102 Visnik Zaporiz'kogo nacional’'nogo universitetu. Fiziko-matemati¢ni nauki

3. Pasternak, Ya.M. and Sulim, G.T. (2012), “Solving problems means non-plate integral equations of
deformation of thin belt body inclusions. II. Analysis of concentration and intensity”, Fiz.-khim. mekh.
materialiv, 48, no. 6, pp. 86-91.

4, Wen, P.H. and Aliabadi, M.H. (2011), “A variational approach for evaluation of stress intensity
factors using the element free Galerkin method”, Int. J. Solids Struct., vol. 48, iss. 7-8, pp. 1171-1179.

5. Alwar, R.S. and Ramachandran Nambissan, K.N. (1983), “Influence of crack closure on the stress
intensity factor for plates subjected to bending — A 3-D finite element analysis”, Eng. Fracture Mech.,
vol. 17, iss. 4, pp. 323-333.

6. Zaytsev, B.F., Shulzhenko, N.G. and Asaenok, A.V. (2007), “Methods of modeling of cracks in
contact with the banks on the basis of the finite element method”, Visnik NTU “HPI”: Seriya
“Dinamika ta mitsnist mashin”, no. 22, pp. 48-61.

7. Song, J., Wang, H. and Belytschko, T. (2008), “A comparative study on finite element methods for
dynamic fracture”, Comput. Mech., vol. 42, pp. 239-250.

8. Dolbow, J. and Harari, 1. (2009), “An efficient finite element method for embedded interface
problems”, International Journal for Numerical Methods in Engineering, vol. 78, iss. 2, pp. 229-252.

9. Osadchuk, V.A. (1985), Napriazhenno-deformirovannoe sostoianie i predelnoe ravnovesii obolochek
s razrezami [ Stress-strain state and limit equilibrium of shells with cuts], Naukova dumka, Kiev.

10.  Vorovich, L1 (1989), Matematicheskie problemy nelineinoi teorii pologikh obolochek [Mathematical
problems of the nonlinear theory of shallow shells], Nauka, Moskow.

VIIK 519.8

O I'PAHSX OBIIEI'O TIEPECTAHOBOYHOI'O MHOI'OI'PAHHUKA

Emer; O. A., 1. ¢.-M. H., mpodeccop, Emerr A. O., k. ¢p.-M. H., goreHT, [Tonskor 1. M.

Tonmaeckuii ynusepcumem 3KOHOMUKU U MOP2OBILL,
ya. Kosans, 3, Ilonmasa, Yxpauna

yemetsli@ukr.net, yemets2008@ukr.net

B crathe paccMaTpUBarOTCsl HOBblE CBOMCTBA 111 IpaHeil o0lIero nepecTaHoBOYHOI0 MHOTOIPaHHUKA.
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ABOUT FACES OF THE GENERAL PERMUTABLE POLYHEDRON
Iemets O. O., D. Sc. in Physics and Maths, Professor, Yemets™ O. O., Ph. D., Polyakov I. M.
Poltava University of Economics and Trade, Poltava, Ukraine

yemetsli@ukr.net, yemets2008@ukr.net

New facts for the faces of arbitrary dimension of general permutation polyhedron are considered in the
article.
Herewith the general permutation polyhedron is set as the convex hull of the multiset of elements, each
of which has its own multiplicity.
Two forms of general permutation polyhedron are considered: the so-called direct form, in which the
elements of the multiset are numbered (are ordered) by not ascending order and the symmetrical to it
form with the opposite numbered elements.
The system of required sets of indices and their characteristics are built on the basis of the m -faces
criterion of general permutation polyhedron in the direct form. They allow getting a new criterion of m -
faces of general permutation polyhedron in a symmetrical form.
Two equivalent forms for the symmetrical form are offered. They are suitable for the use in different
cases.

Key words: a permutable polyhedron, faces of a polyhedron, convex hull, permutations.

BBEJIEHUE

HccnenoBanme MOMHIPATBHON CTPYKTYpPBI BBIMYKIBIX 000JI0Y€K KOMOMHATOPHBIX MHOECTB
SIBJIIETCS. aKTyalbHBIM HaMpaBJIEHUEM WCCIEOBaHU B KOMOMHATOPHOW ONTHMH3AINK (CM.,
Harmpumep, [1-16]).

N3yuenue rpaHeBOil CTPYKTYpbl MNEPECTAHOBOYHBIX MHOTOTPAHHUKOB JUISI Pa3HbIX MHOXECTB U
MYJIBTUMHOKECTB, 3JIEMEHThI KOTOPBIX IEpPECTaBISINCh, paccMaTpuBaioch B [2-6, 17-22]. Ilpu
stoM B [2, 17] u B [18] paccMarpuBamuch TOJIBKO MHOXECTBa, mpuiyeMm B [18] — MHOMXkecTBO
HaTypaJIbHBIX YHCEIL

OCHOBHAS YACTDb
[lycte 3amano MynbTHMHOXeCTBO G = { Gisees gk} , C OCHOBOH S (G) = (el,...,en ) , TIepBUYHOM
cnenudukanuei [G] = (nl,...,nn), CUMTaeM, 4To e >..>e , g 2.2 g, .
BBenem Takue HEOOXOTUMBIE JTajiee TTapamMeTphl:
ky=0,k=n,, ..., k=n+.4n,... k =n+..4Mm, =k.
O6o3HaunMm J, = {1, 2,...,k}.

W3BectHa Teopema (Teopema 2.5 [4]), omuchiBaromasi m -TpaHd BBITYKJIOW OO0OJIOUYKH BCEX
MEePEeCTaHOBOK 3JIEMEHTOB (G — OOIIero mepecTaHoBOYHOTO MHOTOTPaHHUKA H,m(G) — B (opme
(Ha3zo0BeM ee TpsIMoit):

o)

Y x <> g Yoo,
i=1

ie®

0| <k, (1)

k

k
dYx=>g. (2)
i=1

i=1
B »T0if TeopeMe (IMyHKT 0), B YAaCTHOCTH, YTBEpPKIAeTCs clieqayromiee. Eciau uisi mOAMHOXKECTB
O, C...co, =J, HepaBeHcTBa B cucteme (1), (2) 3aMEHUTHh PaBEHCTBAMH, TO MHOXXECTBO F

peIIeHH TTOJYYEHHOU CHCTEMBI SIBJIICTCSI M -TPAHBIO OOIIETro MepecTaHOBOYHOTO MHOTOTPaHHHUKA
I1,, ( G) ,a

m=dimF =k—{1+>(Jo|-[o,.|-1)}. 3)
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rac CyMMUpOBaHUC B (3) IIPOUCXOOMT IO BCEM O € J 5> AT KAKAO0I'0 U3 KOTOPBIX HaWIETCS Takoe

jedJ, , aro
ki <lo, | oo <k;.
IIPY 3TOM CUHMTAEM, YTO |coo| =0.

B ¢opmynax (1)-(3) u manee |A| 0003Ha4YaeT KOJMYECTBO JJIEMEHTOB B MHOMKECTBE

(MyJIBTUMHOMKECTBE) A .

Yacro ucnoms3yercs apyras Gopma od1iero nmepectanoBouyHoro Mmaororpanauka (OIIM), koTopyro

npuBesieM nanee. Llenb ctaTbu — U3J10KEHHE Pe3yIbTaTOB MOJIYYCHHsI KPUTEPUsl M -TPaHU JIJIsL STOM
¢dopmbr OTIM.

Paccmotpum BMecTe ¢ G paBHOE eMy MepeynopsI0ueHHOe MY TbTUMHOXecTBO O =G = {ql,..., qk} ,

THE ¢y =8 Gy = &icts oor @i = Ghoists -+ ey = &2» Gy = &> 0603HawMM ocroBy S(0)=(g,,....8, ),
re €,=e, €& =e_,, ... g =¢ €, =€, TakuM oOpazoM ¢, <..<gq,, € <..<g,.

i n—i+l> o n

HepBI/I‘IHaﬁ CHCI_II/I(I)I/IKaI_[I/ISI MYJIbTUMHOXCCTBA Q — KOPTCXK B COOTBCTCTBUHU C IMOPAJAKOM OCHOBBIL

S(Q) —sexrop [Q]=(V,,.... V,, ..., V,, ), COCTOSIIIMI W3 KPATHOCTEHA HIEMEHTOB €; OCHOBBI:
vi=ky(&)=", Vied,={L2,..n}, (4)
rae k, (€,) o3HauaeT KpaTHOCTH SNIEMeHTa OCHOBHI €, B MyJILTHMHOXeCTBE (.

Kaxk usBectHo [3, 4, 19], MHOrOrpanHuk nepectanoBok 11, (G) MOYET OBITh OTIUCAH TaK:

)
Zx[ZZqi ‘v’Qch,|Q|<k, (5)

ieQ i=1

k k
dx=>4q. (6)
i=1 i=1

Oty popmy OIIM HazoBeM cHMMeTpHIHO# Ji1st popMel (1), (2).
Paccmotpum BMecTe ¢ cucteMoit (5) cienyroiiue HepaBeHCTBa:
|
dx 2 g, YW, W<k (7)
ieWw i=1

[lonsitHO, uro mpu Q=W kaxmoe HepaBeHCTBO B (5) ¢ yderom (6) OJMHAKOBO C
COOTBETCTBYIOIIUM HEPABEHCTBOM B (7).

3ameTuM , YTO MHOXXECTBO

o
PREDW -

iem i=1 (8)

€

k k
in Zgi’
i=1 i=1

npu pukcupoBaHHoM © U Q=J, \® coBmamaet ¢ MHOKECTBOM
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Zk:xz:z

i=1 i=

q;»
©)
q;-

|

1
k

]

PaccmoTpum MHOXecTBa ®©, C...C ®, =J, W3 IPHUBEICHHOTO BBIIIE IyHKTa «O» TeopeMsbl 2.5 u3

[4]. M coOTBeTCTBYIOT MHOXeCTBA 2, CO CICIYIONMMU CBONCTBAMH:
Q =J\o, VieJ;={0,1,2,.,A-LA},
J,=Q,00Q>50Q,5.0Q, >Q, =7, (10)
0,=9.
O4yeBHUIHO,
|Q,|=k-|o,| VieJ;. (11)

Urtak, cucrema (1), (2) skBuBameHtHa cucteme (5), (6), a MHOXecTBO F', 3amgaBaeMoe
MOJIMHOKECTBOM O, C...C ®, =J, u3 (1) paBHO, coriacHo (8) u (9), MHOXKECTBY, KOTOpoe u3 (5)

3agaeTcs noaMuoxkectBamu Q. Buna (10).

Paccmotpum dopmyity (3) ompeneneHus pazMepHOCTH m -TpaHW F , UCTIONB3Ys CBSI3b (4) MEXIY
vV, u,.

Nmeem,

m=dim F = k—{%+ Y (k=|Q,|-(k-|Q,.[)-1)} =

= k= {1+ (10|, -1)} - (12)
CymmupoBanue B (12) mpon3Boasar mo BceM © €J,, JUIS KaXI0T0 W3 KOTOPBIX HAWJETCsl Takoe
jedJ,, aro
ki <log|; o<k (13)
C y4ETOM |030| =0.
BBeneM B paccMoTpeHre apaMeTphl
K, =0;x,=v,=7n,; K=V, +v,=1n,+M,_, ..., K, =V, +...+Vv, =1 +..+1n ..,
e K, =V FFY, =1, 44N, =k (14)

VYenosus (13) ¢ yuetom (11) u (14), eciia y4ecTsb, 94TO

. 0
ki=m+..+m,=k-x,, VielJ,, (15)
3aIUChIBAIOTCS TaK:
k=x, . <k-|Q_|; k-|Q]< k=X, ;.
UM TI0CTIe YIIPOLIEeHHs
Kn—j S |Qc b |Qc—l| S Kn—j+1 >
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n

rie |Q,|=0, oeJ, ={1,2,...,A—LA}; jeJ,. 3amerum, uro, ccnm j€.J,, TO IPH ITOM TO Ke
MOJKHO CKa3aTh M Ipo mapametp t=n—j+1,1.e. teJ, .

OTtMmeTuM, 4TO B CHIIy paBeHCTBa MHOKecTB (8) u (9) mosydaeM W3 4yacTu «a» Teopembl 2.5 [4]
Takoe: Uil m-rpaHd F  IepecTaHOBOYHOro MHororpansHuka II (Q) CYIIECTBYIOT TaKHe

noamuokectBa J, =Q DQ, D...DQ, |, ma1d KOTopbix HepaBeHcTBa B (5) oOparmarorcst B

paBeHCTBaA IpuU JII0O0M X € F', rie F' — MHOJKECTBO PeIleHUil CUCTeMbl, KOTopas HOJIydaeTcs U3
(5), (6) 3ameHoi1 HepaBeHCTB Ha paBeHcTBa 111 Q=Q_, Voe J, 3aMeTuM, 4To Uil M, , U3

-m-1"

«a» B 2.5 [4] cOOTBETCTBYIOIIEE MHOXKECTBO €CTh MYCThIM, T.€. £, , = B cuiuy (10).
Taxum 06pazom, T0Ka3zaHa ciemyromas Teopema.

Teopema. Ilyctb MynbrumHOKecTBO Q ={q,,....q, } nmeet ochoBy S(Q)=(g,,...,€, ), nepBuuHyIO

crenuQpHUKaLuo [Q]=(vl,...,vn). Onementsl Q u S(Q) NPOHYMEPOBAHBI TaK, UTO
q,<..2q,; & <..<g,.

a) Ilycte F — m-rpanp MHororpannuka I, (Q), KOTOpBI omnpexnensercss cucteMoit (5), (6).

Torma cymecrByror Takme moamHoxkectBa 2, ,cQ, c..cQ cQ,=J,, 11 KOTOPHIX
HEepaBeHCTBa B (5) oOpalnaroTcst B paBeHCTBA Vx e F', TI€ I — MHOXECTBO PELICHUN CHUCTEMBI,
norydeHHoit u3 (5), (6) 3ameHoit B (5) 3HaKa HEpaBEeHCTBA Ha 3HAK paBeHCTBa VQQ=Q  ceJ,

—-m—1*

6) Ecnn mns noamuoxkecte Qef{Q,..Q_}, e F=Q,cQ, c..cQ,cQcQ =J,,
HepaBeHCTBa B (5), (6) 3aMEHUTHh PaBEHCTBAMM, TO MHOXKECTBO F pEIlIeHUN MOJyYeHHOU CUCTEMBI
SIBISICTCSL M -TpaHbio MHororpannnka 11, (Q), rae

m=dimF =k—{1+> (jQ,.|-|Q.]-1)}, (16)

0 o
U HaxoXJeHue cyMMbl B popmyite (16) mpoBoaurcst Vo € J, , IS KKIOTO U3 KOTOPBIX HAMIETCS

Takoe t € J, , 4to

K_ < |QG

, |QG_1|SK

t 2
0
IIPA DTOM CUUTAEM, YTO |Qx| =0, a mapametpsl k, Vi€ J, 3amanbl cootHoreHusmu (14).

3ameuanue 1. norga ycnosus (10), (11), (16) yno6HO 3anuckIBaTh Tak:
ycioswue (10) B Buje:

W, =Q_=J \o., YoeJ; (17)
¢dopmyiy (11) — Takum odpazom:

W,_|=k-|o,|, YoeJ;, (18)

a ¢popmyna pazmeprnoctu m u3 (16) TpanchopMupyeTcs cleayIOnM 00pa3oM:
m=k={0+ 3 (W, ol - | -1)} (19)
rJe cymma onpegelsiercs Vo € J) | st kotopsix 3t € J ,» 9TO
Ko Sl Wral=xs (20)

=1 — t
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npu 3ToM |W,|=0.

0 0
3amernm, 4TO THOCKONIBKY O€J,, To [=A-ceJ,. Tlooromy dopmymnsr (17)-(20) moxHO
[EePENNCaTh, YUUTBIBASL, YTO BBIMOJIHAECTCS YCIOBHE

[+c=A. (21)
®opmyna (17) npuHUMaeT BUI:
W,=Q,=J \o, VoelJ, (Yiel)), D=W,cW, c..cW_cW=J, (22)
dopmyia (18):
W|=k=lo,| VoeJ; (Viel), 23)
dopmyia (19):
m=k—={1+ (o] ~|o]-1)}, (24)

0
e cymmupoBanue Bezeres VI e J; , st kotopeix 3t € J,, uto

Kt—l < |(Dl ) |(Dl+1| < K[ > (25)

rze (25) — tpancdopmarust popmysl (20) npu ycnosuu (21).
3ameuanmne 2. He nHyxHo mytate W, u3 3amedanus 1 u MHOKecTBO W B popmyite (7).
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PO ACUMITOTUYHI PO3B’ 513K MATPHYHUX PIBHSIHb
JISITYHOBA TA PIKKATI U1 MANXKE KOHCEPBATUBHUX CUCTEM

13th1y1< M. O., k. T. H., >CesTosens 1. CD.,3 Terepstauk O. B.
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Po3ristHyTO HemepepBHI Ta AMCKPETHI Maliyke KOHCepBAaTHBHI aBTOHOMHI Ta KEpOBaHI CHUCTEMH,
SIKi 32 IOMOMOTOI0 JI€SIKOr0 OPTOTOHANBHOIO MEPETBOPEHHS 3BOASATHCS 0 KaHOHIYHUX ¢opm. s
MepPeTBOPEHNX CUCTeM MoOynoBaHi piBHSHHA JlsnyHoBa Ta PikkaTi i mnoka3zaHo, OpU  SIKUX
3HAUEHHSIX MapaMeTpa & X aCUMITOTHYHI PO3B’S3KM KOPEKTHi, TOOTO BiNMOBiAHI psiau 30iHi. 3a
JIONIOMOT'00 3BOPOTHOTO MEPETBOPEHHSI OTpMMaHa 30iKHICTh aHAJIOTIUHUX PAMIB ISl MOYATKOBUX
CHUCTEM.

Kniouogi cnosa: maiisce xoncepgamusHna cucmema, pieHanus Jlanynoga i Pixkkami, acumnmomuyHi piutenns,

30idcHicmb pAaois.

OB ACUMIITOTUYECKHNX PEIIEHUSAX MATPUUYHBIX YPABHEHUM JISSITYHOBA
N PUKKATH IJIA ITIOYTH KOHCEPBATUBHbBIX CUCTEM
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PaccMOTpeHBl HeNpepbIBHbIE M AWCKPETHBIE MOYTH KOHCEPBAaTHBHBIE aBTOHOMHBIE W YIPaBIIeMbIe
CHUCTEMBI, KOTOpbIE C TOMOIIBKD HEKOTOPOrOo OpPTOTOHANBHOIO MPeoOpa3oBaHMs CBOAATCS K
KaHoHMYecknM (opmam. J[is mpeoOpa3oBaHHBIX CHCTEM TIOCTPOEHBI ypaBHeHHs JIsmyHoBa n Pukkarn u
MOKa3aHo, NMPH KAaKWX 3HAYEHUSAX MapamMeTpa & WX aCUMITOTUYECKHE PEIICHUS KOPPEKTHBI, TO €CThb
COOTBETCTBYIOIINE PAABI cxonsamuecss. C MoMomIplo 00paTHOTO MpeoOpa3oBaHKs MOMydeHa CXOAUMOCTh
AQHAJIOTWYHBIX PSJIOB JUIA HAYalIbHBIX CUCTEM.
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peuLeHus, cXo0UMocms psoos.

Di3uKo-mamemamuyHi HayKu ISSN 2518-1785 (Online), ISSN 2413-6549 (Print)



