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PO3POBKA MYPAILIMHOI'O AJITOPUTMY JJIsI ONTUMIBALIIL
OIIEPATUBHOT O IINTAHYBAHHA POBIT 110 3BUPAHHIO BPOXAIO
KICTOYKOBHUX

Manynesna O.€. 1, k.T.H.,

Bepmikos 0.0. 1, k.1.1.,

Xomomusk FO.B. 1, x.1.H.,

Hmitpies }0.0.1, k.1.1.,

Yarmmincekuii A.IL. 1, k.T.H.

Y Taspiticoxuii depacasnuii azpomexnonoziunuil yuieepcumem imeni JImumpa
Momopnozo, m. Menimonons, Yxpaina.

Ilocmanoeka npooaemu. OcoOIUBICTIO TIOCTABJICHOTO 3aBJAHHS € TeE, IO
HEOOXITHO 3HANTH HE OJMH NUIAX (TMOCHIAOBHICTh BUKOHAHHS OIMEpaliil 1o
30MpaHHIO BPOKAI0) K, HAIPUKIIA]I, 3aBJIaHHS KOMIBOSDKEpA, a IEKUIbKa, sIKI pa3oM
naBainy 6 HAMOLIBII Kpalluii pe3yibTar.

JI1st po3B’A3aHHS 3aBAaHHS METOIAMH MYpPAIIMHUX aJIrOPUTMIB, HEOOX1HO:

1) BiamoBigHe mogaHHs y BHIIISL Tpada 1JIs OIMHCY TUCKPETHOTO IPOCTOPY
nomyky. I'pad moBuHEH MpeACTaBIATH BCl CTAHU U MEPEXOAN M1K HUMH.

2) BusHaunTH mpaBuiia KOPEKIli KOHIETpallii pepoMoHy, sIKi BU3HAYAIOTh
MO3UTHUBHUI 3BOPOTHUH 3B’SI30K Y MPOLECI.

3) [Ipu HEOOXiAHOCTI pO3POOUTH EBPUCTUKY JIJIsl BUSHAYCHHS ITEPEBaru AyTH
B rpadi.

4) Bu3HauuTH €BPUCTUKY TOBOKECHHS Mypaxu MpH MOOYI0BI pO3B’sI3aHHS
y BUTJIA/Il IMOBIPHOCTI TIEPEXOY.

5) BusHauuTH 3aci0 MepeBipKd BHKOHAHHS MOTEHI[IHOTO pPO3B’SI3aHHS 3
ypaxyBaHHSIM OOMEKEHb 3aBJIaHHS.

6) Busnaunt ocHOBHI nmapamerpu MA (4HCII0 IITYYHUX Mypax).

OcHoeHi mamepianu 00C/i0HCEHHA.

Jl11s 3aBIaHHs KaJleHAapHOTO MJIaHyBaHHS MOXKHA CKIIACTH HACTYMHUN rpad:

1. BepmuuHu — oOAMHHMIS yCTaTKyBaHHS (BepcTar, MalllMHA) Ha SIKOMY
BUKOHYIOThCSI OIlepalli HaJ| AeTaUIIo.

2. Pebpa — cyMapHuii yac, mo Oyae OdYiKyBaTH JAeTajlb JO0 MEPEXOay M0
HacTymHoi BepmuHU. Lle yac mpoBeneHHs poOIT + Yac O4iKyBaHHS 3BUILHEHHS
HACTYIHOTO MICISl POOOTH.

VY takuit cnocid ogepxkyemMo rpad, mo npeacraBieHuil Ha pucyHky 1. Takum
YUHOM, JJI KOXKHOI TapTii AeTalield, HEOOXiTHO TPOBECTH IHMKJI TOIIYKY
ONTUMAJILHOTO TUTaHy, 3 00JIKOM 3HAWIeHUX paHimie. EBpucTuana iHpopmaris 1is
BU3HAYECHHs NIEpEBAry Jyry B rpadi n;;.

EBpuctuuna indopmanis npo nepesasi BUOOPY HACTYIHOI BEPIIMHU MOXKE
OyTH B pi3HIi (POpMI 1 3aJI€KUTH BIJl 3aBIAHHS.
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Puc. 1. I'padp nnst 3aBAaHHA ONEPATHBHOIO IUIAHYBAHHA POOIT 1O
30MpaHHIO BPOKaI0 KiCTOYKOBHX.

Hanpukian, 11 BUOOpy HallKOPOTILIOTO IUIAXY MOYKHA BUKOPUCTATH n;; = %,
ij

Ie d;; — BIICTaHb MDK BepmIMHaMu i ¥ j. O4eBHIHO, IO B LbOMY BUIAIKYy
MPUMHIATHA KOPOTKA AYyTa, [0 BUXOAUTH 13 BEPIIUHH i.
V HaioMy 3aBiaHH1

dij = Toce + THa/z + k*To6p+ Tmp (1)

ne Toee — 9ac, KOJM 3BUIBHUTBCS TpyNa BCTaTKyBaHHs [JIsi OOpaHOi rpymnu
JIeTaneu;
Than— 9ac, HEOOX1THUM TSl IEPEHANIArOJIKEHHS BCTATKYBaHHS;
k — KUIbKICTb J€TaJIeH, y MapTIi;
1,5, —4ac, HeoOX1HE AJ1s1 0OpOOKM OJHIET IETalll HA JaHOMY BCTaTKyBaHHI;
T’y — 4ac TPaHCIOPTYBAHHS MAPTIi feTanel 10 00paHOro BepcTara.

B 3anesxHOCTI Bii BUOOPY KpUTEPIiB ONTUMI3ALllT eBPUCTUYHA 1H(OpPMAILTIS MOKE
OyTH pi3HOIO, TOOTO PO3PAXyYHOK BIFICTaH1 MIX BEPIIMHAMH Tpada MOKE BIPI3HITHUC.
ko HeoOX1THO MIHIMI3yBaTH MPOCTiH POOITHUKIB, HEOOXIHO MiPaxyBaTH TUILKA
Yac nepexo/ Iy Ha 1HIIy orepariio, 0e3 ypaxyBaHHS MOTOJIHUX YMOB.

OO0pana eBpucTHKa, (PopMyIia po3paxyHKy sikoi (1) obpaHa myke BIano, ToMy
II0 HaBIThb HE BHUKOPUCTOBYIOUM OCOOJHMBOCTI MYpPAIIMHOTO aJrOpPUTMY,
ypaxyBaHHs KOHIIEHTpallli pepoMOHy Ha ayrax rpady, 3riJHO 0OpaHOi eBpUCTUKH,
Mypaxa o0epe He TOH BY30JI, IKMI paHille 3BUIbHUTHCS 100 MaTh MOKIIUBICTb
nepeiTH Ha 1HIIMI YacThHa 30MpaHHs BPOXkKako, 0 SKOi HAJEKHUTh Mypaxa, a TO’
BY30J1, Ha IKOMY HOro MmapTis CKopille 3aKiHuuTh 30upanHs. Lle po3mmproe koo
MOIIYKY 1 03BOJISIE 3HANTH ONTUMAJIbHE PIILIEHHS.
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Ilpasuna ropexyii xouyenmpayii gepomony. KouueHtparis ¢GHepoMoHy
3MIHIOETBCS KOXKHOIO Mypaxoro. IIpu mepexoji Ha HACTYIHHHA BY30JI, Mypaxa
BijIKJIa7a€ (epOMOH BIMOBIIHO IO HACTYITHOTO IIpaBUiia

ry (t+1) = 7 () + Ay (1) (2)

me Az, ()= 1 , Lk(t) — mosxkuHa qyru rpada (4ac mepexoay 10 HaCTYITHOI

L (1)
orepartii)

Bumnap dbepomony BindyBatucs ne oyzae. Lle o0ymoBieHo THM, 1110 HEOOX1THO
3HAWTH JACKIIbKa MapUIPYTiB, KOTPl y Kyl JAaBaiud O Kpaluid pe3yabTaT poOOTH.
Buxoasam 3 miel 0coOIMBOCTI, HE MOXHA OO Mypaxa MPOXOJUB BECh MapIIPYT 3
nepIoi Mo OCTaHHIO orneparlito. ToMy 0 TpH MONIYKY MapUIPyTIiB 3 «IIOYATKy» JI0
«KIHISA», OTPUMAEMO HAKJIAJEHHS MapLIPYTIB OAHUH HA 1HIIWH, IO CYNEPEYUTh
MaTe€MaTUYH1{ MOCTAHOBIII 3a/1a4l ONEPATUBHOTO IJIaHyBaHHS. Tak sk miciist BUOOpy
HACTYITHOTO By3J1a BCiMa MypaxamH CHCTeMH, Oye oOpaHa ayra 3 MaKCUMalbHOIO
KOHIIEHTpaIi€o (epoMOoHy, BC1 Mypaxy HapTii 3 MIHIMAJILHUM 4acOM 3BUIbHEHHS
JUIsL AQHOI 1yTU NepeiayTh Ha HacTynHui By3oi. Ilicis yoro matpuus ¢pepoMony
OOHOBHUTHCA 1 TONIYK OyJi€ pO3MOYATHIA 3aHOBO.

IIpasuno nepexody na nacmynnuii 8y30.1. IMOBIpHICTh TIEPEXOAY MYypaxu 3
BEPIIMHY | y BEPIIMHY | Oy/ie BU3HAYATHCS HACTYITHUM CITiBBiTHOIIICHHSIM:

[Tij I ‘[77ij (t)]ﬂ
2[7" 1 -[my (t)]ﬂ’ jedi (3)

led;

Pij,k(t) =0,j¢J;,

Pij,k (t) =

ne o — Koe(IlieHT 3HAaUUMOCTI KOHUEHTpallii (hepoMoHa;
[ — KoedilieHT 3HAYMMOCTI eMIpUYHOT 1HhOpMAIIii;
7;j(t) — KOHLIEHTpalig (hepoMoHa Ha Ly31 rpada;
n;;(t) — €eBPUCTHYHA 1H(POPMALILS;
Jik — MHOYKMHA TOCTYITHUX JJIS BiIBiAYBaHHS BEPIIVH.

TexHomoriss  30MpaHHS  BpOXKal0  KICTOUKOBUX — 3aBXKAU  CYBOPO
perJaMeHTOBaHUN TOPSAOK BUKOHAHHSI TEXHOJIOTIUHUX Omepaiiid (3HATTS IUIOMIB 3
JiepeBa, MIAroTOBKA 10 TPAaHCIOPTYBaHHS, caMe TPAaHCIOPTYyBaHHS, Tomlo). OmHak,
JICKOJTH, TIOTOJTHI YMOBH BHOCSITh CBOi KOPEKTHBH B MPOIIeC 30UPBHHS Bpokaro. Tomy,
JUTS CKJIaJIaHHS ONTUMAaIbHUX PO3KIIA B HEOOX1HO BpaxyBaTH BC1 KOMOIHAIII.

Jlane oOMeXeHHSI BpPaxOBYEThCSI MPU BHOOPI Mypaxor HACTYIHOTO BYy3Ja.
MHoxuHa J;, MICTUTh TUIbKH BY3JIM (BEPCTaTH) Ha SIKUX MOYKE BHPOOISAETHCS

HACTYITHA OTepaIlisi, BiIMOBITHO 10 TEXHOJIOTTIYHOTO MapIIPYTYy.
OcHOBHI TTapaMeTPH AJTOPUTMY
— TI0OYATKOBE PO3TAITyBaHHS KOJIOHIH;
— KOoe(IIIEHTH aNTOPUTMY.
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VY xo/il mpopo6IIeHNX eKCIEPUMEHTAILHUX JOCIIKEHb 0YJI0 3’5COBaHO, 1110
30KHICTP MA 1 SKICTh PO3B’S3aHHA CHJIBHO 3ajieXaTh BiJ IOYaTKOBOTO
po3TanryBaHHs KOJIOHII.

JI71s OIIyKYy CUCTEMH ONTUMAJIbHUX MapIIPyTiB HEOOX1AHO 1100 32 KOXKHUM
cOpTOM OyJia 3aKpirjieHa KOJOHIs Mypax, Kl OyAyTh NTyKaTH HAMIIIIINN MapipyT
30MpaHHS IJI0/iB 3T1AHO TEXHOJIOTIYHOI KapTH.

HeoOxigHO TakoX 3BepHYTH YyBary, Ha Te, IO JAEsIKI COPTH, 3aHl
MOTIEPEHBOI0 3MIHOIO, HE BCTUIJIM MPOUTH MOAANBITY 00pOOKY BYACHO, TOMY iX
Tpeba 0OpOOUTH B TIEPIITY YEPTY.

Jlnis po3B’si3aHHS 11i€1 MPoOIeMH MPOTOHYETHCS BBECTU MPIOPUTET 3aITYCKY
310paHuX IUIOAIB B Tojaibiny o0poOky. lLle Oyae koedimieHTOM, Ha SAKH
MHOKHUTBCSI KUIBKICTh Mypax napTii. Y Takuil ciociO 0AepKUMO YUCIO Mypax JJis
KOXHOT MapTii.

JIiist HaiKkpalmx pe3ysibTaTiB poOOTH MYPAIIMHOTO aITOPUTMY, KOe(DIlliEHTH
QITOPUTMY HEOOX1JTHO €KCIEpUMEHTANIbHO migOupaTu. Pi3Hi BUpOOHUIITBA MAIOTh
CBO1 0COOJIMBOCTI, pO3MIpH MapTii, KUIBKICTh MapTid, KIIBKICTh YCTaTKyBaHHS,
J0ro po3TalllyBaHHS — 1I€ BCE BIJIMBAE HA PE3YJIbTAT pOOOTH aJrOPUTMY.

3 ormsay Ha crneuu@iky 3aBIaHHS, MOXHA 3pOOMTH BHUCHOBOK, IO
OJTHOKpaTHE HaJAIITyBaHHS NapameTpiB aiaroputmy (a 1 f — nouamkosa
KOHYeHmpayis ¢epomMoHa) HE € ONTUMalbHUM BapiaHToM. lle o3Hagae, IO
eKCIIEPUMEHTAJIbHII BHCHOBOK NP0 3HAYCHHA JaHUX MapaMeTpiB Ha OJHOMY
CUIBCBKOTOCIIOAAPCHKOMY  BUPOOHUITBI, MOXE NPHU3BECTH 1O MOTIPIICHHS
pE3yNbTaTIB, NPU BUKOPUCTAHHI AITOPUTMY Ha 1HIIKX Caaax.

Kpim TOro, mo HEOOXITHO EKCIEPUMEHTAJIbHO OTPUMATH ONTUMAJbHI
3HAYEHHA KOE(DILIEHTIB MYpAIIMHOTO aJrOpUTMy, TaKOX HEOOX1IHO MaTH 3MOTY
aBTOMATHUYHO KOPETYBATH 111 TapaMEeTPH.

VY 3B’M3Ky 13 1M, NPUUAHATE PIIICHHA peali3yBaTH AWHAMIYHY 3MiHY
OCHOBHHMX TapaMeTPiB AITOPUTMY.

VY Takmii cmoci® oxepKyeMO JeKUTbKa KOMOIHAIii KoedimieHTiB, 3a
JIOTIOMOTOI0 SIKUX MO’KHA BIUIMHYTH Ha BUKOHAHHS alropuTMmy omnrtumizaiii. [1o
3aKIHYEHHIO pOOOTH aNTOPUTMY, 1 3HAXO/IPKEHHIO BCIX MAPIIPYTiB 3 BUKOPUCTAHHSIM
KOMO1HalIi mapaMeTpiB, HEOOX1AHO 00paTH HAHOLIbII ONTUMATBHUH.

Ha pucynky 2 HaBeneHa ykpymHeHa OJIOK-CXeMa ajIrOpUTMy OINTHUMI3aIlil
poOIT MO 30MpaHHIO BPOXKAK KICTOYKOBUX 3 BHUKOPHUCTAHHAM MYPALIUHOTO
aJITOPUTMY.

Bucnoexu. BcTtaHOBiIEHO, IO HECHPUSATIMBI IMOTOJHI YMOBH, HEXBaTKa
TapHOTO 0OJIa{HAHHSI, PECYPCIB, BUX1J 3 JIaly 00JaHaHHs, BCE 1I€ TIPU3BOJAUTH JI0
3aMi3HEHHsS, 3pPOCTaHHSA Yacy BUPOOHWUYOTO MUKIYy. SKIIO Yac 3ami3HEHHS
BUPOOHMYOTO TPOIIECY MEPEXOUTh MKy MEXY (3ami3HeHHS Yy 300pi BpoKaro)
HEOOX1THO MIBUJIKO 3HANTH HAMOUTBIIT ONITUMAJIbHE BUPIIIEHHS CUTYaITil.

3anponoHOBaHO cmoci0 onTuMizarii poOIT 1Mo 30MpaHHIO BPOXKAIO
KICTOYKOBUX HAa OCHOBI MYPAIlIMHOTO aJITOPUTMY. MypamHuii anroputm Ghopmye
HOBHUM PO3KJIAJ, SKUH € HalOUIbII ONTHUMAIBHUMN, 1 BAPOOHHUIITBO NEPEXOIUTHh Ha
HOBUH pO3KIaa poOOTH.
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Puc.2. bjiok-cxemMa MypalmiMHOro ajJropuTMy Jisi onTuMizaiii podit mo
30MpPaHHIO BPOKAI0 KiCTOYKOBHX

Cnucoxk eukopucmanux 0xcepe.
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