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AHHOTaumA. B cTaTbe paccMaTpuBaloTcA 3a4ayvn GUrypHOro packposa U YNakoBKU
06bEKTOB HeperynApHoi GopMbI, 3aK/I0HalOLLMECH B MOMCKe Hanbonee KOMMNaKTHOro cnocoba
pasMeLLeHNA 3a4aHHOro Habopa 06 BEKTOB NPOM3BO/IbHOM FEOMETPUN BHYTPU HEKOTOPOI 0
OrpaHUYeHHOr 0 MPOCTPAHCTBA. ITU 3a4a4M 0THOCATCA K Knaccy NP-TpyaHbIX 3a4a4 ANCKPETHOM
ONTUMU3ALLIMK, ANA KOTOPbIX OTCYTCTBYIOT METOAbI NMOSIMHOMMUASIBHOM CITIOMHOCTM ANA NOJTyYeHNs
TOYHbIX peLUeHUI, MO3TOMY Ha NpaKkTMKe Haubosee YacTo OHM PeLLalTCA NPUBJIUKEHHO
C MOMOLLIbIO 9BPUCTUYECKMX U META3BPUCTUYECKMX METOL0B ONTUMM3aLMK. [p1 KOMMOHOBKe
06beKTOB HeperynApHoi GopMbl [OMONHUTENIBHO HE06X0AMMO YUMTbLIBATb X FEOMETPUI0 ANA
onpeaesieHNA KOPPEKTHOCTM pasMelLLLeHNA 06'bEKTOB OTHOCUTENbHO Apyr Apyra. CyliecTsyioLme
MeTO[bl aHa/IN3a reoMeTpum 06'bEKTOB U HOPMUPYEMOIt YTAKOBKM, OCHOBAHHbIE Ha MPUMEHEHUK
phi-byHKLUMI M nocTpoeHnn rogorpada BeKTop-GyHKLMM NSIOTHOMO pa3MeLLLeHus, TEOPeTUYECKH
obecrneynBaloT BO3MOMHOCTb MOTy4YeHNA TOYHOr0 peLLeHns, O4HaKo TpebyioT NpMMeHeHUs
TPYAOEMKMX METOA0B HEeNMHEMHOM oNTUMKU3aLmMK. Mo3TOMY C Lie/bio NOBbILLIEHNA CKOPOCTU
KOMTOHOBKM 60/1bLLIOM0 YMCa 06bEKTOB HeperynApHoit GopMbl peann3oBaHo NpeobpasoBaHme
MX GOpMbI NOCPeACTBOM BOKCENM3aL/MM C NOC/ieAyoLLMM 06'beAMHEHMEM MOSyYeHHOro Habopa
BOKCEJ10B B OPTOrOHasIbHble MHOrOrpaHHWKW. [11A NoBbILLEHWA Ka4eCTBa Nosy4YaeMblX peLleHuit
B paboTe NpefnaraeTcs *aaHasA 3BPUCTMKA pasMeLLeHUA OPTOroHasibHbIX MHOMOrpaHHUKOB,
peanusyloLlan Belbop HauyyLLero BapMaHTa opMeHTaLmMm pasMeLlaeMoro obbeKTa, npu
KOoTOpoM dopMMpyeMas KoMMoHOBKa byaeT Haubornee NIOTHOM B CPAaBHEHUM C NMPOYUMU
LOCTYMHbIMM BapMaHTaMu OpueHTaLmMmn 3Toro obbekTa. [poBeneH aHanus apdeKTUBHOCTH
¥aAHOWM 3BPUCTUKM pa3MeLLeHMs Ha 3afa4ax NI0CKoro GUrypHoro packpos M ynaKoBKu
TpexMepHbIX 06 bEKTOB HeperynapHoi GopMbl. BbiuMCIMTENbHbIE IKCNIEPUMEHTLI MOKa3asnu,
YTO NpeasoKeHHan anHaA 3BpUCTMKa obecrneynBaeT o4YeHb ObICTPOE MoyYeHMe peLleHuit
BbICOKOr0 KavecTsa. [lonofIHUTeNbHO NpeacTaBeHbl pe3ysibTaThl TECTUPOBAHMUA HaaHOM
3BPUCTUKMN pa3MeLLLeHUA NpY UCMOb30BaHNM FeHETUYECKOro anropuTMa aAna onTUMmnsaLmm
peLleHuit 3a4a4m KOMMOHOBKM.

KnioueBble cnoBa: 3a1aum PacKkpoA 1 ynakoBKK, BOKCENN3aALNA, OPTOFOHaﬂbeIVI MHOrorpaHHuK, anHaAa
3BPUCTUKa, reHeTUYeCKMiA anroput™
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Abstract. The article deals with the cutting and packing problems of irregular shape
objects, which consist in finding the most compact way to place a given set of objects of
arbitrary geometry inside a certain limited space. These problems belong to the class of
NP-hard discrete optimization problems for which there are no methods of polynomial
complexity to obtain exact solutions, so in practice they are most often solved approximately
using heuristic and metaheuristic optimization methods. When placing objects of irregular
shape, it is additionally necessary to take into account the geometry of objects to determine
the correctness of their placement relative to each other. Existing methods of analyzing the
geometry of objects and the formed placement scheme, based on the use of phi-functions
and the construction of a hodograph of a vector function of dense placement, theoretically
provide the possibility of obtaining an accurate solution, but require the use of time-consuming
methods of nonlinear optimization. Therefore, in order to increase the speed of packing a large
number of irregular-shaped objects, their shape is transformed by voxelization, followed by
combining the resulting set of voxels into orthogonal polyhedra. To improve the quality of the
solutions obtained, the paper proposes a greedy heuristic for the placement of orthogonal
polyhedra, which implements the choice of the best orientation option for the object being
placed, in which the formed packing will be the densest in comparison with other available
orientation options for this object. The analysis of the effectiveness of this greedy heuristic
on the problems of irregular cutting and packing of three-dimensional objects is carried out.
Computational experiments have shown that the proposed greedy heuristic provides very
fast high-quality solutions. Additionally, the results of testing the greedy placement heuristics
using a genetic algorithm to optimize solutions to the packing problem are presented.
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BBepneHue

3 a/1a4¥ UIYPHOTO PACKPOsi U KOMITOHOBKH

00BEKTOB CI0KHOM T COMCTPUMU SABJIAIOTCA
OINITUMHU3AalMOHHBIMU 3a/Ja4aMU PACKpPOs-
YIIAaKOBKH, KOTOPBIC 3aKITIOYAOTCA B ITOUCKE
CXeMbI HanboJiee KOMIIAaKTHOTO pasMECIICHUA 3a-
JaHHOI'O Ha6opa 00BEKTOB B OrpaHUYCHHOM IIPO-
CTPAaHCTBC. H€06XOI[I/IMOCTI> MOJIyUCHUS OIITHU-

MHU3UPOBAHHOH 110 INIOTHOCTH CXEMBbI pa3Mellie-
HUSI OOBEKTOB HEPETYIIAPHON (DOPMBI BO3HUKAET
MIPY PELICHNH MHOTHX peabHbIX 33124 ONTHMU-
3allMM pacIpesiesieHs] pECYpCOB B Pa3iInIHBIX
oTpacisx npomeinuieHHOCTH. Cpenn Hanbolee
pacipoCTpaHeHHBIX 3aj1a4, CBOSAIINXCA K 3a/1a-
gaM (pUIypHOro packposi U HeperyssipHOH yra-
KOBKH, MO’KHO BBIAEIHMTD 3a/1a4d MPOMBIIUICH-
HOTO pacKposi MaTepuajioB, KOMIIOHOBKH AeTanei

MHcTpyMeHTanbHble cpeactBa B> 3pPeKTUBHbIE anropUTMbI
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