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METHOD OF EMPIRICAL CATEGORIAL CORRELORAMMS
AND ITS APPLICATION

In the paper a new spectral method for the category data analysis is described as method of empirical category
correlogram. The investigation about statistical robust to different noise forcing are carried out on the basis of its
calculation modeling. An example of its application to the dendrochronological data is shown.
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TEOPETUKO-MHOXECTBEHHBINA AHAJIN3 AJITEBPANYECKNX CUCTEM
B 3ATAUAX PACIIO3HABAHUS I'PYIIII 11O UX CITEKTPY!

Paccmompen npumep modenuposanus nepuoouyecKux spynn npu peueHuu 60npoco8 0 pacno3HABAeMOCmU epynn

1o ux cnekmpy.

Knioueswvie cnosa: nepuoduueckue epynnoi, pacnosHasanue epynn no CHEKmpy, KOMnblOmepHoe MOOemposanue epynn.

I'pymiiel, 3a1aHHBIE TIOPOXKIAFOIIMMH DJIEMEHTAMM U OIl-
PEIENSIOIIMMHI COOTHOIICHHSIMH, BO3HUKAIOT €CTECTBEHHBIM
00pa3oM BO MHOTHX O0JIACTAX MAaTEMATHKU U CBS3aHHBIX C
HEIO TUCLUIUINH, 0OCOOEHHO B HEKOTOPBIX pa3/eax reoMeT-
PHH U TOTIOJIOTHH.

KomOuHATOpHYIO TEOPHUIO TPYIIIT MOYXXHO 0XapaKTePH30-
BaTh KaK TEOPHUIO IPYIII, KOTOPbIE OMUCHIBAIOTCS MTOPOXK1a-
FOIIMMH ¥ OMPEIENSIONIMMHI COOTHOIICHUSIMH, TJIE B Kade-
CTBE MOJIEIIH HCTIONB3YETCS MOJIEIb, M3BECTHASI KaK «KOMOU-
HaTtopHKa cJoB». Kak camocTtosiTesibHast Hayka co CBOEH Ipo-
OemaTuKol OHa 0(pOpPMHIIACK 10 CYLIECTBY TOIBKO MOCIE
Toro, kak B 1911 . M. [I3H copmynupoBas OCHOBHBIE aJIro-
PUTMHUUECKHUE TPOOIEMBI TEOPHH TPYIIIT: IPOOIEMY paclos-
HABaHUS PABEHCTBA, U3BECTHYIO B JINTEPATYPE TAKIKE IO
Ha3BaHHUEM «IIpo0IIeMa TOXIECTBaY, IPOOIEMY COIIPSIKEH-
HOCTH M TPo0JieMy u3oMophu3Ma.

[Iycts

G =<xl, Xy X, |V =€V, =€,..,V, = e>

— IIepUOoMYEcKas TPyIa, T. €. TPyIa y KOTOPOi Bce
9JIEMEHTHI UMEIOT KOHEUHBIHN MOPSIOK, C MHOXKECTBOM CBO-
OOMHBIX MOPOKIAIOIIMX {X,, Xy, ...y X, } U {V, Vy, o0y V, } —
OIPEAEIIAIOIINMY COOTHOIICHUSIMU B G; € — €IUHUIIA TPYII-
1IBI (IIyCTOE CIIOBO).

B pab6orax [1; 2] ObUT IpeTOKEH aJrOPUTM, KOTOPBIH
MO3BOJISIET MOJIETUPOBATH IPOU3BOJIBHYIO IIEPUOANIECKYIO
rpyniy G, 3aJaHHyI0 OPOXKAAIOIIUMH 3JIEMEHTaMHU U Oll-
PENeNSIONMMU COOTHOILIEHUSIMH TTIOCPEACTBOM ITOCIIEI0BA-
TEJBHOCTH creluanbHbix o0bektoB K ={P, A4 ,C T},
KaKIBIH MX KOTOPBIX MPEICTABISET COO0H MHOXKECTBO BCEX
c110B P rpynrisl G, He IPEBOCXOIANINX IO JUIMHE S, C 33/1aH-
HOM Ha 5TOM MHOXeCTBe Tabnuiel yMmuoxkenus 7, 06pada-

ThIBasI KOTOPYFO NP TIOMOILM AIITOPUTMA A , MBI [OITy4aeM
crucok cootHoutenuii C B rpymre G.

B pesynsraTe paboThl alrOpUTMa CTPOUTCS MOCIISI0BA-
TEIBHOCTH OOBEKTOB

K.K,, ..K,,..

s
B ciyyae GeckoneunocTH rpymnibl G, 4uciio 00beKToB K|
TaKKe MOYKHO MOCTPOUTH OCCKOHEUHOE KOJTMUYECTBO.
Ecnu ke rpymna G KOHEYHa, TO Ha KAKOM-TO KOHEUHOM
miare s OyieT UIMETh MECTO CIIeYIOIIee PABEHCTBO:

Ks = Ks+l °

B sToM cimyyae nocnenoBarenbHOCTL P GyneT npercras-
JIATB 3IIEMEHTBI TPYIIibl G, C — CIMCOK ONPEENAIONIMX COOT-
HOLIEHMH, a T — TabMIuIly yMHOKEHHUS B YKA3aHHOM IpyIIIIE.

Teopema 1. Ilycth s ¢ N ¥ S HAUMEHBIIIEE CO CBOWCTBOM
K, =K, .10 |G|<| P | [2]

O003naunM vepe3 ®(G) crekrp rpymisl G, T. €. MHOXKe-
CTBO TMOpSAAKOB odieMeHTOB u3 (. Hampuwmep,
o(L,(7)=11,2,3,4,7} [2]. Ipynna G u3 xnacca X Ha3bIBa-
€TCs pacIio3HaBaeMoit B X o criekTpy () , eciiv Jiro0ast Tpyri-
na H e X, mistxoropoir o(H) = w(G), msomopdua G.

B «Koyposckoii Terpagm» B. JI. Ma3ypoB nomectu cie-
nyroruii Bonpoc [3]: «PacniosnaBaema nu rpynna L, (7) no
CIIEKTPY B KJIacce BCEX TPyNn?»

B pabote [4] OBUT MOTYYEHO MOJIOKHUTEILHOE PEIIICHUE
JTAHHOM TIPOOJIEMBI.

Teopema 2. Ecu cnextp rpymnsl G pasen {1,2, 3,4, 7},
T0 G=L,(7) [4].

B mpomecce mokazarenbcTBa TEOpeMbl 2 TpeOOBaOCh
YCTaHOBUTH KOHEYHOCTH PsiJia TPYIIL, 33JaHHBIX IIOPOXKAAI0-
LIMMH SJIEMEHTaMH U OIPEIEIIIONIMMU COOTHOIIEHUsIMU. B

! Pabora BeINONIHEHA NpH (PUHAHCOBOU MOIIEPIKKE IpaHTa mpe3uaeHTa Poccun (kon mpoexkta MK-2494.2008.1.), a Takxke mnpu

noaaepxke ABUIT «Pa3Butue HaydHOro MmoTEHIMAaNa BhICHIeH Koy (koa mpoekta 2.1.1/3023).
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padore [4] yka3bIBajIoCh, YTO KOHEYHOCTH PACCMATPHBACMBIX
rpyI OblIa MOTy4eHa B pe3yJIbTaTe KOMIIBIOTEPHOIO MOJIe-
JUPOBAaHMs, OCHOBAHHOTO Ha MPE/ICTABIICHHOM BBIIIIE AJIT0-
pHUTME, OTHAKO CAaMH PacyeThl He MPUBOMIINCH. B HacTosI-
el paboTe JaHHBINA POOET BOCHOIHEH U HAXKE MTPUBEICH
pacuer rpyIibl, HaiIeHHbIE CBONCTBA KOTOPO# OBLTH HE0O-
XOJIMMBI JJTS IOKA3aTeNbCTBA TEOPEMBI 2.

PaccMoTpuM mpuMep MOJETUPOBAHHUS TPYIIIIBL.

Teopema3.Ilyets G =< x,, X,, X, | X" =x," =x," =e >—
TpyIIa, TOPOXACHHAs TPeMs HHBOIIOLMAMH X,, X,, X; U

D) o(G) co(L,(7)=1{1,2,3,4,7};

2) mpou3Be/ieHre JTI00BIX IBYX MHBOMIOLMI 13 G ecTh 2-31e-
MeHT,T.¢. Vv, we G |vw|={], 2,4} ,ecmu |v|=|w|=2.

Torma |G| <2 u o(G)={1,2,4}.

Jloxazamenvcmeo. Tloctpoum rpynmny G npu MOMOIIH
anroputMma u3 pabotsl [1]. O603HaunM oOpasyromye rpym-
ool x, =0, x, =1u x;=2.

1. Ctpoum obwext K, ={4,, B, T, C,}.3necb A, —anro-
UTM TIOMCKa 1 3aMeHbI cootHomernid u3 C 5 B = {e, 0,1, 2} —
oOpasyromue rpymmsl. B nocnenosaTensHocTd P, BBeneM
OTHONIGHHWE IMOpsAKa, Mojaras IO OIpeAelICHUIO
e<0<1<?2.Tabmua ymnoxenus T, npuBeseHa B Ta0m. 1.
C,={0"=¢,1’ =¢,2° =€} — CIUCOK COOTHOLICHHI.

Tabauya 1
Tadauua ymuoxenus 7T
e 0 1 2
e|e 0 1 2
0]0]00=e 01 02
11 10 I1=¢ 12
212 20 21 2 =e

2. Jlanee crpouM o0bekT K. :
P, ={e0,1,2,10,20,01,21,02,12} .
3aMeTnM, 4TO BCE CIIOBA JIMHEI 2 SIBJISFOTCS [TPOU3BE/Ie-
HHUSIMU HHBOJTIOLIUA, TOATOMY MX TOPSIKH 10 OIPEIeIEHHIO

paBusl 1, 2 unu 4. BenenctBue 4ero, CUCOK COOTHOIIEHUN
TIOTIOJTHUTCSI HOBBIMH COOTHOIIICHUSMH.

C,={0° =, =¢,2° =¢,(10)" =¢,(20)" =e,
0D* =e, (21)* =¢, (02)* = ¢, (12)* =¢}.
3. ITepexoauM K IIOCTPOCHUIO 00BEKTa K.

P, =1e,0,1,2,10,20,01,21,02,12, 010, 210,
020, 120, 101, 201, 021, 121, 102, 202, 012, 212}.

B P, cpenu 0B JUIMHBI 3 BBIIETUM «OYEBHIHBIE MH-
Borormu» 010, 020, 101, 121, 202 u 212 (ne#icTBUTETBHO,
(010)>=01(00)10=0(11)0=00=eu . 1.). Crpynmupyem
ocTaBIIMecs ciioBa JIuHB 3 mo napam: 210u 012; 120 u
021; 201 u 102. OueBUgHO, CTPYNIIUPOBAHHBIE CJIOBA SIB-
JISIIOTCSL B3aMMOOOPAaTHBIMHU JIPYT K APYTY (I€HCTBUTEIb-
HO0210-012=¢,012-210=euT. 1.), CICIOBATEILHO,
|210]=1012]|, |[120|=|021| u |201| = |102|. PaccmoTpum He-
CKOJIBKO CITy4aeB.

[pennonoxum, uro |210] = 3, Torna CrMcoK COOTHOLIIE-
Huit C, TIONOMHUTCS HOBBIM cooTHoIIeHHeM (210)*= e. Tpo-
TOJDKast BBIYMCIICHHS, TIONTY4HM, YTO B 00bekTe K rocieio-
BarenbHOCTh P .= P, ={e, 0,1, 2} . IIpu 5ToM Tabnuua ym-
noxenus T, Oyner cnenyromias (Tabu. 2).
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Taxum obpazoM, G — sneMeHTapHas abeneBa rpymma
nopsinka 4. IIpotuBopednie ¢ NpeAnoIoKeHHEM O TOM, YTO
|210] = 3. K aHaiioriuHOMY pe3yNbTaTy MPUBOMIAT IIPEIIONO0-
sxeHust 0 ToM, 4To |120] =3 nim [201| = 3. TToatomy |120] - 3 1
[201] - 3.

Tabauya 2
Ta6auua ymuoxenus 7T,
e | 0|12
e|le| 0] 1]2
0]0]e|2]|1
1[(1[2|e|0
212|110 e

Paccmotpum crienytromuii cirydait. Tak kak anemeHTsl 0,
1,2,010,020, 101, 121, 202 1 212 sBIsIOTCA HHBOIIOIMSIMH,
TO, COCTABHB U3 HUX TAOJIHITY YMHOKCHHSI, MBI ITOJTyIHM dJIe-
MEHTBI, ITOPSIKA KOTOPBIX PAaBHBI 1, 2 WK 4 1O YCIOBHUIO
TeopeMbl. Bee pa3inyHbIe 2JIEMEHTBI U3 TaOJIUITBI YMHOMKE-
HUSI TAHHBIX MHBOJIIOIME MPUBEACHBI B TA0M. 3.

Tabauya 3
DJIeMeHTBI, NOPSAKH KOTOPBIX paBHbI 1, 2 uiu 4,
KaK pe3yJIbTaT IepeMHOMKEeHMs IBYX HHBOJIIOLMIA

(10" =e (1021)*=e | (021010)*=¢
(200" =e (1201 =e | (101020)*=e
(0D)*'=e (1202)*=e | (101021)*=e¢
2h'=e | (12100'=e¢ | (101202)" =¢
0)*'=e | (2010)'=e | (102121)*=¢
(12*=e | (2012)*=e | (121010)* =e¢
(0102)*=e | (20200 =¢ | (121020)*=e¢
(0120)°=e | (2021)*=e | (202010)*=e¢
012D)*=e | (210D)"=e | (202012)*=e¢
(020D)'=e | (2102)°=e | (202101)*=e¢
(0210)*=e | (2120)'=e | (202121)*=e
(0212)*=e | (2121)'=e | (212010)*=e¢
(1010)*=e | (010212)*=e | (212020)*=¢
(1012)*=e | (012020)°=¢ | (212101)*=e¢
(1020)*=e | (020121)" =e | (212102)*=e¢

Honomum crcok C, cooTHOERUsMH 13 TadiL. 3. [Tycth
Tenepk [210] = 7, Torna B cniucok coorHomenui C, 1o6aButTcs
HoBoe cootHomenue (210)”= e. IIpomomkas pacyer, momy-
4¥M, 4TO B 00BekTe K, TIOCIEN0BAaTEIbHOCTh

P, =F=1{e0,1,2}. Ilpu stom Tabnuua ymuoxenus T
OymeT Takas e, Kak ¥ Ta0I. 2.

U cHOBa MPUXOIMM K IMTPOTUBOPEUHIO C MPEIIOIOKCHHU-
eM 0 ToM, 4To |210| = 7. K aHannoru4HoMy pe3yssraty NpuBO-
IT npenanonoxenus, uto |120] = 7 wu [201] = 7. [Toatomy
[120] - 7u |201]- 7.

PaccMorpeHHbIi aHaM3 T0Ka3bIBaeT, uto coa 210, 012,
120,021,201 u 102 ne moryT umeTh nopsiiok 3 u 7. CnenoBa-
TeJIHHO, TAHHBIE CJIOBA JOJHKHBI UMETh MOPSIOK 1, 2 uinu 4.
DTO 03HaYaeT CIPaBEVIUBOCTD CIAECAYIOUINX COOTHOIICHHUH:
(210)*=¢, (012)*=e¢, (120)*=¢, (021)*=¢, (201 )* =eu (102)*=e.
Hobasum 11 cootHomenus B C,.

4. IepexomuM K mocTpoeHH o K, 1 HOCIEMYIOIHX 00beK-
TOB K C y4eTOM COOTHOIIEHUH 13 Tabi1. 3. B koHeuHom uto-
re nonyunm, uro K, =K, | P, |=| P, |=2". 3arewm, uc-
TTOJTB3Ysl KOMITBIOTEPHBIE BHIYMCIICHHS, IPOBEPUM, UTO Ta0-
JMla yMHOMEHHUs T, yIOBIETBOPSAET BCEM IPYHIIOBBIM CBOM-
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cram. Takum 00pa3om, mocae0BaTeNbHOCTD P, ¢ Tabmnu-
ueit ymuoxenus I, oOpasyer rpymmy, usomopduyo G.
HenocpencTteBeHHoi mpoBepKod  HaxoAUM, dYTO
o(G)=1{1,2,4} . Tpynna G, opsiIOK KOTOpo# paseH 2'°,
SIBIISIETCS. MAKCUMAJIBHOM TPYITION, YIOBJIETBOPSIOINIEH yc-
JIOBHSM TeopeMbl. Teopema Joka3aHa.

Cneocmsue 1. Ilycte (10)°= e, (20)*=¢, (21)*=e. Torma
moJyuum, uto |G| =8 .

Cneocmeue 2. Tlycts (10)°=e, (210)*= e. Toraa momydum,
yro |G |=16.

Creocmeue 3. Tlycts (210)*=e. Torma omydanm, uto | G | = 32.

Creocmsue 4. Tyctn (10 =e. Toraa nomy4anm, uro | G | = 64.

Takum 00pa3om, MPOUILTFOCTPHUPOBAHHBIH B CTAThE MPH-
Mep TMoKa3bIBaeT 3((EeKTUBHOCTh MOJIEITHUPOBAHHUS ITEPHO-
JUYECKUX TPYIII IPU MOMOIIM YKa3aHHOT'O BHIIIE aJITOpUT-
Ma B 3aJja4ax pacro3HaBaHUs TPYIII IO UX CIIEKTPY.
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A. A. Kuznetsov

SET-THEORETIC ANALYSIS OFALGEBRAIC PROBLEBMS
OF GROUPS RECOGNIZABILITY BY SPECTRUM

1t is shown the example of periodic groups modeling in problems of group recognizability by their spectrum.

Keywords: periodic groups, groups recognizability by spectrum, computational modeling of groups.
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1. S. Masich
COMBINATORIAL OPTIMIZATION IN FOUNDRY PRODUCTION PLANNING

The mathematical model of foundry production capacity planning is suggested in the paper. The model is produced
in terms of pseudo-Boolean optimization theory. Different search optimization methods were used to solve the obtained

problem.

Keywords: combinatorial optimization, pseudo-Boolean function, heuristic algorithm, foundry.

Production capacity optimization. One of the actual
problems in modern industry is production capacity
optimization under irregular orders from numerous partners.
Along with the mass serial production these orders may have
small serial or single nature. The majority of orders are
irregular, i. e. they cannot be planned beforehand but
nevertheless they are profitable enough or the enterprise. It
requires solving production scheduling problems many times
in casual points of time.

So it is necessary to have means for including new small
orders in capacity intervals of existing mass serial ones.
Moreover, it is necessary to consider time of equipment
revamping for small serial order since it takes significantly
more part of execution time than in mass serial production.

Existing of small serial and single orders requires
practically permanent process of production capacity
planning. Construction of production capacity program for
industrial enterprise and its subdivisions is laborious and
logically intricate problem. Consider it by the example of
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foundry practice. Below we design an optimization model for
production capacity and apply combinatorial methods to
solve it.

Pseudo-Boolean optimization problems. Unconstrained
pseudo-Boolean optimization is an issue studied enough by
now. Algorithms that have been designed and investigated
in the area of unconstrained pseudo-Boolean optimization
are applied successfully for solving various problems.
Particularly, they are local optimization methods [1-3] and
stochastic and regular algorithms based on local search for
special function classes [4—6]. Moreover, there are a number
of algorithms for functions optimization given in explicit form:
Hammer’s basic algorithm that was introduced in [7] and
simplified in [8]; algorithms for optimization of quadratic
functions [9-11], etc. Universal optimization methods are
also used successfully: genetic algorithms, simulated
annealing, tabu search [12; 13].

If there are constraints on the binary variables, one of
the ways to take into account it as is well known is





