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AHoTauia. Po3pobneH0 TexXHONOriYHy CXeMy KOHTPOMH MOMOXKEHb BUCAYUX TPYOGOMNpPOBOAIB i3
YTPUMYKOUMM KaHaTOM Ha OCHOBI 3HIMKIB, OTpPUMaHuX i3 6e3ninoTHUX NiTanbHUX anapaTis. Ans
MiABMLLEHHS TOYHOCTI (POTOrpaMMETPUYHOIO 3HIMAHHSAM 06paHO OMTUMAa/bHWIA PaKypC 3MOMKM
TpybonpoBOAy LUMSAXOM BapiloBaHHS ABOMa napameTpamu - BigcTaHi [0 06%KTIiB Ta BACOTO
PO3MiLLEHHS Kamepu. [oCArHy TO 3MEeHLLEHHSA PO3CitOBAHHA CepeAHbOKBAAPATUYHOT MOXMOKM 3HIMKA B
Me>kax 2,10 - 2,44 mm.

Kno4oBi cnoBa: reofe3vwyHuiA MOHITOPWHE, BMCAYMA TPYoOnpoBiA, (hOTOrpammeTpisi, Hecyuwii
KaHaT, TOYHICTb BMIpIOBaHb, CepeAHbOKBaAPaTUYHA NOXMOKa, aepodoTO3HIMKN.

AKTYaNbHICTb TEMU AOCNIAKEHHS

[o TpybonpoBigHNUX CUCTEM HaA3eMHWUX MepexofiB BUCYBalOTbCA BUMOMM MakKCUMasbHOT
Haf4iHOCTI, MiHiIManbHOT MeTaNI0EMHOCTI Ta €KO/IOTiYHOT 6e3nekn. LIi NoKasHNKKM 3anexatb SK
Bifl AKOCTiI NpPOEKTYBaHHA, TaK i Bif 06CNyroByBaHHA B XOfi AKOro mMeTofaMu AiarHOCTUKMK
30IMCHIOETBCA  OLliHKA TEXHIYHOro CTaHy [ANf  NPOrHO3yBaHHA 1X  [AOBrOBIYHOCTI.
TexHONoriyHnii  nporpec copmyBaB METOAM Ta IHCTPYMEHTW, 3pdaTHi 3a6e3neynTn
MOHITOPUHI KOHCTPYKLi 3 BUCOKOIK TOYHICTIO (Uy6iH, 2025).

BaXMBMM MOKa3HUKOM KOHTPOJIKO KOHCTPYKUi HaA3eMHUX Mepexofis € pgehopmauii
Tpybonposogy y npoctopi (3anyxnsk, Ta iH. 2024). BennuumHyu NpPOrvHiB PEECTPYHOTHLCA
TEXHOMOTIAMMN Te0fe3snYHUMM MOHITOPUHIOM i3 LUIWPOKUM 3aCTOCYBAHHAM efIeKTPOHHUX
TaxeomeTpiB, nasepHoro ckaHyeBaHHA (LiDAR) T1a cynytHukosux cuctem (GPS/GNSS)
(TpeBoro, Ta iH. 2022). 3a TX 3HAYEHHAMW pPO3PAXYHKOBMMW METO4AMW BU3HAYAKOTb
Hanpy>eHo-gegopmoBaHuii ctaH (HAC) rasonposogis (Unbipskos, Ta iH. 2016).

3a aHanorieto 3 BUCAYMMU MOCTaMu [0 TpybONpoBOAiB MOXe OYyTU 3aCTOCOBAHO PO3paxyHOK
3a "ICHYIOYO0K CXeMOK", AKMIA nepegbavae OTPMMaHHA 306paXeHb KOHCTPYKLIT B pPi3Hi 4acosi
nepiogun (Grigorjeva, 2021). NMoy4aTKOBi KOOPANHATY BM3HAYaOTLCA Fe0e3UYHUMUN METOAAMMU,
a HaCTYMNHi - AK BiAXWU/IEHHSA Bij MOYaTKOBOro CTaHy.

KOHCTPYKLii BUCAYMX MepexodiB € Ginbll CKNaAHilli HiXX 6ankosi. IX 03HAKOK € Hecyuwuii
KaHaT, Wo notpebye ocobnmBoro nigxogy Ao MoHitopuHry (Kopo6bkos, Ta iH. 2025). Tomy
TEXHONOTIEK Fe0fe3nyYHOro MOHITOPUHIY 06paHO aepooTo3HiMaHHs 3 BIMJTA 3 HacTynHow
(hoTorpaMmeTpmuYHO0 06pOOKOD aepodhOTO3HIMKIB. IMpK NeBHMX YMOBaX TOUHICTb 3060paXKeHb
MONOXEHb BUCAYOro TpybonpoBody 3 YTPUMYKOUYMM KaHaTOM MOXe OyTW [OCArHyTa 3a
cepeAHbOKBAAPATUYHUM [0 3HAYeHb Jax=mY=mz=2"3,5 MM (IBaHuyK, Ta iH. 2023).

OTXe, 06rpYHTYBaHHA TEXHOMOTIT reofe3nyHOro MOHITOPUHTY BIKPUTUX LINSAHOK BUCAYUX
Tpyb6ONpoBOAiB 3 METOK BM3Ha4YeHHS peanbHoro HAOC € akTyanbHUM HayKOBO-NPakKTUYHUM
3aBAaHHAM, W0 NoTpebye HOBMX MiAXOAIB i IHHOBALIHUX PilleHb.
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MeToauka

TeopeTMyHOK 6a30t0 METOA0MO0rIT fOCNifXKEHb CNYryBaso NON0OXKEHHA Npo po3nogin CKB Ha
hoTOrpaMMeTPUYHOMY 300PaXKeHHI, WO oTpumyeTbesa BIMJTA (JOpoXUHCbKNiA, Ta iH. 2008).
TexXHONOriYyHy CXeMy 3HiMaHHS MOKa3aHO B YMOBHIli CUCTEMiI KOOpAMHAT, fiKa OPIEHTYETbCA
TaKMM YMHOM, WO6 Tpy6ompoBig - 1 i kKaHaT - 2 6ynu B nnowmHi {OXZ}. Kamepa
PO3MILLYETbCA B NNOWWUHI, nepneHAnKynsapHii go {OXZ}, y touui C (puc. 1).

Tak IK y BUCAYMX KOHCTPYKLISX AOBXMHA KaHaTy b nepesuuiye goBxuHy tpybonposogy | (b
> ), TO 1A0r0 NONOXEHHSA y NPOCTOPI OMUCYETLCA FTEOMETPIEID BAaromMoi HUTKM, fiKa BNMBAE Ha
CMNOBE HaBaHTaXXeHHS. ToMy B Kaapi 306paXkeHHs MatloTh OyTK IK Tpy6ONpPOBiA, TaK i Hecyuunii
KaHaT 31 CBOEIO reoOMeTPIED NPOBUCAHHS.

CrnocTepeXXeHHA 3a XapakKTepHUMM TouykaMu 3A4iNCHIOETbCA 3 Toukm C nig KyToM a pfo
ropusoHTani. Mpu ay ikcyeTbca Tpybonposia, npu a2 - By3n0Bi TOUYKKM LI, 12, i3 TOWO Ha
KaHaTi. Kamepa 3aliMae cBo€ NonoXeHHst B Touykax Cuy C2 Ha BiacTaHi 1, 3a6e3neyyroun
noTpibHMIA pakypc AN O0fHOYACcHOT (pikcalii 060X 06’eKTiB. AKLWO Tpy6ONpPOBia 3HIMAETLCA
nig kytom ai=0, To KpaiHi BY3/710Bi TOUKWN Hecy4oro kaHaty A i B 6yayTb Bugumi nig Kytom
a2=50,2°.

(', (x.d, h)

" b

= "

PucyHok 1. TexHonoriyHa cxema (pOTOrpaMMeTPUYHOTO 3HIMAHHA NONO>XKEHb BUCAYOTO
TpybonposoAy 3 yTPUMYHOUYUM KaHATOM.

36inbweHHs kyTa a nigsuwye CKB uepe3 BupaxeHi NEpPCneKkTUBHI eeKTn Ta reOMeTpUYHi
CNOTBOPEHHA. TOYHICTb BMMIpPIOBAHHA N* JOCATaeTbCA LIAAXOM BMOOPY ONTUMANIbHOIO
pakypcy 30MKM, 3a SKOro 3HavyeHHs CKB gns Tpy6onpoBoAy i KaHaTy € MiHIManbHUMMU.

Buknag oCHOBHOro matepiany

MigBMLWEHHS TOYHOCTI NepudepinHoT 06nacTi 3HIMKY, fe BifobpaxeHOo KaHaT, 34iiiCHI0Banocs
MOLYKOM ONTUMaNbHOI0 pakypcy LUIAXOM BapitoBaHHA napameTpaMy PO3MilLleHHs Kamepu:
BifCTaHi MonbOTy 1 Big TpybonpoBOoAy Ta BMCOTM 3HiIMaHHA H. ToMy KOOpPAWHATU TOYKM
3HiMaHHA 3anucytTbes y Burnagi C (xi, i, H.

Tak, y BapiaHTi 1 (6a3oBomy) Tpybonposifg cnoctepirasca nig Kytom ai=0, B TOW 4Yac KyTu
CMOCTEPEXEHHA KaHaTy 3HaxoAunmcs B [fiana3oHi oro KpakHix Toyok az2=8 - 50,2°.
PoscitoBaHHA CKB cTtaHosuno 2,10 - 3,28 mm (1a6s.1).

BapiaHTn 2 i 3 6ynu NPpOMiDXKHUMM Ta CNPSAMOBaHUMUK Ha MiABWLIEHHSA TOYHOCTI BU3HAYEHHS
KOOpPAMHAT BEPXHbOT TOYKM KaHaTy. Y BapiaHTi 2 BUCOTY Kamepu 36inbweHo fo H=3 m, y
BapiaHTi 3 - BiAcTaHb 40 Tpy6onpoBoay A0 M = 15 M. Po3paxyHKK NoKasanu, Lo 36inbLIeHHS
BigcTaHi (BapiaHT 3) € eeKTUBHIWWM. Mpu LUbOMY MaKCUMAaNbHUA KYT CMNOCTepeXeHHS
3MEHLWNBCA [0 a2 = 42°, a poscitoBaHHA CKB - g0 2,10 - 2,68 mwm.
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Tabnuua 1. 3HavenHss CKB (Mm) npu BapitoBaHHI napameTpaMu BigCTaHi 4o Tpybonposoay
MiBUCOTU NONLOTY K

. Ne Toukm (By3na
BigctaHb d Bucotah (By3na)

A tl t2 i3 Tpyb6onposig
BapiaHT - 1 10 0 3,28 2,49 2,20 2,14 2,10
BapiaHT - 2 10 3 2,82 2,22 2,10 2,11 2,19
BapiaHT - 3 15 0 2,68 2,28 2,14 2,11 2,10
BapiaHT - 4 15 3 2,44 2,15 2,10 2,10 2,14

BapiaHT 4 (onTuManbHWiA) - noriyHe NPOALOBXEHHS MonepeHix. MapameTpu: BiAcTaHb A0
Tpyb6onposoay d = 15 m, Bucota kamepu h = 3 M. Takuit pakypc 3a6eanedye miHimanoHe CKB
LN KaHaTy npyv He3HaYHOMY 3HUXEHHI TOYHOCTI gns Tpy6onposoAy. [liana3oH po3citoBaHHA
cTaHoBUB 2,14-2,44 mm.

BucHoBKK

3anponoHoBaHO METOAMKY reofe34HOro MOHITOPUHTY, Lo 3a6e3neyvye Heo6XifHY TOYHICTb
Ans aHanisy fgedopmauiii Bucsumx Tpybonposogis. OnTumisauis napameTpiB poO3MiLLEHHS
PEECTPYHOUOT KaMepy [03BOJINNA BU3HAYUTU PaKypC 3MOMKM, Npu AKOMY LOCATHYTO 6anaHc B
noxmnokax BUMIpHOBaHb MiX gehopmaLiamu Tpyo6onpoBoay i NepemilleHHAMN TOYOK HECYUOro
KaHata. [lOCArHYTO 3MEHLUEHHA PO3CilOBaHHA CepefHbOKBaLpPaTUYHOI MOXWOKM 3HIMKA B
Mexax 2,10 - 2,44 mm.
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