JIABOPATOPHA POBOTA Ne 7

JOCIIKEHHA MYPALLIMHUX AJITOPUTMIB

Mema pobomu: euxopucmogyrouu cneyianizoeani OiOniomexku ma Moy
npoepamyearnts Python naguumucs docaioumu Memoo MypauuHux KoJIOHILL.

1. TEOPETHUYHI BITOMOCTI

OCHOBHI TeOpeTUYHI BIJOMOCT] TIO/IaH1 Ha JIEKI[isX. TakokK JOIUILHO BUBUUTH
MaTepiall oA’ B JIiTepaTypi:

JlonaTkoBO JeAKI TEOpPEeTUYHI BIIOMOCTI TMOJIAaHO Yy KOXXHOMY 3aBJaHH1
OKpEMO.

Moxna BukopuctoByBat Google Colab a6o Jupiter Notebook.

1. llpyHIUNIM NOBEAIHKH Mypax

Mypaxu HaJle)KaTh 10 TaK 3BaHUX «COIIaJbBHUX KOMax», TOOTO KOMax, II0
KUBYTh B MEKaX MEBHOTO KOJIEKTUBY — ciM’1 abo kosonii. Ha 3emii Ginst mBox
BIZICOTKIB KOMaX € «COLIaJbHUMI», IOJIOBUHA 3 SIKUX MPHUIAJAE HA Mypax.
[ToBeninka Mypax T Yac TPaHCIOPTYBaHHS 1DKi, OOMHUHAHHS TIEPEIIKOJ,
o0Yy/TOBM MYpaIllHHKA TOIIO HAOIMKAETHCS 10 TEOPSTUIHO ONTHMAIEHOI. OCHOBY
«COILIAIBHOD» TOBEAIHKKM Mypax CKJIaJa€ caMOOpraHizalis — CYKYIHICTb
ITUHAMIYHUX MEXaHI3MIB, 3a JTOIOMOIOIO SIKUX CHCTEMA JOCsrae riio0ajbHOi METH
B pe3yJbTaTi B3aeMOJii €JIEeMEHTIB Ha HH3bKOMYy piBHI. [IpuHIHIIOBOIO
OCOOJIMBICTIO TaKoi HHU3BKOPIBHEBOI B3a€MOIi € BUKOPUCTAHHS €JIEMEHTaMH
CUCTEMHU JIMIE JIOKAIbHOI iH(popMmarii, 6e3 Oyab-SKOro IEHTPaTi30BaHOTO
VIPABIIHHS Ta 3BEPHEHHS JI0 TJI00ATBHOTO 00pa3y, sIKUH PEelpe3eHTye CUCTEMY Y
30BHIIHBOMY CBiTi. CamoopraHizailisi € pe3yJbTaToM B3a€MOJIl TaKUX YOTHPHOX
KOMITIOHEHTIB: 1) BHITaJKOBICTh; 2) NOJATHUN 3BOPOTHHM 3B’SI30K; 3) Bix eMHHUI
3BOPOTHHI 3B’5130K; 4) 6araToKpaTHICTh B3a€MOIIM.

Mypaxu BUKOPUCTOBYIOTH JIBa CIIOCOOU Tepenayi iHdopmarrii:

npsiMUil — OOMIH XapuaMu, MaHAUOYISPHHMA, Bi3yalbHUW Ta XIMIYHUN
KOHTaKTH TOIIIO;
HenpsiMUl — cTturMepxki (stigmergy). CTurmMepxi — 1€ PO3HECEHHH Y

9aCOBOMY MPOCTOPI THI B3aEMOJI1i MK €JIeMEHTAMHU CHUCTEMH, KOJIM OJIUH Cy0’ €KT
B3aEMOJIII 3MIHIOE JIeSIKy 4YacTUHY OTOYYIOYOrO CEepeJOBWINA, a peliTa
BUKOPHUCTOBYE 1H(GOPMALIIIO MPO 11 CTaH Mi3HIlIE, KOJU 3HAXOIATHCSA B 1i OKOJI.
Bionoriuno, cTurMepxi 3IIMCHIOETBCS 4epe3 (epomoH (pheromone) —
CHELIaIbHUI CEeKPeT, SAKUU BIAKIANAEThCA SK CIIJ MiJ 4ac pyxy mypaxu. Yum
BHIIA KOHIIEHTpaIlisl (epOMOHY Ha CTEXI[l, TUM OUTbIIIE Mypax Oyne pyxaTHUCh 1O


https://colab.research.google.com/drive/

Hili. PEpOMOH 3 YacOM BUIIAPOBYETHCS, IO JO3BOJISIE MypaxaM aJanTyBaTH CBOIO
MOBEJIIHKY JI0 3MIHU OTOYYIOUOTO cepenoBuiia. Po3noain ¢gepomMoHy 1o npocTopy
MEepecyBaHHs MypaxX € CBOEPINHOI TJIOOATBHOIO MaM’STTI0, SKa JUHAMIYHO
3MiHIOeThCS. KokHa Mypaxa Moke CHopuilMaTH Ta 3MIHIOBAaTH JIMIIE JIOKAJIbHY
YapyHKY 1[I€1 T7100aNbHOT TaM’ IT1 MypalTHUKa.

PosrnsiHemo, sK KOJIEKTHBHa TMOBEAIHKA OI0JOTIYHHUX Mypax 3a0e3neuye
3HAXO/PKEHHS HAMKOpPOTILIOro HUISIXY A0 1K1 HAa NPHUKIAAl €KCIepUMEHTIB Ha
acUMeTpuyHOMY MOCTi [6]. AcuMeTpuunuii MicT (puc. 1) 3’€Hy€e THI3IO Mypax 3
JDKEpesIoM K1 IBOMa TUIKaMu pi3HOi JoBXUHHU. ExcnepumenTH [6] mpoBoauiucs
3a Takoro cxeMoro: 1) OyayBaBcs micT A-B-C-D; 2) BiquuHsucs ABEpIsTa B TOYIII
A; 3) dikcyBanach KUIbKICTh MypaXx, ki o0paiu nosruii (A-C-D) ta kopotkuii (A-
B-D) musixu. Ha moyaTky eKCIepMMEHTIB Mypaxu oOupanu OOHABI TUIKH 3
OJIHaKOBOIO MMOBIPHICTIO TOMY, 1110 Ha MOCT1 He Oyno gepoMoHiB. Uepe3 neskuii
yac Maibke ycl Mypaxu NepecyBaluch HalkopoTmiuM mapuipytom A-B-D, mio
NOSICHIOETHCSI TAKUM YMHOM. Mypaxu, siki o0panu kopoTkuili mapuipyt A-B-D-B-
A, ckopilie moBepTalivca 3 DKEI B THI3NO0, 3aiMilaioydd (EpOMOHHI CIIAM Ha
KOPOTKIH Tl MOCTY.

[Tpu HacTynHOMYy BHOOpI MapuIpyTy, Mypaxu BiJJaBajiu IepeBary KOpOTKii
TUIIl MOCTYy, TOMY IO Ha HIA BUIA KOHIEHTpallisl ¢hepoMoHiB. Takum 4YuHOM,
(dbepoMOH MIBHIIE HAKOMUYYETHCS Ha rulblll A-B-D, mo miamrToBxye mypax 10
BUOOPY HAHKOPOTILIOTO MapuUIpyTy.

hizdo

B

Puc. 1. AcumerpuyHuii MicT

2. OCHOBHI MOHATTHA

MypamHi anropuTMU CEpHO3HO OCTIIKYIOTECS €BPONEHUCHKUMU BUYCHUMU
i3 cepenuan 1990-x pokiB. Ha cporonHimHii A€Hh BXKE€ OTPUMAHO TapHi
pe3yJabTaTh Uil ONTHUMI3AIlli TaKWX CKJIaAHUX KOMOIHATOPHUX 3a/Ja4,iK 3ajada
KOMIBOSDKEpa,  3a7aya  ONTUMI3amii  MapmipyTiB  BaHTaXIBOK,  3ajada
po3dapOyBanns rpada, KBagpaTH4yHa 3ajJadya MpoO NPU3HAYCHHS, 3a/ada
onTuUMizalli ciTKOBUX rpadikiB, 3ajlaya KaJeHJAapHOrO0 IUIAHYBaHHA 1 T. 1H.
Oco0nuBO e(peKTHBHI MypallluHl aJirOpuTMU TMpU AUHAMIYHIA ONTUMI3amil



MPOLIECIB Y PO3MOAUIEHUX HECTAl[lOHAPHUX CHCTEMaX, HANpUKIal, rpadikiB y
TEJIEKOMYHIKAIHHUX MEPEkKax.

Merton MypamiMHUX KOJIOHIA 3aCHOBAaHUN Ha B3a€EMOJIi JEKUIBKOX Mypax
(mporpaMHUX areHTiB, 10 € YWICHAMHU BEJMKO1 KOJIOHII) 1 BUKOPUCTOBYETHCS IS
BUPIIICHHS PI3HUX ONTUMI3ALIMHUX 3a7]a4. ATEHTH CIUIbHO BUPIIIYIOTH IPOOIEMY
1 momomararoTh IHIIUM areHTaM y MoJajbliid ONTUMI3allil po3B’ 3KY.

Meronu wMypaxu (Ant algorithms), a0o onrumizamis 3a NOPUHLIUIIOM
MypalIMHO1 KOJIOHII, MaroTh creuudiuHi 0coOJMBOCTI, BIACTHBI Mypaxam, 1
BUKOPHUCTOBYIOTh iX JJisg opieHTalli y (izuunomy mpocrtopi. [Ipuposa mpomnonye
PI3H1 METOAMKY JJIsi ONTUMI3alli AesSKUX MpoueciB. MeToan MypalimHUX KOJIOH1H
0COOJIMBO I[IKaB1 TOMY, L0 iX MO’KHa BUKOPUCTOBYBATH JUIsl BUPIIIEHHS HE TUIbKH
CTaTUYHUX, ajlle ¥ JAWHAMIYHMX 3a7ad, HampuKiIaa, 3a]ad MapHipyTu3aiii B
MIHJIUBUX MEpEKax.

bazoBa imes MeToly MypallMHUX KOJIOHIA TMOJsSirae y  BUPIIICHH]
ONTUMI3AIIMHOT 3a/Jaul [UIIXOM 3aCTOCYBAHHS HENPsIMOTO 3B'I3KY MIK
ABTOHOMHHMH ar¢HTaMH.

Y wMeromi MypamuMHUX ~KOJIOHIH TepeadadaeTbes, M0 HABKOJMWIITHE
CEpeIOBHIIE SIBJISIE COOOKD 3aKpHUTy ABOBHUMIPHY MEPEXYy — TpYIy BY3IIiB,
3'€JHAHUX 3a JTOTIOMOTOI0 rpaHeld. KokHa rpaHp Mae Bary, mo MO3HAYAETHCS SK
BiZICTAaHb MK JBOMa By3JIaMH, 3'€qHAHUMU Hero. ['pad — qBOHampaBieHui, TOMY
areHT MOXe MOJOPOKYBATH T10 TPaHi B Oy/Ib-SIKOMY HAIPSIMKY.

AreHT 3a0e3mneuyeThcsi HAOOPOM MPOCTUX TPABWI, SIKI JO3BOJISIOTH HOMY
BUOMpaTH HUIAX y rpadi. Bin miarpumye crnmcok Tady tLiSt — crnucok By3imiB, siKi
BiH BXK€ BiJBiJlaB. TakuM YMHOM, areHT MOBUHEH MPOXOAUTH Yepe3 KOKHHUI BY30]
TUTLKH OJIUH Pa3.

Bysau B cmmcky ‘“morounoi momoposki” tLISt po3TamioByrOThCS B TOMY
MOPSIZIKY, Y SIKOMY areHT BiABiayBaB iX. [li3HiIIE CHMCOK BUKOPUCTOBYETHCS IS
BU3HAUCHHS IOBXUHU IISAXY MDK BY3JIaMH.

CrpapxHs Mypaxa Iij] 4ac MepeMilleHHs 10 NUIAXY 3aJIHIIaE 3a COO0K0 ACAKY
KUTBKICTh hepomony. Y METOA1 MypalllMHUX KOJIOHIM areHT 3anumiae (epoMOH Ha
TpaHSIX MEPEXI MICIIs 3aBEPIICHHS MOJO0POXKI.

3. MypamuHuii miaxia 10 po3B’si3aHHA 3a7a4i KOMiBoOsIKepa

3amaya KOMIBOSDKEpa MOJISITae y BHOOP1 HAWKOPOTIIOTO 3aMKHYTOTO MUISXY,
0 TPOXOJUTH Yepe3 yci Micta piBHO OAWH pa3. PosrmsHemo, K peamizyBaTH
YOTUPU OCHOBHUX KOMIIOHEHTH CaMOOpPTaHi3aIiiHOI MOBEAIHKM Mypax Mia dYac
onTHUMI3aIlii MapIIpyTy KOMIBOsIKeEpa.

baraTtokpaTHICTh B3aeMOJIi peami3yeThCs iTEpalliiHUM MOIIYKOM MapIipyTy
KOMIBOSIKEPA OJIHOYACHOTO JIEKIJIbKOMa MypaxaMHu.

JlonaTHUil 3BOPOTHUN 3B’SI30K peANIBYe€ThbCsl K IMITallli MPUPOAHOT
MOBEJIIHKM MYpax THUIlY «3aJIMIIaHHS CIIJIB — MEpecyBaHHs Mo ciigax». Yum
OuIbIlIe CHIAIB 3aJMUIIEHO Ha CTEXIl — pedpi rpa(by, TUM Oulbllle Mypax Oyzae
pyxatuch 1o Hikd. [lpu nboMy Ha cTexil 3’ SBISIOTbCS HOBI CHIAU, SIKI
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MpUBaOIIOIOTh JOAATKOBUX Mypax. J{Jis 3aa4i KoMiBOsbKepa 10JaTHUM 3BOPOTHHU I
3B’SI30K Pealli3ye€ThCAd TAKUM CTOXACTHUHUM IMPaBUIOM: «AMOBIPHICTh BKJIIOUEHHS
pebpa rpady B MapuipyT Mypaxu NpomnopiiiiiHa KUIbKOCTI (HepOMOHY Ha Hii».

BukopuctanHs 1bOro CTOXAaCTUYHOrO IMpaBumiia 3abe3rneuye peatizaiiro 1
IHIIIOTO KOMIIOHEHTY MOBEIIHKM Mypax — BHMaAKoBOCTi. KilbKiCTh (epoMoHy,
AKUU BIIKIAJa€e Mypaxa Ha peOpi rpada, € 3BOPOTHO MPONOPLIAHOIO BEIUYUHOIO
70 JAOBXKHHHU BIANOBIAHOTO MapuIpyTy KOMIBOsKepa. YWM KOPOTIIMI MapiipyT
KOMIBOSDKEpa 3HalIia Mypaxa, TUM Ouiblie (QepoMoHy Oyne BiAkIajcHE Ha
BIIMOBIIHUX pedpax rpady.

BukopucranHs nuie JA0JAaTHOTO 3BOPOTHOTO 3B’S3KYy MPHU3BOJIUTH 10
nepenryacHoi 301KHOCTI allfOPUTMY, TOOTO [0 BHUMNAAKY, KOJIH YCl MYypaxu
pPYXaroThCsl OJHUM 1 TUM K€ CyOONTHAIbHUM MaplIpyToM. J[Jisi yHUKHEHHS 1[bOTO
BUKOPUCTOBY€ETHCS BiJ’€MHHIM 3BOPOTHUN 3B 30K — BUIIAPOBYBAHHS (HEPOMOHY.
Yac BunapoByBaHHsS ()€POMOHY HE MOBUHEH OYTH AYyXe€ BEIUKHUM, 00 MPHU LOMY
BUHUKAE 3arpo3a 30iraHHs MapuIpyTiB yCiX Mypax 10 OJHOr0 CyOONTHMAalIbHOTO
pO3B’s3Ky. 3 1HIIOr0 OOKY, 4ac BUMAPOBYBAHHA HE MOBUHEH OYTH 1 MM, 1100 HE
NPU3BECTHU O HEKOOMIEPATUBHOT MOBEIIHKU Mypax uyepe3 BTpaTy Mmam’siTi KOJIOHII.

[Mepexin Mypaxu 3 MicTa i B MICTO | Ha iTepallii t aropurMy 3aJieXHUTh Bil
TPHOX CKJIAJIOBUX: TaOY-CIHCKA, BUIMUMOCTI Ta BIPTyaJIbHOTO CITiAy (epoMOHYy.

Taby-cnucox (tList) — me mepesik MICT, AKi BXe BiABiIaHI Mypaxoro i
3aXOJUTH B SKi 1€ pa3 3a00poHeH0. Taldy-CrUCOK 30UIBIIYEThCS 31 3A1MCHEHHIM
MapLIpyTy Ta 3allOBHIOETHCS HYISIMM Ha MOYATKy KOXKHOI ITepalii aJroputMmy.

[TozHaunmo uepes A CIHCOK MICT, sKi Ie MOTpiOHO BigBigaTh Mypaci K, mo
nepedyBae y MicTi i. 3p0o3yMiJio, IO 00’ €THAHHS ITUX CIHUCKIB Ja€ MHOXKHHY YCIX
MICT 3 MapIIpyTy KOMIBOsDKEpA.

Buoumicme — 1ie BenmuunHa obepHeHa 1o Bifgcrani: i = /D, 1 Dj_ pincrans
MK MicTaMu | Ta |. BugumicTs 0a3y€eThCs TUIBKH Ha JIOKAIbHIHN iH(GOpMAIIii 1 sIBIIsIE
cO000 «EBPUCTUYHY Oa)kaHICTh» BHOOPY MiCTa |, ImiJ 4ac mnepeOyBaHHS y MICTI .
Yum Orkde MicTa [ Ta |, TUM OLabline OakaHHS BiIBiIaTH iX.

Bipryansauit ciaig depomony Ha pebpi (I — ]) sBise co000 «OaKaHICTh,
MiIKPIIIEHY JOCBIIOM» MEePEXoay B MicTo | 3 micta j. [Hpopmartis, Ky Hece CITif
dbepoMoHy, 3MIHIOETHCS TMiAYac ONTHUMIZalii 1 BigoOpaxkae HaOyTud Mypaxamu
nocsin. Kinbkicte BipTyanpHOro ¢epoMoHy Ha pebpi (I — j) Ha t-if iTeparii
aJITOPUTMY MTO3HAYMMO sIK Ti (7).,

MoBipHicTs mepexony K-i Mypaxw 3 Micta i y Mmicto j Ha t-if iteparii
PO3PaXOBYETHCS 32 BUITAIKOBO-TIPOTIOPIIIHHUAM MTPABUIIOM

o B
o L0 ul
I Z,_[Tff(f)] [‘M]l
leJ;

AKIIO j € Jf(;

L}fff(f) =0, saxwo j& J&

e o 1 3 — aBa peryjiboBaHl mapameTpH, sIKI € BaraMu 1HTEHCHUBHOCTI CIIY
dbepomony Ta BuaumocTi. Skmo o = 0, TO HaMBIporimHIKM OyJe mnepexiy y
HalOMK4dl MicTa. Y KJIaCHYHIM Teopli omTHUMizallli 11 BIAMOBIZA€E, TaK 3BAHOMY,
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noxaamBomy anroput™y. Akmo B = 0, Tomi mnpaupe ume QepoMoHe
MiICUJICHHS, IO MPU3BOAUTD JI0 MIBUAKOTO 3aBEPIICHHS POOOTH alTOPUTMY 4Yepes
30iraHHsi MapuUIPyTIB YCiX Mypax /10 OJHOTO CyOONTUMAIIBHOTO PO3B’S3KY.

[Ticns 3aBepIeHHsT MapHIPYTy KOKHa Mypaxa K Bimgkiamgae Ha pedpo (I — )
TaKy KUTbKICTh (hepOMOHY:

' .[ kQ , skuio (7, j) € 7“6
At () =4 L°(D) ,
| 0, axio (4 j) e 7“0

ne (0 — mapmpyr, 3pobnennii Mypaxoro K ma irepamii t; £() — ioro
noBxuHa; Q — peryiboBaHMl TapaMmeTp, 3HAYEHHS SKOro OOUparoTh OIHOTO
HNOPSAIKY 3 IOBKUHOIO ONTUMAJIBHOTO MapUIPyTYy.

Jlnst 3a0e3reyeHHs MOXKJIMBOCTI €KCIUTyaTallii IpoCTOopy pillleHb MOTPIOHO
3a0e3MeuYnTy BUMAPOBYBAHHS (PEPOMOHY — 3MEHILEHHS KUTBKOCT1 BIJKJIAJEHOTO
Ha TOMNepeHIX ITepanisix (GepoMoHy. [HTEHCUBHICT, BUIApOBYBaHHSA (PEPOMOHY
3aJa€Thes 3a JonoMororo koedimienta sunaposysanns 7 € [0, 11, Kinnese npasuno
OHOBJIEHHS (DEPOMOHY, SIKE CTOCY€EThCA BCiX pedep, npuitMae BUTIIS

1+ < (= p) 7 (0 + At (D),

m
At () = ¥ ﬂfff(f)? m.o
! =1 — KiJIKICTh Mypax B KOJIOHI].

ne

Ha mouatky onTumizamii KUTbKICTh (pepoMOHY Ha pebpax HmpuiiMaeThbcs 3a
MaJly JOJaTHY KOHCTaHTY To. 3arajbHa KUTbKICTh MypaX B KOJOHIi MpUHAMAETHCS
NOCTIHHOIO HAa BECh Yac pO3B’si3aHHA 3anadi. 3abarato Mypax NpPU3BOJIUTH JI0
IIBUJKOTO IMJICHJICHHS cyOonTuMaabHMX MapiipyTiB. Komm x Mypax 3amaro,
BUHUKae HeOe3leka BTpaTH KOOIMEPATHBHOI IMOBEMIHKK 4Yepe3  IIBHJIKE
BUTIAPOBYBaHHS (pepomMoHy. 3a3BHuail KUTbKICTh Mypax MPUMUMArOTh PIBHOIO YUCTY
MICT — KO’KHa Mypaxa IOYHHA€E MapUIPyT 3 OKPEMOT'0 MiCTa.

4. IlocaiT0BHICTL BUKOHAHHS METOXY

Meton MypamvHUX KOJOHIA BUKOHYETHCA B HACTYITHIN MTOCIIIIOBHOCTI
KPOKIB.

Kpoxk 1. 3agatu mapameTpu METOAY: 0. — KOe(ilieHT, 1[0 BU3HAYAE BITHOCHY
3HAYMMICTh NUIAXY (KUIBKICTH (pepOMOHA Ha NUBIXY); [ — mapaMmeTp, 10 O3Hadae
MpIOPUTET BIACTaHI HAJ KUIBKICTIO (epomMoHa; p — KOEPIIEHT KITbKOCTI
dbepoMona, mo areHT 3anuiiae Ha nuisixy, ae (1-p) mokasye koedimieHT BUMapy
dbepomMoHa Ha NIIAXY I HOro 3aBepineHHS; Q— KOHCTaHTY, IO BiTHOCHUTHCS J0
KUTbKOCTI (pepomMoHa, sIKy OyIi0 3aJUIIIEHO HA MIISAXY.

Kpox 2. Imimianmizanis wmetoxy. CtBopeHHs momynsiii areHTiB. [licms
CTBOPEHHSI MOMYJSIIsl areHTIB HApIBHO PO3MOJAUISETHCS IO BY3/IaX MEPExKl.
Heo0xinHO piBHOMIPHUN PO3MOJIUT areHTiB MK By3JlaMH, 1100 BCl BY3JIM Maju
OJTHAKOBI IIIAHCU CTAaTH BIANPABHOIO TOYKOK. SIKIIO BC1 areHTH MOYHYTh PyX 3



OJIHI€T TOUKH, 1Ie Oy/Je O03HAyaTH, 110 JaHAa TOYKAa BBAXKAETHCS ONTUMAIBLHOIO JJIS
CTapTy, a HacTpaB/i BOHA TAKOIO MOXKE 1 HE OYTH.

Kpox 3. Pyx areHTiB. SIKIl0 areHT I1ie HE 3aKiHYUB LUISX, TOOTO HE BiJIBiIaB
BC1 BY3JIM MEpEX1, /ISl BU3HAUEHHS HACTYIHOI IpaHi NUISIXY BUKOPUCTOBYEThCS

dbopmyna:
£y ©2 07

:
kz j “ru Ok ey ol

Ae J — MHOKMHA TpaHeH, e He BiABIIaHUX areHTOM; Try(t) — IHTCHCHBHICTb
GepoMoHa Ha TpaHi MK By3JIaMH I i U, sSiIKi YTBOPATH K-y TpaHb, Y MOMEHT Hacy t;
Nru(t) — dyHKIIs, 110 TpeaCTaBIsie OO0 3BOPOTHY BEJIMUMHY BiZICTaHI TpaHi.

ATeHT NOoJOpOKY€ TUTBKHU IO By3JaX, K1 1€ He OyJu BiJB1IaH1 HUM,TOOTO MO
By3JlaX, SKMX He Mae y cmucky taOy tList. Tomy HMOBIpHICTH pO3paxOBYETHCS
TUIBKH JIJIS TPAHEeH, K1 BeIyTh 0 I11€ HE BiJBITAHUX BY3JIIB.

Kpox 4. Tlpolinennii areHTOM IUISIX B1I0OpaXa€eThCsl, KOJIM areHT BiJBi/Ia€ BCI
By31M Mepexi. [{uknu 3a00poHeH1, OCKUIBKM B METOJ| BKIIOUEHUN CIUCOK Tady
tList. ITicms 3aBepuicHHS MOXKe OyTH po3paxoBaHa Oogacuna wiisxy. Bona
JIOPIBHIOE CYM1 BCiX IpaHeH, MO SKUX MOJOPOXKYBaB areHT. Kinvkicms ghepomony,
mo OyJ0 3ajJMIICHO Ha KOXHIM TpaHi NUBIXY I-TO areHTy, BU3HAYAETHCSA 32
dbopmyioro:

P=

adl =,
L' (t)
ne L'(t) — nosxuHa OUIAXy i-TO areHTy.
Pesynmprar € 3acob0oM  BHUMIpPIOBaHHS  NUIAXY:  KOPOTKHH  HUIAX
XapaKTEePU3YEThCS BUCOKOK KOHIICHTPAIIEI0 (EPOMOHY, a OUTBII JOBTUM MIIAX —
OuthIn HU3KOM0. [IOTIM OTpHMaHU Pe3yabTaT BUKOPUCTOBYETHCS JJIsL 30LTbITCHHS

KUIbKOCTi (PEpOMOHY Y30BK KOXKHOI IPpaHi MPOUACHOrO I-UM areHTOM IIISAXY:
_ .
7, D=7, O+ (@A ©)p),

1e I, U — By3JIH, IO YTBOPIOIOTh TpaHi, SKi BiBiJaB I-Uil areHT.

Jlana ¢bopmyna 3aCTOCOBYETHCA 10 BChOTO MIISAXY, MPH I[bOMY KOXKHA TpaHb
MO3HAYAEThCS  (DEPOMOHOM  TMPOMOPIIIAHO JOBXKMHI HUIAXY. ToMy BapTo
JIOYEKATHUCS, TOKA areHT 3aKiHYUTh MOJOPOXK 1 TUIBKM TIOTIM OHOBUTH PiBHI
dbepoMoHy, y TPOTHUBHOMY BHMAAKYy JiiCHA JJOBXKMHA MUISIXY 3aJIAIIUTHCA
HeBimomoro. KoncranTa p npuitmae 3naders Mk 01 1.

Ty O=7,,0-C=p)

Tomy nns BumapoByBaHHS (EpPOMOHY BHKOPHUCTOBYETHCS 3BOPOTHHI
Koe(iIlieHT BITHOBICHHS NUIAXY (1-p).

Kpox 5. TlepeBipka Ha NOCATHEHHS ONTUMAaJIbHOTO pe3ynbrary. IlepeBipka
MOX€ BUKOHYBATUCS [JIsi MOCTIMHOI KUIBKOCTI HUISIXIB 200 /10 MOMEHTY, KOJHU
MPOTITOM JEKUIBKOX 3alyCKIiB HE OyJ0 OTpPUMAaHO MOBTOPHUX 3MIH y BHOOpI
HalKpamoro nusixy. SKiio mnepeBipka gajia MO3UTUBHUM pe3yiabTar, TO



BIIOYBa€ThCS 3aKIHUEHHA POOOTH MeToAy (mepexid 10 KpoKy 7), Yy IPOTUBHOMY
BUIIAJIKY — EpeX1J 10 KPOKy 6.

Kpox 6. TloBTopuuii 3anyck. Ilicns Toro sik nuisIX areHTa 3aBeplleHui, rpaHi
OHOBJIEHI BIANOBIAHO JO JOBXUHU NUIAXYy, W BiAOyJIOCd BHUIApOBYBaHHS
dbepoMOHY Ha BCIX TpaHSAX, METOJ BHUKOHYEThCS TOBTOpHO. CHucok Tady
OUYHUIIY€ETHCA, 1 IOBXKUHA IUIAXY NPUPIBHIOEThCA HYIO. [1icas 1bOro BUKOHY€ETHCS
nepexija 10 Kpoky 3.

Kpoxk 7. Kineupb. BuznayaeTbcsi Kpaluii s, 1m0 1 € pO3B° I3KOM.

2. 3ABJJAHHSI HA JIABOPATOPHY POBOTY TA METOJUYHI
PEKOMEHJALI O OO BUKOHAHHS

3apaannda 2.1. JlocaixkeHHs MyPpAIIMHOIO AJITOPUTMY HA NPUKJIALI
pPilIeHHA 3a/1a4i KOMiBOsIZKepa

Y ¢aiini BigctaHi mik obnacHumMn ueHTpamn YKpaiHWU.dOCX MICTHUThCS
TaOJIMLA BIICTaHEeW MK OOJIACHUMHM LIeHTpaMu YKpainu. Micta mpoHymepoBaHi
no andasity. Baw nomep 3a scypnanom zpynu (ab6o nomep 3a madauuxor y
pelimunzy) noeuHeHn gionogioamu micmy 3 AK020 éu Oyoeme noYuUHamu 6uizo.
Hamnpuxman: 3a perituarosoro tabiuiero - Ne 6 J[pak Tapac CepriiioBud nmounHae
3 Ne 6. IBaHo-®paHKiBChK. BUi3/] MOYMHAETHCS 1 3aKIHIYETHCS B IIbOMY MICTI.

BukopucrtoByroun MoBy Python, po3pobutu mporpamy, 1o peajiizye MeTon
MYpAIIMHUX KOJOHIM, JUIs PIIlICHHS 3aja4yl KOMIBOsKEpa, KUK 13UTh IO MicTax
VYkpaiHu.

PEKOMEHALIT TO BAKOHAHHA

1. O3HalioMHUTHCS 3 TITEPATypOIO Ta OCHOBHIUMH TEOPETHYHUMH BiJIOMOCTSIMU
3a TEMOIO POOOTH.

2. Po3pobutu nporpamy, 1o peaiizye MeTo] MypaluHuX KojoHii. [Ipu
MpOrpaMHiil peamnizaiii METOy TOTPUMYBATHCS BUMOT, HABEJICHUX B TEOPETUUHUX
BIJIOMOCTSIX.

2.1. ]I THYYKOCTI MPOTpaMHOTo 3a0e3MeueHHs BCl TapaMeTpr METOIY
(HampuWKIIa, KUTbKICTh areHTiB, KoeillieHT BUIAapOBYBAHHS 1 T. 1H.) 30epiratu B
3MIHHMX 200 KOHCTaHTaX.

2.2. 1ns peainizanii areHTiB, 110 MOJETIOIOThH MOBEIIHKY
Mypax,BUKOPUCTOBYBATH CTPYKTYPY, III0 Ma€ HACTYITHI MOJIS:

— MOTOYHA ITO3HUIIIs, B AKIi 3HAXOOUTHLCS arcHT;

— HACTYITHA TTO3UIIIS;

— CIIUCOK Taly, B IKOMY 30€piratoTbcsi Ti IyHKTH, B SIKUX BKe MOOYBaB arcHT;

— KUIBKICTh MMYHKTIB, 1110 BJK€ BIJ[BiIaB arcHT;



— MacuB MOJI0POXKI, A€ 30epiraeTbCcs MOCHIIOBHICTh IYHKTIB, B IKMX TOOYBaB
areHr;

— JIOBJKMHA NUISIXY, 1110 IPOMIIOB areHT, pO3paxoBYy€eThC MICII 3aKIHUEHHS
MOJOPOXKI.

2.3. BuaiiuTu OCHOBHI €Tanu METOly B OKpeMi (pyHKIII:

— iHIIaTi3al1isl METONY;

— MOJIETIIOBAHHSI TIEPEMIILIEHHS areHTIB;

— BUOIp HACTYITHOT'O MIYHKTY;

— OHOBJICHHS IIJIAXIB;

— IIepe3aBaHTaXKEHHS areHTiB.

Takoxx HEOOX1THO peanizyBaTh OKpeMy (YHKIIIO pPO3PaXyHKY JTOBXKUHU
HUIAXY.

2.4. [lepen0aynTi MOKIUBICTh HAMJISIAHOTO (TpadivHOro) BiIOOpaXKEeHHs 3MIH
y MMOTOYHUX PE3yJIbTaTax poOOTHU METOY.

3. BuxoHatu TecTyBaHHS pPO3POOJICHOTO MPOTPaMHOTO 3a0e3MeueHHs 3a
JIOTIOMOTO0 BUPIIIEHHS] KOHKPETHUX MPUKIAAIB 3a/1a4ul KOMIBOsDKepa. 3ajauil (He
MEHIIIe TPHOX) JUIsl BUKOHAHHS TECTYBaHHS MporpamMu chOpMyIrOBaTH CAMOCTIHHO.
Bubip TecToBux 3a1a4 OOTpyHTYBaTH.

4. TlopiBHATH oAep KaHl Pe3yibTaTH BUPIMICHHS PI3HUX MPHUKIAIIB 3a7adi
KOMiBOsDKepa. Pe3ynbTaTé MOPIBHSAIBHOTO — aHaizy 3BECTH JIO  TabJwili,
MOTIEPETHRO PO3POOUBIIH CUCTEMY KPHUTEPIiB MOPIBHSAHHS PE3YJIbTaTIB BUPIIECHHS
3a/1a41 KOMIBOsDKEpa.

5. OdopmuTH 3BIT 3 pOOOTH.

[Tpukianu peanizallii aarOpuTMy Ha 1HIIHNX MOBaX.

Jlns MATLAB na puc. 2 nogano 6a30BHil alropuTM



<BBEOOD MaTpMIIE paccToSHMM D>
<MHMIMaNM3aIMAa MapaMeTpoR anroputMa O (alpha) ,
B (beta), e, Q, T, (tauld)>

m=11 % KonmmM4ecTEC MYyPaBLEE PABHO YMCIY TODOIOB

r j=l:n % Ona xaxmoro pebpa

If i~=7
eta(1,J)=1/D(1,J):; % BMIMMOCTE
tau(i,j)= taul; % depomMoH
Else taul(i,j)=0;
% [lepexod M= OOHOTC TOpPOOa B TOT Xe& CaMEN
% HeBO3MOXSeH
End
End
End
For k=1:m
<PasMecTMTE MYDaBRA K B CHOYYalMHC BHEDaHHEN
Topom>
End

<BuOpaTeE YCHOBHO-KPATYaAWMIMHA MapmpyT T o
paccuMTaTs erc IOIHMHY L7>
% OCHOBHOM LIMKI

Or C=liCmax

&3]

o
il

max - XKOMMYeCTEC MTEepalMi anTropMTMa
For k=1:m % [Ina XaxOoroc MypDaBRHA
<[MocTporTs: MapmpyT Tki(t) no mpaBmny (1) u
PACCYMTATE OnMMHY LK(T)>
End
If <« “Jlyumses pellsHME HaMOeHO?" >
<CfHOBUTE T M L' >

For 1=1:n
or j=l:n % Ina xaxmoro pebpa

<QOBHOBWUTE CHedd J(epoMoHa IIo NpaBunam (2) u
(

End
End
<BrBeCcTHM KpaTdalmmil mMapmpyT T M erc ognMEyY L=

Puc.2

AHANOTIYHUHN aNTOPUTM BHKOHAHHS TIPOTPAMH TMOJaHO HA puC.3



[HiLla 1132018 napaMeTpis airopuryy o, B, e, O, 1.

m=n {KibKicTh MYpax JOPIBHKE KUIBKOCTI MICT}
Fori=1ton
Forj=1ton { s komHoro pebpa}
Iifi<>;

N j)=1/D(i,j) {Buanmictsb}
i, j)=1 {Depovon!

Else #(i, /)= 0
End
End
End
Fork=1tom
Po3mictuTi Mypaxy k y BUNaakoBo obpaHe MICTO.
End

OOpary YMOBHO HAHKOPOTLIHH MapupyT T Ta o0UMCIHTH HOro Z0BKHHY L,
{1 onoBHa nporpaval
For t=110 t., {KibkicTs iTepauii airopurmy |

For k=1tom 1 s kowHOT Mypaxu |

[Tobyaysati MapupyT T(1) 3a npasuaoMm (1) ta o0uncimTH HOro J0BHUHY LYo,
End
It «Kpawmii po3s’s30K 3Hal1eHO»
Onosut T Ta L,

End
Fori=1ton
Forj=1ton {das komuoro pedpa}
Ounosuty caiau hepoMony 3a npasuiom (2).
End
End
End

BusecTn Halikoporwni mapwpyt T 1a Horo Josmuny L,
Puc.3

[Tpu TectyBanHi 15 GopMyBaHHS MaTPUIIl BiICTaHEH BUKOPUCTOBYHTE
TaOIUITIO BiCTAaHEeH MK MicTaMH YKpaiHU 10 T0/IaHa y BiATIOBITHOMY
JOKYMEHTI. Y pe3ylibTaTax BKa3yhTe MapuipyT BiAMOBIIHO 0 BaIlIOTO BapiaHTy.

3micT 3BiTY

Tema ta MeTa poOOTH.

Howmep rpynu, I1Ib cTtynenta, Homep BapiaHTa.

TekcT po3p0o0IEHOTO MPOrpaMHOTro 3a0€3MeYeHHS 3 KOMEHTAPSIMHU.
Pe3ynbTaTl po60TH IpOorpaMHOro 3abe3nedueHHs (TabIuis TOPIBHSIIBHOTO

aHami3y Ta rpadiku 3 MOSCHEHHSIMH).

10



['padix HAWKOPOTLIOr0 MapLIPYTY 3 MOYATKOM Y MICTI 3T1THO BAIIOr'O
BaplaHTy nojaeTe B KiHui. Hanpukinaz:

MapwpyT NpOAOEHWUA KOMIBOAXKEPOM

YepHirie
YepHisLi 1
Yepkacu
XMeneHULBKWA -
XepcoH -

XapkKig 4
Yropon
TepHoninb
Cymn 4
CiMpeponons
PiBHE

MonTaga -
Opneca -
Mukonais -
TeBIB

Jlyubk 4
JlyraHcbk
Kiposorpaa 4
Kunis
IBaHO-PPaHKIBCbK
3anopixxa -
HKuTomup
DoHeubk
[OHINpONeTpoBChK o
BiHHMLLA

Hazan MmicT

T T T T T T T T T T T T T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Homepu MicT

BucHOBKH, 1110 MICTSTH BiJIMOBI/I1 HA KOHTPOJIbHI 3aMUTaHHS, & TAKOK
BiIOOpaXyIOTh pe3yJbTaTh BUKOHAHHS pOOOTH Ta iX KPUTUUHHM aHAII3.

3o6epearcimob K00 pobouoi npozpamu nio nazeoro LR 7 _task 1.py
Koo npocpamu, pezyromamu y euznaoi epagikie 3anecimeo y 36im.
3poobime 8ucHoB80K

Koau komitutn Ha GitHab. ¥ ko:xHOMY 3BiTIi HOBUHHO O0yTH NOCHJIAHHS
Ha GitHab.

Haszeimo onanx 36imy CIHIT-JIP-7-NNN-XXXXX.doc
0e NNN — no3nauenns cpynu
XXXXX — noznauenns npizeuwia cmyoenma.

Ilepexonsepmyiime ¢paiin 36imy ¢ CLII-JIP-7-NNN-XXXXX.pdf
Haoiwnims uu npedcmaeme 38im euknaoauy.
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