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IMocranoBka npodaemu

JIboIOBHKH BIZITPalOTh 3HAYHY pOJb Yy reorpadidHii
00os0oHII 3emii. BoHM ICTOTHO BIUIMBAIOTH Ha peEJbeQ,
KJIiMaTH4Hi i noroxHi ymoBu. ['igposoriyaa poib JIboJ0-
BUKIB TIOJISITa€ B MEPEpPO3NOJUIl CTOKY aTrMochepHHX
OMajiB YNPOAOBX POKY M Yy 3IMaJUKyBaHHI KOJHMBaHb
piuHEX BomOTOKIB. HaiiBaxknuBimie 3HaueHHs JILOAY IS
KJIIMATy IUIAaHETH TOB'SI3aHO 3 WOTO BHCOKOK BiIOMBHOIO
3MATHICTIO. 3aBISKH IEOMY BiIOYBa€ThCS iICTOTHE OXOIIO-
JUKCHHSI TIOBEPXHI Ha BEIHYE3HUX TEpHUTOpisx. To0To
JBOJIOBUKH — HE TUIBKM HEOLIHEHHI (POHIM MPIiCHOI BOIH,
aje 1 JpKepena OX0JI0KEHHsT 3eMITl.

OKpiM CHPHSTIMBOTO BILTHBY, JTbOJOBUKH MOXYTh CIIPHU-
YHMHSTH HeOaXKaHi TPOIIECH, SIBUINA 1 HAI3BHYAKHI CHTYyaIlil.

CroctepekeHHs 3a JIMHAMIKOI 3MiH JIbOJIOBHKIB
JlacTh 3MOTY BUSIBUTH 1 mepealdauuTd MaiOyTHI Kiima-
TUYHI, TJSIIIOJOTIYHI Ta OI10JOriuHI 3MiHH, WO BiAOY-
BalOThCA Ha MU1aHeTi [4].

3B’s130K i3 BaKIMBUMH HAYKOBMMH i NpakTHy-
HHMMM 3aBIaHHSIMH

Iponecu, mo BigOyBatoThCsA B aTMocdepi, kpiochepi
Ta Tigpocdepi, MOB’s13aHi 3 MPOLECAMH B IHIINX YaCTHHAX
IUTAHETH 1 BIUTMBAIOTH HA rII00AIbHUHN KIliMaT.

[TpoananizyBaBImM Marepiald OCTaHHIX METEOpOJIo-
TIYHUX 1 TIAIIOJIOTIYHUX CIIOCTEPEKEHb Y PI3HUX MICIIIX
3eMHOI KyJli, MOXHa CTBEp/KYBaTH, IIO CIHOCTEPEKECHHS
3a JIbOJIOBUKAMH € JIUIIC YaCTHHOI MAaCOBUX JIOCIIIKEHB,
SIKi CIIPHUAIOTH BCTAHOBIICHHIO TEHEHIII] INT00ANbHUX KJIi-
MaTHYHUX 3MiH Ha YyCii IJIaHeTi.

Hepupimeni yacTunu 3arajabHoi npodjaemMn

Jlnst  criocTepexeHb 3a  CTAHOM  JIbOJOBHKIB BHKO-
PHCTOBYIOTh SIK TPAAWIIiNHI TISLIONOTIYHI METOAM, TaK i
TEONIe3NYHI Ta METOIM TUCTAHIIHHOTO 30HAYyBaHHI. OmHAK
JIOC1 OCTaTOYHO HE PO3pOOIICHO TEXHOJIOTTIHOI CXeMH, AKa O
ICTOTHO TiJBHIIMJIA IIBUIKICTh BUKOHAHHS BHMIpPIOBaHb Ta
TOYHICTH OTPUMAHHS KUTbKICHHX ITapaMeTpiB 00’ €KTIB TOCITi-
JDKEHHSI, 30KpeMa 3MiHH TIOBEPXOHb JILOJTOBHUKIB.

ITocTanoBKka 3aBIaHHA

BukoHaTt KpUTHYHHUN aHATI3 JITEpaTypHUX IKEpe, B
SIKMX BMCBITJIEHO TEXHOJIOTIYHI aCIIEKTH Ta METOIUKHU
CIIOCTEpEeXEeHb 32 CTAaHOM JILOJOBHKIB, 1 3pOOHUTH BiaIoO-
BiHI BHCHOBKM 3 METOI0 IIOAAJBIIOTO PO3POOJICHHS
OITUMAaJIBLHOI TEXHOJIOTIYHOI CXEMH.

BukJjag ocHOBHOro MaTtepiay

BrmnuB 7mHOMOBHKIB BHXOIUTH 32 MEXi paloHIB iX
momperHs. CydacHe MaTepUKOBE 3IICACHIHHS MpsAMO U
OTIOCEepPEIKOBAHO TIO3HAYAETHCS HA MPHPOi reorpadidaoi
obomonku 3emii. lle BHUSABISETHCSA Y CIIBBIIHOIICHHI

cymi Ta MOpf, SKE 3aJeKUTh BiA 3MIH 00'eMy IBOIY.
3neneHiHHS BIUIMBAE Ha KIIMaT IUIAHETH, OXOJIOIKYIOUH
il, 3HWXKye cepelHI TeMIeparypd TMOBITPS MiBACHHOT
MIBKYJ 1 MJIAHETH 3arajioM, MOCHIIIOE€ TEPMIYHY 30HAJb-
HicTh Ha 3emuti. 3MiHa MacH JIbOJIOBUKIB iICTOTHO BILJIMBAE
Ha TpaBiTaliliHe TMoOJie, IIBUAKICTH OOepTaHHS 3emii,
TpUBaJicTh AHS [6].

Jns BusiBneHHs 1 nependavyeHHs MailOyTHIX KiiMa-
THYHUX, TJAIIOJIONIYHAX Ta OIOJOrIYHMX 3MiH, IO
BiIOYBaIOThCSI HA 3eMITi, HEOOXITHO MOCTIIUTH TUHAMIKY
3MiHHU KUTBKICHHUX TTapaMeTpiB JbOIOBHUKIB.

Jis BUpIMIEHHS TaKWX 3aBIaHb 3a3BUYAll 3aCTOCO-
BYIOTh TJIAIIOJOTIUHI, TE€OAE3WYHI METOAW Ta METOIU
JMCTAHLIHOTO 30HyBaHH.

Po3risHemMo fnetanpHile KoXeH 3 [UX METO/IIB.

BukopucTaHHs TIISILIONOTTYHOTO METOAY BHCBITICHO B
poborax [6, 7, 11, 13, 14, 24]. Lleit mMerox 1€ HA3UBAIOTH
NPSIMUM, TPaAULiHHIM a00 kK MeTonoM “3a0ypeHux” perok
[11]. Mertomuky 3acTOCYBaHHSI TAKOTO ITiAXOIY ISl MOHITO-
PHMHTY JIbOJIOBHMKIB AJIICKM omucaHo B myOmikarmii [13].
BuMipy BUKOHYIOTB 3a JIOTIOMOTOI0 PEHOK, Ki 3a0ypIOIOTh B
TIOBEPXHIO JIbOAY Ha IOYATKy i B KiHII CE30HY CIIOCTepe-
JKeHb. Bu3HauaroTh MMOWHY CHITYy a00 B0y, IO HAKOIH-
YHUBCSI UM 3MCHIIUBCS B KOXKHINA TOUIII MEPEXi, 1 MHOXKAaTh Ha
IIUTBHICTH CHITY a00 JIBOY ISt OOUHCIICHHS OaaHCcy MacH B
it Tourti. OTprMaHi 3HaYEeHHS IHTEPIOIIOIOTH, MO0 OTPH-
MaTH JaHi s Bei€l TOBEpXHI JIbOIOBUKA.

IIpoekTHa Mepexa CKIaTa€ThCsd 31  CTaHINH, 10
OXOIUTIOIOTh BECh JIBOJOBHK 1 PO3MOMIEHI pPiBHUMH
iHTepBamaMud BHUCOT (HepiBHI mo ropusontani). I[lpore
3ayBaXMMO, IO y OaraThbOX BHIAJKax MaTepiabHO-
TEXHIYHI OOMEXKEHHS IarTh 3MOTY pO3TalIOBYBaTH
CTaHIIii JIWIIIE y3I0BX CEPEAHBO] JiHIT THOJOBHKA.

[lin yac noCHmilUKEHHS peWKW BCTAHOBIIOBAIM Ha
JIBOJTOBUKY, TTPOCBEPUTMBIIH OTBOPH (2—4 cM y miameTpi i
10 10 M B rmOuHy) 3a JOMOMOTOI0 TTAPOBOTO APHIISA 200
pyuaroro Oypa. KoopnuHati KOKHOTO MiKeTa OTPUMAaHO 3
BUKOpHCTaHHM mipuiimauya GPS.

3HaveHHs a0JysLii BU3HAYEHO 32 JOMIOMOTOI0 PYJIETKH
Ha [0YaTKy i B KiHIIi POKY.

VY ny6mikauii [6] mpenctaBneHi pe3ynabTaTH aHANI3Y
XapaKTEPUCTHK PEKHUMIB JIHOJOBHKIB (3MiHH ILIONI, 00’ €MIB
Tomo). s BH3HAYCHHS aOmsuil JHOJOBHKOBHX IOKPHUBIB
BHUKOPHCTAHO TIIAIIIONOTTYHIN METO “3a0ypeHUX” peHoK.

[poananizoBaHo BCi JILOIOBUKM 3eMJIi, 30KpeMa IIepH-
(epiiiHi JTHOIOBUKH IBOX OCHOBHHX JIHOJOBHKOBHX IIWTIB,
I'penmannii Ta Aarapkruan. OTprMaHi pe3ynbTaTd XapakTe-
PH3YIOTH 3MiHH TiPCHKUX JIHOZOBHKIB 1 CyOMOMSIPHUX JTHOI0-
BUKOBHX KymoumiB 3a octanHi 50 poki. [Iporte TeHmeHtis
3MiH HEOHO3HAYHA IS BCIX JIbOJXOBHKIB IUTAHETH.

[IpoananizyBaBumm i Impary, MOXHa 3pOOMTH BHCHO-
BOK, LI0 BHUKOPHCTAHHSA TIJISILIOJIOTIYHMX METOMIB IS
CIIOCTEPEKEHb 32 CTaHOM JHOIOBUKIB MOTpedye OaraTto



110 CydacHi TOCSTHEHHS Te0/Ie3MYHOI HayKu Ta BUPOOHUIITBA, Bumyck [(27), 2014

yacy Ha Oe3nocepeqHe IPOBEJICHHS IOJIbOBUX JOCIIi-
JDKCHB, 8 TAKOXK aHalli3 Ta CTATHCTUKY OTPUMAaHHX JaHUX.
OKpiM TOro, METOX HEMOXXJIMBO BHKOPHCTOBYBATH Y
Ba)KKOJIOCTYITHUX MICIISIX Ha IIOBEPXHI JIbOJOBHKA.
3acTOCyBaHHS T€0E3MYHOrO METOAY [UIsl MOHITOPUHTY
JIBOJIOBHKIB PO3TIIsIHYTO B pobotax [11, 13, 14, 24, 26].
[Migxin momsirae y BUKOHaHHI TaXCOMETPUYHOTO 3HIMAHHS,
crioctepexeHb 3a jornomororo GPS-npuiimauiB abo
BHUKOPHCTaHHI KapToMeTpuuHoro wmeroay [14]. 3miny
00’eMy JTBOZOBHKIB MOXKHA OLIIHHUTH, BPaxyBaBIIN BUCOTY
ITOBEPXHI Ta PO3MIPH JIHOJOBHKA 3a JBAa Pi3HI MOMEHTY
4acy. 3HalO4M MOBEPXHEBY IIUIBHICTh B PI3HUX YaCTHHAX
JIbOJIOBUKA, MOYKHA OTPUMATH JIaHi IIOA0 3MiHU MacH.

Y po6oti [13] 3ampomoHOBaHO METOIMKY 3aCTOCY-
BaHHA GPS-cnocrepexenb s BU3HAuUCHHS 3MIILEHb Ta
wionyi JboAOBHKIB HamioHanbHOro mapky —AJSICKH.
TexHosoriuHa cXemMa MOHITOpPHHTY 3a JoroMoroto GPS-
mpuiiMava rependavyana TakKi eTald: II0JBOBI BHMIpH,
MTOCTOTIPAITIOBAHHS Ta TeoiH()OpMAIiifHUN aHaji3 JaHUX.
Crocrepe)xeHHS BHKOHYBaJIU SK y CTaTUYHOMY, TaK 1 B
KiHEeMaTH9HOMY pexumi. Ilicms oTpuMaHHS [OaHUX IX
3aBaHTAXYBAJIM Ha KOMI'IOTEp 1 IU(EpeHIiHO KOopH-
ryBamu. Hactymuaum eramom OyB IMIOOPT JaHUX B T€OiH-
¢dopmariiiny cucremy (I'IC) mis mepeBipkd Ta OL[HKH
TOYHOCTI pe3yNbTarTiB. by/b-sKi TOUKH, SIKI BiJXUIISUIUCS
BiJl 3arajbpHOI TeHIEHIT, OyJIM MpoaHaNi3oBaHi Ta Mi3HilIe
BUITy4eHi 3 Habopy nanux. ['IC TakoX BHKOPHCTOBYBAJH
JUTS TIOPIBHSHHS MOJIOXKESHb BUXO/IIB JTHOIOBHUKIB.

[IpoananizyBaBmM BHIIE3rajaHi poOOTH, MOTPIOHO
3a3HAYUTH, 110 TakKi METOIUKH Iepen0adaroTb IMOMipHUH
piBEHb MIATOTOBKM BHKOHABI[IB 1 HE3HAUYHUH 00cCsT
komTiB. [IpoTe 1e ay*xe TpyAOMICTKHI i Hee(DeKTUBHUM, a
3 TMOTJSAY OXOPOHH TMpami 34eOimpImoro Hede3meyHHui
METOZ MOHITOPHHIY BEJIMKHX JILOZOBHKIB. Takox BapTo
3a3HAYMTH, IO CHOTOAHI T'EONE3MYHHUH METOH 3acTOCO-
BYIOTb IEPEBAXHO /IS JIOTIOMDKHHUX BUMIPIOBaHb,
HaNpUKIa, 1715 3a0e3MeYeHHsI re0Ie3UYHOT MEepexi.

Jis MOHITOPHHTY JBHOIOBHKIB IIHPOKO BUKOPHCTO-
BYIOTb Taki METOAM JHCTAHIIIHOTO 30HAYBaHHSI, SK
aepo3HIMaHHs, MOBITPSHE JIa3epHE CKaHyBaHHSA, KOCMidHE
Ta pajiapHe 3HIMAHHI.

BukopucToByBatu apxiBHi aepo()OTO3HIMKA IS JOCTi-
JUKCHHS 3MiH AHTQpKTUYHOTO MIBOCTPOBA 3aIIPOIIOHOBAHO Y
my6umikarii [19]. Jlns gacTuHuM miBocTpoOBa I1i aHi € €HHUM
CrIocoOOM BiTHOBUTH 3MiHH ITOBEPXHI JILOJJOBHKA TIPOTSITOM
OCTaHHIX I’ sATHecATH pokiB. [Ipore oTpumanus iH(opmariii 3
ICTOPMYHHUX 3HIMKIB HE € IIPOCTUM 3aBJIaHHSM 1 Lie JDKEPEIIo
JaHUX JOCI MPAKTHYHO HE BUKOPUCTOBYETHCS, HE3BAKAOUH
Ha #oro Oaratmii moreHmiam. Yacto Taki 300pakKeHHs
TIPE/ICTaBIICHI Ha (OTOMAIEpi Ta MOXKYTh Ae(hOpPMYBaTHCA 3
yacoM. [HIII TpyTHOII MOB'sI3aH1 3 HEJOCTATHHOK) KUTBKICTIO
MeTaJIaHuX a00 OIOPHMX TOYOK. SIK IpaBWio, L€ IPU3BO-
JIMTB JI0 HETOYHOT OOY/I0BU Pi3HOYACOBHX LIU(PPOBHX MOJIe-
neit penbedy (LIMP), 1110 HeraTHBHO BIUIMBAE Ha Pe3yJbTaTh
HACTYIIHUX BUMIPIOBaHb.

L[i HemoJyiKK BHUIIPABICHO 3 BHUKOPHUCTAHHSIM METO/IY
HalilMeHIIMX KBajapaTiB. lcTtopuuHi 300paxceHHs 00pOO-
qsu st moOynosu LIMP, a misninie nopiBHioBaiM X B
nporpamuomy maketi (I1IT) ENVI 3 IIMP, otpumanoro 3a
JIOTIOMOT0I0  Cy4dacHUX cymyTHUKoBuUX naaHux ASTER.
Y po0oTi HATrOJIOIICHO, IO BiMOBITHUM MiAXi ITiJBUIINB
TOYHICTh peecTpallii apXiBHUX 1 Cy4acHUX HaOOpiB JaHUX.

3ayBaXMMO, 110 OCHOBHHMH OOMEXEHHSMH B TaKHX
JOCTIKCHHSX € SKICTh 300pa)KCHHS ICTOPUYHHUX 3HIMKIB
Ta BUKOPUCTaHHSA 3HIMKIB Ha Qoromamnepi. I[lpore
pe3yNbTaTh [IOTIOMAraloTh 3PO3YMITH ICTOPWYHI 3MIiHH
00CSITIB JILOJOBUKIB.

OnmuH 3 MeTOAIB MiAPaxyHKy OanaHCy Mac JIHOIOBHKIB
TPYHTY€EThCS Ha BUKOPHCTaHHI BHCOKoTo9HUX L[MP, otpm-
MaHHX METOJIAMH JUCTAHIIIHOTO 30HayBaH . Y mpati [12]
NPOTIOHYETHCSL TOEJHAHHS JIAaHUX aepoQOTO3HIMAaHHS Ta
JIa3epHOT0 CKaHyBaHHs. 3a 3HIMKamu 100y noBaHo LIMP s
BU3HA4YEHHs OaJlaHCy JILOJIOBUKOBUX Mac 3axifaHoro CpapTi-
ceny (Hopeeris) B nepiomu 1968-1985 i 1985-2002 pp.
OCHOBHI Tpy/JHOII TIOJIATAJIN y BU3HAUCHHI Ta PO3Mi3HABaH-
Hi OIIOPHUX TOYOK. JI01aTKOBI HEJOITIKM CIIPHIUHEH] BIICYT-
HICTIO JJaHWX TIPO TaHEHH!I, IUTFHICTD Ta TOBIIUHY (QipHY.

Bukoprcranss Ge3minoTHiX itanshaux anapatis (BIUIA)
SK aJbTePHATHBHUH BapiaHT OTPUMAaHHS JAHHUX ISl MOHi-
TOPHMHTY JIBOJIOBHKIB BHCBITJICHO y myOmikamisx [28, 31].
3MIHM HaBKOJIMIIHBOTO CEPEIOBUINA BHACIIIOK II00asb-
HOTO TOTEIUTIHHSI KJIIMaTy OCOOJIMBO YiTKO MPOCTEXKYIOTHCS
B MOJISIPHUX PETIOHAX, 1 Il PETiOHH € KITFOUEM JI0 PO3YMIiHHS
MPOIIECIB, MO BUKIMKAIOTh 3MIHH Ta 1X HACHTIJAKA JJIs HAIIOI
riaHeTH. OIHAK TOJIFOCH € BaYKKOAOCTYITHUMHU MICLISIMH JUTS
criocrepexxedb. OHa 3 OCHOBHHUX HPOOIEM JUIS TOJSIPHUX
JOCITIHUKIB — HEIOCTATHS KUIBKICTh JAaHUX, OCKIJIBKH B INH
o0IacTi Hif0Th JIMIIE KiTbKa MOCTIHHNX HayKOBO-TOCITIIHUX
cranniii. CyImyTHHKOBI JaHi IS TIOJSIPHOTO PETiOHY MAroTh
MeBHI 0OMeXeHHs. BifoBiTHO CyITyTHUKOBOTO TIOKPHUTTS Ha
HOJIFOCAaX HEOCTAaTHBO, & 3aCTOCYBaHHSA METONY aepo3Hi-
MaHHsI B TaKMX YMOBax € JIOPOTHM 1 B 0araTboX BHIIAJIKax
Jy’Ke HeOe3MMeYHNM Yepe3 XxapakTep 3HIMaHb (Mana BHCOTa,
noraHa mnorona). Lle iCTOTHO OOMEXHIO BHKOPUCTAHHSI
TIOBITPSIHUX CYJIEH Y TIOJSIPHUX JIOCIIIDKEHHSAX B MUHYJIOMY.

VY craTTsX 30CepeKeHO yBary Ha BHKOPUCTaHHI
BILTA, 1o gacte MOXKJIHMBICTH HEMEPEPBHUX BUMIPIOBAHb
JBHO/IOBHKIB. 3a TMepio]] MOCTIPKEHb BHKOHAHO II'ATh
npoexTiB. IIpoTe BapTo 3a3HAYUTH, LIO JUIS YKOIHOTO 3
I’ SITH TIPOEKTiB KOHKPETHOI TEXHOJIOT11 He IPEICTaBICHO.

VY po6oti [30] mocmimKeHO MOKIMBICTE 3aCTOCYBAHHS
BITJIA nns BUMIpIOBaHHS Ba)KKOIOCTYITHHX JIbOJOBHKIB
[mmindeprena. Bucotuuii mpodisib JI0I0BHKA OTPUMAHO 32
JIOTIOMOT'OK0 ~ CHCTEMH, 10 CKJI4JA€ThCs 3 JIa3epPHOro
Bucoromipa FAE-LS1501 B moenHaHHI 3 BHCOKOTOUHHM
neouactotHuM GPS mpuitMauem. Buxin ibooBrKa BigoOpa-
JKAETBCS 3 BUKOPUCTAHHAM LI(POBOI KaMepH, 3HIMKH 3 SKOi
00po0IICHO 3a JIOTIOMOT'00 CTEPEOMOHITOPIB.

TouHICTh MPOQiTI0 BUCOT MOBEPXHi, OTPHUMAHOTO 3a
JaHUMH JIa3epHOTO aJbTUMETpa, NPSMO IIOB’S3aHa 3
TouHicTiO GopToBOoro GPS-mpuitmaua (0,5 m). Cepenne
3HAYCHHs TOXMOOK Iicisi ompaitoBanHs ganux 3 GPS-
npuiiMada CTaHOBHWIIO IO TOPU30HTabHIN oci 1,18 M, mo
BepTUKaIbHIN — 2,41 M. BU3HaUCHHS OMMOPHUX TOYOK TEIK
MaJlo BaXKJIMBE 3HaueHHs s crBopeHHs [[MP. Buwmi-
pIOBaHHS TOBUHHI OyTH BHUKOHaHI NEPEeBaXKHO B CiTI
OXOIUICHHSI BIJIOMHX TOYOK, PO3TAalIOBaHMX Ha OIYHMX
MOpeHax 3 000X CTOPIH JIbOJJOBUKA.

[ToTpiOHO HarojocuTH, WO Yy i POOOTI BUKOPUCTAHO
JIa3epHUH BHCOTOMIp, IO TIPAIIOBAB B HAJATO KOPOTKOMY
Jiara3oHi, a BUCOTH MOBEPXHi Oy JOCTaTHRO HU3BKI. [le
CIPUYUHIIO TPYIHOIII MiJ Yac peectpamii maHux. ToOTo
BKIIMBUM €TarioM JOCTIKEHHS € 03HaHOMJICHHS 3 Xapak-
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TEPOM MICIIEBOCTI, IO 3HIMATUMEThCS, 1 BUOIp 00JIaTHAHHS
3 BIATIOBITHUMH TEXHIYHAMH XapaKTCPUCTHKAMH.

AmHanizyroun BUILIE3rajaHi Ipami, MOXHa 3pOoOUTH
BUCHOBOK, 110 BITJIA Moxe OyTH I[IHHMM iIHCTpYMEHTOM Ta
€IMHOI0 PEATHHOI0 ANBTEPHATUBOIO AaEPO3HIMAHHIO IS
BUMIPIOBAaHHS JIbOJIOBUKIB y BimmaneHnx paiionax. Otpu-
MaHi JJaHi 3 TOBTOPHHUX CIIOCTEPEKEHb MPOTATOM JIESIKOTO
mepiogy y moegHaHHi 3 3D-MonmemoBaHHAM ~MO)KHA
BUKOPHCTATH IJIsl OLIHKH IIBHIKOCTI BTpaT TUHAMIYHOI
macu. Taxl mgadi IiHHI, OCOOJHMBO IS JBOLOBHKIB, IO
BUXOJIAITH B MOpE, Ta IyJIbCYIOUHX JIHOJOBHUKIB.

3acTocyBaHHS METOLY KOCMIYHOTO 3HIMaHHS BHCBIT-
neno B mpaix [17, 20, 23, 36]. MOHITOPHHT JILOJOBHKIB
MoHromii sK 1HIAKATOPIB KIIMATHYHUX MIiHIHBOCTEH 1
OJTHUX 3 HaWBaXIJIMBIIIUX IPICHOBOJHHUX PECYpCiB OIU-
cano y mpaui [17]. JlocmipkeHHsT IPyHTYBAlIOCh Ha 3aCTO-
cyBauHi mauux MODIS snow product miast BH3HAYCHHS
00J1acTi CHIrOBOTO MOKPHUBY JIbOIOBHKIB. J{JIs1 MOPIBHAHHS
BUKOPHCTaHO IH(OpMAIiI0 13 CYMyTHHKOBOI CHUCTEMH
Landsat. BukoHaBIli MMiKPECIOTh, IO JJIsi OTPUMAHHS
iHpopMarlii mpo OanaHC CHIrOBOTrO, JILOJOBOIO MOKPHBY
Ta BOJHUX PECypCiB HEOOXiTHO IOCHTIKYBAaTH HE TLTHKH
CYNyTHHKOBI Ta Ha3eMHi JaHi, aje W aHali3yBaTH
KJIIMaTHYHI JaHi, 3a0e31e4yr0ud CHHEPTreTHIHUH eeKT.

MOHITOPHHT JTHOJOBHUKOBHX 3MiH CTa€ BCE BaXKIIUBI-
MM 3 OYEBHIHOIO TEHJACHIEI0 O TI00ATBHOTO MOTETl-
i, Y po6oti [20] omuH 3 HaHOLIBNIMX JIHOJOBUKO-
BHX TIOKPHBIB Ha IUIaHeTi, po3mimenuii y IliBaeHHin
[TaTaronii, OyB HaHeceHWH Ha KapTy 3a JOTIOMOTOIO
Habopy 300pakeHb 3HIMaIbHOI amapatypu ETM+
KocMiuHOrO amapara Landsat 7, orpumanux B 1973, 1976,
1979, 1986, 2005 i 2009 pokax. 3o0paxeHHs Oyiu
BigKamiOpoBaHi Bix paliOBHIPOMIHIOBaHb KOCMIYHHX
o0’exTiB Ta ix BiNOMBHOI 3maTHOCTi. KoOHTpoibOBaHa
Kkiacudikamis KOKHOTO 300payKeHHS Jaja 3MOTy PO3ITi3-
HaTH (QI3MYHI MEXI1 CHITY 3 JIbOJJOBHKOM.

KapTu cTBOpeHO 3 BiAMIYCHUMH MOJIOKEHHSIMH BHUXO-
JIB JIbOJIOBUKA. Pe3yibraTy MOpiBHIOBAJIMCS 3 MOMEpen-
HiMu myOnikamismu ['eonorignoi cmyx6m CIIIA i moka-
3aJIM HEOIHO3HAUHY IOBEIHKY KOXHOTO 3 JIbOJJOBUKIB.

3a3HaunMo, IO OTPUMaHI JaHi He Aal0Th MOXKJIMBOCTI
MPOTHO3YBaTH NOAAJBII TEHJCHIIT 3MiH JIbOJOBHKA.

VYV crarti [36] mpeacTaBieHO METOMONOTII0 BH3HA-
YeHHsI 3MiHH 00’€My JIbOJIOBUKIB B oOnacti ['enagannoHr
(Tuberchke wHarip's). Jast JOCHIIKEHHS BHKOPUCTAHO
LIMP 3a tonorpadiunnmu ta SRTM nanumw, cymyTHU-
kxoBi 3uiMku |ICESat, GLAS i Landsat 5. 3a momomororo
300paxens 3 Landsat, orpumannx y 2000 i 2007 poxax,
BH3HAYaJIM TUIOIII JLOJIOBUKIB 3a IUMH jJaramu; 3a [IMP
ta SRTM 004HCICHO 3MiHM TOBIIWHH JILOJOBUKIB. JIjist
kopuryBauHs nmaHnx SRTM 3acrocosano nani 3 ICESat ta
GLAS. 3miny 00’eMy JIbOJIOBUKIB BH3HAYAIH, TOETHYIO-
YH pe3yJIbTaTH 3MiHM IUIOLI Ta MepernaiB BUCOT.

AmHaizyouH 10 CTaTTIO, BApTO MiIKPECIUTH, 110 B poOOTI
PO3IIISIHYTO TUTBKK TIepio aocimimkeHb (2000-2007 pp.) i
HEMae TOCHIIAHb Ha paHille OTpUMaHi MaHi i1 I[BOTO
perioHy. Pe3ynmbraty cBimuaTh, MO KOXKEH 3 JTOCIIPKYBAHIX
mapamerTpiB (IepeMillieHHs1, iona W 06’€M) JBOIOBHKIB
3MIHIOETBCS TIO-PI3HOMY, SIK B HETaTHBHY, TaK i B TIO3UTHUBHY
CTOPOHY, TOOTO Ba)KKO PO3ITi3HATH TEH/ICHIIIIO 3MiH.

BUKOpUCTaHHS ONTHYHHX CYIMyTHUKOBHX 3HIMKIB JUIS
MOHITOPHHTY JIbOJIOBHKIB IpaHy ormcano y crarti [23]. Jlst
JIOCII/DKEHHSI BHOpPaHO 3HIMKM 13 CYIyTHUKOBHX CHUCTEM

SPOT 5 (2003 p.) i Quickbird (2005 p.). B pobori 3ampo-
TIOHOBAHO METO/] B3a€MHOT KOPEJISLIiT ONTHYHUX 300paKEHb.

[ToTpiOHO 3a3HAYUTH, IO B TPOIIECI BUKOHAHHS JOCITi-
JOKEHHST BUHMKalId TPYIHOLI, NOB’s3aHi 3 BigoOpa-
JKCHHSIM CXHJIIB TIOBEPXHI JIbOJIOBHKA, HASBHICTIO TiHEH Ta
IHIIIAX [TYMiB Ha 300pakKeHHSX.

Panapui MeTonu crioctepekeHb IPYHTYIOThCS Ha BHKO-
pHCTaHHI BiIOMTHX BiJ 3¢MHHUX OO0 €KTiB XBHIIb y MIiKpO-
XBHJILOBOMY Jlialla30Hi. 3aCTOCYBaHHS TAKOT'O MiJAXOIy PO3r-
nstHyTO y crarti [37]. ocniukeHHsT BUKOHAHO 3 BHKOPHC-
tanHssM PCA (pamionokaiiiiHUX CHCTEM i3 CHHTE30BaHOIO
anepTyporo), ONTHYHHAX Ta AIBTUMCTPUYHHX [TaHUX TSI
BUSIBJICHHSI 3MiHH [TOBEPXHI Ta IIBUAKOCTI PyXY JIbOJIOBHKA B
ropax I'poB (AHTapKTHKa). ABTOPH MiJAKPECIIOIOT, IO A0CI
Ba)kko oTpuMatd LIMP BCbOro MacuBy Tip, KMl CTAHOBHTH
6mm3pko 8000 kB. M, TOMy IO TOBEPXHS € HOXMWIOI Ta
BUHHUKAIOTh NOXUOKH Y BU3HAYCHHI 6a30BO1 JIiHii.

HeoOxinmHO 3a3HayMTH, MO 3acTOCOBaHa B pOOOTI
METOJMKa Ja€ 3MOry OOYMCIIIOBATH MapaMeTpH JIbOIO-
BUKIB 32 OKPEMHMH JDKEpellaMH JIaHWX Ta IPOBOAMTH
MOHITOPUHT OOIIMPHUX TEPUTOPIl, a TAKOK KIaCH]IKy-
BaTH MOBEPXHIO JILOAOBHUKIB. OHAK TEXHOJIOTIYHA CXeMa
CYMICHOTO BUKOPHCTaHHS JAaHHX II[e He OIpanbOBaHa.

Y crarri [10] omucyerbcs BHU3HAYEHHS —IUIOLI
moBepxHi nhogoBuka Taky (Assicka) 3a JIOTIOMOTOO
kocMiuHnX PCA. 3anponoHOBaHMH METOA TIOJISITAE y
MOEIHAHHI PI3HOYACOBMX JaHUX MAapHIPYTHUX KapT
cynytHuka TerraSAR-X. Jlns knacudikauii moBepxHi Ta
00YNCIICHHS IOl JIbOJ0BUKA BUKOPHCTOBYBAIN KapTH
KOTEpEeHTHOCTI, TEKCTypHY iH(OpMalilo, a TaKoX JaHi
PO IIBUAKICTH IepeMilieHHs JTHOJ0BUKA.

3a3HauMMoO, IO BAAIOCH KIACH(IKyBaTH HE BCIO
MOBEPXHIO JIbOJOBHKA, IO IOB’S3aHO 3 BHHUKHEHHSIM
IIYMIiB Ta HEJAOCTATHHOK KITBKICTIO iH(pOpMAIi B JESSTKIX
30HaX 3HIMKIB. Takok BapTO 3ayBakKWTH, IO IO 3HIMKiB
3aCTOCOBYBaJIM HaONMKeHUH Merox oOpoOku, ToMy B
pe3yIbTaTi pO3paxoBaHO HAOIIDKEHY TUTOMTY.

To4yHMIT MOHITOPMHT JIbOJOBHKA MAa€  BaXIIUBE
3HAYEHHSA UIA OIIHKH TJIOOQJIBHMX €KOJIOTIYHHUX 3MiH.
VY mpausx [32, 35] BukoprcTaHO 3HIMKH iHTepdepomer-
puunux PCA mis oTpumanHS iHOpPMAIT TPO TTOBEPXHIO
nboioBUKa. OCHOBHMMH WIJISIMUA OyJIO BUIIPaBUTH CHO-
TBOpeHHs, TpuTamaHHi 3HiMaHHI0O PCA y mepecideHiit
MmicueBocTi, W 300pasutu Bapiauii pyxy JbOJOBHKA.
VY pobori [32] mMeroan kopekiii 300paXkeHb MOJSIraay y
BUKOPHCTaHHI KOMIUIEKCHOTO aHaji3y MOJISAPHUMETPHYHUX
JTAHUX 11 YTOYHEHHS BU3HAYECHHS MICIIS PO3TallyBaHHS 1
HOpMaJTi3alii po3Mipy MiKceaa JJisi KOXHOTO eIeMEeHTa
Marpuii KorepeHTHocTi. Kpim Toro, micis pamiomer-
pUYHOT KOPEKI[l KOpEeryBajld BiIOOpaKCHHS KpPyTH3HU
cxuniB. KoHTposipoBaHy kiacu@ikamilo BUKOHYBAJIH Ha
OpTOTPaHC(HOPMOBAHUX 300pAXKEHHSAX ISl KapTyBaHHs
IIPOCTOPOBOTO PO3MOJIUTY CHITY 1 JIbOAY.

VY nociimkenHi [35] ast MOHITOPUHTY JIbOIOBUKOBHX
3MiH Ois piku SAHBu (Kutait) aHanmizyBamu 300pakeHHs
Ha OCHOBI MaTpHIli CyMDKHOCTI piBHS ciporo. OuiHoBamu
Taki mapaMeTpH, SK CepelmHe, AWUCIepCis, OTHOPIMHICTB,
KOHTPACT, HETIOAI0OHICTh, €HTPOIIisl Ta KOPEIAILis.

[IpoanamizyBaBmm 111 myOumikamii, MOXHA 3pOOHTH
BUCHOBOK, 1m0 PCA MaroTh BENMMKWI TOTEHIiaN y Tamysi
MOHITOPHHTY JIbOIOBUKIB. [IpoTe Ha pe3ynbratu nocii-
JDKEHb BIUTMBAE TakUK (hakTop, sIK KOHTPACT Y3rOJDKEHOCTI
MDK JIbOJJOBUKOM 1 HEJILOAOBUKOBUMH oOnactaMu. ToOTo
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KOJIM Taka BIIMIHHICTb HE € OYEBHIHOIO, MOTPIOeH iHIIMiA
TJIXi, T00 OTPUMATH JaHi 3 HEOOXiJHOX TOYHICTIO.

3actocyBaHHs ~ JaHux  nomspumerpuuHux — PCA
(POISAR) 11151 MOHITOPHHTY JIEOJOBHKIB 3alIPOIIOHOBAHO
y my6mikarii [8]. ABTOpH 3a3HAYarOTh, I10, HE3BAKAIOUH
Ha OCTaHHI [IOCT/KCHHA 3 MOHITOPHHTY JHOIOBHUKIB,
MOTEHINA MOJIAPUMETPIi TOCTATHBOIO MIpOI HE BHKO-
PHCTaHO Yepe3 CKIAJHUA MeXaHi3M Jia/CHir. Y crarti
3alpOIIOHOBAHO HOBHMM IiJXiJ J0 MUTAHHS MOHITOPHHTY
JBOJOBHKIB 3a jgomoMororn 3o0pakens POISAR, 3
BHUKOPHMCTaHHSIM OCHOBHHUX KOHIEMNIIH 3 Teopii B3a€MHOT
iHpopMmanii. 3anponoHOBaHMI METOJ 3acCTOCOBYE IO
TEOPil0 JUIi OTPUMAHHSI CTaTUCTUYHOI 3al€KHOCTI MiX
MOJIIPUMETPHYHUMH 300paKEHHIMH.

[ToTpibHO 3ayBaXKUTH, IO TOYHICTH OTPUMAHHS JaHUX
B pOOOTi HE 3a3HAYAETHCA.

3acToCyBaHHS METOIY JIa3epPHOTO CKaHyBaHHS IIOBIT-
pAHOro 0a3yBaHHA IOBEPXHI JBOAOBUKIB PO3IIIHYTO Yy
nocmimkennsix  [18, 38]. VYV pobGori [38] ckanyBanms
JbOJIOBUKA BHMKOHYBAJIM 3 TEJIKONTEPa Y BHUCOKOTIPHHX
padionax Aunbn. IIponoHyeTbcsi TOEAHAHHS JAHUX aepo-
(OTO3HIMaHHS 1 JJa3epHUX CHUCTEM TOBITPSHOro Oa3yBaHHS
(JIIIAP) mnst mokpamienns LIMP. Jlist qocimikeHHST BUKO-
puctano aepodoTo3HiMku (1956-2001 pp.) Ta Marepianu
nazepHoro ckanyBanHs (2005-2007 pp.). OmpamroBaHHS
3HiMKiB BukoHano B IIIT Leica Photogrammetry Suite, a
JMIapHUX JaHUX 32 JONOMOTOI0 IIPOTpaMHOro 3abesrie-
yenuss SCOP++. Po3pisuenns orpumanux [IMP craHoBuiio
2 M 3a pe3yabraramu aepodoTo3HiMaHHs Ta 1 M uist naHux
Ja3epHOTO CKaHyBaHHS.

VY ny6nikanii [18] onucano HOBuit miaxix g0 MOHITO-
punry nsomoBuka B IliBmennomy Tipomi (Itamis) Ha
ocHoBi JIIJTAP cnocrepexens y mepion 2005-2006 pp.
3a orpumanumu nanumu Oyaysamu LIMP. PospizHenHs
mudpoBoi Mozneni craHoBwio 2,5 M. BukopucroByroum
pe3ynbTaTd nonepeaHix aociimkens (3 1997 p.), Bu3Ha-
YaJIv 3MIHH IUIOI, 00’ €MIB Ta 3MIIEHHS JIbOIOBHKA.

[IpoaHasizyBaBIy i POOOTH, HArOJIOCHUMO, III0 BUKO-
PHCTaHHS JIa3€PHUX CUCTEM IIOBITPSIHOTO Oa3yBaHHS UL
MOHITOPHHTY JIBOJOBHKIB € IIEPCIEKTHBHHM METOIOM.
Huni nin yac ckaHyBaHHS BUHHMKAE psiji TOXUOOK, SIKi 11
HE BAAJOCh yCyHyTH. lle moB’s3aHO 3 THM, IO Jla3epHi
MIPOMEH1 BiNOMBAIOTHCSA BiJ JIbOJOBHKOBOI TOBEpPXHI,
0COONMBO B TiIPCHKHUX paifoHaX, Ta BUHHUKAIOTH ‘MEpPTBi”
30HM Ha 300pakeHHsX. [laHi PO MOBEPXHIO JIHOJOBUKA
BTPAdarOThCA MEPEBAXKHO Y MICIPIX, SIKI MOKPHUTI CHIrOM
a00 rIMOOKUMHU TPIIIMHAMHU.

CporoiHi ISl CIIOCTEPEKEHb 332 CTAHOM JIbOJIOBHKIB
BUKOPUCTOBYIOTh Cy4acCHi 3aCO0M JUCTaHLIHHUX Ha3eM-
HUX IOCIHIIKEHB, Kl JAIOTh MOXJIMBICTH 3HAYHO ITiIBH-
OIUTA IIBUAKICTH BUKOHAHHS BHMIPIOBaHb 1 TOYHICTB
OTPHMaHHS KUIBKICHHX IapaMeTpiB 00 €KTIB HOCIHi-
JUKEHHSI, 30KpeMa MOBEPXOHb JIbOJIOBUKIB. TakMMU MeTO-
naMu € HazemHe yaszepHe ckanyBanHs (HJIC) Ta HazemHe
tudpose suimanus (HII3).

3acTocyBaHHSI METO/y Ha3eMHOTo IM(POBOro 3HIMaH-
HSl JUIS BU3HA4YCHHS KUIBKICHUX XapaKTEPUCTHK JIbOJO-
BHUKIB apxinenary ApreHTHHCHKI OCTPOBH 3aIlpOIIOHOBAHO
B ny6umikanisx [1-3]. TlonboBi BuMmiproBaHHs mnepenoda-
YaJdM TaKi eTand. PeKOTHOCTYBaHHS IUISTHKM Ta CKJa-
JaHHA PoOOYOro MPOEKTY; 3aKPIiIUICHHS KOHTPOJIBHUX Ta

0a3MCHHUX TOYOK, BU3HAUYEHHS iX T'€0JIe3NYHUX KOOPIHHAT;
BCTAQHOBJICHHS JIOBIOCTPOKOBHUX ILIEHTPIB; 3HIMAHHS JIbO-
JTOBHKIB; BU3HAUCHHSI MiCIICTIONOKEHHS [ICHTPIiB 3HIMAaHHS
3a gomoMororo GPS-cmocTepekeHb Yy  CTaTHIHOMY
pexnmi. Kamepansaa o0pobka JaHHMX ToJisirajia B OIpa-
IIOBaHHI IMPPOBUX 3HIMKIB Ha HUppoBili (oTorpam-
metpuuii cranmii (L{PC) Jenpra-2.

ABTOpHY aKIEHTYIOTh Ha TOMY, IO TIiJ{ 9aC BHKOHAHHSI
JOCTIZKEHHS BUHUKAIM TPYAHOI Y MapKyBaHHI OIIOPHUX
TOYOK, OCOOJMBO Ha BHUXOAAaX JIHOLOBUKIB. YacTKOBO
3a7auy pO3B’s3yBald BCTAHOBJICHHSAM MapoOK Ha Kpasx
JIOJIOBUKOBOT TIOBEPXHI, ajie I,Oro OYyJI0 HEJOCTATHHO IS
MOJAJIBIIOro OpieHTyBaHHS 3HIMKIB Ha LIDC. [l KOHT-
pomo OyJi0o BHKOHAHO Teojie3M4Hi poOOTH W OTpHUMaHO
KOOp/IMHATH ONOPHUX TOYOK 32 KOHTPOJIBHUMH HarpsiM-
kamd. TOYHICTP BH3HAUCHHS IIOBEPXHEBOTO 00’€My B
HOpPMaJILHOMY BHIIaJIKy 3HIMaHHs popiBHIoBaia 0,1 %.

[IpoananizyBaBII 11 Mparli, MO’KHA 3POOUTH BUCHOBOK,
[0 3alpONOHOBAaHA TEXHOJOrIYHA CXeMa BH3HAYCHHS
MTOBEPXHEBUX 00’ €MIB JILOJJOBUKIB Ja€ 3MOTY OIEPATHUBHO i
3 HEOOXiTHOI0 TOYHICTIO PO3B’S3aTH 3afady BH3HAUCHHS
3MiH 00’€My SIK METOJOM MIKETIB, TaK i METOIOM BEPTH-
KanbHOi ciTkd. I[ludpoBe 3HIMAHHSA 13 3aCTOCYBAaHHIM
CIOCO0Y BEPTHUKAILHOI CITKH Ja€ 3MOTY BU3HAYHMTH Kilb-
KiCHI IapaMeTpH JILOJOBHUKIB 03 T0JJATKOBHUX I'€OIC3UUHIX
BUMIpIiB, ajle Y BHIAJKy PiBHOBIIXMJICHHX 3HIMKIB HE0O-
X1JTHO BUKOHYBATH iX TpaHC(hOPMYBaHHSI.

Buxopucranns HI[3 a1 MOHITOPHMHTY —CKEIBHHX
JIBOJIOBUKIB PO3MsIHYTO B myOumikanisx [15, 16]. IIpomo-
HYETbCS BHKODUCTAaHHS JCIICBUX LH(PPOBHX Kamep Ta
HOTYXKHOTO NPOrPaMHOro 3abe3neyeHHs. Take MoeTHaHHS
PO3MIISIHYTO HAa MPaKTHYHOMY TMPUKIAIl JOCTikeHs [15]
Ha CKeJbHOMY JIbOIOBUKY B ABctpii B 1986, 1999, 2003 i
2008 pokax 3a mormomororo amamoroBux (Zeiss Photheo
19/1318, Linhof Metrika 45, Rolleiflex 6006) Ta mdposux
kamep (Hasselblad H3D-39, Nikon D100 i Nikon D300).
OmnpaifoBanHsi 300pakeHb BHKOHAaHO 3 BHKOPHCTaHHSIM
CYYacHHX METOJIIB KOMIT IoTepHOI Bizyamizawii. J{ns Bciel
obyacTi 3 BHCOKOIO TOYHICTIO BHM3HAUEHO TPUBHMIpHI
BEKTOPH PyXy, 1100 BHSABHTH IIPOCTOPOBO-YAcOBI 3MiHH
MIBU/IKOCTI TIOTOKY JIbOJTY.

VYV pobGori [16] mpOMOHYETBCS TaKWi —aITOPUTM
poboyoro mpornecy: AaHi sl JOCHIDKSHHS CKIaAaloThCs
IIOHAMEHIIe 3 TPbOX a00 HaBiTH OiNBIIE 3HIMKIB, OTPH-
MaHHUX 3 TOMEepeqHbO BigkamiOpoBanux kamep. DokycHi
Bimgam 00’€KTHBa BHOMpPAU TakK, MO0 OTpUMATH MaKCH-
MaJlbHO BeJIMKOMacIiTaOHI 300pakeHHs i3 3aXOIJICHHIM
3arajJbHOI KUIBKOCTI KOHTPOJBHUX TOYOK. AHAaJOroBi
3HIMKH OLM(POBAHO 3a JIOTIOMOT'OI0 IPOrPaMHOT0 MaKeTa
(TIIT) UltraScan 5000. 3niMKE OnpansOBYBAH METOAOM
(oToTpiaHrysiLii 3 BUKOPHUCTAHHSAM KOOPJMHAT OIOPHUX
TOYOK, OTpuUMaHuX 3a jomomoror GPS-mpuiimaua.
CepennbokBaapatuyni  moxubku (CKII) nexann B
miamazoni Big = 10 cm go + 20 cm. Bapro minkpecnuTw,
10 BOHU XapaKTEePU3YIOTh TOYHICTh BU3HAYCHHS BHCOTH
MOBEPXHI ¥ 3aJIeXKaTh BiJ BUIAIKOBUX IMOXHOOK MiJ Yac
OpIEHTYBaHHA Ta BI3yaJIbHOTO CIPHHHATTS MOBEPXHI,
OCKUIBKM TOAEKYIM JBOJOBHK HOKPUTHH OpymoM Ta
KaMIHHSM, I10 YCKJIaIHIOE poOOTY oreparopa.

Brwe 1ux egeKkTiB MOXKHA 3MCHIITUTH, MOPIBHIOIOYH
¢ororpammeTpruHi npodidi, OTpUMaHi 3 PI3HUX Kamep
TOro camoro mepiogy. OOOB’SI3KOBOIO YMOBOKO Tija dYac
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MOPIBHSHHS AaHUX € BUKOPHUCTAHHS CTa0ITbHUX, BCTAHOB-
JICHUX Ha HEPYXOMY MOBEPXHIO MYHKTIB.

3MiHy TOBIIMHY JILOAY pO3paxoByBaid, Oymytoun [[MP
PI3HHUX JHOMOBUKOBHX CTaliil. ABTOPU IPHITYCKAIOTh, IO
cepemHs MIOpiYHA 3MiHA BHUCOTH TOBEPXHi (OITyCKAaHHS)
csirae ONM3bKO 2 M, BIJIHOCHY NOXUOKY BHMIpDIOBAaHHS B
TaKoMy BHUIaJIKy MO>kHa ouikyBaTu + 10 %.

[lepeBaramMn TakMx METOAMK € JIETKICTh 300py IaHMX
3a TIOPIBHSHO OOMEXEHOI KUIBKOCTI MepCcoHay, HE00-
X1IHOTO TSl BUKOHAHHS MOJBOBUX poOiT. [IpoTe mporec
(OTOrpaMMETPUYHOTO OMPALIOBAHHS JaHUX MOTpebye
JIOCBITYEHUX OIIEpPaTOpiB.

JlominpHICTh  BUKOpHUCTaHHA IM(POBOi  (oTorpam-
MeTpii miaTBepKeHo y poboti [34] mix yac MoHiTOpHHTY
3a mpomoBuM TmmmwieM Kimimanmkapo. HII3 BuxoHaHO
kameporo Nikon D2X DSLR, a TaxeomeTpuuHe 3HIMAHHS —
taxeomerpom Leica TCRA 1101 s 3abe3nedyeHHs
MICIICBOI CHCTEMH KOOpIHMHAT. 3a moOymoBaHow [IMP y
[T PhotoModeler o6uncmioBanu 3MilIEHHS JHOOBOTO
MOKPHUBY MIMUIIIO [UTS Pi3HUX TEPiOiB Yacy (3 iHTepBaIOoM
223, 142 i 223 naui), mo MoB’sA3aHO 3 JI€I0 COHSAYHOTO
BUIPOMIHIOBAaHHS HA TOBEPXHIO 3eMJIi.

3ayBa)XMMO, WIO 3alpONOHOBAaHUI METOX MOXKHA
YCHIIIHO 3aCTOCYBaTH JJIsi TPOEKTIB JIOBFOCTPOKOBOTO
MOHITOPHHTY, ajie TIIbKM MaJiX JIbOJJOBHKIB ab0 OKpe-
MHX 00JacTel JILOJOBHKA.

BukopucTaHHs 3HIMAIbHUX Kamep Uil BH3HAUYCHHSI
MIBUIKOCTI 3MIHH JIbOJOBHKOBOI MAacH pO3LIISTHYTO Y
crattax [9, 33]. B o00ox mpausx OCTiIKEHHS BHUKO-
HyBaJM 32 JOIIOMOTOI0 IBOX LU(POBHX Kamep, MpU3Ha-
YeHHX Ul OTPUMAHHS 300paXkeHb IMMOBEPXHIi JIOJOBHKA Y
IIBOX PI3HHUX HAMpsSMKax UL IEBHOTO mepiony. Y poOoTi
[33] orpumano cepii 306paxensb 3 qBox Kamep Canon XTi
Digital Rebel 3 inTepamom wacy mBa wmicsri. Ilepury
Kamepy BCTAaHOBJIIOBAJIH JJIsI OTPUMaHHs iHQopMarii mpo
TOKPUTTSL JUISHKKA 0€3M0CEepeaHbO TMif JIbOJOBUKOM.
Jlpyry xamepy po3TauioBYBald IOpYY JUIsi 3HIMAHHS I10
BCiil JOBXHWHI JNbOOBUKA. TOUHICTE OTPHUMaHHUX PE3yJib-
taTiB cranoBmwia 0,57 M (cximHuit Hanpsmok) ta 3,5 M
(3axigHuM HAPSIMOK).

s iHTeprpeTarii oTpuMaHUX JaHUX cepii 300paKeHb
3 000x kamep o0’emHamu y Burasaai ¢imemy. Ile mamo
MOJKJIMBICTH aHAJI3yBaTH 3MiHYy CTYIEHS TaHEHHS JIHOJIO-
BHKOBHUX Mac.

[NoTpiOHO 3a3HauMTH, MO y peatizamil TEeXHOIOTTIHOI
CXEeMH BWHWKAIM TPYJHOII, ITOB’s3aHI 31 3MIHOIO KYTIiB
opieHTyBaHHS KamepH. Takox oTprMaHa TOYHICTh HE BiJIIO-
Bijaya 3a3HaueHMM BuMoraMm. JUisi 3MEHIUCHHS BIUIUBY
Takux (aKTOpiB BapTO BHUKOPHCTOBYBATH IIOCTIHHI OTOpHI
TOYKH, BifKamiOpoBaHi kamepu Ta Touni [IMP.

Meroro mocmimkenns [9] Oymo mepioguuHe OTpH-
MaHHs IH(GPOBHUX 300parkeHb 0e3 3MiHH MOJIOKEHHSI ycTa-
HOBOK KaMep 3i 30€peXeHHSIM MO 30py 3 IUIMHOM Yacy
JUIL MOHITOPHHTY IbofioBUKa ApmkeHTipo (Ppaniris).
binpuricte po3po0ok 0a3zyBainch Ha 3aCTOCYBaHHI IpoOr-
paMHOrO 3a0e3medeHHs Uil MIKpOKOHTpojepa — Texas
Instruments MSP430F149. [Ins ompamroBaHHS JaHUX
BUKOPHCTAaHO METOI KOpeIsiii map 300pa)keHb, OTpH-
MaHHX 3 pi3HUX Kamep. IIBHOKiCTh 3MiHH JIHOIOBHKOBOT
Macu OOYHCICHO B CM/ICHb 332 [OBOMAa KOHKPETHHMH
TOYKaMH Ha Iapax 3HIMKIB.

Lle nocnipkeHHST € JOBOJII TIEPCIEKTHBHUM, IIPOTE
BEKTOpU 3CYBY OYJIM BHpa)KCHI TUIBKH B JBOBHMIPHOMY
npocropi. KpiMm TOro, rnmoGanspHa 3MiHa IIBUAKOCTEH
BU3HA4anach SK IIKCeN/IeHb, OCKIIBKM BifCcTaHb Mix
KaMepoIo 1 MiCIIEBICTIO OyJa HEBIIOMOKO.

UyTnuBIiCTh JHOJOBHKIB 10 KOJNWMBAaHb KIiMary Ta
BHBYCHHS BIUIMBY KPIOKOHITY Ha NPOLIEC TAHEHHS JIbOZO-
BUKiB ommcaHo y myomikarii [27]. s  mocimimKeHHst
Bukopucrano [IMP, moGymoBaHy Ha cyOCaHTHUMETPOBOMY Ta
MikpopiBHsX. Taki JeTansHi MOBEPXHI Jald 3MOTY PO3TIIS-
HYTH 3B'I30K MK BJIACTHBOCTSIMH KPIOKOHITY Ta IIOBEPXHEIO
JBOJY, @ TAKOXK JOCTIANTHU X y mpoctopi Ta yaci. [1oiaboBi
BUMIiptoBaHHs npoBoawucs B IlInmindepreni npotsirom Jiita
2010 p. st iX BHKOHAHHS BHUKOPHCTAHO S-METariKCenbHy
kamepy Nikon 5400. IudpoBy kamepy BCTaHOBIIOBAIH
npuONMM3HO Ha BHCOTI 1,6 M Hag TOBEPXHEIO JIHLOAY,
3a0e3MeUyrour BIIXWICHUA BHIAJOK 3HIMAHHSA. 3HIMKA
Oyn OTpUMaHi 3 TPHOX BijicTaHel (Kamepa-00'eKT) i HOKpH-
BaM TpHU pi3HI 001acTi TMOBEepxHi. 300paKEHHSA OIpa-
mpoByBaim B 111 PhotoModeler Scanner.

TouHicTh OTpUMaHHUX PE3yIbTATIB CTAHOBMIIA 4,5 MM IS
TISHOK muTomero 4 M° Ta 6 MM ISl IUISHOK Twiomero 9 M2,
xou4a sKicTb [[MP 3MiHIOBaIaCh 3aJIS)KHO Bifl YUCTOTH JIBOILY
ICTOTHIILIE BiJ] KyTa HAXWIIy 1ap 300paXkeHb.

Ha 6inpiry yBary 3acmyroBye pobota [22]. V crarri
PO3TIISIAETHCS TTUTAHHS! MOHITOPUHTY NPUOEPEKHUX 3MiH
3a JIOTIOMOT'OI0 IHTErparfii MeTOMiB T€OMATUKU LIS Bij-
TBOpEeHHSI OeperoBoi JiHII 3 BHCOKHM IIPOCTOPOBHUM
po3pisHeHHsM. HarosomeHno Ha BpaxyBaHHI XapakTe-
pUCTHK MicreBocTi. Lle € onTHManbHUM MigXOIOM IS
BUSBIICHHS 3MiH (GOpM penbedy, 0COOINBO B MpHOSPEK-
Hilf 30Hi, 1e BiIOyBalOTHCS THHAMIYHI IIPOLIECH.

3anpornoHoBaHe pilIeHHS IPYHTYEThCA Ha TO€THAHHI
JAHUX 3 JIBOX TEXHOJIOTIYHUX KOMHOHEHT — GPS-mpwuii-
MauiB 1 nudpoBoi maropopmaTHOi Kamepu. 3aranbHa
TEXHOJIOTIYHA CXEeMa, BHKOPHCTaHa y POOOTi, MpeacTaB-
neHa Ha puc. 1.

Puc. 1. Texnonociuna cxema nocoOHaHHs: OAHUX
3 GPS-npuiivauie ma yugposux xamep

[IpoanainizyBaBIIM 3alPOIIOHOBaHY METOJHKY, TOTPi0-
HO BI/JI3HAUWTH, IIO MOTEHLIAJ aBTOMAaTH3allii NpoLEciB
Moxe 3a0e3neunTy eeKTUBHUN MiAXiT 10 MOHITOPHHTY
pensedy. Bapro mimkpecnnTH, 1m0 TmepeBard Takoi
METOJIMKH OYEBHUIHI, OCKUIBKH € MOXJIMBICTh BBEICHHS
BEJIMKOi KiTBKOCTI JAHWUX PO MICIEBICTh Y MOAYJIHHOMY
pexxnMi. OqHaK BUHUKAE HEOOXiMHICTh OWIHWUTH PE3Yih-
TaTH, IO 3aJalOThCS CHUCTEMOIO, TOOTO 3’sCYBaTH, 4YH
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BIJIIOBIAAIOTH BOHM AIMICHOCTI Ta YU MTOXUOKHU B JaHUX 1 IX
peecTpalii He MOKa3yrTh XUOHHUX 3MiH.

BusHaueHHs MBUIKOCTI 3MIIIIEHHS JHOIOBHKIB 3a IOIIO-
MOTOI0 Ha3eMHHX IM(PPOBUX Ta aCPOKOCMIYHMX 3HIMKIB i
JaHUX Ha3eMHOT'O JIa3ePHOI0 CKAaHyBaHHS INPEACTaBICHO y
crarti [21]. YV mpari aHami3yr0Th CIIOCTEPEKEHHS HA TPHOX
JBOMOBUKAX Yy 3aximuid ['pemwnmanmii. [nst  mocmimkeHb
BUKOPHCTAHO LU(POBI KaMepud 3 BHCOKOK PO3IUIHHOIO
3MATHICTIO, SIKI TPAIFOBAIM TepiomaMu 1o 24—72 romuHu 3
iHTepBaioM 3HiMaHHs — 10-15 XBumH.

3a3HauMMo, 110 MiJ] Yac BUKOHAHHS CIIOCTEPEKEHb BHHH-
KaJIi TPY/IHOIL, TOB’s13aHi 31 3MIHOIO KyTiB Opi€HTYBaHHS
KaMepH, CIPUYMHEHI BIUIMBOM BITPY, HarpiBaHHAM HIKOK
IITaTHBA Ta HECTIMKICTIO 3eMHOI moBepxHi. OOpobka mociti-
JOBHHAX OTPHMAaHUX 300pakeHb Jaja 3MOTy IOOyIyBaTh
IMP sie00BHKA 3 BHCOKUM PO3Pi3HEHHSIM.

Takox 3MIIIEHHS JTOAOBHUKIB BU3HAYAIH 32 3HIMKAMH
inrepdepomerpuunnx PCA (2004 p.) AKUEHTY€EThCS, IO
3a JOTMOMOTOI0 CYIYTHHKOBHX 300pakeHb OyJia MOXKIIH-
BICTh BH3HAYHUTH JIMIIE JOBIOCTPOKOBI 3MiHHU IIBUIKOCTI,
OCKIJIBKM PO3pi3HIOBaJIbHA 3/IaTHICTH 300pa)keHb, Bpaxo-
BYIOUM CTPIMKMH pyX 1 3MiHy IIOBEpXHi JIbOJIOBHKIB,
oOMexwuia oTeHian QyHKuii BiACTeXeHHs.

Sk anpTepHATHBY Ta JOMOBHEHHS BHKOPHCTaHO
HaseMHHH nasepuuii ckanep Riegl LPM-321 (2007 p.).
[epeBaramu metony HJIC € He3aneXHICTh Bi COHIYHOTO
CBITIIA 1 TEKCTypH TOBEPXHi, TOOTO € MOXKIHBICTh
BUKOPHCTOBYBaTH MpPWJIaJ Yy JOBUIbHI MOMEHTH 4Yacy.
Hemomixu ckaHyBaHHS MOJSTAIH Y OOMEXEHOMY pO3pi3-
HEHHI CKaHiB, BHKIUKAaHOMY pPO30DKHICTIO MPOMEHS 1
HHM3bKOIO IIBUJIKICTIO CKaHyBaHHs. Takok 3Ha4HI He3py4-
HOCTI CHIpUYHMHSIIA HEOOX1THICTh €I1eKTPOCHEPTIii.

3acTOCOBYBaTH MeETOJ] Ha3eMHOTO JIa3epHOTO CKaHy-
BaHHs 3anporoHoBaHo y crarti [29]. IlpencraBneHa HoBa
METO/IMKA JUTSl BU3HAUCHHS IIBHAKOCTI JILOJIOBHKIB y ['pen-
JaHail 3 BUKOPHCTAHHSIM JIa3epHUX CKaHepiB. Pi3Howacosi
3D xMapu TOYOK OTPHMAHO 3a JOIOMOTOI0 JIA3epHOTO
ckarepa Riegl LPM-321, skuii mporoHye MakCHMaIbHy
JAJbHICTh BUMIPIOBAaHb 4 KM. 3a IMMH TaHUMH OymoyBaId
IIMP Ta BH3HAYAIH BEKTOPU MIBHUIKOCTI, 3ICTABIISAIOYN XMa-
pPH TOYOK 3 PEryJSIPHOIO CITKOI. ABTOPH TaKoX IpOIO-
HYIOTh DIIlICHHs JUISl BU3HAYCHHS Ta YCYHEHHS IOXHOOK Y
BUMipax KyTiB, sIKi BAHHKaIOTh B OTPUMaHHX JIaHHX.

[Ipore BapTO 3BepHYTHM YyBary, IIO pPO30IXKHICTH
npomens (0,8 mpan), cipudrHIIa 0GMEXKEHHS IPOCTOPO-
BOT'0 PO3pI3HEHHs, a WBHUAKICTH ckaHyBaHHs (10 To4oK/c)
3HAYHO 301IBIINIIA TPUBAIIICTD CIIOCTEPEKEHb.

VY poborti [25] po3riIsHYTO METOIOJIOTII0 Ta Pe3yiib-
tata 3actocyBaHHd HJIC nms oTpuMaHHS HAaHWUX TIPO
MTOBEpPXHIO JTb0/10BUKa benpBenepi B Ampnax. Tpamumiiai
BUMIPIOBaHHS, SIKI MPOBOMIN 3 BUKOpuctaHusMm GPS i
“3a0ypeHux” perok, 3a0e3meuyBagd TUIBKH TOYKOBY
OIIIHKY siBHI. Tomy OyJIO 3aIyITaHOBAHO KijbKa KaMITaHii
HJIC Ha pi3HMX nUISHKaX IOBEPXHI JILOJOBHKIB, MO0
OLIIHUTH I'e0IMHAMIYHI SIBUIIA Y TIPOLIEC] X eBOJIIOLLII.

Jdns nmocimipkeHHsT BUKOPHUCTAHO JIa3ePHUM CKaHep
Optech ILRIS-3D™. Bymu BuKOHaHi JBi cecii ckaHy-
BaHHS Ul KOXKHOTO PalOHY CIIOCTEPEKEHb 3 METOH0
BH3HAYCHHS 3MiH 00’€KTiB nmpomoBuka. Ilig dac TpeThoi
cecil, Ha LEHTPAJIbHOMY TiJIi JHOZOBUKA, BUKOHYBAIH
BHMIPIOBaHHS Ui TIOPIBHSIHHS 3 JAHUMH BUMIpPIOBaHb 3a

“3a0ypeHnmMu” peiikamu, JOMOBHEHUX AaHUMH 3 GPS-mipwii-
MadiB, i OTPUMYIOUH CIIIJILHO 3apeECTPOBaHi aHi.

3a3HaunMo, MO y poOOTi (aKTHYHO 3aCTOCOBYBAIH
mBi meronuku HIJIC. ToGTo mig wac cmocTepekeHb
BUKOPHCTOBYBAJIM JUIs ISSIKMX PaOHIB 3B’s3yr0Ul MapKHu,
a U IHIIMX ONOPHUMH TOYKaMHU CIYTyBaJld XapaKTepHi
IPUPOAHI 00’ €KTH, HAIIPUKIIAJ, BATyHH.

[Moxubku Ha erami peecTpamii JaHUX CTAaHOBHJIH
1-2 cm y pa3i BUKOpPHCTaHHS 3B’S3YIOYMX MapoK Ta
o6mm3bko 20 cM, A€ KOHTPOJBHMMH TOYKaMH Oyiu
npupo Hi 00’ ekTH. B pesynbraTi onpaioBaHHs OTpUMaIH
[IMP xoxHoOro 3 paioHIB crnocrepexeHb. [lopiBHSIHHS
MOBEPXOHb ITOKA3aJ]0, IO CEepelHIH MOKa3HHK 3CYBY —
noHax 2 M 3 cepennsoro mBHakictio 0,05 mM/mo6y. Kpim
TOTO, 32 JIOTIOMOTOI0 TPaIHWIiHHUX BUMIpIOBaHb BH3HA-
YaJIM BEIMYMHY 3aTJIbHOTO BEPTHKAIEHOTO 3CYBY.

AHaNi3yl04Yl L0 MpaIio, MOXHA 3pOOHTH BHCHOBOK,
IO JIOBEJIEHO 3aCTOCOBHICTH 3allPOINIOHOBAHUX METOIMK
JUIl BUKOHAaHHsI IIBUAKHUX Ta TOYHUX cIlocTepekeHb. Ha
0cOOJIMBY yBary 3aciyroBy€ METOJMKAa BHKOPHUCTAaHHS
MIPUPOTHUX 00’ €KTIB SIK ONOPHUX MapOK, OCKIJIbKH L€ Ja€
3mory Bukonysatn HJIC y MicueBocTi, HEXOCTYIHINA a1t
posramryBaHHA Mapok. [Ipore BapTo 3ayBaXKuTH, IO
TaKM{d TIAXiA MOXXHA 3aCTOCOBYBATH TUIBKH  JUIA
MTOBEPXOHb 31 CTAOIMPHUMH XapaKTePHUMH IIPUPOTHIMHA
00’€KTaMH, AKi HE 3MIHIOIOTH PO3TAITyBAHHS MPOTATOM
TIEPioTy CIIOCTEPEKEHb.

VY mparsix [4, 5] 3ampormoHOBaHA TEXHOJOTIS 3aCTO-
CyBaHHA cTepeo(OTOrpaMMETPUYHOTO METOJLY Ta HA3eMHOT'O
JIa3ePHOT0 CKaHYBAaHH I MOHITOPHHI'Y OCTPIBHHX JIHOZIO-
BUKIB AHTapKTHYHOrO y30epesoks. BUkoHaHO nociimkeHHs
TOBEPXHI BUXOJIB JILO/IOBHKIB, PO3TAIIIOBAHUX HAa OCTPOBAX
laninge3 Ta BinTep. [nst monboBUX BUMIpIOBaHb BHKOPHC-
TAaHO Ha3eMHMH JazepHuii ckaHep Faro Focus 3D.
OnTuManbHI TapamMeTpu CKaHyBaHHS BCTAHOBJIIOBAIH 3
eKCIEePUMEHTATFHIX J0CTikeHb. KoopuHaty ckaHepa Ta
OIOPHHX MAapoK BH3HAYEHO 3a JIOIIOMOTOK0 JBOX JBOYAC-
toranx ' HCC npmitmadiB. [ToxnOka BU3HAYEHHS KOOP/IFHAT
TOYOK HE MepEeBHUILyBasa 3 CM.

J1s onparitoBaHHS pe3ysIbTaTiB BUMIPIOBaHb 3aCTOCOBY-
samu [II1 Faro Scene, B pe3ynibraTi 4oro Oyj0 CTBOPEHO
MPOCTOPOBI  MOJEN  BHXOMAIB  JIbOAOBHKIB. HeoOXximHO
TTJIKPECITUTH, 110 CKAaHyBaHHS BHKOHYBAIOCS Y CKJIAJTHUX
MOrOJTHAX YMOBAaX — y JIOI Ta MPU CHIroBux 3apsiax. Lli
omaau Oymu 3adikcoBaHI Ha CKaHaX Ta BUAALLIACS 3
BUKOPHCTaHHSM CIIEliafIbHUX (UIBTPIB Ta y pPyYHOMY
pexxumMi 3a poromororo mporpamu Faro Scene. Ilix wac
ampo0artii 3aIpoIIOHOBAHOI TEXHOJIOTIT BUSABICHO, IO Pi3HUN
3a CKJIAZOM JIJ Ma€ BiAMIHHI BiZOMBHI BIIACTHBOCTI.
JomycTiMi KyTH IaiHHS Ja3epHOro MPOMEHS Ha TIOBEPXHIO
JIbOJIOBUKA HE MOBHHHI OyTH MeHIMMH 3a 45°. 3a MeHImx
KYyTIB CKaHep MpaKTHYHO HE NMpPHHMae BIAOMTOrO CUTHAIY.
BianosiaHo 3’ABIAIOTHCS HEBIICKAaHOBAHI JUISHKH.

[TapanensHO 10 ckaHyBaHHS npoBommiocs HII3 3
MOCTIMHUX TOYOK Oasucy. [lix wac 3HIMaHHS niana3oH
dhoxycHoi Bigani 3MiHIOBaBCs BigmoBiaHo: 18, 35, 55 mMm.
Bumnanku 3HiMaHHS: HOpMAJTBHUH Ta BIAXUIICHI.

3a pesynbratamu HI[3, BUKOHAHOTO y IONEpeHi POKH
(2002-2005 pp.), Ta mocmimxens y 2013 p. BCTaHOBIEHO
3MIHH TOBEPXHEBOTO 00’€My JIbOJOBHKIB Ta iX KiHEeMa-
THYHI XapakTepucTHKH [4].
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ABTOpH 3a3HAYAIOTH, IO 3aMIPOIIOHOBAHI TEXHOIOT19HI
CXeMH BHW3HAUCHHS ITOBEPXHEBUX OO0’ €MIB JIHOIOBHKIB
JAIOTh 3MOTY ONEpPaTHBHO 1 3 HEOOXITHOK TOYHICTIO
PO3B’S3aTH TOCTaBICHY 3amady, 0e3 MOJaTKOBHUX Teofe-
3ugHUX BUMIpiB. IlpoTre BapTO 3ayBakWTH, IO MiA dYac
JA3epHOTO CKaHyBaHHA B AEAKHX MICISIX Ha IMOBEPXHIi
JIbOIOBMKA (TPILIMHK, IPOTH) 3’ SBIISUIMCH HEBIICKaHOBaHI
IutstHKA. [TOpiBHSIIBHOTO aHalli3y TOYHOCTI 000X METO/IIB
B POOOTax TaKOX HE MPEICTABIICHO.

[limBofsyM MIiACYMKH, HEOOXIMHO BIJ3HAYMTH, IO
KOHTAKTHI METOAM JOCHTIUKEHHS € HEIOCTaTHLO TEXHO-
JIOTIYHMMH, a 3 MOIJISY OXOPOHM Hparll y OUTbIIOCTI BUAIB
pobiT HeOe3meuHnMI. MeToIi TUCTaHIIIHHOTO 30H/TyBaHH,
Taki SK TIOBITpSHE Ja3epHE CKaHYBaHHS, KOCMIYHE Ta
pamapHe 3HIMaHHS, JOIUTBHIIIE 3aCTOCOBYBATH IUIS BH3HA-
YeHHsI IOBIOCTPOKOBUX 3MiH BEJIHMKHX 32 IUIOMICIO TEPHUTO-
piii. BomHouwac aepodorozHiMaHHS Ta HazeMHE IH(poBe
3HIMaHHS TOBHICTIO 3aJ0BOJILHSIOTh TEXHIKO-TEXHOJIOITYHI
BHMOTH Ta BUKJIIOYAIOTh HEOE3MMEUHICTE IMiJl YaC BUKOHAHHS
po0it. Ane BuxopuctranHs A®D3 B pailioHi AHTapKTUIH €
TEXHOJIOTTYHOIO MPOOJIEeMOl0, HOro co0iBapTicTh Jyxe
BUCOKA. AJBTCPHATHBOIO acpO()OTO3HIMAHHIO € BHUKOPHC-
tanHs BIUIA, mpote Bce 1ie He po3po0IIEHO TEXHONIOTIUHI
CXEMH IX 3aCTOCYBaHHS B IMOJIIPHUAX PETiOHAX.

HII3 Bukirouae HETaTHBHI PUCH IIMX METOJIIB 1 Jae
MOXKJIMBICTh BU3HAYUTH TapaMeTPH JIbOJOBHKIB, O SIKHUX
mepenayciM MOXKHa 3apaxyBaTH (OpMH Ta po3MipH, a
TaKoXX 3MiHy 00’€MiB, CKIQIOBHX IX Mac JBOJIY, a TaKOX
BHKOPHCTaHHA 3HIMAIBPHUX MaTepiajiiB IiJ dac pi3sHOMa-
HITHHX TJISII0JIOTIYHHUX POOIT.

3acTocyBaHHS JIa3epHOTO CKaHepa, 3aBIKH BHCOKIii
YacTOTI OTPUMaHHS JaHUX, HaJae MOBHUI OMKC MOBEPXHI
JILOJOBMKA B KOPOTKI TepMiHM. XMapa TOUYOK Biapaszy
roTOBa JUIsi OOPOOKH 1 J1a€ 3MOTY OTPHMAaTH T'€OMETPHYHI
XapakTepucTuku 00'ekra. Xoua Bukopuctanus HJIC mis
TaKUX 3a/1a4 Il HEJAOCTaTHRO BUBUEHO, NIPOTE JIA€ 3MOTY
MiABUIINTH TOYHICTH OTPUMAHHS KUIBKICHHX ITapaMeTpiB
00’ €KTIB TOCIiKEHHS, 30KpeMa ITOBEPXOHb JHOJOBHUKIB, 1
€ JIOBOJII IEPCIICKTHBHHM.

3acToCcyBaHHS KOMIUIEKCHOI METOIHMKH Ha3eMHOTO
JIA3epHOTO CKaHyBaHHA Ta HOU(POBOro 3HIMAHHA JacTh
3MOTY BHM3HAQUUTH KUIbKICHI MapameTpy JIbOJOBUKIB 0e3
JOJATKOBUX TCOJC3MYHUX BHUMIpPIB, YHUKHYTH HEBIJ-
CKaHOBaHUX IUISHOK 1 OTPHUMAaTH OINOPHI TOYKU JUIs
OpieHTYBaHHS IU(POBHUX 300paXKEHB.

[IpoanainizyBaBu JiTepaTypHi JKepena, MPOrIoHyEMO
3araibHy OJIOK-CXeMy METOIIIB Ta CIIOCOOIB OCIIKCHHS
TBONIOBUKIB (pHC. 2).

Puc. 2. Bnok-cxema memooie ma cnocobié 00CHiOHCeHHS Tb0O0BUKIE
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BcHoBKH

1. TIpoanamizyBaBmM JiTEpaTypHi JKepesia, B SKUX
PO3TISAHYTO TEXHOJOTIUHI IPOLIECH TOCIIKCHb TUHAMIKH
3MiH JIbOJOBHKIB, MOTPIOHO 3a3HAYMTH, 0 BHOpaHa
TEMaTHKa aKTyaJbHA ChOTOJHI, OCKUIbKH JIOJOBUKU €
MOKa3HUKAMH 3MiHU KIIIMAaTy /sl BCi€T TUIaHeTH.

2. Y Ham yac icHye 0araTo MeToJiB MOHITOPHHTY JIbO-
JIOBUKIB, sIKi IIMPOKO BUCBITJICH]I B Cy4aCHUX MyOITiKaIisIX.

3. KoHrakTHi MeToaud AOCIIIKEHHS JHOJOBUKIB €
HEOCTAaTHhO TEXHOJIOTIYHUMHM, a 3 TOIJISIy OXOpPOHH
Tpari y OUTbIIOCTi BUAIB pOOIT HEOE3MEeUHIMH.

4. MeTtoau MOMCTaHIIMHOTO 30HAYBAHHA, TakKi fAK
TIOBITPSIHE Jla3epHE CKAaHYBaHHSA, KOCMIYHE Ta pajapHe
3HIMaHHS, JIOUUIbHIIIE 3aCTOCOBYBaTH IJIsi BHU3HAYCHHS
JIOBI'OCTPOKOBUX 3MiH BEJIMKHUX 32 IUIOMICIO TEPUTOPIil.

5. Aepo3HiMaHHS 337I0BOJIBHSE TEXHIKO-TEXHOJIOTIYHI
BUMOTH, IIpOTE€ 3acTOCYBaHHS B TMOJSPHHUX pErioHax
nependagae TEXHONOTIYHI TPYIOHOIIi, a TaKOXX BUCOKY
co01BapTiCTH POOIT.

6. 3acrocyBaHHsI J1a3epHOTO CKaHepa, 3aBISKH BHUCO-
Kif 4YacToTi OTPUMaHHS [aHWX, HAJa€ ITOBHUHM OIHUC
TTOBEPXHi JHOAOBHKA B KOPOTKiI TepMiHH. X09a BUKOPHUC-
tanHs HJIC st Takux 3aB/iaHb 1€ HEAOCTATHHO BUBUCHO,
MPOTE Ja€ 3MOTY IiIBUIIATH TOYHICTH OTPUMAaHHS Kilb-
KICHUX TapaMeTpiB 00 €KTIB JOCIIJUKEHHs, 30KpeMa
TTOBEPXOHB JILOJJOBHKIB, 1 € JOBOJII TIEPCTIEKTUBHUM.

7. Jlns MOHITOPHHTY 3MiH JIbOJIOBUKOBHX HOBEPXOHb
mponoHyeThest komOinyBarHa Metoais HJIC ta HII3.

8. Hanani miaHyeThcst pO3pOOUTH KOMIUICKCHY METOIU-
Ky Ha3eMHOTO JIA3ePHOT0 CKaHyBaHHsI Ta [(POBOTO 3HIMAaH-
HS JUTSL OCTIKEHHS KUTbKICHUX TTapaMeTpiB JIbOOBHKIB.
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AHaJIi3 Cy4acHMX MeTOIB J0CTiIzKEHHS
KiJIbKICHHX IapaMeTpiB JIbOJ0BUKIB
X. Mapycax

[lomano aHami3z Cy4acHHX TEXHOJIOTiH IOCIIiIKEHb
JILOJIOBHKIB. HarosormreHo Ha 3MiHI KUIBKICHHX MapaMeT-
piB JIbOJIOBUKIB, LIO TOB’S3aHO 31 3MIHOIO KJiMary Ha
3emiti. 3po0JeHO BiMOBIZHI BHCHOBKH IIOJIO 3aCTOCY-
BaHHS PiI3HUX METOJIIB JTOCIIIXKCHHS 3MiH JIbOIOBHKIB.

AHAIH3 COBPEMEHHBIX METO/I0B HCCJICA0BAHUS
KOJIN4YeCTBECHHBIX IAPAMETPOB JIC[ITHHKOB
X. Mapycax

IIpencraBneH aHalU3 COBPEMEHHBIX  TEXHOJOTHH
UCCIIeI0OBaHUN JIeAHUKOB. OTMeuaeTcss U3MEHEHHEe KOJH-
YECTBEHHBIX ITapaMeTPOB JIEJHUKOB, YTO CBSI3aHO C U3Me-
HeHHeM KkiuMmaTa Ha 3emuie. ClenaHo COOTBETCTBYIOIIME
BBIBOJBl IO TMPHMEHEHHIO CYIIECTBYIOIIUX METOA0B
HCCIIEJOBAHNS NI3MEHEHNUH JIeTHUKOB.

Analysis of modern methods of research
quantitative parameters of glaciers
Kh. Marusazh

In article are presents an analysis of modern
technology investigation of glaciers surface. Accented on
changing the quantitative parameters of glaciers that is
connected with climate change on Earth. Corresponding
conclusions about application of the existing methods to
investigate the changes of glaciers.





