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5 MIHICTEPCTBO OCBITU i HAYKW/ YKPAIHW MpAT «MNBH3 «3AMOPI3bKUA IHCTUTYT EKOHOMIKWA
TA IHOOPMALIMHMX TEXHOMNONIW» Kadenpa EKOHOMIYHOT KiGepHETWKM Ta iHXeHepii nporpamHoro
3abesneveHHs 0O 3AXNCTY OOMYWEHA 3ae.kadeopv _ _ _ _ _ _ _ ______ [0.e.H., goueHT JleBuubkui
C.l. BAKANTABPCbKA OVMNOMHA POBOTA PO3POBKA CUCTEMW OMTUMI3ALIII CNOXWMBAHHA
MAJIMBA HA OCHOBI TEHETUYHWUX ANTTOPUTMIB Bukowas ct. rp. IN3-217 _ __ _ _ _ _ _ _ _ ____ B.B.
Bonowwun (nignuc) KepisHuk _ __ _ __________ O.A. XapamxsH k.T.H. (nignuc) 3anopixoks 2022 MPAT
«MMBH3 «3AMOPI3bKUN IHCTUTYT EKOHOMIKM TA IHO®OPMALINHNX TEXHOMNOr» Kadenpa
EkoHOMIYHOT KibepHeTuKM Ta iHXeHepii nporpamHoro 3abesneveHHs 3ATBEPIDKYHO 3as.kadenpu
_____________ A.e.H., goueHT Jleeuubknn C.l. SABOAHHA HA BAKAJIABPCBLKY POBOTY CtyaeHTy
rp. IN3 - 217, cneuianbHoCTi «lHXeHepis nporpamHoro 3abeaneyeHHs» BonowwuHy Bnagucnasy
Bitaninoeudy 1.Tema: Pospobka cuctemu onTuMi3auii CNOXMBaHHS nNanvMBa Ha OCHOBI FEHETUYHUX
anropuTmiB. 3aTBepmkeHa Hakaszom no iHcTuTyTy Ne 06.2-14-2 Big 18.02.2022 p. 2. TepmiH 3gadi
CTYAEHTOM 3akiH4YeHOoi poboTu: 17.06.2022 p. 3. MNepenik nuTaHb, Wo nignaratoTe po3pobui: 1. AHania poboTun
ABUTYHIB BHYTPILLIHLOTO 3ropsiHHS. 2. AHania metoais onTuMisauii poboTu ABUIYHIB BHYTPILLHLOIO 3ropsHHS.
3. 3acTocyBaHHA reHeTUYHUX anropuTMiB ansa ontumisauii. 4. O6rpyHTyBaHHs BUGOPY NporpamHux 3acobis.
5. Po3pobka anropntmy onTumisauii cnoxmBaHHA nanuea. 6. Onuc gaHux nporpamn. 7. Onmuc nporpamHux
moayniB. 8. TecTyBaHHA cucTeMm oNTUMI3aLii cnoxuBaHHA nanuea. [aTta Bugadi 3aBgaHHs: 17.01.2022 p.
CtyneHt B.B. BonowwuH (nignuc) (npiseuwe Ta iniuianm) KepiBruk po6otu O.A. XapamxksiH (nignuc)
(npisBuwe Ta iHiujianu) PEGEPAT [unnomuuit po6ota MicTUTb 81 CTOPIHOK MOSICHIOKOYOI 3anucku, 18
pucyHkiB, 3 popatku. OG'eKT OOCHIOKEHHS: CUCTEeMM ONTUMI3aLil Ha OCHOBI FEHETUYHMX anropUTMIB.
MNpeomeT gocnigXeHHs: cMCTeMM ONTUMI3aUil CMOXMBAHHA NannBa Ha OCHOBI FEHETUYHNX anropuTmie. MeTa
poboTK: po3pobuTn anropuTMK Ta NporpamMHy peanisauito CUCTEMW ONTUMI3aLil CNOXUBAHHA NanueBa Ha
OCHOBI reHETUYHNX anropuTmiB. 3aBgaHHA poboTuK: aHani3 poboTK ABUIYHIB BHYTPILUHBOIO 3ropsiHHS; aHarnis
MeToAiB ONTUMI3aLil poboTN ABUIYHIB BHYTPILUHBOIO 3ropsHHS; 3aCTOCYBaHHSA FEHETUYHUX anropuTMiB Ans
onTumisauii; obrpyHTyBaHHs BMGOPY nporpamHux 3acobiB; po3pobka anroputMy OnNTUMI3aUii CNOXMBAHHS
nanuea; TeCTYBaHHA CMCTEMM OMTMMI3auil CNOXMBaHHA nanuea. B poboTi po3rnsaHyTo npuHuMn poboTn
aBTOMOOINIbHOMO ABMryHa BHYTPILUHBOrO 3ropaHHs, Ta CTBOPEHO CMNPOLLEHY MOAENb NIErKOBOro aBTomMobing,
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KOTpa [O03BOMsE€ po3paxyBaT¥ MUTTEBY BUTPaTy MNanvBa B 3aNeXHOCTi Big pexumy poboTu OBuryHa Ta
MONOXEHHI OpraHiB KepyBaHHA. [1n1s NOLWYKY ONTUMaribHOI CTpaTeril KepyBaHHA aBTOMOOINEM BUKOPUCTAHO
reHeTM4YHUn anroputMm. Po3pobneHo nporpamy MoAentoBaHHA Ta onTuMisauii poboTn aBTOMOGiNbHOro
ABUryHa BHYTpiWHbOro 3ropaHHsa. TEHETUYHI ANTOPUTMW, OBUT'YH BHYTPIWHBOIO 3MNOPAHHA,
MOLENKOBAHHA, ONTUMI3ALIA, PYTHON 3MICT MEPENIK YMOBHUX MO3HAYEHbL, CUMBOIJIIB,
OoonHMUb, CKOPOYEHb | TEPMIHIB 6 BCTYI 7 PO34I1 1 AHAJ3 CMNOXWMBAHHA TMAJIMBA
ABUTYHAMW BHYTPIWHBLOIO 3rOPAHHA 10 1.1. AHanisa po6oTu ABUryHiB BHYTPIWHBbOrO 3ropaHHs 10 1.2.
AHania meTodiB onTuMMmizauii poboTu ABUryHIB BHYTpiWHbOro 3ropaHHs 22 PO301T 2 PO3POBKA
ANTOPUTMY ONTUMI3ALIT CNOXXUBAHHA MANMBA 31 2.1. 3acTocyBaHHS reHeTUYHMX anropuTMis Ans
onTumizauii 31 2.2. O6rpyHTyBaHHA BMOOPY nporpamHux 3acobis 42 2.3. Po3pobka anroputMmy ontumisaii
crnoxusaHHa nanvea 43 PO3MIN 3 PO3POBKA NMPOMPAMHOI CUCTEMMU 49 3.1. Onuc aaHnx nporpamu
49 3.2. Onuc nporpamHux mogynis 50 3.3. TecTyBaHHs cuCTeMM ONTUMI3aUil cnoxuBaHHA nanueBa 65
BMCHOBKM 68 PEKOMEHJALIIl 70 MEPENIK BUKOPUCTAHMX XKEPEN 71 AOOATKW 73 NEPENIK
YMOBHWX MO3HAYEHb, CUMBONIB, OOMHULLb, CKOPOYEHbL | TEPMIHIB Croso | crnioBocnonyyeHHs
CkopoyeHHst YMoBM BuKopucTaHHA [ FeHeTuyHun anroputm A [ [1BuryH BHYTpiWHbOro 3ropsHHa B3 K
KoediuieHT kopucHoi aii KKO C Constant speed CS G Genetic algorithm GA 5 BCTYI KnimaT HaLwwoi
nnaHeTn NOCTIMHO 3MiHIOBaBCSA NPOTArOM YCi€i reonorivyHol ictopii 3emni, i Wi 3MiHU CynpoBOAXyBanucs
3HAYHMMM KONMMBaHHSAMW cepefHbOCBITOBMX Temnepatyp. OgHak 3apas notenniHHs BiabyBaeTbcs HabaraTto
WwBKnALle, Hix 6yab—KOnM B MUHYNIOMY. 3MiHa KNiMaTy BUpaXXaeTbCs He TiNMbKW y NiABULLIEHHI TeMnepaTypu, a
Ny eKcTpemMaribHUX NOrogHuX siBULax, NiaBULLEHHI PIBHA MOPS, 3MiHI NONynauin ANKUX TBapuH Ta Micupb 1X
NPOXMBaHHS, i 6araTboX iHLWKMX ABMLax. HaykoBe crniBTOBapUCTBO OOCSINO KOHCEHCYCY 3 NpMBOAY TOro, WO
rnobanbHe noTenniHHsg B OCHOBHOMY BWKIIMKAHE OiANbHICTIO MOAed — Takoro BUCHOBKY Ainwnn 97%
knimatonoris. OgHMM 3 OCHOBHUX (DaKTOPIB 3MiHM KMiMaTy € CnantoBaHHSA BUKOMHWX BUAIB Nanvea, Byrinns,
rasy Ta HadTuv, Wo npM3Beno Ao NigBULLEHHSA KOHLEHTpaUil NapHUKOBMKX rasiB, Hanpuknag, BYrneKncrnoro
rasy, B Hawin artmocdepi. Ons Garatbox ranysen ALisnbHOCTI noactea nobidHMM edekToM € BUKMA
napHUKOBMX rasiB. Cepen HUX BMPOBHMLTBO enekTpoeHeprii (25%), npomucnosicte (24%), cinbcke
rocnogapcteo (11%). Ane HanGinbLLIMM AKepenoM BUKWUiB ByrMEKUCIIOro rady € TpaHcnopTHa ranyab (27%).
Unumana 4acTmHa BMKMAIB TPaAHCMOPTHOI ranysi npunagae Ha aBToOMOGiNi 3 ABUNyHaMu BHYTPILHLOMO
3ropaHHs. Ha gaHuin MOMEHT HEMOXIIMBO 3aMiHUTW aBTOMOOGIiNi 3 ABUryHaMU BHYTPILHLOIO 3ropaHHs.
lanysb enekTpoaBTOMOGINiB 3HAXOAUTbCA Ha CTagii LWBWMAOKOrO POCTY, ane BOHA He 34aTHa CbOroAHi
3a,0BOfIbHUTU NOMUT Ha TpaHcnopTyBaHHS. KpiM TOro BOHM BUKOPUCTOBYIOTb €MEKTPOEHEPrito, Sika TaKoX
BiNbLICTI0O BUPOBNSAETLCA 3@ paxyHOK CrarntoBaHHA BUKOMHOIO ManumBa, Xod i 3 BinblIo eeKTUBHICTIO.
Tomy €guvHMM BMXOOOM € MiABULLEHHA NanNUBHOI €(EKTUBHOCTI MpUM BUKOPUCTAHHS aBToOMOOINiB 3
ABUIYHaMW BHYTPILLHLOMO 3ropsiHHs. OgHMM 3i WNSXiB, AKMMU Lie JocAraeTbesa — 36inbLIeHHA epeKTUBHOCTI
[B3: CTBOpeHHA OBUryHiB, SIKi BUKOHYIOTb CBOK 3aJadvy, BUKOPUCTOBYKOUMM MEHLUE Nanusa, NiaTpUMaHHS
[B3 B cnpaBHOMY CTaHi, TOWO. IHWKI WNax — ue onTuMisauia cTparerii kKepyBaHHS aBTOMOGINemM 3 TOYKM
30py MiHiMi3auil BUTpaT nanbHOro. IHTEHCUBHICTb BIOKPUTTS akcenepatopa, iHTEHCUBHICTb ranbMyBaHHS,
0bepTn OgBuUryHa Ons nepemMukaHHsa nepefad — BCe Le napameTpu, 3MIHIK4YM siKi MOXHa BMAMBaTM Ha
BUTpATy nanbHoro astomobinem. B uin poboTi po3pobneHo modeni ABUryHa BHYTPILHbLOIMO 3ropaHHAa Ta
aBTomMOOinsa. basytouncb Ha UMX MoOAEenNsx Ta BUMKOPUCTOBYHOUM FEHETUYHWA anropuTtM, po3pobneHo
nporpamMmy Ans noLwyKy ONTMMarnbHOI 3 TOYKM 30py BUTPAaT ManbHOro cTparerii kepyBaHHs aBToMOOinem.
OG'ekT OOCNIOKEHHS: CUCTEMM OMTUMI3aLiil HA OCHOBI FeHETUYHUX anropuTMiB. MpeamMeT AOChimKEeHHS:
CMCTEMW OMTUMI3aLil CNOXMBAHHA NanuBa Ha OCHOBI FEHETUYHMX anropuTMmiB. MeTa poboTn: po3pobuTu
anropyTMun Ta nporpamHy peanisauito CMCTeMU ONTUMI3auii CNOXUBAHHA ManuBa Ha OCHOBI MEHETUYHMX
anroputmis. 3aBAaHHA poboTu: * aHania poboTu ABUIYHIB BHYTPILWHBLOrO 3ropsiHHSA; * aHania mertogis
onTumisauii poboTn AOBUIYHIB BHYTPILUHBOIO 3rOPSIHHS; * 3aCTOCYBaHHS FEHETUYHUX anropuTMiB Ans
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onTumizauii; * obrpyHTyBaHHsa BMOOPY nporpamHux 3acobis; * po3pobka anroputMy oOnTMMiI3aUil
CMOXWBAHHA NanuBa; * TeCcTyBaHHA cUCTEMWM oONTUMi3auii cnoxuBaHHsa nanuesa. PO3OIT 1 AHAIJIIS
CIMOXWMBAHHA MANMMBA OBUTYHAMW BHYTPIWHBOIO 3MNOPAHHA 1.1. AHania poboTtn OBUryHis
BHYTPILWIHLOrO 3ropaHHA [BUryH BHYTPIWHBLOrO 3ropaHHA — Ue Hanbinbl MNOWWMPEHUMN TUM TEMnoBOro
ABUryHa. HanyacTille BUKOPUCTOBYIOTHCS YOTUPLOXTAKTHI [ABUIYHM BHYTPILLIHLOMO 3ropaHHs. Ix po6orta
po3ainsgeTbc Ha 4YoTupu TakTW. CrnodaTky BIiOKPUBAETLCA BXIAHWA KnanaH, MNOpLUEeHb BiOXOAUTb,
30inbwytoun o6’eM kamepu 3ropaHHA Ta B Hel 3axo4uTb Cymilw nanvea i nosiTps. llicns uboro noplieHb
PYyXaeTbCsa BCcepeaunHy kamepwu, 36inbLuyodn TUCK | TemnepaTypy cymilli. BigbyBaeTbca 3ropaHHsa cymilli, 3a
paxyHOK 4Oro 3HayHo 36inblUyeTbCA TUCK | Nig Oi€l0 CUNM TUCKY MOPLUEHb BULLTOBXYETbCS. TpaHCMiIcis
CKNnagaeTbCs 3 34ensieHHs, KOpobku nepefad, KapaaHHOro Bany, NPMBOOHOMO Bany, KiHUEBOI nepegadi Ta
Korneca. 34enneHHs nepefae KpPyTHUA MOMEHT [BWUryHa Ha Kopobky nepepad. Kopobka nepepad
BBaXKAETbCA aBTOMATM30BAHOK PYYHOW | cKnagaetbcs 3 Habopy nepegayv 3 pisHMMKU KoediuieHTamu
nepeTBOpeHHs. KapgaHHuin Ban nepefae KpyTHUMI MOMEHT Big KOpobku nepenay Ao KiHUeBOI nepeaadi, sika,
B CBOK 4epry, nepenae KpyTHMA MOMEHT Ha Koreca 4epe3 KapAaHHWW Bar, 3MyLlyo4uM aBTOMOGinb
pyxatucs. [BuryHa CTBOPIOE KPYTHUMN MOMEHT, HeobxigHunm Ans pyxy asTomobins. [OBuryH nepepae
KOPUCHUIA KPYTHUA MOMEHT T€, Ha TPaHCMICito, LLO € Pi3HMLEH MiXK KPYyTHUM MOMeHTOM ApuryHa Tind, i
BTpaTamu Ha TepTst B ABuryHi Tfric: (1.1) Mepen6auaeTbes, wo Tfric(we) 3anexuTs npubnunaHo MiHiikHUiA Big,
wBKaKocTi o6eptanHs Bany AeuryHa w: (1.2) e al i a2 — koHcTaHTU. Konu BkntoyeHa nepenava, ABUTYH
nepegae KpyTHMW MOMEHT Ha 34ensieHHda TcC: (1.3) pe Je — momeHT iHepuil asuryHa. Konn BkrtoyeHa
HenTpanbHa nepegava, 34ensieHHs PO3MUKAETbCS, | KPYTHUA MOMEHT He MepedaeTbCs Ha TPaHCMICIt.
Matoun Ha yBasi, wo Tc = 0, i piBHAHHS BULLE NEePETBOPHETLCS: . (1.4) NepenBayaeTbes, WO TPAHCMICIS
KOPCTKa i, OTXKe, B Hil HeMae KonueaHb. MOMEHTM iHepLii 34enneHHs, KapaaHHUX BasiB pa3oM 3 iHepuieto
Koneca, nosHadnmo Jw. OTpumaHui KoedilieHT NepeTBOpPeHHs KOpobOKu nepedad i KiHLEBOI nepepadi
BM3HAYaETbCA K i(g) . Brpatn eHeprii B kopobui nepegad i B KiHUEBIN nepefadi MoOOentoTbCs 3a
nonomoroto KK n(g). i(g) i n(g) sanexatb Bin moTouHoi BkmoueHoi nepepadi g. Konu BkmioyeHa
nepefavda, 3anexHiCtb MiX LUBMAKICTIO 0BepTaHHA ABUIyHa Ta KYyTOBOI LUBMAKICTIO Koneca: (1.5) PiBHAHHA
BUKOHYETBbCH NULLE TOAI, KONMM BKMOYEHa nepefada, BiAMiHHA Big HenTpanbHOI. KpyTHUMIA MOMEHT, LUO
nepenaeTbcst Ha korneco Tw Big 3venneHHst ctaHoBuTb (1.6) OuHaMika koneca BUPAXAETbCS PIBHSHHSM:
(1.7) ne Tb — KpyTHUII MOMEHT Bif ranbMa; r'w — edeKTUBHUIA pagiyc Koneca; Fw — pe3ynbTyloua cuna
TepTs koneca. Konu BkrnoveHa HerTpanbHa nepegada, KpyTHUA MOMeHT TC = O, OCKINbKN KPYTHUA MOMEHT
He nepedaeTbCs Ha TpaHcMmicito. OTXe, KpYTHUIA MOMEHT Ha koneci gopisHioe Tw = 0. [lnHamiky koneca Ha
HenTparnbHii nepegadi MoXXHa BUpPa3uTK Tak: (1.8) 3oBHiLLHIMK cynamm Ha TPaHCNOPTHUI 3aci® € 30BHILLHIN
onip nogitpsi Fa(v), onip kouenHto Fr(a) i rpaeitauiini cunv FN(a). Onip nositpst Fa(v) moxHa ouiHuTi 3a
[0MOMOroK Takoro Bupasy (1.9) pe cw - KoediuieHT onopy MNoBiTPS; AA - NnoLy nornepeyvyHoro nepepisy
nepeaHbOol YaCTUHW TpaHCMOPTHOro 3acoby;, PA - LWiNbHICTE MOBITPS; V - MO3Hayae LWBUAKICTb
TpaHcnopTHoro 3acoby. Cuny onopy koudeHHio Fr(a) MoxHa MoaenioBaTW 3 Pi3HUM CTyNeHeM TOYHOCTI.
BoHa 3anexuTb Big HOpMarnbHOI cunn aBToMObins, KoedilieHTy Onopy KOYEHHIO, cua onopy, CnpuinHeHa
TUCKOM, TEMMNEPATYPOI Ta LWBMAKICTIO WnHK. OgHaK OCTaHHI Tpy hbakTopm BBaXKAKOTbCS MannuMm NopiBHAHO
3 HOpPMarnbHO cUMo i HUMK HexTyBaTumemo. Toai Fr(a) 6yae matv Bua (1.10) ge cr — koedilieHT onopy
KOYEHHI0, M — Maca TpaHcrnopTHoro 3acoby, gO — MpUCKOPeHHs cunu TAXIHHA, a — yxun goporn. Cuna
TSOKIHHS Fg(a) BupaxaeTbest yepes (1.11) Pyx TpaHcnopTHoro 3acoby MoaentoeTbCa B 3ararnibHOMY BUAI
(].]2) AKwo edekTMBHUIA pagiyc Koreca rw BiJOMWUKW, TO CNIBBIOHOLWEHHA MK LUBUAKICTIO TPAHCMNOPTHOrO
3acoby Ta MOro KyTOBOK LUBWMAKICTIO MOXHaA BUMPa3UTU SK (113) 3BeneHHs piBHSHb Pa3oM [03BOSE
BMPA3NTU NO3JOBXHIO AMHAMiKy TPaHCNOPTHOrO 3acoby 3a Jonomorot HacTynHoro pisHsiHHS (1.14) IHepuis
ABUryHa i Koneca HabaraTo MeHLi 3a Macy TpaHCNOpPTHOro 3acoby, ToMy 3pobumo HabnmxkeHHsa Jw = 0 i Je
=~ 0, Ta cNpoCcTMMO Bupa3 (1.15) HaBegeHa BuLe AnHaMika 3anexuTb Big vacy, To6To dv/dt , OAHaK OinbLL
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GaxxaHO cdopmynioBaT Le Tak, Wwob BOHO 3anexano Big MOTOYHOI no3uuii S. IHWwuMmKn cnosamu, GinbL
GaaHo MogernioBaT AvHaMiky 3a gonomoroio dv/ds 3 niBoro Goky. Lle crnpoluye peanisauiio moaeni,
OCKiJTbKM Haxun JOpOorv 3anexuTb Bid NponaeHol BiacTaHi, a He Big nponaeHoro yacy. lNpu ontumisadii B
dYHKUIT AUCTaHUii AK He3anexHOoI 3MiHHOI Kpalle MoaentoBaTy AMHaMiKy TPaHCMoOpTHOro 3acoby eHeprieto,
a He wWBMAKiCTIo. 3MiHy KiIHETUYHOI e€eHeprii TpPaHCNOPTHOro 3acoby MOXHa BUPaA3UTU Tak (118)
[NeperpynyBaHHSA BULLIEBKA3aHUX PiBHSHb A€ HACTYMNHUI BUpa3 4N NO300BXHbOI AUHAMIKM TPAHCMOPTHOMO
3acoby (1.17) HaBiTb SAKWO pPiBHAHHA Ccnpollye peanisauito mMogeni, AvHamika aBTOMOGINA B PiBHAHHI
BMKOPUCTOBYETbLCA LLIOPA3y, KONU TPaHCMOPTHUIM 3aci®é nepemukae nepepadvy. Lle nosiCHOETbCA TUM, LWO
AnHamika aBToMObGinNg nig Yac nepemMukaHHs nepefad Bce LWe 3anexuTb Big Yacy. Y OBUryHi macoBa
BMTpaTa Nanuea 3a Yac 3anexuTb Bif HeOOXiQHOrO KOPUCHOro KPYTHOrO MOMEHTY ABUryHa Te i MOTOYHOI
LWBMAKOCTI ABuryHa we. Npoctuin cnocibé po3paxyHKy BUTpaTV NanveBa Nonsira€ B NPUMyLUEHHI NOCTINHOI
e(eKTUBHOCTI 3ropsHHS B OBUryHi. He BpaxoByeTbCcA TOM hakT, WO ABUryH npautoe 3 pisHum KKO npu
PidHMX obopoTax ABWUryHa i ONsi Pi3HUX HEOOXiOHUX KPYTHMX MOMEHTIB OBWUryHa. FAKLWO BigOMi KPYTHWUR
MOMEHT i YacToTa obepTaHHA ABUIYHa, TO MOTYXHICTb, LLO BUPOBNAETLCS ABUTYHOM, €: (118) MpunycTtumo,
O ABUINYH Mae MOCTiNHY edeKTUBHICTb 3ropsiHHSA nAu3enb, a BMICT eHepril Ha Macy AW3enbHOro nanvea
popiBHoe Eamsenb. 3reHepoBaHa MOTYXHICTb MOXe noTiM OyTu nepeTBopeHa B Macy 3a uac,
BMKOPUCTOBYIOUM HacTynHe cniegigHowenHs: (1.19) Lis macoBa BUTpaTa 3a OAMHULIO Yacy € LUBMAKICTIO
BUKOPUCTaHHA Nanuea. Kapta nanuea MIiCTUTb BUMIPSHI AaHi Npo LWBUAKICTb BUKOPUCTAHHA nanuea B
Pi3HNX POBOUMX TouKax ABuryHa. [i MoXHa BMPasUTK AK (YHKLIIO, L0 3aMNeXuTb Bif 3HadeHb Te Ta we,
HacTynHum umkoMm: (1.20) HacTynHwii rpadik € TMNOBOK ManMBHOK KapTolo 3 BuMipsiHMX AaHux (puc.ll).
LLIBUAKiCTb BUKOpUCTaHHA nanuea (MacoBuMil BUTpaTa 3a OOMHULIO Yacy) BUPaXaeThCa Ha OCi Z | 3anexuTb
Big Te Ta we. MoXxHa NoOMITUTK, WO NPUCYTHI HENIHIMHOCTI i MakCUMarbHUA KPYTHUW MOMEHT ABuryHa Te
BiO ABWryHa 3MIHIOETbCA B 3aNEXHOCTI Bif 4acToTn obepTaHHs ABUryHa. BukopucTtaHHsa LUboro metoay Ans
pPO3paxyHKy LIBWMAKOCTI BUTpPaTX BPaxOBYE, WO OBUIYH HE Mae OOHAKOBOI LUBMAKOCTI 3ropsiHHA Ans BCiX
LUBMOKOCTEN ABUryHa we i 6axxaHoro KpyTHOro MOMEHTY ABuryHa Te, i Wwo geski pobodi ToOYKM B ABUrYHi
Kpawi 3a iHwi. Puc.l.l - TunoBa nanuBHa kapTta. [NepemMukaHHs nepenad MOOENoETbCA K MOCTIMHUIA
iHTepBan vacy Tshift, Ha skomy BknoveHa HenTpanbHa nepegada. MMig yac Tshift gBuryH npuckoproeTbes,
AKLLIO nonepeaHbo chOPMOBAHO NEPEMUKAHHST HA HIDKHIO nepefady, i CNOBINbHIETLCS, AKWO nonepeaHso
BUKOHYETbCH MepeMukaHHs Bropy. HoBa nepegava BKITOMAETbCH B KiHUi iHTepBany 4vacy. [ns npocTtotu
AVHaMiKa MNPUCKOPEHHS Ta YMOBINbHEHHS OBUryHa HE MOAENETbCS, i nepeabayaeTbes, Wo OaxaHa
LWBMAKICTb ABUryHa 3aexau byae [ocsrHyTa B KiHui npouecy. Mpunyctumo, Wwo nepemmnkaHHa nepegad 3 gl
Ha g2 BMMaraeTbCs KOHTPONEepoM y MOMeHT yacy t=0, nepeMukaHHs nepeaay MOAENoETbLCA AK HACTYMHNUIA
npouec (1.21) Ockinbku nepemvikaHHs nepenay BinbyBaeTbcsa npoTtaromM iHTepsany 4Yacy tshift, BoHo He
3anexuTb Bi4 NPOMAEHOI BIACTaHi, TOMy AWHaMika aBToMOOINs nig 4Yac nepeMukaHHs nepegad
MOLENMETLCA SK (PYHKUiS Yacy, Wwo pae (1.22) Konu BknioueHa HelTpanbHa nepegaya, 34enrieHHs
PO3MUKAETLCS, | KPYTHUA MOMEHT HE NepeaacTbCsa Ha TpaHeMicito. Lle o3Havae, wo cuna o koneca Fw=0 i
MO3O0BXHA AMHaMIKa CTae (1.23) ABTOMOBINb KOTUTbCA Nerwle, HiXXK KOTUTbCA 3 BKITHOYEHOK Mnepenaveto,
Hemae TepTa ABuUryHa. 3aranbHuii onip KOYEHHI0 TPaHCMOPTHOrO 3acoby O0OyMOBMEHUN NMLEe 30BHILLHIMK
cvnamn. 3aBaHHA Kopobku nepegay nonsrae B Tomy, Wo6 [O3BONUMTU ABUIYHY npauioBatn B 6axaHomy
AianasoHi KyTOBMX LUBWUAKOCTEW, KOMW LUBMAKICTb TPAHCMNOPTHOrO 3acoby 3MiHIETbCA. 3a A0MOMOrow
Habopy 3yByacTux Komic i BaniB KPyTHUA MOMEHT MOXe ByTu nocuneHmn abo 3MeHLIEHU Yepe3 KOPoOBKy
nepegay, B TOM 4Yac K KyTOBa LUBWAKICTb BiAMNOBIOHO 3MeHLWYeTbCA abo nocunoeTbes. KoxHa okpema
nepegada Mae CniBBiAHOLWEHHS MiXK BXIOHUM i BUXIOHUM KPYTHUM MOMEHTOM abo KyTOBOM LUBMAKICTIO, sike
BM3HAYaETbCH NepeaasanbHUM YMCIOM BUBpaHoi nepedadi. BukopuctoBytoun nepegasasnbHe BigHOLWEHHS
i(g), Ae g — BKMioYeHa nepefaya, BXiOHUMA KPYTHMA MOMEHT Tin i KyToBa LUBMAKICTE Win, i BUXIAHUN
KPYTHMA MOMeEHT Tout i KyToBa LWBMAKICTb, WOUt, MOXHa OTpPUMATU HACTYMHi PIBHAHHS ANSA KOPOOKK
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nepenay (1.24) 3 uux piBHsHL MoxkHa BuBecTy Wo: (1.25) ae Pin i Pout - Le BXiAHa i BUXiAHA MOTYXHICTb
KopoOku nepegav, BignoeigHo. Lli piBHAHHSA cnpaBeanvBi Ang igneanbHOT KOPoOku nepenad 6e3 eTpart. OgHak
peanicTuyHa kopobka nepegay maTume BTpaTK Yepes TepTd Ta iHWi edekTn B Kopobui nepeaav. Mpoctum
cnocobomM MoaerntoBaHHS UMX BTpaT € NpUMyLLEeHHA NOCTIMHOI e(PEeKTUBHOCTI r](g) ANA KOXHOI nepeaaui.
EdekTMBHICTb pidHa Ana KOXHOI nepefadi yepes pisHi HanalwTyBaHHA 3ybyaTtoro koneca. 3a3Buyan € Takox
LIECTEpPHS, siKa € nuwe Banom yepe3 KOpobKy nepeaad, sika He 3MIHIOE KPYTHUI MOMEHT abo LWBWUAKICTb
asuryHa. Lis nepepaya HasvBaeTbCca NpsMUMM MPUBOAOM i Mae HabaraTto kpally edeKTUBHICTb, HK iHLUI
wecTepHi. HaBeaeHi Bule piBHsSHHA Tenep BurnsigaoTs Tak: (1.26) Xoua nocTithwii KKO Ans KOXHOT
nepenadi gikcye geski BTpatn B KOpobLi nepenay, BUMIpIOBaHHS NMOKa3yHoTb, LWO BTpaTK B KOpobui nepeagay
CWUMNbHO 3anexaTtb Bid KPYTHOrO MOMEHTY Ta KyTOBOI LUBWAKOCTI. Hanpuknag, Konm KpyTHUA MOMEHT B
kopoOui nepenay OOpPIBHIOE HyMO, ePeKTUBHICTL He MoXe ByTn BU3HA4YeHa, xo4ya BiOOMO, LIO 3aBXAu €
BTpPaTW, KONMW BKIOYEHa nepegadva i TPaHCMOpTHWUM 3acib pyxaeTbCs. |HWWA npuknag — KOnmu KpYyTHWUR
MOMEHT HeraTMBHUI Yepe3 TepTa B ABUIYHI. Y LbOMY BMNAaaKy e(pekTUBHICTb HE MOXe ByTn BUKOPUCTaH3,
OCKiNnbkn poboTa, 9Ky BUKOHYE TepTs Kopobku nepenay, byae nogaHa B HanpsiMKy pyxy aBTomobing. [Ons
BU3HAYEHHS 3anexHOoCTi Big KyTOBOI LWBWOKOCTI Ta KPYTHOrO MOMEHTY BUKOPUCTOBYETbCS KapTa
e(eKTUBHOCTI KOpPOOKM nepefay, Ae KPYTHUM MOMEHT i yactoTa obepTaHHa OBWUryHa NepeBoAasiTb Y
eekTMBHICTb kOpoOku nepenad. [ns nogonaHHsA npobnem, NoB'A3aHnx 3 BukopucTaHHaM KKI, 3HauyeHHs
KapTn nepepaxoBylTb Y TEPMIHU BTPaATU KPYTHOrO MOMEHTY. [MOTiM 3Ha4YeHHA NS HySbOBOrO KPYTHOrO
MOMEHTY [ABUryHa eKCTpanonTbCa Ta fogatTbes 0 KapTu. LWo6 matu mMoxnuBicTb mogentoBaTu
NoBefiHKY HEeraTMBHOIMO KPYTHOrO MOMEHTY ABUryHa, POOUTLCA NPUMYLLEHHS, WO HEratMBHUM KPYTHWUM
MOMEHT Ja€ Taki cami BTpaTtu, SK i NO3UTUBHUA. TakuM YMHOM, abCoMnoTHE 3HAYEHHSI KPYTHOrO MOMEHTY
MOXHa BUKOPWUCTOBYBATWU NPWU iHTepronsuii 3Ha4eHHA 3 KapTu Kopobku nepepad. |Hwa npobnema, sika
BMHMWKAE, Nonsrae B TOMY, LLO KPYTHUA MOMEHT, HEODOXiAHWIA ANA BMKOHAHHS 3a4aHol 3MiHW LUBWOKOCTI,
3anexuTb Bi4 BTpaT B kopobui nepegady. TuM 4Yacom BTpaTu B KOpoOLi nepefay 3anexarb Bif KPYyTHOro
MOMEeHTY Big AuryHa. Ockinbku BTpaTh B KOpoOLi Nnepegad oTpMMaHi 3 KapTh, a He 3 aHaniTUYHOro BUpasy,
HemMae PpIBHAHHA, gke MoxHa ©Oyno 6 BupilWMTM AN HEeOoOXiAHOro KPYTHOrO MOMEHTY ABuryHa. [Ans
noAonaHHsA Liei npobrnemmn BUKOHYETLCA HAacTyNHUI anropuTM OLUIHKW BTpaT peaykTopa: * anpokcumauis Ta
HeobXiQHOro KPYTHOrO MOMEHTY [BWUIyHa pPO3paxoBYETbCSA 3a [OMOMOrO MOCTIMHOMO 3HAYEeHHS
eeKTUBHOCTI nepefadvi; * HabnxeHnn KPyTHUA MOMEHT TA BUKOPUCTOBYETLCS Pa3oM i3 BiJOMOK KYyTOBOK
WBUAKICTIO W AN iHTepnonsauii 3Ha4YeHHs BTpayYeHoro KpyTHoro MoMeHTy Tloss B kopobui nepepay; *
3HayeHHs Tidedl HeobXigHOro KpyTHOrO MOMEHTY ABUIyHa PO3paxoBYETbCHA 3a YMOBM BiACYTHOCTI BTpaT y
kopobui nepenay; * HeoOXiaHWI KPYTHUI MOMEHT ABUryHa Tn po3paxoByeTbes 3a hopmynoto: Tn=Tideal +
Tloss. Llen metoa MoXHa BUKOHATU MPOTArOM KifbKox iTepauin, wob otpumaTtn Bce Binbll TOYHE 3HAYEHHS
HeobXiQHOro KpyTHOr0O MOMEHTY, NEpPENLLOBLUM Bid OCTAHHBLOIO KPOKY A0 MepLUOro, BUKOPUCTOBYOUM TN
3amictb Ta. LLlo6 He cnoBinbHIOBaTM anroputm BaxaHo Wwob KinbkKicTb iHTepnonauil 6yna miHimanbHow. Ha
rpacbiky (puc.l.2) 3o06paxeni BTpaTh kopobku nepedad Ha 11-it nepenadi npu 1500 06/xB Sk dyHKLis
HeobXiQHOro KpPYyTHOrO MOMEHTY [BWUryHa, po3paxoBaHoro 3 nocTimHum KK (cuwinn) i 3 KapTu KOpoOKu
nepenay 3 BUKoHaHHsM opHiei (YepBoHOi) Ta aecsTu (3eneHoi) itepauint ouiHkn. Ha pumc.l.2 nokasaHo
BTpaTy KPYTHOrO MOMEHTY, pO3paxoBaHy LUMSAXOM BMKOHAHHA OfHIEl Ta gecATu iTepauin ans dikcoBaHOro
3HauYeHHs KyToBOi LWBMAKOCTi 1500 06/xB. BTpayeHuint KpyTHUIA MOMEHT, OTPUMAaHWUIA NpWU BUKOPUCTAHHI
nocCTinHOro 3HayeHHst KK, Takox nokasaHuin Ha pucyHKy. Puc.l.2 - BTpatu KpyTHOro MOMEHTY B TpaHCMicii
Ak BUOHO, Pi3HMLA MiXK MepLUO0 Ta 4eCATo iTepauisMu nedb nomitHa. Kpim Toro, BTpatn, po3paxoBaHi Ha
OCHOBI MOCTINHOI €(PEeKTUBHOCTI, 3aHWXKYIOTb BTPAYEHUN KPYTHUA MOMEHT npmbnmsHo go 1500 Hwm. Mpwu
BinbLL BUCOKNX KPYTHMUX MOMEHTAaX MiHii ay>xe 6nnabki, i NOCTinHa edpeKkTUBHICTb Ayxe Aobpe ouiHe BTpaTn
B Kopobui nepegad. [Ans Bidyanisauil pi3HWUI MK OAHIEI | OECATOK iTepauissMnm Ha MarntoHKy MoKasaHo
BIQHOCHY PIi3HULIO MiX ABOMA BMNagkamMu A BCiX KyTOBMX LUBUAKOCTEN i HEOOXIQHOMO KPYyTHONO MOMEHTY
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ABuryHa. BigHocHa pisHMua Hanbinblua npu AyXe HU3bKMX KPYTHUX MOMEHTax, [4e€ BOHa CTaHOBUTb
nNpnbnumaHo 1-1,5%. Mpun GinbWMX KPYTHUX MOMEHTaX BiAHOCHA Pi3HMUS CTaHOBUTbL 6nn3bko 0,5%. Ockinbkn
Pi3HMLS MK OOHI€l0 | JecaTbMa iTepauisMn Taka Mana, To B anroputMi po3B’si3yBaHHS BUKOHYETBLCA NuLLe
ofHa iTepauis. 1.2. AHani3 metoaiB onTumisauii poboTn ABUIYHIB BHYTPILHBOrO 3ropaHHA CyyacHi Ha3eMHi
TPaAHCNOPTHI 3acobu NoKNagarTbCs MamKe BUKOYHO Ha ManmMBO HA OCHOBI HATW | BUAINATb BENUKY
KiNbKICTb NapHUKOBUX rasiB. 3aHEMOKOEHHS LLIOAO eHepreTMyHoi 6e3nekn Ta 3MiHK Knimaty npu3BoaaTb A0
CYyBOpUX MpaBui BUKMAIB Byrnewuto B BaraTtbOX YacTMHaXxX CBiTYy. TOMYy TEXHONOriT eKOHOMIT nanvBa, Taki sk
riopuaHi ABUryHW Ta nerki KOHCTPYKLUii, BUBY4ANUCA NPOTArOM OCTaAHHbOrO AECATUMNITTSA. IHWMM dhakTopom,
KU BNIMBAE HA EKOHOMIIO Manuea, € Te, K KepyTb TPaHCNOPTHMM 3acobom. Byno npoaemMoHCTpoBaHo,
LLIO CTWIb BOAIHHA MOXe 3MiHUTW NanuBHy edekTunBHICTb 40 10 BiAcoTKiB y 3BU4aniHoMy pyci. BuseneHo, wo
AesKi BoAil 3Mornu 3aowagnTti Nanueo, He 36inbLUytoun Yac MNOI3AKM, MaHInynioyM nuwie LWBUAKICTHO
aBTomo0bins. [1i cnpobu BMBYEHHS UMX HAaBUYOK BOAiIHHS Byrnv 3pobneHi B NpoeKkTax eKonoriYHOro BoAiHHS
Ta 3a JONOMOIroK) €KOHOMHO-OpPIEHTOBaHMX METOAIB MO3AOBXHLOro KOHTponto. Llini nepwoto nonsranu B
TOMy, WOO6 HaBYMTU HaBMYKAM EKOHOMIlI nanuMBa LUMASXOM HaBYaHHS BOLiIB, 3BOPOTHOrO 3B'SI3KY 3
MOKa3HWMKOM ManuBa Ta MOHITOPUHIY. |HWKKA peanisye HaBW4YKM EKOHOMIl nanvMBa B cuUCTeEMax
aBTOMAaTUYHOrO KepyBaHHS, Wob aocarty Ginbll edpekTUBHUX onepawini, HiXX Le MoXxe 3pobuTn nepeciyHui
Boain. B 060x npoekTax BaXXNMBOK BUMOTOH € YiTKe PO3YMIHHSI CTpaTerin BOAIHHS, WO eKOHOMNATL NanmBeo.
OpuH i3 cnocobiB AocarTM Uboro — 3ibpatv BENWKY KiNbKiCTb AaHMX NPO BOAIHHS Ta y3aranbHUTU puUcu
€KOHOMHMX BoAiiB. barato npoekTiB 3 eKoNoriMHOro BOAIHHA BUKOPWUCTOBYBANW LEeW MeToq i reHepyBanu
Pi3Hi nopaan Wo[o €eKOMOriYHOro BOAIHHSA, Taki SK nyiaBHe MPUCKOPEHHS, NiATPMMKa Temny BOAIHHA Ta
YCYHEHHs1 HagMipHoOro xonoctoro xogy. KpiMm Toro, BiOMO, WO Tak 3BaHa cTparteria nyrnbcy i KOB3aHHA
(PNG) pocsirae 6inblUoi ekoHOMii nanveBa B yMOBaXx HEBENUKOro pyxy, i BoHa Oyna npuiHata 6aratbma
KOMaHZamu B 3MaraHHsX 3 NanuBHOI ePeKTUBHOCTI, TaKuX K cepist 3maraHb SAE Supermileage. OcHoBHa
ines PNG nondrae B Tomy, WO6 NpuCKOpoBaTUCSH, 3anyckaroum OBUIYH Ha BUCOKIN MOTYXHOCTI, 306epiratu
KIHETMYHY eHeprito B iHepLii TpaHCNOpTHOro 3acoby, a NoTiM pyxaTUca 40 HWXKYOI LWBUAKOCTI, KONU OABUIYH
BUMKHEHUIN. Cnig 3a3HaunTy, WO OnuMcaHi BULE «MigKasKy LWOoAo0 eKoNoriYyHoro BoAdiHHS» Ta cTparerisa PnG e
akicHumu. Lli npaBmna mMoxHa BUKOPUCTOBYBATU OIS HaBYaHHA BOAIIB, ane BOHW He roTOBI 4O 3aCTOCYBaHHS
B CUCTEMaxX KepyBaHHsI TpaHCnopTHMMKM 3acobamu. Kpim TOoro, geski 3 HabyTux YypokiB, 34a€TbCH,
cynepevaTtb oavH ogHomy. Hanpuknag, ctpateria PNG nepeMmnkaeTbCa Mk NPUCKOPEHHSIM | BUBIrom, ToAi
sik 6araTo nopap LWoAo eKOHOMIT nanuea NPonoHylTh CTabinbHy Ta nnasHy poboTy. TOMy HE3PO3YMIno, K i
KOnu Ui cTpaTerii eKoHOMIT nanvea MoXyTb ByTu peani3oBaHi B cMCTeMax aBTOMAaTUYHOIO KepyBaHHS. [HLWWA
cnocib oTpumaTu pearni3oBaHi anropuTMM eKOHOMIT nanveBa — NPUAHATK NigXig Ha OCHOBI Moaeni cTpareril
BOAiHHA 6e3nocepeqHbO 3 OMHaMiIKM aBTOMOOINSA Ta XapaKTepuUCTMK CNOXWBaHHA nanvea. [Ona ymosB
BiflbHOro NoToky YaHr i Mopsniok gocnigunu pisHi npoduini WeMOKOCTI AN4a 4aHOro WISXY i QiAW BUCHOBKY,
LLIO NOCTINHA LWBWAKICTb € ONTUMAanbHO, SKLWO LWBUAKICTL BUTPATU Nanvea nNponopuiiHa NoTYXXHOCTi pyXy.
Xykep onTumidyBaB BUTpATy nanvea B NPOLECi NPUCKOPEHHS. BiH BUABKMB, WO GinbLui TpaHCNopTHI 3acobu
MOBMHHI MaTu BULLY ONTMMarbHY LUBWAKICTb, @ LWBUAKICTb CNYCKY MOBMHHA OYyTW BULLIOK, HiXK LUBUAKICTb
nignomy. Metoto uiei pobotn € po3pobka niaxoady, 3aCHOBAHOrO Ha MOAENi, Ta BU3HAYEHHSA ONTUMAarbHUX
cTpaTeriin BOAIHHA NerkoBoro aBTomMobinga 3a cueHapieMm, WO pyxaeTbcsl 3a aBToMobinem (konw NPUCYTHIN
MPOBIAHUI TPAHCMOPTHUI 3acif), WO € Ginbll NPaKTUYHUM, HiXX YMOBW BiNbHOTO MOTOKY, Siki 3a3BWyait
BMBYatoTbCs. OCHOBHA BiAMIHHICTb MiXX CLIeHapieM pyxy aBToMOoOiNsa Ta cutyauieto BifibHOro NOTOKY nonsrae
B HeOOXiaHOCTI HaknageHHA obmexeHb Ha AanbHICTb TPaHCMOPTHOro 3acoby 3 MipkyBaHb ©e3neku Ta
NoTOKY. Ha OCHOBI BU3Ha4YeHMX cTpaTerii MoXXHa BUOINUTU NpaBuna eKoHOMIT nanuea, AKi peani3yloTbCcsa B
cUCTeMax KepyBaHHS, TakMX $£K adanTUBHUA KPYi3—KOHTPOSib. BUWKOHyUM anropntM  OuHaMiYHOro
nporpaMyBaHHs 3 Pi3HUMK 3HAYEHHSIMY NapamMeTpa wTpady B, MOXHa OTpUMaTU pPidHi cTpaTerii Ansa ogHie i
Tiel X goporun. Mpu 3HWXKeHHI B yac Byae MeHWw BaxnMBuM, | Byae 3HamgeHa NOoBifbHiWa cTparteris, ska
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BMKOPUCTOBYE MEHLLE nanmBa. SAKLWO 3amiCTb LbOro 36inbwunTt B, yac byae BaXnMBILLWMM i WWBUOLWNM, ane
pesynstatom byae OinbLue cTpaTerin cnoxmnBaHHA nanvea. Ha puc. 1.3-1.7 nokasaHo Tpu cTpaTerii 3 pisHuMK
B Bigpisky goporn gosxumHoro 5000 meTpiB 3 yxunom 5% Ha 5% npubnusHo Ha 1500 metpiB. Yci cTpaTerii
JocdaraloTb MakcumanbHO [A03BOSieHOl LwBuakocTi 89 KM/ro,q 6esnocepenHbO nepen TuMM, K naropb
CMNPUYMHUTL YNOBINbHEHHA aBToMOOINA. Lle nokasye, wo 30inblueHHsa WBWAKOCTI nepea nignomom 6yae
ONTMManbHUM SIK ANSA NOBINIbHUX, ane MEHLUMX CTpaTeri CNoXMBaHHA Nanuea, Tak i Ans Oinblw WBUAKKX,
ane 6inblWnX cTparterin CNOXWBaHHA nanuea. YCi cTpaTterii TakoX BUKOPUCTOBYHOTb KPYTHUA MOMEHT,
HabaraTo HWXYMIN, HXX MakcumanbHuK, Wob posraHsaTucs ao 89 km/rog. Tou dakT, Wo onip NoBiTPA Mae
KBaApaTU4Hy 3arnexHiCTb Big LWBWAOKOCTI, TOBOPUTbL MPO Te, WO Kpalle noyaTtu MPUCKOPEHHSA Mi3Hiwe i
BUKOPUCTOBYBATU MakCUMarnbHUA KPYTHUW MOMeHT. OfHak MakCUManbHUA KPYTHUA MOMEHT He
BUKOPUCTOBYETLCH B OMTMMAalibHOMY PilLiEeHHi, WO roBOPUTbL MPO Te, WO ABUTYH MOXE BUMKOPUCTOBYBATU
nanneo Ginbl edeKTUBHO MpU MEHLUUX KPYyTHUX MoMeHTax. Ha nodatky naropba cTparerii noYnHarTb
BiOgpi3HATUCA. YepBoHa cTparteria 3MmillyeTbca BHM3 6e3nocepenHbO nepeq naropbom i, TakMM YMHOM,
BTpayae MeHLe LWBWUOKOCTI, KONM nodnmHaeTbess naropd. 3eneHa cTpaTeris, ska BU3HA4Ya€e 4Yac MEHLLE, HixX
4YepBOHa, ane Ginblue, HiXK CUHS, NepeMuKaeTbca Hedabapom nicns nodaTtky naropba, a CuHsS NigTpUMye
ABaHaguaTy nepegady npubnuaHo go 700 metpiB y narop®b, a noTiM BUKOHYE 2 MOCNILOBHI NepeMUKaHHS
nepenay. CuHs cTpaTeria eKOHOMUTb Nanueo, ane BTpaydae 4vac, 3anuliarynchb AoBLe Ha 12-1n nepeaaui,
fKka Mae BULLY edEKTUBHICTb, HiXX iHWI nepepadi. Konn narop6 BUPIBHIOETLCS, 3HOBY BWAOHO, LLO 4epe3
NigBULLIEHHSA e(PEeKTUBHOCTI ABUryHa ANS NMPUCKOPEHHSA BUOMPAETLCA KPYTHUA MOMEHT, HabaraTo HX4YMIM 3a
MakcumanbHui. [nsg noganbLliol OuiHKM pe3ynbraTtiB onTuMisauil 4oChig4XKYETbCA BiAHOCHA Pi3HUUSA B Yaci
Ta BUTpaTi nanuBa Mix ycima cTtpaterismu. Lle pobutbcsa wnaxom Bnubopy ofHiel cTparerii Ta NOpiBHSAHHSA
OTpUMaHOI BUTpaTW NanvBa Ta 4acy 3 iHWuMKW cTparteriamu. KpiMm TOro, BMKOHYETbCS TpaguuinHe
mogentoBaHHa CC Ta AoaarTbCa MOro pesynstatv ansa nopisHsHHA. Puc. 1.3 - Penbed pgoporu Puc. 1.4 -
LBnakicte aBTOMOBINSA Ha KOXHIN AinaHui goporn Puc. 1.5 - MNepegava Ha KoxHin ginsHui goporn Puc. 1.6 -
Tara ABUryHa Ha KOXHiN OinaHui goporn Pesynbtatm gng crtparterini Ha pucyHKy Ta MOAENOBaHHS Kpyi3—
KOHTPOSIO MOPIBHSAHO 3 3eNeHol cTparterielo HaBedeHi Ha rpadiky. TpaguuinHa cumynsuis CC cnoxusae
Ginblie nanuBa, HiXK YCi ONTMMI30BaHi CTpaTerii, ane npaule 3HadYHO noBinbHiWwe. Lle nokasye, wo
NOTEHUINHa EKOHOMISi ONTMMI30BaHOI CcTpaTerii € 3Ha4yHOKW | Lo MOXHa 3aowaguTtu i 4vac, i nanmeo
ofHo4YacHO. 3aranoM 34a€eTbCs, WO ANS Takoro TUNy AOpir NOTEHUiMHa eKOHOMIA 4Yacy € BinbLioto, HiX
€eKOoHOoMisi nanuea. Lle moxxHa no6aunTn GinbLu YiTKO, 3anyCTMBLUM Binblue ONTUMI3aLi 3 MEHLLOK Pi3HULED
MiXK KOXXHUM 3Ha4YeHHsIM 3. Pe3ynbtaT Ha MarntoHKy MOoKasyloTb, WO Pi3Hi cTpaterii BnAMBaTUMyTb Ha Yvac i
nanueo, HeobXigHi ansa nignomy Ha naropbu, ge noTpibHe nepemiweHHs. Pi3Hi cTpaterii npu3BegyTs 40
Pi3HOro 3aranbHOro Yacy Ta obcsary nanuea, BUKOPUCTAHOMO TakoX Mig Yac cnycky 3 cxuny. Konu gopora
OMyCKaETbCHA BHU3, 3'ABNAETLCA MOXIUBICTbL BUKOPUCTOBYBATM HEWTparnbHy nepegady nns pyxy 3
BiJKMOYEHMM [BUIYHOM Bifg Kosic. 3aBOsku LbOMY ABWUIYH MOXe MpautoBaTh Ha XOriocTomy Xxoay, wob
3MEHLUMTN BTPaTU Ha TEPTA Ta HACOC, a TaKOX MOXHa 3HayHO 3aowaautu nanueo. Puc. 1.7 - Penbed
poporun Puc. 1.8 - WBnakicte aBToMOBinsa Ha KoxHin ginaHui goporn Puc. 1.9 - MNepenava Ha KOXHIN ginsHui
poporn Puc. 110 - Tara aBuryHa Ha KOXHIiN AinaHui goporn Ha puc.l.7-1.10 nokasaHo Tpwu cTtpaTerii 3
pisHumn B ansa Bigpisky goporn goexuHoto 4100 metpiB 3i cxunom 2% npmbnmusHo Ha 500 metpis. Yci
cTparterii po3raHATbCA 40 LWBWOKOCTI, BULLOT 3a BCTAHOBIEHY LWBWAKICTb, @ NOTIM BMUKAOTb HEWTParnbHy
nepegavy. Lle 4o3Bonsie TpaHCNOPTHOMY 3acoby pyxaTucst Ha Ay)Ke BEnuKY BiACTaHb i FOBOPUTL NPO Te, LWO
KaTaHHs Ha HeWTpanbHin nepefadvi € ayxxe eekTMBHUM cnocobom ekoHoMil nanuea. [licna BKNIOYEHHS
HeMTpanbHOI Nepegayvi cTparerii CKOYyTbCA Ha LWBWMAKOCTI A0 naropba. 3anuwatyncb Ha HenTpanbHin
nepegadi, BiH PO3raHAETbCA CUMOK TSXKIHHA OO0 MakCMManbHOI LWIBMAKOCTI Ha cnycky. Hapewrti, 12-Ta
nepegava 3HOBY BKITHOHMAETbCS MICAS 3HWXKEHHA LWBMAKOCTI NpnbnusHo go 70 KM/FOLI,. UepBOHe pilleHHs €
HaNLWBMALINM | OCKiSTbKM BOHO Mae HavBULLY LUBMAKICTb NPWU BKIIOYEHHI HENTparibHOI nepegadi, BOHO Mae
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HangoBwy AucTaHuito npokatkn 2450 metpiB. CUMHE pilLEHHA € HaWnoBinbHIWKMM i KoTuTbca Ha 2300
mMeTpiB. Ha rpadpiky BigHOCHI BUTpaTK Ha ONTUMI30BaHi cTpaTerii Ta TpaguuinHe mogentoBaHHsa CC nokasaHi
MOPIBHAHO 3 3eMeHNM pilleHHAM. Ha BigMiHy Big BUNagKy B ropy, Ae MOXHa 3aolaantn Habarato Ginblie
yacy, HiX nanuBo, PiLLEHHA Yy BUNALKy CMYCKY O3Ha4aloTb, WO MOXHa TPOoxu Binblue 3aowagnTn 3 TOYKU
30py ManuBa. CMOXMBaHHSA, HixX 4ac. YepBoHa cTtpaTteria Ha 1,4% weuawe i cnoxuBae Ha 1,6% MeHLwwe
nanuea, Todi ik cuHA Ha 1,8% noBinbHile, ane cnoxueae Ha 2,5% MeHLe nanveBa B NOPIBHSAHHI 3 3€N1EeHOK0
ctparterieto. Ockinbkn TpaguuinHnn CC He 3HMXKYE CBOO LWWBUAKICTb A0 abo nicnga naropba, ue weualle, Hix
onTuMmisoBaHi ctparterii. Mloro HespgaTHicTb nependaunTyi MambyTHI yxun [AOPOrM Ta BUKOPUCTOBYBATY
HeWTpanbHy nepegady, odHaK, NPuW3BOAUTb OO BUKOPUCTaAHHA nanvea Ha 14% 6inbwe. Npobnema 3i
cTpareriamun, NoKkasaHa Ha MarntoHKy, Nonsrae B TOMY, LLO BOHM He MOKa3ykoTb IHTYITUBHO 3pO3yMinuin cnoci6
BOAIHHSA. MNpuynHy 36inblUeHHNA WBMAKOCTI Nepen CnycKkoM Nerko 3po3yMiTh, ane BOAISAIM BaHTaXiBOK MOXe
OyTU BaXKO MPUNHATK, KONM aBToMOobinb cnoyatky 36inbLUye, a NOTiM 3MEHLYE WBUAKICTb Nepes CnyCKOM.
Wo6 otpymaTty Ginbly iHTYITUBHO 3pO3yMifi PiLLEHHS, anropuTM AUHAMIYHOIO NporpamMyBaHHsS 0OMEXEHO,
Wwob BiH He MIr BKMIOYUTU HENTpanbHy nepegavy 3i WBWAKICTIO BULLE BCTAHOBMNEHOI. Pe3ynstatn 3anycky
anroputMmy Ang Tiel caMol JOpOory, K Ha MartoHKy, nokasaHi Hwk4e Ha mantoHKy. OCKinibkn Bei cTpareril
BKMNIOYAOTb HEUTPanbHy nepeaady i3 3agaHoi WBUMAKOCTI 3aMiCTb 36inbLUEHOI WBMAKOCTI, BiACTaHb, Ha AKIn
cTparterii BUKOPUCTOBYE HENTPanbHY nepenavy, Tenep 3HadHo Hwk4a. Kpim Toro, ctpaTerii NOBOAATbCH Tak
caMo, SIK Ha MantoHKy. LLLlo6 nopiBHATK BUTpaATK Ha cTparTerii, Wo 403BONsATb 36iNblWMTY WBNAKICTL Nepes
nignomoMm, 3i cTpaTeriaMu, SKi He A03BONSATb 30INbLNTY WBMAKICTb, Kiflbka ONTUMI3aLin, 9K Ha MartoHKy
Byno 3pobneHo 3 pisHUMM B. YCi pe3ynsTaT NOPIBHIOKTLCS i3 3€MNEHO0 CTpaTerield Ha MantoHKy. [1o uboro
MOMEHTY anropuT™m AMHaMIYHOIo NPorpamyBaHHs BUKOPUCTOBYBABCA ANS TUMIB JOPIr 3 yxunom abo sropy,
abo BHM3. o6 po3wmpunTy KinbKicTe TUNIB gopir, Tenep byae AoCnigAXeHO NoegHaHHA NepLumx ABOX. AKLO
BiACTaHb MiXX MiQMOMOM i CMYCKOM OOCUTb Benuka, aBToMobinb 3MOXe BiAHOBUTU 3a4aHy LUBWUAKICTb Micns
nignomy Ao Toro, sk Byge OOCArHYyTO cnycky. Toai piweHHs 6yae Takum Xe, sik akwo 6 obugsa naropbu
3anyckanuca okpemo. Ane sKWo 3a NigNoMOM oapasy Crif CnycK, cTpaTeriio 4oBeAeTbCs BigKkopurysaTy,
OCKISTbKM 3MIHUIUCA KiHLEBI YMOBW AN NiguomMy 1a ymMoBW nodvatky cnycky. Puc. 1.11 - Penbed goporu Puc.
112 - Wewnakictb aBTOMOGINA Ha KoXHin ainaHui goporn Pucl.13 - lMepegada Ha KOXHIA OinsHUi goporu
Puc.1.14 - Tara gsuryHa Ha KOXHin AinsHui goporn Ha mantoHKy narop, SKuin cnodaTtky CXUNAeTbCa Bropy
npnbnmsHo Ha 4% npotarom 1500 meTpiB, a NoTiM CNyCKaeTbCA Ha TaKy X BiAcTaHb, ByB nponyLieHnn 3a
AOMOMOIoK anropuTMy AMHaAMIYHOrO NporpamyBaHHs Ans 3 pi3HUX 3Ha4yeHb LWTpadHOro napametpa .
MopibHo Ao pesynbratiB NiAMOMY paHile, cTpaTerii 34iCHI0Tb 36iNbLUIEHHS WBUAKOCTI, SKka gocarae niky
GesnocepegHbO nepen noyatkom naropba. YepBoHe PpilIEHHA BUKOHYE MNEepeMuKaHHa nepefad
Ge3nocepeaHbO Nepea noyaTtkom narop6a, a ABi iHWI 3anuwarTbea Ha 12-1 nepegadi Mmamxke 40 cepeanHn
naropba. Ha BepwwuHi naropba cTpaTterii nepeMmkalTbCa 3 MakKCUMarnbHOrO Ha MiHIManbHUN KPYTHUIA
MOMEHT Yy Pi3HMX TOYKaX, WO NPU3BOAUTL OO CEPNO3HUX BIAMIHHOCTEN Yy NPOMINsaX LWBMAKOCTI Ha Uin
YacTuHi goporn. CUHIN PO34YNH MaE HANHWXKYY LUBUAOKICTb Nepen ClyCKOM, TakMM YMHOM, BiH MOXE YeKaTu
HanJoBLIe, NepLl HiK novatu ranbmysaTh. YepBOHMM PO34YMH Mae Habarato OinbLuy LWBWAKICTb, i NOMY
AOBOOUTBLCA ranbMyBaTW paHille, i BUTpadvaeTbca Oinblie eHeprii. Micna Toro, sik BCi cTpaterii noyanm
ranbmyBaTW, YCi BOHM nepebyBatoTb y TO4HOMY cTaHi. Ockinbku napameTp wTtpady B ogHakoBuM AN BCiX
cTpaTerin nicna naropba, cTpaTterii ona pewTyn OOporn ideHTu4Hi. Bigpasy nicns nignomy BKMAKYAETLCA
HenTpanbHa nepegaya, i aBToMobinb KOTUTbCA 3 MakCUMarnbHOI LUBUAKOCTI BHU3 A0 LUBUAKOCTI, HUXYOI 3a
BCT@HOBMEHY LWBUAKICTb, NepLU HiX 3HOBY BKMounth 12-Ty nepegady. PO34111 2 PO3POBKA AJTTOPUTMY
OMTUMISAL|II CNOXXMBAHHA MATNMBA 2.1. 3acTocyBaHHS TEHETUYHUX anropuTMiB ANs onTuMisauii
[eHeTUYHi anropuTMK Le anropMTMmn NOLLYKY, 3aCHOBaHI Ha NpuMHUMNax NpUpoAHOro Biabopy Ta NpUpoaHOi
reHeTukun. Lli anroputmu 3awmnpoByoTb NOTEHUINHUIA PO3B'A30K 3adadvi B CUCTEMY XPOMOCOM. [€HETUYHI
anropuTmu iMiTyr0Tb npouec esontouii. BoHn onepytoTb 6aratbma NOTEHLUIMHUMM PO3B’'si3KaMu, Tak 3BaHOKD
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nonyrnsiLieto, 3aCTOCOBYHUN 40 HUX MPUHLNM BUXKMBAHHS HannpuaaTHiworo wob 3HanTu KpaLi HabnmkeHHs
00 pOo3B'A3KY. [eHEeTUYHI anropuTMn 4acTo po3rnagarTb SK ONTUMI3aTOP (PYHKLIT, MPOTe BUKOPUCTOBYHOTL X
AN WMpokoro korna 3agad. Pobota anroputMy novvHaeTbest 3 Nonynsuii, 3a3smyan, BUNagKoBMM YMHOM
reHepoBaHWX PO3B'A3KiB. [PUHLMN BUXMBaAHHA HaMnNpuaaTHILLIMX BUKOPUCTOBYETLCS AN TOro, Wwob obpatn
HaMKpaLli HabnmkeHHA [0 pillEeHHS, HA OCHOBI SIKMX CTBOPKETbCA HACTYMHE MOKOMIHHA nonynsauii. B
reHEeTUYHUX anropuTMax KOXXHUW areHT NpeacTaBrsie NOTEHLUIMHNA PO3B'A30K faHOT 3adadvi. MpoayKTUBHICTb
KOXHOro areHTy BUMIpoeTbes Wob Hagatu Momy Mipy NpuUCTOCOBaHOCTI. [lesiki areHTV npoxoaatb vepes
reHeTn4Hi TpaHcdgopmauii. Lli TpaHcdopmadii ByBatoTe ABOX TuniB. CXpEeLUEeHHs, KOTpe CTBOPKE HOBUX
areHTiB, 06’eQHYO4N YacTUHKU nonepegHix MmyTauin. CTBOPEHHS HOBOrO areHTy, MeTogoM Mogudikauii Bxe
iCHYtO4Oro. 3aranom reHeTUYHi anropMTMmK CKNagarTbCa 3 HACTYNHUX eTaniB: * iHibianisauia - nig Yyac uboro
eTany BWUNAgKOBMM YMHOM CTBOPKETLCA MNeplue MOKOMIHHA nonynsauii; * ouiHka - nig 4ac OUiHKM
3HaxoAMTbCA Mipa MPUCTOCOBAHOCTI KOXHOrO areHta; * Bigbip - BiabupatoTbCa areHTM 3 HanbinbLUO
NMPUCTOCOBAHICTIO, HA OCHOBI SKMX Oyae CTBOpPEHe HacTynHe MOKOMiHHSA; * BiOHOBMEHHA - Ha OCHOBI
BiibpaHMx areHTiB 3a JONOMOrOK CXpeLLEeHHS Ta MyTalill CTBOPKOETLCS HACTYMHE MOKOMiHHA nonynauii; *
nepeBipka Ha NPUNMHEHHSA - MEPEBIPUTK, YN aNrOpPUTM MAE 3akiHUMTU CBOK pobOoTy. lMpu 3akiHYEHHI
NOBEPHYTU HaKMKpalle pillleHHs, iHaKLwe MOBEPHYTUChL Ha eTan OouiHKW. Ha eTtani iHiudianisauii cTBoproEMO
NoNynsAuito, reHepyroun ¢ BUMNAOKOBUX MEepecTaHOBOK. Ha eTani OuiHKM BMKOPUCTOBYETLCA HEBiA'€MHa
dYHKLUIS NMPUCTOCOBAHOCTI F(S). Ha etani BigTBOpPEHHS! CTBOPIOETHLCS MAPHUIA nys po3mMipom q/2. o6
3acTocyBaTu onepauito CXpeLLeHHA Ha eTani pereHepalii, po3d4nHM B Nyri cnofyyeHb BUNaaKOBUM YMHOM
PO3NOAINATLCA Ha Napu. 3 IMOBIPHICTIO PCrOSS KOXHa napa MpOXOAUTb CXPELLEHHSs; B iHLLIOMY BMNaaKy
napa He 3MiHeTbCA. ig Yac onepadii nepexpecHoro nepexoay ABa pilleHHs, SKi MM Ha3nBaemo HGaTbkamu,
06'eaHYIOTbCA ONA OTPUMaHHSA [BOX HALlaAKiB, KOXHE 3 SIKMX MICTUTb AesiKi XapakTePUCTUKM KOXHOro 3
6aTtbkiB. CnogiBaemocs, WO OAMH i3 HaladkiB ycnagkye GaxaHi pycn KOXHoro 3 6artbkiB, Wwob CTBOPUTK
skicHe piweHHs. Onepauis MyTauii 3aCTOCOBYETbLCA A0 pilleHb neped TUM, SK MOMICTUTU X Yy HOBY
nonynsuito, KOXKeH erieMeHT KOXXHOro psgka (KO)KHe 3aBJaHHs B nepeCTaHOBu,i) BUOMPAETLCA 3 IMOBIPHICTIO
pmut. Hanpuknag, akwo 3asaaHHA psiaka BubpaHo Ans myTauii, TO BOHO 3aMiHIOETLCS iHLUUM BUMaAKOBO
BUGPaHMM 3aBOaHHsSM y Tomy camomy psaky (Lo Aae cyciga B okonuui migkadkm). B sikocTi TecTy
3aBEpPLUEHHS BCTAHOBMIOETLCA MiMIT Yacy, i anroputM npunuHsae poboTy, KoNu uer NiMIT nepeBuLLEHO.
Takum YMHOM, OCHOBHMUMMU KPOKaMU € CTBOPEHHS CYKYMHOCTI pilleHb, NOLWYK LiNboBOT OYHKLUIT Ta yHKUii
NPUCTOCOBAHOCTI Ta 3aCTOCYBaHHA reHETUYHUX onepartopiB. [na ocHOBHMX onepauin [A: ogHe MOKOMiHHA
po3buBaeTbCca Ha a3y Bigbopy Ta dasy pekombiHauii. [ig yac Bubopy psgkm npusHadarTbCa B CYCiaHi
CnoTn. BaxnuBok XapakTepPUCTUKOK TFEHETUYHOrO anroputMy € KOAYBAHHA 3MiHHMX, WO OMNUCYITb
npobnemy. HannowwuvpeHiwnm MeToaoM KOOYBaHHS € NEepeTBOPEHHS 3MIHHUX Yy OBIMKOBMMA pagok abo
BekTop; A Harkpale npauoloTb, KON BEKTOPWU pPILLEHHS € OBIMKOBUMW. AKWO B 3agadi € Ginblie oaHiel
3MiHHOI, KogyBaHHA 3 BaraTbMa 3MiHHMMW CTBOPHKETHCA LUMISAXOM KOHKaTeHauii Takol KiflbKOCTi KogyBaHHS
OKPEMUX 3MIHHUX, CKINbKM 3MiHHWUX Y 3adadi. FeHeTu4YHMA anropuTM 06pobnsie aekinbka pilleHb 0gHOYacHO.
Y KOXXHOMY MOKOSMiHHI CTBOPKETBLCS HOBUI Habip anpokcumauiv wnaxom Bigdopy iHAMBIAyYMIiB BiAMNOBIAHO
A0 IXHbOro piBHA MPUCTOCOBAHOCTI OO0 NpobnemHoi obnacTi Ta po3BeAEeHHs iX pa3om 3a O0NOMOroH
onepaTopis, 3an03n4YeHnX 3 NPMPOAHOI reHeTuku. Lien npouec npr3BoanTb 4O €BOMoLii nonynsauii oCobuH,
AKi Kpalle NpUCTOCOBaHI 40 CBOrO OTOYEHHS, HiXK OCOBMHW, 3 SIKUX BOHW Bynv CTBOPEHI, Tak camo, K i npu
npupogHoMy agantauil. FfeHeTU4YHNn anropuT™ BiAPI3HAETHCA Bif, iHLUIMX METOAIB NOLLYKY TUM, LLO BiH LWYyKae
cepen CyKyMHOCTI TOYOK i Mpautoe 3 KogyBaHHAM Habopy napameTpiB, a He 3 CaMUMK 3HAYEHHSIMU
napameTpis. Cxema nepexogy reHeTUYHOro anroputMy € WMOBIPHICHOW, TOAI AK TpaguuinHi metoam
BUKOPUCTOBYIOTb rpadieHTHY iHdopMmauito. Yepes Ui 0COBNMBOCTI rEHETUYHOro anropuTtMy BOHM
BMKOPUCTOBYIOTLCS SIK anropuTM ONTUMI3auil 3aranbHOro npu3HavyeHHsa. BoHn Takox 3abesnedytoTb 3acobu
MOLLYKY HeperynsipHoro npocTopy i, OTXe, 3aCTOCOBYKTbCA [0 Pi3HOMaHITHUX nporpam onTumisauii
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OYHKLiN, OUiHKM NapaMeTpiB i MalUMHHOIO HaBYaHHS. Buxogsum 3 npunyLLeHHs, Wo novyaTtkoBa nonynsuis
reHepyeTbCs BUMNAOKOBOK BUBIPKOK i3  3aMiHO (wo B AAHOMY KOHTEKCTi € KOHCepBaTUBHUM
NPUNYLLEHHAM), MOXHA 3HaNTW NMOBIPHICTb TOTO, LLIO NPUHANMHI OMH anerb NPUCYTHIN Y KOXHOMY MOKYCI.
[na OBivkoBuX pagkiB ue nerko nobaynTtn, 3 4Oro MU MOXEMO OBYMCNUTK, WO, Hanpuknag, nonynsuii
po3mipy 17 goctaTHbo, Wo6 rapaHTyBaTh, WO HeobxigHa MMOBIpHICTL nepesuwye 99,9% ana psagkis
AoBxunHoto B 50 cumBoniB. [€HETUYHI anropUTMK NpauolTb Ha ABOX TUMNax MPOCTOPIB anbTepHaTUBHO:
NPOCTip KOAYBaHHA i MpOCTip po3B’'A3kiB, abo iHWMMK crioBamu, NMPOCTIp reHOTUMIB i NPOCTip deHoTuny.
FeHeTuyHi onepatopu (CXpeLLeHHs i MyTaLl,iFl) npauroTb Ha NPOCTOPI reHOTUNIB, a eBontoLia Ta Biabip — Ha
npoctopi deHoTuny. Bigbip € 3B'A3KOM MiX XpOMOCOMaMu Ta MPOOYKTUBHICTIO OEKOAOBaHUX PO3YMHIB.
BinobpaxeHHa 3 npocTopy reHoTuMny B MpoOCTip (heHOTUny Mae 3Ha4YHU BAAMB Ha MPOAYKTUBHICTb
reHeTUYHUX anropuTmie. [eHeTWYHi anropyTMn 3abe3nedyroTb CNpPAMOBaHWMA BUMNAAKOBUM MOLWIYK Yy
ckrnagHux naHgwadptax. IcHytoTb ABi Baxknmei npobrnemu WOAO CcTpaTterii  Mowyky: OOCHIIKEHHA
(mocnigxeHHs HOBUX i HeBIJOMMX OBracTeit y MOLLIYKOBOMY NpOCTOpi) Ta BMKOpUCTaHHSA (BMKOPUCTAHHS
3HaHb NPO PILLEHHS, paHiwe 3HanAeHi B NpocTopi NOLyKy, Wwob AOMOMOITA 3HANTWU Kpalui piLIJeHHﬂ). Lle
MOXHa 3p0o0uTK, 3MYCUBLUM FEHETUYHMX OMNEpPaTopiB BMKOHYBATWM MO CyTi CNINWMM MNOLWYK; 3 Hagiew, Lo
onepaTtopu Biabopy CNpsIMOBYIOTb FEHETUYHMI nowyk 0o GaxaHoi obnacti npocTtopy piweHb. OanH i3
3aranbHUX MPUHUMNIB pO3pOobKM peanisauii reHeTUYHUX anropuTMiB ANA KOHKPETHOI 3ajadi pearbHOro
crnoBa nonsrae B ToMy, Wo6 CTBOPUTU rapHui BGanaHc MK OOCMIIKEHHAM i BUKOPUCTAHHAM MPOCTOpY
nowyky. [ns uboro HeobXiAHO peTenbHO BMBYUTKU BCi onepaTopu Ta napameTpu reHeTUYHUX anropuTMiB.
Ana nigBuLEHHS NPOAYKTUBHOCTI B anropuTM Chig BKMAKYMUTM €BPUCTUKM OofaBaHHsA. Ha BigMmiHy Big
NPOCTMX METOAIB MOLUYKY MO CYCIACTBY, AKi NPUNUHAIOTLCH, KONM OOCAraeTbCA fokanbHuin ontumym, MA €
CTOXaCTUYHUMW MEeTOAaMW MOLUYKY, SiKi B NPUHLMMI MOXYTb npautoBaTh BiYHO. Ha npaktuui HeobxigHun
KpUTEpin NpunuHeHHs; 3aranbHi NigXoau nonsarawTb Y TOMY, Wo6 BCTAHOBUTUM OOMEXEHHSI Ha KiNbKICTb
OUiHOK ¢piTHecy abo 4ac KOMM'IOTEPHOro roAvHHWKE, abo BIACTEXWUTM PISHOMAHITHICTL nonynsauii Ta
3YMVHUTUCSA, KOMU Le NaJa€e HwKYe BCTAHOBMEHOro Mopory. 3Ha4YeHHs pPi3HOMaHITHOCTI B OCTaHHbOMY
BMMAAKy He 3aBXOW € OYEBMAHMM, | BOHO MOXe ctocyBaTuca abo reHoTuny, abo deHotuny, abo HagiTb,
MOXINNBO, NPUAATHOCTI, ane HannowupeHiWwnmM cnocobomM MOro BUMIPIOBAHHA € CTaTUCTUKa reHoTuny.
Hanpwuknag, mu mornu 6 BUPILLWMTU NPUAMHUTIX 3anycK, SIKLLO B KOXXHOMY JTOKYCi YacTKa OOHOr0 KOHKPETHOrO
anensa nigHanacs suwe 90%. lNicnsa KinbKox NOKOMiHb rEHETUYHUIA anropuTM 36nMXKYETbCA A0 HaMKpaLLoro
iHOMBIOA, KWK, cnoaiBaeMocs, NpeacTaBnsie onTumManbHe 6nm3bke 40 ONTUMAanbHOrO pilleHHs npobnemu.
Ak i gns 6yab-AKoro MeToay NOLLYKY Ta HaBYaHHS, cnocib KogyBaHHSA NOTEHUIMHMX pilleHb € LeHTparbHUM,
AKWO He UeHTpanbHMM, (akTopoM YCnixy reHetuyHoro anroputmy. KogyBaHHsa — uUe npouec, LWo
BMKOHYETbCS 3a 4OMNOMOrow 6iTiB, MacusiB, AepeB, Yncen abo cnucky ansa npeactaBneHHs OKPEMUX TEHIB.
Binbwicte nporpam A BMKOPUCTOBYIOTb GiTOBI paakM dikcoBaHOI AOBXWMHWM (DIKCOBAHOrO MOPSAKY ANs
KOAyBaHHSA BapiaHTIB pilleHb. AK 3akogyBaTu pilleHHs nNpobnemMu B XpOMOCOMax € KIHYOBMM MUTAHHSM
NPy BUKOPUCTAHHI reHeTU4HMX anroputmiB. OgHieto 3 BU3Ha4YHMX Npobnem, NoB’'si3aHnX i3 KOQYyBaHHAM, € Te,
LLIO AesKi ntoan BignosigaTb He34inCHEHHUM abo HE3aKOHHMM pilleHHAM AaHoi npobnemu. Lle moxe ctatu
Ay>Xe CEepro3HnM anst npobnem ontumisauii 3 0OMEXEHNUMU MOXITMBOCTAMMU Ta Npobnem KombGiHaTOpHOI
onTumisauii. HeobxigHO poO3pi3HATM OBa MNOHATTHA: HE3AIMCHEHHICTb | HE3aKOHHICTb. He3aincHEeHHICTb
BIHOCUTBLCA 4O ABMLLA, LLO PillEeHHS, pO3LWNdpPOoBaHE 3 XPOMOCOMMU, NEXUTb 3a MeXaMn MOXNNBOT obnacTi
AaHoi npobnemu. LTpadHi mMeTogn MOXHa BMKOPUCTOBYBaTU AN 06pOOKM HE3OiMCHEHHUX XPOMOCOM.
OavH i3 unx metofiB nonsirae B TOMy, WoO6 NpUMyCOBO HabNmXaTu reHEeTUYHI anropuTMmn 4O ONTUManbHOI
dopmn no obuasa GOKM MOXKIMBUX | HE3AIMCHEHHNX obnacTten. He3akoHHICTb BiAHOCUTLCS A0 SIBMLA, WO
XpOMOCOMa He € pilleHHsM gaHoi npobnemu. Metoou BiAHOBMEHHS 3a3BU4Yail BMKOPUCTOBYKOTLCA ANS
NepeTBOPEHHA HeneranbHOI XPOMOCOMW B nerarnbHy. PyHKUIOHYBaHHA NPOMOPUINHOrO BiOTBOPEHHSA
BiAMOBIAHO 00 NapagurMM reHeTUYHOro nporpaMmyBaHHA € OCHOBHUM [ABUIYHOM [apBiHIBCbKOroO
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BIATBOPEHHSA Ta BWXMBaHHA Hambinbw npuctocoBaHux. KoxHin ocobuHM B nonynsuii NpuCBOIETHLCSA
3HaYeHHA NPUAATHOCTI B pe3ynbTarti il B3aeMogil 3 HaBKONMULWHIM cepenosuLLem. PyHKLUIS NPUCTOCOBAHOCTI
— Ue PpiBHSHHS, sike € yHKuiclo BkMoveHHst BnactuBocTen (reHiB) y koxeH psiaok (xpomocomu).
3aranbHu BUMAL, Uiel QyHKUiT 3anexuTb Big AO0CNiAXyBaHOI nNpobnemu i 3a3Havae KiHUeBy MeTy 3ajadi.
MpnaaTHICTb € PYLUINHOK CUIOK AAaPBIHIBCLKOrO NPUPOAHOro Biabopy i, Tak camo, reHETUYHUX anropuTMiB.
3ayBaxTe, WO 6aTbkn 3anuwatroTbCa B NONynsuil, NOKM BMKOHYETbLCS LS onepauis, i TOMy MNOTEHUINHO
MOXYTb HEOAHOPAa30BO 6paTh yyacTb y Uit onepadii (Ta iHWMX onepaLjisix) NPOTAroM NOTOYHOTO MOKOMIHHS.
To670 BiAGip 6aThbkiB 3MiiCHIOETLCS 3 J03BONEHO 3amiHol (To6To nepesnGopom). Hanpuknag, y 3agadi
onTuMmizauii us yHKUia Moxe OyTn LinboBOK (PyHKUiE, a NOTIM Makcumisauis abo MiHimanisauia uini
Moxe OyTu KiHLEBOH MeTow 3agadi. PoswundpyBaBluM npeacTtaBneHHss XPOMOCOMU B LOMEH 3MiHHOI
PiLLEHHS, MOXHA OLHUTWN NPOAYKTUBHICTb abo NpuaaTHICTb OKpeMMX YneHiB nonynsuii. Lie 3giricHioeTbea 3a
AOMOMOroK LinboBOl (OyHKLII, iKka Xxapaktepudye poboTy iHauBiga B npobnemHin obnacTi. Y cBiTi npupoan
ue 6yna 6 34aTHICTE NIOOMHU BWXMBATW B HUHILUHBOMY CepefoBuLli. TakMM 4YMHOM, UinboBa (yHKUIA
CTBOPHOE OCHOBY AN Biabopy nap ocobuH, siki 6yayTb cnapoByBaTUCA pa3oM Mif Yac po3MHOXEHHS. [ig yac
¢ra3n BIOTBOPEHHSA KOXHIA MOAWHI NPU3HAYaETbCA 3HAYEHHS MNPWOATHOCTI, OTPMMaHe Ha OCHOBI WMOro
NEepPBUHHONO MOKa3HWKa MPOOYKTUBHOCTI, 3a4aHOro LinboBOK (PyHKUiEl. Lle 3Ha4YeHHs BMKOPUCTOBYETHCHA
npw Bigdopi ansa ynepempxeHHs wono 6inbl nigrotoBneHnx ocib. BucokonpuaaTHi 0COOBUHM BIGHOCHO BCIiEl
nonynsuii MatTb BUCOKY MMOBIPHICTb ByTu BigibpaHnmun ons cnapioBaHHS, TOAi K MEHLL NnpuaaTHi 0COBUHM
MalTb BIAMOBIAHO HU3bKY MMOBIPHICTL ByTn BigibpaHumu. llicna Toro, sk ocobuHam 6Gyae NpUCBOEHO
3HAYEHHA NpPMAATHOCTI, iIX MOXHa BuOpaTM 3 nonynsuii 3 MMOBIPHICTIO BIANOBIAHO A0 iX BiQHOCHOI
npuaaTtHoOCTi Ta pekoMbiHyBaTM ONsi  OTPUMAHHS  HACTYMHOro nokoniHHA.  LlinboBa  doyHKUiA
BMKOPUCTOBYETLCA ANA BUMIPIHOBAHHA TOro, siK Niogu npautoBanu B npobnemHin obnacti. Y Bunagky
npobnemn MiHimizauii Hanbinbw npuaaTHi ocobyn MaTUMyTb HaMHWXYE YUCIIOBE 3HAYEHHsT Bi4MOBIAHOI
UinboBOi PyHKUiT. Llen HeoBbpobrneHun nokasHWUK NpuOaTHOCTI 3a3BMYa BUKOPUCTOBYETLCHA NULIe $K
NMPOMDKHMI €Tan Yy BW3HAYEHHi BIOHOCHOI NPOAYKTUBHOCTI oCi6 y GA. IHwa dyHKuia, dyHKUia
NPUCTOCOBAHOCTI, 3a3BMYyan BUKOPUCTOBYETLCA ANA NEepeTBOPEHHS 3HaYeHHS LUiNboBOI (PyHKUil B Mipy
BiAHOCHOI MpMAATHOCTI TakuMm YnHoMm: de f - uinboBa dyHKUIS, g NepeTBOploe 3HAaYEHHS LiNnboBOT (OYHKLT B
HeBio'eMHe uncno, a F - peaynbraTt BigHOCHa NpuAaaTHICTb. Take BigobpaxkeHHsA 3aBXau HeobXigHe, Komu
LinboBa (PyHKLiSA Mae ByTK MiHIMI30BaHa, OCKINbKM HWKYI 3HAYEHHS LiNnboBOI (PyHKLii BignoBigaoTb nogam,
AKi kpalwle nigxogaTb. Y 6GaraTbOx BMMNagkax 3Ha4YeHHs OyHKUiT npuaaTtHOCTI BiQNOBIOAE  KiNbKOCTI
NOTOMCTBA, $Ke IiHOMBIA MOXe pO3paxoByBaTM Ha HaAPOMKEHHA B HACTYNHOMY MOKOMiHHI. YacTo
BMKOPUCTOBYBaHUM MEPETBOPEHHAM € MpOonopuiiHe NpUCTOoCyBaHHA. PyHKUiA BTpaT € AOMNOMDKHOH
YHKLUIE, METOIO SIKOI € BKITOYMEHHSA BTPAT, WO BUHWKAKOTb BHACMIQOK NMOPYLUEHHS OOMEXeHb, y UinboBy
dyHKLit0. 3a3Bnyali 0OMeXeHHs NodinAlTbLCA Ha OB rpynu: 1= KOPCTKI 0OMEXeHHSs, 2 - M'AKi 0OMEXeHHS.
YKopcTke obmexeHHs1 3aBepluye eski ObMexeHHs, ski HeobxigHO AoTpumyBaTUCh Nig Yac npouecy. M'aki
0OMEeXeHHs — ue HWKN TUM OBMEXEHHS, AKUI MOXe AOTPUMYBATUCh YW Hi, ane nepwe Mae npu3BecTu 4o
neBHUX BTpaT abo BuTpar. Po3pobka dyHKUil BTpaT Ayxe BaxnvBa B HaraTtbOx 3agadyax reHeTu4Horo
anroputMy i 3MeHLwye 4ac 36iKHOCTI. PyHKUiS NPUCTOCOBAHOCTI TaKOX MOXEe BpaxoByBaTW BTOPUHHI
dakTopu (HaanKna,q, e(PEeKTUBHICTb S-BMpasy, EKOHOMHICTb S-Bupaasy, BignoBigHICTb NOYATKOBMM YMOBaM
andpepeHLuianbHOrO PiBHAHHA TOLLI,O). Konu KinbKiCTb eKonoriMyHMX BUMNaAKiB Benuka, iHo4i onepaTuBHiLe
oBUMCNUTN  OYHKLUiK0 NPMAATHOCTI, BUKOPUCTOBYHOUM nvle BUBIPKY MOXIMBUX €EKOMOriYHUX BUMNAAKiB
(BKmoqarol-m, MOXINBO, BUBIPKY, AKa 3MIHIOETLCA Bif MOKOSIHHA 4O NOKOMiHHS, WOo6 MiHIMIZyBaTh MOXNMBe
ynepemkeHHs B pesynbrati Takol BMGipku). BinTBOpeHHSt — Le onepaTtop, SKUil CTBOPIOE GinblLue Konii
Kpalmx psakiB y HOBIiM nonynauii. BigTBopeHHSA 3a3BuYan € nepLumnm onepaTopomM, siKUin 3aCTOCOBYETLCA [0
nonynsuii. PO3MHOXeHHs1 Bigbupae xopowi psakv B nonynauii i dopmye nyn Ans crnaproBaHHsS. Takum
YMHOM, B MPOLIECI BiATBOPEHHSA MpoLeC NpUPOLHOro BiAGOpYy 3MyLlye TUX OCOOWH, siKi KOA4YKOTb YCHiLLHi
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CTPYKTYpWM, YacTiwe BMpobnaTtu konii. [ns nigTpMMKM NOKONiHHS HOBOI nonynsauii HeobxigHO BiATBOPEHHS
OCOOMH Yy HUHIWHIN nonynauil. Ons kpawmx ocobuH BOHM MOBUHHI OyTW 3 HauWnpuaaTHIWKMX OCOBWH
nonepegHboi nonynsauii. GAS iMiTye NPUMPOOHUA MPUHLMN BWXMBAHHA HanWnpuaaTHIWoro, wobd 3pobutn
npouec nowyky. Y TeHETUYHOMY arroputMmi nNpuOAaTHICTb BUKOPUCTOBYETLCA ANA  BUAINEHHS
PENPOAYKTMBHUX O3HaK iHAMBIAAM Y NONyNAUil i, TaKMM YMHOM, Ji€ sK aesika Mipa 4obpoTn, sky HeobxigHo
MakcumizyBaTtu. Lle o3Havae, wo ocobu 3 BULWMM piBHEM NpMOATHOCTI MatuMyTb BinbLUy MMOBIPHICTb ByTH
obpaHnmu KaHAngatTamu Ang noganbloro obcTexeHHs. Ha ubomy etani ocobuHum BubupalroTbCA
BMMAZAKOBMUM YMHOM i3 monynsuii B NOpsiaky npuaatHoi ocobuHw. Lle nokasye, wo ocobwu 3 noraHum
cTaTycoM (i3MYHOI NIArOTOBKM BUNyYalOTbCA 3 HACTynHoI nonynsauii. Tomy uen etan GA ponomarae
BMOpaTn xopowmnx i Ginbw NpMCTOCOBaHUX OCOOMH 3 nonynauii Ans pekombiHauii, Bupobnsitoun HoBe Ta
Aobpe nigirHaHe MOTOMCTBO A4S HACTYMHOro NokosniHHA. [oTim neBHi onepatopu GA BUKOPUCTOBYHOTLCS
Aansa BigibpaHux kaHauaatiB ana pekombiHauii TxHiX xpomocom. Y nitepaTypi GA icHye psig onepaTopis
BIOTBOPEHHS, ane OCHOBHA idesi B yCiX nonsrae B TOMy, WO PsiAKM BuULE CepenHboro BubuparoTbesa 3
MOTOYHOI CYKYMHOCTI, @ X YUCMEeHHi Komil BCTaBMnslOTb y Nyn napyBaHHSA WMOBIpPHO. [lpuaaTtHicTb Yy
GionoriyHOMy CeHCi — LUe UiHHICTb SIKOCTi, sika € MipO pPenpoayKTUBHOI €gEKTUBHOCTI XPOMOCOM.
BuaineHHs 3a3Buyan € nepuinmM onepaTtopomMm, siKM 3aCTOCOBYETLCA A0 CYKYMHOCTI nicnsi kogyBaHHA. Bubip
— LUe onepartop, SKuin CTBOPIOE Binblue KoM Kpawux pagkiB y HOBIM CyKynHocTi. Bigbip — ue npouec
BM3HAYEHHS KiNlbKOCTi pasiB abo BMNpobyBaHb, KON KOHKPETHA 0COBUHA BUOUPAETLCA ANst BIOTBOPEHHS, |,
TakMM YMHOM, KifbKiCTb MOTOMCTBA, SKe AacTb iHAMBIAYYM. Lle KOMMNOHEHT, SiKMiA Hanpaersie anroputMm Ao
piLLEHHS, Bigaaoun nepesary fnogsam 3 BUCOKOK (Pi3UYHOK NiArOTOBKOK, @ HE 3 HM3bKOK. Lle moxe ByTtu
AeTepMiHOBaHa onepadis, ane B GiNbLWOCTI peani3auii BOHa Mae BMNagKkoBi KOMNoHeHTU. MeTta Bigdopy,
3BMYaNHO, Nondarae B ToMy, Wo6 HaronocuTtn Ha Oinbl NpuaaTHUX OocobuHax y nonynauii B Hagil, wo ix
NMOTOMCTBO, Y CBOK Yepry, MaTume Le BuLy nNpuaaTHICTb. Y npoueci Biabopy xpomocoma BuBUpaeTbCA
BiANOBIAHO A0 BUMiptOBaHHS i LinboBoi cyHkuii (6ionor HaseaB Ti dyHKuieto npugaTHocTi). List doyHKuis
MOXe NOoKa3yBaTW AesiKi KOHKPETHI BUMIPIOBAHHS, Taki ik KOPUCHICTb, BUroga abo 6yab—ski iHWi Wini, siki cnig
MakcumidyBatn abo MiHimizyBaTu. KopucHa xpomocoma Ansi KOMitoBaHHA BU3HAYAETbLCA 3@ TUMM XK
dyHKUiaMU. DYHKLIA BIOOOPY BU3HAYae NepcrnekTMBHUN reHETUYHUIA MaTtepian i BU3Hayae, CKinlbku Noro mae
OyTK B HACTYMHOMY MOKOMiHHI. [eHeTUYHMI MaTepian, SKUN cKknagae reHOTUMNU BULLIOT SIKOCTi, AK NpaBuno,
Mae Oinblly NWMOBIPHICTb OMWHUTUCS MOBTOPHO BUKOPUCTAHUM Yy Til YU iHWIAN POpMi B HACTyNHOMY
nokosiHHi. Y GinbwocTi cuctem GP Bigbip 3acCTOCOBYETLCA Ha PiBHI OpraHiamy, a TEPMIH «MapHUA nyn»
O3Ha4yae CXOBMLUE, WO MICTUTb OCOOWH, BigibpaHMX Ans pPo3MHOXEHHs. Xoda cuctemm GP 3asBunyan
BMOMpalOTb reHOTUNK, € W iHWI MOXNUBOCTI. 30Kpema, MOXnuBuMM BUBIp UiNnux Habopis reHoTUNIB
(Hanpuknag, cxem) abo komGiHaLi HabopiB Ta okpeMux reHoTunis. Cxema BiaGOpY reHoTuny BM3Ha4ae
MMOBIpPHICTb TOro, Wo reHotun Oyae BigibpaHO ONA OTPUMaHHS MOTOMCTBA LUMASIXOM CXpeLlyBaHHA abo
MyTauii. 3 MeTol NoLwyKy heHoTMniB, AKi Bce BinbLl NiaxoasaTb, BULLI MMOBIPHOCTI Biabopy npusHavaloTbCs
reHoTunam 3 kpawmmu ceHotunamu. OnepaTtop BigGOpy BUOBMPAE reHOTUMM, BUXOLAYM i3 3aranbHOro
NpUHUMNY, WO Yum Binbll NpucTocoBaHa 0COOMHA, TUM BULLIOKO Mae ByTu i MMOBIpHICTbL ByTun BigibpaHoto
Ans BiaTBOpeHHS. byno 3anponoHoBaHoO, AOCNiAXEHO Ta NOPiBHAHO BaraTto meToais Biabopy. Ak i y Bunagky
3 KOoOyBaHHAM, Ui ONMUCU He JaloTb YiTKMX BKa3iBOK LOAO TOro, SIKMK MeTon Crif BMKOPUCTOBYBATU ANS
BUpILLEHHA AKOi npobrnemu; ue Bce we BigkpuTe nutaHHa ans FA. Bubip moxe npautoBaTtu K i3 3aMiHOH,
Tak i 6e3 Hei. Npn 3amiHi pilleHHs, ke JoOaeTbCs A0 HOBOI GaTbKiBCbKOI CYKYMHOCTI, 36epiraeTbcs B
06’eHaHin CyKynHOCTI, i 4Nnsi HOBOI 6aTbKIBCbKOT CYKYMHOCTI MOXXHa BUBpaTK XopoLUe pilleHHs Kinbka pasis.
BUKOPMCTOBYETLCS TEPMIH i3 3aMiHOI, OCKINbKA BUXIOHWA reHOTMN OOCTYMHUIA ANs noAdanblioro Bigdopy B
Mipy BiAGopy A04aTKkoBOro reHeTudYHoro matepiany. Cuctema He 36epirae nam'aTe Npo nonepeaHin BuGip.
Be3 3amiHu BubBpaHe pilleHHA NOMiWAaeTbca B BaTbKIBCbKY CYKYMHICTb i BUAANSeTbCs 3 KOMOGIHOBaHOI
CYKYMHOCTI, i KOXXHE pilLeHHS MOXHa BUOpaTy nNuwe oauH pa3 Anga HOoBOI GaTbKiBCbKOI CyKynHOCTI. Biabip
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3abes3neyvye pyLWinHy CuUry B TFEHETUYHUX anroputMax. 3 HagTo BEfIMKOK CUMOK FEHETUYHUIM MOLUYK
3aKiH4YMTbCA NnepegyacHo. TakMm YMHOM, BiAbip CNPSIMOBYE reHETUYHUI MOLUYK A0 NePCNEKTUBHUX PETiOHIB Y
NPOCTOpPI MOLUYKY, O MNOKpaWuUTb MPOAYKTMBHICTb FEHETUYHUX anropuTmie. Y 6Ginbwocti GA iHauBian
npeacTaBneHi pagkamm (ikcoBaHOI JOBXWHKM, a CXPELLEHHsA i€ Ha napax iHaMBigyymiB (6aTb|<iB), wob
cTBOpPUTM HOBI psiakn (Hallagku) LnsXoMm 006MiHy cermeHTamm 3 BaTbKiBCbKMX psAKiB. TpaguUiHO KinbKiCTb
TOYOK MEPETUHY (ska BW3HAYaE, CKiNbKM CErmMeHTiB Oyoe o6MiHIOBaTHCS ) Oyna 3adpikcoBaHa Ha fOyxe
HU3bKOMY MOCTIMHOMY 3HauveHHi 1 abo 2. liaTBEpOAXEHHSAM LbOMY PilLEHHSA cTana paHHs poboTta sk
TEOPETMYHOrO, Tak i emMnipuyHoro xapaktepy lonnaHga. HesBaxawum Ha ue, iHWi 3agadi GA OGynu
peanizoBaHi 3a [OMNOMOrOK (HWMX TUMIB cxpelueHHs.. Onepauis cxpellyBaHHs (pekoMmGinauii) ans
napagurMm reHeTU4HOro nporpamyBaHHs CTBOPHKOE Bapiauii B nonynsuii, BUpobnswyM NOTOMCTBO, siKe
noegHye O3Haku Big ABOX GaTtbkiB. CxpelleHHs — ue NpOoCTO 3amiHa AesKkux reHiB ogHoro 3 6artbkiB
BiAMNOBIAHMMM reHamn iHWoro. [Npu cTaTeBOMY PO3MHOXEHHI, SK LUe BUIMagae B peanbHOMY CBITI,
reHeTUYHUN MaTepian ABOX GaTbkKiB 3MiLLYETLCS, KONN raMeTn GaTbkiB 3NMBaOTLCS. 3a3BMyan XpoOMOCOMM
BUNAOKOBMM YMHOM PO3LLENMIOITECA Ta 3NMBAKOTLCS, BHACMIAOK YOro OOHI FreHW AUTUHWU MOXOAATb Bif
ogHoro 3 OaTbkiB, a iHWI — Big iHWKX OGaTbkiB. Llen mexaHiam HasmBaeTbcs cxpelwleHHsM. OgHum 3
YHiKanbHMUX acnekTtiB poboTu, NOB'A3aHOI 3 reHEeTUYHUMU anropuTMaMu, € BaXKNMBa Pofb, SKY CXPELLEHHS
Bigirpae y pospobui Ta peanizauil HaginHUX eBonwouUinHUX cucTem. Onepatop  CXpeLleHHS
BMKOPUCTOBYETLCA [ANs1 pekoMOiHauil ABOX psiAkiB, Wob oTpumaTtn kpawmn psgok. [ig 4Yac pobotwm
CXPeLUeHHsA npouec pekombiHauil CTBOPKE Pi3HUX OCOBMH Yy HACTYMHUX MOKOMIHHAX LUMSIXOM MOEAHAHHSA
maTepiany ABOX OCOOWH nMonepefHbOro MOKOMiHHA. . CXpELLeHHA € AyXe MOTYXXHUM iHCTPYMEHTOM AN
BBeLEeHHS HOBOro reHeTU4YHOoro matepiany Ta NigTPUMKN reHETUYHOro PI3HOMAaHITTS, ane 3 TUM BUOAaTHUM
BMACTUBICTIO, LLO XOpOLi 6aTbKn TakoX HAPOMXKYKTb AOiTer, siKi YCNilWHO npautooTb, abo HaBiTb KpaLiux.
[ekinbka [ocnigXeHb MPUALLNAM OO0 BUCHOBKY, WO CXpewyBaHHS € MPUYUHOK TOro, WO BMAM, WO
PO3MHOXYIOTbCA CTAaTEBUM LUMIAXOM, afanTyBanucs LwwBuaLlle, HixX Ti, WO pO3MHOXYTbcs 6esctateBo. B
OCHOBHOMY, CXPELUEHHS — Lie OOMiH reHamn Mk XxpoMocomamu ABOX OaTbkiB. Y HaMNpOCTIiLWOMY BMNagky
MW MOXEMO peanidyBaTu Len npouec, nepepisaBlun ABi CTPYHU Y BUNAAKOBO BMOpPaHOMY MOMOXEHHI Ta
NOMIHABLUM MicuaMn aBa XxBocTa. [lpu BIOTBOPEHHI Xopowwum psgkaMm Yy nonynadii  iMOBIpHICHO
npusHavaeTbes Binblua KinbKiCTb KoNiK, i pOpMYeETHCS Myn cnaptoBaHHA. Baxxnueo Big3HaumTy, WO Ha eTani
BiTBOPEHHSI HOBUX CTPYH HE YTBOPKOKTLCHA. B onepaTopi CXpeLLUeHHS HOBi pALKMA CTBOPIOKTLCS LUSISIXOM
00OMiHy iHbOopMmaUieto MixX psgkamu cymikHoro nyny. [Bi paakuy, siki 6epyTb yyacTb B onepauii CXpeLleHHs,
BiOOMi AK GaTbKiBCbKi psaKW, a OTpMMaHi psakvM BiAOMI siK AOMipHI pagku. 3 uiel KOHCTPYKUIT iHTYITUBHO
3p03yMino, WO XOpOoLUi Niapaakmn 3 BaTbKiBCbKUX pALKIB MOXHa 06'eaHaTt, Wwob yTBOPUTU KpaLLnii AOYipHIN
PSAOK, SKLWO BMOpAHO BiAMOBIAHMI CalT. 3 BMNAAKOBMM CaNTOM CTBOPEHI AOMIPHI PAOKM MOXYTb MaTh un
He MaTtu KoMOGiHaLuito XOopowunx NigpaaKiB i3 6aTbKiBCbKMX PAAKIB, 3aneXHo Big TOro, YM noTpanuTb caunT
nepeTvHy y BignosigHe Mmicue. Ane ue He BUKITMKAE CEepMO3HOro 3aHENOKOEHHS, TOMY L0 SKWO XOPOLUi
CTPYHM CTBOPIOKOTLCA CXPeELLEeHHsAM, iX Konin Oyae Ginblle B HAcTynHOMY Myni CMNoflyyYeHb, CTBOPEHOrO
CXpeLLeHHAM. 3 uiel OMCKYCil 3pOo3yMino, WO edeKT nepexpecHoro nepexogy moxe 6ytn 3rybHum abo
KOPUCHUM. Taknmm 4nmHOM, Wo6 30epertn aesiki 3 XOpPOoLUMX CTPYH, siKi BXXE MPUCYTHI B COMyYyBaHOMY nyIii,
yCi CTPyHM B Nyri Cnofy4YeHb He BMKOPUCTOBYKOTLCA B CXpelleHHi. OnepaTop cXpelleHHss B OCHOBHOMY
BigNoBigae 3a MoWyK HOBMX PSAKIB, Xo4a onepatop MyTauil TakoX BUKOPUCTOBYETbCA AONA L€l MeTu
nomipHo. LUBnAKiCTb nepexpecHoro nepexogy BU3HA4Ya€e MMOBIPHICTb TOro, WO BiabyAeTbCA CXpPELLEHHS.
CxpelleHHA NopoanTb HOBUX OCOBMH y nonynauil WnaxomMm ob’efHaHHA 4acCTuH iCHYy4YMX ocobuH. baraTo
AOCTiAHMKIB BBaXKatOTb, LLIO KoeillieHT nepexpecHoro nepexoay ctaHoBuTb Big 0,6 go 0,95. OcHoBHa meTa
CXPeLLeHHA nonsarae B 0OMiHi iHhopMauieto Mixk psiakamu, Wob oTpumaTi pAagokK, KUK, MOXINBO, € KpaLum
3a bBatbkiBcbkui. Micns npouecy BioGOpY OCHOBHWI onepatop Afi CTBOPEHHA HOBUX XPOMOCOM, SKUW €
onepaTtopoM KPOCUHroBepy, OOMIHIOE OCHOBHY YaCTMHY KOXHOI 3 ABOX 0B6paHnx XpoMocowm, wob 36epertu
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HaWKpalLi BNacTUBOCTI LUmMX ABOX psagkis. 2.2. O6rpyHTyBaHHA BUOGOPY nporpamHux 3acobis bibnioteka 6yae
peanizoBaHa 3acobamu MoBM nporpamyBaHHsA Python. MoxHa BuginuTu HacTynHi nepesarn Python:
Python — ue moBa nporpamyBaHHsi BMCOKOro piBHsS. 3aBAsku npocToTi Python po3pobHUKM MOXYTb
30cepeanTUca Ha BuUpileHHi npobnemun. Python € iHTepnpeTtoBaHo MOBOM, WO O3Hayae, Wwo Python
Ge3nocepeqHbO BUKOHYE KOO PAOOK 3a psakoMm. Y pasi 6yab—sKoi NOMUMKM BiH 3yNUHSIE noganblue
BMKOHAHHA Ta MoBiJAOMIIAE NPO NOMUIKY, fka ctanacs. Python nokasye nuiie ogHy NOMUIIKY, HaBiTb AKLLO
nporpama MICTUTb Kiflbka noMurnok. Python aeTtomatuyHO npusHayae TN AaHWX Mi4 Yac BUKOHAHHS.
Python nowwproeTbca Ha niueHsito Bigkputoro kody. Lle pobutb Moro 6e3koTOBHUM Y BUKOPUCTaHHI Ta
PO3MOBCIOIKEHHI. BM MOXETe 3aBaHTaXUTU BUXIAHUA KOA, 3MIHUTU MO0 i HaBiTb NOLUMPUTU CBOKD BEPCItO
Python. Lle kopucHO Ans opraHisauin, ki Xo4yTb 3MIHUTW NEeBHY MOBEAIHKY Ta BUKOPUCTOBYBaTW CBOKO
Bepcito Ans po3pobkn. [Npu uLboMy HeobxiAHO 3ayBaxuTti, wWo Python He € igeanbHOO MOBOIO
nporpamyBaHHs. [ig yac Bubopy Takox npunmanucb 40 yBaru i oro Hegoniku. Buwe mu obrosoproBanu,
wo Python € iHTepnpeToBaHO MOBOIK i AMHAMIYHO TUMI30BaHOK MOBO. lopsaKoBe BUKOHaHHS Kogy
4acTo NpW3BOAMTL A0 NOBINBHONO BUKOHaHHA. uHamivyHa npupogda Python Takox Bignosigae 3a noBinbHy
wemAkicTe Python, ockinbku BiH NOBUHEH BWKOHYBAaTW AOAATKOBY poBOTY nif 4ac BMKOHaHHA kody. OTxe,
Python He BrkopucToBYETLCA AN UiNen, Ae WBWAKICTb € BaXKITMBMM acrnekToM npoekTty. LLob 3abesneunTu
NpoCcTOTy Ans po3pobHuka, Python mae 3pobutn HeBenukui komnpomic. MoBa nporpamysaHHs Python
BUMKOPUCTOBYE Benukuii obesar namaTi. Lie moxe OyTy HedonikoM Mg 4ac CTBOPEHHSI Mporpam, Konv mu
BigAaemMo nepesary ontumisadii nam’aTi. Python - ue moBa 3 AMHaMiYHUM TUNOM, TOMY TUM AAHWUX 3MIHHOT
MOXe 3MiHBaTMCA B Byab—akuii Yyac. 3MiHHa, WO MICTUTb Ljife YNCIO, MOXe MICTUTU PSIAOK Y ManibyTHLOMY,
Lo MOXe Mpu3BecTn 40 NOMWIMOK Mif Yac BMKOHAHHA. ToMmy nporpamictam Python HeobxiaHo nposectu
peTenbHe TecTyBaHHs nporpaMm. B paHin poboTi He € OCHOBHMMW NUTAHHA LWBWAKOCTI poboTn Ta
ONTUMArbHOCTI BUKOPUCTaHHA Nam’aTi, WO A03BOSISE HAM He 3BepTaTu yBary Ha nepuli ABa 3 3a3Ha4YeHnx
HeJonikiB. Takox nporpama Mae BiJHOCHO He BWCOKY CKITafHIiCTb, TOMY TPeTin 3 3a3HayeHuX HeJorsikis
TaKOX HEe Mae Benukoro 3HaveHHsl. MoxHa 3pobuTu BUCHOBOK LLIO HE3BaXkaruuM Ha CBOI Hedoniku, MoBa
nporpamyBaHHs Python nobpe niagxoamTe Ans noctasneHol 3agadi. 2.3. Po3pobka anroputMy ontumisail
CrnoXuBaHHA nNanuea B nepLuy Yyepry noTpibHO CTBOPUTU MoAeNb aBTOMOBINS, sika byae BUKOPUCTOBYBaTUCH
ANS OuiHKK areHTiB. [Ina uboro cTBopumo knac Car. Voro atpubyTn 6yayTs 36epirati cTaH aBToMobins —
LWBMAKICTb, LWBMAKICTL OBUryHa, MOMOXEHHA nedanb rady, nepepada, npobir Ta ob6'em nanuea, LLO
3anuwunocsk. [ins 3abesneveHHst kepyBaHHA aBToMobinem cTeopeHi metoam throttle Ta changeGear, sii
A03BOMNATbL 3MIHATY NO3ULI0 Negani rasy Ta nepegady BianoBigHO (iCHye MOXITMBICTb NEPEKNIYNTUCH Ha
OfHY nepeaayy BHU3, arle BOHA He BUKOPUCTOBYETLCS). [nsi 3a6e3neyeHHsi 3BOPOTHOTO 3B'SI3KY MeTon
getState noseptae ctaH aBTomobins. Ha Bunagok, sikwo aBToMobinb 3arnoxHe, CTBOpeHo metog die, akuii
00Hynse KinbkicTb nanuea B 6eH306aKy, Y4MM 3aBepLUye OLIHIOBAHHA OaHOro areHta. Takox metog reset
obHyntoe cTaH aBToMOb6inNs Ta NONoBHIOE Nanueo. [ani NoTpibHO CTBOPUTM METOAM, ANA OHOBIEHHS CTaHy
aBToMOGins. MNepwum Takum metogom € fuelConsumption. e metog 3a dopmynoto a + b*x + c*n +
d*n*x + e*n2 + f*x2, ge N —WBMAaKicTb ABUryHa B obepTax B XBUIMMHY; X — no3uuis negani rasy; g, b, ¢, d,
e, f — koedpiuieHTn, 3HanaeHi ekcnepemeHTanbHUM WwnsaxoM. HactynHuin metog — findForce. B Hbomy
NpoOBOAATLCS OBYMCNEHHA CymapHOI cunu, Wwo gie Ha aBToMobinb. 3 MUTTEBOI BUTpaATM NanuBa 3a
ponomoroto fuelConsumption 3HaxoouTbCA NOTYXHICTb, iIka NePeBOANTBLCA B KPYTHUA MOMEHT ABUryHa,
KPYTHMIA MOMEHT Kofic i, B cuny, Wo Aie Ha aBTomobinb. HacTtynHuii metog accelerate Buknukae meton
findForce sakuin pospaxoBye cuny, WO Aie Ha aBTOMOGiNb, MPUCKOPEHHS Ta OHOBMIOE LWBMAKICTL. MeToa
Mmove 3a AOoNOMOrol OHOBEHOI LWBMAKOCTI obumcnioe npobir. Metoa update nocnifoBHO BUKMMKAE BCi
MeToaW, AN OHOBIIEHHA MUTTEBOro cTaHy aBTomMoGins. licna uboro NoTpiGHO CTBOPUTWM BCi METOAW, LUO
OynoyTb peanisoByBaTu onepauii reHetuyHoro anroputmy. Metog generate_starting_population
reHepye no4vaTkoBy MOMynaAuito. Y KOXHOro reHa € 1% BiporigHOCTI cTaTu KOMaHAOK MNEepekriioYeHHs Ha
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nepegayvy Bropy 1a 99% - 3MiHUTK NONOXEHHS negani rasy. [Ana gpyroro TMny TakoX BUMNALKOBUM YMHOM
reHepyeTbcst no3uuia negani. Metoa select_mating_pool obupae cepen Bciei nonynsuito areHTis, ki
npovwnn Hambinbwy AuctaHuito. MeToa crossover obupae napu areHTiB Ta CTBOPHE iX «NOTOMCTBOY.
Metogq mutation 3miHE B KOXHOMY areHTi 5% reHiB. Y reHa € 5% BiporigHiCTb 3MiHUTU KOMaHAy
(nepekntountn nepeaady abo 3MIHUTM MOMOXEHHS neaani rasy). SAKWO KOMaHZa reHa — 3MIHUTK
NMONOXeHHS neaani rasy, T0 3MiHIOETbLCA HOBe MonoXeHHs. HactynHuim mogynb simulation. Cnovatky
CTBOpPOETLCA 06'ekT knacy Car, akuin Byae BUKOPUCTOBYBATUCh O115 OLiHKW. TakoX 3 CTaHOApTHOro BXoay
OTPUMYETBLCHA PeXUM poboTn nporpamm — BigobpasuTu areHTa 3 Hambinbwwmm npobirom, abo nposecTu
HaBYaHHs. [Ons Toro, LWO6G OLiHUTW areHTa BUKOPUCTOBYETbCS HacTynHwii anroputm (puc.21) -
CTBOPHOETLCA NiunnbHUK time 3 noyatkoBMM 3HaveHHsM 0. Akwo time ginutbca Ha 10 6e3 3anuuky, To
BUKOHYETLCS1 KOMaHa, 3akofoBaHa B reHi mig Homepom time/10. Micns uboro BUKOHYeTbCs MeTom Car
update, 3HayeHHs time 36inbwyeTbcAa Ha oauHuulo. [ani nepesipseTbcs cTaH aBTOMOLINS i, SKLWO
KINbKICTb nNanueBa OGinblie Hyns, TO anropuTM MNOBEPTAETbCA K BWKOHAHHIO reHa, a iHakwe UuuKn
nepepmBaeTbCda i BUKOHYETbCA MeTon Cdar restart (pvlc.2.2). Puc.2.1 - Bbnok cxema anroputMy OLIHKK
areHTa B pexvMi BigobpakeHHs HanKpalloro areHTa 34MTyeTbCsi reHom 3 cpanny bestAgent.txt Ta
NpOXoauTb MOro OuiHKa. TakoX B KOXXHUA MOMEHT DIKCYETbCA CTaH aBTOMODInNS, WO A03BOSISE NICNA OLIHKN
Bigobpa3utn ix y Bumsagi rpadiky. Puc.2.2 - bnok-cxema reHeTMyHoro anroputmy B pexumi cumynsuii
CTBOPIOETLCA nonynauia. lNepesipaeTbca un icHye dann currentPop.txt. Akwo BiH iCHye — 3 HboOro
34UMTYETBCA NONyNAUis | NPOAOBXYETLCA 1 HaBYaHHSA, iHaKWwe nonynsuis CTBOPHETLCA METOOOM
generate_starting_population. Jani npoBoaMTbCS OLIHKa KOXHOMO areHta, mpyv Yomy pesynstar
KOXXHOro 36epiraetbes. Takox nonynauis sanucyetbes B dann currentPop.txt ona MoxnvBeocTi BiAHOBUTYU
HaBYaHHA y BWNagKy MNOro eKCTpeHoro nepepuBaHHa. 3 nonynsauii metogom select_mating_pool
00OMpaEeTbCA NONOBMHA areHTIB 3 HaKpaLLMM pe3ynbTaToM, MiCrs Yoro Ha iX OCHOBI 3a JONOMOrOK METOAIB
crossover Ta mutation cTBoprETLCA HACTYNMHE MOKOMIHHSA, AKMM 3aMIHIOETLCS TipLua NOMIoBMHA MNONynsALii.
Micna 4oro uen uUMKN NOBTOPHOETbCA. [licns HaBY4aHHA 34MTYETbCA reHoMm 3 pamny bestAgent.txt Ta
NMOPIBHIOETBCA 3 HaWKpaLUMM areHTOM Uiel Cecil. AKLWO HOBUW areHT OOCAr Kpawioro pesynsrarty, TO Moro
reHOM 3anncyeTbCs B Len ann. AKWo danny He iCHYe, TO BiH CTBOPHOETHCA i B HbOrO 3anUCYETbCA FEHOM
kpalloro areHTa uiei cecii. PO30IN1 3 PO3POBKA MPOMPAMHOI CUCTEMW 3.1. Onuc gaHux nporpamu
OcHoBHa cTpykTypa AaHux — knac Car. BiH npegcraensie coboto mogens aBtomobins. Llen knac 36epirae
MUTTEBUI CTaH aBTOMOGINA — LWBUAKICTb, LUBMAKICTb ABUIYHA, NONOXEHHA negani rady, nepegaya, npobir Ta
KiNbKiCTb Nanuea B 6eH306aKy. Moro dyHKLioHanbHICTL BKMoYae B cebe 3MiHy no3uuii neaani rasy i amiHy
nepenadi, 064MCNEeHHa BUTpPaTU Nanuea, 3aranbHOl CUNK, WO Aie Ha aBTOMObinb, NPUCKOPEHHS], OHOBMNEHHS
MWUTTEBOIO CTaHy Ta NMOBEPHEHHSI NOro. TakoX BaXNMBOK CTPYKTYPOIO AaHUX € NUMpPY array population,
B sAKOMYy 36epiraeTbCsi NOTOMHE MOKOMiHHA. BiH € TpboxBuUMipHMM Macusom. [Nepwwnin BUMIp Bignosigae
HOMepaM areHTiB. [eHOM KOXHOro areHta npeacTtaBnsie cobow nocnigoBHiCTb komaHd. KoxHa komaHaa
ckrnagaeTbes 3 ABOX YacTuH — yncno 0 abo 1, wo signosigae komaHgam 3aMiHUTU nepegadvy abo NonoXeHHs
negani rasdy i cneundikauii: B Bunagky 3amiHn nepegadi takox O abo 1, wo Bignosigae 3MiHi nepegadi Ha
oauvH Bropy abo BHM3, B BUNagKy negani rasy — uncno B gianasoHi Big 0 go 100, Hackinbky negans Buxara,
Ae 0 o3Hayae WO Ha neganb HeMae xogHoro Tucky, a 100 — neganb NOBHICTIO BMKaTa. Takox nporpama
Bknovae cnuckn speedPlot, rpsPlot, gearPlot, throttlePlot Ta rangePlot, ski 36epiraloTb BignNoBIAHO
WBMAKICTb, WBUAKICTb OBUrYHa, nepegdady Ta NOMOXeEHHs nejani rasy Ans KOXXHOro MOMEHTY 4yacy Ta
HaMbinbly [anbHICTb Ha KOXHOMY MOKOMiHHI. [Mepwi 4YOoTMpWM BUKOPUCTOBYIOTBCS LWOO BIOCTEXUTH
NnoBefiHKY Kpaworo areHTa B KOXHOMY MOKOMiHHI abo 3aranoMm, a OCTaHHIn ANSA BiACTEXEHHS POCTy
edeKkTMBHOCTI 3 nokoniHHaMu. 3.2. Onuc nporpamMHMx moaynie Nporpama cknagaeTbcs 3 TPbOX MOAYNIB:
model.py, ga.py, simulation.py. Mogyne model.py Bknoyae B cebe kmac CAr Ta WOro napameTpu.
Mepwa YacTuHa BkNoYae 06'ABNEHHA Ta HadaHHSA 3HA4YeHHsA napamMmeTpam, SKi 6yayTb BUKOPUCTOBYBATUCH
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nig 4ac mogentoBaHHA aBToMobins. Cepen HUX isWYHiI KOHCTaHTU Ta cneuudikauii aBTomobins. from
math import pi #MepegasanbHi uicna TpaHcmicii gearRatios = [3.091, 1.864, 1.321, 1.029, 0.794]
#TepepatoyHe umucrno kiHueBoi nepegadi finalDrive = 4.067 #Pagiyc koneca wheelRadius = 0.2413
#OkpyxHicTb koneca wheelCircumference = wheelRadius * 2 * pi #MakcumanbHuin o6'em nanvea
maxFuel = 53 #Maca astomo6ina mass = 1710 #KoediuieHT ranbmMyBaHHA OBUIYHOM
engineBrakingCoefficient = 0.5 #ConpotuBneHne Bosgyxa aerodeynamicResistance = 0.33
#lnowaab noBepxHOCTN Bo3gywHoro notoka airflowSurface = 3 #lyctota nositps airDensity = 1.25
#Conpotuenenne kouveHus rollingResistance = 0.01 #[lpuckopeHHa csobogHoro nagiHHa g = 9.8
#KoeddiuieHT kopucHoi aii asuryHa efficiency = 0.5 #EHeproemhictb nanusa energylintensity =
1700000 KoediuieHTn ona ob4mMcneHHs BuTpaT nanuea Big NOMOXEHHs negani rasy Ta WBUAKOCTI ABUryHA
a = 0.76712 [ 3600 b = -0.25558 /[ 3600 ¢ = 1.004*10**-3 [ 3600 d = 1.95*10**-5 [ 3600 e =
-11*¥10**-7 [ 3600 f = 0.0175 [/ 3600 MMicns LpOro CTBOPIOETLCS knac aBTomMobinb. class Car(): B meTopi

init cTBOptotoTECA aTpUbyTH, SAKi BUKOPUCTOBYIOTbCS AN 36epiraHHA MWUTTEBOrO CTaHy aBTomobins Ta
iHiLianisyeTbea ioro novatkosui ctaH. def __init__(self, startRps = 0): self.fuel = maxFuel self.rps =
startRps self.throttlePosition = 0 self.gear = 0 self.mileage = 0 self.speed = self.rps / finalDrive /
gearRatios[self.gear] * wheelCircumference HacTynHi MeTomu npusHaueHi ana 3abesnedeHHs
kepyBaHHs. def throttle(self, throttlePosition): self.throttlePosition = throttlePosition def
ChangeGear(self, a): if a == 1 if self.gear < 4: self.gear += 1 else: if self.gear > 0: self.gear -=

Meton getState noseptac cTaH asTomobins. def getState(self): state = { "speed"self.speed,
‘rps"self.rps, "gear”self.gear, "fuel”self.fuel, "mileage”self.mileage, "throttle":self.throttlePosition}
return state Mertoan npusHadeHi Ana MopgentoBaHHs aBTomobinga. def fueIConsumption(seIf,
timeStep): n = self.rps * 60 x = self.throttlePosition dfuel = a+b*x+c*n+d*n*x+e*n*n+f*x*x if
selffuel < dfuel: dfuel = selffuel return dfuel def update(self, timeStep): selffuel -=
self.fuelConsumption(timeStep) self. move(timeStep) self.accelerate(timeStep) def
findForce(self, timeStep): if selfrps < 1. self.die() return power = energylntensity *
self.fuelConsumption(timeStep) * efficiency / timeStep engineTorque = power * 0.16 / self.rps
engineTorque -= engineBrakingCoefficient * self.rps wheelForce = engineTorque *
gearRatios[self.gear] * finalbrive [ 2 | wheelRadius airDrag = airDensity *
aerodeynamicResistance * airflowSurface * self.speed*self.speed [ 2 rollingDrag =
rollingResistance * mass * g * 4 force = wheelForce - airDrag - rollingDrag return force def
accelerate(self, timeStep): a = self.findForce(timeStep) / mass self.speed += a * timeStep
self.rps = self.speed |/ wheelCircumference * finalDrive * gearRatios[self.gear] def move(self,
timeStep): self mileage += self.speed * timeStep Meton restart npusHavenui gns Toro, LWO6
nosepHyTM aBToMobinb B iforo nouatkosuin ctaH. def restart(self, startRps = 0): self.fuel = maxFuel
self.rps = startRps self.throttlePosition = 0 self.gear = 0 self.mileage = 0 self.speed = self.rps /
finalDrive [ gearRatios|[self.gear] * wheelCircumference OcTaHHiit MeTOA BUKOPUCTOBYETLCSA B OAHIi
cuTyauil — Konu aABuryH rnoxHe. KinbkicTb nanuea o6HYNETLCS AN TOro, Wob nokasaTtu Lo OLiHKa AaHoro
areHTy 3akinueHa. def die(self): self.fuel = 0 Mogynb ga.py MicTUTb dyHKLUii, Wo 3a6esnedyioTb po6oTy

reHeTMYHOro anropuTMy. import numpy Meplwuii MeToa LbOro MOAYMS CTBOPKOE NOYATKOBY NOMymsLilo.
AreHTn MatoTb HaCTyMNHY CTPYKTYPY — KOXHWWA reH CKNnagaeTbCcs 3 ABOX YaCTUH — 3 KOMaHaM i cneundikadii.
def generate_starting_population(num, size): #BunagkoBum 4YMHOM CTBOPIOE Meplue MOKOMiHHS
nonynsuii pop = numpy.ndarray((num, size, 2)) val = numpy.random.uniform(0, 100, (num,
size)) for i in range(num): for j in range(size): if valli][j] <=1: popli][jl[0] = 0 popli][jl[1] =1 else:
poplil[jl[o] = 1 poplil[jl[1] = numpy.random.uniform(0, 100) return pop HactynHwnit meton 3
nonynauii Bigbupae NuM_parents Hankpalmnx areHTiB, Ha OCHOBI KOTpuX Oyde CTBOpeHe HacTynHe
nokonivva  def  select_mating_pool(pop,  fitness, = num_parents):  parents =
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numpy.empty((num_parents, pop.shape(l], 2)) for parent_num in range(num_parents):

max_fitness_idx = numpy.where(fitness == numpy.max(fitness)) max_fitness_idx =
max_fitness_idx[0][0] parents[parent_num, ] = pop[max_fitness_idx, ]
fitness[max_fitness_idx] = -99999999999 return parents Llen wmeton peanisye onepauito
CXPELLEHHS. def crossover(parents, offspring_size): H#CxpelleHHs offspring =
numpy.empty(offspring_size) crossover_point = numpy.uint8(offspring_size[1]/2) for k in
range(offspring_size[0]): parent]_idx = k%parents.shape|[0] parent2_idx =
(k+1)%parents.shape[0] offspring[k, O:crossover_point] = parents[parentl_idx,
O:crossover_point] offspring[k, crossover_point:] = parents[parent2_idx, crossover_point:]
return offspring B upomy metoai peanidyetbcs onepaduis mytauii def mutotion(offspring_crossover):
#MyrTauis for idx in range(offspring_crossover.shape[0]): for [ in
range(offspring_crossover.shape[l] [/ 20): gene_idx = int(humpy.random.uniform(0,
offspring_crossover.shape[1])) if offspring_crossover[idx][gene_idx][0] == 1. change =
numpy.random.uniform(0, 20) if change == 1. offspring_crossover[idx][gene_idx][0] = 0

offspring_crossover[idx][gene_idx][1] = 1 else: random_value = numpy.random.uniform(-50,
50, 1) offspring_crossover[idx][gene_idx][1] += random_value if offspring_crossover|idx]
[gene_idx][1] > 100: offspring_crossover|idx][gene_idx][1] = 100 elif offspring_crossover[idx]

[gene_idx][1]] <« 0. offspring_crossover|idx][gene_idx][1]] = 0 else: change =
numpy.random.uniform(0, 20) if change == 1. offspring_crossover[idx|[gene_idx|[0] = 1
offspring_crossover[idx][gene_idx][1] = numpy.random.uniform(0, 100) return

offspring_crossover Mogyne simulation.py. import matplotlib.pyplot as plt import numpy import
os from model import Car import ga Crnoyatky CTBOPIOKTLCA 3MiHHI, AKi OyAyTb BUKOPUCTOBYBATUCH
ana cumynauii. Cnuckn speedPlot, rpsPlot, gearPlot Tta throtlePlot npusnaveni ana Toro, wo6
Bino6pa3snTK CTpaTerito KepyBaHHs, siky BUKOpUCTOBYE areHT. speedPlot = [] rpsPlot = [] gearPlot = []
throttlePlot = [] HacTynHi aminHi BuKOpUCTOBylOTbCA ans cumynsuii. startRps = 18 car =
Car(startRps=startRps) timeStep = 0. comands = [car.ChangeGear, car.throttle] mode =
input() generationsNumber = 2000 populationSize = 100 genomeSize = 1000 bestGenome =

None fitness = [0] * populationSize parentsNumber = 50 Akuio obpaHo pexum showBest, To
nporpama Bigo6pasuTb cTpaTerito, Ky BUKOPUCTOBYE Kpaliuii areHT. if mode == "showBest": time = 0
script = numpy.ndarray((genomeSize, 2)) with open(‘bestAgent.txt’, r) as f:

genomeCommands = [float(x) for x in f.readline().split()] genomeSpecifications = [float(x) for
x in f.readline().split()] for j in range(genomesize): script[j][0] = genomeCommands]j] script|j]
[1] = genomesSpecifications|j] while car.getState()["fuel']: if time//10 < len(script) and time % 10
== 0: comands[int(script[time//10][0])](int(script[time//10][1])) car.update(timeStep) time +=
1 state = cargetState() speedPlot.append(state['speed’]) rpsPlot.append(state['rps’])
gearPlot.append(state[‘gear’]) throttlePlot.append(state[ throttle"]) plt.subplot(221)
plt.plot(range(time), rpsPlot, linewidth=2.0) plt.ylabel("Revjlutions per Second") plt.subplot(222)
pltplot(range(time),  speedPlot,  linewidth=2.0)  pltylabel("Speed’)  plt.subplot(223)
plt.plot(range(time), throttlePlot, linewidth=2.0) plt.ylabel("Throttle Position") plt.subplot(224)
plt.plot(range(time), gearPlot, linewidth=2.0) pltylabel("Gear") plt.show() IHakwe 6yae cTBopeHo
HOBy MOMynAuild Ta NpoOBOAWTL  HaBuaHHA. else: rangePlot =[] population =
numpy.array((populationSize, genomesSize, 2)) g = 0 B npoueci HaB4aHHA KOXHE HOBE MOKOMIHHS
36epiraeTbea B thanni currentPop wob y BUNagky sKWo HaB4YaHHS Byno eKCTpeHo 3ynuHeHa, Noro MoXxHa
6yno NPOAOBXMTM 3 OCTAHHBLOTO CTBOPEHOro mokoniHHs. try: with open("currentPop.txt”, 'r') as f: g =
int(f.readline().split()[0]) + 1 for i in range(populationSize): genomeCommands = [int(x) for x in
freadline().split] genomeSpecifications = [float(x) for x in freadline().split] for j in
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range(genomesSize): population[i][j][0] = genomeCommands[j] population[i][j][1] =
genomeSpecifications|j] Skwo 36epexeHoro MOKoMiHHA Hemae, TO CTBOPKETbCS HOBe. except:

population = ga.generate_starting_population(populationSize, genomesSize) while g <
generationsNumber: Ouivka for s in range(population.shape[0]): script = population[s] time = 0
while car.getState()["fuel']: if time//10 < len(script) and time % 10 == O

comands|int(script[time//10][0])](int(script[time//10][1])) car.update(timeStep) time += 1
fitness[s] = car.getState()['mileage”’] car.restart(startRps=startRps) CTBOpoETLCS HOBE MOKOMiIHHA
Ta 36epiracTbca B chaiin currentPop parents = ga.select_mating_pool(population, fitness,
parentsNumber) bestGenome = ga.select_mating_pool(population, fitness, 1)[0] population =

ga.crossover(parents, (populationSize//2, genomesize, 2)) population =
ga.mutation(population) population = numpy.concatenate((population, parents)) g += 1 with
open(‘currentPop.txt’, "w') as f log = [] logappend(str(int(g))+\n") for i in
range(populationSize): genomeCommands = " genomeSpecifications = ™ for j in
range(genomesSize): genomeCommands  +=  str(int(population[i][j][0])) +

genomeSpecifications  += str(population[i][j][1]) + ' ' genomeCommands += "\n"
genomeSpecifications += "\n" log.append(genomeCommands)

log.append(genomeSpecifications) fwritelines(log) Lle pas npoBoaMTLCS OLUHKA HaiiKpaLLOro
areHTa B MOKOIiHHiI ans TOro, wob Binob6pasnTtun noro cTparTerito KepyBaHHS.
rangePlot.append(max(fitness)) script = bestGenome time = 0 while car.getState()["fuel']: if

time//10 < len(script) and time % 10 == 0: comands[int(script[time//10][0])]
(int(script[time//10][1])) carupdate(timeStep) time += 1 state = car.getState()
speedPlot.append(state['speed']) rpsPlot.append(state['rps’]) gearPlot.append(state[‘gear’])
throttlePlot.append(state[ throttle"]) plt.subplot(321) plt.plot(range(time), rpsPlot,

linewidth=2.0) plt.subplot(322) plt.plot(range(time), speedPlot, linewidth=2.0) plt.subplot(323)
plt.plot(range(time), throttlePlot, linewidth=2.0) plt.subplot(324) plt.plot(range(time), gearPlot,
linewidth=2.0) plt.subplot(325) try: plt.plot(range(g), rangePlot, linewidth=2.0) except: pass
speedPlot = [] rpsPlot = [] gearPlot = [] throttlePlot = [] plt.show() Micna HasyanHs HaiikpalLmii
areHT AaHoi cecii NOPIBHIOETLCA 3 HaWKpaLLMM areHTom 3 cpaiiny bestAgent.txt. Micns uboro Ton 3 HKX, XTO
nokasas Kpalmil pesynbrar, 36epiracTbcs B Lelt daiin. try: f = open("bestAgent.txt’, 'r") script =
bestGenome time = 0 car.restart() while car.getState()["fuel]: if time//10 < len(script) and time
% 10 == 0: comands[int(script[time//10][0])](int(script[time//10][1])) car.update(timeStep)
time += 1 state = car.getState() distance = state['mileage’] genomeCommands = [int(x) for x
in freadline().split] genomesSpecifications = [float(x) for x in freadline().split] for j in
range(genomesize): script[j][0] = genomeCommands|j] script[j][1] = genomeSpecifications|j]
f.close() car.restart() time = 0 while car.getState()["fuel’]: if time//10 < len(script) and time % 10
== 0: comands[int(script[time//10][0])](int(script[time//10][1])) car.update(timeStep) time +=
1 state = cargetState() speedPlot.append(state['speed’]) rpsPlot.append(state['rps’])
gearPlot.append(state[‘gear’]) throttlePlot.append(state| throttle"]) maxDistance =
state['mileage’] if distance > maxDistance: with open(‘bestAgentitxt’, "w') as f:
genomeCommands = " genomeSpecifications = ™ for j in range(genomesSize):
genomeCommands += str(int(populationli][jl[0])) + ' ' genomeSpecifications +=
str(population[i][jl[1]) + ' ' genomeCommands += "\n" genomeSpecifications += "\n"
f.writelines(genomeCommands, genomeSpecifications) except: with open("bestAgent.txt”, "w")
as f: genomeCommands = " genomeSpecifications = ™ for j in range(genomeSize):
genomeCommands+=str(int(population[i][j][0]))+ ' genomeSpecifications+=str(population|i]
10D+ ' genomeCommands += "\n" genomeSpecifications += "\n"
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f.writelines([genomeCommands, genomeSpecifications]) os.remove('currentPop.txt”) B kiHui
nporpamn Buaansetbca dann currentPop.txt. o6 nokasatn WO HaB4YaHHA 3akiH4YeHo, nporpama
3aKkiHYeHa B LUTATHOMY pPeXuMi i Hemae HeobxigHOCTI NpoaoBXyBaTh cecito. [1ig Yac HacTynHOro 3anycky
nporpamu Byge CTBOpPEHO HOBY MONynsUilo i HaBYaHHA Oyae npoBoaMTUCH 3 nodvatky. 3.3. TecTyBaHHSA
cUCTEMM OMTUMI3aUil CMOXMBAHHA nanveBa TecTyBaHHA MpPOrpamMu po3noYMHAEMO 3 PEXUMY HaBYaHHS.
Micns M'SITUCOT MOKOMiHb MU MaeMo HacTynHuii rpadik (puc.3.1). Puc.3.1 - PicT edekTBHOCTI areHTiB 3
nokoniHHaMM Ha puc.3.1 BigobpaxaeTbecsa pesynbraT HankpaLloro areHTy B KOXKHOMY MOKOMiHHI. BuaHo, wo 3
YacoM BiabGyBa€eTbCsl PICT e(PEKTUBHOCTI CTpaTerii KepyBaHHS, sika BUKOPUCTOBYETbLCA areHTamu. AKLO
3anycTuTU nporpamy B pexuMi BigobpaXKeHHs HanKpalloro areHTy, TO (QOpMYKTbCA rpadikm nosuuisa
nenani rasy, BBIMKHeHoi nepenadi, o6epTiB ABUryHa Ta LBMakicTb aBTomobing (puc.3.2). a) 6) B) r) Puc.
3.2 — Pe3ynbraTv MofenioBaHHs po6oTW anropuTMmy: a) nosuuis neaani rasy; 6) BeBiMKHeHa nepenava; B)
o6epT ABUrYHa; r) LWBUOKICTL aBToMOGins. 3 rpadikis (puc.3.2) MoxHa noBaunTy cTpaterito, sKy
BMKOPUCTOBYE areHT. CnoyaTtky BiH niaBuye obepTn aBTOMOOGIiNS, 3a paxyHOK 4Oro mae MpPUCKOPEHHS, i
WBWOKO MEpeKrovaeTbCa Ha HamBuwy nepefady, nicns uUbOro 3MeHwye obepTu i TpumMae MOCTiNHY
WwBMAKICTb. Lis cTpaTeris cniBnagae 3 BuleHaBegeHOK TEOPETUYHOK CTpaTerieto KepyBaHHS. Y 3B'A3KYy 3
NpUPOOOI0 areHTy, CTBOPEHOIo HW3KOK BUMAAKOBUX 3MiH, areHT He TpuMMae MOCTINHI WBUAKICTL OBUTYHA,
LWBMAKICTb aBTOMOOINA Ta no3uuito negani rady, ane MoxHa nobadntn Wo WBUAKICTb ABUryHa Micns
PO3roHy KonuBaeTbcst HaBkono 50 06./c, a WweuakicTb aBToMobins — 25 M/c. MoxHa 3poBUTH MPUMYLLEHHS,
LLIO OS5 KOHKPETHOro aBTOMOOBINS, KN BUKOPUCTOBYETLCS ANA HABYaHHA areHTiB Ui 3Ha4yeHHs1 6nm3bki 0o
ontumanbHux. BUCHOBKW [Onsa BMKOHaHHA Benu4ye3HuMx o06’'eMiB nepeBe3eHb PIi3HUX BaHTaxiB, WO
HeobXigHi Ana YHKUIOHYBaHHS Cy4acHOI eKOHOMIKW, MIOACTBO BUKOPUCTOBYE Ge3nid Hampi3HOMaHITHILINX
TpaHcnopTHMX 3acobiB. Ha cborogHi nepeBaxHa OiNbWICTb TPAHCMOPTHUX 3agavy  BUKOHYKOTbCSH
TPaHCNOPTHMMK 3acobamu, KOTpi B SKOCTI QKepena MeXaHiYyHOi eHeprii BMKOPUCTOBYIOTb ABUIYHU
BHYTPILLHbOIO 3ropaHHsA. 3pPOCTaHHA HaCEeneHHs,, PiCT EKOHOMIKM TArHyTb 3a cobok HeoOXigHiCTb
36inbLlyBaT 06CArM NepeBes3eHb, i, AK Hacnigok, 30inblweHHa BuTpat nanuea. Lo, B CBOK 4epry, oKpim
€KOHOMIYHWUX BTpAT, TsirHe 3a coboto e 1 eKonorivHi Hacnigkn. HanbinbL KinbkicHAM BUOOM TpaHCMopTy 3
ABUTYHOM BHYTPILIHBbOIO 3ropaHHA Hapasdi € aBTomobinb. ToMmy GaxaHe 3MeHLIEHHSI CyKynHuX BuTpar
nanuea NPSAMO 3anexuTb Bid MOXIMBOCTI 3MEHLLUEHHS BUTPAT nanuea aBTomMobinsMmu. ICHye Kinbka nigxoais
Ans 3abesnevyeHHs1 3MEHLWEHHA BATpAT Nanuea. B nepluy vepry ue nocTiiHe BAOCKOHANEHHSI KOHCTPYKLi
ABUIYHIB Anga gocsarHeHHs Hamsuworo KKI. HactynHum nigxig — nobygoBa onTUManbHOI NOTICTUMKK, siKa
3a6e3ne4nTb 3MEHLLEHHS HEOBXIQHOCTI KiNnbKOCTi aBTOMOBGINIB Ta 3MeHLEHHs1 CyKynHuUx npobiris. LLe ogHum
nigxo4oM Ans NoKpalleHHS NMOKa3HUKIB BUKOPUCTaHHSA nanvea, Moxe ByTu po3pobka cTpaTterii KepyBaHHSA
aBTOMObGinem 3 ypaxyBaHHAM OCOOMMBOCTEN KOHCTPYKUIl ABUryHa BHYTPIWHLOrO 3ropaHHs. B poborTi
PO3rMAHYTO NPUHUMM poBOoTN aBTOMOBINBLHOrO ABUryHa BHYTPILWHLOIO 3ropaHHs, Ta CTBOPEHO CMpPOLLEHY
MoZernb NerkoBoro aBToMobins, KoTpa A03BOMSE po3paxyBaTu MUTTEBY BUTPATY Nanvea B 3aNeXHOCTi Bif
pexumy poboTu ABUryHa Ta MOSIOXKEHHI OpraHiB KepyBaHHS. BukopucTaHHA Takoi mogeni [o03Bonde
obuncnnTn CykynHy BUTpaTy NanbHOro ABUIyHOM aBTOMOOINSA Npy NPOXOMAXKEHHI NMEBHOrO Bifpi3Kka LUMSXy 3
ypaxyBaHHAM cTpaTerii KepyBaHHA HUM, a camMe — IHTEHCMBHOCTI HAaTUCHEHHS Ha nejarnb akcenepatopa,
0bepTiB ABUryHa, Ha SKkMX BiAOyBaeTbCA NepeMuKaHHsA nepead, iHTEHCUBHOCTI raribMyBaHHS, Towo. Ons
MOLLUYKY ONTUManbHOI CTpaterii kKepyBaHHS aBTOMOGINeM BUKOPUCTAHO reHETUYHUIA anroputm. B oTpumaHin
cTparerii MOXHa BUAINMUTU OCHOBHI TEHOEHLIT — areHT Ha noyaTKy LWNAXY MepeknioyacTbCa Ha HanBuLly
nepegayy Ta NPoOAOBXKYE PyX 3 BiAHOCHO MOCTINHOW WBKUAKICTIO. Lia cTpaTerisa Bignosigae npeacrasrneHin B
nepwwomy po3gini poboTn TeopeTUYHIn onTumManbHin ctpaterii. Mpu 36inblWeHHI BUAINEHOro Ans HaB4YaHHSA
anroputMy u4acy edqeKTMBHICTb OTpUMaHoi cTpaTterii kepyBaHHS 36inbliyeTbes. PEKOMEHOALIT
PospobneHunin metog Ta nporpamHe 3abe3nedeHHs [O3BONISiE MOAernoBaTtv MUTTEBY BUTpaTy nanvea
ABUTYHOM aBTOMODINs, Ta, BUKOPUCTOBYHOYUM Ui AaHi, 3HAaXoOUTU ONTMMarnbHy 3 TOYKM 30py MiHimisauii
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BMTPAT NanuBa CTpaterilo KepyBaHHA aBTomobinem. [lporpama Moxe BMKOPUCTOBYBATUCb SIK YacTUHA
KOMMSIeKCy nporpamMHoro 3abesneyeHHs Ans onTumisauii BUTpaT nanbHOro, Tak i OKpemo, Ansi NpoBeAEeHHS
oBumcnioBanbHNUX eKCnepuMeHTIB ANst ABUrYHIB 3 pisHUMuK xapakTtepuctukamu. NMEPENIK BUKOPUCTAHNX
MKEPEN 1. Andrew Owusu-Hemeng, Working Principles of Genetic Algorithm, IPMP Journal of
Management & Science, 2018 2. Branislav Sarkan, Vehicle fuel consumption prediction based
on the data record obtained from an engine control unit, ResearchGate, 2019 3. Carpenter M.H,,
Mathematical modelling of spark-ignition engines, Butterworth & Co., 1985 4. Greenhouse Gas
Inventory Data EXp|Ol’er[EJ'IeKTp0HHI/Il71 pecypc] - Pexxunm aoctyny:
https://cfpub.epa.gov/ghgdata/inventoryexplorer/ 5. Hadi Adibi-Asl, Math-based Spark
Ignition Engine Modelling Including Emission Prediction for Control Applications, Inderscience,
2015 6. Iztok Ciglaric, Vehicle Dynamics Simulation, Part 1: Mathematical Model, International
Design Conference — Design, 2002 7. Mengxi Wu, Optimal Driving Strategies for Minimizing Fuel
Consumption and Travelling Time, KTH SCI, 2013 8. Shunan Lan, Genetic algorithm optimization
research based on simulated annealing, IEEE, 2016 9. Yao Zhou, Study On Genetic Algorithm
Improvement And Application, Worcester Polytechnic Institute, 2006 10. BupcaHckn 3.,
leHeTuyeckne anroputmbl Ha Python, usgatenscteo MK [Mpecc, 2020 11. MpuumnwmuH A.M., Koprnmnsos
0.B., Kpusun P.3., CsipigoBa T.B., TkaueHko C.I. leHeTn4Hi anroputMu ans po3s’sa3aHHA 3aga4 pO3MilLeHHS
/| HauioHanbHwii yHiBepcuTeT “JIbBiBCbka nonitexHika”, 2009 12. N'ynaesa H.M. EBontouiviHi anroputmm //
BicHuk KuiBcbkoro HauioHanbHOro yHiBepcuteTy iMeHi Tapaca LUesyeHka Cepis @ismko-martemaTuyHi
Haykn, 2013 13. T'ynanunubkuin J1.®.,, Myneca O.FO. lNMpuknagHi metogn KomGiHaTOpHOI onTumisadii //
KuiBcbknin HauioHanbHun YHiBepcuteT ImeHi Tapaca LesyeHka, 2016 14. Jlata B.H. OcHoBbl
MOZENMPOBaHUS yrpaBnsieMoro ABikeHust asTomobuns [/ Wspatenbcteo TIY, 2012 15. Makcumos H.M.,
KopHsikoBa O.1O., lonoBaHb M.H. MaTtemaTtnyeckaa moaenb MexaHU4YeCKoM YyacTu ABuUratens BHYTPEHHEro
cropaHus // Bcepoccuiickaa HayyHas KoHdepeHums «[ocTmkeHus Haykm n TexHonormi-AHunT-2021»,
2021 16. MyxwukoB |.O. PeanisaLjsi napanensHoro reHetnyHoro anroputmy [/ YKutomupcbkuii aepxaBHuiA
TexHonoriyHun yHisepcutet 17. LyknHa B.H. AHann3 meTtogoB onpegeneHns MexaHn4eckux notepb s nux
nocnegylwero npumMeHeHns B npouecce akcnnyatauuun, 2016 OOOATKN [opatok A. BuxigHui dann
ga.py import numpy def generate_starting_population(num, size): #Bunagkosum umHOM
CTBOPIOE neplle nokoniHHg nonynsuii  pop = numpy.ndarray((num, size, 2)) val =
numpy.random.uniform(0, 100, (num, size)) for i in range(num): for j in range(size): if valli][j] <=
1: poplilljllo] = 0 popli][jl[1] = 1 else: poplilljl[0] = 1 poplilljl[1] = numpy.random.uniform(0,
100) return pop def select_mating_pool(pop, fitness, num_parents): #3 yciei nonynsuii sinbupae
nuM_parents Harkpawmx areHTiB, Ha OCHOBI KOTpUX Oyade CTBOpeHe HacTynHe MOKONiHHA parents =
numpy.empty((num_parents, pop.shape(l], 2)) for parent_num in range(num_parents):

max_fitness_idx = numpy.where(fitness == numpy.max(fitness)) max_fitness_idx =
max_fitness_idx[0][0] parents[parent_num, ] = pop[max_fitness_idx, ]
fitness[max_fitness_idx] = -99999999999 return parents def crossover(parents,
offspring_size): #CxpeuweHnHns offspring = numpy.empty(offspring_size) crossover_point =

numpy.uint8(offspring_size[1]/2) for k in range(offspring_size[0]): parentl_idx =
k%parents.shape[0] parent2_idx = (k+1)%parents.shape[0] offspring[k, O:crossover_point] =
parents[parentl_idx, 0:crossover_point]| offspring[k, crossover_point:] = parents[parent2_idx,
crossover_point:] return offspring def mutation(offspring_crossover): #MyTauia for idx in
range(offspring_crossover.shape[0]): for i in range(offspring_crossover.shape(l] [/ 20):
gene_idx = int(numpy.random.uniform(0, offspring_crossover.shape(1])) if
offspring_crossover[idx][gene_idx][0] == 1: change = numpy.random.uniform(0, 20) if change
== 1. offspring_crossover|idx][gene_idx][0] = 0 offspring _crossover|idx][gene_idx][1] =1 else:
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random_value = numpy.random.uniform(-50, 50, 1) offspring_crossover[idx]|[gene_idx][1] +=
random_value if offspring_crossover|idx][gene_idx][1] > 100: offspring_crossover[idx]
[gene_idx][1] = 100 elif offspring_crossover[idx][gene_idx][1] < 0: offspring_crossover|idx]
[gene_idx][1]] = 0 else: change = numpyrandom.uniform(0, 20) if change == 1
offspring_crossover[idx][gene_idx][0] = 1  offspring_crossover[idx][gene_idx][1]] =
numpy.random.uniform(0, 100) return offspring_crossover [oaatok B. Buxignuii chaiin model.py
from math import pi #MNepenasansbHi uicna TpaHemicii gearRatios = [3.091, 1.864, 1.321,1.029, 0.794]
#TepepatoyHe umcrno kiHueBoi nepegadvi finalDrive = 4.067 #Pagiyc koneca wheelRadius = 0.2413
#OkpyxHicTb koneca wheelCircumference = wheelRadius * 2 * pi #MakcumanbHuin o6'em nanvea
maxFuel = 53 #Maca astomobina mass = 1710 #KoediuieHT ranbMyBaHHS ABUIYHOM
engineBrakingCoefficient = 0.5 #ConpotusneHne Bosgyxa aerodeynamicResistance = 0.33
#lnowaab noBepxHOCTK Bo3gywHoro notoka airflowSurface = 3 #lycrtota nositps airDensity = 1.25
#Conpotuenenne kouveHus rollingResistance = 0.01 #[llpuckopeHHa csobogHoro nagiHHa g = 9.8
#KoeddiuieHT kopucHoi aii asuryHa efficiency = 0.5 #EHeproemHictb nanusa energylintensity =
1700000 #KoediuieHTn ons nigpaxyHKy BUTPAT Nanuea Big NOMOXEHHA negani rady Ta WBUAKOCTI ABUIYHa
a = 0.76712 [ 3600 b = -0.25558 [/ 3600 ¢ = 1.004*10**-3 [ 3600 d = 1.95*10**-5 [ 3600 e =
-11*10**-7 [ 3600 f = 0.0175 / 3600 class Car(): def __init__(self, startRps = 0): selffuel =
maxFuel self.rps = startRps self.throttlePosition = 0 self.gear = 0 self. mileage = 0 self.speed =
selfrps /[ finalDrive | gearRatios[self.gear] * wheelCircumference def throttle(self,
throttlePosition): self.throttlePosition = throttlePosition def fuelConsumption(self, timeStep): n =
self.rps * 60 x = self.throttlePosition dfuel = a+b*x+c*n+d*n*x+e*n*n+f*x*x if self.fuel < dfuel:
dfuel = self.fuel return dfuel def ChangeGear(self, a): if a == 1 if self.gear < 4: self.gear +=1else:
if selfgear > 0. selfgear -= 1 def update(self, timeStep): selffuel -=
self.fuelConsumption(timeStep) self. move(timeStep) self.accelerate(timeStep) def
getStote(seIf): state = { "speed"self.speed, 'rps"self.rps, "‘gear”self.gear, “fuel’self.fuel,
"mileage”self.mileage, "throttle"self.throttlePosition} return state def findForce(self, timeStep): if
selfrps < 1. self.die() return power = energyintensity * self.fuelConsumption(timeStep) *
efficiency [ timeStep engineTorque = power * 016 [ selfrps engineTorque -=
engineBrakingCoefficient * selfrps wheelForce = engineTorque * gearRatios[self.gear] *
finalDrive [ 2 [ wheelRadius airDrag = airDensity * aerodeynamicResistance * airflowSurface *
self.speed*self.speed [ 2 rollingDrag = rollingResistance * mass * g * 4 force = wheelForce -
airDrag - rollingDrag return force def accelerate(self, timeStep): a = self.findForce(timeStep) /
mass self.speed += a * timeStep selfrps = self.speed | wheelCircumference * finalDrive *
gearRatios[self.gear] def move(self, timeStep): selfmileage += self.speed * timeStep def
restart(self, startRps = 0): self.fuel = maxFuel self.rps = startRps self.throttlePosition = 0 self.gear
= 0 selfmileage = 0 selfspeed = selfrps | finalDrive | gearRatios[self.gear] *
wheelCircumference def die(self): self.fuel = 0 JopaTok B. Buxignuii dain simulation.py import
matplotlib.pyplot as plt import numpy import os from model import Car import ga speedPlot =
[] rpsPlot = [] gearPlot = [] throttlePlot = [] startRps = 18 car = Car(startRps=startRps) timeStep
= 0.1 comands = [car.ChangeGear, car.throttle] mode = input() generationsNumber = 2000
populationSize = 1000 genomeSize = 1000 bestGenome = None fitness = [0] * populationSize
parentsNumber = 500 if mode == "showBest": time = 0 script = numpy.ndarray((genomesize,
2)) with open("bestAgent.txt", 'r") as f: genomeCommands = [float(x) for x in f.readline().split()]
genomeSpecifications = [float(x) for x in f.readline().split()] for j in range(genomesSize): script|j]
[0] = genomeCommandsj] script[j][1] = genomeSpecifications[j] while car.getState()["fuel’]: if
time//10 < len(script) and time % 10 == 0: comands[int(script[time//10][0])]

Page 21 of 24



(int(script[time//10][1])) car.update(timeStep) time += 1 state = car.getState()
speedPlot.append(state['speed']) rpsPlot.append(state['rps’]) gearPlot.append(state[‘gear’])
throttlePlot.append(state| throttle"]) plt.subplot(221) plt.plot(range(time), rpsPlot,
linewidth=2.0) pltylabel("Revolutions per Second’) plt.subplot(222) plt.plot(range(time),
speedPlot, linewidth=2.0) plt.ylabel("Speed"’) plt.subplot(223) plt.plot(range(time), throttlePlot,
linewidth=2.0) pltylabel('Throttle Position”) plt.subplot(224) plt.plot(range(time), gearPlot,
linewidth=2.0) pltylabel("Gear’) pltshow() else: rangePlot = [] population =
numpy.array((populationSize, genomesize, 2)) g = 0 try: with open(‘currentPop.txt”, 'r") as f: g =
int(f.readline().split()[0]) + 1 for i in range(populationSize): genomeCommands = [int(x) for x in

freadline().split] genomeSpecifications = [float(x) for x in freadline().split] for j in
range(genomesSize): population[i][j][0] = genomeCommands[j] population[i][j][1] =
genomeSpecifications|j] except: population =

ga.generate_starting _population(populationSize, genomeSize) while g < generationsNumber:
for s in range(population.shape[0]): script = population[s] time = 0 while car.getState()[fuel’]:
if time//10 < len(script) and time % 10 == 0: comands|int(script[time//10][0])]
(int(script[time//10][1])) car.update(timeStep) time += 1 fitness[s] = car.getState()['mileage’]
carrestart(startRps=startRps)  with  open(‘currentPop.txt’, "w") as f log = []
log.append(str(int(g))+"\n") for i in range(populationSize): genomeCommands = ™
genomeSpecifications = ™ for j in range(genomeSize): genomeCommands +=
str(int(populationi][j][0])) + ' * genomeSpecifications += str(population[i][j][1]) +

genomeCommands += "\n" genomeSpecifications += "\n" log.append(genomeCommands)
log.append(genomeSpecifications) f.writelines(log) parents =
ga.select_mating_pool(population, fitness, parentsNumber) bestGenome = parents[0]
population = ga.crossover(parents, (populationSize/[/2, genomeSize, 2)) population =
ga.mutation(population) population = numpy.concatenate((population, parents)) g += 1
rangePlot.append(max(fitness)) script = bestGenome time = 0 while car.getState()["fuel’]: if

time//10 < len(script) and time % 10 == 0: comands[int(script[time//10][0])]
(int(script[time//10][1])) carupdate(timeStep) time += 1 state = car.getState()
speedPlot.append(state['speed']) rpsPlot.append(state['rps’]) gearPlot.append(state['gear’])
throttlePlot.append(state[ throttle"]) plt.subplot(321) plt.plot(range(time), rpsPlot,

linewidth=2.0) plt.subplot(322) plt.plot(range(time), speedPlot, linewidth=2.0) plt.subplot(323)
plt.plot(range(time), throttlePlot, linewidth=2.0) plt.subplot(324) plt.plot(range(time), gearPlot,
linewidth=2.0) plt.subplot(325) try: plt.plot(range(g), rangePlot, linewidth=2.0) except: pass
speedPlot = [] rpsPlot = [] gearPlot = [] throttlePlot = [] plt.show() try: f = open("bestAgent.txt’,
'r') script = bestGenome time = 0 carrestart() while car.getState()['fuel’]: if time//10 <
len(script) and time % 10 == 0: comandsl[int(script[time//10][0])](int(script[time//10][1]))
carupdate(timeStep) time += 1 state = cargetState() distance = state['mileage’]
genomeCommands = [int(x) for x in f.readline().split] genomeSpecifications = [float(x) for x in
f.readline().split] for j in range(genomesize): script[j][0] = genomeCommands]j] script[j][1] =
genomeSpecifications|j] f.close() car.restart() time = 0 while car.getState()["fuel’]: if time//10 <
len(script) and time % 10 == 0: comandsl[int(script[time//10][0])](int(script[time//10][1]))
carupdate(timeStep) time += 1 state = car.getState() speedPlot.append(state['speed’])
rpsPlot.append(state['rps’]) gearPlot.append(state[‘gear’])
throttlePlot.append(state['throttle’]) maxDistance = state['mileage’] if distance >
maxDistance:  with  open(‘bestAgent.txt’, "w") as fi genomeCommands =

genomeSpecifications = ™ for j in range(genomeSize): genomeCommands +=
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str(int(populationli][j][0])) + ' ' genomeSpecifications += str(population[i][j][1]) +
genomeCommands += "\n" genomeSpecifications += "\n" f.writelines(genomeCommands,
genomeSpecifications) except: with open(‘bestAgent.txt’, "w") as f: genomeCommands = ™
genomeSpecifications = ™ for j in range(genomeSize): genomeCommands +=
str(int(populationi][j][0])) + ' ' genomeSpecifications += str(population[i][j][1]) +
genomeCommands += "\n" genomeSpecifications += "\n" f.writelines([genomeCommands,
genomeSpecifications]) os.remove("currentPop.txt")

Source

MPAT "MBH3 "3anopi3bkuit iIHCTUTYT eKOHOMiKkM Ta iHcpopmauinHux ...3BO - 3a... 0.17%

MPAT "TIBH3 "3anopi3bkuii iHCTUTYT eKoHOMikM Ta iHdopMauinHux ..3BO - 3anopisbka
obnacTtb

https://zp.isuo.org/ru/vnz/view/id/75318

NEPEJNIK YMOBHUX NO3HAYEHb, CUMBOIJIB, OAUHULIb, CKOPOYEHb I TE... 0.34%

MNEPENIK YMOBHMX MO3HAYEHbB, CUMBOIJIB, OOVHWLIb, CKOPOYEHb | TEPMIHIB IDT
+ identity IEC + International Electrotechnical Commission (ave. MEK) IEEE + Institute
of Electrical and Electronics Engineers (read «I-Triple-E»)

https://lib.chmnu.edu.ua/pdf/metodser/197/2.pdf/

by OO HagTouin - 2020 — Lie po61TbL MOro BiflbHUM Y BUKOPUCTaHHI Ta po3no... 0.17%

by KOO HagTtouin - 2020 — Lle pobuTb MOro BiNlbHUM Y BUKOPUCTaHHI Ta PO3NOBCIOAXEHHI. By
MOXEeTe 3aBaHTaXUTW BUXiAHWIA KO, 3MIHUTM NOTO | HaBiTb NOLWMPUTK CBOKO Bepcito Python.

https://essuir.sumdu.edu.ua/bitstream/123456789/79605/1/Ndtochiy_bac _rob.pdf

Kynutk kHury «FeHeTnyeckue anroputmMbl Ha Python», aBTopa BupcaHcku 3. ... 0.17%

Kynutb kHury «eHeTuyeckue anroputmbl Ha Python», aBTopa BupcaHcku 3. B usgartenscrae
«OMK lMpecc».

https://dmkpress.com/catalog/computer/programming/python/978-5-97060-857-

ofl

Page 23 of 24


https://zp.isuo.org/ru/vnz/view/id/75318
https://lib.chmnu.edu.ua/pdf/metodser/197/2.pdf/
https://essuir.sumdu.edu.ua/bitstream/123456789/79605/1/Ndtochiy_bac_rob.pdf
https://dmkpress.com/catalog/computer/programming/python/978-5-97060-857-9//

BicHuk KuiBcbKoro HauioHanbHoro yHiBepcuteTy imeHi Tapaca LUeBuyeHka. Ce... 0.17%

BicHuk KniBcbkoro HauioHanbHOro yHisepcutety iMeHi Tapaca LesyeHka. Cepia: MixkHapoaHi
BiHOCUHMN

http://univ.kiev.ua/ua/science/journals/bulletin-knu-ir/

OcHoBbI MogennpoBaHuA ynpaBnaemMoro oBnXxXeHus aBToMoOMnA ... 0.17%

OcHoBbl MoAeNMpoBaHnA ynpasndaemMoro aBm>xxeHna aBTomMoouns ...

https://ge.llib.to/book/3620942/2df8e5

1 MiHicTepcTBO OCBIiTH | HAyKn YKpaiHu KN TOMUPCBLKUM AepKaBHUN TEXHOMOT ... 0.17%

1 MinictepctBo oOCBiTM | Haykum YkpaiHn XXUTOMUPCBKUN AepXaBHUN TEXHOMOrYHUMN
yHiBEpcuUTeT

https://www.bing.com/ck/a?!

AHanus3 meToaoB onpeaerieHust MexaHU4eCcKuxX NoTepb AN UX nocrienyroLuer... 0.17%

AHann3 MeTofoB onpeaeneHns MexaHM4Yecknx NoTepb ANs UX Nocreayowero NpUMeHeHns B
npouecce akcnnyatauum TeKCT HayyHoOW cTaTbM MO chneumanbHocTM «MexaHuka u
MaLUMHOCTPOEHNE

https://cyberleninka.ru/article/n/analiz-metodov-opredeleniya-mehanicheskih-pot
er-dlya-ih-posleduyuschego-primeneniya-v-protsesse-ekspluatatsii/

@ Plagiarism
Detector@D
Home Blog Testimonials About Us Privacy

Copyright © 2022 Plagiarism Detector. All right reserved

Page 24 of 24


http://univ.kiev.ua/ua/science/journals/bulletin-knu-ir/
https://ge.1lib.to/book/3620942/2df8e5
https://www.bing.com/ck/a?!
https://cyberleninka.ru/article/n/analiz-metodov-opredeleniya-mehanicheskih-poter-dlya-ih-posleduyuschego-primeneniya-v-protsesse-ekspluatatsii/
https://plagiarismdetector.net/
https://plagiarismdetector.net/blog/
https://plagiarismdetector.net/testimonials
https://plagiarismdetector.net/about-us
https://plagiarismdetector.net/privacy

	



