11. IBH B.1.1-45:2017. ByiBni i criopyau B CKIagHAX iH)KEHEPHO-TEONIOTIYHIX YMOBaxX. 3araibHi nonoxenss — K.:
Minperionbyn, 2017. —35 c.

12. ABH B.2.1-10:2018. OcHoBH i ¢hyHaaMeHTH Oy aiBenb Ta ciopya. — K.: Minperion6yn, 2018. — 40 c.

13. IBH B.2.2-15:2019. XXutsnosi 6yausku. OcHoBHI nonoxenus. — K.: Minperioudya, 2019. — 42 c.

14. IloaroroBka OCHOBaHUI 31aHUI U COOPYIKEHUM, CTPOSAIIMXCS HA 3aMeJUIeHHONpocaouHblX rpyHTax I u Il Tumna no
npocanounoctd / A.H. Boromogos, FO.U. Oasuckmii, JI.A. AuncumoB, E.B. lllexounxuna, A.®. AjekceeB // BecTHuk
Bounrorpan. roc. apx.-ctpout. yH-Ta. CTpouTenseTBO U apxurekTypa. — 2015. — Ne 41 (60). — C. 14-23.

15. TIpoGieMbl CTPOUTENBCTBA M AKCILTyaTallly 3/1aHni Ha JieccoBbIX rpyHTax CeBepHoro [IpuuepHomopss / A.H. Bo-
romoJioB, F0.U. Onsincknii, C.B. Ky3nenona, N.10. Ky3smenko, E.B. Lllexounxuna, C.A. YapbikoBa // Bectauk Bonro-
Tpaf. Toc. apX.-CTPOUT. YH-Ta. CTPOUTENBCTBO U apXuTekTypa. — 2016. — Ne 44-2. — C31-39.

16. CoxoaoB H.A. [Tpo6iema neccon// CopocoBckuii 06pazoBarenbHbIil xxypHaI. — 1996. — Ne9. — C. 86-93.

17. Lavrusevich A.A., Lavrusevich S.A., Gorshkova O.G. Technogenesis and behavior of the loessial rocks // In book:
Proceedings of International Scientific Conf. — Vladivostok: Dalnauka, 2009. — P. 130-131.

18. IanTiommua E.B. JleccoBble IpyHTBI M MH)XEHEPHBIC METOBI YCTPAHEHHUSI UX MPOCAIOUHBIX CBOHCTB//
IMom3ynoBckwuii Bectauk. — 2011, — Nel. — C. 127-130.

YK 622.1:528.02

0. B. IOJIT'IX, kana. TexH. HayK, jnoil., O. A. KPEMEP, acnipant
KpuBopi3bKuii HalliOHATTBHUN YHIBEPCUTET

BUKOPUCTAHHS BILJIA TA GPS B MAPKIIEMJIEPCBHKIN CITPABI

Meta. MeTor0 po0OTH € AOCHTIKCHHS TIMTaHHS JAOIIBHOCTI BUKOpHCcTaHHs GPS-00manHanHs Ta Oe3MiTOTHUX JiTalb-
Hux amapatiB (BI1JIA) npu BUKOHaHHI 3HIMAIBHUX POOIT HA MPOMHUCIOBUX MalaHYMKaX Ta iHIIHX 00’€KTaX TipHUY0I00yB-
HUX MiANPUEMCTB, 10 JJ03BOJISIE BUPILIyBaTH HAaraJlbHi 3aJa4i MapKIIeHaepChKOro 3a0e3nedeH s TipHUIHUX POOIT.

Metoau pocainzkenHs. [TocTaBieHi 3aBIaHHs Ta MeTa IS TOCII/PKEHHS, 3yMOBIIM BUKOPHUCTAHHS HOBHX IiIXO/IB Ta
METO/[iB BUKOHAHHS MapKIIeHIepChKUX BUMIPIB Ta 00YHCIEHb 3 HEOOXITHOIO TOUHICTIO. MeTOo ! HOCHTiPKeHHS 3aCHOBaHI Ha
aHaJIi3i MaTepialliB, OTPUMAHUX 3 Pi3HUX HAYKOBHUX JIITEPATYPHHUX JDKEpPE: HAYKOBUX POOIT iIHO3EMHHUX Ta BITYM3HSIHUX BYeE-
HUX, OIyOJIiKOBaHUX y JKypHanax Ta 30ipHukax; iHdopmaii 3 InTepHery; odiuiiiHOi HOpMaTHBHOI 6a3H, IO perjiaMeHTye
HPOBEICHHS MOJIOBHX Ta KaMEPaIbHUX POOIT.

HayxoBa HoBH3HA. 3a pe3yIbTaTaMy aHANIi3y CyYaCHUX METO/[iB BUKOHAHHS 3HIMAIBHHUX POOIT 3a IOIOMOT0I0 Oe3Iisio-
THHX JIITATBHHX anapatiB Ta GPS Ta mopiBHIHHA iX 3 TpaJUIIHHIMHI METOJaMU BUKOHAHHS TaKHX 3a]a4, 00IpyHTOBaHO BHOIp
HAWOUITBII JOIUIEHAX Ta ¢(EKTUBHUX METOJ[IB BUKOHAHHS MapKIICHICPChKUX 3HIMATBHUX POOIT 3 MOJAIBIIUM OTPAIFOBaH-
HSIM OTPUMAaHHX JaHNX, BUKOPHCTOBYIOUH IJIS IIHOTO CIEliadbHe NPOrpaMHe 3a0e3MeueHHS.

I[IpakTHYHA 3HAYMMICTH BUKOHAHUX JOCITIKECHb CIPSMOBAHA JJIS 33JJ0BOJICHHS MOTPE0 MapKIIEHAEPChKUX BiAILTIB
ripHIgo100yBHUX TianpuemctB KpuBopi3zekoro OaceliHy, Uil yIOCKOHAJICHHS MPAKTUKU BHKOHAHHS 3HIMAIBHUX POOIT Ha
pi3HMX TipHHYOHO0OYBHHX 00’€KTax: XBOCTOCXOBHINAX, Kap’ €pax, BiABaIax, IPOMMaiIaHINKaX MiJIPUEMCTB BiIKPHTOI Ta Ii-
JI3€MHOT PO3pOOKH POTOBHII KOPUCHUX KomanuH. JlocimkeHi cydacHi MmeToau 3HiMaHHs 3a qonomororo BITJIA ta GPS, ma-
I0Th CYTTEBY IIepeBary NOPIiBHAHO 3 TPAAULIIHUMH 3a PSAIOM XapaKTEPUCTHK. BOHM He MOCTYNAIOTHCS 32 TOUHICTIO, BUKOHY-
IOTBCS Y KOPOTKHI TEPMiH Yacy Ta HOTPeOyIOTh 3HAYHO MEHIIIOI KITBKOCTI 3aJisTHAX MPALiBHUKIB MapKIIEHAEPCHKOTO BILILTY.

Pe3yabTaTtn. Y po6OTi pO3MIIHYTO TOYHICTb, SIKY JAFOTh TPAIAMITIHHI Ta JOCITIIHKEHI CydacHi METOIM BUKOHAHHS MapK-
HICHIePCHKUX 3HIMAIBHUX POOIT, TAKOXK Pe3yJIbTaTH ONPALIOBAHHS JaHUX 3HOMOK, OTPUMaHi IIUIIXOM OIPAIIOBAHHS iX B pi-
3HOMY IpOrpaMHOMY 3abe3neucHi. JlociiPKeHO pe3yIbTaTH BIPOBAKCHHS Cy4aCHUX METO/(iB Ha FPHHUY0100yBHUX MiqIpH-
eMcTBax YKpaiHu Ta 3apyOiioKs.

Kurouosi ciioBa: mapxueiinepist, BITJIA ta GPS, nporpamue 3a6e3neuensst, 3D moneri.

doi: 10.31721/2306-5451-2023-1-56-180-184

IIpodaema Ta ii 3B’5130K 3 HAYKOBHMM i MPaKTUYHUM 3aBIaHHsAM. OCKUTBKH MapKIIeHIepChKi
POOOTH MEPEIUTITAIOTHCS 3 OaraTbMa raiy3siMd — MatoTh OaraTo(yHKIIOHATbHE MPU3HAYCHHS, TO € HEe-
00XI1THICTP Yy 320€3MeUeHHi AKICHOTO Ta 0JIHOYACHO IIBUJIKOT'0 00CIyroByBaHHs [4,6]. 3a ocTaHHI pOKH
BripoBapkeHHsT GPS-o0mannanns ta BIUUIA st BUKOHAHHS MapKIIEHIepChKUX poOIT — CTBOPEHHS
OTIOpHOI MapKIIeHAepCbKO-TE0Ie3NYHOI MEPEKi, BUKOHAHHS JETATbHUX 3HOMOK TipHHYUX 00’ €KTiB
(KOTJIOBaHIB Ha XBOCTOCXOBHIIAX, TPOMMAaNIAHYHKIB MIaXT, EKCKABATOPHHUX BUOOIB TOIO) — HAOYIIO
HIMPOKOTO CTIEKTPY BUKOPUCTAHHS 33 PaXyHOK BUCOKOT TOYHOCTI Ta KOPOTKHUH MPOMikKOK Yacy BHUKO-
HaHHS. 3aBISKHA CHCTEMaM ITO3HIIOHYBaHHS B PEAIbHOMY Yaci, € MOKIIMBICTH CTBOPIOBATH aBTOMATH-
30BaHi CHUCTEMH, SIKi BKIIOYAaTUMYTh B ceOe CHCTeMy PO3MIdyBaHHS CITKH CBEpAJIOBHH, KepyBaHHS
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BaHTAXKO00ITY MiIMPUEMCTBA Ta TUIAHYBaHHS IOBEPXHI, KOHTPOJIFOBAHHS MPOIIECY 3CYBIiB Ta nedopMa-
it [11].

AHaJi3 gocaixkeHb Ta my6aikaniii. Meronu 3HiManHs 3a jgoniomoroto GPS ta BITJIA miaBumy-
10Th e(DeKTHUBHICTH MapKieiaepchroro 3adesneueHss [5]. [Ipo MOKIMBICTE BUKOPHCTaHHS JAHOTO Ma-
pKIIelaepchbkoro mpuiiayis BigoopaxkeHo y podorax B. M. I'morosa, A. B. I'ynina, C. I. Cky6ieBa Ta
iHmmx [2,3,8]. Beil Mapkieinepebki poOOTH TOBUHHI OyTH BHKOHaHHI 3rijHO nipaswi [10], mo 103Bo-
JIsi€ KOHTPOJIIOBATH MPOBEICHHSI OYIb-KOTO BUAY TIPHHYMX POOIT 3 MEBHUMH ISl IHOTO JIOMyCKaMHU
BHUKOHAHHSL.

VY poborax B. M. I'motoa ta A. B. ['yHiHa po3risiHyTO nepcnekTuBy 3actocyBanHs BITIA mis
aepoQOTO3HIMaHHS Ta WOro mepeBard Haj TPaJULiIHHUMU METONaMU 3HIMaHHS. OCHOBHUMH TaKUMH
nepeBaraMu € BAKOHAHHSI 3HOMOK 3 HEBETMKHX BHCOT i KOHKPETHO MOPS 3 00’ €KTOM, BHACIIIOK YOTO
3HIMKHA OTPUMYIOTECS 3 BUCOKOIO PO3AUIBHOIO 3ATHICTIO, 31 3MEHIIEHHSM PU3UKY IJISl KUTTS Ta 3710-
POB’sl MpaliBHUKA MiJ Yac 3HIMaHHS y BakkogocTynHuX Micusax. Ilix yac subopy BIUIA ans Buko-
HaHHs MapKIIeHICPChKUX 3HIMATBHUX POOIT CJIij] poaHasli3yBaTH MapaMeTpy Ta KOHCTPYKIIIIO0 CaMOTO
IHCTpYMEHTY, BOYZOBaHOI KaMepH Ta JUISIHKH, Ha SIKii HE0OXiJTHO BUKOHATH 3HOMKY.

VY BUKOHaHIN HAyKOBO-OIIsAOBIH po6oTi B. M. I'moroBa, A.B. I'yninoi, B.b. Konecniuenxka, O.B.
[Ipoxopuyka, M.I. IOpkiBa «Po3poOka ta nociimxenns BIUIA mis aepo3HiManHsI» Oyno MpOBEAECHO
JIOCTIiJT 3 BUKOHAHHSI 3HOMKH 3 JIEKUTHKOX Pi3HUX THITIB OE3MiJIOTHHUKIB, ajie OUIBIIICTh 3 HUX, IiJ| 4ac
MPOBENEHHS JOCIIily Maa Taki HelOMiKU: HE TIOBHE EPEKPUTTS OTPUMAHKX 3HIMKIB; 3Ha4Ha pi3HOMa-
CIITAOHICTh 3HIMKIB; KyTH HaXWily, sIKi HE 33/I0BOJIBHSIOTE YMOBH BUKOHAHHS TAKOTO TUIy POOIT; He-
3aJI0BiJIbHA MIBUAKICTH PyXY HOCISI.

[Ipo Buxopucranus qocigy 3actocyBanHsi GPS-o0magHanHs Ha BiIKPUTUX TIPHUYKX POOOTAX Ha-
BeJieHo y HaykoBil nipai I'. A. Koperpkoi, I1. 1. Ky3nenosa, /1. A. Bacun’epa [7]. B naniii myOmikartii
HaBEJICHO OCHOBHI MPOOIeMH, SIKi MOXKIIMBO YCYHYTH 3a JOIOMOTOr0 BukopuctanHs GPS: crBopenns
Ta MepeBipKa MapKIIeHIepChKO-Te0Je3UIHNX MEPEK; MOHITOPHHT 32 CTAHOM TPAHCIIOPTHUX MEPEK.
AJe HaiibinbIa yBara NpUILTSIETHECS MOHITOPHHTY 3CYBY (TaK SIK 1€ MOXKE CIPHYMHUTH E€KOJIOTi1YHY
HeOe3IeKy ), 3HIMaHHIO OyTiBellb Ta CKIaJIiB TiPHUYOT IOPOIU, IPOSKTYBAaHHIO Ta MPOBEICHHIO OypO-
BHOYXOBHX po0iT. B po0oTi HaBoasThCS pe3ynbraTu 3actocyBanHs GPS Ha ByriibHOMY pojioBuiii. Ma-
PKIICHAePChKUI BIIAUT AaHOTO mignpueMcrBa 3abesneueHudt GPS-npuiimauamm dipmu  «Leica
Geosystems AG» monemi GS15. lanmit Tun Mozeni Mae BOyJoBaHi 3HIMHI TIPUCTPOT 3B’ 3Ky 31 3MiH-
Humu SIM-kaptamu 1715 poOOTH SIK 13 6231, TaK i 3 MpoMixKHOT cTaHmii B pexumi RTK.

3apyOixHi HayKOBIIi CIIPSIMOBYIOTH CBOIO JisUTBHICTH HAa MOKIMBICTh moenHanHs GPS ta BDS mns
MOHITOPHUHTY OCiJIaHHS TOUOK Pi3HUX 00’ €KTiB, HE TUTBKH JJIs TIpPHIUYOT MPOMHUCIIOBOCTi [11]. 3 KokHIM
POKOM Bce Oljblile yBaru NpUAUISETbCS IUTAHHIM IIOAO0 aBTOMAaTH3alil MapKIIeHaepchbKoro 3adesmne-
YeHHsI TIpHUYUX poOiT. [IpMHIIMIKM CTBOPEHHS METONUKU poOOTH 3 TeoiH(pOpMaLiHHUMUA MOJIEISIMH,
Oynu po3po0iIeHi NUISIXOM MPOBECHHS 0araThOX JIOCTIIKEHb JIIs PI3HUX YMOB 3aJITanHs. Psi mocoi-
JUKEHBb BKa3yIOTh Ha MPO0JIeMH, SIKi MOKYTh BUHUKHYTH i1 4ac 3HIMAHHS Ta eKCIUTyaTalii ripHIY010-
OYBHUX MiJIIIPUEMCTB.

Takox 3HauHa yBara npuzijieHa MPOrpaMHOMY 3a0€3MEUEeHHIO, SIKe BUKOPUCTOBYEThCA JJI MOa-
TBII0T 00OpOOKH pe3yIbTaTiB JaHUX 3MOMKH. AHaJ3 Ta HopiBHIHHS porpaM Agisoft PhotoScan, Pix4d,
Trimble INPHO, TrimbleUASMaster, ENVI OneButton, Reality Capture HaBeneHo y poOOTi aBTOpiB
A. A. Tuxonosa ta Jl. XX. AkmaroBa [9]. binbuicte nporpaMm MOXyTh ONPaIibOBYBATH JIaHi, OTpUMaHi
THCTpyMEHTaMH Pi3HUX BUPOOHHKIB I'€0JIC3MYHOTO OOJIaTHAHHS, T2 OOMIHIOBATUCS MiX CO000 (EKC-
nopt ¢opmaris). [Iporpamu 1st BUpileHHs! MapKIIEHIEPCHKUX 33/1a4 3HAYHO CIPOLIYIOTH pOOOTY BH-
KOHABIII, aJie TOTPiOHO BENMKY YBary MPHIUIATH JAaHUM, SKi 3aBAHTaXYIOThCS, TAK SIK MOXKITMBA HEBI/I-
MOBITHICTH BUCOTHOI MO3HAYKH JiICHIN, pO3BOPOT B IUIaHi BCi€] XMapH TOUOK.

MocTranoBka 3anayi. Ha choroHimHii yac icHye 6araTo NpriaiiB pi3HUX BUPOOHUKIB 3 Pi3HUMU
XapakTepUCTUKAMU UTsi MapKIIeH1epCchbKO-Te0Ie3UIHUX poOIT HA TIPHUYOJOOYBHUX MiIPHEMCTBAX,
IO JIa€ 3MOTY TPOAHAi3yBaTH iX BiTHOCHO BUKOHAHHS POOIT TPaJMIliIHIMU METOJ]AMH, T4 BHOpATH
OUTBII TOINBHI JUTS 1X BUKOHAHHS.

BukJjaneHHst MaTepiajqy Ta pe3yJabTaTd. Ha chOToMHINIHINM Yac 3HAYHO 301IBIIMIACEH KiTBKICTh
MapKIIeH IepChKO-Te0Ie3UIHOTO 00T JHAHHS Il BAKOHAHHS poOiT. barato ¢ipM 3 BUpoOHUIITBA Ma-
PKIIEHAEpCHKOro MPUIaAs IOBOJI YaCTO BUITYCKAIOTh HOBI MOIM iKallii 3 BUIIOIO TOYHICTIO, 3 IPOC-
TOTOIO B €KCIUTyaTallii, ajie He 3aBX/I1 € MOXJIMBICTh BUKOPUCTATH iX IPH BUKOHAHHS POOIT 32 IIEBHUX
YMOB pO3TalllyBaHHS TMpPHUYMX 00’ €KTIB.
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[Tpu BUKOHAHHI MapKINEHIEPChKUX 3HOMOK, BCe ORI TOMUT Ha KOPUCTYBAHHS CTAHOBUTH CY-
yacHe oOmamHanHs, Take sk GPS ta BILJIA, Tak sik BUKOHAHHS 3HOMOK 3a JIOTIOMOTOO €JICKTPOHHUX
TaxeoMEeTpPiB Ha XBOCTOCXOBHIIIAX, Kap €pax, MPOMMAaNIaHUMKAX IIAXT HE Ja€ MOXKIMBOCTI 3aBXKIH
3HSTH BCEe HEOOXiHE 3 OJIHIET TOUKH, TaK K OJUH 00’ €KT MOKE MEPEKPUBATH HIINM, 1 VTSI IBOTO He-
00X1JTHO 3MIHUTH CTaHIit0 CTOSIHHS. J[1sl 1THOT0 HEOOX1JHO 3HOBY BU3HAYATH KOOPAUHATH MIiHIMYM 3 3 -
X TOYOK, IO 3aiiMa€e JOBOII Oararo 9acy, Tak SK OMOPHI TOYKH MOXKYTh OyTH JalieKo OJHA BiJl OJTHOI.
Takux cTaHIi¥ CTOSHHS JJIsl BAKOHAHHS TEBHOT 3HOMKH MO>Ke OyTH 0arato, 110 He JOIMIBHO 3 OTJISLY
MPOAYKTUBHOCT1 poOOTH, TaK SIK B JaHWU Mepioj] Ha TipHIUOM00YBHHX ITiIPHUEMCTBAX, MapKIIeHaep-
CHKHI BiJIJTi)T Ma€ 3HAYHO MEHIITY KUTBbKICTh IITAaTHUX OJMHHIIb, TOPIBHSHO 3 MOTICPEIHIM JECATHIITTSIM,
a KUIBKICTh IOCTABJICHUX 3a/1a4 1HO/I1 HaBiTh 1 O171bIIa, 1 OTPeOy€E IBUAKOrO BUPILLIEHHS Ta PE3yJIbTaTy
y BUIIISAII TpadiqHOl JOKyMEHTAIli.

Bukopucranus GPS-o0naaHanHs 103BOJIsiE OHOBJITIOBATH Ta CTBOPIOBATHU OIOPHI 1 3HIMAIBHI Map-
KILIEHIepChKI Mepeski, 0e3 yyacTi miIpsJHAX OpraHizallii, 10 € eKOHOMIYHO BUT1AHUM JUIs TIPHUYOJI0-
OyBHuX mignpueMcTB [1]. Taki poOOTH BUKOHYIOTBCS YacToO, TaK SIK TipHUYI POOOTH, 3 YacOM, MalOTh
BILUTMB Ha CTaH OMOPHHX Ta 3HIMAIBHUX MEPEeXK, [0 YaCTO CIIPUYHMHSIE MAaCOBE BiIKaUyBaHHS MMiA3EMHHX
BOJI JICTIPECIiHIX BUPB, B CEPE/IMHI KX BiIOYBAETHCS OCIZIaHHS Ta iHIII JedopMartii TOBIII TiPCHKIX
nopix, aedopmanis MacuBy OOpTIB Kap epy BHACIIZOK BiAIpanioBaHHs okpeMux OnokiB. Ha xBocroc-
XOBUIIIAX Ta BiJIBANAX, HA MYHKTH MapKIIeHIEPChKUX MEPEX BIUIMBAE THUCK Bifl CKIIaI0BaHOT TpChKOi
MacH, sIKa CIIPUYUHSIE SIK YIIUTbHEHHS 1aM0, TakK 1 IMiIHIMaHHS HAa CAMUX HIDKHIX TIO3HAUKaX. 3a pe3ylib-
TaTaM¥ TaKUX JOCIIIKeHb Ha PyIHHUX Ta BYTUIBHUX POJOBHINAX, PO3POOIICH] CIOCOOW BHSIBICHHS ITy-
HKTIB, Ha sIKi HE BIUIMBAIOTh TIPHUYI POOOTH Ta Ti, SIKi BCE K TAKH 3MiHIOIOTH CBOE ITOJIOKEHHSI B TIJIaH1
Tay BUCOTHHX MO3HAYKaX. 32 paXyHOK BIPOBAKEHHS PO3IIISIHYTOI'O METOTY, OUIKYETHCS ONTHMIi3allist
BUTpAT Ha 3aKJIaJ]aHHS HOBHX ITYHKTIB OMOPHMX 1 3HIMATBHUX MEPEK, BAKOPUCTOBYIOUH JJISl 3PiBHIO-
BaHHSI BUSBJICHI CTAOUIBHI UM YMOBHO CTaOlbHI BKE ICHYIOU] ITyHKTH.

OHUM 13 BOXITMBHX HANpPsIMKIB 3acTocyBaHHs GPS Ha TipHIY0J00YBHUX TIIPUEMCTBAX, € CIIO-
CTEpeKEHHS 3a 3CyBaMH Ta AeopMallisiMy ITOBEPXHi, HA SKiiH PO3TAlIOBaHI 00’ €KTH, SIKi HEOOXiTHO
KOHTPOJIFOBATH 3 METOIO 3aro0iraHHs BHHUKHEHHIO €KOJIOTI9HOT HeOe3MeK! Ta IepeaJacHoi MosiBU 3Cy-
BiB Ta BUXOy BHPB Ha MOBEpXHIO. [I0CTIfHO MOBUHHI BUKOHYBATHCS CIIOCTEPEKESHHS 32 CTAHOM JICHHO1
MOBEPXHI Ta CHOPYAaMH, pO3TAIIOBAHNMH Ha Hill, a TAKOX 13 po3paxoBaHO MepioauuHicTio. [Ipn
IIbOMY, BUKOHAHHS 3HOMOK TE€OA0IITaMHU Ta HiBellipaMH 3a3HA€E MMEBHOTO YCKIAAHEHHS, TaK K HeoOXi-
JTHO BU3HAYaTH KOOPIUHATH MIEBHOI KiJILKOCT1 TOUOK, BiZICTaHI MiX perepaMu Ta BUCOTHI MTO3HAYKH, 1110
CKJIaJla€ 3HAYHUM 00’€M MOJBOBUX Ta KaMEpaJbHHUX POOIT, 1 I1e 3HAYHO 3MEHIIY€E MPOJYKTUBHICTH Ta
301IBIIIy€E Yac Ha BUKOHAHHS MapKIICHIEpChKUM BIIIIIOM JlaHOT poboTu. Ha choroauimHiii wac, cro-
CTepeXKEHHSI BEAYThCSl Y TPUBUMIPHiH cucteMi KoopauHat. HaykoBi poOOTH BITUM3HSHHUX Ta 3aKOPIOH-
HUX JOCIIHUKIB y c(epl MapKIei1epchbKo-Teoe3uyHOro 3a0e3neueHHst TipHUIUX poOiT, MPUCBSYEH]
TaKOX CIIoco0aM CIOCTEPEIKEHHS B PEKIMI pEeaIbHOTO Yacy, Ta 3 BiI0OpakeHHSIM Pi3HUMH KOJIbOPaMHU
Ha TUTaHI MICIS BiJNOBiTHO 3 OUTBIIMMHU Ta MEHIIMMHU BelMUMHaMK ocifgaHHs. lle mo3Boise Bimpasy
BUSIBUTH JIUISIHKA MO>KITMBOTO 3CYBY Ta BUKOHATH Psifl 3aXO/IIB 1010 YHUKHEHHS HETATHBHUX HACTI/IKIB.

Merou CyIy THUKOBOT Teo/e3ii JJ03BOJISIFOTh BUKOHYBATH 3MOMKH, 33 PE3yJbTaTaMH SIKMX MO>KHA
OTpUMATH IOBHUI BEKTOP 3MIIICHHS PETepiB, a He TUTbKHU 3MIIIIeHHS Y HanpsMax MpoQiuIbHUX JTiHIH Ha
Kap’€pax Ta BiBaJiax, Ta BABYUTH Ipoliec edopMarlii 3eMHOI TOBEPXHi, CIPHYHHEHUI TEXHOTCHHIMHU
poIecaMmu OUTBIIOKO 3a TwIoteko TepuTopiero. Haxans GPS-o6nagnanHs He Moke OyTH BIIPOBaKEHE
Ta BUKOPHCTOBYBATHCS B IMiJJ3¢MHUX TIpHUYMX BUPOOKax. JIsi XBOCTOCXOBHIN, Kap’e€piB, BiJBaiB,
MPOMMAi TaHIUKIB TIeH METOJT EKOHOMIYHO BUT1THHA.

Jlns MapKieepchKux pooiT aepo3HiMaHHS Ha CHOTOJTHI € pEHTA0EIbH UM, TaK K € MOITUBICTD
BUKOHYBaTH MOHITOPUHI BEIHKUX AUISTHOK. Pakropamu, yepes ski 3actrocyBanHs BILJIA Ha ripHmanx
MiANPHEMCTBAX HAOYII0 MIMPOKOTO BUKOPUCTAHHS, CTATO: 3HIMAHHS 3 HEBEITUKOI BUCOTH Ta B PEIKUMI
CTEKEHHST; TPOCTOTA NP 3aMyCKY (BIICYTHICTb CHEIIaIbHOT CMYTH JIJIS 371€TY Ta IOCAIKH ); MOKITUBICTh
CTEXXHTH 32 00’ €KTOM HE TUTHKH 3 TIOBITPS, a i 3HIMATH HOTO 3 Pi3HUX PaKypcCiB 3 PEMITi; MOXKIIHUBICTh
cTBOpeHHs opTodoToruiany (puc. 1a) ta moHoi 3D-Moneni 06’ekty (puc.16); miaBHe i cTablIbHE TIe-
pemimenHs gorokamepu. Hemonikom Bukopuctands BITJIA, Ha croromHimHii yac, € HETpUBAIU Yac
BHUKOHAHHSI CaMOT'0 TIPOLIECY 3HIMaHHS (IIOJBOTY), TaK SIK MOTpeOye mepe3apsaku ado 3amiHu Oatapei.
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Puc. 1. Jlani orpumani 3i 3nimanss BIUIA : a — optodoTtoran; 6 — 3D mozens 06’ekra 3a qanumu 3itomku 3 BITJIA
«GateWing X100»

Jns BukoHaHHs MapKineiaepcbkoi 3iiomku, BITJIA moBuHeH OyTr OCHaIIEHUIH KaMepoto, crielria-
JLHOIO CUCTEMOIO0 KepyBaHH:I 3 3eMuti Ta GPS-TIpHB’SI3Ky TSI MOKIIMBOCTI IPUB’ SI3KM OTPUMAaHHX JTAHUX
1o MicueBocTi. Bubip kamepu HanpsiMy 3aJIeKUTh Bii TOYHOCTI OTPUMAaHHS JaHUX B IOAaIbIIoMy. Unm
MeHIa QOKycHa BiJIcTaHb TUM OuIbIlle CIOTBOPeHHS 300pakeHHs. KoedillieHT crioTBopeHHsI 300pa-
JKEHHS Ha Kpasix € OUIBILINM, 10 IPY HiApaxyHKy 00’ €My ripChbKOi MacH BIUIMBA€E HA TOYHICTh, BUKITUKAE
MTOMUJIKH, aJie, 3T1IHO 3 BAMOTaMH BiJIIOBIIHAX THCTPYKIIill Ta HACTAHOB, BOHU HE ITOBHHHI ITEPEBUIITY-
BaTH HOPM JIONTyCTUMHX MOXUOOK [10].

Ha cporojni icHye 6e3miu nporpam st 0OpoOKH JaHUX, OTPHUMAaHMX ITiJ] 4aC MapKIIeHIepChKIX
3aMipiB. Maiike Bci BOHM MalOTh aBTOMAaTHYHE BHECCHHS OJIBOBUX JAHUX y IPOTPaMy ISl IIOAAIBIION
00po0OKH, Ta MOKIUBICTB CTBOpPEHHS 3D-Mo1ei, 110 A03BOJISE TOCTIIKyBaTH CTBOPEHY MOJEND 3 yCiX
cTopiH. Jleski mporpaMu J03BOJISIFOTH €KCIIOPTYBATH (aiiiu 3 oJHoro GopmMaty B iHmmi. KoxHa npo-
rpama Jyis OTIPAIIOBaHHS JaHHUX, OTPHMAHHX 3 ITOJILOBUX POOIT, Ma€ CBOI HEJOJIKH Ta repeBary. [loya-
TKOM OOpOOKH OTPUMAaHHX Pe3ybTATIB 3HIMAHHS € BUJAICHHS HEMOTPIOHNX KaJpiB (HU3BKOI SKOCTI),
a TaKOX BBEJICHHS JTAHUX PO MOJ0XKeHHS 00’ ekTy. [Ticist IbOro BUKOHYETHCS BUPIBHIOBaHHS (HOTOT-
padii i CTBOPIOETHCS XMapa TOYOK 32 SIKOI0 OyAyeThest 00’ €MHA MOJICNb 3HATOT JAUTSHKH.

B Kpugrbaci Oyna BukoHaHa 3HoMKa AUISHKA MiclieBocTi 3a gonomororo BILJIA EBEE SENSEFLY,
Ha sikoMy Oyno BcraHoBieHo GPS-mpuiimau, skuii 32 JOMOMOTOI0 OOPTOBOTO KOMIT FOTEpa 3aIliCcyBaB
koopauHaty. [1if yac BUKOHAHHS 3HOMKH 0yJi0 oTpuMaHo 844 3HIMKIB 3 BHcOTH 203 M 3a JOMTOMOT00
kamepu senseFly Aeria X (18.5mm). [lo3Bin kamepu 6000x4000. [lepekpuTTs 3HIMKIB JaHOT TEPUTOPIi
OyI1o TipmMM Ha Kpasix, HiX B LeHTpi. JlucTopcis nposBuiack OLIBIIO0 MIpO0 Ha Kpasix 3HIMKIB.

Ha croronHi, BukoHaTH KaiOpyBaHHS KaMepy MOKHA 33 JJOTIOMOTOIO TAKOTO MPOrpaMHOro 3abe3-
neueHHs sk: Agisoft Metashape, Photomod, 3DF Zephyr, PhotoModeler Premium Tta inmmx [5]. Ka-
Mmepa senseFly Aeria X (18.5mm) ae MOKITHBICTD OTPUMATH 3HIMKH BUCOKOI SIKOCTI 3 HiTKUM ()OTO30-
OpakeHHsIM, HE 3aJIeKHO Bijl OCBITICHHS. EneMeHTH kamep, siKi BaXKJIMBI JUIsl OTPUMAaHHS HEOOXiIHUX
JIAHUX TIPH BUKOHAHHI MapKIIEHAEPCHKOTO 3aMipy, TIOCTIHHO yIOCKOHAIOIOTHCS, IO T03BOJISE i IBU-
NIMTH AKICTh PE3YJIBTATIB BUPIIIEHHS 33/1a4, 32 PaXyHOK iX mokpaieHHs. [{umu enemeHTamu €: Kijib-
KICTBb IIKCEIIB Ta pO3Mip MaTpuLi, cxemMa 00’ €KTHBA TOIIO. 3HIMKU OTpUMYI0Thes y hopmaTi DNG, ane
KIiHIIEBUM PE3YJIHTATOM JIIs mosianbiioi o0pobku € popmar JPEG. Jlani onparsoByBamucs B mporpami
Agisoft Metashape. Ha cporo/iHi, HaBiTh kKaMepu MOOUTBHHX TeIe(OHIB HAOYIIN MEPCIEKTHB MPU BHKO-
HaHHI 3HoMOK. Taxi TocHiKeHHS] BUKOHYBaUCs 1 y KprBopi3bkoMy HaIliOHATBHOMY YHIBEPCUTETI.

HinsHka 3eMHOI MOBEPXHI, [ SIKOI BUKOHYBaJOCS 3ioMKa, HE Oyja OJHOMAaHITHOIO 10 BHCOTI,
OyJIM 3HAYHI MIEPEBUILICHHS, 110 A€ MOKIIUBICTH 3p00OTH BUCHOBOK IPO MOYKJIMBICTH 3aCTOCOBYBATH
Takuil BUJ 3WoMKH Ha Kap’epax KpusoOacy. Jisi XBOCTOCXOBUIN HEOOXITHO YIAOCKOHAIUTH METOAUKY
3HOMKH, BPaXOBYIOUH IDTACKi OBEpXHI BOM. Ha XBOCTOCXOBHIIIAX MAPKILIEHICPCHKOIO CITY KOO0 BU-
KOHYIOTECSI pOOOTH 3 BU3HAUEHHS KOHTYPIB BOJIH, PETYJIAPHOTO 3aMHBY KapT (CeKmii), 3a0e3medeHHs
HapOIIyBaHHS 1aMO, 3/IiHCHEHHS! KOHTPOJIO 32 CTAHOM CTIHKOCTI TiJia 1 OCHOBU XBOCTOCXOBHILA LTSI
YHEMOKITMBJICHHS €KOJIOTUHOI HeOe3nmekn. Mapkiienaepchki poOOTH, BAKOHAHI 3 BAKOPUCTAHHSIM Tpa-
JUILIAHAX 3MOMOK, 3HAYHO IOCTYMAIOTHCS 32 €)EKTUBHICTIO TUM, III0 BUKOHYIOTHCS 3 BUKOPHCTAHHSIM
Cy4YacHUX MpPUJIaJIiB Ta TeXHONOTiH. EekTHBHICT MoArae y 3MeHIIIeHHI Yacy Ha BUKOHAHHS POOIT Ta
KUTBKOCTI 3a/TiSTHOTO MEPCOHAITY, TAKOXK Y MOMIMBOCT1 BUKOHYBATH 3HOMKH BaXKKOJIOCTYITHUX JIUISIHOK,
SIKAMH € Yallli KapT, J¢ i1e HaMUB.
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BucHOBKM Ta HANPAM NMOAAJBIIMX JA0CTiTKeHb. BUKOHaHWIT aHATI3 CYy4acHOTO MPHUIAIs, I0BO-
JIUTh MOMUIMBICTh BUKOPUCTAHHS HOTO NIPU MapKIIeHIePChKO-Te0Ie3MYHNUX 3HOMKaX, 3 METOIO ITiJIBU-
MICHHS MTPOAYKTUBHOCTI TIpaIli Ha MUIAMOCXOBHINAX, Kap’ e€pax, MPOMMaNIaHINKaX TIPHAYO0J00YBHIX
mignpueMcTB. OCHOBHOIO METOIO MOAATBIINX JOCIIKSHD € BHOIp Ta po3po0Ka e()eKTUBHOTO METOY
BHUKOHAHHS 3HOMKH JUTsI 320€3Me4YeHHs] pOOOT Ha XBOCTOCXOBHUIIIAX.
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METO/ OIIIHKA CTAHY BATATOIIIAPOBHX OI'OPO/IKYBAJIbHUX KOHCTPYKIIIA

Meta. BeraHoBieHHST 3aKOHOMIPHOCTEH 3MiHM MapONPOHUKHOCTI Pi3HUX MaTepiaiiB BiJ iXHHOT BOJOTOCTI Ta po3p00-
JICHHS Ha LIl OCHOBI METO.y OLIIHKH BOJIOTICHOTO CTaHy 0araTomapoBUX OTOPOKYBATBHIX KOHCTPYKIIIH.

MeTtoau nociaigxkenHs. B skocti TeoperindHoi 6a3u 1151 TOCTIIKEHHSI BUKOPHCTaHO (pyHIaMEeHTalbHI 3aKOHH HEPiBHO-
Ba)KHOT TePMOAMHAMIKH (3aKOH SHTpOTIi], JIiHiHHI 3akoHu Pyp'e Ta Dika) i pe3ybTaTu BiTOMUX HAYKOBHUX JOCITIHKEHB 3 PO3-
PaxyHKy BOJIOTICHOTO CTaHy OTOpPOJIKYBaJIbHUX KOHCTPYKIIii.

HayxoBa HoBm3Ha. [[11s1 BUnIpoOyBaHUX y poOOTI MaTepialiB BCTAHOBICHO, IO NPH 30UIBIICHHI BiTHOCHOI BOJIIOTOCTI
HOBITPs B mopax MaTepiamis Bix 20 1o 80 % koedinieHT MaponpoOHUKHOCTI 3pocTae B 1,5-2,5 pa3a; oTpuMaHO eMIipHyHi piB-
HSHHA 1i€1 3anexHoCcTi. Po3po6ieHo MeTon BU3HaUCHHS KOe(illieHTa TapONpPOHUKHOCTI MaTepiaiiB y CKIaai 6 araTomapoBux
30BHIIIHIX CTiH, SKUH IPYHTY€EThCA Ha MaTEMAaTHYHOMY METOJIi MPOCTHX iTEpPaIliif 1 MOJIATAE B MOCTiAOBHOMY IEpPEPaxyHKy
Koe]ili€HTIB MapOMPOHUKHOCTI MaTepialliB 3a 3HAYCHHSIMH BiTHOCHOT BOJIOTOCTI MOBITPS Y BIAIOBITHAX MaTepialbHUX IIapax
30BHIIIHIX CTiH 0 BCTAHOBJIECHHS 301’KHOCTI 13 3a/1aHOI0 MOXHOKOIO.

IMpakTHyna 3HaYMMicTh. Po3po0i1eHO MeTO1 OLiHIOBAHHS BOJIOTICHOTO CTAaHy 30BHIIIHIX CTiH 3 ypaxyBaHHIM Koedirri-
€HTIB MAPOTNPOHUKHOCTI MaTepiabHUX IIapPiB, IO 3MIHIOIOTECA MPOTIATOM POKY, IO Aa€ 3MOTY BU3HAYATH IapaMeTpHu BOJIO-

PesyabTaTn. Po3mmpeHHs 1ociakeHs 31 301UIbIICHHS CIeKTpa Oy IiBENbHUX MaTepiatiB, KOHCTPYKTUBHUX PillleHb 0a-
raToIapoBUX 30BHIIIHIX CTiH 1 CHCTEMAaTH3aIi1 XapaKTEPUCTHK MacOTIEPEHOCY ITi/I Yac eKCIUTyaTaliifHuX BILUTUBIB. Pe3ynbrati
po6OTH MOXKyTh OyTH BUKOPUCTAHI I/ 9ac JOCIIIKEHHS 3aKOHOMIPHOCTEeH TapOIPOHUKHOCTI TPAJANIIHHAX i HOBOCTBOPIOBA-
HHMX MaTepialiB IiJ 4ac pi3HUX eKCIUTyaTaliifHuX BIUIMBIB (METOJ JUIsl OLIHIOBAHHS IAPOIPOHUKHOCTI MaTepiaiiB), a TAKOK
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