‘1 , S=r+1n aa r<n, i Wlk =n —z W'j( . [TouaTkoBe 0OMEXyBaIbLHE
j=2

po30uTTs niaMHOKKMHA W, JOPIBHIOE wW=n-@mn-11..,11).

IIpaBuiio 6. IutepBan o -ro panry ymnopsaxkoBaHoi MHOXKHUHM W yTBOPIOETHCS 3a
G+2

npaBuiaMu 4-5 TakUM YMHOM, IO BiH MICTHTB YCi pO3OUTTS 4yHcia ZW'} ,a W‘; HaJIEKUTh
=1

MHOXHHIT WY =(W,...,W" WE) oce{0,.,7-2}.

W10
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YHopsaKyeMo MepecTaHOBKH 3 BUKOPUCTAHHSM BJIACTMBOCTI MEPIOJUYHOCTI TakK, IO
HACTYITHA NI€PECTAaHOBKA YTBOPIOETHCS 3 MOMEPEIHBOI OJTHIEI0 ONEPaLi€l0 TPAHCIO3MILIT 1BOX

€JIEMEHTIB W‘j‘, W:(.

Mpaeuao 7. Tlepecranokn W' B iHTepBamax HyIHOBOTO PAHTY JOBKHHOK0 3!
YTBOPIOIOTBCS 3 TIONEPEHB0I W OJIHI€I0 TPAHCIIO3HINEI0 JBOX CYCIMHIX (IIEpIIOro, APYroro
a00 TPeThOTO0) EJICMCHTIB Wlk, W;, Wg S WK = (Wlk, Wzk, Wg pees W,'j) )

3amuImeMo peKypeHTHHII BUpa3 yTBOPEHHS HACTYIHOI IlepecTaHoBKH W™ iHTepBamy
HYIHOBOTO PAHTY 3 IIONEPEIHLOI W', Y IKOMY BUKOPHCTOBYETHCS apu(pMETHIHHUI OIIepaTop:

k k k k k k k k
o (I, W) = (W A=)+ (W, riry)),
k k k k k k k k
W rory+w, A—ry)+wyrjrs),

Wy 1 rg+ws (L=r3)).

BinapHa mocIiIoBHICTh I HabyBae 3HAUEHHS:
) 0, sgxmo W;( = W;-"l,
.=
J [—
1, skmo W‘j‘ #* W'j‘ L ]=13

BBaxkxaruMemo, 10 mepIia MEepecTaHOBKA 3a/laHa 1 3aJaHO IMOYAaTKOBE 3HAUCHHS
6inaproi mociigosrocti ' = (1,1, 0). Toxi BUpa3 s peKypeHTHOro yTBopeHHs ™ Habyne
BUTJISILY:

rr) =(@-ry), ry @-ry)).

IIpaBuio 8. O6MexyBanbHa epecTaHOBKa ab0 3a7ae€Thesl, a00 YTBOPIOETHCS OIHIEI0
TPAHCIIO3HIIIE€I0 JIBOX CJICMCHTIB a(Wf;_l, Wf;), SKIIO O — HemapHe, 1 a(W'j‘, WC",), SIKIIO O —
napHe, 1e j=o -1 jguas Jgpyroro i TpPEeThOro IHTEPBAIIB O -TO  paHry i
je{(n-2)-1,...,(n-2)-(n-3)} mna t-ro i”TepBamy o-ro panry, oef{4,.., N},

te{4,..,n}. Ilepexix A0 HACTYITHOTO €JIEMEHTA me MPOBOJIUTHCS TOJI, KOJU E€JIEMEHTH

W, ..., WS yTBOpATB yci mepectanoBku, W' = (W), ..., WS, ..., W'), ce{4,.., n}.

o
IIpaBuno 9. IHTepBanm G-ro paHry ymnopsakoBaHoi MHOXWHU W yTBOPIOETBCS 3
€JIEMEHTIB Wlk peey Wg 3a mpaBWJIaMu /—8 Tak, 10 HOTo TOBXKHHA TOPIBHIOE G!.

I{i mpaBwiIa cripaBeniuBi i O0araTh0oX YHOPSAKYBaHb KOMOIHATOPHUX MHOXKHH, SIKi
MaroTh YIIOPSIKOBaHY CTPYKTYpY. B iX OCHOBI JIeXHUTh BIAaCTUBICTh MEPIOAMYHOCTI.

BucHoBkHu
OTxe, 1 BOOPAIKYBaHHS KOMOIHATOPHUX KOHQITypalliid TOCTaTHBO 3aJaTh 0a30BY
MHOXHHY, MpaBUjia YTBOPCHHS Ta MpaBWJIa TEHEPYBaHHS KOMOIHATOPHMX MHOXHH 1 iXHIH
tun. [li mpaBuna (opmMyrOThCS, BHUXOISYM 3 PE3yJbTATIB aHaJI3y CTPYKTypU TEBHOI
MHOXHHHU. ToOTO, KOMOiHATOpHA MHOXHHA ICHY€E B TBOX CTaHAaX 1 33/1a€Thcs 1H(opMariitHum
3HaKOM. BinmoBinHo iHpopMaIiiiHUM 3HAKOM 3a/1a€ThCs 1 3HAKOBUH KOMOIHATOPHUI TIPOCTIp,
SKHUH ICHY€ B IBOX CTaHAaX: 3TOPHYTOMY (CIOKOi) Ta PO3rOPHYTOMY (IWHAMIIL).
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