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niaxoan no nosyaoBu NPUKIAQHOIO NPOrPAMHOIO 3ABE3MNEYEHHA
LNOPOBUX ABIALUIMHUX TPEHAXEPIB

Cohopmynvosaro 3adaui, aKi nosunHi 6ymu gupiuieni 3¢ 00NOMO02010 NPUKIAOHO20 (CHeYianbHO20) NPOSPAMHO-
20 3abe3neyenns. Posenanymo nepesazu mooynvHo2o npoepamysants, RPUHYUNU po3pooKu YHI(pIKoOBaHUx npocpam-
HUx mooynie. Onucano npuHyunu noby008U MameMamudHux mooenei QYHKYIOHYB8aHHs 6OPMOBUX KOMNIEKCI8 ma
cucmem IiMaibHO20 anapama, siKi 81000paxcaroms xapakmepHi ocobausocmi ix pobomu 8 06 ’emi, wo HeoOXIOHU
0131 OISLILHOCMI eKINasica 8 npoyect HaguaHHs Ma MPeHYS8AHHS HA YUPPOBUX AGIAYIIHUX MPEHANCEPAX.

Knrouogi cnoea: asiayitinuti mpenaosicep, 1imanvHull anapam, npuxiaoHe (cneyiaivHe) npocpamue 3abesne-
YeHHsl, MOOENIOBAHHS, NPOSPAMHULL MOOYlb, AN2OPUMM, OOPMOBA 0OUUCTIOBANLHA CUCTHEMA.

BecTtyn

IMocranoBka mpo6Jjemu. Ponp aBiaumiiiHux Tpe-
naxepiB (AT) B mpodeciiiHiii miATOTOBII EKIMaXiB 5K
3a KOpJOHOM, TaK i B HamIili KpaiHi Oe3mepepBHO 3poc-
Tae. 3a qonoMororo AT MO)KHa BiATBOPIOBATH 3 IIEBHOIO
TOYHICTIO YMOBH HE JIMIIIE HOPMAJILHOTO MOJIbOTY, ane i
PI3HUX “HEUITaTHUX CUTyalii”. 3’SIBHIAaCS MOMIIHBICTh
30IMCHIOBATH HAaBYaHHS JHOTHOTO CKIaxy B YChOMY
Jiara3oHi YMOB eKCIUTyarallii JitanbHuX anapatis (JIA).
HapuanHs, mo nependavyae MakCUMajbHE BUKOPUCTaH-
HS TpEeHaXXepiB, 3HAYHO ePEKTHUBHIIIE, HIX Te, SKE CIHU-
paeThes TUTBKM HA TOJILOTH peanbHux JIA, mo panime
OyJl0 JOMIHYIOYMM 3aCO00M IPaKTHYHOTO HaBYAHHS
JILOTHOTO CKJIAY.

Texuiuauii piserb AT, IX HaBYaITbHI MOXXJIHBOCTI,
METOJIMYHA PUCTOCOBAHICTh BU3HAYAIOTHCS HE CTUIBKH
anapaTypHAMH, CKUIBKM TPOrPaMHUMH  PIilIEHHSIMH.
OCHOBHI TPYZOBUTPATH NPH 1IbOMY BUMAIAIOTh HAa PO3-
POOKY MPHKIATHOTO (CIEI[iaibHOr0) MPOrPaMHOro 3a-
OesrnieueHHs. 3aBAaHHS PO3POOKH CydacHHX HU(POBUX
AT BHCyBae BUMOTY PO3pOOKH METOAWKH PaIiOHATBHOL
moOyIOBH 1X MPHUKIAIHOTO (CIEiaIbHOTO) MPOrpaMHO-
ro 3a0e3MnedYeHHs.

AHasi3 ocTa”HHIX JociailikeHb 1 myOaikanii.
[MutaHHA TPOEKTYBaHHS TPEHAKEPHUX CHUCTEM, 0CO0-
JUBOCTI MAaTEeMAaTUYHOTO 3a0e3MeueHHs TPEeHAKEPHHUX
cucteM Oynu po3risaHyTi B poOoTi [1]. V xHu3i1 [2] Oymu
BUKJIaleHI OCHOBHU NpoekTyBaHHA AT Ta MareMaTHYHO-
IO MOJETIOBaHHA JITaKOBHX CHCTEM, IPUBEIEHI Mare-
MaTuyHi Mozeni JIA i oro 6opToBHX cucTeM. Y poOOTi
[3] posrisnyTa TenneHuis po3Butky AT, neski muTaHHS
MOJICTIIOBAHHS KOMIUIEKCIB OOpTOBOTO 0O0JaHaHHS.
IIpo HEOOXimHICTH CTBOPEHHS YHI(PIKOBAHOI CTPYKTYpH
AT Ha OCHOBI BHKOPUCTaHHS B IX OOYHCIIOBAILHHX
cUCTeMaxX MOAYJBHOIO MPHHLUIY rosopuiocs B [4].
OpuH 3 MOXXJIMBUX PO3MOAITIB 3aBJaHb MOAEITIOBAHHS B
obuncmoBabHUX cucteMax AT Oyno po3risHYyTO B

ctarti [5] Ha mpukiani TpeHaxepa iitaka A-10, cTBO-
peHoro ¢ipmoro Penmidpon. ¥V [6] BUKIATatOTECA OCHO-
BU Teopii cTBopeHHss AT MOIynbHOI apXiTEeKTypH SK
JIAHOK €nHO1 cucteMH. OCBITIIOIOTHCS OCHOBU HOBOTO
SKOHOMIYHOTO BiJTHOCHO OOYHCIIOBAalTbHHX BHTpAT Ma-
TEMaTHYHOTO 3a0e3MEeYEeHHsS IMEePCIEKTUBHUX MOAYJIb-
HuxX AT Ta iHIIMX KOMIT'IOTEPHHUX 3ac00iB i mpode-
ciifHoro HaB4aHHA. J[OBiAKOBI JaHI MO Cy4acHHX iHTe-
PaKTHBHHUX CHCTeMax HaBYaHHA A JiTakiB Mil, KoM-
IUIEKCHOMY TpeHaxepy JboTunka jitaka Cy-33, crmerri-
aJIi30BaHOMY TPEHa)Xepy OOHOBOI0 3aCTOCYBaHHS JIiTa-
ka Sk-130, TpeHaxepam BepTompoTiB Mi-8, Mi-24,
Ka-27 npuseneni B ennukionenii [7]. Hespakaroun Ha
HAsIBHICTh MEBHOI BITYM3HSAHOI Ta 3apyOiXHOIO JIiTepa-
TypH, 10 npucesdeHa AT Ta 1x mMateMaTnyHoMy (TIpo-
rpaMHOMY) 3a0€3NEYCHHIO, 3aBIAHHsS JOCSATHEHHs He-
00ximHoi Mipu BianosigHocti nudposux AT milicHoMy
JIA MOKH 110 PO3IIISTHYTO HEJOCTATHBO.

Merta craTTi — 3ampoNOHYBaTH Ta HAyKOBO 00-
I'PYHTYBaTH MiJXOJH 110 MOOYJIOBU NPHUKIaAHOTO (Crie-
[[IaJIbHOTO) MPOTPaMHOro 3a0e3NeueHHs Cy4acHHX IH-
(poBUX aBiaIliifHUX TPEHAXKEPIB.

OcHoBHUMX MaTepian

ITpn crBopenHi AT opHi€r0 3 HaHBaXIMBIIIMX
po0JIeM SIBISETHCS pO3pOOKa MPUKIIAJHOTO (CIIeliab-
HOT0) TIPOTPaMHOTO 3a0e3MeYeHHs — KOMIUIEKCY (pyHK-
LiOHAJIBHUX NPOTrpaM TPeHaXepHUX KaHauiB. Ha crermi-
anpHe mporpamue 3abesmedeHHs (CII3) AT moxiana-
€THCS PIllICHHS HACTYNHUX (DYHKIIIOHAIFHUX 3aBAAHB!

— MOJIENTIOBAaHHS JTUHAMIKH 00’ €KTY YIpPaBIiHHS;

— MOJICITIOBAHHS JIOTIKH POOOTH CHUCTEM YINpaBiiH-
HS 00’€KTy B HOPMAJIbHUX Ta aBapiiHUX peXUMax;

— ympaBiiHHSA 3acobamu imiTarii Bi3yanbHOI 00-
CTaHOBKH B IIPUJIAJIaX CIIOCTEPEKEHHS;

— ynpasiiHHs 3acobamu imitanii (isM4HMX YWH-
HUKIB p00O0YOT0 CEPEIOBUINA;

— YIpaBJliHHS IIPOLIECOM HABYAHHS Ta TPEHYBAHHS;
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— KOHTPOJIb TCHUX0(}i3i0JIOTIYHOTO CTaHy HaBYa€e-
MOTO B IIPOIIECi TPEHYBaHHS;

— KOHTPOJIb Ta 00’€KTHUBHA OIiHKA MisIIPHOCTI Ha-
BYAEMOTO B IIPOIIeCi HABUAHHS i TPEHYBaHHS,

— BIITBOpEHHs Npoliecy TPEHyBaHHS Ha 3acobax
BimoOpakeHHs iH(oOpMarii MyNbTIB KOHTPONIO Ta
YIpaBITiHHS;

— MOJICJIIOBAHHS TeneMeTpu4Hoi iHopmanii (mpu
HEOoOXiTHOCTI iMiTalii 3B’SI3Ky 00’€KTy 3 IYHKTOM
YOpaBIiHHS).

CII3 AT e Ti€to T1aHKOIO B TPEHYBaILHOMY IPOLIEC,
sKa Crojydae Ta ynpasisie. Bix mpaBmibHOCTI Ta edek-
TUBHOCTI PillieHHS (PYHKIIOHATBHUX 3a7ad, 0 MOKJIaje-
Hi Ha CII3, HalOLIBIIO MipOIO 3aJICKHUTH MPABIIBHICTh
¢yukuionyBanHs AT i MiATOTOBKA JIHOTYHUKIB B IIJIOMY.
VY psani BunagkiB AT € eqHAM TeXHIYHIM 3aCO000M st
npodeciiiHoi miAroTOBKH, TOMY KOMITIEKC (PYHKIIIOHAb-
HUX TIPOrpaM TPEHa)KEPHUX KaHAJIB IIOBUHEH MAaTH BHU-
COKY HaJIilfHICTh 1 32a0e3meuyBaTH BEIUKY Mipy aleKBaT-
HOCTI Mopenell (pyHKIiOHyBaHHS TUHAMIYHOTO 00 €KTY
Ta 30BHIIIHBHOT 0OCTAHOBKH PEAbHUM.

HuHi icHYOTh ZIBa MiJAXOMU 0 CTBOPCHHS MPUKIAI-
HOTO (cremianbHOro) mporpaMHoro 3adesneueHus AT [1].
[lpu cTBOpeHHI Mporpam BITHOCHO HEBEJIHMKOro 00’eMy
MepeBakae IHAUBIAyaIbHUI MiAXifg 1m0 mporpamu. [lpu
IIbOMY OCHOBHA ME€Ta PO3POOHHKIB IOJIATAE B OTPUMAHHI
PE3yJIbTATIB MPH MiHIMATPHUX BJIACHUX BHUTPATaX; TaKOXK
MPAaKTHYHO HE BHPIIIYIOTHCS MUTAHHS ONTHMI3amil mpo-
rpaM 3a BUTpPATaMH TEXHIYHHUX pecypciB MUPPOBHX 00UH-
cmoBanbHUX MammH (IJOM); mporpama, sika CTBOpPEHa, B
OCHOBHOMY BHKOPHCTOBYETbCS CAMHUM  PO3POOHHKOM.
SIKIo 710 TOro K JETaNbHUM OMUC Ta JOKYMEHTAlls Ha
TaKy IporpaMy BiJCyTHi (SK MpPaBHJIO, IIPOTPaMy CYIIPO-
BOJDKYE JIMIIIE IHCTPYKLIsi KOPUCTYBaueBi), TO BOHA IIPaK-
TUYHO HENOCTYMHA it iHmMX (haxiBmiB Oe3 Ge3mocepe/-
HBOTO CHUIKYBaHHS 3 1i PO3pOOHMKOM Ta MOXE BHKOpHC-
TOBYBATHCSI TUIBKH B TUX OOMEKEHHX YMOBaX, IUISl SIKUX
BOoHa Oe3mocepeqHb0 cTBOproBanacs. CHOMydeHHS Takoi
MIPOTPaMy 3 1HIIMMHU I BUPILICHHS HOBUX KOMIIEKCHUX
3aBJIaHb,  TUM OLITbIIIC MOJIEPHI3aLlis TIPOTPAMH TIPAKTHAY-
HO HEeMOJKJIHBI Oe3 0coOuCTOi yuacTi 11 po3podHukiB. Llei
MiIXig 10 po3poOKH MporpaM Mae JEKiTbKa Pi3HOBHIIB,
SIKI BIIPI3HSIOTHCS OJIMH BiJl OJJTHOTO B OCHOBHOMY CIIOCO-
O60oM 1 (hOpMOIO TpEJCTABICHHS MOYATKOBHX JaHUX IS
po0OTH Mporpamu, aje cama Hporpama, sk IMpaBHIIo, Po3-
pOOJISETECSI  MOHOJITHOIO. 3aCTOCYBAHHS MOHOJITHOTO
METOJy PO3POOKH TPOTpaM CIIEIIaIFHOTO TPOTPAaMHOTO
3abe3neueHHs AT momaTkoBO [0 BiIMIYEHHX HEIOJIKIB
YTpyZIHS€ IUIAHYBaHHSI BUTPAT 4yacy Ha po3poOKy Ta Bil-
JIaJKy TpOrpam, He JI03BOJISIE CKOPOYYBATH TEPMiHH PO3-
pOOKHM 1 BiUTAIKK TMpOrpaM HUITXOM 30UTBIIEHHS YHCIIa
PO3POOHHMKIB, YCKIIA/IHIOE TIPOLIEC BiJIaAKH POTpaM.

[Hmmi migxix g0 po3pooku CII3 Gaszyerbcs Ha
MIPEACTaBICHHI MPOTPaAMHUX MOJYINIB K BUPOOIB (Imiam-
porpam) ab0 CKJIAJHUX CHCTeM (KOMILUICKCIB MpOrpam).
He#t migxin mpumycKae MOXKIMBICTh 3aCTOCYBAaHHS ITiII-
porpam, o CTBOPIOIOTHCS, y B3a€MOIiT 3 1HIIUMH ITi -
porpamMaMu B Pi3HHX CHCTEMax anropuTmiB. KpiMm Toro,

qiTKi (popMaizoBaHi 3B’SI3KM MiAMPOTrpaM 3a0e3MeuyIOTh
MOXJIMBICTB iX 3aMiHM 0Oe3 MOpYLIEHHS 3B’SI3KIB IHIIMX
mianmporpaM B Komrurekci. [ligmporpamu sk BUpoOH Ta
BECh KOMIUIEKC (YHKIIIOHAJIBHUX Mporpam 3abesmedy-
I0TBCSl JICTANIBHOIO JIOKyMEHTALI€l0, 10 3a0e3nedye He
muIme iX pisHOMaHITHE 3aCTOCYBaHHS, ajie W aHaui3 iH-
mmMH (paxiBIIMH Il BUKOPUCTAHHS Ta MOJCpHi3amii B
nitomy abo yactkamu Oe3 Oe3nmocepenHbOl ydacTi mep-
BUHHUX pO3pOoOHHKIB. B oMy BUnanky koMruieke (yH-
KIIOHAIFHUX TIPOTpaM Mo)ke OyTH pO3WICHOBaHWH Ha
0e31i4 IOCUTh aBTOHOMHUX ITiICHCTEM — (pyHKIIOHANBHI
Ta CTaHIAPTHI MiANPOrpaMH, MO TiCHO B3aEMOJIIOTH B
Tporieci pilmeHHs 3arajbHOi 3amadi. s 3a0e3medeHHs
B3a€EMOJIi MiAIpPOrpaM B €IMHOMY KOMIDIEKCI IITHPOKO
BUKOPUCTOBYETHCS i€EpapXiyHa CTPYKTypa 3 JEKiTbKoMa
PIBHSMH MiAIETIOCT] MiAIpOrpaM, MpHU HEOMY ITiJIPOT-
pamMa BUKOHY€ CBO€ LIILOBE 3aBIaHHSL.

Cuin BpaxoByBaTH, 110 NPU BUKOPHCTaHHI MOAY-
JBHOTO TIPOTPaMyBaHHA B OKPEMHX IiJIporpamax
3’SIBJIIIOTBCS. €IEMEHTH CIIOJY4eHHS Ta B3aeMoJii O1o-
KiB, sIKIi BHMMAararoTb T[€BHHX BHUTPaT OIEPATHBHOI
mam’sTi Ta J9acy.

[IpoTe MoxynpHE TIpOTpaMyBaHHS Ma€ H IUTHAHN P
repeBar rnepeji MOHOJIITHUM MPOrpaMyBaHHsM [8]:

— lepapxivyHa JECKOMITO3MINS IIeH 1 3aBlaHb, BU-
pillyBaHUX CKJIaJHAM KOMIUIEKCOM IIPOTpaM, JO3BOJISIE
CIIPOCTHTH 3B’A3KH, ONUC IJIPOrPaMH Ta BIOPSIAKOBA-
HO PO3MOJUIATH 3yCHILIS PO3POOHUKIB Ha PillICHHs 3a-
BJIaHb BiJIIOBiJTHO JIO iX IUJTLOBOTO NMPH3HAYCHHS,

— KOHTPOJIb CTaHy 1 BEJEHHS IPOEKTYBAaHHS JOC-
TOBIPHIIINH, OCKUJIBKM OKpeMi MiANporpaMu MaroTh
HEBEJIMKI PO3MIpH, IX 3B’S3KM Ta NpaBuia MOOYA0BH
yaiikoBaHi. Ile mo3BoINIsE TOUHIIIE OLIHIOBATH 00’€M
BHUKOHAHOI POOOTH MO KUIBKOCTI 3aBEPIIECHHX MiAMPOr-
pamM, a TakoX NEepPepo3NOUIUTH 3yCUILIsE PO3POOHUKIB,
SIKIIO AKICh TPYIH HiIpOrpaM 3aTPUMYIOTh PO3POOKY
CHCTEMH B IILIIOMY;

— aBTOMATH3allisl Ta PO3MAPAJICITIOBAHHS MPOIECIB
PO3pOOKH 1 BiIAAKW OKPEMHX MIiANPOrpaMm, IO BXO-
JSTh B CKJIQJHUH KOMIUIEKC MPOrpaM, J03BOJIIE CIIPO-
IIyBaTH KOMIOHEHTH, 3HW)KYBAaTH TPYAOMICTKICTb Ta
MIPUCKOPIOBATH TPOEKTYBAHHS yCi€l CHCTEMH, a TaKOX
6inpII PIBHOMIPHO 3aBaHTaKyBaTH PO3POOHMKIB i 00-
YHCITIOBAIBHI 3aCO0M, SIKi HUIMH BUKOPHUCTOBYIOTHCS;

— baraTokpaTHa 3aCTOCOBHICTH HiANPOTpPaM MOXKe
ICTOTHO CKOPOTHTH 3arajbHui 00’€M mporpam, 1o po3-
pOOIAIOTECS, B TOPIBHAHHI 3 MOHOJITHHM IIpOTpamy-
BaHHSM, KOJIM KOMIIOHEHTH MpPOTpaMH 3 iJCHTHYHUMH
(YHKIISIMA TIOBHHHI ITOBTOPIOBATUCS TaM, JI€ BOHU BH-
KOPHUCTOBYIOThCSI;

— MOJIEpHI3y€eMICTh KOMITIEKCY TpOorpaMm MoJer-
LIYEThCS CyBOPOIO (hopMaltizawiero 3B A3Ky MiX ITiIIpo-
rpamMamMy 10 yIpaBJIiHHIO Ta 3a iHPOpMali€lo, NpH SKii
BKJIFOUEHHS MiJIPOrpaM 3 HOBHMH XapaKTEePUCTHKaAMH
HE BHMara€ 3MiHU IHIIMX paHillle BiAJIaroJHKCHUX Ta
BUIPOOYBaHMX IIPOTPaM;

— CTIHKICTh (YHKITIOHYBaHHSI KOMIUIEKCY IPOTpam
B peaslbHOMY MacmTabi 9acy 3a HasBHOCTI 300iB [[OM
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Ta HEBHSBIICHUX MOMHWJIOK i MPOTPaMHO-aJITOPUTMITHA
HaJiHHICTh CUCTEMHM MOXYTb OYTH WiJBHIIEHI, SKIIO
MAIPOTrpaMy P BUSIBICHHI CIIOTBOPEHHS B pe3yibTa-
Tax OOYMCIICHP MOXHA IOBTOPIOBATH W ITOBTOPIOBAaHA
JIUISTHKA HEBEJINKA;

— MOXITUBICTh (pOPMai30BaHOTO KOHTPOIIO OKpe-
MHUX TIOPOTrpaM Ta KOMIUIEKCY IpOrpaM Ha BiIOBif-
HICTh MpaBWJIaM CTPYKTYpHOI HOOYIOBM MO Iepenadax
YIPaBJIiHHS 1 0 BUKOPUCTAHHIO MaM’sTi 3HU)KYE 3ara-
JbHY KiJBbKICTh MOMIJIOK B IIPOTrpaMax Ta J03BOJISIE Jie-
SIKI THIT TIOMUJIOK BUSIBJISITH aBTOMATHYHO;

— 3a0e31e4y€eThCsl PO3PAaXyHOK YaCOBUX Ta IHIINX
XapaKTepUCTHK peai3almii KOMIUIEKCY IporpaM B pea-
JBFHOMY MacmTabi 4acy i OKpeMHX CYKYITHOCTEH iar-
porpaM IpH JOBUIBHHX M ycepeIHEHHX yMOB (yHKIIiO-
HYBaHHS IIUIIXOM aBTOMAaTHYHOTO AaHAII3y IIPOIecy
BUKOHAHHS 1€papXivHO MOB’A3aHUX MTPOTPAM.

AHaJi3 BKa3aHUX IepeBar Ta ocoOiuBocteit AT
JI03BOJISIE 3pOOUTH BUCHOBOK IIPO MEPCIIEKTHBHICTH MO-
IyTBHOTO pUHNOUITY Tipu ooynosi CII3 AT.

CkiajgHicTh 00’€KTIB MOJICIIOBAaHHSI HEMHHYYE
MPU3BOANTH 1O HEOOXIMHOCTI X (QYHKI[IOHAIBHO-
CTPYKTYPHOI AEKOMITO3HII] Ta IPEICTABICHHS y BHUTJIA-
Il CHCTEMHU JIOCUTh IPOCTUX eJeMEHTiB-MoayiiB. Jlo
TOTO K caM pealbHUH 00 €KT (PyHKLIOHAIBHO 1 CTPYK-
TYPHO IIPEACTABIISE, SIK MIPABUIIO, TOCUTH CKJIAJHY CHC-
TEeMy, LIO CKIAJA€ThCS 3 1€PApXIYHO BHOPSAKOBAHHX
MiJICUCTEM, TPHUCTPOIB, OJIOKIB Ta eleMeHTIB. [likom
MIPUPOJTHO NTOCTABUTH y BIATIOBIJHICTH OKPEMUM CHCTeE-
MaM, MiJcHCTeMaM, MPUCTPOSM pealbHOro 00’€KTy iX
azekBatHi mozeni — mporpamui Moy CIT3. Skmio B
pi3HUX 00’€KTax BHKOPUCTOBYIOTBCS OJIHAKOBI MpH-
cTpoi abo cucTteMH, TO U IX MOAETIOBAHHS MOXYTh
OyTH BUKOPUCTAHI OJHI i Ti )X MOZYJIi IPOTpam.

BigmitHoto ocobnusicTio ctBopenus CII3 AT e
Te, IO HPOrpaMH, IO BUKOHYIOTh (YHKIIT MOJEIo-
BaHH: JIA, Bi3yanbHOi 0OCTaHOBKM B MpHiIajgax CIOCTe-
pexxenns JIA ta ¢i3uuHNX YMHHHUKIB pOOOYOro cepezo-
BUIIA, 1[0 BUKJIMKAIOTh y HABYAEMHX BIAUYTTS, a/I€KBa-
THO TIOB’s3aHI 3 ajJTOPUTMaMU iX ISUTBHOCTI B pealib-
HUX YMOBax, CKJIaJaloTh Oijblie IOJOBUHHU 00’eMy
YCbOT'0 KOMIUIEKCY (PYHKIIOHAJIBHUX IPOTPaM.

VY nporpamu ynpasiiHHS 3aco0aMu imitarii Bizya-
JTbHOT OOCTAaHOBKM 3MiHM BHOCSTHCS TPH JOOIPAIFO-
BaHHIX NpHIaAiB cioctepeskeHHs JIA abo mpwu 3miHi iX
pO3TalryBaHHA HAa HBOMY, a B IIPOTPaMH YIPABJIiHHI
3acobamu iMiTamii (Gi3MYHIX YMHHHUKIB poOOYOro cepe-
JIOBUIIIA — MPU 3MiHI AMHAMIYHUX napameTpiB JIA.

[Iporpamu, o BUPIIIYIOTH 3aBAAHHS YIPABIiHHSA
MpoIecoM TiATOTOBKHM omepatopiB Ha AT, 00’ek-
TUBHOTO KOHTPOJIO MCHX0(i3i0J0rigHOro CTaHy i po-
60Tn omepaTopiB B Mpoleci HABYAHHS, B 3HAYHO MEH-
I Mipi cXwibHI 0 3MiH. Y 10 yactuny CII3 3minun
BHOCSITBCSI TIPU PO3POOII JOCKOHAMIIMNX W epeKTUBHI-
IIMX METOJIB yNpaBiiHHS Ta KOHTposto. OTXKe, CTpyK-
Typa 1 npuHiuny nodynosu CII3 AT noBunHI 3a0e3re-
qyBaTH MOIJIMBICTh HOTO JOOTPAIIOBAHHS K Ha CTaIil
CTBOPEHHS CUCTEM, TakK i Ha CTafil iX eKCIuTyaTaiii.

[Ipr MomynbpHIN MOOYIOBI TporpaM Iie 3aBIaHHS
BUPILTY€eTHCS €()eKTHBHO, OCKUIBKH TIPH 3MiHi, HAPHKIIA,
OKPEMIX CHCTEM 00’ €KTy NOBHHHI KOPUTYBATHCS JIHIIIE Ti
MOyTl, sIKi TOB’s13aHi 3 MOJCPHI30BaHUMH €JIeMEHTaMU
peanbHOTO 00’€kTy. MoOmynpHe nporpamyBaHHs 3a0e3re-
4ye T00yI0BY CKIIaIHUX MporpaM Ha 0a3i HEBEIMKHX PO-
TpaMHHX OJIOKIB, KOJKEH 3 SIKUX BUKOHYE 3aKiHUCHY JIOTi4-
Hy OyHkuito. Ile mo3Boisie opraHi3yBaTh NapayelibHy
poboTy Tpymu pO3POOHMKIB Ta TAKUM YHHOM ICTOTHO
TIPUCKOPHUTH TEPMiHM CTBOpPEeHHS i BUnpobyBans CII3.

[Tpu po3pobui crpykrypu CII3 AT B nepury uepry
BUJUISIOTHCST MOAYJII OCHOBHUX (DYHKIIIOHAJIBHUX CHC-
TeM JIA Ta OCHOBHHX 3aBJaHb IO YIIPABIIHHIO TPEHY-
BaHHAM; y MOZYJISIX CHUCTEM BHIUISIOTHCS CKIAAOBi il
IiICUCTEMH; JAai 3 ypaxyBaHHAM CTPYKTYPH peallbHOTO
00’€KTy MOy TiACUCTEM MPEACTABIAIOTHCS Y BUTILAI
CYKYIHOCTI PUCTPOIB (Omeparttiit), MpUCTpoi — y BUTIIA-
Il CYyKYyIHOCTI OJIOKIB i Tak fajni. TakuM YUHOM, CTPYK-
Typa MOZETIi BiIOMBa€e CTPYKTYpPy PEaTbHOTO 00’ €KTY.

MouBuil iHIIMHA cHoci0 MOOYIOBH CTPYKTYpH
iMiTamiiinoi Mmoxemi JIA, 3acHOBaHMM Ha IEKOMIIO3HIIT
MOJIYJNIB, BIANMOBITHUX He cucteMaM JIA, a pexumam
(um etamam), Woro (QyHKIIOHYBaHHS. SIKIIO peamizamis
PEXUMIB 31IHCHIOETBCS Ha 0a3l OMHHMX W THX XKE CHC-
TeM, Takui crocid crpykrypHoi nmooyzoBu CII3 Hepa-
nioHanbHUH. IIpy 1IBOMY HOpPYLIYETBCS OJHO3HaYHA
BIIMOBiTHICTE MiX iMiTamiitanmMu moxymsimu CII3 Ta
eneMeHTaMu JIA, 1110 MEHII 3pYYHO 3 TOYKH 30py CTaH-
JapTu3amii oKpeMux Mopened 1 X KOPHI'YBaHHS IIPH
Monudikarii cuctem JIA.

B Toii e yac 3MiCTOBHA YaCTHUHA aNrOPUTMY, BiJl-
MTOBITHOTO HEIUTMMOMY MOJYIIO, IO IMITY€ MOBEIIHKY
skoi-HeOynp cucremu JIA, NMOBHHHA BiITBOPIOBATH HE
TEXHIYHY CTPYKTYpY, & QYHKIIT 00’€KTy, sIKi MPOSIBIIs-
IOThCSl B 3B’SI3KaX M€l CUCTEMM 3 IHIIUMH CHCTEMaMHu
JIA, mwo moxymoeTses. [Ipu boMy cucteMa MoXe Mo-
JICITIOBATUCS Y BHUMJIAAI “dOPHOTO SIIUKA” 3 BiZOMOIO
nepeaaBagbHO0 (DYHKINE0, 0 BU3HAYAE 3B SI3KH BXIJ-
HUX Ta BHXITHUX TapaMeTpiB.

MopenoBaHHS IEBHOTO PEXUMY (DyHKIIOHYBaHHS
JIA 31iiiCHIOETBCS 32 JOTIOMOTOI0 BCTAHOBJICHHS BiJIIIO-
BIJIHMX 3HAa4YeHb MapameTpiB Mozeneil Ta QyHKIIOHAb-
HUX 3B’S3KIB MK MOAYJISIMH B IbOMY PEXHMI.

3meHmenHs 00’emy mporpam ais mudposux AT,
SIKI 3HOB PO3POOJISIOTHCS, JOCSTAEThCS IUIIXOM MO0Y-
JIOBHM YHIBEpPCAILHUX MOAYJIB — IO € HE3MIHHUMU IS
knacy JIA. Tak, s po3poOkn yHi(pIKOBaHUX MOMYIIB
pilIeHHs 3aja4i JTUHAMIKHM IOJbOTY MaTeMaTH4Hy MO-
Jenb pyXy JliTaka MOXKHa po30MTH Ha JBI B3ae-
MO3B’s13aHiI CMHCJIOBI rpymiu (puc. 1).

Jlo mepmroi rpynu BiJHOCSATHCS PIBHSHHS OCHOBHUX
aepoJMHAMIYHUX CHJI 1 MOMEHTIB, KiHEeMaTHU4YHI Ta 1HIII
CIIIBBIHOILIEHHS], 110 € HE3MIHHOI0 YacTHHOIO MareMa-
THYHOI Mojeni. HeBimoMumu wieHaMu B Wil Tpymi piB-
HSIHB € aepOIMHAMIYHI KOe]IIli€EHTH, a TAKOX TapaMeTpu
JiTakiB. AepoauHaMivHi KoedimieHTH € (QyHKIisSAMH Ta-
paMeTpiB pyxy, 3aleXaTb BiJi KOHCTPYKTUBHHUX OCOOJIH-
BOCTEH KOHKPETHOTO JIiTaKa Ta iX 00YHCICHHS BiJTHECEMO
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JI0 Ipyroi Ipymy, siKa CKJIagae 3MiHHY YacTHHY MaTeMa-
THIHOT Mojeni. [IporpaMHi MOIyIi OOUUCIIEHHS aepOIn-
HaMIYHUX Koe(ilieHTIB NOBHHHI BUKOPUCTOBYBaTH CTa-

HIApPTHI TIporpaMu BUOIPKHU 3 TaOJIHUIIh, TIPH IILOMY TIepe-
X1J1 BiI OJTHOTO MOJYJISL IO iHIIOTO 3BOAMTHCS MO 3aMiHHU
TaOJHIh aCPOTMHAMIYHIX KOCDIIlIEHTIB.

[Tporpamsui Moy, 110 3MIHIOIOTHCS

OO0OunCIIEHHS BaTOBUX
Ta HEHTPOBOYHUX

ganux I, I, I, Ly, xT

OOunciIeHHs
3MIHHHMX CKJIaIIOBHX
KOC(IIiEHTIB MOMCHTIB

Y O0uucnenns
) aepoIMHAMIYHIX
PIBHSHD PYXY Koe(iIlieHTIB cUIT
110 3eMJIi

Mopayni o04KcIeHHs aepoMHaMIYHHUX KoedinieHTiB (BHOipKa 3 TaOIIHIIb)

F(o)| [E@| |EM)| [E(M,H)

OO0uncreHHst Koeilli€HTIB, 1110

F(G
i(Gr) He 3aJIe)KaTh Bil mapaMeTpiB pyxy

 C,. C, i

[Iporpamui MoyIi, O HE 3MiHIOIOTHCS (YHIBEpCallbHi)

pyXy LIEHTpY Mac

OBHHCCHHS MOMEHTIE OO6uncneHss OGuucnenHs OO6uncrneHns
HOBITPAHO-LIBUIKICHUX BHCOTHO-HIBUIKICHAX HepEBaHTAKEHD
my, my, m, i5 o, B XapaKTePUCTHK
napamMeTpiB a., V,,M,V, g p Ny, Ny, N,
PitneHHs piBHSHB OGuncnenns PineHHs piBHSHb

KIHEMATHYHMX CIIiB-

BigHomens 9, , 7

PYXY BiJTHOCHO LICHTPY
Mac @y, Oy, O,

CucreMa nporpaMHUX MOIYJIB Y3TOPKEHHS IMapaMeTpiB (3MiHHI)

®opMyBaHHA Ta BUAada

aHAJIOTOBUX CUTHAJIIB

1

i

1

! O06pobOxka

! BXITHUX JaHUX
1

Bumaga JAUCKPETHUX

CHUTHAJIIB

1

|

1
IIpuiiom Ta 06poOKa | !
AHAJIOTOBHUX CUTHATIB | !
1

Puc. 1. Maremaruuna mozeins pyxy JIA

3B’S130K MOAeNi JWHAMIKH TIONBOTY 3 IMiTaTopaMu
OOpPTOBHX CHCTEM IIPOBOJUTHCA YEpe3 CHUCTEMY MOMYJIIB
HIepexozy, MO0 BUKOHYIOTh (DYHKIIIIO Y3TO/KEHHs rapame-
TpiB. L{i MOIyNi BpaxoOBYIOTh XapaKTEPUCTHKH TIPIIIAIiB
Ta CHCTEM NpH Tepeladi Ha HUX TapaMeTpiB 3 JUHAMIKU
MOJILOTY. 3a JIOTIOMOIO LIMX MOJYJIIB BiJATBOPIOIOTHCS
CTaTHYHI Ta IUHAMIYHI TTOXWOKH pEabHUX NPIIadiB 1
JocATaeThesl HeoOXiZHAa TOYHICTH Ta MOAIOHICTH B MOJE-
JIFOBaHHI npuianoBoi indopmarii. Take po30UTTs piBHIHB
JIMHAMIKH TI0JILOTY J03BOJISIE CTBOPUTH MOJIENb 3 JOCTAT-
HIM CTyIIEHEM I'HYYKOCTI Ta YHi(iKyBaTH MOJTYII.

Hassnicts [IOM B AT no3BoJis€ MiAIMTH 10 MUTaHb
MOJIENIOBaHHS poOOTH OGOPTOBHX CHCTEM KOMIUIEKCHO 3
€IMHNX METOJMYHUX IO3MLIi. AHanli3 3aBaaHb, 10 BH-
pimryroTscst GOPTOBUMH CHCTEMaMH, IIOKa3aB, IO OiJlb-
LIICTh QJITOPUTMIB MOXKHA YHI(IKyBaTH, SIKIO INPE/ICTa-
BUTH iX y BUITISII OKPEMUX MPOTPaAMHHUX MOJIYJIIB.

ITinotaxno-Hasiramifini komriekcu (ITHK) JIA ma-
I0Th B OCHOBHOMY 1IEHTHYHY CTPYKTYpPY Ta BHPIIIyIOTH
AQHAJIOTIUHI 3aBJaHHA. Y TpeHaXepl MUIOTaXHI 1 HaBira-
LiiHI TapaMeTpu, oOJCIeH] B 0oL JUHAMIKH MONBOTY,
eKBIBAJICHTHI TTapaMeTpaM IOJBOTY JiTaka, sSKi BHMIpIO-
totbest cuctemamu [THK. [l 3a0e3medeHHst momiOHOCTI
iH(opMarifo Mpo napameTpy AMHAMIKH MOJIBOTY HEOOXij-
HO JIMIIIE JIOTIOBHHUTH MPHUPOCTAMH, IO IMITYIOTh TOTpill-
HOCTI BUMIpIOBaJIbHHX cucteM Ta npwianis [THK. Orxe,

mozens [THK moBuHHA ckitapaTvcst 3 MPOrpaMHHUX MOJTY-
JiB (YHKI[IOHYBaHHS CHCTEM B 00’€Mi, 1[0 HEOOXiTHHIA
JUISL HaBYAHHS Ta TPSHYBaHHs, MOJIYJIB IMITaIlii MOTpimI-
HOCTEH JNaTYWKIB, BIITBOPCHHS IIOKAa3aHb BiIIOBITHIX
HNOKXXYMKIB Ta iMiTauii edeKTiB XapakTepHHX BiJIMOB i
HecrpaBHOCTe|. [Ipy TakoMy MmigXoi NPHHIMII Ta CTPYK-
Typa mooymoBu mMoneni I[THK 3amumiaroTeest He3MiHHAMH,
a 3aJIEKHO BiJ| TUIY YCTATKyBaHHs JITAKa 3MiHIOIOTHCS
aroput™Mu (PYHKIIOHYBAHHS CUCTEM 1 TaOJNMYHI 3HAYCHHS
XapaKTepPHUCTHUK TIOXUOOK, PHIIA/IIB Ta CHCTEM.

ITHK Tta cuctemu ynpaBiiHHA 030pO€HHSIM cydac-
HUX aBiallifHUX KOMIUIEKCIB 00’ €THYIOTHCS B €MHE I1iJ1e
Ha 0a3i 6oproBoi obumcmoBaneHOi cuctemu (BOC). Y
peanpHOMY TIONTbOTI Ha BOC moKnmamaeTbes WiHA P
3aBIaHb, BIITBOPIOBATH SIKi B TPEHAXepi HEMae HEOOXia-
HocTi. TakuM¥M 3aBIaHHSIMH € 3aBJaHHS, SKi OB ’s3aHi 3
00po0Kor0 pamionokanii iHpopMarii, ynpaBIiHHIM KOM-
IIJIEKCOM O00OPOHH, 30pO€I0, KOMILIEKCOM 3B’SI3Ky Ta iH-
IIMM, a TaKOX 3 JHUCTIETUYEPU3AIIEI0 X0y 00UUCITIOBAIb-
HOT'0 IIPOIIECY Ta TECTOBHUM KOHTPOJIEM.

AHami3 anropuTMIB, IO BUPINIYIOTECS Ha OOpTYy
cydacHux JIA, moka3zas, 1mo 10 60 BiJICOTKIB 3aBIaHb, SKi
BupimytoTsest BOC, MOXyTh He BiATBOpIOBATHCS B Tpe-
Hakepi a00 BIATBOPIOBATUCS i3 3HAYHUMH CIIPOLICHHIMH
0e3 3HWKEHHS HaBYAIbHOT €PEKTUBHOCTI. ¥ IIUX YMOBaxX
3aCTOCYBaHHS peaslbHUX CHUCTEM OOPTOBOTO yCTaTKyBaH-
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Hs1 cymicHe 3 BOC Tta cnonydeHHsM ix 3 6azoBoro bOC
TpeHa)kepa BeJle 10 TOCTIHHOrO HEBUIIPAB/IAHOTO YCKIIa-
IHEHHS TpeHaxxepa 0e3 TONIMIICHHS HaBYaJIbHUX BIIAC-
THUBOCTEH, a TAKOXX BeJie 10 3HIKEHHS Horo epekTHBHOC-
Ti. ¥ 3B’3Ky 3 MM ITUTaHHS MOJICIIOBAHHS CHCTEM OOp-
TOBOrO ycratkyBaHHS Ta BOC BUMarae st CBOTO BHpi-
IIEHHS IPUHIUIIOBO HOBOTO MiAXomy. TakuM miaxomoM €
HE TUIbKM Oe3yMOBHE BUKIIIOUEHHS PEalbHOIO yCTAaTKY-

BaHHS 3 TPEHaXkepa, aje i CTBOPEHHA MAaTEeMaTHYHHX
MOJIeNei, o BioOpaxaroTh He (i3UM4YHYy CYTh IIMX CHC-
TeM, a JHUIIe XapaKTepHi OocoONmmBOCTI iXx poboTH B
00’eMi, 10 HEOOXIMHUH I MisUTBHOCTI eKiraka B Ipo-
Lieci HaBYaHHs Ta TPEHYBaHHSL.

MaremaTtryHi Mojeni (QpyHKIIIOHYBaHHS OOPTOBUX
CHCTEM PO3pOOIITIOTECS K OKpeMi HpOrpaMHi OJIOKH,
110 CKJIaJal0ThCS 3 IPOrPaMHUX MOAYJIIB (puc. 2).

. 1
| CucTema ynpaBJIiHHS 30pOEI0 | _Hporpamu
| ! BifoOpaXKeHHs
1 | . voe
| Opranizais Hporpamn Kowmmieke mporpam | 1 indopmauif
p 11 . ! Ha IHIUKATOPHHUX
' po6otu BPJIC PIIICHHSA 3a/1a4 [pllLIeHHs 3a7a4 BUSABJICHHS| 1 p
: HaBeJICHHS (cynpoBoKeHHs) 1iei | | IOPUCTPOAX
N
1 , 1
1
1
| [Iporpamu pimieHHs IIporpamu IIporpamu ! InauxaTtopu cucrem .
i | samau yIpaBIiHHsA TIepPEeTBOPEHHS imitanii ninei Ta ! 1| 030pOEHHS, MIOTAXKHI
1 . . e .
' 30po€ero KOOpAHUHAT TaKTUYHOI OOCTAHOBKU || ! [ra HaBirariiisi pudopH|
1
1

[Iporpamu qUHAMIKH TOIBOTY
Ta CWJIOBOI YCTAHOBKH

[Tporpamu pirieHHs 3a1a4
Y3TO/DKEHHS TapaMeTpiB

Opranu yrnpasiiHHSI

ITinoraxxHo-HaBIiraniiHUI KOMILIEKC

[TynbTH yripaBiIiHHSI

1
1
1
1
1
1
1
1
1
1
. 1
Exinax !
1
1
1
1
1
1
1
1
1
1
1

Komruiexc o0opoHu

1

| i !

1 11

1 Vi !

i |IIporpamu obuucneHHs IIporpamu . Kommeke mporpam | | IIporpamu

| . . i imiTanti '

HKLIOHYBaHHS . - [ HEPETBOPCHHS

| | TOTHHX HABirAIIHHNX fby KIoHy 1| panionoxauiiinoro | | epeTBOpEH

' | eleMeHTIB mosbOTy | [HABIrALHHIX cuctem JIA X OISt ! napameTpiB
1

: D !

! IIporpamu [Iporpamu ! Tporpam i Hporpamu

' | bopmyBaHHs NOXHOOK pexumiB poboTH i . | KOHTPOJIIO CUCTEM

' 1 ynpasiinaa BKO i

i cucrem JIA CAY b i TpEHaXEpy

1 Vi !

1 1

Puc. 2. Matemarnuna Mojienb QyHKIIOHYBaHHs O0pTOBUX cucteM JIA

YactiHa 1HX MOXYJIB Moke OyTH yHi(pikoBaHa,
OCKUTBKHA OOPTOBI KOMIUIEKCH Pi3HHX JITAaKiB BHPINIY-
IOTh AHAJIOTIYHI 3aBJAHHS. 3aJIEKHO BiJ 3aBAaHb, IO
BUPILIYIOTBCS,, B POOOTY MiJKIIOYAIOTHCST HEOOXiHi
MPOTPaMHi MOAYII, IMPH IbOMY KUTBKICTh MOJYIIB BH-
SIBJSIETHCSL MEHIIE KIJIBKOCTI 3aB/IaHb, 110 BUPIIIYIOTHCS
OOPTOBUM KOMILIEKCOM.

Tak BupilICHHS 3aBJaHb, IO MOB’s3aHI 3 Opraxi-
3aIi€l0  peXUMiB poOOTH OOpPTOBOI pajioioKamiiHOT
crannii (BPJIC) (BusBIEeHHS, CYNPOBOIKEHHS Ha IpPO-
X0l UUIeH, CYHNPOBOPKEHHsI HUICH IO aTaKyKThCH,
JIep Kpo3Mi3HaBaHHs, KOHTPOJb npane3narHocti bPJIC),
B AT 3BOAWTBCS 10 OpraHi3aiii CTBOpeHHS Iinel, mpu
IbOMY BUXIJTHOIO iH(OPMAIIE€I0 MOIYJS MJIEH € KOop-
JIMHATH LIEH, 10 CYNPOBODKYIOTECS, 3 O3HAKaMH Jie-
pkpo3mizHaBaHHS. [Iporpamui Momyni BimoOpaskeHHS
Ha iapukaropax ganux 3 [THK, BPJIC, xommiekcy 060-
pOHH, 3B’SI3Ky Ta IHIIMX BHJAIOTH iH(pOpMAI0 H Bek-
TOp LJIEyKa3aHHS Ta pa3oBi KOMaHIM NpH opraHizamii
HaBeJeHHS 1 aTakd. MoOJIyJb YIpaBIIiHHA 030pOE€HHAM
3MIHCHIOE JIMIIIE 1HIUKAIII0 HASBHOCTI paKeT Ha IijBic-
Kax, TOTOBHICTh JIO ITYCKY, IOCJIIOBHICTh 3XOAYy 1 aBa-

piifHe cKMIaHHS], 3aMiCTh CKJIQJHOTO alrOPUTMY (YHK-
LIOHYBaHHS peabHOI CHCTEMH.

OxkpiM 3aBJaHb, OB’ I3aHUX 3 MOJICIIOBAHHSAM U~
HaMIKH TOJIBOTY 1 poOOTH OOPTOBHX CHCTEM, B IIpOrpa-
MHe 3a0e3neueHHs AT BKIIIOUAIOTHCS 3aBJaHHS KOHT-
POJIIO TIpaIie31aTHOCTI Ta MOUITYKY HECIpaBHOCTEH cuc-
TeM AT, MOAyi OLIHKK SIKOCTI BUKOHAHHS BIPaB JILOT-
YUKOM, MOJYJIi YIPaBJIiHHS XOJIOM TPEHYBaHHS, orepa-
THBHOI B3aeMmoJii iHcTpykTopa 3 BOC Ta pi3Hi cepsic-
HUMH MIPOrPaMaMH.

Bukopucranns bBOC B sxocti obumcmoBaua AT
MIPUITYCKA€e TIOCIIIOBHE BUKOHAHHS BCIX QJITOPUTMIB Y
yaci, a HeoOxigna mBuakomisi BOC 3anexuts Big yac-
TOTH iX BUKOPUCTaHHS.

BukopucTaHHS alrOpUTMIB NOBHHHE 3/iHCHIOBa-
THCSI 3 YaCTOTOIO, 1[0 3a0e3nedye COpUHHATTS JTbOTIU-
KOM 0e3mepepBHOCTI KOHTPOJIHOBAHUX MapaMeTpiB,
HEOoOXi/IHy CTIHKICTb pillIeHHS Ta HEOOXiJHY TOYHICTbH
MojemoBanHs. Ockinbku napameTpu JIA MOXIHMBO po-
3IJUTH HA Ti, K1 3MIHIOIOTHCS IIBHIKO Ta MMOBIJILHO, TO
X 00YMCIIEHHS MOXIIMBO BUKOHYBAaTH 3 PI3HOIO 4acTO-
toto. IIpy npoMy OOYMCIICHHSI ITapaMeTpiB, IO 3MiHIO-
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IOTBCS IIBUIKO, 3[AiHCHIOBATUMETHCSA 3 MaKCHMAJIbHOIO
4aCTOTOO0, & SIKi TOBUIBHO 3MIHIOIOTBECS — Yepe3 UK
Yy JIEKiJbKa IMKIIIB 3aJICKHO BiJl XapaKTepy MPOIIECIB,
SIKI ONMHCYKOTHCS, IO JO3BOJHTH 3HH3UTU MOTPIOHY
IIBUIKO/IIO OUTBII HiXK B 2 pa3m.

OxpiM IIpOrpaMHAX MOJYIIB, IO NMPH3HAYCHI IS
NepioIMYHOTO BHUKOHAHHS, ICHYE TpyNa MOAYJIB pa3o-
BOTO BUKOHAHHSA. IX MPU3HAYEHHS TONATAE Y BCTAHOB-
JICHHI TTOYaTKOBUX YMOB, IOTEpenHiii oOpoOmi iHpop-
Malrlii, onepaTuBHil B3aemoii oneparopa ta bOC.

IIporpamui Moaymi 00’ €IHYIOTBCS B IEBHI MMOCIi-
IOBHOCTI 3 ypaxyBaHHAM IHUCKPETHOCTI iX BUKOPUCTAH-
HS YIPABJISIOYO TporpaMoro. [TiAKIIOYeHHS MOIYIiB
LI€0 TPOTPaMoI0, MOBUHHO 3/1iHCHIOBATHCS IBOMA CIO-
cobamu:

— 0e3mocepeIHbO Tepeaadeio Ha MOy 3 YIIpaB-
JISIFOYOi TPOrpaMu; MOAYJI MiAKIIOYAIOTHCSA I10 Mipi
HEOOXITHOCTI, sIKa BCTAHOBJIIOETHCS 3a3/1aJIET1/Ib;

— OpraHi3ali€lo JOTIYHUX KA, SIKi € TOYaTKOBOIO
iH(pOpMaIli€0 JUIs BUKIMKY MOJYJIB 4epe3 Mporpamy-
JcIieT4yep.

CucremMa HaJaroKCHHS AalTOPHUTMIB 1 Iporpam
MOBUHHA BKJIIOYATH CYKYITHICTh NPOrPaMHUX 3ac00iB
U aBTOMATH3allii MPOIECiB BCTAHOBJICHHS (DakTy mpa-
BWJIBHOTO (DYHKIIIOHYBaHHS pO3pOOJICHUX IIPOrpawm,
BUSBJICHHS, JIOKAJi3allil Ta YCYHCHHS IOMHIIOK B TIPO-
rpamax. Po3poOka crcTeMH HaIaropKeHHs ajJrOpUTMIB
AT B moBHOMY 00’€Mi MOX€E ONMHHUTHUCS O TPYIOMICT-
KOCTi CyMIpHOI 3 pO3p0oOKOI0 OCHOBHOi mporpamu. B
L[OMY BHUINAJAKY JOLIEHO OOMEXHUTUCS BUKOPUCTAHHIM
3aco0iB “Maiioi aBTOMaTH3auii” TUIy CHCTEMH IpoO-
rpaM-BiITAMYHKIB IS TIEPEBIPKH OKPEMUX MOIYIIIB,
CHCTEM Ta IHIIIOTO.

HacTynHuM Ba)XJTHBUM KOMITOHEHTOM MaTEeMaTH-
YHOTO 3a0€3ICUCHHS € CYKYITHICTh MPOrpam, Impu3Hade-
HUX Ui Oprasizamii OOYHCIIOBAIEHOTO IIPOIECY B
IHOM npwu ii ¢yukiionyBanni y ckimami AT. Taxumu
nporpamMaMu € pi3Hi 00CIyroByrOUi Mporpamu, nporpa-
MU OTIepaTUBHOI B3aeMoii roxuan 3 BOC mis BHeceH-
HSI 3MiH 1 KOHTPOJIIO MOJISITIOBaHHSI.

PosmmpenHs: kpyra 3aBlaHb, 1[0 BHPIHIYIOTHCS
cyuyacaumu AT Ha 6a3i BOC, 30iIbIICHHS CKJIaIHOCTI
TpPEHaXXepIiB CTAaBUTH 3aBIAHHS aBTOMATHU3AIll MpoIeCcy
KOHTPOJIIO Mpale3JaTHOCTI Ta MOLIYKY HECHpPaBHOCTEH
AT. 3aBnsku TOMy, IO B SIKOCTI MPOTPaMyrdvoro Ta
aHAJI3yI04oro IMPUCTPOIB BUKOPHCTOBYETHCS 0a30BHM
mupoBUA OO0YMCITIOBaY, B SKOCTI IIEPETBOpIOBada —
neperBopioBadi Ta komyraropu bOC, tecToBa cucrema
KOHTPOJIIO i MOIIYKY HECHPABHOCTEH JTO3BOJISIE 3HAYHO
CKOpPOTHUTH 4ac KoHTpoJito. KonTpons cucrem AT Buma-
rae po3poOKH MpOorpaM KOHTPOJIO Ta BKJIFOUEHHS LHX
nporpam B CII3 tpeHaxepa. Taki mporpamu 3abesre-
YyIOTh OpraHisamito i nojgauy Ha cucreMu AT curHanis,
10 IMITYIOTh peasIbHy poOOTY, BUMIPIOBAaHHS Ta aHAII3
KOHTPOJILOBAaHMX MapaMeTpiB. Pe3ynpTaTét KOHTpPOIIO
BuAarThCsA 3 BOC mis iHaUKAaIii i JOKYMCHTYBaHHSI.

BucHoBKMu

Cropennst CII3 nu¢ppoBux AT — BaxnuBa 00-
JIacTh, B SIKIM BHUpILICHHS 3aBiaHb yHidikamii nporpam
Ta CTaHAapTU3allii METOIB X CTBOPEHHS HAJacCTh iCTO-
THUH BIUIMB HA CKOPOYCHHS TEPMiHIB PO3POOKH TpeHA-
xepiB. CII3 mOBMHHE BOJIOJITH IOCTAaTHIM CTYIEHEM
THYYKOCTI 1 YHIBEpPCaIbHOCTI Ta 3BOJUTHU JI0 MIHIMyMY
TPYAOBUTPATH Ha 3MiHY NpOrpaM MpH IEpexoii Bif
MoJieNFoBaHHs oaHoro Tumy JIA no inmoro. Lum BuMo-
ram 3anoBosibHATUME CII3, 1110 MO0y 10BaHE 32 MOMYJIb-
HHUM IIPHHIHUIIOM, KOJIA MaTeMaTHYHA MOJEIb AUHAMIKH
monsoTy JIA Ta poGoTH Horo OOPTOBHX CHCTEM IIpel-
CTaBJICHA y BUTJIA/II OKPEMHX IIPOTPAMHHUX MOIYIIB.

MogpemoBanHs OoptoBux cuctem JIA mo 3ampo-
MOHOBAaHMX MNPHUHIMIIAX MPU3BEIEC A0 BUKIIOYCHHS 3i
ckiany 1udpoux AT OUIBIIOCTI JOPOTHX IMITATOPIB,
CTBOpPEHHX Ha 0a3i peasibHOI OOPTOBOI amaparypu Ta
3aMiHi X Ha MareMatn4Hi moxenmi. [Ipu poMy po3mu-
PIOIOTBCSI METOIMYHI MOIIMBOCTI 1udpoBoro AT, min-
BUIIYETBCSA HOTO HaMiHICTh, BiANamae HEOOXIMHICTh
eKCIUTyaTaIlil pi3HOTHITHOI OOYMCIIOBAaJIbHOI TEXHIKH,
CKJIJHOTO PaJioeNIeKTPOHHOIO YCTATKYBaHHS.

Cnucok nitepatypm

1. Tpenaocepuvie  cucmemvr / B.E.  Ilyxwynos,
10.A. bakynos, B.H. I'pucopenxo u op. — M.: Mawunocmpoe-
Hue, 1981. — 256 c.

2. boouep B.A. Asuayuonnvie mpenaoicepvl / B.A. boo-
uep, P.A. 3axupos, .. Cmupnosa. — M.: Mawunocmpoenue,
1978. - 192 c.

3. Meeposuu I'.1ll. Asuayuonnvie mpenadxcepvl u 6e30-
nacrocmo noaemos: oo peo. I'.Ill. Meeposuua / I'.Ill. Mee-
posuu, A.U. I'ooynos, O.K. Epmonos. — M.: Bozoywnwlit mpa-
ncnopm, 1990. — 343 c.

4. Forrstrom K.S. Distributed processing for real time
simulation — an overview / K.S. Forrstrom // AIAA — 84 —
0554. — 6 p.

5. Seidensticker S. Modular simulators, their feasibility,
design and procurement / S. Seidensticker //AIAA — 85 — 0312. —
8p.

6. Kpacoscxuii A.A. Ocnoebl meopuu aguayuOHHbIX
mpenadicépos / A.A. Kpacosckuii. — M.: Mawunocmpoenue,
1995. - 304 c.

7. Opyarcue u mexuonoeuu Poccuu. Dnyuxnoneous. XXI
gex. Tom 10. Asuayuonnoe eoopydcenue u aguonuxa. — M.:
H3z0amenvckuii oom “Opyaicue u mexnonoeuu”, 2005. — 784 c.

8. Jlunaes B.B. [Ipunyunsl u npaguna mMooyivHo20 noc-
Mpoenust crodichvlx komniekcos npoepamum ACY / B.B. Jluna-
es, B.B. Quaunnosuu // Ynpasnsiowue cucmemol u MAQUIUHbL. —
1975.—Ne 1. — C. 17-23.

9. Makapoe P.H. Teopus u npakxmuxa KOHCMpyuposa-
HUsL Yenegblx Mooeell ONepamopos 0Co00 CLONCHLIX CUCEM
ynpaenenus / P.H. Makapos, JI.B. I'epacumenxo. — M.: MAK-
YAK, 1997. - 530 c.

10. Maxapoe P.H. Asuayusa XX eexa. Poowcoenue asua-
yuu, némnoe obOyyenue u mpenadicépvl / P.H. Makapos,
B.M. 3apeyxuii, B.U. @edopumun. — M: MAKYAK, 2003. —
524 c.

Haoitiwna do peoxoneeii 25.10.2012

PenensenT: 1-p TexH. Hayk npo¢. B.B. bapaunnik, XapkiBcbkuit
yniBepcuret [lositpsinux Cui im. IBana Koxeny0a, Xapkis.

20



Oopooka inghopmauii 6 cknadonux mexHiunux cucmemax

noaxoadbl K NOCTPOEHUIO NMPUKNAAHOIO NPOrPAMMHOIO OBECNEYEHUA
LNdPOBbIX ABUALUMOHHbIX TPEHAXKEPOB

J.I". Bacunnes, A.B. Konomuiines, H.K. [Terepun, C.B. Parymnsrit

Copmynuposanel 3a0ayu, Komopwvle O0IHCHbL ObIMb PeUleHbl ¢ NOMOWbIO NPUKIAOHO020 (CReyUanbHo20) NPOSPAMMHOZ0
obecneuenusi ABUAYUOHHBIX mMpenadicepos. Paccmompenvl npeumyuyecmea mMooyibHO20 NPOSPAMMUPOBAHUs], NPUHYUNbL pa3pa-
60mKU YHUDUYUDOBAHHBIX NPOSPAMMHBIX MOoOYael. Onucanvl nPUHYUNbL NOCMPOEHUsT MAMEMAMUYECKUx Mooenell yHKYUoHU-
posanus 60pMOBLIX KOMNIEKCO8 U CUCTEM IeMAMenbHO20 annapamad, Komopbule omoopaxicarom xapaxmephuvle 0COOEHHOCMU UX
pabomvl 8 0Oveme HeobX0OUMOM OJi 0eMENbHOCIU IKUNANCA 8 npoyecce yuebdbl U MPEeHUPOGKU HA YUPPOBLIX AGUAYUOHHBIX
mpeHasicepax.

Knrouesvie cnosa: asuayuonnsliii mpenagicep, iemamenvHulll annapam, npukiaoroe (cneyuanbhoe) npozpammuoe obecne-
uenue, MOOeIUpPOsate, NPOSPAMMHbBIL MOOYb, ANOPUMM, 6OPMOBAsL BLIYUCTUMENbHASL CUCTEMA.

THE APPROACH TO CONSTRUCTION OF APPLICATION SOFTWARE
OF DIGITAL AVIATION SIMULATORS

D.G. Vasiliev, O.V. Kolomitsev, N.K. Peterin, S.V. Ratushny

Tasks which must be decided by means of application (special) software of aviation simulators are formulated. Advantages
of modular programming, principles of unification program modules development are considered. Principles of mathematical
models of functioning airborne complexes and aircraft systems construction which represent characteristic features of their work
in a volume which is needed for crew activity in process of studies and training on digital aviation simulators are described.

Keywords: aviation simulators, aircraft, application (special) sofiware, design, programmatic module, algorithm, airborne
computer system.
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