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MOAENOBAHHA LUITYPMAHCBbKUX PO3PAXYHKIB
HA LUMKYBAHHA BEONOBUX NOPAQKIB «AOMOHOM HA MAPLUPYTI»

YV 0aniti cmammi pozensdaromvcs numarnis MemoOUKU WmMypMAaHCoKUX PO3PAXYHKIE HA WUKYBAHHS 2PV ima-
JILHUX anapamie ma nopsiooK peanizayii aneopummie Ha OCHOGL BUKOPUCMAHHS 0OYUCTIOB8ANbHOL MEeXHIKU ma npo-
2pamnozo 3abesneuens. Memoouxa ma po3podiena npocpama € 0CHOBOI0 OJisl HOOAILUO20 CIMBOPEHHSL KOMIIEKC-
HOI npocpamu niOMpUMKYU RPUTHAMMSL PIUEHHS WMYPMARa npUu Ri020Mosyi Npono3uyii KOMAHOUPY HA GUKOHAHHS

2PYNOoBUX NONbOMIE

Knwouosi cnosa: wmypmancoki po3paxynku, 2pynogi noibomu, npoepamu RiOMpumKyu nputiHamms piulenis,

mamemamudne MoOemoB8aHH .

BcTtyn

IMocranoBka nmpodsemun. [Ipu BeneHHI Oyab-IKHX
0oiioBHX IiH i3 3aJydeHHSM aBiallii OCHOBHHMH 3aja-
yaMu € e()eKTUBHE BUKOHAHHS [TOCTABIICHOTO 3aBIaHHS,
MiHIMi3alisl BTpaT aBialiifHoi TexHiku [1].

PimmeHHs mux 3ajgay JOCATAETHCS ILISIXOM BHUKO-
HaHHS TOJIBOTIB JiTaNbHKUX amapaTiB (JIA) B OolioBuX
nopsiakax. lleit mpoliec BKIIOYAa€ eTanyd MIMKYBaHHS,
BUTPUMYBaHHS, po3IycKy JiTakiB. CkiazHa MOBITpsSHA
00CTaHOBKa B palioHI aepoJpoMy BUMArae ITiBUIICHHS
yBaru 10 3a0e3redeHHs Oe3eYHUX BUKOHAHHS MOJIBO-
TiB JIA, TOMY € HEOOXIIHICTh y TOYHMX 1 IIBUIKUX PO3-
paxyHKax Ha LIMKyBaHHS OOHOBUX IOpSJKIB. 3MeH-
IICHHS Yacy 3Haxoj/pkeHHS JIA B palioHi aepompomy
3a0e3MeuyeThesl MPU BUKOPUCTAHHS CIIOCO0Y IMKYBaH-
HS «JIOTOH Ha MapupyTi». [lepeBaramMu manoro croco0y
€ TIPOCYBaHHs JITaKiB 10 MapuIpyTy B Ipoleci 300py,
npocrora MaHeBpyBaHHs JIA. HemomikoMm crocody €
HEMOJKJIUBICTh 3aBEpIICHHS! TPOIECY NIMKYBaHHS [0
3aJIaHOTO PYOEIKY MPH BEJIHKIH KiTbKoCTi JIA.

AmHaJti3 Jgirepatypu. Y TenepiuHii yac, Koiu Be-
JIeHHsI OOMOBUX JIiT Ha TEPUTOPIi JepKaBH HE € YSIBHUM
nporecoM, a eeKTUBHE BHPIIICHHS 3a]ad aBialli€lo €
3aMoOpyKOI0 YCIixy Aiit wactus, migposainiB 3C Ykpai-
HH, NIPU peaizallii MOoCTaBIeHNX 3aBJaHb, aKTyaJIbHUM
3aJIMIIAETHCSl TUTaHHS TMOLIYKY Ta peaji3alii parioHa-
JIBHAX BapiaHTIB 3aCTOCYBaHHS aBiallii I MOCTiHHIN
3MiHI Ta HEBU3HAYEHOCTI yMOB [2]. AHai3 JiTepaTypH,
JIOCBIy BUKOHAHHS PI3HOMAaHITHHX 3aBIaHb aBialli€lo,
0€3IeKH TMOJIOTIB CBIAYHUTH PO HEOOXiTHICTh HiTKOTO
YSABJICHHS €KilTaXiB MPO Mpoliec BUKOHAHHS 300Dy JiiTa-
KiB B OOHOBHUII MOPSIIOK, OCOOIMBOCTI HOrO BUKOHAHHS
[3, 4]. OnepaTuBHICTE BUKOHAHHS PO3PaxXyHKIB, JOCITi-
JOKEHHS TIMTaHb IITYPMaHCHKUX PO3PaxyHKiB JOLIIBHO
3IIHCHIOBATH 3 BUKOPHCTAHHIM €IEKTPOHHO-00YUCIIIO-
BaJIbHOI TEXHIKW 1 BIAMOBIAHO MporpaMHOro 3abesrie-
YEHHSL.

Takum unHOM, po3poOKa Ta peasi3allisi aJrOpHT-
MiB Ha INMKYyBaHHS OOHOBUX IOPSIKIB JOLIJIbHA 3a

YMOBH MOJAJBIIOTO iX iHTErpYBaHHS y OUIBII «MacHB-
Hy» Tporpamy, 1o 3ade3nedyBana 0 «posirpamn Ootio-
BUX ZIil y pealbHOMY 4Yaci, 3 METOIO IMiATOTOBKHU CIELli-
aJicTIB pI3HUX CHELiaJbHOCTEH Ui BUKOHAHHS Ooio-
BHUX 3aBJIaHb.

Meta poboTH TOJISATaE y CKOPOYCHHI Yacy Heo0-
XiTHUX PO3PaxyHKIB 1 MOJErmeHHl poOOTH IMITypMaHa
NIpY IUTaHyBaHHI BUKOHAHHS TPYIIOBHX IOJBOTIB 3a pa-
XYHOK aBTOMaTH3allil O0YHCIICHb.

OcHOBHa YacTuHa

CyrtHicTh crioco0y IMKYBaHHSI 0OHOBUX MOPSIKIB
«IIOTOH Ha MapHIPyTi» MOJIATa€ B 3MCHIIICHHI JUCTAHINT
MDXK JIITaKaM# JI0 3aJaHUX LUIIXOM 30UIbIIEHHS IIBUI-
KOCTI TIONIbOTY BEIACHHUX CKINaXiB IMOIO MIBUAKOCTI
MONBOTY BeAY4Oro [5, 6]. 3aliHsABIIN 3ajaHy AUCTAHIIIO
A d g, no mitaka, 1o Hae nonepeny, KOXeH eKinax Oy-
Jie CaMOCTIMHO 3aiiMaTH MIBUAKICTH MOJBOTY BEIYYOrO
V.. Y iHmoMy BUNAIKy, MUCTAHII MiX JIiTakaMH Oy-
JIyTh TPOJIOBXKYBATH 3MEHIIIYBATHUCS.

[Mopsinox poboTH exinaKiB NpU IILOMY HACTYII-
HUI: Belydui, MiCIs 3JOTY, HaOWpae BUCOTY IIHMKY-
BaHHA Hyocrp. 13 3a7aHUM PEXUMOM, TIEPEXOAUTH Y TOPH-
30HTAJBHHUN TIOJIT, YCTAHOBIIIOE 3alaHy HOMY IIBHI-
KicTh V| 1 BUKOHYE IOJIT 1O MapuipyTty. Beneni 3mita-
IOTh 13 3aJJaHUMU THMYAaCOBHMH JUCTAHINAMHA At3]1. MiX
JliTaKaMH, HAOMParOTh BUCOTY IIMKYBAHHS 1 BUKOHYIOTh
MOMNIT 1Mo MapuipyTy 3i mBuakictio Vi. Ilicis Buxonmy
3aMHKAI0YOr0 Ha BUCOTY INUKYBaHHS BEAYyYUU IOAa€E
KOMaHIy Ha 3MuKaHHs. [1o 11ifi KOMaHi BeleHI BMHKa-
I0Th CEKYHJIOMIp, 30UIbIIYIOTH IIBUIKICTH HOJBOTY /10
3Ha4YeHHA V, > V| 1 micis 3aKiHYCHHS Yacy ty,, 3aiimMa-
FOTh MIBHAKICTh Vi JlucTaHIls [0 jiiTaka, 1o morepe-
Iy, JOPIBHIOE 3aaHIl At g,

Yac 3MUKaHHS pO3PaxOBYETHCS 32 (GOPMYIIOLO:

tanti = Vi-(t3m —temi) _ dpuxi —dpmi )
‘ AV AV
e dyuyi — TIMOMHA OOHOBOTO MOPSAKY MICIIS 371bOTY;

dgr; — MOMHA OOHOBOrO MOPSAKY 3a1aHa;
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t3; — Yac 3JbOTY JIiTaKa,
tgr; — YaCOBMI IHTEPBAJI MOJIBOTY JIiTaKa B TPYIIL;
AV=V,-V,.
Yac mmkyBaHHS OOMOBOTO MOPSIIKY PO3PAXOBY-
€ThCs 32 (POPMYIIOI0
tumk = tan+ tut+tam + ton - (2
e ty — 9ac Habopy BHCOTH [IMKYBAHHS, SIKUH JOPIBHIOE

ty = Jmocte 3)
Vg
ne Vg — BepTUKaJIbHA IIBUAKICTH HAOOPY;

tgon — MONATKOBHH dYac, IO BPAXOBYE MOXKIIMBI
MOXHMOKH JIITAKIB y BUXOJI HA BUCOTY IIMKYBaHHS Yepes3
HETOYHE BUTPUMYBaHHS PEKUMY TOJIBOTY.

JloBxkMHA IUISHKM LIMKYBaHHS BU3HAYa€ThCs 3a
bopmyoro

Sumk = Su+ Vi(tsn + tam + taon )s )
ne Sy — BIICTaHb, IO MPOXOWTH JIiTaK Y HAOOpPi BU-
cotd, Sy = Vg« ty;

Vy — ropu3oHTalbHA MIBHAKICTH JliTaka B HaOoOpi
BHCOTH.

BukoHaeMo mociiKeHHS 00YI0BU OOHOBUX IO-
pAAKIB criocoboM «JIOroH Ha MapIIpyTi» IIIIXOM MO-
nenmoBaHHsA po3paxyHkiB Ha [IEOM Ta Bu3HAYECHHS
YMOB 3aCTOCYBaHHS IIbOT'O CITOCO0Y.

[Ipn MopentoBaHHI PO3MIISIHYTO HACTYIHI BHIH
0OMOBUX MOPSAIKIB: TOTIK OJMHOYHHUX JIITaKiB, MOTIK
map, MOTIK 3arOHiB, KJIUH.

Bapiantu po3paxyHKy KOXXHOTO 3 BHIIB 0OOHOBHX
TIOPSZIKIB HABEACHO HIKYE.

Meroauka peanizalis 3aqadi Ha NIMKyBaHHS 0o-
rioBoro nopsiaky Ha [TEOM mpezacraBinsie co60r0 BHKO-
HaHHSl HACTYITHUX €TamiB: BUOIp GopMu 0OHOBOro I0-
PAIKY; BBEACHHS BUXIJHUX HaHUX; BUKOHAaHHS po3pa-

Beenits mani BIT

n 9

AtOm., XB, C 1 0
At311., XB.C. 2

V1, km/T 450

V2, kMm/T 680

VB, M/C 15

Vep.H, xm/r 450

H, m 3000

tmom, XB.C 30

Puc. 2. BikHO 151 BBOAY MTOYATKOBUX JAaHUX

V1 — mouaTkoBa MIBHAKICTH JIiTaKiB;

V2 — mBUAKICTH BeAydux micis koManau «360Py;

VB — BepTUKaIbHA MBHIKICTh HAOOPY BUCOTH;

Vcp — ropuzoHTanbHa mBHAKICTH JIA mpu Hadopi
BUCOTH,

H — HeoOxiaHa BUCOTa HAOODY;

tmon — wac I'TI Bij 3aifHATTS KpaiHIM JiTaKOM He-
00X1IHOI BUCOTH [0 moaayi komauau «350Py.

BikHo «BinmoBini» npuzHaueHe miisi 3HATTS OC-
HOBHHMX NapaMeTpiB IpH IMIHMKyBaHHI OOHWOBOroO IIO-
PAIKY: Yac 3MHKaHHS 1-T0 JiTaka, 3arajlbHUN dYac
IIUKYBaHHS 0OMOBOI0 MOPSAKY; AMCTAHIISA, HEOOXi-
Ha BIJ TOYKH 3JIBOTY JO 3aKiHYCHHS IIUKYyBaHHS 00-
HOBOI0 MOPSIKY.

Bikao «IIpoMikHI OOYHCICHHS» MOJIICHE Ha JBI
Tabnuii. BepxHs npu3HayeHa IS PO3PAXyHKY TaKUX
JMAHUX K tympi, Sumk, (pUC. 3)

Bikno «IIpomi>kHi 004HCIIEHHS

xyHkiB (nporpama Ha [IEOM) Ta BuBeneHHS pe3ynbTa- Snoctp 368750
TiB Ha iHAuKauiwo (puc. 1). 1) Snab 25000
1.1)THab 200 3 20
I — 2)Srn 343750
NOBYA0BA BOMOBOTO MOPAAKY "JOrOHOM HA MAPLLPYTI" 2. 1)TB3I1 960 16 0
Bu6epitb TN 60if0BOrO NopaAaKy: 2.2)Tem 1760 29 20
1) NOTOK OANHOYHMX NiTakiB Tnoctp 2950 49 10
2)MNoTok nap
3)Motok oTpagis
4)KononHa nap(dpoHtom) NeoJ1A|TB3n,c T6nN,C Anoy,km |A6n,km [Tem,c
5)KonoHHa oTtpagis(dpoHTom) 2 120 60| 15 7,5 117
6)Kann 3 240 120 30 15 234
. . . 4 360 180 45 22,5 352]
Puc. 1. Buxinna inaukanis nporpamu Ha [IEOM 5 280 >0 - 30 269
6 600 300 75 37,5 586)

Jami, 3rifHo oOpaHOro GOHOBOTO MOPSAKY BiJK-
pHUBAIOTHCS HOBA CTOpiHKA i3 TphOMa BikHaMHu: «Be-
nite mani BIl», «Bigmosigi», «IIpomixkHi o04YuCICH-
HsD» (puc. 2).

BikHO BBOJY aHMX TpU3HAYEHE JIsl BBOIY IOYa-
TKOBHX JIaHWX, 3TiJTHO SIKUX Oyze 3/1iHCHIOBATHCH PO3-
pPaxyHOK yCiX iHIIMX mapamerpiB. Y IIbOMY BiKHI :

n — 3arajbHa KiJbKICTh JIITaKiB;

AtOT — 4acoBMii iHTEpBaJI MiX JIiTakaMu y Oo¥o-
BOMY IOPSIIKY;

At — yacoBuii iHTEpBaAJI MiX 3JIbOTAMH JIITAKIB;

Puc. 3. Bikno «IIpomixxHi 004HCIIEHHS

OO6uucneHHs 3IHCHIOITHCS 3a Gopmyaamu (1 —4).

HwxHst TaOnuist NeMOHCTpYE MapaMeTpH HINKY-
BaHHS OOMOBOrO MOPSAKY Uil KOXKHOTO eKinmaxy. Jlis
KpAaIloro yCBiIOMJICHHS CXEMH IMOOYIOBU OOMOBUX IO-
PSAIKIB JI0 KOYKHOT'O BUILy OOHOBOT'O MOPSIKY I0JaTKOBO
JIOJJAETHCS  PUCYHOK 13 YaCTHHOIO JaHUX 3 TaOJHIlb i
000B’SI3KOBO HEOOX1THUI MapaMeTp JUIsl eKilmaxKy — yac
3MHKaHHS (pHC. 4).
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Puc. 4. Cxemu mmkyBaHHs criocoboM «J{oroH Ha MapmpyTi» st Gopm OOHOBHX MOPSIIKIB:
a — TOTIK TOOJMHOKHUX JIITaKiB, 0 — MOTIK Map, B — MMOTIK 3aroHIB, T — KJIiH

AHaJli3 METOJMKH PO3paxyHKy MapaMeTpiB IIMKY- IO 3aiiMae 0arato yacy. 3acTOCYBaHHS 3aIlpOINOHOBAHOI

BaHHs 00HOBOIO MOPsIIKY «J{OroH Ha MapUIpyTi» NMOKa-  pO3PaxyHKOBOI MOZEINI, a B TOJAIBIIOMY CHCTEMH PO3-
3ye, 1110 Yac 3MUKaHHs, JOBKMHA AUISTHKY Ta Yac MIMKY-  pPaXyHKOBUX MpOrpaM J03BOJHTH ONEPATHBHO BH3HAYa-
BaHHS 3aJIeKaTh BiJl 0aratbox (haxkTopiB, SKI 3alexaThb  TH BHUXIJAHI JaHi IpU 3MiHI TOYaTKOBUX YMOB.
Big TTX mitaneHOro amapara, HaBiramiiHOI Ta TaKTHY- [IpoanainizoBaHo 3MiHY JOBXHHH AIJISIHKH IITUKY-
HOI 0OCTaHOBKHM. BifmmoBifHO, OJJHO3HAYHO BH3HAYWTH  BaHHS INPH 3MiHI BHCOTH (pHC. 5) Ta IIBUIKOCTI 3MH-
HAWBHTiTHINI TapaMeTPH BUXITHUX JAaHUX HEMOXJIMBO, KaHHsS (pHC. 6) Al YMOB IOJBOTY JIITAaKiB TAKTHYHOL
HEeOoOX1THO BUKOHATH PO3paxyHKH JIEKIJIbKOX BapiaHTiB,  aBiarii.
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Puc. 5. 3anexHicTh JOBKXUHU IUISTHKY ITHKYBaHHS
BiJl BUCOTH IIMKYBaHHsI OOHOBOTO MOPSIIIKY JITAKIB
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Puc. 6. 3anexHicTh JOBXUHU UISTHKY ITHKYBaHHS
BiJl IIBUIKOCTI MaHEBPYBAaHHS BEICHUX JIITAKiB

BusHayeHo, 110 301bIICHHS BUCOTH IIMKYBaHHS
MIPUBOAUTEL O 30UTBIICHHSA JOBXKHHU IUISHKHA IIAKY-
BaHH:A. J[711 mapaMmerpiB JOCIIPKEHHS — IIPH 3MiHI BU-
cotr Ha 500 M JOBXKHHA JIISHKHA 3MIHIOETHCS Ha 4-5 KM
(3-4%). Inun pesynbTaTH OTPUMAHO MPH aHANTi31 BIUIU-
BY IIBHIKOCTI 3MUKaHHA. Tak, 3MiHA TOBKUHH IIJISTHKH
Ma€ HeJHIHHUN XapakTep, Mpu 30UIbIICHHI IIBHKOCTI
JTOB)KUHA JISTHKA 3MEHIITYEThCS.

BucHoBKMu

[Tpu BUKOHAHHI JTOCIIPKEHh BUKOHAHO OO0YHUCIICH-
HS TIapaMeTpiB MIMKYBaHHS Pi3HUX (opM OOHOBUX II0-
PAAKIB cIoco00M «JIOoroH Ha MapIiIpyTi», 10 Ja€ 3MOT'Y
3HAYHOIO MIpOI0 CIIPOCTUTH Ta 3MEHIINTH Yac Ha PO3-
paxyHKH IITypMaHa IpH IMiATOTOBII [0 BHKOHAHHS
TPYNOBUX IIOJILOTIB, TaK Yac PO3PaXyHKY 3a iCHYIOUOIO

METOJIMKOIO CKJIaae B cepenubomMy 20 XB, pU aBTOMa-
TH3anii OOYUCIICHh YaC BUTPAYAEThCS TUIBKA HA BBeE-
JICHHSI TIOYaTKOBUX JaHUX Ta BUBEACHHS PE3YJbTaTiB Ha
JIPYK 1 CKJIagae a0 2 XB.

Mopenb po3paxyHKiB, IO 3alPOIIOHOBaHa B po0O-
Ti, pa3oM i3 rpaiyHOI0 YACTHHOO JI03BOJISE MITypMaHy
OIIEpaTHBHO TOTYBaTH JOBIJKOBI JaHI mpu OOIpyHTY-
BaHHI IPOMO3MILIH KOMaHIUPY Ha BUKOHAHHS ITOCTaB-
JICHOT'O 3aBIaHHS.

Hacrtymai mocmimkeHHsS HEOOXiMHO 3MIHCHIOBATH B
HaIPsSIMKY MOJCIIOBAHHS IHIIMX CIIOCOOIB ITUKYBaHHS
Ta PO3MycKy OOWOBHX MOPSAKIB. 3BEJCHHS TaKUX MPO-
rpaM B €JMHY pPO3pPaxyHKOBY CHCTEMY J03BOJHTH B IIO-
JIANIBIIOMY BU3HAYaTH HE TUIBKW 3a/aHi HapaMeTpH,
OLIIHIOBATH HABUYKH IiJIETJINX Y BUKOHAHHI PO3paxyH-
KiB, a i1 BUpILTyBaTH 3BOPOTHY 3aa4y — OOIpyHTYBaHHS
BHOOpY CHOCO0Y LIMKYBaHHS, PO3ITYCKY Ta IapaMeTpiB
00 OBOrO MOPSIKY.
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MOOEJINPOBAHME LUTYPMAHCKUX PACHETOB
HA NMOCTPOEHUE BOEBbIX MOPAOKOB «AOMOHOM HA MAPLUPYPE»

E.C. I'pucrox, M.B. XKusuid, A.O. ITonmumyk, P.I1. Cynpyn

B cmamve paccmampugaiomcsi 0npochl MemoOuKy uwimypMaHCKux paciemos Ha nOCmpoerue epynn 1emamenbHbiX anna-
pamos u nopsdoK peanuzayuu aneopumMo8 Ha OCHO8e NPUMEHEHUs. GbIUUCTUMENbHOU MEXHUKU U NPOSPAMMHOZ0 0DeCheueHUs.
Memoouxa u pazpabomannas npocpamma seisiomcsi OCHOBOU 0I5 OAIbHeUUe20 pa3eumus KOMNIEeKCHOU NPOSPpammbl N000epdic-
KU NPUHAMUS PEUeHUs WnypPManoM npu NoO20mosKe nPedNodceHuti KOMAHOUPY HA 6bINOIHEHUE NOAEIMO8 8 COCMABe ZPYNN.

Kniouegvie cnosa: wimypmanckue pacyemvl, epynnogvle noaenivl, npocpammsl ROOOEPIICKU NPUHAMUS PEUleHUsl, MAmeMa-

muvyeckoe Modeﬂuposaﬂue.

SIMULATION OF THE NAVIGATION CALCULATIONS
ON THE CONSTRUCTION OF MILITARY ORDERS «CATCH UP ON THE ROUTE»

E.S. Grisuk, M. V. Givica, A.O. Polishuk, R.P. Suprun

This article examines the methodology of the Navigator's calculations to build groups of aircraft and the implementation of
algorithms through the application of computer technology and software. The method and the developed program are the basis
for further development of the complex program of support of decision-making Navigator in the preparation of proposals to the

commander for flight operations teams.

Keywords: navigational calculations, group flights, decision support, mathematical modeling.
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