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IMPO BUKOPUCTAHHS COJIBEPA BARON JJIAA 3AJAUI
3FAJIAHCOBAHOI YITAKOBKH KPYTIB!
'Cremok I1.IL, >Pomanosa T.€, 'Xom’ sk O.M.

! Inemumym kibeprnemuxu imeni B.M. I'nywixosa HAH Yipainu

2Inemumym npobnem mawuno6yoyeanns imeni A.M. ITiozoprozo
HAH Vkpainu

ON USING BARON SOLVER FOR BALANCED CIRCULAR
PACKING PROBLEM

Abstract. The paper addresses a packing problem of unequal circles in a larger
circle of minimum radius so that the gravity center of the family of circles coincides
with the outer circle center. Two formulations of the balanced circular packing
problem as multiextremum nonlinear programming models are provided. The first
formulation uses quadratic constraints while the second one employs radical
functions for describing the non-overlapping of circles and their containment into
the outer circle. The global minima of both problems were found by solver BARON
for the benchmark instance with five unequal circles.
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i=1,...,m, B Kpyr S Ha3MBaIOTh TaKy iX YNaKOBKY, II00 pajiyc
kpyra S OyB MiHIMaJIbHHUM 1 HEHTpP TSDKIHHS CIMEHCTBA KpyTiB S,
i=1,...,m, 30iraBcs 3 IIEHTPOM 30BHIIIHHOIO Kpyra S, SKuUH
3HaXOJUTHCS B IIOYATKY cucTeMH KoopauHar. [losnaunmo (x;,y,) —

HEBIIOMHUH LIEHTp Kpyra S, r — HEBIJOMHUH pajilyc 30BHILIHBOI'O

m

kpyra §. 30KpeMa BH3HAYUMO iiIWi/zj:ij, i=1,...,m,

rlow = {naX }’; °
i=l,....,m

3agaui 30aJlaHCOBAaHOI YNAaKOBKM ciMeiicTBa KpyriB S,
i=1,...,m, BIONOBIMAIOTh JBI 0OaraToeKCTpeMalbHI  3ajaayi

HeMHiiHOTO nporpamyBanHs [1, 2]. [lepma 3 Hux (3amaya A) mae
TaKUH BUTJIAI;

r*=minr (1a)
Ipy 0OMEKEHHSIX
X +y <(r-r)’, i=1,...,m, (2a)
(xi—xj)2+(yi—yj)22(ri +rj)2, I<i<j<m, (3a)
z/lixi = 07 z/lzyz = 0’ (43.)
i=1 i=1
r 2 }?ow' (Sa)

Hpyry 3agauy (3anada B) chpopmynboBaHo y Takuii crociO:
r*=minr (1b)

r,x,y

pu 0OMEKEHHSIX

XY <r—r, i=1,..,m, (2b)

\/(xi—xj)2+(yi—yj)221;+1f/., 1<i<j<m, (3b)
dAx =0, DAy =0. (4b)
i=1 i=1
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insoBi ¢yHkii (1a), (1b) e miniitHIME QYHKIISIME 1 TIOB's3aH1
3 MiHIMI3ali€0 pajaiyca 30BHIIHBOTO Kpyra S. Kagpatuuni
ooMexeHHs (2a) Ta oOMexeHHs (2b), mo0 MICTATh paguKaiy,
03HAYar0Th, UI0 KOXKHUUA Kpyr S,, i=1,...,m, HaIEKUTb Kpyry S .

KBagparnuni oomexeHHs (3a) Ta oOMexeHHs 3 paaukaiamu (3b)
TapaHTYIOTh, 10 HiAKI JBa KPYTH i3 cimelicTBa KpyriB S,, i =1,...,m
He TepeTuHaroThes. JIiHiliHI oOMexeHHs (4a), (4b) o3HAYarOTh, MI0
LUEHTp Bard KpyriB S,, i=1,...,m, 3HaXOOUTbCS B IOYATKY

koopauHaT. OOMexeHHs (5a) 3abe3nedye AOJaTHE 3HAYEHHA 7,
MOTpiOHE 711 KOpeKTHOCTI oOMexeHb (2a). 3amada B BinbHa Bif
aHaimora Juisi oOMmexeHHa (5a), Tomy 1m0 oOMmexeHHS (2b)
aBTOMATHYHO BPAaXOBYE JOJATHICTh 3MIHHOI 7 .

3a  [IOMOMOTOI0  JIarpaHXeBUX  JIBOICTUX  OIIHOK  JUIS
KBaJlpaTH4HOT Mojmeni 3amadi A B crarti [2] OOTpyHTOBaHO
ONTHUMaJbHY 30a7aHCOBaHy ynakoBky aius m=5, r,=0.1, r, = 0.2,

r,=03, =05, =08, w=0.0785, w,=0.314, w, =0.7065,
w, =1.9625, w, =5.024 . Po3risaHeMo pe3ynbTaTu po3B’A3aHHA i€l

x 3amaudi conmsepom BARON (Branch-And-Reduce Optimization
Navigator), sskuil 103BOJI€ 3HAMTH INI00ANBHI €KCTPEMYMH 3a]ad
HeJIIHIHHOTO mporpaMyBaHHs [ 3, 4].

Ha puc. 1 HaBegeHO onTuManbH1 30aJ1aHCOBAaH1 YIAaKOBKHU 11 SITU
KpyriB Juid 3aaa4i A (puc. 16 ta 10) ta 3amaui B (puc.lg 1a le),
OTpPUMaHI 3 JBOX CTapToBUX TO4UOK (puc.la ta le y macmrali
1.31623:10). Im BigmoBinae miniMansamMit pagiyc r* = 1.31623.

I'moGanbHi MiHiMyMH 33724 A Ta B 1151 mepiioi ctapToBOi TOUKH
(puc. la, 16 Ta 16) HaBeaeHo B Tabna. 1. KokeH 13 HUX MOXKHa
OTPHUMATH 3 1HIIIOTO 32 JOIIOMOTO0 TTIOBOPOTY OCTAHHBOTO Ha JIESTKUH
KyT BIZHOCHO IieHTpa kpyra S . Llporo HeMoxumBO 3pobutH 3
rno0anbHUMHU MiHIMyMaMH 3ajad A ta B, orpumanumu ams apyroi
CTApTOBOI TOYKH.
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Puc. 1. BARON: rno0anbHi MiHIMyMH JIJIs1 IBOX CTapTOBUX TOYOK

Tabmuist 1 — Po3B’s13ku 3a/1ay — crapToBa Touka ry = r* = 1.31623

CraproBa TOuKa

Po3B’sa30K 3agaui A

Po3B’s130K 3amaui B

~.

X Yi X Yi X; i
1 0.28749 -0.8164 0.125172 -1.20975 -0.610319 | -1.05201
2 1.11061 1.20344 -0.954181 -0.579238 -1.11239 0.09249
3 | -1.03791 0.56363 0.512519 -0.877528 -0.101387 | -1.01116
4 0.13566 -0.62354 -0.279779 -0.766786 -0.677155 | -0.455748
5 | -0.39591 -0.24417 0.094896 0.478047 0.357832 | 0.330878

B Ta611.2 naBeneno 3arpatu consepa BARON niist po3B’sizaHHs
3amad A Ta B: kinbkicTh iTepamiii 1 4ac (B ceKyHIax) IS HIKHIX
rpaHuIlb Ha MiHIMAIBHUHE pamiyc r°. I3 TaOmuIi BHIHO, IIO JUISA
3amadyi A TouHa HIKHA rpaHuns mias v = 1.31623 mgocsraeThes
B/BiYl IIBUAIIE AJS TEpUIOi CTApTOBOI TOYKH, HIK A Jpyroi
CTapTOBOI TOYKH.
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Tabmuust 2 — Pesympratm  pob6otm  BARONa:  BepxHs
rpanuns 1.31623
Samaua A 3amaua B
(mepia cTapToBa TOYKA) (mepiiia ctapToBa TOYKa)
Iteration | Time (s) | Lower Iteration | Time | Lower
bound (s) bound
19442 | 105.47 | 0.800000 | 17795 | 124.64 | 1.07820
39507 | 225.48 | 0.881865 | 31588 | 224.62 | 1.24300
60531 | 315.50 | 1.18031 44142 | 314.63 | 1.26828
87983 | 435.51 1.27354 60428 | 434.63 | 1.28566
107956 | 540.60 | 1.31623 77108 | 554.66 | 1.29411
97593 | 708.28 | 1.31623
3anaua A 3anaua B
(Ipyra crapToBa TOUKa) (Ipyra crapToBa TOUKa)
Iteration | Time Lower | Iteration | Time Lower
(s) bound (s) bound
24431 | 215.19 | 0.800000 | 26506 | 211.30 | 1.02077
43623 | 432.20 | 0.885228 | 53778 | 421.35 | 1.17284
60285 | 616.76 | 1.12001 80561 | 631.40 | 1.26184
77345 | 831.48 | 1.24381 | 107086 | 841.42 | 1.29292
88026 | 985.51 1.27344 | 116293 | 911.78 | 1.31623
99580 | 1148.45 | 1.31623
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JUHAMIKA PO3I'OPTAHHS JIOTAPUOMIYHUX
CIIPAJIENA Y TPUPO/II
Tumodiesa H. K.
Mixcuapoonuii HayKo80-HABUANbHUL YeHMD IHGOpMayiuHUX
mexnonoeiu ma cucmem HAH ma MOH Ykpainu

DYNAMICS OF LOGARITHMIC SPIRAL
DEVELOPMENT IN NATURE

Abstract. Representation of biological space as a sign combinatorial allows
to explain various phenomena in nature, in particular the formation of logarithmic
spirals during the growth of shells of some species of mollusks, galaxy sleeves,
spirals of rose petals, etc. The dynamics of their formation is explained by the finite
sequences that take place during the deployment of the agreed spaces and which
are presented geometrically using polar coordinates.

Beryn. Ilpm  posropraHHi  3HAaKOBUX  KOMOIHATOPHHX
(6io7OTIYHUX) TPOCTOPIB, YTBOPIOIOTHCS KOMOIHATOPHI 4HCIIA,
30kpema yncia Pibonaudi [1], uepes siki B KUBIH IPUPOAI MOXKHA
MOSICHUTH HasBHICTh Jorapudmiunux cmipaneit. ILli cmipami
YTBOPIOIOTHCS 3aBJSKM CKIHUCHHMM IIOCIIJJOBHOCTSIM, SIKI MalOTh
MiCIle MPH PO3TOPTaHHI OrOBOPEHUX MPOCTOPIB 1 K1 MOJAIOTHCS
Tre€OMETPUYHO 3 BUKOPUCTAHHIM MOJISIPHUX KOOPAUHAT.

IlocTanoBka 3agayvi. YTBOpeHHs Jorapu@MidHOI cripai
TEOMETPUYHO IOAAETHCS Yepe3 “‘30J0THH NPSIMOKYTHHK, B SKOTO
OJIHa cTOpoHa JoBiIa B 1.618 paziB («3o050Te» uncio abo 3070THi
nepetuH) [2]. IlpucyTHICTH 30J0TOTO TEPETUHY B MPUPOIL
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