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CYYACHI TOPU3OHTAJIIbHI PYXU JHINMPOBCLKO-JIOHEILBKOI 3ATIATIMHUA

Ha ocHoBI BapialliiiHOi CKiHUEeHHOEJEMEHTHOI METOAUKHM, PO3pOO0JICHOI ISl B’SI3KOIPYKHUX OaraTolapoBrux 000J10-
HOK, a TakKOX 3 ypaxyBaHHSIM GPS-naHux 111010 BHYTPIllIHbOMJIUTHUX TOPU3OHTAIBHUX PYXiB MPOBEIEHO YUCEIbHE
MOJIEJIIOBAHHS CTIKMX CyYaCHUX TOPU3OHTAILHUX PYXiB 3¢MHOI KOpU B Mexax JIHimpoBchKo-JloHEbKOI 3armaguHu
(Ad3) y cuctemi Bimniky ETRS89, sika skopcTko 3B’43aHa 3 €Bpa3iiicbkol0 KOHTUHEHTAIbHOIO JIITOC(EPHOIO TIUTOIO.
3a pe3yibTaTaMU MOJENIOBAHHS, ISl BCbOTO PO3MISTHYTOTO PETiOHY CYyYacHi TOPM3OHTAIbHI PYXU 3eMHOI KOPU MaloTh
NMpUOJU3HO OTHAKOBY MiBHIYHO-3aXiJHYy CIIpSIMOBaHicTh. BomHOUac iHTEHCUBHICTh CyYaCHUX TOPU3OHTAILHUX PYXiB
3eMHO1 KOpY B perioHi He € ofHO3HayHolo. HalliHTeHCUBHI1Ii TOPU30HTAJIbHI PyXU XapaKTePHi s MiBAEHHOIO CXOIY
JJ13 i npujeraoi 10 Hei 30HM YKpaiHChKOTO 1uTa. TYT aMIUIITyIu TOPU3OHTAIbHUX LIBUAKOCTEH CSraroTh 3—
3,5 Mm/pik. ITo Mipi mpocyBaHHS Ha MiBHIYHUI 3aXiJl iHTEHCUBHICTh TOPU30OHTAIbHUX PYXiB MOCTYIOBO 3HUKYETHCS
1o 1—1,5 mM/pik. Pazom 3 TuM y npusteriit no /13 Ha miBHiYHOMY cXojii 30Hi BOpOHE3bKOro KpUCTaTiYHOTO MacuBY
iHTEHCUBHICTb LIUX PYXiB pi3Ko 3HUXYETbCs 10 0,5—1 MM /pik.

KuiouoBi ciioBa: KoM’ I0TepHe MOJEIOBAHHSI, CyYyacHi TOPU30HTaJIbHI pyxu, JIHIMpoBchKO-/loHelbKa 3anaanHa.

Beryn. [IHinpoBcbhKo-oHernbka 3anagunaa (J1/13)
po3TalioBaHa Ha yKpaiHChKill yacTuHi CXiZHOEBPO-
MEeNCchbKOI KOHTMHEHTaJAbHOI ruutu. Ha crpaTtu-
rpadigunomy piBHi JAJI3 — 1e cucremMa 30IMKEHUX
Pi3HOCIIPSIMOBAHUX CYOBEPTUKAJbHUX TJTMOMHHUX
PO3JIOMiB, SIKi IIPOCTSATAIOThCA y CYOILIMPOTHOMY Ha-
OpsSIMKY 3 IIiBA€HHOTO CXOAY Ha IMiBHIYHMIK 3axifn i
YTBOPIOIOTh CMYTY OMNYIIEHMUX IO 3a3HAYECHUX IOPY-
IIEHHAX TEKTOHIYHUX OJIOKIB KpHCTadidHOTrO (PyHma-
MeHTy. 30Ha JIJ13 mpocTsiraeThes Maiike Ha 700 K,
mpu 1LboMy ii ImmMpuHaA 3MiHIOETBCS Binm 100 mo
150 km. O3 posminsge Ykpaincekuii mut (YII) i
Boponesbkuii kpucramivnuii macuB (BKM). Ha
miBHivHOMY 3axomi A3 mexye 3 Ilpuir’sarcbkum
nporuHoM (ITIT), Ha miBneHHOMY cxofi — 3 JloHe1b-
KM ckimaggactum cropymkeHHsaM (JCC). 113 mae
Oarary TeoJIOTiuHy iCcTOpiro, MOB’s3aHy 3 ii pudTo-
BUM YTBOPEHHSIM Ha TEPLUMHCHKOMY €Tarli i moaaib-
1IOI0 €BOJIIOIIEID Y TEKTOHIYHMUX YMOBax, 110 KOpe-
JIIOBajlacsd 3 PEXMMOM pPO3BUTKY IaJeOOKEaHiB
(IMameoypanbscekoro, INaneorericy, TeTicy Ta iH.), sIKi
po3MitTyBanmcs 3a mepuMeTpoM CXiTHOEBPOIIEHCHKOT
nopudelcbkoi KOHTMHEHTaJNbHOI Tatu [3, 8.
Y HoBiTHI# mepion icTopii AJ/13 pa3zoM 3 iHIIOI yK-
paiHCchKOO YacTUHOIO CXimHOEBPOMENCHKOI KOHTH-
HEHTaJbHOI TUIUTM 3a3HA€ HACyBaHHSI 3 OOKy
ITiBHiYHOKaBKa3bKO- KpMMCBKOro CKIaq4acToro Imo-
scy — penikry Ilaneorericy [3]. ¥ cBoo yepry, cy-
YyacHa TeKTOHiKa Bchoro CximHOCepea3eMHOMOPCHKO-
ro periony Bin IliBHiuHOI Adpuku i ApaBilicbKoro
MiBOCTPOBA Ha MiBAHI J0 IMiBIEHHOTO CXUJIY
CximHO€EBpOTIEIChKOI KOHTUHEHTAIILHOI TUIMTH Ha
niBHOYi, BKJIOYaruyu [liBHiYHOKaBKa3bKO-KpuMm-
CBKUI CKJIag4acTUU MOSIC, BU3HAYAETbCS KOJi3i€l0
Apasgiiicbkoi Ta AQPprKaHCHKOI TIJIUT 3 €Bpa3ilicbKOIo
wmToto [15]. [mobanpHMil aHai3 TaHUX IIOAO0 PYXY
nmitocepanx T [19] moxkasye, mo BimHOCHO €Bpa-
3iliCbKOI TIIUTH ApaBiiichbKa IUINTa PYyXa€TbCS Y
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MiBHIYHO-3aXiTHOMY HaNpPsIMKY 3i IIBUIKICTIO OJIU3b-
ko 18—25 mMm/pik. AdpuKaHChbKa TUIMTA PYyXa€TbCS
BimHOCHO €Bpa3iiiChKOI INIMTH Ha ITiBHIY 3i IMIBUIKIi-
cTio TIpuban3HO ~10 MM/piK, 1110 3yMOBITIOE JTiBOCTO-
POHHE 3pYIIEHHS Y3A0BX 30HU PO3J0MiB MepTBOro
mops. IlpocyBaHHST ApaBificbKOI1 IIJIMTH Ha ITiBHIY
MPUBOINTH M0 (POPMYBaHHS TipCHKOTO CTIIOPYIKEHHS
3arpocy B Ipani ta Bmcokoripamx rmrato CxXigHOi
TypeyunHu, a TAKOX A0 POCTY TiPCHKMUX CITOPYIKEHb
Manoro ta Benukoro Kaskaay.

CyJacHi MeTOIM KOCMITHOI Teoae3ii Jat0Th 3MO-
Ty ONE€PaTUBHO OE€PKYyBAaTH BUCOKOTOYHI HaHi 00
nepeMillleHHSI 36 MHO1 MOBEPXHi. BU3HaUYeHHs KOOp-
JUHAT 3a JOMOMOTOI0 I00aJbHOI MO3ULIMHOI CH-
cremu GPS 3a6e3neuye MiliMeTpOBY TOYHICTh ITO-
JIOXEHB i HAilHI OLIHKW IIBUAKOCTEN MepeMillleHb
IMYHKTiB TIPUIAOMY CYMYTHUKOBUX CUTHaJiB. 3aBmsi-
KM 1iil TOYHOCTI CydyacHi TEKTOHiYHi pyxu Ta
BiAMOBigAHI mpoiecu aechOopMyBaHHS Yy BepxHilt
JiTocepi DOCTIIKYIOTh Y pi3HUX perioHax HaIIoi
mradetu [13, 16, 17, 19, 20]. BaxnuBy iHdopma-
1Iif0, 30KpeMa, HECYTh NaHi WIOM0 CydaCHUX TOpHU-
30HTaJbHUX PYXiB 3eMHOI Kopu. Lli maHi BaxiauBi
HE JIMILE i3 CYTO HAyKOBOI TOYKHU 30pPYy, OCKIJIbKU
BiZOOpPaXYIOTh MPOLECH PETIOHAJIBHOI TEKTOHIYHOIL
AKTUBHOCTI Ha MEBHOMY eTami po3BUTKY. BoHu Ta-
KOX MAalOTh BaXJIMBE HAPOJAHOTOCTIOAAPCHKE 3HAYEH-
Hs, HaIIpUKJIaJd, IS PO3MIILIEHHS BEJIMKUX TEXHiu-
HUX OymiBedb i CHNOpPYyAXeHb. Y CTaTTi Ha OCHOBI
BapialiiiHO1 CKiHYEeHHOEJIEMEHTHOI METOAUKM, PO3-
poO0JIeHOT IS B SI3KONPYKHAX OaraTomapoBUX 000-
JIOHOK, a TaKOX 3 ypaxyBaHHsSIM GPS-manux momo
BHYTPilIHBOIUIMTHUX TOPU3OHTAJbHUX PYXiB MPO-
BEIACHO YHCEbHE MOJEIIOBAHHS CYyYaCHUX TOPU30H-
TAIBHUX PYXiB 3eMHOi kopm y mexax JIJI3, y cu-
cremi Bimriky ETRS89, gka XopcTko 3B’d3aHa 3
€Bpasiiicbkoi KOHTUHEHTAJbHOI JIITOC(hEePHOIO TIIH -
TOIO.
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Jani GPS-cnocrepexkeHnb PO rOPU3OHTAJIbHI PyXu
3emHoi kopu y mexax JI3. Yorupu GPS-craniii,
sKi po3MinieHi y Xapkosi, [Tontasi, Kuesi Ta Uep-
Hirosi nopsia 3 6 GPS-cTaHLisiMM, po3TalloBaHUMM
Ha TepuTopii YKpaiHu, BXOmATH MO CKiamy €Bpo-
MEeNChKOI CUCTEMM MEPMaHEHTHOI Mepexi [1obais-
Hux HagirauiitHux cucteM (EUREF Permanent
GNNS Network). OmopHMMH BBaXalOTh CTaHIIII,
CTIOCTEePEXEHHSI HAa SKWX BUKOHYIOTH HE MEHIIEe 5
POKiB 3 BUCOKOIO TOUHICTIO BUMipIOBAHUX IOJIOXEHb
(<1,0 cm). Ha neii yac nmumre nBi GPS-cranmii Yk-
paiHu, KWIBChbKA i MOJTAaBChbKa, MalOTh CTAaTyC OMOp-
aux. Ciayxxba EUREF, y cBoio depry, € perioHairb-
HOI0O migcucreMolo mnobainpHOi ciyxoum IGS
(International GPS Service) [14]. Hani crmocrepe-
XKE€Hb IUX CTAHLi 0OpOOJISIOTh y BiAMOBIIHUX JIO-
KanpHUX HeHTpax aHamizy (LAC) i meHTpasbHOMY
o6iopo EPN  (http://www.epncb.oma.be/center/
analysis). Cayx6a EUREF 4epes wmepexy
INTERNET pae xopuctyBayaM 1MpoKuil Habip na-
HUX IIJIT BUKOHAHHS 0araTbox MOCIiIXeHb, 30KpeMa,
JaHi WIOA0 3MiHM KOOpPAMHAT CTaHUIH y CHUCTeMi
ETRS89 — €BpomeiichKili 3eMHill cucTeMi BifJIiKy
1989 (European Terrestrial Reference System 1989).
Lls cucrtema € TeOLEHTPUYHOIO JAEKapTOBOIO Teone-
3UYHOIO CHCTEMOIO KOOpIOWHAT, Y AKiii €Bpasilichka
IUIMTa $SIK €AWHe IIiJle € Hepyxomolo. Cucrema
ETRS89 36iramacsa i3 1100aJbHOI0 3€MHOIO CHCTE-
moio ITRS nHa emoxy 1989,0 i Oyma mpus’s3aHa 1o
crabiapHOl YacTuHM €Bpasiiickkoi mTu. 3 1989 p.
cuctemn ETRS89 i ITRS pos3xomsarecs BHACIIZOK
KOHTMHEHTAJIBHOTO Apeiidy 3i MIBUAKICTIO 2,5 cM/piK.
KoopnmHat Ta Kaptu Ha TepuTopii €Bpomm, sKi
rpyHTyioTbest Ha cucteMi ETRS89, He mimmarorbcs
3MiHIOBaHHSIM 4epe3 KOHTHMHEHTaJbHUM npeid. 3i
croco0y MoOYynOBU Ii€El CHUCTEMU BUXOAUTH, IO
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IIBUIKOCTI MYHKTIB Y Hill ABISIOTh COOOI0 “BHYTpi-
IITHBOTUIMTHI” IIBUAKOCTI PETiOHAIBHOTO 200 JTOKaJb-
HOTO XapakTepy.

OCKiJTbKM Hac IiKaBJISITh Cy4acHi rOpu30HTaJIbHI
pyxu B mexax 13, morpioHO BHOpaTH iH(OpMaIiio
MpO CTiliKi 3MiHU TOPU3OHTATBLHUX KOOPAUHAT BiAIo-
Bimamx GPS-cranmiit y cucremi ETRS89. Pesynbra-
TOM IIOBHOi 0OaratocTyrneHeBOi 00poOKu Oe3mepepB-
Hux ganux [1], gki Hamxomsate 3 GPS-cranuiit, €
3IJIaJIKEHI 4acoBi cepii 3MiH KOOPAMHAT y CUCTEMI
ETRS89. I'padikm 3mramkeHMX 4acOBUX DPSIIiB, SIKi
BiZoOpaXXyloTh 3MiHIOBAaHHS KOOpPAWHAT IJIs1 KOXHOI1
i3 cranuin, mo BxomdaTh y ciayx0y EUREF, moxna
gHatitm Ha caiti  (http://www.epncb.oma.be/
_dataproducts/products/timeseriesanalysis/
residual.php/).

SIk BUOHO 3 pucC. 1, B yCiX BUMNagKax IPOCTEXKY-
IOTbCS  TOBTOCTPOKOBI TPEHAW TOPU3OHTAIBHUX
LIBUAKOCTEH y BiIMTOBIMIHMX HAMPSIMKAX, 110 Ja€ 3MO-
Ty pOOMTH BUCHOBKH IIIOIO BiTHOCHOI CTiKOCTi pO3-
DISSHYTUX BHYTPILIHBOTUIMTHUX pyXiB. Hukue HaBe-
JEHO KOOpPAWHATWU TNYHKTIiB ILMX CTaHILiA Ta ix
ocepeaHeHi KOMITOHEHTH TOPU30HTaIbHUX IIIBUIKOC-
teit: a) Kuis — mosrora (30,5° E), mmpoTa (50,4°),
Vy (0,10 mm/pik), V; (—1,31 MM/pik); 6) IlonTaBa —
nosrota (34,6° E), mmpora (49,6°), V (0,42 Mmm/pik),
V. (—1,74 mM/pik); B) YepHiris — nosrora (31,5° E),
umporta (51,5%), V, (0,16 mm/pik), V; (—1,29 mm/pik);
r) XapkiB — posrota (36,2° E), mmpora (50,0°), ¥
(0,36 mM/pix), V; (—0,86 MmM/pixk).

IToGynoBa mexaniynoi mozei Ta ii yncenabHa pea-
Jizamis. [pyHTYIOUMCh HAa OCEPENHEHMX NAHUX T€O-
JIOTIYHMUX PpO3pi3iB 3€MHOI KOpU, HABEACHUX Y
crarti [7], mna mpodimiB, 1o mepeTuHaOTh YepHi-
riBcbkuii, JJoxBunbkuid, IToataBcbkuit Ta [3toMChbKuit
merabmoku /13, moOymyeMo TpUBUMIipHY B’SI3KO-
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Puc. 1. YacoBi ropu3oHTaabHi 3MiHIOBaHHSI KoopauHaT GPS-nyHkriB Ha Teputopii A3 y cucremi ETRS89: a — y Kuisi, 6 —

[TontaBi, ¢ — YepHirosi, ¢ — Xapkosi
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MPY>XHY MOJIEJIb TOPU30HTAIBHOTO BHYTPIIIHBOIIIUT-
HOTO pyXy 36MHO1 KOpM y perioHi. Po3rissHeMo Tpu-
IIApOBUI MiBOPOCTIp, IO CKJIAMAETHCS 3 LIEHTPAJIb-
Hol obnacti — goBxuHa 640, mmpuna 100 kM, 110
HaJIeXUTh 0e3rmocepeaabo 10 13 (Bick cuMeTpii mi€ei
obJacTi MpubAU3HO 30ira€ThCcs 3 BiCCIO CUMETPil 3a-
manuHM). 3 MiBHOYI Ta MiBIHS IO IIi€l 00JlacTi mpu-
MMKAaIOTh IBI 00JIacTi Takol caMoOl JOBXWHU Ta IIN-
PUHMU, 1O NpeacTaBIsaOTh BianoBigHO 30HM BKM i
VIII. BaxxatTumeMo, 10 BEPXHili 11ap 36MHOI KOpH,
obmacti /13 3aBToBIIKM 10 KM, CKITamaeTbcd 3 oca-
JIOBUX TIOpim, cepenmHiii mrap 3aBToBWIKM 10 kM —
3 MiOpWTIB, HMXKHIM I1ap 3aBTOBIIKK 15 KM — 3 Oa-
3a71bTiB. BepxHiil map 3eMHoi Kopu, 30H1 BKM, 3aB-
TOBIUKHU 15 KM CKJIaa€eThCs 3 TPaHITiB, CEpeIHill 1ap
3aBTOBIIKK 22 KM — 3 MIOPWTiB, HVKHIN 11ap 3aB-
TOBIIKM 8 KM — 3 0azanbTiB. BepxHili map 3eMHOi
kopu, 3081 YIII, 3aBTOBImIKM 12 KM CKJIama€Thcs 3
TPaHITIiB, CEpPEemHil Iap 3aBTOBLIKUA 25 KM — 3 JiO-
PWTIB, HIDXHIl 11ap 3aBTOBIIKM 8 KM — 3 0a3aJibTiB.
3a maammu pobit [2, 12], mig ocamoBuX IOpim,
rpaHiTiB, AiOpUTiB, 0a3ajbTiB BUOEpPEMO BiAMOBiAHO
TaKi ocepemrHeHi MeXaHiUHi XapaKTepUCTUKU: a) TyC-
tiHa: 2500, 2650, 2800, 2950 (kr/m3); 6) mMomyib
IOnra: 4,0; 5,5; 6,5; 7,5 (x10'° I1a); B) Moayjb 3Cy-
By: 2,0; 3,0; 3,5; 3,0 (x10' ITa); r) koedimient Ilya-
cona: 0,22; 0,25; 0,25; 0,25; o) nuHaAMiYHA B’SI3KiCTh:
2,0; 9,0; 9,0; 9,0 (x10% ITa-c). Jaui 3amamMo po3IoLia
TOPU30HTAILHUX IIBUIKOCTEHM Ha OOKOBHUX MeXax
PO3IJISIHYTOrO MiBIPOCTOPY B TaKWiK cmocibd, 1mo6
PO3paxyHKOBE I10JIe TOPU30OHTAIBHUX IIBUIAKOCTEN
MiBIIPOCTOPY Y3TOIXYBAJIOCh 3 TOPU3OHTAIBHUMU
IIBUIKOCTIMM NMyHKTiB G PS-cTaHIIiii, po3ramoBaHux
y OA3. Ong mMomelroBaHHSI MeXaHiYHOI ITOBEHiHKHA
PO3MISIHYTOTO IiBIPOCTOPY CKOPUCTAEMOCS TEOPi€I0
OararoirapoBux B’I3KOMpPYXHMX oOomoHOK [4, 11].
Po3misiHEMO OPTOTPONHI O00JOHKU Y KPUBOJiHIAHINA
cucTeMi KkoopauHar (s, ¢, 7). TyT s, ¢ — KOOpAMHATH
Y3I0BX MTOBEPXHi 000JJOHKM; Z — KOOpAMHATa 3a TOB-
1IMHOI 000JoHKU. [lepeMilleHHs y3A0BX KOOpPAU-
HaT S, ¢, Z IJI j-TO 1Iapy OOOJOHKUA MOXYThb OyTH
npeacTaBieHi y BULISII

U =Uy(S,0) + 2(S,0) ;
V; = Vo(S,0) + 2v(S,9) ;

w; = WO(S, (P) + Z\Nl(sl (P) s

(1

Ie u,, v,, W, — KOMIIOHEHTH TIEPEMIILICHHS CEPEIVH-
HOI INMOBEPXHi OOOJOHKM; U, v, — KyTH IIOBOPOTY
HOpMaJTi 10 CepeIMHHOI ITOBEPXHi BITHOCHO KOOPIM-
HaTHMX JIiHii; ¢ = const, s= const BiAIOBIIHO; W, —
OOTHCHEHHSI HOPMAJIbHOTO €JIEMEHTa A0 CEPEeIUHHOL
MOBEPXHiI 000JOHKHU.

HedopMyBaHHSI PO3TISTHYTOTO MiBIIPOCTOPY Mif
BIJINBOM PYyXy HOro GOKOBUX MEX € ITOBIJTbHUM yC-
TaHOBJICHUM YPiBHOBaXXK€HWM TIPOILICCOM, IIPOTSITOM
SIKOTO TIEPeXiTHMMHU CTamisIMWA MOXHa 3HEXTYBaTH.
Otxe, TMOBITBHUI HecTalliOHapHUI TIpoliec Aedop-
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MYBaHHS IiBOPOCTOPY MOXHAa YMOBHO PO3MISIIATH
SIK YPiBHOBaXXCHMI MPOLEC MOBITbHUX TAPMOHIYHUX
(xBasicTaiioHapHMX) KOJMBaHb. B 1bOMy BHMITagKy
YacOBY 3aJIEXKHICTh MOXHa BpaxXyBaTH Ha OCHOBI Iie-
pexomy B 4aCTOTHUI MPOCTIp, 3 OMISAY Ha 1o aude-
PEHIIIIOBAaHHS 32 4acOM MOXe OyTHM 3aMiHEHO MHO-
XKEHHSM Ha o, 1€ [ — ysIBHA OAWHMIIS, ©® — 4YacToTa
KBazicTamioHapHWX KOJUBaHb [9]. B3sBim xapakrep-
HY ILUKIIYHY YacTOTy MOBIJIBHOTO BCTAHOBJIEHOTO
npolecy aehopMyBaHHS TiBIIPOCTOPY 3a ®, HAa OC-
HOBi Teopii OaraTomapoBUX B’SI3KOIIPYKHUX OpPTO-
TPOMMHUX OOOJIOHOK CKJIAaJAeMO KOMITIEKCHUM (hyHK-
mionan Jlarpaaxa [5, 18], 1mo Bupaxkae IOBHY
MEXaHiIYHY €HEPTilo MiBOPOCTOPY, SIKWM IepedyBae B
YMOBax KBa3iCTalliOHAPHOTO HABAHTAXEHHS y KpH-
BOJIiHIMHIN cucTeMi KoopauHar (s, ¢, 2):
W :EZS:J‘J-[E1812+ El g2 yElgl242EIglgl 4
2 & ssss 99~ 90 z"z Sp™'ss™ 00
i=lh; s

j ol gl
+2E ,&,,€

jel el
+2E e e ooz

2 2 2.2 2 2
SEE +4G&pas¢+4Ggag +4Gq,zsj.Z +

2 ()
+co2pj (u]2 +vj2 +vvf)} 1+é dsdpdz -

7} S
—‘[ (Tsu0 + T, V% ) do— ‘[ (Tq,su0 +T.V, ) ds.
Py S

Tyr R, — paniyc kpuBu3Hu 3emii; S — mjoumia ro-
PU30OHTAJILHOI MOBEPXHi MiBIIPOCTOPY; hj — TOBLUU-
Ha j-TO 1apy MiBIPOCTOPY; p, — IYCTHUHA j-TO LIapy;
81',;; — KOMIIOHEHTHU Te€H30pa aedopmalliif j-ro mapy;
E! — onmilicHi Momym TIpyXHOCTi j-ro 1mapy;
é;ﬁ = G;B +ion) — KOMIUIEKCHI KOMITOHEHTH y3arajib-
HEHOT0 MOMYJS 3CYBY j-TO ILIApy, IO CKIAAAI0OThCS 3
MiICHOT MPYKHOI YaCTMHMU Ta KOMIIJIEKCHOI B’SI3KOi
4acTMHHU; n) — KoedillieHT TUHAMiYHOI B’SI3KOCTi
J-to mapy; T,, TaB — 3yCWJLIS, SIKi Iil0Th Ha KOHTYp
MiBIIPOCTOPY B HamNpsIMKax, JOTMYHUX WOTrO rOpHU-
30HTAJIbHIN MMOBEPXHi.

B’SI3KOTIpYXKHICTh TiBIIPOCTOPY PO3IJISHEMO Ha
OCHOBI B’s13K0MpykHO1 Moneli KenbiHa—®oiiTa [6],
KOJIM 3arajibHe HAIlpyXX€HHS 3CYBY 3a 3aJaHUX [e-
¢dopmartiit i mBUAKOCTEN aedopmallii Ma€ BUTIISI
JIHIWHOT CYyNepIO3uILii TPYXKHOTO i B’SI3KOTO Harpy-
XeHb. ['paHUYHI YMOBHM 3a1a4i — TOPU3OHTAJIbHI 3Yy-
CUJIIs, §Ki Ail0Tb Ha OOKOBi MEXi IiBOPOCTOPY.
B yMoBax KBa3iCTalliOHApPHOTO HABAHTAXECHHS MiB-
MPOCTOPY Ail WX 3YCWJIb MOXYTb OyTU 3aMiHEHI €K-
BiBAJICHTHUM 3aBIaHHSM IIBUIKOCTEW Ha BilIOBia-
HUX OUISHKaX MOoro 0OKOBUX MEX.

7151 po3B’si3aHHS TMOJAaHOI BUIIE KBa3icTalioHap-
HOI B’SI3KOMPYXHOI 3amadi medopMyBaHHS ITiBIIPO-
CTOPY CKOPHUCTAEMOCHh METOIOM CKiHYCHHMX eJie-
MEHTIB, SKWU TPYHTYETbCS Ha BapialliiiHOMY
npuHummi Jlarpanxa, 1o BUpaxae MiHIMyM MOBHOIL
MexaHiuHoi eHeprii cuctemu [10]:

SW (U, Vi, Wy, Uy, vy, W) = 0. 3)
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Hns po3B’s13aHHA BapialiifHoro piBHIHHS (3) 3a-
CTOCYEMO EB’SITUBY3JIOBUI i30TIapaMeTpUYHUII YO-
TUPUKYTHUN OOOJIOHKOBUM CKiHYEHHMWI €JIEMEHT 3
KpUBOJIiHiIliHOIO MoBepxHelo [5]. Sk rinobaibHY cu-
CTEMY KOOpPAMHAT, TOOTO CUCTEMY, B SIKili MOENHY-
IOTBhCS YCi CKiHYEHHi eleMeHTH (Ha sKi po30MBaEMO
00J1aCTh DOCITIIKEHHST), BAKOPHUCTAEMO KPUBOMIHIHY
CHCTEMY KOOpAMHAT (S, ¢, 7). SIK JOKaJIbHY CHUCTEMY
KOOpIWHAT, Y fAKilA IS KOXHOTO CKiHYEHHOTO eJie-
MEHTa BU3HAYaIOTh QYHKIIii (pOpMHU i TIPOBOASITH YU~
CeJIbHE iHTETrpyBaHHS, 3aCTOCYEMO NOMOMiXHY HOP-
Maji3oBaHy cucrtemy koopauHaT. [Ipum noOynosi
¢byHKIII hopMHU, IO aTTPOKCUMYIOTh B MeXaX KOX-
HOTO €JIEMEHTa CKIAIOBi MEPEMIILEHD: Uy, V), W, U,
V,, W,, I BAKOHaHHSA YMOB IJIAJAKOCTI Ta 301KHOCTI
CKiHYEHHOEJIEMEHTHOTO PO3B 3Ky, BUKOPHCTAEMO
aJIreOpryYHi Ta TPUTOHOMETPUYHI TTOJIiIHOMU [5].

AJITOPUTM CKiHYEHHOEJIEMEHTHOTO PO3B’sSI3aHHS
BapiamiitHoi 3amaui (3) mossirae y Takomy [18].

Ha mepiromy eTamni B JTJOKaJdbHIN CUCTEMi KOOP-
IWHAT allPpOKCUMYEMO YCi KOMIOHEHTU MEPEMIllleHb
i mecdbopMarriit, o BXomdaTh y dyHKIioHanm Jlarpamka
(2) i € QyHKUIAMYU Bill CKIALOBUX MEPEMIILEHD: U,
Vo» Wy Uy, Y, W Y TiH caMiil cUCTeMi MPOBOIMMO
AHAJIITUYHE iHTeTPYBAHHS yCepEeAWHiI KOXHOTO Iapy
O0OJIOHKM, a MOTiM — MiACYMOBYBaHHS MO BCbOMY
MakeTy IapiB 000JIOHKH.

Ha npyromy eTarri 3niiicHI0OeEMO audepeHIIitoBaH-
HS ¢yHKIIOHaNMa (2) 1o yCix BY3JIOBUX CKJIAJOBHUX
MepeMillleHb i MPUPIBHIOEMO BiANOBiAHI MOXiAHI 1O
Hyns. B pe3ynbTaTi I KOXHOTO CKiHYEHHOTO eJie-
MEHTa OJEPXKYEMO JIiHIiHY KOMIUIEKCHY aJIlTeOpUYHY
CHCTEMY, 110 CKJIANAETHCS 3 54 piBHSIHB.

Ha TtpeTboMy eTtami y moOabHill CHCTEMI KOOP-
nuHaT (S, ¢, Z) MACYMOBYBAEMO JIOKAJbHI CUCTEMU
KOMIUIEKCHUX aJreOpuYHMX piBHSAHb TIO  YCix
CKiHYEHHHUX €JIEMEHTaX, Ha SKi pO30MTO OOOJIOHKY,
i dhbopmyemMo TIIOOANBbHY CHCTEMY KOMILJIEKCHUX
piBHsAHB. [loaBiliHI iHTErpaayM 1o TIolli OOO0JOHKHA
OOYHMCIIIOEMO 33 YMCEJIbHUM iHTeTPYBAaHHSIM Ha OC-
HOBi KBampaTypHux cdopmyn [ayca [10]. I'moGanbHy
CHCTEMY JIIHIMHUX aJITEOpUIHUX PiBHSIHB PO3B’SI3ye€-
MO 3a JOIOMOTOI0 4YHceabHoro Meromy layca [10].
B pes3ysnbTaTi BU3HaYa€EMO KOMIUIEKCHi CKJIaOBI Ie-
PEMILUEHD: U, V,, W,, U,, V,, W, B YCIX BY3JIOBUX TOY-
Kax CKiHUEHHOEJIEMEHTHOI CiTKu. 3a 3HaiiieHuMU
BY3JIOBUMM CKJIJOBUMHU I€PEMILIEHb MOXYTh OyTH
BU3HAYE€HiI KOMIUIEKCHI KBa3icTallioHapHi KOMITOHEH-
T IIBUAKOCTEN Y JOBiJIbHIM TOYILli CKIHUEHHOTO €eJie-
MEeHTa, TOOTO y Oyab-sKiii TOYLl TOPU30HTAJbHOI
MOBEPXHi PO3IJISIHYTOTO MiBOpocTopy. s nepexomy
3 YaCTOTHOTO KBa3iCTalliOHAPHOIO MPOCTOPY B Yaco-
BUI MPOCTip HEOOXiMHO BUAUIUTU peajbHy YaCTUHY
Bil OTpMMaHUX KOMIUIEKCHUX 3HAYEHb.

Y pe3ynabraTi YMceJbHOTO MOAETIOBAHHS Ha OC-
HOBi TIPEACTABJICHOI BUILE BapiallilHOI CKiHYEHHO-
€JIEMEHTHOI METOAMKHU, 3 ypaxyBaHHIM GPS-manmx
100 BHYTPilIHbOTUIMTHUX TOPU30HTAJIBHUX PYXiB Y
cucteMi ETRS89 Gyiio orpuMano crilike 1moie ropu-
30HTAJJbHUX IIBUAKOCTE 3eMHOi Kopm B JIJ13
(puc. 2).

AHani3 oTrpumMaHux pe3yJbTaTiB. BimmosimHo mo
pe3yJIbTaTiB MOJEIIOBAHHS, IS YChbOTO PO3TJISTHYTO-
TO PETiOHY CTiliKi Cy4acHi TOPU3OHTAaJIbHI PYyXW 3€M-
HOI KOpW MalpTh NPUOJM3HO OIHAKOBY CHPSMO-
BaHICTh 3 MiBACHHOTO CXOAy Ha IMiBHIYHMA 3axXif.

Puc. 2. Tlone WBMIKOCTEN CyyaCHUX TFOPU3OHTAJILHUX PyXiB 3eMHOi kopu B I3 y cucremi Bimniky ETRS89, sika xopcrko
3B’s13aHa 3 €Bpa3ilicbKOI0 KOHTUHEHTAJbHOIO JITOC(HEepHOIO MInTOW: [/ — AepXaBHUI KOPAOH YKpaiHM; 2 — YKpaiHChKUM IIIMT,
3 — BopoHe3bKuii KpUcCTaliyHuii MacuB; 4 — JloHelbKe CKJamyacTte cropymkeHHs; 5 — JIHimpoBchKo-JloHelbKa 3ananuHa i ii
Mexi; 6 — Mexi HacyBaHHs [liBHiYHOKaBKa3bKO-KpHMCBHKOro CKJIaAyacToro IMosicy Ha yKpaiHCbKy 4acTuHy CXimHoeBpomeid-

CbKOi KOHTMHEHTAJIbHOI IJIUTH
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Pa3oM 3 TMUM iHTE€HCHMBHICTb Cy4YaCHUX TOPU3OHTAJIb-
Hux pyxiB y JJI3 € HeomHopigHow. HaitinTeH-
CUBHIillli TOPU3OHTAJIbHI PYXW XapaKTEePHi IS MiBAEH-
Horo cxomy A3 i mpumernoi mo Hei wactmam YIII,
aMIUTITYOW IIBUAKOCTEN csaraloTh 3—3,5 mMm/pik. Tlo
Mipi IPOCYBaHHS Ha IMiBHIYHMIA 3aXill iHTEHCUBHICTh
CYYaCHMUX TOPU3OHTAJIBHUX PYXiB ITOCTYNOBO 3HU-
xyeTbesd go 1—1,5 mm/pik. ¥V mpwieriiii 4acTuHi
BKM, nHa miBHiuHomy cxomi JIJI3, iHTeHCHBHICTH
CYJaCHUX TOPM3OHTAJIBHUX PYXiB Pi3KO 3HUXKYETHCS
mo 0,5 ~ 1 mMm/pik. 3arajibHa CIIpsSIMOBaHICTh cydac-
HUX ropudoHTadbHUX pyxiB /I3 y miBHiYHO-3axim-
HOMY HampsIMKy, WUMOBiIpHO, TiATBEPIXyE TO# (DaKT,
10 PETiOH Pa3oM 3 iHIIOIO YKPAaiHChKOIO YaCTMHOIO
CximHO€EBpOIIeIChKOI KOHTUHEHTAJIBHOI TUIUTH 3a-
3Ha€ HacyBaHHs 3 ©Ooky IliBHiYHOKaBKa3bKO-
KpuMCBKOro CcKi1agyacToro mosicy i, OTXe, BTSATHY-
TUIA Y NIOOAJIbHUM TEKTOHIYHUI MpolieC, 3yMOBIEHUIA
KoOJi3iero ApaBilicbkoi Ta AQpPUKAHCHKOI TUIMT 3
€Bpasziiicbkolo MKMTOK. BomHoOYac HEOTHOPITHICTH
MOJISI TOPU3OHTAJIBHUX IIBUAKOCTEN 3a aMILIITyAOIO
BKa3y€e Ha HEOMHOPIAHY 3a TeOJOTiYHUM CKJIAJIOM
PO3JTOMHO-0JIOKOBY CTPYKTYpY 3eMHoi Kopu JJI3 i,
BiZIMOBIIHO, HA HEOMHO3HAYHICTh TOPU3OHTAIBHUX
pPYXiB €JIeMEHTIB 3amaguHu. 30KpeMa, TOMITHUMN TH-
COHAHC CYYaCHMX TOPM3OHTAIBHUX PyXiB Mix /3 i
BKM, ouyeBMAHO, MOXHa TMOSICHUTU CYTTEBOIO
BiAMiHHICTIO B T€0JIOTiUHili Oy10Bi 3eMHO1 KOpU LIUX
CYMIXKHHUX CTPYKTYP i Pi3HOIO CTiMKiCTIO IIOIO PETrio-
HaJIbHUX TOPU3OHTAJIBHMUX PyXiB. Uepe3 BaXkJIMBICTh
O3 sgK y reojoTridHOMY, TaK i IIPOMMWCIOBOMY ac-
MEKTi CTOCOBHO 3arajJlbHOrO0 HApOAHOTOCHOAAPCHKOTO
KOMILJIEKCY YKpaiHu HeoOXigHe Mmoaanablile BUBUYCHHS
CYYaCHHUX CTIMKMX TOPM3OHTAJIbHUX PYXiB 3€MHOIL
KOpM Yy PETIiOHi.
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M. B. Jly6koe
COBPEMEHHbBIE TOPU30HTAJIBHBIE JIBUXEHUS THEIIPOBCKO-JIOHELIKOM BIIAZUHBI

Ha ocHoBe BapuallMOHHOM KOHEYHO-3JIEMEHTHON METOIMKU, pa3pad0TaHHO JIJIsI BA3KOYIPYTUX CJIOMCTBIX 000JI0UEK,
a Takxke ¢ yuétoM GPS-gaHHBIX 0 BHYTPUIUIMTHBIX TOPU30OHTAbHBIX ABUXEHUSIX TTPOBEICHO YUCIEHHOE MOJEIUPO-
BaHUE COBPEMEHHBIX TOPU30HTAIbHBIX IBUXKEHU I 3eMHOI KOpHI B mpenenax JIHenpoBcko-/loHelkoii Bnanunsl (AJ1B),
B cucteMe orcuéta ETRS89, xécTko cBsizaHHoI ¢ EBpa3uiickoit KOHTMHEHTaIbHOM JIuTOoCchepHOl TnToi. [1o pe3yb-
TaTaM MOJCJIMPOBAHMS IJIsI BCETO pacCMaTpUBAEMOT'0 perMoHa COBPEMEHHbIE TOPU30OHTAIbHbBIE TIBUXKEHMST 36MHOM KOPBI
MMEIOT MPUOJIN3UTEIHLHO OAUHAKOBYIO CEBEpPO-3aIlafHyIO HalpaBJeHHOCTb. B TO e BpeMsl IHTEHCUBHOCTb COBPEMEH-
HBIX TOPU3OHTAJIBHBIX IBWXKEHUI 36MHOM KOPBI B perMoHe He oJHO3HaYyHa. Hanbosiee MHTEHCMBHBIE TOPU30OHTAIbHbBIC
JIBUKEHUST XapaKTepHBI 1Jisl ;oro-Bocroka JI/IB 1 mpuMbiKamoolei K Heit 30He YKpauHCKOro nTa. 31eCh aMIUIMTY/IbI
TOPU3OHTATBHBIX CKOopocTell pocturatoT 3—3,5 mm/roa. [1o Mepe mpoaBMKEHUST Ha ceBepo-3anal MHTEHCUBHOCTD
TOPU3OHTAILHBIX ABUKEHUM MOCTeNMEeHHO cHMXaeTcs no 1—1,5 mMM/roa. Bmecte ¢ Tem B mpuseratoieii K /B Ha
CeBEPO-BOCTOKE 30He BOPOHEKCKOT0 KPUCTATMUECKOTO MaCCUBa MHTEHCUBHOCTD 3TUX IBUKEHMI PE3KO CHUXKACTCS
1o 0,5—1 mM/rog.

KnioueBble ciioBa: KOMITBIOTEPHOE MOACTIMPOBAHNE, COBPEMCHHBLIC TOPU30OHTAJIbHBIC IBUXKCHUA, HHCHpOBCKO-HOHeL{-
Kad BI1aguHa.

M.V. Lubkov
MODERN HORIZONTAL MOVEMENTS OF THE DNIEPER-DONETS DEPRESSION

Using the variation finite element method elaborated for visco elastic foliated shells, and the calculation of GPS — data
about inner plate horizontal movements, we carried out computer modeling of modern horizontal movements of the earth
crust in the Dnieper-Donets Depression (DDD) region at the ETRS89 reference system rigidly connected with Eurasian
continental lithospheric plate. The results of modeling show that modern horizontal movements of the entire region have
approximately the same north-western direction. However, the intensity of the modern earth crust horizontal movements
in this region shows variability. The most intensive horizontal movements can be observed in the south-eastern part of
DDD and closely fitting to it Ukrainian shield zone. The horizontal velocity amplitudes can reach 3—3,5 mm/yr here.
Along north-western direction horizontal movements intensity gradually decreases to 1—1,5 mm/yr; whereas in Woronezkiy
crystalline massive zone closely fitting to the north-eastern part DDD border, we can observe significant decreasing of
horizontal movements intensity to 0,5—1 mm/yr.

Keywords: computer modeling, modern horizontal movements, Dnieper-Donets Depression.
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