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Beryn

Ha cporogni BijjoMa BelMKa KIJIBKICTh PI3HOMAHITHUX THUINB OE3MIJIOTHUX
mitaneHux amapatiB (BIIJIA), 37aTHUX BUKOHYBATH HIUPOKUN CHEKTP KOPUCHHUX
byHKIIH, a 3 1HIIOro 00Ky, 3/JaTHUX CTBOPIOBATH MOTEHINIIHY 3arpo3y AJIs pI3HUX
cdep JMOACHKOI MisNIBHOCTI — TOCHOJApChKoi, moOyToBoi, Ta BilickkoBoi [1, 2].
CkIIagHICTh 1X BUSIBJICHHS Ta CIIOCTEPEKEHHS 3a JOMOMOTOI0 CyYaCHUX TEXHIUHUX
3ac00iB, a TaKOX BIJIHOCHO HU3bKa BapTICTh APOHIB MPU3BEIU 0 3POCTaHHS
0€3KapHOCTI Ta HE3aKOHHOTI'O0 BUKOPUCTAHHA JpOHIB [2-4]. ToMy 3aBIaHHS 3aXHCTy
pPI3HOMaHITHUX O00’€KTIB BIJ OE3MUIOTHUKIB € OJHUM 13 aKTyaJlbHUX 3aBJaHb
CYy4acHOCTI.

Jlist BUsIBIIEHHS, 11eHTU]IKaLlli Ta BUMiproBaHHs koopauHaT BIIJIA ceoroani
B OCHOBHOMY BHKOPHUCTOBYIOTBCA paAlOJIOKallliiHI, aKyCTH4HI, OINTHYHI Ta
iH(ppayepBoHi Metoaum Ta 3acobu [4-18]. Ilpore mobpe po3polbieHi MeToau
BUsIBJIEHHS eHeprii curHaity BIIJIA B Teopii Ta Ha MpaKTHIIl HE MOKa3aJIl JOCTaTHbO1
edekTUBHOCTI. B pe3ynbrari Ha MpakTUIll BUSBJICHHS APOHIB PEATI3yEThCS SIK
3aBJaHHS «BUSIBJIICHHSI-PO3MI3HABAHHSI» 3a HASBHOCTI CXOXHUX OO €KTIB, TOOTO
BUPILIEHHSI MNPOOJIEeMH BHUSBJICHHS JPOHIB CYNPOBOKYETHCS AHATIZOM JIESIKUX
JOJJaTKOBUX O3HAK CUTHAITY.

MO>XJIMBICTh BHSIBJICHHSI JIPOHA 3aJIEKUTh BiJ PIBHSA HOTr0 BUAMMOCTI Y
BUJIMMOMY, 1H(pPAYepBOHOMY, PaaiO4aCTOTHOMY Ta aKyCTHYHOMY Jiara3oHax.
CyuacHi Ma IpOHU MarOTh HU3bKY BUIUMICTh: BOHH BUTOTOBJICHI 3 KOMITO3UTHUX
MarepiaiiB, MawTb Maily e(eKTUBHY noBepxHIO poscitoBanHs (EIIP) B
pajio/ianasoHi, iX IBUTYHU HE HArPiBaIOTHCS IO BUCOKUX TEMITEPATyp 1 BUAUISIOTH
Jy’)Ke Majlo TerJia, a ixHs poOoTa Mae€ Jy’Ke€ HU3bKUW BJIACHUU PIBEHb IIyMy. 3
METOI0 TMIJIBUILIEHHSA BIpOTiAHOCTI mnpaBuibHOro BusiBiIeHHS BIIJIA Ha ¢oni

MEPEIIKO]T 1 TOYHOCTI BUMIPIOBAHHS KOOPIUHAT MPOMOHYETHCS PO3POOUTH CUCTEMY
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KOMIUIEKCHOI OOpOOKHM €JICKTPOMArHiTHUX CHUTHAJIIB PI3HUX CHEKTPATbHUX
JI1ara30HiB 1 aKyCTUYHUX KOJMBaHb 3 METOIO peanizaiii po3nizHaBaHHs BIIJIA 3a
CHUTHaJaMH pi3HOi Kareropii miama3oHiB. Ilpu 1bpoMy curHamm pi3HUX
iHQOpMaIITHUX ~ KaHATIB MOXKYTh OOpOOJISITHCS K HE3aIeKHO, TakK 1
KOMOIHYBaTHCSA: y LbOMY BHUMNAAKYy iHQOpMaIlis, OTpUMaHa HAa BUXOAl OJHOTO
KaHaJy, MOK€ BUKOPUCTOBYBATHUCA SIK 1HIUKATOP I, a 1HIIWN — JJIsl BUSIBICHHS
00’ekTiB. [HTerparis pi3HUX 1HQOpPMALIMHUX KaHAIIB JO03BOJISIE TOYHIIIE
OLIIHIOBaTH KOOPJMHATH Ta MapaMmeTpu pyxy, a Takox kiac BIIJIA mopiBHsAHO 3
BUKOPUCTAHHSAM OJHOTO KaHaTy BUMIPIOBAHHS.

VY cydacHHX yMOBax 3pOCTalOTh BUMOTM JO 3aXHCTy paAiojoKaliiHol
TEXHIKH BiJ] IEPENIKO/I, 1[0 3yMOBJICHO 3HAYHUM 3POCTaHHSAM MOXJIMBOCTEN 3aC001B
HOBITPSHO-KOCMIYHOTO HAamaJxy CTBOPIOBAaTH NEPEUIKOAU, 30KpeMa 30UIbLIECHHSIM
KUIBKOCTI Ta IHTEHCHUBHOCTI iX BHIPOMIHIOBaHHS, YJOCKOHAJIEHHSAM CIOCOOU
CTBOPEHHS Ta 3aCTOCYBAaHHS 3aBaj, MOsIBA HOBUX JDKEpen 3aBai. loMmy Ha
CHOTOAHINIHIN JIeHb O€3MIOTHI JiTaldbHI anapaTd BUKOPUCTOBYIOTHCS SIK aKTHUBHI
IIyMO3ariayuryBayi Ta Oe3MUIOTHUKH TPUKPUTTS ISl pailoeIeKTPOHHOI 0OpOTHOU.
Takum uymHoM, pagap BusineHHs BIIJIA moxe BimirpaBaTé pojib B yMOBax
MAacKyBaHHSl JOJaBaHHSIM AaKTUBHOTO IIyMy Ta MACHUBHUX IMEPEIIKOJ, TOOTO
KoMOiHOBaHUX Tmiepemnko. IIpoOrmema 3axucTy pajaapiB BiJ TaKUX MEPEIIKON €
HANCKIIAIHIIION 3 YCIX MPOTHIIM.

3arajioM onTuMajibHa 00poOKa CHUTHAIY JIsi KOMOIHOBAHMX TEPEIIKO]
nepeadavyae CyMiCHY IMPOCTOPOBO-4acOBY 0OpOOKY, sika HE MOJUISIEThCS Ha OKpPEMI
MOCJIIJIOBHO BUKOHAHI MTPOCTOPOBY Ta 4acOBY 00poOKy. Takuii Moy MOXKJIHUBUH B
OKpEeMHMX BHIMAJKaX, HAMPUKIIAJ, TPH HASIBHOCTI 30BHIIIHBOI MEPEIIKOAN TUTHKH
OJIHOTO THUMY (IITyMOBOi ab0 TaCMBHO1), 1 32 YMOBH, 110 BeinnunHa PAR 1 mupuna
CHEKTPY CUTHAJy HEe BUKJIMKAIOTh 3aTpuMok. O0xia curnany npu Hiagpparma PAR.

OpHak Ha IpaKTUIl, B TOMY 4ucii Ha BiTun3HsaHUX PJIC, mpu koMOGiHOBaHOMY

MacKyBaHHI1 MEPEIIKO/I BUKOPUCTOBYETHCSI HEONMTUMAIbHA PO3/AUIBHA TTPOCTOPOBO-
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yacoBa oOpoOka curHany. [lpm 1pOoMy mepexi BiJl ONTHUMAJIbLHO CYMICHOT
MIPOCTOPOBO-4aCOBOT OOpPOOKH CHUTHAIY J0 CyOONTHMaibHOI OOpPOOKH PO3HOCY
CYTIPOBODKYETHCSI PI3HUMHU BTpaTamMu €(QEKTUBHOCTI, IO MOTIPIIy€ TaKTHUKO-
TexHI4YH1 XapakTepuctuku PJIC B yMoBax CyMiCHUX NEpPEIIKOJ: 3aBaJIOCTIHKICTb,
WMOBIpHICTh BHUSBIICHHSI Ta TOYHICTh. BuMipioBaHHs KoopAuHAT Imi. Tomy
HEOOX1THO KIJIbKICHO OLIHUTH I[I0 BTPATy Ta BUPILIUTH 3raJlaHy BHILE MpodieMy
MOAUTY CHUTHANy depe3 Iepexia 0 OUIbII CKJIagHOI aJanTUBHOI CYMICHOT
IIPOCTOPOBO-YaCOBOI OOPOOKH.

CboroJiHi BUKOPUCTOBYIOThCSI cuctemMu BusiBieHHs BIIJIA 3 xomIuiekcHOIO
00pOOKOI0 CHUTHAJIB 3a 3aJlaHUMHU 1HQOpMAIIHHUMH KaHajlamu [2, 5-8], omHak
(GyHKIIIOHATBHI MOYKJIMBOCTI KOMITJIEKCHUX CUCTEM Ta BIATOBIIHI METOJIU OOPOOKH
CUTHAJIIB HEJOCTaTHI JJig €(EeKTUBHOCTI Ha mpakTuili. CkiIaaHi MEeToaun 0OpOOKH
CUTHAIIB OyAyIOThCA 0€3 ypaxyBaHHs MPUPOJHOTO MIPOCTOPOBOIO CIICTOHY PI3HUX
1H(pOopMaIIiHUX KaHaJiB 1 0€3 BUKOPUCTAaHHS €(PEKTUBHHUX LLILOBUX AJITOPUTMIB.
BoHu Takox NEBHOIO MipOI0 BpaxoBYBaJId e(PeKT IHTEpPEpeHITi.

BpaxoByroun 301IbIIEHHS KUIBKOCT1 IMyOJiKalliii, ITpUCBIYEHUX PpO3poOi
METO/IIB 1 CUCTEM BUsIBICHHS Ta crioctepexeHHs: BITJIA Ha ¢oHi pi3HOMaHITHUX
NEPEIKO/I 1 PI3HOMAHITHUX 00’ €KTIB, CIPSIMOBAHUX HAa €()EKTUBHE CIIOCTEPEKEHHS
ta npotuiito BIUIA, oco6muBo manum BITJIA, mpoGiemMa goci He Mae 3aJ0BLIILHOTO
BUpileHHs. Bin ckiagnuii 1 6araTorpaHHuil 1 BUMarae KOMIIJIEKCHOTO, CHCTEMHOTO
H1IX0Ty 10 MHOro BUPIIIEHHS.

Y NDR meroan ¢popmyBaHHS 300pakeHb Y BUAUMOMY Ta iHGpauepBOHOMY
Jllana3oHax CIEeKTPY pO3TIsAalOThCA 3 CHCTEMHOT TOUKH 30py, MeToau npuiiomy Ta
O0OpOOKM pajioJIOKALIHUX Ta aKyCTUYHUX CUTHaMIB, 1m0 ¢GopmyroThes BITJIA,
XapaKTEPUCTUKN PATIOIOKAMMHNX, aKyCTHYHUX, ONTUYHUX Ta 1H(pauyepBOHUX
curHaniB  BITJIA. Po3po6neHo edekTuBHI METOAM BUSIBJICHHS Ta BUSBIICHHS
curnaiiB BIIJIA Ha ¢oH1 epenko/1, METoAu BU3HAYEHHS MPOCTOPOBUX KOOPAUHAT

1 mapaMeTpiB pyXy IIyKaHUX 00'€KTiB.



3HayHy yBary nNpuIiIeHO CHHTE3Y HOBUX €()EKTUBHUX METO/IiB KOMITJIEKCHOT
00OpOOKH MYJBTUMOJAJIIBHUX CHTHAIIB 1 300paXeHb Y CKIQJHHX CHCTEMax
cnocrepexenHss BIIJIA 3 ypaxyBaHHSIM NPUPOJHOTIO IMPOCTOPOBOrO EUIEIOHY

pI3HOMaHITHUX 1H(GOPMAIIHHUX KaHATIB Ta BAKOPUCTAHHSM ITIJICBKAa3yBaHHS.

1. MaremMaTuyHi OCHOBH aJITOPUTMIB 0OPOOKH 300pakeHb

1.1 Teopist 06poOKH 300paKeHb

MareMaTuyHi OCHOBH aJITOPUTMIB 0OpOOKH 300pakeHb 0a3yI0ThCS HA TEOpIi
OOpOOKM CHUTHAIIB Ta MaTeMaTUYHUX METOAAX JJIsl aHallily Ta MOJEIIOBAHHS
oOpas3is.

OmHUM 3 TOJIOBHUX TIOHSTH Y T€Opii 00pOOKH 300pakeHb € MOHSATTS MIKCEs,
AK€ € HAMMEHIIO OJIMHUIICIO 300pakeHHs. 300paKeHH MOXe OyTH IIpeICTaBICHE
SK IBOBUMIPHHUI MacHuB MIKCEJIB, 1€ KOXKEH MKCEIb MICTUTh 3HAYEHHS SICKPABOCTI,
KOJIpHY 1H(OpMaIIio Ta 1HII TapaMeTpH.

JI1st 00po6KH 300pakeHb 3aCTOCOBYIOTHCS PI3HOMAHITHI aJITOPUTMHU, TaK1 SIK
GbieTpH, CEerMeHTarlisi, po3Mi3HaBaHHS o00pa3iB Tomo. DUIBTPU T03BOJSIOTH
BUKOHYBAaTH pI3HOMAHITHI omepauii 3 300pakK€HHAMH, Takl SK pO3MHBAHHS,
pI3KICTh, 30UIbLIEHHA a00 3MEeHIIeHHS po3Mipy 300pakeHHsd. CermeHTauis
JTO3BOJISIE PO3JAUIATH 300pakKeHHS Ha OKpeMi O0'€KTH, a pO3Mi3HaBaHHS 00pasiB
JI03BOJISIE€ PO3Mi3HABaTH 00'€KTH HA 300paKE€HHI Ta BUKOHYBATH Kjacu]ikailito.

JIJist  3acTOCyBaHHS alITOPUTMIB OOpPOOKH 300pakeHb HEOOXIHO MaTH
pPO3yMIHHSI MaTEMaTUYHUX METOJIB, TAKUX AK airedpa, Teopis WMOBIPHOCTEH Ta
CTaTUCTUKA. TakoXX BaKJIMBO MAaTH 3HAHHS MPOTpaMyBaHHS Ta OOpOOKH MaHUX,
OCKUJIbKH 300pakeHHS 3a3BUYail MAIOTh BEJTUKUI 00CST TaHMX.

VY cyuacHoMy CBITI 00poOKa 300pakeHb IIMPOKO BUKOPUCTOBYETHCA B PI3HUX

rajayssax, TaKuX K MCAWIMHA, HAYKa, HpOMI/ICJ'IOBiCTB, po3Baru ta 1H.



Teopist 00poOKHM 300pakeHb 3aMMAETHCA PO3POOKOI0 MAaTEMAaTHIHUX METOIIB
Ta aJITOPUTMIB JIJIA aHaJI3y Ta 00poOKH 300pakeHb. Ll Teopis Bkitouae B cede Taki
obnacTi sk mudpoBa 00poOka 300pakeHb, KOMIT'IOTEPHHUU 31p, pO3IMi3HABAHHS
oOpa3iB, aHaJli3 300pakeHb, MAIlIMHHE HABYaHHS Ta 1HIIII.

[{udpoBa 006poOKa 300pakeHh € OCHOBOIO Teopii 0OpOOKH 300pakeHb Ta
BKJII0OYa€ B ceOe PI3HOMAHITHI METOJIM Ta aJITOPUTMHU JJIsi 00poOKH 1uppPOBHUX
300pakeHb. Kommn'torepHuit 3ip IOCHIIKYE, SIK KOMI'IOTEPU MOXKYTh OauuTu Ta
pPO3YMITH CBIT, a pO3Mi3HaBaHHS 00pa3iB J03BOJISIE KOMI'IOTEPY pO3IMi3HABATU
00'eKTH Ha 300pakeHHI Ta KIacCU(PIKyBaTH iX.

AHai3 300pakeHb TOCIIIHKY€E BIACTUBOCTI 300paKeHb Ta pO3po0IIsie METOIU
UL iX BHMIPIOBaHHA Ta XapakTepusarii. MarmHHe HaBYaHHS JI03BOJISE
aBTOMATUYHO BUBYATH Ta BUKOPUCTOBYBATHU MOJIEINI JIJIsl PO3MI3HABAHHS Ta aHATI3Y
300paxeHb.

Teopist 00poOKkH 300paxkeHb Mae OaraTo 3aCTOCYBaHb y PI3HUX Tally3siX. Y
MEIUIIMHI BOHA BUKOPUCTOBYETHCS A OOpPOOKH  300pakeHb  MO3KY,
PEHTIeHIBCBKMX 3HIMKIB Ta IHIIMX 300paKeHb, IO JONOMAarae JikapsMm
JIarHOCTYBATH Ta JIIKYBAaTH MAIlI€EHTIB. Y MPOMUCIOBOCTI BOHA BUKOPUCTOBYETHCS
JUIS. KOHTPOJIIO SIKOCTI, PO3Mi3HABAaHHS JAeTajeil Ta BUPIIICHHS IHIIUX 3a1ad. Y
po3Barax BOHAa BHUKOPUCTOBYETHbCS HJii CTBOPEHHS CIELIaJbHUX €(EeKTIB,
pO3ITi3HaBaHHS 00JIMY Ta 1HIIHUX JOJATKIB.

OcCHOBHI MaTeMaTU4HI MOHATTS Ta METOJIU, 1110 BUKOPUCTOBYIOTHCS Y TEOPIi
00poOKkHM 300paxeHb, BKIIOYAIOTH JIHIWHY anredpy, Teopilo WMOBIPHOCTEH,
MaTeMaTU4YHy CTaTUCTHUKY, AudepeHIliaabHl PIBHIHHS, (QYHKIIIOHATLHUN aHaIli3 Ta
THIIII.

VY Tteopii 00poOku 300pa’keHb BUKOPUCTOBYIOTHCS pPi3HI MaTeMaTH4YHI
orepallii, Takl siK 3rJ1aJKyBaHHs, QPUIbTpaliisi, MOpQOJIOTIUHI Oreparii, CerMeHTallis
Ta 1HII. 3rja/pKyBaHHS J03BOJISIE 3MEHIIUTH IIyM Ha 300paKeHHI Ta 3TJIaJIUTU

roro, (inbTparlis M03BOJIAE€ BUAUIMTH Pi3HI JETall Ha 300paK€HHI Ta BIAKUHYTH
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3aiiB1, MOP(OJIOTIUHI OMepallii J03BOJISIOTH BUKOHYBATH omepalii Haa ¢popMamu Ta
po3mipamMu 00'€KTiB Ha 300pa)K€HHI, a CErMEHTAIlisl JI03BOJISIE BUJUIATH OKpEMI
00'eKTH Ha 300paKeHH1 Ta PO3AUIUTH IX HA OKPEMI YaCTHUHHU.

Takoxx B Teopii 0OpoOku 300pakeHb BUKOPHUCTOBYIOTHCS PI3HI METOIU
MAIIMHHOTO HAaBUYaHHS, Takl fK HEHPOHHI Mepexi, METOJl OMOPHUX BEKTOPIB,
OaifecoBi mepexi Ta iHmN. Ili MeTomu M03BOJSIOTH ABTOMATHYHO BH3HAYATH
XapaKTEepUCTUKU 300pa)keHb Ta BUKOHYBATH pO3Mi3HAaBaHHS O00'€KTIB Ha
300paKeHHI.

VY 3arambHOMYy, Teopisi OOpoOKHM 300pa)keHb € JOCHTh CKJIIQJHOIO Ta
po3ranay>KeHO0 rajry33io, 1o 00'eiHy€e B co01 pi3HOMaHITHI MaTeMaTUYHI METOIH Ta
anropuT™MH. BoHa 3HAXOMWTH WMIMPOKE 3aCTOCYBAaHHS y 0OaraThoX Taiay3sx Ta
MPOJIOBKY€E PO3BUBATUCA 3 PO3BUTKOM KOMIM'IOTEPHOI TEXHIKM Ta MPOTrPamMHOro
3a0€3MeUeHHS.

O6po0Oka 300paxkenb BITJIA (6e3mioTHHX JITAIbHUX anapaTiB) 0a3yeThcs Ha
MaTeMaTUYHUX OCHOBaX OOpoOKH 300paxkeHb, aje Mae CBOi crnenudiyHi
0COOJIMBOCTI, MOB'A3aHI 31 CIeHU(PIKOI0 300pakeHb, OTPUMAHUX 3 BUCOTH.

Opnieto 3 OCHOBHUX 3amad oOpoOku 300paxeHb BIIJIA € Bu3HaueHHs
00'eKTIB Ha 300pa)KE€HHI Ta iX XapaKTepUCTUK. (s 1bOro BHKOPUCTOBYIOTHCS
METOJM CErMeHTallll 300paKeHHS, K1 JI03BOJISIIOTh BUAUIMTH OKpemi 00'€KTH Ha
300paxenHi. Cepea MeETOAIB CerMeHTAIlli MOXKHA BHUIUIUTH OaraTo pi3HHUX
QITOPUTMIB, SIKI BAKOPUCTOBYIOTh P13HI MaT€MaTHU4HI MiAXOAH.

Hist  006pobku  300paxkens bBIIJIA  TakoX BHUKOPUCTOBYIOTH —(IIBTPH
300paKeHb, SIKI JI03BOJIAIOTh BUOKPEMHUTH TIEBHI O3HAaKU Ha 300pakeHHI. Jlo mux
G1apTpiB MOXKYTh BiHOCUTHUCS (ButbTpH ["ayca, Cobenst Ta 1HIII.

OxpiM 11p0TO, JJIT PO3B'sI3aHHS 3a/1a4 00poOKu 300pakeHs BIIJIA MoxyTh
BUKOPHCTOBYBATHCS aJITOPUTMHU MAIIIMHHOT'O HaBYaHHS, 30KpeMa HEHPOHHI MEPEKi.
Bonu 103B0ISI0TE pO3B'A3yBaTH 3a7a4l Kiacudikariii, CerMeHTallii Ta 1HIIKUX 3a/1a4

00poOKH 300paxeHb, 3a JOMIOMOTOI0 HaABYAHHSI Ha BEJIMKUX HA00pax 300paKeHb.
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Takoxx Ba)XJIMBOIO CKJIaJIoBOIO 00poOku 300paxkeHb BIIJIA € reomerpuyna
KOpEKIlisl 300pakeHb, 110 JO3BOJIIE BpaxXyBaTW CIOTBOPEHHS 300pa)KeHHS,
CIPUYMHEHI MiJl KyTOM 3MOMKH Ta 3MIIICHHAM arnapara.

Takum YyMHOM, MaTeMaTUYH1 OCHOBH aJITrOPUTMIB 00poOKu 300pakeHs BITJIA
0a3yl0ThCsl HA METOJaX CEerMEeHTallll, (QinbTpali Ta HaBYaHHI 3 BUKOPUCTAHHSIM
HEHPOHHUX MEPEXK, a TAKOXK BKIIOYAIOTh TEOMETPUUHY KOPEKIIiI0 300pakeHb.

Kpim toro, 06po6ka 300paxenb BIIJIA Bumarae BUKOPHUCTaHHS aJlTOPUTMIB
JUTS BUSIBJICHHS Ta BiJICJIIIKOBYBaHHS PYXJIMBHX 00'€KTiB Ha 300pakeHH]. JlJis boro
MOKYThb BHKOPUCTOBYBATHUCSA AJITOPUTMU ONTUYHOIO MOTOKY, SKI J03BOJSIOTH
BU3HAYATH HAMPSAMOK Ta MIBUJKICTh pyXy 00'€KTIB Ha 300paKEHHI.

Jlns  posB'szaHHs  3amady oOpoOku  300paxkenbp  BIIJIA  Takox
BUKOPHCTOBYIOTHCSI METO/IU 0OpOOKH 300paxkeHb B peanbHOMY 4daci. Lle ocobmuBo
BXKJIMBO JIJIs 3a/1a4 HaBirailii Ta niaotyBaHHsa BIIJIA, konu pimeHHs mOBUHHI OyTH
HNPUIHATI MUTTEBO.

3aranom, o0podka 300paxkeHb BIIJIA € cknaaHoO ranyssio, ska MO€IHYE B
co0l1 pI3HOMAaHITHI METOAM Ta aJrOPUTMHU OOPOOKK 300paxKeHb 31 CreHHPIYHUMU
OCOOJIMBOCTSIMH, TOB'S3aHUMHU 31 3HOMKOIO 3 BUCOTH Ta BUKOpucTaHHsIM BIIJIA.
BukopucTaHHS MAaTeMaTMYHUX METOJIB Ta aJIrOPUTMIB J03BOJIAE€ €()EKTUBHO
BUpILIYBaTH 3aBAaHHs o00poOku 300paxkeHb bBIIJIA Ta orpumyBatu TOYHI
pe3yJbTaTH.

Jlns  pos3p'sizaHHs  3amay 00poOku  300paxkenb  BIIJIA  mMoxHa
BUKOPHCTOBYBATH PI3HOMAHITHI MaTeMaTU4YH1 METO/IM Ta aJTOPUTMH, 30KpeMa:

1. OinbTpy 3rNAHKYBaHHS Ta MIJCUJIICHHS KOHTpacTy - I (pinbTpu
JO3BOJISIIOTH MOKPALIUTH SIKICTh 300paXKeHHS Ta 3MEHIIUTH IIIyMHU Ha 300pa’KEHHI.

2. Metoau cerMeHTallii - i METOIH JTO3BOJISTIOTh PO3IIIUTH 300pakKeHHS

Ha OKpeMi 00'€KTH, 1110 CIIPOIILYE MOAATBITY 0OPOOKY Ta aHaTi3.



3. Metoau knacudikaiii - 111 METOAM JO3BOJISIOTH BITHECTH OKpeMi
00'eKTH Ha 300pakeHH1 JO MEBHUX KaTEropid, IO MOXKe OyTH KOPUCHUM IS
aHaIi3y Ta MOHITOPHHTY.

4, MeTonu MalIMHHOTO HaBYaHHS - 11 METOAM JO3BOJISIOTH HABYUTHU
KOMI'IOTEp PO3Mi3HABATH NEBHI 00'€KTH Ta MAaTEPHU HA 300paKEHHI.

d. Metonu BiICHIAKOBYBaHHS OO'€KTIB - 11l METOAU JO3BOJISIOTH
BIICTE)XYBaTH pyX O00'€KTIB Ha 300pa)K€HHI Ta BHU3HAYaTH I1X IIBHJKICTH Ta
HAIPSIMOK PYXY.

6. MeTtonu peKOHCTPYKIli 300pakeHb - Il METOAM JO3BOJIAIOThH
BIJIHOBJIOBATH TPUBUMIPH1 300paKE€HHS 3 IBOBUMIPHHX 3HIMKIB Ta PEHTT€HIBCHKHUX
3HIMKIB.

VYci mi Meroau Ta aNroOpuTMU MOXKYTh OyTH 3aCTOCOBaHI i OOpPOOKH
300pakeHb, oTpuMaHux BiJl BITJIA. 3aBAsku iX BUKOPUCTAHHIO MOHA MOKPALUTH
AKICTh 300paKE€Hb, BIICIIIKOBYBATH PyX 00'€KTIB Ta BUKOHYBATH 1HILI 3aBJAHHS,

noB's3aHi 3 00pooOkoro 300paxkenb BITJIA.

1.2 MeTtonu MareMaTuuHO1 00pOOKH 300pakeHb

Metoau maTeMaTraHOi 00po0KkH 300paxkeHb BITJIA (0e3ninoTHUX JMiTaabHUX
amapariB) BUKOPUCTOBYIOTHCS JIJIS aHAJI3y Ta 00poOKH 300pakeHb, OTPUMAHUX BiJl
JPOHIB, IO J03BOJIAE OTPUMYBATH LIHHY 1H(pOpMaLi0 g O0araTboX pPIZHHUX
3aCTOCYyBaHb, TaKUX SK KapTorpadis, arpoHOMisi, OXOpOHA JOBKULJIS, MOHITOPHHT
JICIB Ta PI3HOMAHITHUX 1HXKEHEPHUX CHOPYJA, BUSBJICHHS EKCIUTyaTalliifHIX
HECITPABHOCTEM Ta T.J.

OcHOBHI MeTOIM MaTeMaTH4HO1 00poOKH 300paxeHsb BITJIA BkIrO4arOTh:

1. dinpTpario 300pakeHb: 1€ METOJ J03BOJISI€ TOKPAIIUTH SKICTh
300pakeHb, BUJIAJIMBIIY IIYMU Ta 1HII apTedakTu. 3a3BUyail BUKOPUCTOBYIOTHCS

Taki GiUIbTpHU, K MeaiaHHuN GinbTp, GimsTp ['aycca Ta iHmIi.
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2. CermeHTallito 300pa)k€Hb: 1€ METOA  JO3BOJIAE  PO3IAIUTH
300pakeHHs Ha OKpeMi 00'€KTH, IO J03BOJISI€ BUKOHYBATH MOJAIBIINI aHAJI3H Ta
00pOoOKH, HAIIPUKIIa/l, BUSBICHHS IEBHUX O3HAK Ha 300pakeHH1 a00 po3mi3HaBaHHS
00'eKTIB.

3. PosmiznaBanHs 00pasiB: e METO J03BOJISIE aBTOMATUYHO BU3HAYATH
NeBHI 00'€KTH Ha 300pa)KEHHSX, HAMPHUKIIAT, aBTOMOO1LT, OyiBii, JAepeBa TOIIO.
JI7151 11bOT0 BUKOPHUCTOBYIOTHCS METOIM MAIIMHHOTO HaBYaHHS, 30KpeMa, HEUPOHHI
MEpEexKi.

4, Pexonctpykiiro 3D-Mozeneit: ek MeTon 103Bosisie modyayBatu 3D-
MoOJiel O0'€KTIB, IO JO3BOJIIE OTPUMYBATH OUIBIN JETAIBHY 1H(POpPMAIIO MPO
00'€eKTH Ta IXHE OTOUYCHHSI.

5. CyrmipoBiz 00'€eKTiB: IIeit METOI TO3BOJISIE BIJICTEKYBATH PYXH 00'€KTIB
Ha 300pa)XE€HHSAX, M0 MOXE OyTHM KOPUCHO JJIsi BUSIBJICHHS NEBHUX MOl abo
MOHITOPUHTY 00'€EKTIB B PEXKUMI PEATBHOIO Yacy.

6. AHami3 CHeKTpaJbHUX XapaKTEPUCTUK 300paKeHb: Ied METOJ]
JO3BOJISIE  aHANI3YBATH CIIEKTPAJIbHI XapaKTEPUCTHKH 300paKeHb, HAIPHUKJIA,
piBeHb BiAOWBAHHS CBITJIa, IO JIO3BOJISIE OTpUMATH 1H(OpPMAIIO IIPO
XapaKTEPUCTUKU MOBEPXHI 00'€KTIB, TAKHUX SIK IXHIM CKIJIaJl, TEKCTYpy Ta 1HIII.

VYei i MeToM MOXKYTh 3aCTOCOBYBATHCS OKpeMO a00 B MOEIHAHHI MIXK
co0010 11 OTPUMAaHHS OUIBII JETANBHOI 1H(OpMAIli po 00'€KTH Ta IXHE OTOUYCHHS
Ha 300pakeHHAX, oTpuManux Big BITJIA.

Kpim TOr0, iICHYIOTS 1HIIII METOJIM MaTeMaTHYHO1 00poOKHU 300paxkens BITJIA,
SIK1 MOXKYTh BUKOPHCTOBYBATHCS JJIs PI13HUX 3a1a4. Hanmpukia:

1. Po3mizHaBaHHs TEKCTy: 1€l MeToa  J03BOJISIE  aBTOMAaTUYHO
pO3Mi3HABATH TEKCT Ha 300paKEHHSAX, M0 MOXE OyTH KOPHCHO IS aHaji3y
JIOKYMEHTIB a00 pEeKJIaMHUX MaTepiaiiB, L0 3HAXOAAThCA Ha OymiBiIsIX abo

TPaHCHOPTI.
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8. BusiBieHHs1 00'€KTiB Ha OCHOBI T€PMaJIbHUX 300pakeHb: 1€ METO/I
JT03BOJISIE BUSIBIISITU O00'€KTH Ha 300pa’KEHHSAX, SIK1 € TEpMAIbHUMU, TOOTO OTpUMaH1
3a momoMororw iHdpadepBoHuX Kamep. Lle Moxe OyTH KOPHCHO Ui BHUSBICHHS
Jr0Jie abo TBapuUH B TycTOMY Jiici a00 MmiJg 4ac MOIIyKYy 3aruOyMx I 4ac
PATYBaJIbHUX OTEpalliil.

Q. BusnaueHnst rimmOuHN 300pakKeHHS: 1Ield METOJ J03BOJISIE BU3ZHAYUTH
rMOUHY 00'€KTIB Ha 300pakeHHI, 1110 J103BOJIs€ MO0y ayBaTu 3D-moneni 06'exTiB Ta
IXHBOI'O OTOYEHHS.

10. PosmizHaBaHHs eMOIii: 1€l METOJ J03BOJISIE PO3MI3HABATH EMOIIii
JoJie Ha 300pa)xKeHHSX, M0 MOXEe OyTH KOPHCHO JJisi aHaji3y peKJIaMHHUX
MatepialiB ado BiICO 3 MOHITOPUHTY O€3MEKHU.

3acTocyBaHHS METOIB MaTeMaThuuHO1 00poOku 300paxkenb BITJIA no3Boiisie
OTpUMATH MLIHHY 1HPOpMALil0 s 0ararbOX PI3HUX 3aCTOCYBaHb Ta 3HAYHO
MOJIETIIY€ POOOTY JIOAEH, SIKI 3aiiMalOThCs aHAII30M Ta 00POOKOI0 300paKEHb

Meroau MareMaTuaHO1 0OpOOKH 300pakeHb - 11€ CYKYITHICTh MaTEMaTUYHUX
TEXHIK Ta AJITOPUTMIB, 5IK1 3aCTOCOBYIOTHCS JIJIs aHAJ13y, 00OpOOKH Ta po3Mi3HABAHHS
300pakeHb. BOHU BUKOPHCTOBYIOTHCS B 0aratbox rajy3siX, TaKUX SK MEIUIIMHA,
HayKa Mpo Marepiaiu, aBTOMaTUYHE pO3Mi3HABaHHS 00pas3iB, PO3BiAKa Ta Oarato
1HIIINX.

OcHOBHI METO/IM MaTEeMAaTHYHOT 0OPOOKH 300paKeHb BKIIFOUYAIOTh HACTYIIHI:

1. Oinbrpauis: 1e npoiuec BiAQUIBTPYBAHHS ILIyMiB a00 HEXKaJaHUX
netaneit 3 300paxeHHs. [ 1[bOro BUKOPUCTOBYIOTHCS Pi3HI TUIU (UIBTPIB, TaKi
sk ¢ineTp [Naycca, Mmenianuuit Ginbtp, piabTp Cobens Torro.

2. Mopdonoriuna oOpoOka: 1ie Tpolec BUSBJICHHS Ta Mojaudikarii
dbopmu 00'exTiB Ha 300paxkeHH1. J[JIs ITbOTO BUKOPUCTOBYIOTHCS OTepartii, Taki K

PO3LIUPEHHS, 3BYKEHHS, BIAKPUTTS Ta 3aKPUTTH.
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3. PosnizHaBanHs o0pasiB: Iie mporuec iaeHTudikamii ta kiaacudikarii
00'ekTiB Ha 300pakeHHI1. J1JIsl ITbOTO BUKOPUCTOBYIOTHCS METO/IH, TaKi K HEHPOHHI
MEpEeKi, METO] ONTIOPHUX BEKTOPIiB Ta 0aileCOBCHKI KIIacH(iKaTOPH.

4, Komm'toTepHe 30poBe CHpUMHSATTS: 1€ TMpOIeC aHamizy Ta
iHTeprpeTalii 300paKeHHsI 3 TOYKH 30py JIOJACHKOrO CHOPUMHATTA. i1 1bOTO
BUKOPHCTOBYIOTBCSL METOJIM, Taki SK CErMEHTallis 300pa)kKeHHs, BHU3HAUCHHS
KOHTYPIB Ta BEKTOPIB O3HAK.

[li meromn MOXyTh OyTH 3acToCOBaHI OKpeMO abo B KOMOIHaIli IS
JIOCSITHEHHSI 0a)KaHOTO Pe3yJibTaTy B 00po0ili 300pakeHb.

S. CerMmeHTariis 300pakeHb: II€ TPOIEC PO3JAUICHHS 300pakKeHHS Ha
OKpemi yacTuHU ab0 00'ekTH. JlJIsi IbOrO BHUKOPUCTOBYIOTHCS METOJM, TaKi SIK
MOpOroBa CErMEHTallisl, perioHajdbHa CErMEHTAIllsi Ta CETMEHTallisl Ha OCHOBI
KJIaCTEPIB.

6. PexoHCTpyKIIisT 300pakeHb: 1€ MPOLEC BIJHOBICHHS BUXITHOTO
300paxKeHHsI 3 HOTr0 YaCTHH a00 HEMOBHUX JaHUX. J[JI 1IbOro BUKOPUCTOBYIOTHCS
METO/IM, TaKl AK IHTEPHOJILIS, EKCTPamoJsilis Ta PEKOHCTPYKIIS Ha OCHOBI
HEUPOHHUX MEPEK.

7. AHaJi3 TEKCTYypH: 1€ MPOIIEC BUSHAYCHHS XapaKTePUCTUK TEKCTYPH Ha
300pakeHH1. J[Ji1 HbOro BUKOPUCTOBYIOTHCSI METOIM, TaKl K IPalEHTHUNA aHaNi3,
ricTorpamMHa aHaJi3 Ta BEHBJIET-aHai3.

8. O6poOka KOJIbOPOBUX 300pakeHb: 1€ TIPoLieC 00POOKH 300pakeHb, 1110
MICTATh KOJILOPOBY 1H(popMariito. J[Jis 11bOro BUKOPUCTOBYIOTHCS METO/H, TaKl SIK
MEPETBOPEHHS KOJBOPOBOTO TMPOCTOPY, OaTaHCYBaHHS KOJIbOPIB, 301IBIICHHS
HACUYEHOCTI Ta IHIIII.

9. BincrexxeHHs o00'ekTiB: 1€ MpoLEC BIACIIIKOBYBAaHHS PYXOMHX
00'ekTiB Ha 300pakeHHi. J[Jisi IbOro BUKOPUCTOBYIOTHCS METONHU, TaKi SIK METOJ

ONTUYHOTO MOTOKY, aAaNTUBHUIN KaJIMaHIBCbKUM (DIIBTP Ta 1HIII.
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10. 3D-o6poOka 300pakeHb: 1€ Tporec OOpPOOKH TPUBUMIPHHUX
300pakeHb, TAKUX K 300pa)KeHHsI 31 CKaHyBaHHSIM MO3KY, ToMorpadis Ta iHl. J{js
IILOTO BUKOPUCTOBYIOTBCS METOIW, TakKi SK Bi3yami3aiis, CerMeHTarlis,
PEKOHCTPYKITiS Ta aHai3.

i MmeToau MaTeMaTUuyHOi 0OPOOKH 300pa)KEHBb € BAKIMBUM 1HCTPYMEHTOM
JUTSL aHami3y Ta oOpoOKH 300pa)keHh B 0araThOX Tay3siX HAyKH 1 TEXHOJOTIi, 1
JI03BOJISIIOTH OTPUMYBATH BaXKJIMBY 1H(OPMAITIIO JIs TOJIABIIOT0 BUKOPUCTAHHS Y
HAYKOBHX JIOCIHIKEHHSIX, MEIUIIMH1, IPOMUCIIOBOCTI, PO3BI/Il, pO3Barax Ta iHIINX
cdepax.

Hanpuknan, B MeauiuHi MeToau oOpoOKH 300pa)keHb BHKOPHUCTOBYIOTHCS
JUIsL JIarHOCTUKM Ta MOHITOPUHIY 3aXBOPIOBaHb, PO3POOKH HOBHX METO/IB
JIKyBaHHS Ta mpoduiakTuku. B mpomucioBocTi meTonu oOpoOku 300paxeHb
3aCTOCOBYIOTHCA JUJISl IKICHOTO KOHTPOJIIO BUPOOHUITBA, aBTOMAaTH3allll MPOLIECIB
Ta ONTUMI3alii BUPOOHUUTBA. Y pO3BIALI METOIU OOpOOKM 300pa’keHb
JIOTIOMAaraloTh aHalli3yBaTH 300pa)K€HHS CYMYTHUKIB Ta 3a0e3neuyBaTd OUIbII
TOYHY 1H(pOpPMALIO I Pi3HUX LUIeld. Y po3Barax MeToau oOpoOKH 300paxeHb
BUKOPHCTOBYIOTHCS JJII CTBOPEHHS Bi3yalbHUX €(eKTiB, KOMIT'IOTEPHOI aHIMallii Ta
BIPTYaJIbHOI PEANbHOCTI.

OTxe, MeToau MaTeMaTU4YHOI OOpOOKM 300pakeHb MaroTh BEJTUKHMA
MOTEHI[IaN y 0aratbox raiy3sx 1 BAKOPUCTOBYIOTHCSA ISl PI3HUX IIUICH, 110 pOOUTH

1X BaXXJIMBUM iHCTPYMeHTOM B HAYKOBHX IIOCJ'IiI[)KGHHHX Ta pCAJIbHUX ON0AaTKax.

1.3 Onuc ta aHani3 aJropuTMmiB OOpOOKHM 300pa’keHb ISl BHUSIBJICHHS Ta

cynpoBojikeHHs: BITJIA

BIIJTA (6e3niuioTHI MOBITPSHI amapaTd) € Bce OUIbII MOIIMPEHUMH B

I[OCJ'IiI[)KeHHSIX Ta MPAKTHYIHUX 34aCTOCYBAHHAX, TAKUX SAK HAI'JIAJ 34 TepI/ITOpiHMI/I,

14



MOIIYK Ta PATYBaHHsI, JOCHIPKCHHS JOBKLUIS Ta Oarato iHIIOro. 300pakeHHS,
orpumani 3 BITJIA, MoxyTs OyTu 00poOJeHI Ta aHajdi30BaHI 3 BUKOPHUCTAHHSIM
IrOpUTMIB 0OPOOKH 300paKeHb I BUSBICHHS Ta CynpoBopkeHHs BITJIA. V miit
BIJIMOBI/II MU PO3IISTHEMO KUJIbKA TaKUX aJITOPUTMIB.

1. ANTOPUTMHU BUSIBICHHS KOHTYpPY: AJITOPUTMHU BHSBJICHHS KOHTYpPY
MOXXYTh OyTH BUKOpHCTaHi i BusBieHHS ¢opmu BIIJIA nHa 300paxenHi. Lli
QITOPUTMU MOXYTh 0a3yBaTHCS HAa BUKOPHUCTaHHI (ILTPIB, HAMpUKIad, QiIbTp
Cobenst, mo0 BWIUIMTA PISHAIIO MIDK CBITIUMHA Ta TEMHHUMH MKCEISMHU.
PesynbraTrom € 300paxenHs 3 koHtypamu bITJIA, siki MoskHa BUKOPUCTOBYBATH JIJIs
MOJAJIBIIOTO aHAaI3y.

2. ANTOpUTMHU BUSABIICHHS pyxy: Lli anropuTMu BUKOPUCTOBYIOTHCS IS
BusiBiieHHs pyxy BIIJIA nHa 300paxkenHi. Lle MoxkHa 3pobuTH, MOpiBHIOIOYH JIB1 200
OinblIe mocaioBHI (oTorpadii. Akmo 3mMiHa MK 1BOoMa QortorpadisiMu BelMKa,
MO>kHa BBaxkaty, o BITJIA pyxaerbcs. L1 anropuT™Mu MOXYTh BUKOPUCTOBYBATHUCS
JUTst BUsiBlieHHs nuisixy pyxy BITJIA Ta fioro mBuakocTi.

3. AnropuTMHU BUSBIIEHHA 00'€kTiB: L{1 aaropuTMu BHUKOPHCTOBYIOTHCS
JUIsL BUSIBJICHHS OO'€KTIB Ha 300pakKeHHI, HANPHKIIAQA, JIIOAEH, TPaHCIOPTHHUX
3ac00i1B, OyAiBens Toulo. Lle Moxe OyTH KOPUCHUM /Ji1 BUSHAUYEHHSI KOHTEKCTY, B
axomy BIIJIA mparoe.

4, Anroputmu BijicTe:keHHS 00'€kTiB: L1 anropuT™Mu BUKOPHUCTOBYIOThCS
JUUISL BIZICTEXKEHHsI 00'€KTIB Ha 300pakeHH1 Ta iX pyXy. Lle Mmoxke OyTH KOpUCHUM 15t
BincrexxeHHss bBIUJIA, skmo BiH Mae pyxaTtucs B3JOBXK II€BHOI TpPaeKTOPIi.
ANTOPUTMU BIJICTEKEHHS MOXYTh BUKOPUCTOBYBATU Pi13HI METOJIU, TaKl SIK METO]I
OTIOPHUX TOYOK, METO]I KaJIMaHa TOIIO.

d. AJroputmMu kacudikarrii 300paKeHb: i aNrOpUTMHU
BUKOPUCTOBYIOThCS JIs1 Kiacu(ikalii 00'ekTiB Ha 300pakeHH1 B MEBHI KaTeropii,

Takl SK JIOIU, aBTOMOOLT, OyniBmi Tomo. Ile Moxke OyTHM KOpPUCHHM IS

15



BimokpemiieHHs1 BIIJIA Bix iHImMx o0'€kTiB Ha 300pa)k€HHI Ta BHU3HAYCHHS HOTO
KOHTEKCTY.

6. AnroputMu BUSIBICHHS aHOMamiit: L{i anropuTMu BUKOPHCTOBYIOThCS
JUIS. BUSBJICHHS aHOMaIiil Ha 300pakeHHI, TaKWX SK HECHOJ/AiBaHI pyxu abo
He3BHuaiHuil 30ip manux. Lle moxke OyTH KOPHCHHMM MAJisi BUSIBJICHHS MpoOsieM 3
BITJTA Tta 3a0e3nedenns 6€3neKH i1 9ac Moro poOOTH.

BpaxoByroun 3pocrarouy nomnyssapHicTe BITJIA Ta 3pocTarodi MOXIMBOCTI B
obmacTi 00poOKkH 300pakeHb, aJTOPUTMHU BHUSBIICHHS Ta CymnpoBokeHHS BITJIA
CTalOTh BCE OUIBII CKJIQJAHUMH Ta TOYHUMHU. PO3BUTOK HHMX alrOpPUTMIB MOXKE
BIJIKpUBATH HOBI MOXJIMUBOCTI i BukopuctanHs BIIJIA B pi3HUX ramy3six, Takux
K Oe3MeKa, MOHITOPUHT TOBKIJIJIS TA JOCIIIIKCHHS.

st pimeHHST 3a7a4  aBTOMATUYHOTO BHUSBIICHHS Ta CYNPOBOKECHHS
MaHeBpytounx BIIJIA 3acTOCcOBYIOTBCS pi3HI METOAM CYHPOBODKEHHS WIIEH B
CHUCTEMax BIJICOCIIOCTEPEIKECHHA. [HKOMM, JesKi METOIUM BUKOPUCTOBYIOTHCS
CYMICHO, yTBOPIOIOYM KOMOIHOBaH1 CUCTEMH BIJICOCTIOCTEPEKCHHS.

OcHoBHUM (pakTOpOM, SKHMI BiAMoBiAae 3a 0OpoOKy BiaeoiH(opMarlii,
BUSIBJICHHS MeETH Ta (opMyBaHHS ToMmiku cynpoBoay B OEC, sBuserbcs
teneBiziiHuit aBTomat (TA). Ilpu cranmomy cynpoBoai o0’ekty TA BupoOse
O3HaKy aBTOMATHYHOI'O CIIIJIKYBaHHsS. 3aTyJeHHs 00'€KTa, a TakoX pi3Ka 3MiHa
KOHTPACTY Ta pO3Mipy 3HAYHO YCKIIQHIOIOTH HOTO CYNPOBIJI 1 4aCTO BEAYTh JI0 HOTO
BTpaTu, ab0 10 MEPEKIIOUYEHHS Ha CYIMPOBIJ I1HIIOrO 00'€kTa. 3a BiJICYTHOCTI
ONITUYHOTO 3B'S3KY 3 00'€KTOM a00 sl BUKJIFOUCHHS IEPEMUKAHHS Ha THIIHI 00'€KT
TA mepeTBOPIOETHCS HA PEKUM 1HEPIIMHOTO CYMPOBOIY 1 MEpecTae BUPOOISTH
MOMHJIKY CYTIPOBOJLY.

J1J1st MoKpareHHs SKOCTI aBTOMAaTUYHOTO CITIJTKYBaHHSI MOYKHA CKOPHUCTATUCS
TaKUMHU METOJIaMU:

1 pmomimmutd TA B 4YacTHHI aJIrOpUTMIB PpO3Mi3HABAHHS 00'€KTIB

CIIOCTEPEKEHHS JUTsI ORI CTIMKOTO PEKUMY aBTOMAaTUYHOTO CIIiJIKYBaHHS,
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[] MonepHI3yBaTH aJrOpUTMH CYNPOBOAY Y YACTHHI MPOTHO3yBaHHS
KOOPAMHAT y PEeKUMI BIACHO1 1HEPITIi.

[cHyE€ psim anropuTMIB BUSABICHHS 00'€KTIB, KOJKEH 3 SKUX Ma€ CBOI TUTFOCH 1
MiHycH. PO3riIstHEMO OCHOBHI TakKi alrOPUTMHU.

1. AnropuT™M Ha OCHOBI BHUAUICHHS IWHAMIYHHX 3MiH (IIPOCTOPOBO-
TUMYacoBa (PUIbTpaIlisi) Ma€ BUCOKY €(EKTUBHICTh MPHU CTEKEHHI 3a 00'€KTOM, 110
PYXa€ThCs, HA OAHOPITHOMY a00 HEOITHOPITHOMY TIII.

[Tpu ananizi mymy Ha 300paK€HHSAX BUAUIAIOTH MPOCTOPOBUM 1 THMUYACOBI
Ty MHU.

[IpocTopoBuil UIyM NpOSBISETHCS CHOTBOPEHHSAM 300paXEHHSA Yy MeE)ax
OJTHOTO KaJIpy.

TumyacoBuil mym BUHHMKaE mpu (POpMyBaHHI BiJIEONOCIITOBHOCTEH uepes
BUMAAKOBUM a00 HEBUNAIKOBUI 3MIHM TPOCTOPOBOTO LIYMY Y KIIBKOX KaJipax.

Tomy, BUXOJs4YU 3 BUIY IIYMY, 3aCTOCOBYIOTH MPOCTOPOBI a00 THUMYACOBI
GuIbTpU  MpUAYLIEHHS a00 BHUKOPUCTOBYIOTH IIO€JHAHHS IPOCTOPOBOTO Ta
THUMYacCOBOTO METOIB (pibTparlii.

Jlist inbTparii y 4acoBiit 001acTi BAKOPUCTOBYIOTHCS:

[} MeTOJ ycepeqHEHHS! MIXK CYCIIHIMH KaJpaMH;

[] MenianHuM QUIbTP;

] p1apTp-AITHK;

[} BiHOMIHANBHUI PLIBTP.

Ji1st mpocTopoBOi BiIbTpallii BUKOPUCTOBYIOTH TaKl METOH SIK:

[} HU3bKOYACTOTHA MPOCTOPOBA (DIIBTPAILLiS;

[} BUCOKOYACTOTHA MpocTOpoBa (uibTpais (y TOMy YMCHl 1 a1anTUBHA);

(] JIiniitHe ycepeIHeHHSs 3a 3HaYeHHSIMH SCKPaBOCTI CYCIJHIX IMIKCEJIiB.

2. Anroput™M Ha OCHOBI MPOCTOPOBOI GuIbTpalii (JliHIMHA Ta HeNiHiiHa
npocTopoBa GUIbTpallis) Ma€ BUCOKY €(EeKTUBHICTB IMiJ1 4ac poOOTH Ha TJIi SICHOTO

ab0 xmMapHoro Heoa.
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KoskeH 13 HaBeJeHUX BUIIE AITOPUTMIB BHUKOPUCTOBYETHCS Yy KOHKPETHIN
cuTyailii. Ajie He iICHy€ OJTHOTO y3arajibHEHOT0 aJrTOPUTMY, SIKUH MOXE BIIOPATHCS
3 yciMa 3aBHaHHSAMH oOjpazy. Tomy Tij 3aBHaHHSAM O0O0'€IHAaHHS pE3yJIbTATIB
PO3yMITUMEMO TEPMiH — KOMILJIEKCYBAHHSI.

KowmrmiekcyBanHs — 11e mapanenbHe ado MOoCiJoBHE BUKOPUCTAHHS BiApaszy
KUTBKOX aJTOPUTMIB BUSBIICHHS T4 BUMIPIOBAHHS KOOPIMHAT 3 METOIO ITiIBUIIICHHS
HAJIIMHOCTI Ta TOYHOCTI CUCTEMH CIIOCTEPEIKCHHS.

[Tpu 1bOMy KOMITJIEKCYBaHHSI JO3BOJISIE CYTTPOBOIKYBATH 00'EKT K B OJTHOMY
CIIEKTpaJIbHOMY JTialla30Hi, TakK 1 B IEKIILKOX CIIEKTpaIbHUX Jiama3zoHax. Iligxoau
JI0 KOMIUIEKCYBaHHSI aJITOPUTMIB OOpPOOKH 300pakeHb, OACP)KYBAHUX OJIHUM
JTATYMKOM, MOYKHA YMOBHO TOJUTATH HA JBI TPYIIH:

] 00'eqHaHHS;

[} KoMO1HyBaHHS.

VY xoai pochimkeHHs MpoOJeM BUSIBJICHHS Ta CYNPOBOKEHHS OO'€KTIB B
ONTUYHOMY Jiama3oHi OyJi0 BHSIBJICHO, IO TMEPCIEKTUBHUMU HaAMPsIMKaMH
pO3BUTKY anroputmiyHoro 3adesneueHHs OEC e:

) aHasi3 Ta TPUUHATTS PIIEHb MPO MPaIe3JaTHICTh aJTOPUTMIB BUSBICHHS
Ta OI[IHKHU TTapaMeTpiB 00'€KTIB;

[] po3poOKka anropuTMIB Ha OCHOBI KOMIUJIEKCYBAaHHSI PI3HOCIEKTPAIBLHOT
1H(popmarrii;

[] po3poOka OOUYMCTIOBAIBHO €(PEKTUBHUX CTPYKTYpPHUX aJITOPUTMIB
BUSIBJICHHS Ta OIIHKHU MTapaMeTpiB 00'€KTIB.

Takox icHye psina QakTopiB, IO ICTOTHO BIUIMBAIOTh Ha SIKICTh OOpPOOKHU
CUTHAJIIB:

) mpuposHi (XMapu, 01, TyMaH, TiiaHi 0ypi);

[] amapaTHi (aii anapatypu, IOMUJIKA KBAaHTYBaHHS MIPU

[} mepeTBOpPEHHs aHAJIOTOBOTO CUTHAY Ha HU(PoBY hopMy, HOXUOKU

[] KOpexKIIii 300pakeHHS);
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[ opraHi3oBaHi (TEIJIOBI, JUMOBI, JJA3€PHI Ta 1H.).

KomriniekcyBaHHsi anropuTMiB 3 BHUSBIICHHS Ta BUMIPIOBaHHS KOOPAMHAT
00'€eKTIB J03BOJISIE BMIOpPATHCS 3 LWMHU 3aBJAHHSAMHU HE3QJIEKHO KOXKHOMY
CIIEKTpAJIbHOMY KaHajl, a MOTIM o0'€THAaTU pe3yJbTaTH IS 30LIBIICHHS SKOCTI
BUSIBIICHHS, CYyNpoOBOAy Ta (OpMyBaHHA KOOpPAMHAT pyXy 00'ekTa, IO
CIIOCTEpIraeThes. Buxoasan 3 ux MipKyBaHb, POBEEHO aHAII3 CBITOBOTO JIOCBI Ty
obsacti nudpoBoi 00podku 300paxkeHb. CucreMarH3allis MUX JaHUX J03BOJISE
PO3AUTUTH 1X Ha TaKi BEJIMKI TPYIIH.

1. AnroputMu nornepeIHb01 0OpOOKH Ta MOKPAIIECHHS SKOCTI 300pakeHb.

1.1. AnropuT™u IIyMOIO/IaBJI€HHS (BUIIJIEHHS CUTHAITY 1 HATOMICTb IIIYMIB).

1.2. Anroputmu Kopekiii (KoJIIpHOi, SICKpaBOCTI Ta 1H).

1.3. Anroput™Mu MyJIbTUCIIEKTPATBHOTO KOMIUIEKCYBAHHS.

2. AnroputMu (UIBTpalii Ta IPOCTOPOBOTO aHATI3Y.

2.1. AIropuT™MH TEKCTYpHOTO aHali3y Ta CETMEHTAL].

2.2. Anroput™M# BUAUICHHS MEXK Ta KOHTYPIB 00'€KTIB.

2.3. Mopdonoriyni anroputmu (pinbTpanli Ta BUAIIEHHS 00'€KTIB.

2.4. AnroputMmu O6iHapu3arii (BiIiIeHHsS 00'€KTiB 1HTEpecy Bia GoHYy).

2.5. Anroput™Mu cTepeorpaMMeTpli Ta CTEPEOCKOIIYH] alrOPUTMH.

3. AJropuTMu aBTOMATHYHOIO BHSIBJICHHS Ta pO3IMI3HABaHHA 00'€KTIB.
ANTOPUTMH aBTOCYTIPOBOY O0'€KTIB.

3.1. KopensuiiiHo-ekcTpeMasbH1 alrOpUTMH.

3.2. HeitpoceTenbHi alTOPUTMH.

3.3. O3HaKOBI Ta TEKCTYPHI aJITOPUTMH.

3.4. JIIHrBICTUYH1 aITOPUTMH.

s xracudikairist X049 1 He MOBHICTIO OXOTUTIOE BECh CIIEKTP AJITOPUTMIB, TUM
HE MEHIII, 103BoJIsi€ chopMyBaTH 0a30BUI HAOIp aJTOPUTMIB, 110 3aCTOCOBYETHCS

MIpU BUPIIICHHI APOKOI0 KoJjia TEXHIYHUX 3a1a4 30py. Llelh HaGip OyB B3aTHIl 3a

19



OCHOBY TIpM MPOEKTYBaHHI Ta poO3poOIll KOMIUIEKCY  YHIBEpCaJIbHOIO
QITOPUTMIYHOTO 3a0€3MEUEHHS.

B pesynbpTaTi po3poOKku KOMIUIEKCY OyJH JOCTIKEHI Ta BKIIIOYEHI 10 HOTo
CKJIaJy, @ TAKOK pealii3oBaHi MoBamu nporpamyBanHsa C/C++ HACTyIIHI alTrOpUTMHU
THTEICKTyaJIbHOI 0OpOOKH 300paKEHb.

1. Aaroput™Mu mornepenHboi 0OpOOKH Ta MOKpAIIEHHS SKOCTI 300pakeHb.

1.1. Anroputm MeaianHOi (GUIBTpAIIii.

1.2. Anroput™Mu KOJIpHOT Ta ACKPaBO-KOHTPACTHICHOI KOPEKIIli B KOJIIPHOMY
npoctopi Y Cb Cr.

1.3. Anroput™u MiJIBUILIEHHS YiTKOCTI 300pa’KeHHS.

1.4. Anroputm iHQOpPMaLIHOTO MOEAHAHHS PI3HOKAHAIBHUX 300paKEeHb.

2. AnroputMu (UIBTpaIlii Ta IPOCTOPOBOTO aHATIZY.

2.1. Anroput™ TEKCTYpPHOr0O aHAJII3y 3 BUKOPUCTAHHSIM JIOKaJIbHUX O1HApHUX
natepHiB [7].

2.2. AnropuTMHM BUJIUIEHHS KOPJAOHIB 3 BHUKOPUCTAHHAM JUCKPETHHUX
mugepenuiansHux onepatopis (Cobens, [IpesiTTa, PobepTca 1a iH.).

2.3. Anroputmu OiHapu3aiii 300pa)k€HHS 3a TPATIEHTOM SCKPABOCTI
300paxeHH1

[8, 9], Ha OCHOBI aHami3y JOKaJIbHUX KOHTPACTIB, HA OCHOBI aHali3y
ricTorpamu 300paKeHHS.

2.4. AnroputmMu MOP(OJIOTTYHOTO PLIBTPYBAaHHS 300paKEHb.

2.5. AaropuTMu NoOIIyKy Ta BUAUICHHS 00'€KTIB 10 3B'A3HOCTI HA O1HAPHOMY
300pakKeHHI.

3. AJropuTMH aBTOMATHYHOI'O BHSBJICHHS Ta pO3Mi3HaBaHHSA 0O0'€KTIB.
ANTOPUTMHU aBTOCYTIPOBOY O0'€KTIB.

3.1. AnropuTm KJI1aCU4HOI Kpoc-Kopersiii (po3Mi3HaBaHHS Ta aBTOCYIIPOBIT).

3.2. Aaroput™ (pa3zoBoi kpoc-kopesilii (po3mi3HaBaHHs Ta aBTOCYIIPOBI).
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3.3. AaropuTm i3 3aCTOCYBaHHSM IITYYHOI HEHPOHHOI Mepexi MPSMOro
MOIIUPEHHS.

3.4. Anroput™M aBTOMaTHYHOTO BHUSBJICHHS Ta aBTOCYIPOBOAY 00'€KTIB.

2. Anroput™ 00poOKH 300pakeHb i BUSBICHHS Ta cynpoBokeHHs bITJIA

2.1 Onuc apxiTekTypu Ta GyHKIIOHATY aITOPUTMY

ApXiTeKTypa alnroputMy OOpoOKHM 300pa)keHb [JIi BUSBJICHHS Ta
CYNPOBOIKEHHS 0€3MiI0THUX JiTanbHUX arapartis (BITJIA) mosxe OyTu moOyaoBaHa
Ha OCHOBI HEMPOHHUX Mepek. B Takiil apXiTEKTypl BUKOPUCTOBYIOThCSI 3rOPTOUHI
Heliponni Mepexi (Convolutional Neural Networks, CNN) Ta pekypeHTHI HEMpOHHI
mepexi (Recurrent Neural Networks, RNN).

@OyHKI10HAI aJITOPUTMY BKJIIOYAE HACTYIIHI €TAIN:

1. O06poOKa 300pakeHb - 3YUTYBAHHS Ta MonepeaHs 00poOka 300pakeHb
3 kamep BITJIA mist miAroToBKYU 0 MOAAIbII0T 00OpOOKH.

2. BusiBieHHst 00'€KTIB - BUKOPUCTaHHS 3TOPTOYHOI HEHPOHHOI MEpexi
JUIsS. BUSIBJICHHSI 00'ekTiB Ha 300paxeHHsx. lle mo3posise BIIJIA aBTromMaTu4HO
BUSIBJIISITU pi3HI OO'€KTH, HANpPUKIAJ, TPAHCIOPTHI 3acoOu, OyIiBII, iHIT
eJIEKTpoIiepeaayi Ta 1HIIl.

3. CermeHrTanisg 300paxe€Hb - 3aCTOCYBAHHS 3TOPTOYHOI HEHPOHHOI
MepexXi NIl CErMeHTaIlli 300pa)keHb Ha OKpeMi 00J1acTi, 0 J03BOJISE BIAPIZHATH
00'€KTH OJIUH BiJ OJHOTO.

4, BincrexxeHHs 00'€KTIB - BHUKOPUCTAHHS PEKYPEHTHOI HEHPOHHOI
MepexXi I BIACTEXKEHHsSI pyXy 00'ekTiB Ha 300paxenHsx. le mo3somsie BITJIA
BIJICTE€KYBATH 00'€KTU Ta BUSBIISITH 3MIHY 1X PO3TallyBaHHS.

S. Po3nizHaBaHHs 00'€KTIB - BUKOPUCTaHHS CBEPTOYHOI HEHPOHHOI

MEpeXi Il po3Mmi3HaBaHHA 00'ekTiB Ha 300paxkeHHsx. lle mo3Bomse BITJIA
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aBTOMATHUYHO PpO3MI3HaBaTU Pi3HI 00'€KTH Ta POOUTH BHUCHOBKH TIPO iX
XapaKTEPUCTUKHU.

6. [InanyBanHs MapupyTy - Ha OCHOBI OTpHMaHOi1 iHdopMarii mpo
00'€eKTH Ta iX XapaKTepUCTUKH, a TAKOX IX pO3TallyBaHHS, AJITOPUTM MOXKE
3MiCHIOBATH TutaHyBaHHS Mapmpyty mis BIIJIA. Hampukman, sikmo o6'extn
pO3TallIoBaHi Ha MEBHIN BiJICTaHI OJWH BiJ OJHOTO, aJTOPUTM MOXE BCTAHOBHUTU
onTuMaabHUM MapmpyT i BITJIA 3 ypaxyBaHHSIM ITUX TTapaMeTpiB.

7. Kepysannst BITJIA - Ha ocHOBi oTpuMaHoi iH(GOpMaIlii Ta IUTaHyBaHHS
MapuipyTy alropuT™M Moke 3iiiicHioBatu kepyBaHHs BIIJIA. Hanpukian,
BCTAHOBIIOBATH IIBUJIKICTh MOJIbOTY, KYT HAXWJIy KaMepH Ta 1HIII MapaMeTpHu.

O1xe, anropuT™M 0OpOOKH 300paKE€Hb JJISI BUSBJICHHS Ta CYIPOBOJKECHHS
BITJIA 3abe3rnedye aBTOMaTH30BaHE BUSIBICHHS, PO3MI3HABAHHS Ta BIJCTEKEHHS
00'eKTIB Ha 300paXKCHHSX, @ TAKOXK IJIaHYBaHHS MapuIpyTy Ta kepyBaHHs BITJIA.
[le moxxe OyTH KOPHCHO JiS BIJAIMOBIIHMX 3aCTOCYBaHb, TAKUX SIK JUCTAHIIAHE
30HyBaHHS, KapTorpadyBaHHs, JOCIIHKEHHS JUKOT MPUPOAU, KOHTPOJIb JICIB Ta
THIIUX JUISTHOK.

Apxitektypa BITJIA (6e3miyIoTHOTO MOBITPSHOTO anapaTy) CKIaAaeThes 3
HACTYITHUX KOMIIOHEHTIB:

1. Kepytoua cuctema - 11e nporpamHe 3a0€3MeUeHHs, IKe BIJIMOBIIAE 32
kepyBanHs noa0ToM BITJIA. [le 3a3Buuaii BKiTtouae B cede miiaHyBaHHS MapIIpyTy,
HaBITAI[l}0 Ta BAKOHAHHS 3a]1a4, BKa3aHUX OMEepaTopoM abo 3aaHUX aBTOMATUYHO.

2. Cucrema CIoCTepeKeHHS - 11e CHCTeMa, sIKa BIATOBIIae 3a 30ip JaHUX
3 pi3HUX JAaTuukiB, 1o BcraHoBieHi Ha BIUIA. Ili matumkum MoxyTh OyTu
BUKOPUCTaHI [JIsi BUMIPIOBAHHS BHMCOTH, IIBUAKOCTI, OpI€HTAIli, TEMIlepaTypH,
BOJIOTOCTI, TUCKY 1 T.1.

3. Cuctema KOMYHIKaliii - 1€ cucrema, ska jgo3BoJise BITJIA
3B'si3yBarHcs 3 oneparopom abo iHmmMu BITJIA. Ile moxe Bkitouatu pajiio-adbo

CYIyTHUKOBY 3B'SI30K, 1100 MepeaBaTy JaHl Ta OTPUMYBATH KOMaH/IH.
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4, Eneprernyna cuctema - 1ie cucteMa, sika 3ade3rneuye eJIeKTPOCHEPTio
s pobotu Bcix kKommoHeHTiB BIIJIA. Ile Moxke BKiIOYaTH aKyMYJISITOPH,
reHepaTopu abo COHSYHI MaHeTi.

5. Cucrtema crabimizalii - e cucTeMa, sika BIJIOBIJAE 3a 30epeKeHHS
ctabinpHOi monboTHOT moBeAiHku BIIJIA. Lle Moke BKIIIOYaTH BHKOPUCTAHHS
TIPOCKOIIIB, aKCEJIEPOMETPIB Ta IHIIUX JATUYUKIB.

6. [Ipuctpiii niis 30epiraHHs JaHUX - 11e CUCTEMA, sIKa JI03BOJIsI€ 30epiratu
naHi, 310paHi B X011 TTOJIbOTY, JJIS TIOJIJIBIIIOTO aHAITI3Y.

7. Oo6uuncnoBaibHa CUCTEMA - II€ CUCTEMA, sSIKa BUKOHYE aJITOPUTMH Ta
oOuuCIIOBaNIbHI 3a/iayl, HeoOXximaHi nisi kepyBaHHs BIIJIA Ta anamizy naHux,
310paHuX B X0l HOJBOTY.

Anroputm BITJIA Bkitouae B cebe HaCTymH1 QYHKITIT:

1. [InanyBaHHs MapumpyTy - I (YHKIIS BIANOBIA€ 3a CTBOPEHHS
onTtuManabHoro Mapupyty st BITJIA Ha ocHOBI BKa3iBOK oreparopa ado 3agaHux
napameTpiB aBTOMaTHYHO.

2. Hapiramist - usg @QyHKOiS BIANOBLAA€ 32 BHU3HAYEHHS MICIS
posramryBaHHs BIIJIA Ha ocHOBI gaHUX, 310paHUX 3 JaTYHKIB.

3. BukonaHHs 3a7a4 - s GyHKLIS BiANOBIIa€ 32 BAKOHAHHS 3aB/IaHb, 1110
BKazaHi omepaTopoM abo 3amaHi aBToMatuuHo. Ile wMoke BkiIHOUYATH
dboTorpadyBanHs, 3HOMKY BiJi€0, 301p JaHUX, PO3BIAKY TEPUTOPIi Ta 1HIII 3aBAAHHS.

4, 30ip Ta mepenaya gaHuX - 18 QYHKIS BiAMOBiAAa€e 3a 30ip JaHUX 3
JATYMKIB Ta iX mepemady omepatopy abo 10 IEeHTpY OOpOOKH [aHUX s
MOAANBIIIOrO aHai3Yy.

S. ABTOHOMHUI pexuM - BIIJIA Moxe OyTu 3maTHUN 10 aBTOHOMHOI
pobotu Oe3 omepatopa. B npomy Bumanky, anroputm BIIJIA Bkitodae QyHKIIIO
BUSIBJIICHHS TICPCIIKOJ,, YHUKHEHHS iX Ta TPOJOBXKECHHS IIOJBOTY 3TiTHO 3

3aMporpaMoOBaHUM MapIIPyTOM.
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6. 3axuct BiJ BTOprHeHs - BIIJIA moxe OyTu Bpa3jauBUM 0 BTOPTHEHb
abo kibepatak. Tomy, anroput™ BIIJIA moBuHeH MicTUTH (QYHKIIT 3aXHCTY Bij
TaKUX BTOPTHEHb, 100 3a0e3neunTr 0e3MeKy Moab0Ty Ta JaHHX.

1. JiarHocTika Ta o0OCIyroByBaHHs - I (YHKIIS BIiATNOBITAE 3a
niarHOCTHKY Ta oOciyroByBanHs BIIJIA, Bkitouatoun mepeBipKy CTaHy aTUHKIB,
CHEPTreTUYHOI CHCTEMH Ta IHITUX KOMIIOHEHTIB.

OckiTbkM  00J7aCTh TIOIIYKY KIHIIEBA, HAWOLIBII OYEBUAHUM METOIO0M
MiHIMI3aii QYHKIII CHiBBIHOMIEHHS OJOKIB, SIBISETbCA MOBHUM mepedip ycix
3HAY€Hb aPTYMEHTY.

Ieit migxig Mae cBoi mepeBary Ta HeAoJiku. IlepeBaroro gaHOTO METOIY €
rapaHTOBAHE 3HAXO/KEHHS TJIOOAIBHOrO MIHIMyMYy (YHKUII BiANOBIIHOCTI
KOXHOTO OJ0Ky. OfHaK He y BCIX JOJaTKaX Ba)JIMBO 3HAWTH caMe TJI00aTbHUN
MIHIMyM. Y 00poOul BiA€O KPUTHUYHE 3HAYEHHS MA€ BU3HAYEHHS «ICTUHHHX»
BEKTOPIB PyXy, HE3AJIE)KHO BIJ BEJIMYMHU BIAMNOBIIHUX IM 3HA4eHb (QYHKIIIT
BIJITTOBITHOCTI.

OueBUIHUM HEIOJIKOM € OOYHMCIIIOBAJIbHA CKJIQJHICTh JaHOTO METOMY.
HaBiTh y CBITJII BUCOKOT MOTYKHOCTI Cy4acHHUX IMPOIIECOPiB, MOBHUI mepedip MoxkKe
OyTH HENPUIHATHUM AJi1 OOpOOKM B PEXHMMI pEaJbHOTO 4Yacy y pasi BUCOKOL
PO3AUIBHOI 3JATHOCTI BIJIEO Ta BEJIMKOI 00IACTI MOUIYKY.

Tomy JOTIYHUM TIPOJOBKEHHSM aJTOPUTMY IOBHOTO MEpedOpy € METOau
11abJIOHHOTO MOLIYKY.

Jlanuit METO1 € TMCKPETHUM BapiaHTOM IMMOKOOPIUHATHOTO CITyCKY.

[IaGmoHOM  sBiSIETBCST  HAOIp KOOPAMHAT TOYOK, MPUYOMY BOHHU
B1IpaxOBYIOThCS BiJl IICHTPY 11a0I0HyY. Takum YnHOM, JJ1s1 TOBUIBHO 3a/1aHO1 TOUYKH
3a 11a0JI0HOM MOYKHA BU3HAYUTH HAO1p KOOPJMHAT KIIBKOX TOYOK, YACIIO ITUX TOUOK
3aJIEKUTH BiJl BUKOPUCTAHOTO MIA0JIOHY.

[Tomryk BEKTOpY B KOXKHOMY OJIOI, SIBJISIETHCS 1IT€pATUBHUM MpoiiecoM. Ha

KOXHIN iTepallii 00YMCITIOETHCS KOOPANHATA IEHTPY IIa0JIO0HY, KOOPJAUHATH BCIX
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TOYOK MIa0JIOHY, TOTIM 3Ha4YeHHS (YHKIIT BIAMOBIIHOCTI B KOXHIM 13 TOYOK
m1a0JIoHY .

Lentp mabnoHy Ha mepmiii itepaiii Ha3WBalOTh LIEHTPOM IMOIIYKY, BIH
3azBuyaii gopiBHoe (0, 0). B skocTi 1eHTpy MIaONOHY [Jis HACTYIHOI iTeparlii
BUOMpAEThCS Ta TOYKA MIA0JOHY, y SKiM OyJl0 MOCSATHYTO MiHIMyM QYyHKIIT
BiANMOBIAHOCTI. [I0TIM mepeBipsIFOTHCS YMOBU 3YNUHKH MOMIYKY, Ta B 3aJI€KHOCTI
BiJI pe3yJIbTaTy 3IIMCHIOETHCS TEpeXiJ J0 HACTYMHOI iTepallii, abo 3aBepIIeHHS
MOIIYKY BeKTOpa y AaHoMy Ouorni. [lpu nbomy sik pe3ynbTat BUOMpAEThCs BEKTOP,
10 BiJMOB1/Ia€ TOUIll MiHIMYMY (DYHKIII1 BIITOBIHOCTI HA OCTaHHBOI 1Tepallii.

Takum 4MHOM, JaHUI aNTOPUTM BU3HAYAETHCS BUKOPUCTAHUM IIAOJIOHOM.
Ha npakrtuii HaiflyacTilie BUKOPUCTOBYIOTh IAOJIOHU BEJIMKOIO 1 Majoro pomoy,
BEJTUKHM 1 MaJIM{ KBa/IpaTH, a TAKOXK BEJIMKUH 1 MaJMii XpecTH (IuB. puc.1)

OCHOBHUM HEJIOIIKOM METOJIB JJAHOTO KJacy, SIBISETHCS 1X CXWIBHICTH J10
3HAXO/)KEHHS JIOKAIbHUX MIHIMYMIB (DYHKIIIT BIAMOBIIHOCTI, 3aMICTh INI00aTbHUX.
VY koxHoMy OJIOIll, SIK MPaBHJIO, BUOMPAETHCA BEKTOP, IO BIAMOBIAAE OIHINA 3
HalOMIKYMX A0 LEHTPY TMOIIYKY TOYOK JIOKaJIbHOTO MIHIMyMY (yHKIIIT

BIJINTOBITHOCTI, a 30BCIM HE «ICTHHHOMY» PyXy YH MOTO IJI00ATBHOTO MIHIMYMY.

7\ ~ N\ N\ ™\
) { ) { ) L) {)

./ \_/ ./ o -

O ¢ O C I &
£ 3 _[0.0) > % 2 _(0,0) A AR ’ (o.o) . 3
Q ’ @ ¢ O O ® 8 O ) & Q , )
O ¢0 - P
O O O O O
[—:3 Beamxuit pomé . )
‘ Mk pos6 () Beamxui xsazpay () Beamsouii xpect
W Maawi xnazpar e Maanii xpecr

Jaacrunnit posd

Pucynok 1 — [Ipuknanu malia0HIB MOMIYKY
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OpHak, y JaHOro KJacy METOAIB € ICTOTHa IepeBara: BOHM 3HAYHO
CKOpPOUYYIOTh IIEpe0ip MOMKIMBUX BEKTOPIB PyXY, IPUCKOPIOIOUN aITOPUTM.

Y  cydyacHMX ~ aJIroputMax I[IAOJOHHUM  MOIIYK, B  OCHOBHOMY,
BUKOPUCTOBYETbCSI JI1  (PIHAIBHOIO YTOUHEHHS BEKTOpIB, OTPUMaHUX Ha
nornepeanix kpokax. [Ipu nboMy Ha pi3HHX 1Tepalisix MOXKYTh BUKOPUCTOBYBATHUCH,
pi3H1 1a0JI0HHU.

CyTh aqropuTMIB JaHOi Ipynu noJisirae B HacTynHoMmy. llepen mouaTkom
MOIIYKY MPOBOAUTHCS 0OuucieHHs N-1 3MEHIIEHHX «KOIMii» IMOTOYHOTO Ta
OIIOPHOTO KaJpiB, MIPH LIbOMY KOKHA HACTyITHA KOMis Y 2n (n — HATypaJibHE YHCIIO)
pa3iB MeHIIe nonepeanboi (puc. 2) Ilapu kaapiB 0JHAKOBOTO PO3MIPY HA3UBAIOTHCSA
- PpIBHSAMH, TOOTO Ha OJHOMY pIBHI ONOpPHUM Ta IOTOYHHA Kaapu OyIyTb
OJIHaKOBOTO po3Mipy. Toxal BCio 0e3iy map KaapiB, MOKHAa YSIBUTH N pIBHSIMHU.
[IpoHyMepyeMO piBHI BIJIMOBIIHO 10 PO3MIPY KaapiB, IO MICTATbCA B HHUX, BIJ
MEHIIOro 0 OUIBIIOro: 1-i piBeHb MICTUTUME KaJpH MIHIMAJIBHOTO po3Mipy, N-i
— KaJpy BUX1IHOTO pO3MIpY.

[Iponiec omiHkM pyxy ckiagaerbess 3 N iTepailiii, Ha KOXHIM 3 SKHUX
00poOsETHCS Tapa KaapiB 13 PiBHS 3 BIAMOBIIHUM HOMEPOM, TOOTO 00poOKa e
BIJl KaJIpiB MEHIIOro po3Mipy 10 Ounpmioro. Ha koxHIN 1Tepalii BUKOHYETHCS
OLIIHKA PYXY, AKUMOCh 3 YK€ BIJIOMHUX METO/I1B, HAMPUKJIA] IIAOJOHHUM MOLIYKOM.
[Ipu 11bOMY B SIKOCTI TOYATKOBOI TOYKH Ha KOXKHIHM 1Tepallii BAOUPAETHCS BEKTOPHE
MoJjie OTpUMaHe 3 MoNePeAHbO] iTepallii. [HIuMu c1oBaMu, KOXKHa Yeprosa iTeparlis
3MIICHIOE YTOYHEHHS BEKTOpPIB, OOYMCIIEHUX Ha mornepeannoi ireparii. [lpu
nepexoi Ha YeproBy ITepalliio po3Mipu 00JacTi MONUIYKY Ta OJOKIB, JJIS SIKUX
OLIIHIOIOTHCSI BEKTOPH, 3a3BUYall 30UIBIIYIOTHCS B 2n pas3iB ISl TOTO, 100 YKCIIO

OJIOKIB y KaJipl HA KOXKHIH 1Teparlii He 3MIHIOBAJIOCH.
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Ilipaviza enopmoro Kaxpy [lipaseias novoumoro kaxpy

L& pinems

- -

2-it pinenn

N-& pimens " Ka3p NoMaTsonceo P " Kap noMamoucro —
- POINIPY — — PORMIDY o

Pucynoxk 2 — CxemMa iepapXi4yHUX pIBHIB

[TepeBaroro aaropuT™IB L€l TPYIIU, SIBISETHCS Iepedip CKOPOUEHOT KIIBKOCTI
BEKTOpIB, TOOTO MiJBUIIEHA 00YHCIIOBaIbHA eexTuBHICTh. OMHAK 1 MepeBara,
HIBEJIIOETHCSI Y pa3l BUKOPUCTAHHS MOCTIMHOro po3mMipy OJIOKIB Ta oOJjacTeit
HOIIYKY MPHU NEPEXO/l 3 OAHOIO PiBHA Ha 1HIMIMNA. TUM HE MEHIl, € apryMeHT Ha
KOPHUCTH TOT0, 1100 (hikCyBaTH po3Mip OJIO0KIB Ta 00JacTel s BCiX 1Tepaliiil.

Ockuibku mpu  (PIKCOBAaHOMY pO3Mipl OJIOKIB IMIJBHUILYETHCS CTIMKICTh
BEKTOPIB y TJIaJIKUX OOJIACTSAX, TaK SK WMOBIPHICTh IMOMAJaHHS KOHTPACTHUX
JieTajiel 3poCcTae pa3oM 13 3pOCTaHHIM IUIoIl 010Ky [{7s 6J10KiB 3 Takux oOjacTen
GyHKLIS BIANOBIHOCTI MpUiiMae nayxe Oau3bki (ab0 HaBITh pIiBHI, y pa3si
aOCOJIFOTHO TJIaAKUX oOjacTel) 3HAYCHHS PI3HUX BEKTOPIB PyXy, TOOTO
e(eKTUBHICTh BUKOPUCTAHHS ii 3HAY€Hb, IK OCHOBHHMI KpUTEpil BUOOPY BEKTOPY
3BOJIUTHCA 70 MiHIMyMy. [[iABUIIMTH WMOBIPHICTh YCHIIIHOTO 3HAXOIKCHHS
BEKTOPY pYyXY, JO3BOJIIE BUKOPUCTAHHS OJOKIB OIIBIIIOTO pO3MIipy, aje Iie
e(EeKTHUBHO JIMILIE Yy BHUMNAAKAX, KOJM pO3Mip OJIOKYy OUIbIIE pO3MIpY TIIIaJKUX
obnacteit. [loBepraroumch A0 1€papXiyHOTO TMIJIXOIy, MOMKHA CKa3aTH, IO
BUKOHAHHS OI[IHKA pyXy IMpu (ikcoBaHOMY po3mip OJOKYy Ha PpIBHAX 13
3MEHIIIEHUMH KaJlpaMH JO3BOJIA€ MiJBHIIUTH MOXKIWBICTh TOMagaHHSI B OJIOK

KOHTpPacTHUX JeTasied (1 TUM camMuM 30UTBIIUTA HMOBIPHICTH YCIIITHOTO
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3HAXOJ[PKEHHSI BEKTOPY) MOPIBHSIHO 3 BHUIIAJIKOM 3MIHM PO3MIpy OJIOKY IMiJ 4ac
Nepexo/ly Ha HACTYITHUHN PiBCHb.

[TocriitHuii po3mip 00dacTi MOUIYKY I03BOJIAE€ 30UIBIIUTH MaKCUMAaIbHY
aMILIITYy BEKTOPIB PyXy B MOPIBHSIHHI 3 BUMIAAKOM, KOJIU pO3MIp 00JIaCTI MOIITYKY

3MEHIITY€THCS BJBIYI MPU MEPEX0/Ii Ha YEPTrOBUIl PIBEHb.

2.2 Onuc peanizallii aaropuTmMy

BopToBuit komieke «Jleneka» € moBHOMYHKIIIOHATLHUM 3aCO00M HaBiraitii
Ta KepyBaHHs Oe3nuUTOTHUM JiTanbHuM anapaTtoM (BITJIA) aBiamiitHoi mporpamu.
Kommekc 3a0e3neuye: BU3HAYEHHS HABITalliHUX apaMeTpiB, KyTa Opi€HTallil Ta
napameTpiB pyxy BIIJIA (kyTroBa MIBHUAKICTH 1 MPUCKOPEHHS); HaBIraiii Ta
kepyBanHa BIUJIA mig yac mosibOTy MO 3a/laHiid TpaeKkTopii; cTaduLIi3aliio KyTa
opienTanii BITJIA B moiboTI; TeNEMETPUUHY 1HPOPMALIIIO MapaMeTp 1 TUPEKLIHHHIMA
kyT BIIJIA nepenaetscs B kanan nepeaadi. OcHoBHuM enemeHToM bK «Jleneka» €
Majna i”epiiiaigpbHa HapiramiiHa cucrema (IHC) 3 iHTerpoBaHumu mnpuiiMayamu
CYyITyTHUKOBOL HaBirariiHoi CHUCTEMHU. IToGynoBana Ha OCHOBI
MiKkpoenekTpoMmexaHiyHux naatyukiB (MEMC-ripockomniB 1 akcenepoMeTpiB) 3a
IPUHIUMIIOM 0€3M1aTGOpPMHOI IITYYHOT HEHPOHHOT MEPEX1, CUCTEMA € YHIKATbHUM
BUCOKOTEXHOJIOTITYHUM TIPOJIYKTOM, SIKHI 3a0e3redye BHCOKOTOUHY HaBITaIlilo,
cTabUII3a1li10 Ta KEpyBaHHs JITAIBHUMU arnapataMu. Oyb-skuil kinac. BOygoBanuit
JaTYUK CTaTUYHOIO THUCKY 3a0e3ledye AMHAMIYHE BHU3HAYEHHS BUCOTH Ta
BEepTUKAIBbHOT MBUAKOCTI. Ckiajg OOpPTOBOrO KOMIUIEKCY: OJIOKM 1HEpIiabHOT
HaBirauiHoi cucremu; npuitmady CHA; G110k aBTOMNIOTa; PEECTPATOP MOJBOTHHUX
JAHUX; JaTYUK IIBUAKOCTI TOBITPSA Y 0a30Biii KOMIUIEKTAIl yIpaBIiHHS
3MIIACHIOETHCS M0 KaHANlaX: €JIepOHU; PEeryisTop ABUryHa. Kommuiekc cymicHUM 3
paniokanaiom PCM (Pulse Code Modulation) 1 no3Boisie KepyBaTH APOHOM 3a

KOMaHIOO0IO aBTOIIJIOTA B pPyHYHOMY Ta aBTOMATUYHOMY PCKHUMaAX 3a AOIMOMOTIOXO
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CTaHJAPTHOTO IMyJbTa JAMCTaHIIMHOrO KepyBaHHS. KomaHnum KepyBaHHS
aBTOMUJIOTOM TEHEPYIOTbCS K CTaHJAPTHI CUTHAIM 3 I[IHUPOTHO-IMITYJIBCHOIO
moayJsitieto (LLIM), siki miaxoaaTh a1t OUTBIIIOCT] TUITIB TIPUBO/TIB.

Cawm Oe3ninotHult mitanbHui anmapat (BIIJIA) e nuine 4acTHHOO CKIIaTHOTO
KOMIUIEKCY, OJJHUM 13 OCHOBHHMX 3aBJIaHb SIKOTO € IIBUJKA IMepeaada OTPUMAaHO1
iHpopMmarlii oneparopy Ha myHKTi ynpashinHs (I1Y). 3mathicTs 3abe3meuyBaTi
CTIMKMI 3B’SI30K € OJIHIEI0 3 HAMBAXKJIMBIIIMX XapaKTEPUCTHUK, 110 BU3HAYAIOTH
eKCIUTyaTalliiiHI MOXJIMBOCTI Komruiekcy ympaiiHHsS BIIJIA Ta 3a0e3neuyroTsh
nepenauy orpuManoi BIIJIA iHdopmalii B pexkumi «pealibHOTO Yacy» oneparopam
ITy.

3aBAsKA MPOCTOPOBIN cenekuli B komruiekci ynpasimiHHs BIIJIA na ITV 1
BIIJIA mupoko BUKOPUCTOBYIOTHCSI BUCOKO-CIIpsiMOBaHI aHTeHHI cuctemu (AC)
JU1s1 3a0€3MeUEHHS TaJTbHBbOTO 3B'SI3KY 1 MIABUIIIEHHS 3axuIieHoCTl. DyHKIlIOHAIbHA
CXeMa CHCTeMHU KepyBaHHS IMPOCTOPOBHUM IOJIOKEHHSM BHUCOKO opieHTOBaHOI AC,
sKka 3a0e3neuye ONTHUMI3AIiI0 MPOIECy 3B 3Ky B KoMiuiekci kepyBaHHs BITJIA,
HaBeJieHa Ha puc. 1. 3

Cucrema ympasiinas AC BKITIOUaE:

* cam AC, pafloTeXHI4H1 TapaMeTpH SKOTO Mii0paHi Tak, o0 3a0e3MeUnTH
HEOOX1IHY JIaJbHICTh 3B'SI3KY MO pajlloKaHay.

* CepBOnpHBOAM 3MIHHOTO CTpyMy, IO 3a0e3MeuyloTh MPOCTOPOBY
opienTtauio I13 3V B HampsiMKy, B SIKOMY OYIKYEThCS BUIIPOMIHIOBAHHS 00'€KTa
3B'S3KY.

» CucTeMa aBTOMaTUYHOTO CTEKEHHS 3a HanpsiMkoM (ASN), mo 3a6e3neuye
CTIKE aBTOMATHYHE CYIPOBOJKEHHS 00'€KTIB 3B'A3KY. 3B'I3KM B 30H1 HAA1MHOTIO
OTPUMAaHHS TeJIeHTaIitHuX BiacTuBocTen cucteM ASN.

* PanionpuiiManbHa amapaTypa, 1o 3a0e3nedye (QopMyBaHHS CHUTHAIY

«3B'SI30K», 10 CBIIYUTH MIPO HAAXOKEHHS 1HhOpMaIlli 3aaH01 TKOCTI.
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 Ilpomecop ympaBiiHHS aHTEHHOIO CHCTEMOIO, IO 3abe3meuye aHami3
MOTOYHOTO CTaHy cucTteMu ynpasiiHHs AC, TeHepye CUTHAIM CEPBOYIIPABIIiHHS Ha
OCHOBI MOJILOTHHUX 3aBJIaHb 1 AITOPUTMIB CKaHyBaHHS IPOCTOPY TSI 3a0€3MeUeHHs
npoctopoBoi opieHTalii AC, aHasi3 IpUCyTHOCTI 3B's13Ky, aHaui3 cepBonpuBoay AC

" peXHM 30BHIIIHBOTO KEPYyBaHHS» B PEXKUM  «aBTOMATHYHOTO

BT
aKOMITAaHEMEHTY», (HOPMYBaHHS CUTHAITY IIEPETBOPEHHS 3MIHHOTO CTPYMY B PEKUM
«30BHIITHHOTO KEPYBAHHS.
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Puc. 3 OyHKIIOHAIbHA CXE€Ma CHUCTEMH YIOPaBIIHHSA IPOCTOPOBUM
MOJIOKEHHSIM ocTpoHamnpasieHHor AC B koMmIuiekcax ynpasiinusa BJIA

OcHOBHE 3aBAaHHS, U0 BUKOHYETHCSI CUCTEMOIO YNPaBIiHHSA IPOCTOPOBUM
MOJIOKEHHSIM rocTpoHamnpanieHoi AC, - 3a0e3neuuTu CTiiike BXOIKEHHS B 3B'SI30K
3 00'€eKTOM, 33JJaHUM IOJILOTHOTO 3aB/IAHHS.

[s 3amaua po3nagaeTbes HAa P MiA3a0ay:

* 3a0e3neuenHs npoctopoBoi opieHTtauii JJH AC B HanpsiMKy O4iKyBaHOTO
MOSIBY BUIIPOMIHIOBaHHS 00'€KTa 3B'sI3KY 1 11 MPOCTOPOBOT CTa0LII3aINT [IJ1s1 BUTIATIKY

po3zranryBaHHsi AC Ha GOpTy JIITATILHOTO anapary.
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* Po3mimpeHHst 30HU CTIMKOTO 3aXOIUICHHS] BUTPOMIHIOBAHHSI 00'€KTa 3B'A3KY
3a paxyHOK 3aCTOCYBAaHHS JUCKPETHOTO aJrOPUTMY IMPOCTOPOBOIO CKaHYBAaHHS 3
JETEPMIHOBAHOIO TIPOCTOPOBO-YACOBOI CTPYKTYPOIO.

* [Iepexiz B peXuM CTIHKOTO aBTOCYIIPOBOY 00'ekTa 3B's13Ky cuctemoro ACH
IIpU BUSIBJIEHH1 00'€KTa 3B'SI3KY.

* 3a0e3nedyeHHs] MOXJIMBOCTI MOBTOPHOTO BXOJKEHHS Y 3B'SI30K y pasi ii
3puBy. {7151 AMCKPETHOTO ANrOPUTMY IMIPOCTOPOBOTO CKAHYBAHHS 3 IETEPMIHOBAHOIO
IIPOCTOPOBO-YACOBOT CTPYKTYPOIO MOYKHA BUAUTUTH HACTYITHI OCOOIMBOCTI:

* CkanyBanHg [IH AC 3ailiCHIOETBCS JUCKPETHO B Yaci 1 B MIPOCTOpi. *
[TpocTtoposi nepemimenns JJH AC npu ckanyBaHHI 341HCHIOIOTHCS TAKUM YHHOM,
00 HE 3aJTUIIANIOCS TIPOCTOPOBUX 30H, sIKI HE MMEPEKPUBAIOTHCS 30HOKO BIICBHEHOTO

3axoruieHHs cuctema ACH 3a Bech IMKJI CKaHyBaHHs (IUB. puc.4.)

Puc. 4 Ilpukian oprasizamii JUCKPETHOTO MPOCTOPOBOIO CKAHYBAHHS B

a3UMYTaJIbHIN 1 KYTOBIM TUIOLIMHAX

JIJis KOKHOTO KOHKPETHOTO MPOCTOPOBOTO IMOJIOKEHHS, II0 BU3HAYAETHCS
QITOPUTMOM CKaHyBaHHS, MOXXHAa BHUIIIUTH Bl (a3u: «ABTOCYmpoBim» 1
«30BHIIIHE YIIPaBIIHH.

* V (a3t «AptocymnpoBia» cucrema ACH 3aiiicHIOE OIIIHKY MOKJIMBOCTI
NpUiOMy BUIPOMIHIOBAHHS 00'€KTa 3B'S3Ky 11 OOpPaHOTO MPOCTOPOBOTO

nosioxxedHas PCH.
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VY pa3l NO3UTUBHOTO pe3yibTaTy oOLIHKK: IIpocTopoBe ckaHyBaHHS
npunuHsaeTecs. Cucrema ACH mnponoBxye 31HCHIOBAaTH aBTOCYIPOBOKEHHS
BUIIPOMIHIOBaHHS 00'€kTa 3B'A3KYy 3a CBOIM BHYTpilIHIM anmroputMmy. Ha Bxing
ceponipuBoy AC HaIXOJATh CUTHAIU HPocTOpoBoOi opieHTanii AC 3a naHuMH
MOTOYHOTO meneHra o0'ekta 3B'si3Ky Big cuctemu ACH X ACH (t). V pasi
HETaTUBHOTO PE3yJIbTaTy OLIHKH: 3M1ACHIOEThCS MpocTopoBe nepemimenHs PCH
AC B HacTynmHe MNpPOCTOPOBE TIOJOXKEHHS, $KE BU3HAYAE€THCA AJITOPUTMOM
CKaHyBaHHs. Y pa3i 3puBYy 3B'sI3Ky, MOUnMHaI04YH 3 MOMeHTY 4yacy T CB = 0 (mpomaxka
curany «3B'SI30K»), curnan X ACH (T CB = 0) 3anam'siToByeThCsI B IPUCTPOI
«OO0uncneHHs Ta 30epiraHHsD, 1 BUKOPUCTOBYETHCSA B MOAAIBIIOMY IMPOLIECOPOM
ynpaBiiHHs AC K 3HaY€HHS O4IKYBaHOT'O MeJIeHra 00'€KTa 3B'A3KY.

[Ipouec BXOKEHHS B 3B'I30K IMOBTOPIOETHCS SIK OMUCAHO BULIE. Y PEKUMI
«30BHILIHE YIPABIIHHS CUTHA YIIPABIIIHHSA CEPBONPUBOIOM OCTPOHAIIPABIECHHOM

AC 1o KaHaJIax «Kype», «TaHTaXy» 1 «KKpeH» MOKe OyTH 3alIMCaHUM:

V()= [V VY (T )+ AV, (1) +'Y () - 1 KaHana "Kype";

‘ H)= [V 8o (T epo)]+ AG L (1) + 9, (1) - A1 KaHaTa "TaHrax";

Y(1)=0+ Ay, (1) - w14 KaHasa "KpeH".

1)

Y  pexumi  «ABTOCYNpOBII» CHUTHAlI  YIOPaBIIHHS  CEPBONPUBOAOM

octpoHanpasieHHOH AC Moxke OyTH 3anuCaHui:

[‘{’(r); W o (1) - 1015 KaHama "Kype';

19(1)= &, (1) - 14 Kanaza "TaHraxk";

Y= 0+ AY (1) - 114 KaHaa "KpeH". )

KoHkpeTHHMiI BUJ CUTHAJIB YIPaBIiHHA BU3HAYAETHCS KOHCTPYKTUBHUMH

0COOJIMBOCTSIMH CCPBOIIPHUBOAY AHTCHOIO CUCTCMH.
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2.3 PesynpTaTH TEcTyBaHHS Ta OIllIHKAa €(QEKTUBHOCTI PO3POOIECHOTO

AITOPUTMY

KitouoBUM MOMEHTOM y HaBEJICHOMY JIAHIIOKKY € «BUMIPIOBAHHS CTaHy
cucteMu». TOOTO KOOpAMHATH TOJOKEHHS, IIBUIAKOCTI, BHCOTH, BEPTHUKAIBHOI
IIBUIKOCTI, a3MMyTa, KYyTOBOI INMBUAKOCTI Ta NPHUCKOPEHHS. Y OOpPTOBOMY
HaBIraliiHO-KepyIYOMY KOMIUIEKCI, po3poOiieHoMy Ta Burotonienomy TOB
«TexkHom», (QyHKIIIO BUMIPIOBAHHA CTaHy CHCTEMH BHKOHYE MiHIaTIOpHA
iHepiianpHa iHTerpoBana cuctemMa (MIHC). Cucrema ckilaaeTbCsi 3 TPUIUIETY
IHEpIIIHHUX JAaTYMKIB MIKPOMAIIMHHUX TIPOCKOIIB 1 aKCEJIECPOMETPIB, a TaKOXK
0apoOMETpUYHOIO0 BUCOTOMIpa Ta TpUBICHOTrO MarHitoMerpa.lloegnyroun gaHi nux
naTyukiB 13 nanumu GPS-nipuiiMada, crcTemMa CTBOPIO€ ITOBHE HaBiraiiitHe piieHHs
Ha OCHOBI KoopAauHaT 1 miamunHukd. Po3pobka Teknol Mins — ne moBHa
1HeplianbHa cucTeMa, Mo peanidye Oe3mnargopmuuii  anroput™ [IITHM,
IHTETPOBAaHUN 13 MpUMayeM CyNMyTHHKOBOI HaBiramiiHoi cuctemu. Came B i
CUCTEMI 1 MICTUTBCS «CEKpET» pOoOOTH BChOro KoMIulieKcy ynpasmiHHI BLAK.
Koxna nmnatdopma pearnizye CBOi MPUHIIUIN YIIPABIIHHS 31 CBOEIO «IIPABUIHLHOIO
4acTOTOIO (HU3bKOIO UM BUCOKOI0). Maiictep pinbTpiB BUOMpaE HalKpalle pillieHHs
3 OyIp-sKOi 3 TppOX IUIATGOpPM Ha OCHOBI XapakTepy Tpadiky. e 3abe3neuye
CTIHKICTh CHUCTEMH HE TUIBKU TIPH MPSMOJIIHIMHOMY pYyCl, ajieé 1 IpHu MOBOPOTax,
HEY3roJKEHUX PO3BOPOTax 1 mopuB4yactoMy OiyHOMY BiTpi. CHcTeMa HIKOJIU He
BUITYCKA€ 3 yBaru Toi (akT, 1o 3a0e3revuye MpaBUIIbHY PEaKIliio aBTONUIOTa Ha
30BHIIIIHI MIEPENTKOAM Ta aICKBATHUN PO3MOJILT BIUTUBY MIXK 00’ €MaMu yIIpaBIiHHS
JPOHOM.

BopToBuii koMIUIeKC ynpaBiliHHS 0€3M1JI0THUKOM

bopToBuii komiiekc Hapiramii Ta ynpasiiHHs BIIJIA cknagaerbest 3 Tpbox
JaCTHUH

IHTerpoBaHa CHCTEMa HaBIralii;
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npuiiMay CUCTEMH CYITyTHUKOBO1 HaBIraiii

Monynb aBTOMiIOTA.

Mosynp aBTOMIOTa TeHEpye KOMaHIU KepyBaHHA y ¢opmi curHanis M
(ILIUPOTHO-IMITYJIbCHA MOJIYJISIISI) HAa OCHOBI 3aKOHIB KEepyBaHHs, BOYJIOBAHHUX Y
oro xomm’iorep. OxpiM KepyBaHHS JPOHOM, aBTOMMUIOT TaKOX MOXHA
3amporpaMmyBaTy Ha KEpyBaHHS OOPTOBUM 00JIaTHAHHSM:

* cTaluIi3allis KaMepu,

» CHHXpOHI3aIlis 3 9acOM 1 KOOpJIMHATaMH CITyCKYy 3aTBOpa KaMepH,

* BUITYCK TapallyTa,

* Taki ¢yHKUIi, SIK pO3BaHTaXEHHA a00 BiAOIp 3pa3KiB BaHTaXy B IEBHIN

TOYII. Y TIaM'Th aBTOILJIOTa MOYKHA BBECTH JI0 255 MapIIpyTiB.

e VO N A L Py

Chivmis ]

Puc. 5- Cxema YnpasiiHHS
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VY 1onboTi aBTOMUIOT TakoX 3abe3nedyye BUJadyy B KaHal Mepeaayl
TeJeMEeTPUYIHOI 1HhOopMaIlii 1ist cTexkeHHs 3a mojas0ToM BJIA (Mamtonok 3).

A mo X Tomi sBIAE co0O0 «KkBasziaBTomiyoT»? barato ¢ipm 3apas
JEKJIapPYIOTh, 1110 3a0€3MeUyI0Th CBOiX CUCTEM aBTOMATUYHHM MOMIT 3a JOMOMOTOI0
«HAMMEHIIIOTO B CBIT1 aBTOIMIOTAY.

HaiiGinpm moka3oBwid MPHKIAA TAKOTO PIMICHHS - MPOAYKINS KaHAICHKOI
dbipmu "Micropilot". [{ns hopMyBaHHS CUTHAIIB YIIPaBIiHHS TYT BUKOPUCTOBYIOTh
«CHpl» JaHl - CHTHAIM BiJ TIPOCKOMIB 1 akcemepomeTpiB. Take pimieHHS 3a
BU3HAYCHHSIM HE € poOaCTHUX (CTIMKUM JI0 30BHIIIHIX BIUIMBIB 1 Yy TJIIMBUM JI0 YMOB
MOJIbOTY) 1 B TiMl YW 1HIIM Mipi Tpame3 aTHO TIIbKU MPH MOJbOTI B CTAOUIBbHIN

aTMocdepi.

Puc. 6- Intepdeiic minora
Bynb-siki 3Ha4H1 30BHIIIHI NTEPENIKOIU (IOPUBU BITPY, BUCX1JIHI TOTOKH a00

HOBITPSIHI KHILIEH1) MOXYTh CIPUYUHUTH JAE30PIEHTAIIO JliTaKa Ta CIPUUYUHUTH

aBapito. ToMy paHO 4M Mi3HO Ti, XTO CTUKABCS 3 TAKUMU MPOJAYKTaMHU, 3pO3yMIIOTh
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0OME)XEHHS TaKHWX aBTOMUIOTIB 1 IX HE3/IaTHICTh BUKOPUCTOBYBATH B KOMEPIIIHHUX
cepiiinux cucremax BITJIA.

binpmn  BiAMOBiZaNbHI  PO3POOHUKH  PO3YMIIOTH HEOOXITHICTH TaKHX
HaBIrallifHUX PIIIEHh 1 HaMararThCS peaji3yBaTH HaBIraIiiiHI aJropuTMH 3a
JIOTIOMOTOX0 BijjoMoro Metoxy (inbrpartii Kaimana.

Ha xanb, i TyT He Bce Tak nmpocto. dinbrpartis Kaamana € muiie qomoMi>kHAM
MaTeMaTUYHUM 1HCTPYMEHTOM, a HE BHUpIIICHHSAM IpobiemMu. ToMy HEMOKIUBO
CTBOPUTH HAJiHYy Ta CTaOUIbHY CHUCTEMY, MpPOCTO TMEPEHICIIA CTaHAapTHI
MaTeMaTU4yHl 1HCTpyMeHTH B iHTerpoBany cucremy MEMS. Tonka 1 TouHa
HACTpO¥Ka He0OX1IHA /I KOHKPETHHUX 3aCTOCYBaHb. B maHoMy BUMaIKy - KepOBaHi
00'€KTH TSt KPUIIATUX CXEM.

K cucreme BINIA

0 ASTONITMRESKOR BUINONNENWE NONETA
0 Crafumeayms yTRoS OpHenTaUMs

0 TOAMOS CAGROBINAE TPICKTOPNN

0 MNPocToTa B MCBONLIOBANNM

K nepconany

O Texmuyecone Hansi %3
YPORNE MEXINNEE

0 Haansuan soMmm0TePHIR
TPAMOTHOSTS

Puc. 7- Cucremu asromatnuaux bJIA

SIki mpakTU4H1 pe3yJbTaTH BUKOPHUCTAHHS OOPTOBOTO KOMIUIEKCY 3 TaKOIO
1HEPLIITHOIO CUCTEMOIO?

VY ckiaai 60pTOBOI cHCTEMHU HaBiTallii Ta yIpaBIiHHS aBTOMUIOT 3a0e3Mneuye:

* ABTOMaTUYHMM MOJMIT 32 3aJJaHUM MapHIpyTOM;

* ABTOMaTUYHUH 3JIIT 1 MOCAIKa;

* MIATPUMYBATH 33JaHy BUCOTY 1 IIBUIKICTb MOJIbOTY;

* AsumyTasibHa CTIHKICTB;

» KepyBanns nporpaMHuM 3a0e3MeueHHsIM sl 00PTOBUX CHUCTEM.
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Po3po6aena Transas GararoriiroBa cuctema BITJIA ochamiena cucremamu
Hapirauii Ta ynpasminas Teknola.

Ockinpku ympaBminHg ManuMu  BIIJIA € HalickmagHimuM 3aBIaHHSM,
MPOUTIOCTPYEMO ~ POOOTY  OOpPTOBOTO  HABITAIITHO-KEPYIOUOTO  KOMILIEKCY
onepatuBHOro Mikpo BITJIA 3i 3miTHOIO Macoro 3,5 Kr.

[Tim wac aepodOoTO3MOMKH MICIIEBOCTI IPOHH JTadd IO MapmpyTy 3
iHTepBaigom 50-70 meTpis.

ABTOMIOT 3a0e3meuye, MO0 BIAXWIEHHS pPyXy IO MapHIpyTy HE
nepesuiryBaio 10-15 meTpiB npu mBuaKocTi BiTpy 7 M/c (puc. 5). OueBUAHO, 110

HaWJJOCBIAYECHIIII MIJIOTH HE MOXKYTh 3a0€3MEYUTH TaKe TOUHE KepyBaHHS.

Puc. 8- MapuipyT 1 Tpaektopis noiasoTy miHi BJIA npu 3iiomIii MiciieBoCTi

[TinTpuMKka 3amaHOi BHCOTH MOJIBOTY TakKoX 3a0e3neuyeTbcss MiHC, sika
BUPOOJITE KOMIUIEKCHE pimeHHs 3a ganumu GPS, 6apomeTpuyHoro BucoTomipa i
1HepIliaTbHUX NaT4yuKiB. [Ipu aBTOMAaTMYHOMY MOJBOTI MO MAapHIPYTy OOPTOBHIA
KOMIUIEKC 3a0e3reuye TOUHICTh MIATPUMKH BUCOTH B Mexkax 5 meTpiB (MamoHok

6), 1110 103BOJISIE BIIEBHEHO JIITATH HA MAJIMX BUCOTAX 1 3 OTUHOM penbedy.
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Puc. 9- Busin BJIA 3 kxpuTu4aHOTO KpeHy

Maimonok 7 nokasye, sk CAY BuBoauTh bJIA 3 KpuTU4HOTO KpeHy B 65¢€¢, B
pe3yabpTaTi BIUIMBY MOPUBY OIYHOTO BITPY MpU 3MIMCHEHHI MaHEeBpY. T1IbKU
cupasxHs [HC y cknaai 60pToBOro KOMIUIEKCY KEpPYBaHHS B CTaHl 3a0€3MEYUTH
nuHaMivyHUK BuMIp KyTiB opieHTanii BJIA, He «BTpaTtuTé TOpu3oHT». TomMy B
mpoiieci BUIpoOyBaHsb 1 ekcrutyaTaiii Hamux bJIA sxonen miTak He OyB BTpadyeHHA
IPU MOJBOTI MiJl YIPABIIHHSAM aBTOMIOTA.

[Ile omuiero BaxiuBoro ¢yHKIielo BJIA € ynpapimiHHS Bijeokameporo. Y
NOJIbOTI ~ cTalumi3amisi  KaMepu  MEePEeJHbOT0  OINIsAay  3a0e3NeuyeThes
BIJIIIpaIfOBaHHAM KoyMBaHb BJIA 1o KpeHy 3a cUrHajamMu aBTOMUIOTA 1 JaHUMH
Minc. TakuM YMHOM KapTHHKa BiZIcO 300pa)kKeHHS BUSBISIETHCS CTAOUIBHOIO,
He3Bakaroum Ha koimBaHHS JIA mo kpeny. Y 3aBgaHHsX aepodOTO3HOMKHU
(HampuKkiIan, TpU  CKJIAaJaHHI  aepodoTorulaHa TependadyyBaHOTO  paioHy
MIPOBENICHHSI pOOIT) TOYHA 1H(OPMAITIS PO KYyTH OpI€HTAIllT, KOOpIUHATAX 1 BUCOTI
BJIA alcomtoTHO HeoOXiJHA Uil KOPEKIii aepodOTO3HIMKIB, aBTOMAaTH3allli

3IIMBKH KaJIpiB.
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Puc. 10 InTepdetic ekpany oneparopa

TOB «TeKnom» Takox po3pobiisse Oe3mijaoTHUN aepodOoTOo3HIMATBHUN
KOMILJIEKC. 3 L€ METO MU(POBI KaMepHu TPaHCHOPMYIOTHCS, 00 BKIIOYUTH iX
y CXeMH KepyBaHHS aBTOHOMHHM BOJIIHHAM. [lepiin moap0TH 3amiaHoBaHi Ha BECHY
2007 poky. OkpiMm 3ragaHoi cuctemMu mBUAKOro posroptanHs BIIJIA, GoproBuii
koMIuiekc Hairamii Ta kepyBaHHsi BIIJIA excrunyaryetscst CKb «Toma3» (BITJIA
«Bopon»), BcranoBieHuii Ha HOBoMy bBIIJIA po3pobku kommanii «Tpan3zacy
(BIUIA 6aratotinsoBoro tumy «Jlozop»). Kommieke») npoxoauts BUNpOOyBaHHS
Ha wmikpoaponi Global Teknik (Typeuunna). TpuBaioTh meperoBopu 3 IHITUMU
pPOCIICBKMMHM Ta 1HO3EMHHUMH 3aMoBHUKamu. HaBenena umie iHdopmaris Ta
pe3yabTaTH HAWBAKIIUBIIMINX JHOTHUX BUIPOOYBAaHb YIiTKO MOKA3YIOTh, IO SIKIIO
HEMa€ TOBHOTO 3 - MOBHOIIHHUA OOPTOBWU KOMILJIEKC YIPABIIHHS, OCHAIIEHUIN
TaKOI0 1HEPIIHHOI CHUCTEMOIO, HEMOKIIMBO MOOYyBaTH Cy4acCHHM KOMEpPIIHHUN

BIUJIA, 3naTHuit 6€3ne4HOo, MBUAKO 1 ONIEPATUBHO BUPILITYBATH 3aBaHHA. BapTicTh
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eKCIUTyaTallli CiIy>KOM MiHIMajbHa 3a OYJb-SIKUX IIOTOJIHUX YMOB. CEepiiHO
BUITYCKA€EThCSI KOMMaH1€10 « TexHOom.

ONKCaHHs poOOTH

[TpoGsiema BifCTEX)EHHS CTaHy O0'€KTIB aBTOMAaTH3allli € Yd He HaNTepIIOor
MeToI0 1HkeHepa. [Ipsmuii — 11e ocHOBHA mpobiieMa 3 00’ eKTaMH, pO3TaIlIOBaHUMHU
Ha BijcTaHl abo 3aiiMarouu BenuKy mionry. CiabChKOTOCIIOAAPChKI 3€MJIi, JTICOBI
3eMUT1, JIYKH Ta 1HII 3eMJT1 MANaAaoTh Mij [0 KaTeropiko.

Buxopuctanus aBTOMaTH30BAaHOTO OOJIaJHAHHS B IUX YMOBaX € IO
CKJIQJHUM 4Yepe3 JIeKibka (haKkTopiB

1. Bigctanb Mik 3eMEIBHOIO AUISTHKOIO Ta CUCTEMOIO €JIEKTPOMOCTauYaHHS.

2. BcTaHoBIIeHHS cHCTEM aBTOMATH3allii HETaTUBHO BIUIMBAE HA EKOCUCTEMY.

3. Ha ciabChKOrocmogapchKux YTiJJIsIX BCTAHOBJIEHHS aBTOMATHU30BAHOTO
o0aTHaHHS 3MEHIIIYE€ KOPHUCHY ILJIOILY TOCIBIB Ta CTBOPIOE MEPEIIKOIH IS BaXKKO1
TEXHIKH

4. Baxkki yMOBH Tipaiii (J011l, CHIT, MPsIMi COHSYH1 TPOMEHI TOIIIO).

5. Cran, y IKOMY HEMOKJIMBO 200 BaXKKO Oe3rmocepeIHb0 0OpOOUTH MPEeIMET
0€3 MPUCYTHOCTI CTOPOHH, sIKa 3a0e3meuye Oe3IeKy.

6. MOXJIMBICTh MOLIKOPKEHHS TBAPHHH.

Tomy icHye moTpeba B MOOUIBHOMY MPHUCTPOI, OCHAIIIEHOMY CHCTEMOIO
CTEXCHHS 32 CTAHOM JJIsl MOHITOPUHTY 00’ €KTiB. JJis 1IbOT0 3aBJIaHHS MiIIHTYyTh 2
BaplaHTU

1. KomicHa poboTta-tmatdopma.

2. Iponu

Cucremun Tmy 1  He  WOXOAATH I  BHKOPHUCTAHHS  Ha
CUTBCHKOTOCTIOAPCHKUX TOJIAX Yepe3 MPsIME MOIITKOHKEHHS 3€JIEHOT POCIIMHHOCTI.
Tomy 11t ILOTO 3aBJAHHS OYJIO BUPIIIEHO BUKOPUCTOBYBATH O€3MIJIOTHUKH.

CucreMa BiAMOBIIa€ BCIM MOTpedaM aBTOMAaTH3aIlll, a came:
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1. JIucTaHIIMHO CHOCTEpIraT 3a CTaHOM 00'ekTa O3 MOpYIIEHHS HOTO
LUJTICHOCTI.

2. CoocTtepexeHHs 3a cyciiaMu (B I[bOMY BUIAJAKYy Oyp'sHH MO CYyCiJICTBY
BIUIMHYTH Ha CTaH BCHOTO IMOJIs)

3. BizcTexxut MOKIMBICTE CTOPOHHBOTO BTPYYaHHS.

JlaBaiite migifigemo Omkde 10 BUOOPY THUITY JTiTAaKa:

MPUCTPIN TUITY JTiTaKa

nepesara:

BHCOKa BaHTAXOIIJHOMHICTH

MO>XIJIMBICTh BUKOPUCTAHHS HEEJICKTPUYHUX JBUTYHIB

BHCOKA MIBHJIKICTh TOJIBOTY

3aie’HO BiJ] pO3Mipy MOKYTh OyTH BCTAaHOBJICH]1 BEJTUKI CUCTEMHU

MoXIMBICTh BCTAHOBIICHHSI COHSTYHUX OaTapeit

HEIOJIK

OOmexeHa 37aTHICTh 10 IIBUKOTO NIEPECYBaHHs Y BEPTUKAIIbHIN IJTOIIHHI.

CHITbHO 3aJI€KUTh BiJl CHJIM MTOBITPSTHOTO MOTOKY.

MosxBOCTI 30€epeKeHHS MiICIIE3HAXOKEHHS OOMEXKEHI.

BucoxkosikicHa pama.

Januii Bua o0aHaHHS XapaKTePU3YETHCA BUCOKOIO BAHTAXKOMAHOMHICTIO 1
BHCOKOIO IIBHJAKICTIO. BHCOKa MIBHJAKICTH CKOpPOUYyE dYac, HEOOXITHUM IS
TOCSTHEHHSI 00'ekTa. MOXYTh BHUKOPHCTOBYBATHUCS ABUTYHH, IO MPAIIOIOTh Ha
O0eH3uH1 a00 1HIIUX Jerko3anMucTux pianHax. lle 3a0e3neuye OUIBITY MIBUIKICTD,
ajie 3MEHINye KOPHUCHE HaBaHTaKeHHS. OOMeEkeHa MOJKIIMBICTH IIBUIKOI 3MIHU
BEPTUKAJIBLHOTO TIOJIOKEHHS (BIIHOCHO 3eMJil) pOOUTH 10 CHUCTEMY JICIIO
HEIPUIATHOIO JIJIsl BUBUCHHS CTaHy OKpeMuX 00'ekTiB. CucTeMa XapaKTepu3yeThCs
BHUCOKOIO CTIMKICTIO JI0 MOBITPSIHUX Mac.

51 BuOpaB 1eil T JiTaka s [bOro MPOEKTY.
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['onoBHOMO MepeBaror € MOXKIMBICTH HajamTyBaHHs HecTtanaapTHUx (DCS)

1 pikcoBaHUX MicIb. Jlaii s mepeiay 10 OUIbII AeTaTbHOTO BCTAHOBJICHHS CUCTEMH,

AKY 51 BAKOPUCTOBYIO.

51 BuOpaB 1i npuiaau sl KepyBaHHS JITATBHUM aapaTom

1. OcHOBHMIA IPUCTPIN KEPYBAHHSA

Arduino Mega 2560 nist kepyBaHHS JaTYMKAMH Ta JIBUTYHAMH

Arduino Mega no6ynoBanuii Ha MikpokoHTpoJiepi ATmega2560).

[Tnata mae 54 mudposi Bxoau/Buxoau (14 3 SsKUX MOXXHA BUKOPHCTOBYBATH

sk LLIIM-Buxoam), 16 anaoroBux BxoiB, 4 nociinoBaux mopta UART, kBapueBuit

redeparop 16 MI'u, USB-po3’eM, po3’em >xuienns, po3’em ICSP 1 kHomky

CKUJaHHS. .
MikpoKoHTpoJIep
PoGoua nHampyra 5B
Bxingna Harpyra 7-12B
(peKOMEHT0BaHUI )
Bxinna Hampyra 6-20B
(rpanuyHe)

Hudpori Bxoan/Buxoau

54(14 3 AKUX MOXYTb MpaIIO€

Takox K Buxoau I1IM)

AHaJ0oroBi BXoau 16
[TocTifinuii cTpym depe3 40 MA
BX1JI/BUXI1]T
[locriitHuii  cTpym ISt 50 MA
BUBEIEHHS 3.3
Onem-nam'aTh 256 KB (3 saxux 8 KB
3aBaHTaXXyBaya)
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o3y 8KB

Eneprounesanexxna naM'sitb 4KB

TakToBa yactora 16 Mrux

Bubip nnatv BU3Ha4a€ThCSl HACTYMHUMU (haKTOpaMu:

54 mudpoBux BUXOMM Ha IJIATI (KOKEH BHXIJ Ma€ HaBaHTaXyBaJbHUUN
pe3ucTop (BiaKIIOUeHU# 3a 3amoBuyBaHHIM) 20-50 kOm 1 Mmoxe BuaaBatu 10 40
MA).

16 aHanoroBux BXOJiB, KOXKEH 3 PO3JIUIbHOIO 3/1aTHICTIO 10 61T (TOOTO MOXKe
npuitmatu 1024 pi3HUX 3HAYEHHS.

Hesenuka mixa.

Jlerko mporpamyBaru.

VYHiikoBaHUN BUXIJ JJIS TJIAT POIIUPEHHS.

[InaTta BUKOHYe (YHKINI peryJtoBaHHS IIBUIKOCTI JIBUTYHA, 3UYATYBaHHS
1H(popMaIrii 3 JaTYMKIB, BIANPABKY Ta OTpUMaHHs 1H(GOopMallii 3 MpUcTpoiB 00pOOKH.

B skocti kepyrouoi mporpamu OyaeMO BHKOPHUCTOBYBATU MOIU(DIKOBAHY
Bepcito nporpamu OpenSource Arducopter.

2. Ilpuctpiit 0OpoOKM TaHUX.

S Bubuparo Raspberry Pi sik npuctpiii 0OpoOKH 1aHUX.

[Ipuuuna BubGOpYy:

OO6aHaHHA Ma€ BUCOKY TTOTYXKHICTb.

[Ipoctuii inTepdeiic 3 Arduino.

MO>KJIMBICTh anapaTHOTO JEKOAYBaHHs/KOIyBaHHS BiJI€O.

Jlerko po3mMprO€THCS.

besnocepenHiMu 3aBIaHHAMHU MTPUCTPOIO €:

Curnan kepyBaHHS IPUIUMAETHCS BiJ 6a30BO1 CTaHIII].

3B's130K (hOpPMYETHCS 3a JOMOMOT0I0 TexHoorii Wi-fl.
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Bineonorik nepenaerscs Ha 6a30BY CTaHIIIIO.

[Tepenaua nanux 3 Arduino Ha 6a30By CTaHIIIIO.

3anuc JaHMX 1 BiJIeO Ha BHYTPIIIHIO MTaM'ATh.

Jist mporo M OyJeMO BHUKOPHCTOBYBATH OIEpaliiHy CHUCTEMY HE B
peasibHOMY 4Yaci - Debian.

Buxopuctanss Linux 3Ha4HO CHpOIIye 3B’ 430K Mk IpUCTposMHU (6a3010 Ta
mitakoMm). KpiM Toro, BUKOPHUCTOBYIOUM BOYJIOBaHI BIJI€Os/Ipa, BU MOXKETE
KOHBEPTYBATH B1JIEOMOTOKHU B MEHIII PECYPCOMICTKI (hOpMaTH, 3HAYHO MOJETIIYI0UN
nporiec oOpoOKu Ta repenayi Bigeo. s HamMcaHHS IPOTrPaMHOI0 3a0e3MeUCHHS
BUKOPUCTOBYETHCSI MOBa MporpamyBanHs C++.

Raspberry P1 He npu3HaueHu 1151 BAKOPUCTAHHSA SIK KOHTPOJIbHUM MPUCTPIid,
OCKIJIbKM BIH HE Ma€ TOJMHHUKA PEAbHOTO 4Yacy 1 HE MOYKE€ BUKOPHCTOBYBATHUCS
JUISi TOYHOTO KepyBaHHS. AJie HE3BaXalouuW Ha IIe, NPUCTPid Biairpae OaHy 3
HalBAKJIMBIIIUX POJIEH B YIIPABJIIHHI.

Raspberry Pi MmoxHa 51erko miKIIOuUTH 10 BeO-KaMepH, 1110 3HAYHO 3HUKYE
3arajibHy BapTICTh MPUCTPOIO, OCKUIBKK CIeliaibHa KaMmepa He moTpiOHa. [[is
cTabumzaiii 300pakeHHs OyJIeMO BHKOPHCTOBYBATH MPOTpPamMHi aJIrOPUTMU Ta

craburizaniiitHe o01aIHaHHSA.
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Puc. 11 - [IpuHuunoBa cxema CUCTEMH YIIPABIIIHHS

Jlns mepenadi JaHUX B TAHOMY HPOCKTI S BUKOPUCTOBYIO TEXHOJIOTiI0 Wi-fi.
Jns1 3a0e3nedeHH sl BEIMKO1 JalbHOCTI OJbOTY BUKOPUCTAEMO TexHouorio 802.11n

besnocepennsa npobiema € JaNbHICTh Nepeaadl Janux 0e3 momix. IcHye nBa
BaplaHTa BUPILIEHHS AaHOI NPOOIeMHu:

1.BcTaHoBeHHS IOTYKHUX NepenaTyuKiB. JlaHe pilleHHs He € NIPUNHATHUM
B JaHId cuTyallii, Tak SK BHMAara€ BEJIMKUX 3aTpaT eJeKTPOSHEeprii, IIo
HEIMPUITYCTUMO Y JIITAIbHOMY arapaTi MajauXx po3MipiB

PerymntoBaHHS MOJ0XKEHHS aHTEH y IPOCTOPI, U1 3000y TTS NPSMOTO 3B’ SI3KY.

Jlpyruii miaxig HE BHMarae BEJIMKOTO EHEpProCMOKUBAHHSA, TakK SK
peryJItoBaHHS TOJIOKEHHSI aHTEHU Bi10yBa€eThCs JIUIe HA Oa30Biil CTaHIIII.

Posrasinemo nany npoOiemy aeTanbHime

Jliist mepeaadi cUrHaty Ha Jajeki BiICTaHl HaM MOTPi0H1, a0 peTpaHCIATOpH
(BCTaHOBJICHHSI SIKMX CKJIaJHE, 0O MapuIpyT IMOJIbOTY MOXE 3MIHIOBAaTUCS B
3aJIe)KHOCTI B1Jl 0araTboX YMOB 1 MOX€E HE MPOXOJIUTH Yepe3 IXHIO 30Hy MpUHOMY-

nepeaadi), abo cuctema peryatoBaHHS MMOJ0KEHHS! aHTCHH.

J71st po3p0o0KHM CUCTEMH BUKOPUCTAEMO HACTYITHI IPUCTPOI:
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Ubiquiti NanoStation Loco M2 - Touka goctyma

3aranbHi XapaKTepUCTUKU

Tum Wi-Fi Touka mocryma

Cranpapr 802.11n, gacrora 2.4
0€3/IpOTOBOTO 3B’ SI3KY IT

[Tinrpumka MIMO c

Makc. IIBuakicts 150 Mowut/c

JlanpHICTh 2 KM

Ubiquiti NanoBridge M5 25dbi — antena.

3aranbpHi XapaKTEPUCTUKU

Tun Wi-Fi mict

Crangmapt 6e31pOTOBOTO 802.11n, yvactrora 5
3B’ SA3KY ITo

[Tintpumka MIMO Ecthb

Makc. lIIBuaKicTE 150 Mowut/c

JlanpHICTB 15 xkm

JlaH1 pUCTpOi He € HaliIeNIeBIINM BapiaHTOM, ajie 3a0e31e4yI0Th HIBUIKICTh
nepenayi ganux Ao 150mbO/cek, 10 TEOPETUYHO T03BOJISE MEpelaBaTH MOTOKOM
Bizneo ¢popmary 4K. Ilepetimemo 6e3mocepeIHBO 10 CUCTEMU PETYJIIOBAaHHS aHTEHHU.

Takox MOXJIMBE BUKOPHCTAHHA BKC iCHy}O‘II/IX CHUCTCM PETYJIOBAHHA.
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BucHoBOK

B pesynbraTi gochikeHb, BHUpIIIEHa aKTyallbHa HAayKoOBa 3ajaya

NIJBUILIEHHS €(PEeKTUBHOCTI cTexeHHs 3a Manopo3mipuumu BIUJIA B cucremi
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BIJIEOCIIOCTEPEKEHHS, IUISIXOM PO3POOKU aallTUBHOIO AJITOPUTMa KOPEJSIIAHO
CTEKCHHSI.

OcHOBHI HayKOBI Ta MPaKTUYHI PE3yJIbTaTH POOOTH:

OnTuManbHUN AITOPUTM AAANTUBHOI PUIBTpALlli € PEKYPEHTHUM Ta OMHUCYE
eBomIONi0 aroctepioproi II[M po3ImmpeHoro 3MillTaHOTO MapKiBCHKOTO HPOIECY,
IO BKJIIOYae Oe3nepepBHO3HAYHUIN BekTOop mapamerpiB pyxy BIIJIA Ta 3miHHY
NEepEeMUKaHHS, 1110 XapaKTepu3ye BUJ ii pyxy. OnTUManbHUNA TPUCTPIH, 10 peatizye
aJITOPUTM, € OaraToKaHAJIbHUM 1 BIIHOCUTBCS J0 KJIacy MPUCTPOIB 13 3BOPOTHUMHU
3B'SI3KaMU  MDK KaHajllamMd. HasiBHICTP 3BOPOTHMX 3B'S3KIB MIK KaHajJaMu
00yMOBJIEHO MapKOBCHKOIO BJIACTUBICTIO TUCKPETHOIO KOMITOHEHTA.

KBazionTuManbHuil airopuT™M aganTUBHOI (UIbTpalii € HedaiHiiHUM. Bin
3a0e3neuye YSIBJICHHs arnoCcTepiopHOT 0051 napameTpiB pyxy BIUIA npu nepexoi
HA HACTYNHMH Kpok OimbTpamii y Burasm cymu rayciBeekmx LI
KBaziontuManeHuil  QuabTp 30epira€ CTPYKTYpy ONTHMAJIBHOIO MPHUCTPOIO 1
BITHOCUTBHCA JI0 KJIaCy MPUCTPOIB 31 3BOPOTHUMHU 3B'SI3KAMU MK KaHAJIAMHU.

OinpTp amantyerhes a0 AuHaMiku pyxy BIUJIA, 1o mo3Bosise miIBUIIUTH
TOYHICTh €KCTPAIOJISII] HAa AUISHKAX MaiXe PIBHOMIPHOTO PyXy 1 3aBHCAHHS Ta

dbopmyBatH cTpoOU CynpPOBOY aJIEKBATHO IMOTOYHIM CUTYAIli.

48



Jlitepatypa

1. ABiamis: Ennuknonenis / I'omn. pen. P. I1. Ceuies. - M.: Benuka Pociiicpka
ennukioneaist, 1994. - C. 108. - 736 c. - ISBN 5-85270-086-X

2. BP-3 «Petic», KOMIUIEKC MOBITPSIHOI PO3BIAKHU 3 OE3MUIOTHUM JITaTbHUM
ammapatom Ty-143, [www.arms-expo.ru]

3. Wired: Maitxe 1 3 3 BilicbkoBux JiTanbHux anapariB B CILIA - poGor
(anra.). Cratnunuii 3 nepuokepena 6 ceprus 2012.

4. Morring Jr., Frank, ed. (March 29, 2004), "Blame Game", Aviation Week
& Space Technology, p. 21.

5. Hasik, James (2008). Arms and Innovation: Entrepreneurship and Darkness
in the Twenty-First-Century Defense Industry. Chicago: University of Chicago
Press. pp. 32-33. ISBN 978-0-226-31886-8.

6. 1 2 BIIC CIIA mnepeo30poinu Oe3miJOTHUKAMHU TIepiry O0oHoBy
aBlayacTuny, lenta.ru, 11.08.2008

7. Difference engine: Unblinking eye in the sky (The economist Jan 13th
2012)

8. Omnepatopu BITJIA BIIC CIIA crtanyTh OTpUMYyBaTH JbOTHI BUILIATH.
rnd.cnews.ru  (01.03.10). Cratuunuii 3 mnepmomkepena 15 mrotoro 2012.
[Tepesipeno 2 6epesns 2010.

9. AMepuKaHChKI BYEHI Ha CIip «3JaMainy oe3ninotHuk | U HoCMU.

10. PT: Texas college hacks drone in front of DHS (anrn.). Cratuunuii 3

nepuoaxkepena 6 ceprns 2012.

49



11.1 2 UAV.ru - be3ninoTtHa asiariis, www.uav.ru, « [ [uBUIbHI TTEPCIIEKTUBH
oe3mninoTHHKIBY, Bonoaumup Kapuoszos, (cneusunyck Milex - ISSE 2011), Bun.
TOB Indopmartiiino-anamiTaanuii eHTp «HOB1 TeXHOIOTI.

12. Touka omopu, www.to-info.ru«y reojesii 3aBXIu € Miclle 1HHOBAIIII,
Poman Tomax, (cepniens 2012).

13. Oil, gas and Petrochem Equipment, http://www.ogpe.com, «UAV aerial-
monitor oil and gas wells, facilities, pipelines», (27 Bepecus 2012 p.), usm.
PennWell.

14. http://en.wikipedia.org/wiki/Unmanned_aerial vehicle

15. livit.ru/helicopter-calculation/

16. http://quadro-copter.info/arducopter/printsipialnaya-skhema-
kvadrokoptera.html

17. http://flying-copter.ru/lipo-akkumulyatory-dlya-radioupravlyaemy-h-
modelej.html

18. http://forum.rcdesign.ru/f123/thread232641-21.html

19. http://www.aviaport.ru/

20. http://code.google.com/p/arducopter/wiki/ArduCopter2

50



JlomaTok

/[#define APM2_BETA_HARDWARE

I1#define MAG_ORIENTATION

AP_COMPASS_COMPONENTS_DOWN_PINS_FORWARD

/[#define HIL._MODEHIL_MODE_ATTITUDE

/1#define DMP_ENABLED ENABLED

/[#define SECONDARY_DMP_ENABLED ENABLED // allows running
DMP in parallel with DCM for testing purposes

I1#define FRAME_CONFIG QUAD_FRAME

/[#define FRAME_ORIENTATION X _FRAME

* PLUS_FRAME

* X_FRAME

*V_FRAME

I1#define CH7_OPTIONCH7_SAVE_WP

* CH7_DO_NOTHING

* CH7_FLIP

* CH7_SIMPLE_MODE

* CH7_RTL

* CH7_SAVE_TRIM

* CH7_SAVE_WP

*CH7_CAMERA_TRIGGER

/I Inertia based contollers
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these

/I#define INERTIAL_NAV_XY ENABLED
#define INERTIAL_NAV_Z ENABLED
/I#define MOTORS_JD880

/I#define MOTORS_JD850

I/l agmatthews USERHOOKS

/I the choice of function names is up to the user and does not have to match

/' uncomment these hooks and ensure there is a matching function on your

"UserCode.pde" file

//#define USERHOOK_FASTLOOP userhook FastLoop();

#define USERHOOK 50HZLOOP userhook 50Hz();

//#define USERHOOK_MEDIUMLOOP userhook MediumLoop();
/l#define USERHOOK _SLOWLOOP userhook_SlowLoop();

/l#define USERHOOK_ SUPERSLOWLOOP userhook _SuperSlowLoop();
#define USERHOOK _INIT userhook _init();

/ the choice of included variables file (*.h) is up to the user and does not have

to match this one

Use

I/l Ensure the defined file exists and is in the arducopter directory

#define USERHOOK VARIABLES "UserVariables.h"

I1#define LOGGING_ENABLEDDISABLED

Il #define LOITER_REPOSITIONING ENABLED // Experimental Do Not

/I #define LOITER_RP ROLL_PITCH_LOITER_PR
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