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BIIJINB YACOBUX XAPAKTEPUCTHUK CUCTEMMU O35PO€Hb HA
3ABPYJHEHHSA NPUPOJHOI'O CEPEJOBHUIIIA

Pozenanymo eniue mexnonociunoeo pieHs 030poenb ma GIUCLKOB0I MEXHIKU HA eKOJ02IUHI
Hacnioku ix 3acmocyéanus. Ompumano YymMo8y OOMPUMAHHA HUACO8020 OANAHCY PAKEMHO20
KOMNJIEKCY.

Knwuoei cnosea: cknaona mexuiuna cucmema, pakemuuti KOMIIEKC, 4acosuli Oaiamc.

Beryn

OcoOnuBicTIO BeleHHA OOHOBUX Miil y pailoHI € 3HIDKEHHS eKOJIOTIYHOi Oe3meku 10
KpuTHYHOTO cTaHy [1]. BuKoOpHCTaHHS «Ba)XKOro» 030pO€HHS HEBIIBOPOTHO MPHU3BOIUTH 0
MaciTaOHOro pyiHYyBaHHs Ta 3a0pyJHEHHS 3€Mejlb, IOBEPXHEBHUX 1 MiJ3€MHUX BOJ, HOPYIIEHHS
naHAmadTiB Ta 3HUMICHHS POCTUHHOCTI. JKaxJIMBi HACTHIAKK BIHHU TOSICHIOIOTHCS TAKOXK THM, IO
Oinplia yactuHa o30poeHb Ta BiiicbkoBoi TexHiku (OBT), mo € Ha 030poenHi, 3actapim. [lpu
[IbOMY BUKOHAHHSI OOMOBHUX 3aBJaHh €KCTCHCUBHUMHU, & HE IHTCHCUBHUMHU METO/AMH, KiTBKICTIO, a
HE SIKICTIO 030pO€Hb MaiiXke 3aBXIU 30UIbIIye PU3UKM BUHUKHEHHS €KOJOTiYyHHX mpobiem. He
HiJIATae CyMHIBY TOH (axT, 110, HAPUKJIIA/, 3HUIIEHHS B3BOAHOTO OITOPHOTO MMyHKTY MPOTUBHHUKA
3a JIOTIOMOTOI0 PEaKTHBHUX CHCTEM 3allOBOIO BOTHIO  MOTpedye IyXke BEIUKHUX BUTpAT
0oenpuracip Ta 3aBJa€ 3HAYHHUX YIIKOJKEHb IPYHTOBOIO MOKPHUBY. 3aCTOCYBaHHS 30poi OUIBLION
TOYHOCTI (OCOOJIMBO — BMCOKOTOYHOI) Ja€ MOKJIMBICTh BHUPIIIUTH T€ caMe 3aBJaHHS 31 3HAYHO
MEHIIMMHM BUTpaTaMu OO€KOMIUIEKTY, a00 OoemnpumacamMy MEHIIOI MOTY)KHOCTI, TaKUM YHHOM
3MEHIIMBIIY HETaTUBHI Hacaigku 3actocyBaHHs OBT maibke a1 BCiX KOMIIOHEHTIB MPHUPOIHOTO
cepe/oBHIlla B paiioHl OoioBux mili. MokHa JIINTH BHCHOBKY, IO IOKpAII€HHS SKICHUX
xapaktepucTuk OBT npacTe MOXIMBICTH HE TUIBKM 3MEHIIUTH BUTPATH OOEKOMILIEKTY, KOUITIB,
MaTepiajJbHO-TEXHIYHUX 3ac00iB Ta MaJMBO-MACTUIBHUX MaTepiaiiB, a ¥ 3HAYHO 3MEHIIUTH
3a0pyIHEHHsI IPUPOJTHOTO CePeIOBUILA B 30HI OOHOBHX JTiH.

AHaJIi3yBaHHS OCTaHHIX AocJjailzkeHb i myOaikauniii. [IpoGnemMu exosnoriyHoi HeOe3neKkn B
30HI TIpoBeNeHHs OoWoBUX il pos3rnsganud B [1+3]. Ase muTaHHS MOKpAIIEHHS TEXHIYHUX
xapaktepucTuk OBT sk ckilagHMX TEXHIYHUX CHCTEM, HE pO3Iisijald B MoBHOMY o0cs3i. Kpim
TOT0, BIUTUB sIKICHUX XapakTepucTuk OBT Ha cTaH HaBKOJIMIIHBOTO CEpeIoBUINA, a CaMe, YaCOBUX
xapakrepuctuk OBT, noci He mocmimxeHo. OcCOOMHBO 1€ CTOCYEThCS KOMIUIEKCIB 3€HITHOTO
paketHoro 036poenns (K3PO).

Mera crarrti. HeobxigHicTs BU3HaueHHs 4acoBoro Oamancy K3PO, mo nacTe MOXINBICT
BUPIIIUTH MpoOieMy HOro paumioHaJbHOI'O aBTOMAaTHYHOTO 3aBAaHTAXEHHSA, TUM CaMHM
MOKPAIIMBIIM  SIKICHI ~XapaKTEPUCTUKH KOMIUIEKCY Ta 3MEHIIMBIIM HEraTHBHI HACHIJIKU
3actocyBaHHs OBT 11 HABKOJIMIITHBOTO CEPEIOBHIIIA.

BuxkiaaneHnsi ocHoBHOro marepiajiy. Sk HaiOUIbII ckIagHui mpukiazn 3paska OBT, mo
MO’K€ BIUIMBATH 3HAYHOIO MIpPOI0 Ha CTaH HAaBKOJHIIHBOTO CEpeNOBMINA Mia yac O0HOBHX i,
PO3IIISIHEMO KOMIUIEKCH 3€HITHOTO PaKeTHOTO 030pOEHHS, 1[0 CTAHOBIISATH OCHOBHY BOI'HEBY CHITY
3€HITHUX pakeTHHX BiHchK. Xapakrepusyoun K3PO, MoxHa Harosocutu, MmO LS CHCTEMA €
BHCOKOTEXHOJIOTIYHOIO CKJIAJIHOK TexHIuHOw cuctemoro OBT [4], ska ckimamaeTbcs 3 Oararbox
B3a€MOIIOB'SI3aHMX  (YHKIIOHATBHO-HE3AIIEKHUX CHUCTEM 3 €JIeMEHTaMU pi3HOI HpUpPOAU
(MexaHIYHO1, TiAPaBIiuHO, CIIEKTPOTEXHIYHOI, PaiOeICKTPOHHOI TOIIIO).
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OnHi€ero 3 HAMBAXUIMBINIMX y3arajdbHeHHX xapakTtepucTuk K3PO e vacoBa xapakTepucTHKa.
He oOrpynTyBaBmu Ha erami cuHTe3y 4acoBi Mexi icHyBaHHS K3PO, monanbiie mpoekTyBaHHS
CUCTEeMH BTpAya€ CEHC, OCKUIBKM BOHA MOXE BHSIBUTHCS XHUOHOI0 Yy CBOiM OCHOBi. Pi3HuMUH
TeXHIYHUMHU "xuTpormaMu" 1 "mpuiiomamMu" B MOAAIBIIOMY BHIIPABUTH TOMHJIKHA BXe Oyne He
MOXUIHBO [5, 6]. YUacoBuii OamaHC Mae BUCOKHU CTYIiHb y3arajJbHEHHS 1 TOMY MOTpeOy€e KIIbKICHOT
OLIIHKM, HA TMIJICTaBi AKOi MOXHA O0'€KTMBHO CYAWTH IPO HASBHICTH a00 BiACYTHICTh "BY3bKHX'"
Mmicib y K3PO Ha pi3nux piBHAX 1 BUnax iHpopMmariiHoro 3aBantaxeHHs. Kpim toro, K3PO moxe
MaTH HaWJOCKOHAJIIII XapaKTEPUCTHKH Y MPOCTHUX, HEHANPYKEHHX CHUTYalifiX 3aCTOCYBaHHS 3a
MPU3HAYCHHAM, SIK1 KaTacTpo(iuHO IMIBHJIKO MAJaTUMYTh B pa3l yCKJIaJHEHHS OOCTaHOBKH, a 3a
MEPEBUINCHHST JIEIKOr0 Topora ckmagHocti ocraHHboi K3PO B3aram Moke BUSBHUTHCS
Heboe3gaTHUM [6].

VY K3PO sk cknagHoi TEXHIYHOI CHCTEMH 3a3BUYall BUIUIAIOTH aBTOHOMHI 3 TOYKH 30Dy iX
(YHKI[IOHYBaHHSI CUCTEMHU. ABTOHOMHICTD MiJICHCTEM MEBHOIO MIpOIO CIIPOIIY€E 3aBJIaHHS CHUHTE3Y,
alle TepeAYacHe HaJaHHA aBTOHOMII HEpIAKO MPHU3BOIUTH IO HAAMIPHOTO 1 BOJHOYAC
HEBUIIPABJAAHOTO YCKIAJHEHHS CUCTeMH B Iiomy. I[IpoGinemy wyacoBoro Oamancy K3PO
MOPOJUKYIOTh YMHHHMKH, IO BU3HAYAIOTh YacTOTy UUKIIB kepyBaHHS [7]. ¥V K3PO mxepenom
MepBUHHOI 1HoOpMaIi € pagioIOKaTOpU BHSIBICHHA Ta cymnpoBomkeHHs 1inei (PJIBC) 3
¢dazoBanumu anteHHuMu penritkamu (PAP). KyroBa 3oma ormany Ttakux PJIBC 3a3Buuait
0OMEXY€TBCS TLUTBKH 32 KyTOM MicIist, TOOTO ii po3Mipu CTaHOBIATE 27E,, 1€ €, — PO3MIp 30HH 3a

KYyTOM MicLis. 30Ha OISy 32 JAJbHICTIO B KIHLIEBOMY PaXyHKY 3B'SI3YETHCS 3 MEKEIO YPAXKEHHS.
Bubip 30HayBaIbHOTO CHUTHANY, IMEPioAy HOro MOBTOPEHHS i XapaKTepPHCTUK IMPOMEHS HE €
CUCTeMHUM 3aBJaHHAM. Lli 3aBmaHHsS Moke OyTH YCHIIIHO BHUPIIIEHO 3a JOMOMOIOK Teopii
paaionokanii. 3aJaHUMU MOXKHa BBakaTu U pexkumu podotu PJIBC 3a mporpamMHuUMHM HUIAMHU 3
PI3HUMHM TaKTUUYHUMH XapaKTepUCTHKaMH (OAMHOYHUM, TPYNOBUM, HPUKPUTHM NEpelKOAaMU

pi3Hoi inTeHcHBHOCTI Tomo). KyToBi posmipu mpomerst PJIBC mosnaunmo uepe3 €, i [3,. Toxi

KUIBKICTh KyTOBUX HAaIPSIMKIB Y 30H1 OIJISY JOPIBHIOBaTHUME

N - 2me, )
KH — :
€48
SIKIO Ha 30HIYBaHHS OJHOTO KYTOBOIO HANPSIMKY BHKOPHCTOBYIOTH || mpomeHis, To Ha
neperiis yciei 30HU OTJIsiLy 3a BIICYTHOCTI B Hil TO3HAYOK Lijiel Oyae noTpiOHuit yac
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ne T ;7 — IE€P10J] MOBTOPEHHS 30HyBaJbHUX CHIHAIIIB.
Axmo cepen N,,, € N, KyroBux HampsmMkiB, 3 SKHX Ha BXiJ NPHAMATBHOTO IPHCTPOIO
PJIBC HaaxonmaTh mMpaBAWBI YW HEMpPaBAMBI TMO3HAYKH, TO B KOXXKHOMY 3 TaKHUX HaIPSMKiB
MPOBOJAATH JOJATKOBE 30HAYBAaHHS 3 BUTPATOK IPOMEHIB |2 (mnpyruii eran mpoueAypH

BUsBIIeHH: ). CyMapHHil yac oIy i BUSIBICHHS [MO3HAYOK JTOPIBHIOBAaTHME
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Jlist BUpIIICHHS 3aBJaHHSI aBTOCYNPOBOKECHHS IUJICH (ITO3HAYOK) OPTraHi30BYETHCS poOOTa
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PJIBC B ctpobax. KiabKicTh KyTOBHX HamlpsIMKIB 1 BUTpaTa MPOMEHIB Ha OJIMH HAMPSIMOK CTpoOa
no3uaunmo 4epes N. ta |.sinnosiguo. Ipu ubomy 4ac Ha poGoTy B cTpobax 3 Po3paxyHKy Ha
OJIMH TIEPI0 OTIISAY CTAHOBUTHME

t.=nJ.N,T,. (4)
yMOBy JA0TPHUMAaHHS 4aCOBOI'O 6aHchy MOJKHAa I10JIaTHU Y BI/IFJ'U[I[i

T 2t +1, (5)
ne Tpy, —dac po6oUOro mHKITy KepyBaHHS.
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1
Omax S
2nT

PlLopt

N

[cHyBaHHSI ONTUMAIBHOTO 3HAUEHHS TPU 1 CTaHOBUTH YMOBHHUU 3MICT MPOOJIEMH 4acOBOTO
Oamancy. Bubpartu TPH STPllopt HE MOXHAa, OCKUTBKU TPHU IBOMY 0€3MOCEPEIHBO CKOPOUYETHCS
Yac Ha CYNpOBiJ LiJeH, a, OTKE, 1 KUIBKICTh CYITPOBOIKYBAaHUX LijeH. Y pasi BHOOPY TP[[ > TP[[o ot
KUIBKICTh CYIPOBO/DKYBAHHUX IIJIEH TaK CaMO 3MEHIIYEThCS BHACIIIOK 1CTOTHOTO 30UIBIICHHS
po3mipiB cTpobiB cympoBoay. Came X ONTHMalbHE 3HAYCHHS 3aBXKAW OyJe PO3IMOJAUICHO Ha
peanizamiro oy U cynpoBoay. HaBiTe y mOpiBHSHO POCTi TaKTHYHIM 00CTAHOBIII € MpobeMa
30epeKeHHsT YacoBOro OamaHcy. 3 YCKJIAQIHEHHSM, a THM OUIbIle 3 PI3KUM YCKJIQJHCHHSIM
TakKTUYHOTO (POHY MOTPIOHO ICTOTHO MOCHIIMTH MPOLEAYPH pPaaioNoKaTopa, BHACHIIOK YOro
KUTBKICTh CYNPOBO/KYBAHUX IIIEH HACTUIBKH K ICTOTHO 3MEHIIUTHCSA, OCKIIBKHY "BHUTH" 32 MEXi
OanmaHCy (4acOBHX MEX) MPHUHIIMIIOBO HE MOXXKHA. B KiHIIEeBOMY paxyHKy HpOIyCKHa 3/IaTHICTh
[Ied MOXe BHSBHUTHUCS ICTOTHO MEHINA 32 MPOITYCKHY CIIPOMOXKHICTH 00'€KTiB KepyBaHHs. [Ipu
[[bOMY BHKIIIOUHO B@)XJIMBOTO 3HadyeHHs HalOyBae mnpoOjemMa palioHAIbHOTO aBTOMAaTUYHOIO
BiZOOpY MO3HAYOK WLiJIeH 1 Mporeayp, U0 MOBHICTIO 3aBaHTaxyioTh PJIBC 3 ToukH 30py 4acoBOTO
OanaHcy.

BucHoBok. TakuM 4YHMHOM, pO3TJISHYTO 3MICTOBHY ¥ KUIBKICHY CTOpOHY OJHIi€l 3
HaWBaXUIMBIIIKMX y3araabHeHUX xapakTepuctuk K3PO — wyacoBuii Oamanc (dacoBi Mexi ii
icayBanus). He BupimmBmm Ha erami cuHtesy K3PO mpobinemy wacoBoro OamaHCy, mojablie
IIPOEKTYBAaHHS CUCTEMH BTPaya€ CEHC, OCKIJIbKM BOHA MOXKE€ BUSABHMTHUCS XMOHOIO Yy CBOill OCHOBI.
PisHumu TexHiuHUMH "XuTpomamu" # "mpuiloMmamu" B MOAANBIIOMY BUIIPABUTH MOMHIKH BXKe
Oyne He MoxnuBo. ITomryk peanbHMX LUISXiB BHpIIIEHHS MpoOJieMH yacoBOro OanaHcy TpeOa
IIYKaTH B Y3TO/DKEHHI NMpomyckHuX crnpomoxHocteil PJIBC 1 myHKTIB KepyBaHHS, a TakoX B
oprasizaiii paioHaJbHOTO, IMTMOOKO OOIpyHTOBaHOTO i rHy4koro 3aBaHTaxeHHs K3PO 3asBkamu
Ha 00CIyroByBaHHs. 3a "CyTO aBTOMAaTHYHOTO" 3aBaHTAKEHHS CHCTEMH BHUPIIICHHS TPOOIeMHU
4acoBOI'0 OajaHCy MPUHIIUIIOBO HEMAE.
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IO. b. llpudsLies, J. I1. [Tamkos, JI. M. CakoBuu
BJIMSTHUE BPEMEHHBIX XAPAKTEPUCTHK CUCTEMbI BOOPYKEHUH HA
3ATPA3BHEHUE CPEJIbI

Paccmompeno  enusnue mexnonocuueckoeo YpOGHsi BOOPYIHCEHUL U BOEHHOU MeXHUKU Ha
9KOJI02UYeCcKUe NOCIe0Cmsust ux npumernenus. Ilonyyeno ycnosue codoniodenus pemenno2o obananca
PaKemuo20 KoMNiexca.

Kntoueswle cnosa: crodicnas mexnHuueckas cucmemd, pakemuwlii KOMNIEKC, BpeMeHHOU OANAHC.

Y. Pribylev, D. Pashkov, L. Sakovich
EFFECT OF TIME CHARACTERISTICS OF WEAPONS ON POLLUTION
PROTECTION

The influence of the process of arms and military equipment to the environmental consequences
of their use are considered. Time balance of anti-aircraft missile is described.

Keywords: complex technical system, missile complex, maintenance performance.
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Warwas Kornel

PARALLEL GENETIC ALGORITHM WITH ACTOR MODEL APPROACH
TO RESTORE STABILITY OF AN ARTICULATED VEHICLE

The paper presents an application of an actor model to control braking torques on wheels of an
articulated vehicle in an untripped rollover manoeuvre. The numerical model of the articulated
vehicle and dynamic optimisation have been used to calculate appropriate braking torques for each
wheel in order to restore stability. The optimisation problem requires the equations of motion to be
integrated at each optimisation step and it is a time-consuming task. Therefore, parallel computing
with using actor model system has been proposed. The actor model system has been implemented in
genetic algorithm. In the paper, formulation of genetic algorithm with the actor system and results
obtained from dynamic optimisation have been presented and compared.

Key words: parallel computing, actor model, genetic algorithm, optimisation, articulated
vehicle.

Introduction. The dynamic optimisation of sophisticated physical systems such as multibody
system and articulated vehicle is an excessively time-consuming task. Improvement of the
optimisation calculation time is a subject of many papers [1, 2, 3]. Parallel and distributed systems
are often used in order to improve the efficiency of calculations [1, 2, 4, 5]. Some of the algorithms
allow splitting computational effort in separate threads, processes or cluster’s nodes in a natural
way. The approach used in order to formulate model of the system and implementation of the
optimization process are not without significance. Currently, the development of computer
hardware and software allows to release from the monolithic architecture to micro-services
approach in which part of the business logic can be separately processed and those parts can
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