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leops Cikopcbkoeo ™.

PO3POBKA ITPOTPAMHOI'O 3ABE3IIEYEHHSA HA OCHOBI IOKPALLIEHOT' O
TEOMETPUYHOI'O AJITOPUTMY [JIs1 BUPIILIEHHS 3AJTAYI OIITUMI3ALIILL
TPAHCIIOPTHOI'O PYXY

Anoranisa. CydacHi CHUCTEeMHM KepyBaHHS TPAHCIOPTHUMH 3acO0aMH JIOTICTUYHUX KOMIIaHIN
MOTPeOyIOTh PO3POOKH MTPOTPAMHOTO 3a0€3MeUeHHsI, 3IaTHOTO TIPOPAXOBYBATH HAMKOPOTIII BiJICTaH1
3 HEBEJIMKOK IOXMOKOI 1 3a BIIHOCHO KOPOTKMM 4Yac, SIKUH BpaxoByBaTUME Te, IO II MICHs
3'€IHYIOTbCSI HE MPSAMOIO JIIHIE€I0, a CKIAAHIMOK (iryporo. OCHOBHUM HEAOMIKOM OUIBIIOCTI
ICHYIOUHMX peati3alliid € Te, 0 BOHM HE aHATI3yIOTh ICHYIOUl JOPOTH MIXK MICIIMH, a 0OYHCITIOIOTh
JUIIE HaWKOPOTIIN BiJCTaHI IO KOOpJAWHATaX, IO NPHU3BOAWTH 1O HETOYHUX PIllleHb, SKI
HEMOXKJIMBO 3aCTOCYBATH y pealbHOMY CBITI. Y 11iif poOOTi HaBeZleHa OCTAHOBKA 3aBJJaHHS MOLIYKY
HalMEHIIOro MOXKJIMBOIO IUKIIYHOTO MapuipyTy, SKUA MPOXOAUTH depe3 3aJaHuil Halip MicT,
MOYMHAIOYM 1 3aKIHYYIOYM B TOMY CaMOMy MICTi. Y pe3yibrari, ajJropuTM IOBHHEH 3HANTH
MOCIIIOBHICTH BiJIBiAyBaHHS MICT, 100 3arajbHa JOBKMHA HUIAXY MK HUMHU Oylia MiHIMaJIbHOIO, i
IUISX TPOXOJIMB Yepe3 KOXKHE MICTO piBHO OlMH pa3. [IpoBeneHo excriepruMeHTalIbHI TOCHTIHKEHHS 3
icHytouumu joporamu Juist 10. Pesynmpratu st 10 micT MOpiBHSHI 3 aJIrOPUTMOM IOBHOTO
nepebopy, SKAM TakoX aHam3ye jgoporn. HaBemeHo mnpukian peanmizaiii MOKpaIIeHOro
re€OMETPUYHOIO AJITOPUTMY 3 BUKOPHCTAHHSIM I1CHYIOUMX JIOPIT MOBOIO IporpamyBaHHs swift ams
BUKOpUCTaHHS Ha mardopmi i0S.

KJIIOYOBI  CJOBA: 3AJIAUA  KOMIBOSXKEPA,  OIITUMAJIBHUMA  IIJIAX,
KOMBIHATOPHA OIITUMI3ALIA, MAPKIT, IOS.

Abstract. Modern vehicle management systems of logistics companies require the development of
software capable of calculating the shortest distances with a small error and in a relatively short
time, which will take into account the fact that these places are not connected by a straight line, but
by a more complex shape. The main drawback of most existing implementations is that they do not
analyze the existing roads between places, but only calculate the shortest distances by coordinates,
which leads to imprecise solutions that cannot be applied in the real world. This paper presents the
formulation of the task of finding the smallest possible circular route that passes through a given set
of cities, starting and ending in the same city. As a result, the algorithm must find a sequence of
visiting cities so that the total length of the path between them is minimal, and the path passes
through each city exactly once. Experimental studies were conducted with existing roads for 10
cities. Results for 10 cities are compared with a full sweep algorithm that also analyzes roads. An
example of the implementation of an improved geometric algorithm using existing roads is given in
the swift programming language for use on the iOS platform.

KEY WORDS: TRAVELING SALESMAN PROBLEM, OPTIMAL WAY, COMBINATORY
OPTIMIZATION, MAPKIT, IOS.
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Beryn. ¥V cBiTI MpakTHYHO HEMAaE€ JBOX MICIb, SKi TOB'sI3aHI OIWH 3 OJHUM HAWKOPOTIIMM
BIJICTAHHIO — MPsAMOK JiHi€r0. JliTaku JITalOTh 3 OJHOTO aeporopTy B IHIIMKA Tak, MI00
SKHANOUIbIIEe 4Yacy JIETITW HaJ CYLIEI 1 HpoJiTaTH sikoMora Ouibiie aepornopTiB [1]; xopabmi
IJTUBYTH 3 OJTHOTO TIOPTY B IHIIIUN SIKOMOTa OJIvK4e 10 OeperoBoi JiHii [2]; qoporu ajisi aBTOMOOTIB
OyIyrOThCS Tak, 1100 BOHU OyJIM MPOKIIA/ICH] Yepe3 HalO1IbIY KiTbKICTh HACEIICHUX MYyHKTIB — 100
SAKHaWOUIbIIe Jrofed MomIo Hew KopucTyBartucs [3]. YV BciX LMX BHIAAKAX MaplIpyTaMu
TPAHCHOPTHUX 3ac00iB OyayTh Jajeko He MpsMi JiHii, a AyTHd, JamaHi JiHil Yi cKIagHimi Girypu.
JUis TOUHILIIMX PO3paxyHKIB HAWKOPOTIIMX BiJACTAaHEH MK MicTaMH HEOOXITHO MOJEpPHI3yBaTH
peaii3oBaHM TEOMETPUYHUN aNTOPUTM TakK, 00 BiH B3aEMOIISAB SK 3 KOOpIAMHATaAMH OOpaHUX
MICT, TaK 1 aHaJi3yBaB iCHYIOYi JOPOTH, iX MapUIPyTH 1 BiJCTaHI.

OcHoBHa yactuHa. /Jlng  Toro, 1mo0  BBENEHHS TOYOK (MICT), KpIM iX KOOpJMHAT,
TEOMETPUYHUN  aJIrOpUTM  MOXKHA  OyJlO  TaKOXX aHalli3yBaTUMeE ICHYIOY1 MapIIpyTH, SKi €
BUKOPUCTOBYBaTH 3 pEalbHUMH JaHUMH, MK UMM TouykaMu (mictamu). Ha pucynky 1
ICHYIOUUMH KapTaMd Ta JOPOraMH, HEOOXITHO  TPOJEMOHCTPOBAHO  SK  3apa3  MpaIioe
IHTETpyBaTH y JOJATOK aJTOPUTM, SKMH IMICIS  TCOMETPUYHHUIN aJTOPUTM.
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Puc. 1 — pe3ynbrar po60TH T€OMETPUYHOTO aTOPUTMY 0€3 ypaxyBaHHS ICHYIOUUX AOPIr

Sk 6aunMo 3 pUCYHKY |, HE3BaKalO4UM HA  BJOCKOHAIUTH aJrOPUTM Tak, MO0 BIiH MIr
T€, 110 TEOMETPUYHUN anroput™M Oyaye  ypaxyBaTH MijJ 4Yac OOYHMCIIEHb HaWKOpPOTILIUX
HaWKOPOTLINH NUIAX, BIH HE € 1/IeaJbHUM 1 HOT0  HUIAXIB ICHYIOY1 IOPOTH MIXK MiCTaMHU.
HEMOXKJIMBO BUKOPHCTAaTH B PEAJIbHOMY JKUTTI, Jus  peamizamii 3aqyMy BHUKOPHUCTa€EMO
a/pke  HEMOXJIMBO TOiXaTH, Hanmpuwkiaax 3  Oibmioteky — MapKit [4] U1 MOBH
Manpuny no Pumy Hampsimy uepes Te, 110 TaM  IporpamyBaHHs swift. Bona HagacTe Ham faHi
e Cepem3emMHe Mope, OTXKe MOTPIOHO  MpPO ICHYKOYl JOpPOrH, a TeOMETPUYHUN
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QITOPUTM Pa30M 13 IIUMH JaHUMH TEIep 3MOXKeE
MpoaHaIi3yBaTH OTPUMAaHI MapamMeTpu 1 BHIATH
MpaBWIbHE pIIMICHHS I HAa3eMHUX BUIIB
TpaHcnopty. Temep TeOMETpHUYHHUI AJITOPUTM

IISITUME 3a TaKOIO CXEMOIO:

oOpaHi J1Ba MicTa.
4)  IlepecranoBka
MapHIpyTy, SKIIO 1€ HEOOX1THO.

Ta

3) INopiBHAHHS 30yI0BAaHOTO MapLIPYTy 3
ICHYIOUOI0 pEaJbHOI0 JOPOTolo, fKa 3'€IHYE

nepedyaoBa

1) Amnamiz BciX KoOpAMHAT BCiX  Pesyabrar poOOTH T€OMETPUYHOTO aJITOPUTMY
KOpUCTYBadiB MICT, 4Yepe3 sKi BiH Xo4ye 13 3aCTOCYBaHHSIM JaHUX MPO ICHYIOUYl JOPOTH
HO6YI[yBaTI/I MapoipyT. Hpe):[CTaBHeHI/Iﬁ Ha pUCYHKY 2.

2) [IloOymoBa MapumpyTy JuiIe 3a
KOOPJIMHATAMH MICT.
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Puc. 2 — pe3ynbrar po60TH F€OMETPUYHOTO AJITOPUTMY 3 YpaxyBaHHIM ICHYIOUHX J0PIr

Sk
QITOPUTM IUJIKOM TMPABHIBHO OyIlye€ MapuipyTH
JUIs. Ha3eMHHUX BUJIB TPAHCIOPTY, 1 HaBITh 3

OauumMo  Temep  IeOMETPUYHUN

PUCYHKY 2 BMJHO, IO HE OJHE MICTO Yy
pe3ynbTari He 3'€eHye TpsMa  JIiHif,
3aCTOCYBaHHS T€OMETPUYHOIO ajlroputMmy 0e3
BukopuctanHs MapKit Hema cency. Yacosi

OTXKE

BUTPaTH Ha MOOYyIOBH MapIIpyTy 3HAYHO HE

36inpmmucs(Puc. 3), ITOPUTMIYHA
CKJIQJIHICTh HE 3MIHWJIACS, @ TOYHICTH MOOY/I0BU
MapmipyTy 3pociia 1 Temep MipaxyHOK

HaWKOPOTIIIOTO MApUIPYTy JJIsl ICHYIOUMX MICT
MOKHa BHKOHATHM TOYHIIIE 1 HE IIOBIJBHIIIE,
HIX 710 BiipoBakeHHs MapKit.

Anroputm nosHoro nepe6opy
Yyac BUKOHaHHA, C. |OTPUMaHMI WAAX
n=10 0,36288 8893

MoKpaLweHWi1 reoOMeTPUYHMIA aNropUTM™ 3
BMKopucTaHHA MapKit
Yac BMKOHAHHA, C. |OTPMMaHWUIA WAAX
0,000037 8893

0% 0%

Haikpawwii wnax = 8893

Puc. 3 — pe3ynbraTtu NOpiBHSAHHS aIrOpUTMY MOBHOTO niepedopy, sikuii BukoprucroBye MapKit 1

MOKPAIIEHOTO TEOMETPUYHOTO AJITOPUTMY, IKUH BUKOpHCTOBYE MapKit
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BucHoBku. Y 1iii poOOTi 3ampoONOHOBAHO BIOCKOHAJICHHS TE€OMETPHUYHOTO aJITOPUTMY IS
BUPILICHHS 337a4 ONTHMIi3alii TPAaHCIIOPTHOTO PyXY, SIKWH BUKOPHUCTOBYE JaHi mpo goporu. [lane
YIOCKOHAJICHHSI J03BOJIAE€ OyayBaTH MapIIPyTH IS BCIX BUAIB Ha3€MHOTO TPAHCIOPTY KOPEKTHO,
TOMY IO Temep SIK BiJICTaHb MK JIBOMAa MICTaMHU BHUKOPHCTOBYETHCS HE MpsiMa JIiHIs, a CKJIagHa
(birypa, mo a03BOJISIE BUMIPIOBATH BiJICTaHI I1I€ 3 MEHIIOK MOXHMOKOK. Takok 1€ yI0CKOHAICHHS
IPAKTUYHO HE 3MIHWJIO Yac BUKOHAHHS QJIrOPUTMY, & 3HAUUTh QJITOPUTM 3MOXKE IIBHUJKO
CHPABIATUCS 3 BEIMKMMU o00cAraMM JaHUX e(eKTUBHO, sK paHime. MoOUIbHMI 10JaToK,
po3po0iieHNiI 3 BHUKOPUCTAHHAM JIaHOTO AalrOpUTMY, MOXe OyTH YCHIIIHO BHUKOPHCTAHUHU Yy
Oy/b-SIKUX JIOTICTUYHUX MpoOJIeMax, Jie MIBHIKICTh MOOYJOBH MapIIPyTiB Ta HU3bKA TOXUOKA MpU
OOUYHUCIIEHH] IUIAXY € BAXKJIMBUMH KPUTEPISIMH.
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