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Poszensinymo memoouxy po3pobOnenHs Npoexmy CnocmepexceHb 3a 3CY8aAMU.
Hasedeno memoouxy 6uKOHAHHA NONEPeOHbO20 PO3PAXYHKY MOYHOCMI Npu
BUKOHAHHI 2€00e3UYHUX CNOCMEPENHCeHb 3d 3CYSHUMU npoyecamu. [Ipeocmasneno
nepuii pe3yibmamu OmpuUMani npu CNOCMEPEHCeHHAX 3d 3CY80M 8 30HI OYOiBHUYMEA
AHCUMMII08020 KOMNIIEKCY Ha cxuai p. /[ninpo y m. Kuesi.

IMocTtanoBka mpo6Jiemu. 3araabHO BiJIOMO, 110 TOJIOBHA METa T'€0J€3UYHOTO
MOHITOPHHTY TIpH CIOCTEPESKEHHI 3a 3CYBHHUMH IIpolleCaMU — II¢ BH3HAYCHHS
KUTbKICHUX TEOMETPUYHUX XaAPAKTEPUCTUK 3CYBY (BEpTHUKAIbHI Ta TOPU3OHTAIbHI
NEPEMIIICHHS, MBUAKICTh, HAMIPSIMOK 3CYBY Ta iH.) Ta Ha iX OCHOBI NMPOTHO3yBaHHS
MOJIANIBIIIOTO PO3BUTKY 3CyBY. ICHye Oe3niu THUIB 3CYBIB, IO BIJIPI3HIIOTHCA
po3MipoM 1 ¢GopmMOI0, TIMOMHOI 3aXOIUICHHS 1 (OopMOI TOBEpXHI KOB3aHHS,
XapakTepoM 3MIMICHHS 3eMJISHHX Mac, iX IIBHUIKICTIO, TEPIOJMYHICTIO, CTaHOM
MOBEPXHI Ta 1H., & BIATaK BUPIIICHHS 3a/1a4ul CIIOCTEPEKEHHS 32 3CyBaMH B KO)KHOMY
KOHKPETHOMY BUIMAJKy BHMara€e po3poOJIeHHS BIAMOBIAHUX MPOEKTHUX PIllIEHb Ha
0a3l BIAMOBIIHUX PO3PAaxXyHKIB Ta ICHYHOUOro nocBigy. HoBi reoge3nyHi meroau
3MIHWIM TPAIUIIAHUN TIX11 10 pO3pOOJICHHS MPOEKTIB Ie0Ie3NYHUX CIIOCTEPEKEHD
3a 3CyBaMH. 3 TMOSBOIO HOBITHIX I'€OJIE3MYHMX TEXHOJOTIM BUHUKAE HEOOXIIHICTh 1X
ajlanTallii 10 BUPIMICHHS 3aJ1a4ul CIIOCTEPEXKEHb 3a 3CYyBaMH.

Orasa ocrannix myoJikanii. Tpaguiidauii miaxig 10 po3poOJIeHHS MPOEKTIB
Te0JIE3UYHUX CIIOCTEPEKEHb 3a 3CyBaMHU Ta METOJU CIIOCTEPEKEHb BHKIAJICHO B
KiIacuyHux podotax [2,5,10,11]. B uunHiIi HOpMaTHBHIM miTeparypi [1,3,7] HaBeneHO
JIMIIIE 3arajbHl TOJOXKEHHS MPO MOPSAOK Ta METOJMKY CIIOCTEPEKEHb 3a 3CYBaMH,
0e3 eTalbHOTO PO3TIISAY MOPSAIKY PO3paxXyHKY TOYHOCTI CIIOCTEPEKEHb Ta METOIUK
CIIOCTEPEKEHb 3 BHUKOPHUCTAHHSIM CYYaCHMX TEXHOJIOTIH, TaKMX SIK: EJIeKTPOHHI
taxeometrpu, ['HCC-nmpuiimMaui, Ha3eMHi Jla3epHi CKaHepH, paaioiHTepdepomeTpu
tomo. OCTaHHIM YacoM 3’ SBWJIOCA JIEKUIbKa POOIT B SKUX 3pOOJICHO CrpoOy OmMHUCy
METOJMK BHKOPUCTaHHS CY4YacCHHUX TEeXHoJorii, 1e podotu [4,6,8,12]. Onnak
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HEOOX1THO BIAMITUTH, IO TOJIOBHA YyBara B IHMX poOOTax 30Cepe/KeHa Ha
MaTeMaTUYHOMY  OOpOOJIEHHI  OTPUMAHUX  PE3yJbTaTIB  CIOCTEPEKECHb 1
NPEJCTAaBIICHHI  KUIBKICHUX  T'C€OMETPUYHMX  XapaKTepUCTUK  3CyBiB.  Ertam
IIPOCKTYBAHHS CIIOCTEPEKEHh Ta 0E3MOCepeAHhOr0 BUKOHAHHS CIIOCTEPEIKCHD
3aJIMIIAETHCS 1032 YBArow aBTOPIB.

IMocTtaHoBKa 3aBAaHHs. MeTOI pPOOOTH € BUCBITICHHS CY4acHOTO ITiJIXOTy
0 pO3pOoOJICHHS TMPOCKTY CIOCTEPEKEHb 3a 3CyBaMH Ta CY4YaCHUX METO/IIB
IIPEJICTABIICHHS PE3YJIbTaTIB CIIOCTEPEIKCHb.

Bukiaa ocHoBHOro martepiauy. /s CriocTepeskeHHs 3a 3CyBaMU HaldJacTiIe
BUKOPUCTOBYIOTh  TPAJUWIiMHI  TI'eOJE3WYHI METOAW. BuU3HAUEHHS  3CYBHHX
XapaKTEPUCTHK ITUMU METOJIaMH B YMOBax MiChbKOi 3a0yJOBH JOCHUTH YCKJIaJHCHE.
Haituacrie MeToauKa CriocTepekeHb MpeICTaBIsse KOMOIHAIIIO EKITbKOX METO/IIB.

Binbmn AeTalbHO CYTHICTH CIOCTEPEIKCHBb 3a 3CYBaMHM MOJKHA 3’SCyBaTH 3a

TEXHOJIOTTYHOIO CXCMOI0, ITO IMPCACTABJICHA HA PHUC. 1.
ITPOEKT HA BUKOHAHHS POBIT

\

PEKOTHOCTYBAHHSI
3aKJIaJIKa ONMOPHHUX 3HAKIB
3aKJIaJKka po0oyHX 3HAKIB

L

TFEOJAE3HUYHI POBOTH 31 CTBOPEHHS MEPEXI

TeoIe3nYHa MeDekKa 32 MeKaMHI 3CVBV

¥

BU3HAYEHHSA KOOPIUHAT POBOYHUX 3HAKIB

v

IINTAHOBI KOOPIUHATH BUCOTHI KOOPAUHATHU
(ITosriroHOMeTpisl, €JIEKTPOHHA TAXeOMeTPist) (TpuroHomeTpu4He HiBeJIIOBAHHS, TeOMEeTPUYHE
HiBeJIOBAHHA)
_—
—
OBPOBJIEHHS PE3YJIBTATIB B OBPOBJIEHHS PE3YJIBTATIB B n-my
MNEPHIOMY IIUKJII UKJII

IHOPIBHSHHSA PE3YJIBTATIB B PI3BHUX INUKJIAX

TEOMETPUYHI MPOCTOPOBA 3MIHA
MPOCTOPOBI SMIIIEHHSI XAPAKTEPUCTUKH TPILUAH TA ®OPMU TA OBEMY
3CYBHUX 3HAKIB PO3JIOMIB HA 3CYBI 3CYBY

Puc. 1. Texnonoriyaa cxema CroCTEPEKEHHS 32 3CyBaMH

[IupoxkrMHU MOKIMBOCTSMHU TPH BHBYCHHI 3CYBHHX IIPOIIECIB BOJOJIIOThH
CydacHi reojie3ndHi TexHoJsorii. CrnpoOy MOCHIKEHHSI Cy4YaCHUX TEXHOJOTIH Oyso
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peanizoBaHO TPU PO3POOJIECHHI MPOEKTY TE€OJE3MYHOr0 MOHITOPUHTY B M. Kuei.
Paiton po6iT po3ramoBaHo B HEHTpasibHINA yacTuHI Micta KueBa 3a aapecoro Byl
Maszenu 1. Cxun mix BynuigsiMu Masenu ta [lapkoBoio TOpororo, Je 3a MpOSKTOM
nepeadbadeHo OyaiBHUITBO 4-X OyauHKiB BucoTol Big 10 mo 25 moBepxiB
PO3TAaIIOBAHO HA 3aX1THUX CXWUJIAaX piukHM J[HIMpO, sIKI XapaKTepru3yIThCS HASBHICTIO
aKTUBHUX 3CyBHHUX mporieciB. Po3ramryBanHs micta KueBa Ha p. JIHimpo 3ymoBITto€e
CWJIbHY PO34WICHOBAHICTh Ta BEJIMKI mepenaan BUCOT. lIpaBmii Geper JlHimpa y M.
Kuesi — xpyTuii 1 nmiiHIMaeThCA Ha piBHEM Boau y JHinpi O6ibire Hixk Ha 100 M.

Jlns peasizariii JaHOTO TPOEKTY OYJI0 BUKOPHCTaHO po3pobneHi y [2,8,11]
METOJUKH TOTIEPEAHBOT0 PO3PAaXyHKY TOYHOCTI CIIOCTEPEKCHb 3a 3CyBaMH Ta
NEPiOANYHICTIO CIIOCTEpeKeHb. HaTypHI reoie3myHi CIIOCTEPEKESHHS 32 PO3BHTKOM
3CYBIB € OJIHI€IO 3 HAHOUIBII Ba)KIIMBUX YACTHH 3arajbHOT0 KOMIUICKCY BHBYCHHS
peXuMy 3CyBHHX TiporeciB. ToMmy oOrpyHTyBaHHS HEOOXITHOI TOYHOCTI
TCOJIC3NYHUX CIIOCTEPES)KEHh TIOBHHHE BHUXOJUTH 3 TIPUHIUIY OTPUMAaHHS SIK
HaAWIOBHIIIOI 1 JOCTOBIpHOI 1H(OopMaIlii mpo 3cyB. [lonepenHe BU3HAYECHHS TOYHOCTI
BUMIPDIOBaHHST TOPHU3OHTAIBHUX Ta BEPTUKAIBHUX TMEPEMIlllEHh BHUKOHYIOTH B
3aJIe)KHOCTI BiJ] OYiKyBaHOI BEIMYMHH MEPEMIIICHHS, Ky BCTAHOBIIOIOTH IPOCKTOM
BUKOHAHHA Oy/iBelbHUX poOiT. B Takomy BuUNAAKy TpU3HAYEHHS TOYHOCTI
BUMIPIOBaHb BHUKOHYIOTH 3rifHO 3 Tabiuiero ['OCT [1]. Bumora mo TodHOCTI
BHUMIpIOBaHb TOBUHHA JOTPUMYBATUCH MIPH PI3HUX IIBUIIKOCTAX 3CYBY.

KpurepisiMu oNTUManbHOCTI CIIOCTEPEKEHb B 1HXKEHEPHINW Teoje3li CIIyX aTh
BU3HAYCHHS MIHIMyMy a0o MakcumyMmy Jnedopmariii 3CyBHOTO CXHIy, TOYHICTb
BHUMIpIOBaHb, BapTICTh 200 Yac criocTepexeHb. Po3risiHeMO MUTaHHS MPO TOYHICTH
CIIOCTEpPEXKEHb, TPYHTYIOUHCh Ha Kiacudikamii 3cyBiB, 1o HaBeiaeHa B [2,10].
CrocTepekeHHsI 32 MIKpO 3CyBaMH Ha CXWI BHUKOHYIOTH TEpII 3a BCE A
IIPOTHO3YBaHHS MOPYIIEHb CTIMKOCTI CXWIY 1 BUBUEHHSI HOTO MIKPOJUHAMIKH. SIKIIIO
CTAaBHUTHCS MUTAHHS TPO 3a0e3MeUeHHS IMOIabI01 0e3MeYHoi eKCIuTyaTarlii 00’ €KTIB,
pO3TAIIOBAaHUX HA CXWJI1, TO TPH BUSIBICHHI HANPABJICHUX MIKPO3CYBIB MOTpIOHE
TEPMIHOBE PO3POOJICHHS 1 3MIMCHEHHS BIAMOBIIHUX 3aXO0JiB IIOJO BIJHOBJICHHS
CTIHKOTO TIOJIOKEHHSI CXHIIy ab0 pO3TallOBaHUX Ha HHOMY OYIiBENIb 1 CHOPY.
BusiBieHHss HampaBiIeHHMX MIKPO3CYBIB JIO3BOJII€ BHU3HAYMTH MOMEHT TMOYATKY
3CYBHHUX TIPOIECIB 1 1X MOJANBIINNA PO3BUTOK. [ MOCATHEHHS MUX IIICH MalTh
OyTH TOCTaBJ€Hl HATypHI CIHOCTEPEKEHHS 3a JOMOMOTOI AaBTOMATHYHHUX 1
HAIIBaBTOMATUYHUX MHU(PPOBUX 1 CUTHAIBHUX CHCTEM, K 3a TMOBEPXHEBUMH 1
MIMOMHHUMHU CTaHAMH CXHWITY, TaK 1 3a OyIiBIISIMH, 11O 3HAXOJATHCS HAa HbOMY. Taki
CIIOCTEPEIKEHHS BHUKOHYIOTHCS CIICI[iali30BaHUMU TEOJIOTIYHUMHU OpraHi3allisiMHu.
OdeBuHO, 10 B JAHOMY BHUMAJAKY HISKHH PO3PaXyHOK TOYHOCTI CIIOCTEPEKEHb HE
noTpiOHMK. I[HaKIIEe CTaBUTBCA TUTAaHHA TMPO TOYHICTH CIOCTEPEKEHb 32
MaKpO3CyBaMH Ha 3CyBax.
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[Ipu BUBYEHHI pEXMMY 3CYBHUX MPOIIECIB TOYHICTh HATYPHHUX CIOCTEPEIKEHD
Mae OyTH TOB's3aHA 3 IUIAMH 1 3a/ladaMH 3arajJlbHOTO KOMILIEKCY IOCTiKEHb.
Bumora 10 TO4YHOCTI BUMIpIOBaHb MMOBUHHA IOTPUMYBATHUCh MPU PI3HUX IMIBUIKOCTSIX
3CYBY. 3 MOTJISAIy MEXaHIKH, 3MIIIEHHsS Ha 3CyBl BITHOCATHCS O HEPIBHOMIPHOTO
PYXY 3 IIBUIKICTIO

[Tepexoasiun 10 KiHIIEBUX MPUPOCTIB, OTPUMAEMO CEPEIHIO IIBUIKICTH 3CYBY
TOYKH 3a yac At:

BukopuctoByroun BiIoM1 Opuilomu Teopii mnoxubok BuMiproBanb, CKII
IIBUAKOCTI 3CyBIB MOYKHA IIPEICTABUTH Y BUTJISI/IL:

1
m, = E\/mis +Vmy, (1)

ne Mys — CKII Busnauenns Benuumnuu 3CYBY; My — CKII Busuauenus

94acy MIX ITUKJIAMH CTIOCTEPEIKECHbD.
3BiJicH BIJHOCHA MOXMOKA BU3HAYEHHS IIBUIKOCTI 3CYBIB Oy/e:

(2)
OTxe, MpU TPOEKTYBAHHI CIIOCTEPE)KCHBb 3a 3CyBaMHU HA CXWJII BHHHKAIOTH

3aBJaHHS BU3HAYEHHS HEOOXITHOT TOYHOCTI CIIOCTEPEKEHb Mys 3CYBIB, Tepioay

crioctepekerb At i #oro oIiHKKM TOYHOCTI My; no sananux smauennsx M, a6o

my, . . . . , .
. 3 BupaziB (1) i1 (2) BuAHO, 0 KUIBKICTh PIBHSHB, IO 3B'SI3YIOTH IIyKaHi 1

3aJlaHi BEJIIMYWHU, BUSABISETHCS HEIOCTATHBOIO JUIsI OJHO3HAYHOTO BU3HAYCHHS
BKa3aHUX MapaMmeTpiB, TOOTO MOTpiOHA TIMOTETHYHA MOOYJ0Ba MOJENI 3CYBIB 1
BIJIITYKYBaHH ii TapamMeTpiB.

S0, HAPUKIIAA, 3aJaTUCS TEIKUMU 3HAYECHHSIMU Mys i Myt 1o BimmOCHA
NOXHOKa BHU3HAYEHHS IIBHJKOCTI 3CYBIB 3ajie)KaTUME BiJ camoi IIBHUIKOCTI abo
napamMeTpiB, IO SKHUX BOHA BH3Ha4YaeThbcsl. O4eBUIHO, 110 MPHU 301IBIIICHH] IITBUIKOCTI

3MEHIITYEThCS BITHOCHA MOXHOKA 11 BU3HAYEHHS.
Hexaii 3HaueHHs BITHOCHOT MOXMUOKH IIBUIKOCTI 3aJ0BOJIBHSIE 3aJ1aHiil YMOBI:

m, 1
v oK ®)

TOJI 3 ypaxyBaHHSIM BUpa3y (2) MOKHA HAIMHUCATH:
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2 2
m m 1
AS At
+ < > (4)
AS At K
CKOPHCTABIINCh TMPUHIMIIOM PIBHOIO BIUIMBY IOXHOOK, IS BH3HAYCHHS
BKa3aHHUX BHUIIC MTAPaMETPIiB OTPUMAEMO HACTYITHI BUPA3H:

At < KmAt\/E, (5)
mAt < i

K2 ©
mAS < E

K2 0

TakuM 4YWHOM, 33Jal0YUCh JCSKUM MPUUHATHUM JJI KOHKPETHHX YMOB
criocrepexenbp CKII Myi no dopmyni (5) MOXHA OTpUMAaTH HEOOXITHUI mepioj
CIIOCTEPEXKEHD 3a 3CyBaMH. SIKIIO K € Xoua O HaOIM>KEeHE YABJIEHHS PO X1/ 3CYBIB B
Yaci, ToO BU3HAYAIOTh Iepiox yacy At mpoTsAroM SIKOro 3CyBH 3MIHIOIOTBHCS B JESKIi
Mipi piBHOMIpHO. B 11bOMy BUNaJIKy HEOOX1AHY TOUHICTh BUSHAUYEHHS (IPU3HAYEHHS)
NepioAy CIOCTEpex eHb OTpUMYIOThH 3 BHpasy (6). Jns susnauenns CKII Mys sk
BUJIHO 3 BUpa3y (7), HeOOX1AHO MaTH YSIBJIECHHS MPO MIBUKICTh 3CYBIB.

3CyBH MarOTh XapakTep HEPIBHOMIPHOro pyxy. JifiCHO, B IOYAaTKOBHI MepioA
PO3BUTKY Mpoliecy (B MepioJi aKTUBI3allil) MIBUJIKICTh 3CYyBIB MOCTYIOBO HAPOCTAE 1
yepe3 JesKUil MPOMDKOK Yacy BCTynae B KaracTpodiuHy ¢azy (abo oOBasieHHS
cxwiy). [ToTiM mBUAKICTE yOyBa€e 1 MEPEXOaUTh B CTaJIF0 TUMYACOBOi cTaOumi3allii.
Tomy CKII Mys HeoGxinHO BHM3HAYATH IS AESKOTO 3aJAHOTO crynenst AS.
Heo0xinHO BpaxoByBatu 1 TOH (akT, I10 MBUJKICT OOBAJILHUX 3CYBIB HEPIBHOMIPHA
1 32 IJIONICI0 0OBAILHOTO CXUITY.

[IpupoaHO, 10 YacTOTa CIOCTEPEKEHb MOBHHHA MEpUI 33 BCE 3aJIekKaTH BIJ
MIBUAKOCTI PyXy 3CYBY 1 BIJl TOYHOCTI BUKOHaHHA poOIT. SIKIIO 3CyB pyXaeTbcs
NOBUIBHO, a CIIOCTEPEKEHHS MPOBOASITH MOPIBHAHO TPy0OO, TO HEMAE BETMKOIO CEHCY
B YAaCTHUX cHocTepexeHHsAX. HaBmaku, sIKIO 3CyB pyXa€eThCs MIBUAKO, TO HABITh MpU
IrpyOMX CHOCTEPEXKEHHSAX MOXKE OyTH OTpUMaHa OUIbII MEHII BipHA KapTHHA PYXY.
Te x came Moxe BIAOYTHUCS NMpPHU MOBUIBHMX 3CYBaX, SIKIIO METOJIU CIIOCTEPEKEHb
J03BOJISIFOTH OTPUMATH JJaH1 3 BUCOKOIO TOYHICTIO.

YacToTa crnocTepekeHb IMOBHHHA 3MIHIOBATUCS BIJMOBIAHO JI0 KOJWBaHb
MIBUAKOCTI 3CyBY; BOHAa IIOBMHHA 30UIbLIYBaTUCS B TMEpPIOAM AaKTUBI3aALli 1
3MEHIIyBAaTHUCS B MEPIOAM 3racaHHsa. Y OCOOJMBO aKTHBHI MEPIOAM CHOCTEPEKECHHS
NOBUHHI OYTH 3HAYHO YACTIIIE 1 IHKOJM NOBTOPIOBATHUCS Y€pe3 KOKHI JIEKIJIbKa JHIB.

Hagithb npu HalipalliOHAJNBHIIIA METOJULI IOJbOBUX POOIT Yac MOBHOIO
UKITy CHOCTEPEXEHb 3a TOPU3OHTAIBHUMHU 1 BEPTUKAIbHUMHU MEPEMILICHHSIMU Ha
KPYIHHUX 3CyBaxX MOXe€ JI0CATaTH JIBOX THUXKHIB.
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B Takux yMoBax, KOJId TPUBAJIICTh CIIOCTEPEKEHD CITIBMA/IAE 3 IHTEPBAIOM M1k
HUMHM B aKTHUBHI MEP10H, TIOHATTS IIUKIIy pOOIT BTpayae CEHC 1 MO CyTI X MPOBOJATH
Oe3nepepBHO.

VY akTHBHI TIepioAU TPOBOJATH O€3MEepepBHI IMOCIOBHI CIIOCTEPEKEHHS 3a
3CYBOM 31 BCIX OMOPHUX TOYOK B TOPU3OHTAIBHOMY 1 BEPTHKAJIHLHOMY HaIpsiMax i
MOBTOPIOIOTH TaKi XK IUKIIN O€3 epepBH.

VY mnepiogu 3racaHHs 3CYBHOi iSJIBHOCTI 1 Ha TOBUIBHO PYXOMHX 3CyBax
MIPOBOJISATH NIOMICSYHI ITUKIIM CIIOCTEPEKEHD 32 TOPU3OHTATHLHUMU MIEPEMIIIICHHSIMHU 1
npenu3iiHe HIBEIIOBAHHS 3CYBHUX TOYOK.

KoHTpoibHI BHU3HAUYEHHS TOJIOKCHHS 3HAKIB 1 Mpelnu3iiHE HIBEIIOBAHHS IO
KOHTPOJIBHUX X0JIaX MPOBOJATH MPUOJHM3HO uepe3 KOXKHI 3 MicsIll, a came: B KiHII
3UMH, 0 BECHSHOTO TAHEHHSI CHITY; Ha MMOYaTKYy JiTa, MICJs MPUIUHEHHS aKTUBHOTO
BECHSIHOTO MEpiojy; B KIHII JIiTa, JO MOYaTKy OCIHHIX JIOIIIB; Ha IMOYaTKy 3WUMH,
micisl 3aKiHYEHHS OCIHHIX IEepeMIlIeHb 3CYBY; 1HOII poOOTH OOMEXKYIOTh JBOMa
CIIOCTEPEKEHHSAMH B PiK — B KIiHIII 3UMU 1 B KIHII JIiTA.

[Ipu pimieHHI TUTaHHS PO TOYHICTH CIIOCTEPEKEHb MOKHA 3alPONOHYBATH
BUXOJUTU 3 TPUHLHUIY BU3HAYCHHS MIHIMAJIbHO HEOOXIIHUX ab0 MaKCHUMalbHO
MOKJIMBUX 3CYBIB , TOOTO NUIIXOM MPU3HAYEHHS JOIMYCKYy Ha BU3HAYEHHS
3CYBIB IOJAI0HO J0 TOTO, SIK 11€ POOUTHCS B OYyAiBEIbHIM METPOJIOTIi IPH PO3pPaXyHKY
TOYHOCTI PO3MIUYBaJIbHUX POOIT 200 KOHTPOJIbHO-MOHTAKHUX BUMIPIOBAHb.

TyT MOXNuBI JBa OCHOBHI BHUIAAKHU: 1) 3a1aeTbCs JOIMYCK Ha
BU3HAYEHHS 3CYBIB B TPUBHUMIPHOMY MPOCTOPi; 2) AOMYCKH Ha

BHU3HAUYEHHS BEPTUKAIBHUX 1 IJITAHOBUX 3CYBIB 3a/1al0ThCSl PO3JLIBHO.
Hepmmii Bumagok. CKII Bu3zHaueHHA 3CyBIB B TPHUBUMIPHOMY MPOCTOPI

nosuaunmo Mas . Toxi MOYATKOBY YMOBY JJIsl PO3PAXYyHKY TOYHOCTI r€0AMHAMIYHUX
CHOCTEPEKEHb MOKHA MPECTABUTH Y BUTIISIIL:

min
AS ox 2 ZqMys (8)
i€ Z, — KOCQILIEHT, 3aIe)KHUM BiJl IPUMHATOI 10BIpUOi WMOBIpHOCTI p (200

BiJl piBHSI 3HAUUMOCTI ) :
g |0,10]0,05]0,01|0,0027
Zg 11,64 ]196|258| 3,00

ITo3nauumo mx ,my,mz CKII BuzHaueHHs 3CyBIB mo ocsix X, Y 1 Z
BimoBigHO. Toai ymoBa (8) mpuiime BUTIISI:

min 2 2 2
AS™ >z \Jm2 +mZ +m2 )
SIkio CKOPUCTATHCS TPUHITATIOM piBHOTO BILTUBY, TOOTO

My =My, =M; =M, 10 3 ymosu (9) orpumaemo:
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min

o _AS
1 : (10)

23

Inom1 BctanosmroroTs criBBigHoIneHHs Mk CKII:
AS min

m, = ———— 11
Z,N2+k - (11)

Jpyruii Bunagok. CKII Bu3HaueHHS BEPTUKAIBHUX 1 IUIAHOBHX 3CYBIB

nozuaunmo M X 1 my ,mH . OueBnano, mo mig Bu3HadeHHsT CKII mH JIOCTaTHHO
y dopmyiy (8) miIcTaBUTH 3aMiCTh - TOMI:
min
AH

m
T, (12)

JUis BU3HAUEHHS TOYHOCTI IUIAHOBHUX 3CYBIB, JIIOYM AHAJIOTIYHO NEPIIOMY
BUMAJIKY, OTPUMAEMO (PopMyITy:

min
— ALmaX
: zq\/i (13)
e M =My =M,

[llo crocyerbess vacoBoro intepsany At (MpOMiKKY Yacy MiK IHKIAMH
CIIOCTEPEXKEHb) TO PEKOMEHAYETHCSA Ha MOYATKy CHOCTEPEKEHb 3aJaBaTUCS HHUMH,
BUXOJAYM 13 3arajbHUX MPUIYIIEHb MPO X1J 3CYBIB B 4acli, a MOTIM KOPETryBaTH B
IPOLIECT CITOCTEPEIKEHb.

JInsi piIBHOTOYHOT'O BH3HAYEHHSI 3CYBIB SIK B 4Yaci, TaK 1 B MeXax KOXHOTO
CXWIy pO3paxOBaHa TOYHICTh, a OTXKE, 1 po3poOJjieHa Ha TMIiJICTaBl 1€l TOYHOCTI
METOJIMKAa HATYPHUX CIOCTEPEKEHb MAIOTh OYTH MOCTIMHI Ha BECh MEPIO]] MOJIBOBOIO
€KCIIEpUMEHTY. PIBHOTOYHICTh BM3HA4Y€HHS 3CYBIB y 4Yacl B JYy)K€ CHJIbHIN Mipi
3QJIEKUTH BIJl JOTPUMAHHSA MOCTIMHOCTI B KOXKHOMY 3 LIUKJIIB CXEM CIIOCTEPEKEHbD.

SIKIO MpUHAHATH MiAXiA 10 PO3paxyHKY PEeKOMEHJOBaHMH B poOoTi [2] Ta
BpaxyBaTH, L0 MaKCHUMaJIbHO JONYCTUMHM NEPEMIIICHHIM B MICBKUX
yMOBax 3 IIUIbHOIO 3a0y10BOO [ 7] mpuiiMaroTh 45 mm, matumeMo CKII BuzHaueHHs
3CyBIB B TpUBUMIpHOMY mpoctopi 3 Bupazy (10) mnpm ymoBi, 110
m, =m, =m, =m,:

m, = ASp  A5mm
z,N3 2,53
CKII Bu3HaueHHS BEpTUKAJIBHUX 1 IJIAHOBHUX 3CYBIB BU3HAYAIOTh 3a BUpa3aMu

(12) - (13):

=10mm .
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CAH™ 30mm Alpe 30
"z 2,5

q zqﬁ - 2.5\5

Otpumani 3HaueHHst CKII Bu3HaueHHs KOOpAMHAT, BKa3ylOTh Ha T€, 110 TaKHUM

=12um m = =8.9mm

OiAX11 10 pO3paxyHKy MOXke OyTHM MPUAATHUM TUIBKU JJIs 3CYBIB, SIKI pyXarOThCA
JTy>Ke IMBHAKO 1 JJIsi SIKMX B)KE€ BCTAaHOBJIEHO (PAKT HASIBHOCTI 3CYBHHUX MPOIIECIB.
Tomy Takuii mAXiJ 0 pO3paxyHKY TOYHOCTI CIIOCTEPEKEHb MOHA 3aCTOCOBYBATH,
JUIIE B KpalHbOMY BUMAJKY. [HIINIT HEJOJIK IOTO METOAY IMOJISATae B TOMY, 1O BiH
HE TIOB’s13y€ 0e3MocepeIHO TOUHICTh CIIOCTEPEIKEHD Ta IHTEPBAJIU CIIOCTEPEIKEHb.
HamMu 3ampomoHOBaHO HACTYNMHUW MIAXIA [  PO3PaXyHKY TOYHOCTI
crioctepexkenb. [lpuitMmeMo 3rigHo 3 [5], 10 BeIWYMHA TEPEMIIIECHHS

OB’ s3aHa 3 TOYHICTIO BU3HAUYEHHS [[LOTO MEPEMIIICHHS HACTYITHUM YHHOM:
_ min _ _
m,, =0.2S,_, =0.2-30mm =6mm (14)
Axkmo Ha  NOYaTKy  CIOCTEPEXKEHb  NepeAdadaeTbCs  BUKOHYBATU

CIIOCTEPEKEHHS IIOMICAYHO, TO IHTEpPBAI At = 30 muiB. OTXe KOIWBAHHS
IHTEpBaLy CIIOCTEPEKEHb M0 aHayorii 3 (14) OyayTh:

m,, =0.2At =0.2-300ni6 = 60Hi6
a MBUAKICTb pPyXy 3CyBY, fKa OyJe BIEBHEHO BHU3HAYATHUCh CKJIAJe
V=10 /&3il .
BuxopucroBytoun Bupas (1) orpumaemo CKII BU3HaUeHHS MIBUAKOCTI 3CYBIB:

m, :Ait\/mis +V2m}, =3—1Ox/36+36-1 =0,3mm /[ denv

OCKUIbKM MU 3aJaJIUCs 3HAUYEHHAMU mAs 1 mAt TO BIIHOCHA MOXHOKa

BU3HAYEHHS IIBUJKOCTI 3CYBIB 3aJIe’KaTUME BIJ camMOi HIBUAKOCTI abo mapameTpis,
[I0 SKWX BOHA BH3HadacTbes. Hexail 3HadYeHHS BIJHOCHOI ITOXHOKHA NIBHIKOCTIL
3a/10BOJIbHSIE 3aJIaHI YMOBI:

m 1 1 1

CKOpI/ICTaBIHI/ICB IMPUHOUIIOM piBHOFO BIINIUBY HOXI/I6OK, JJIs1 BU3HAYCHHA
BKa3aHUX BUIIIC HapaMeTpiB OTPUMAEMO:

At <Km 2 =4-6-\2 =340mi

m, < at__ 34 =5,30ni
KJ2 42 ’
VAt 1.34

SK«E_4ﬁ

M, =5,3mm
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Takum dYHHOM, 3aalOYUCh JACSIKUM TPUAHATHUM JJIsi KOHKPETHHX YMOB
cnocrepexenb CKII My OTPUMAEMO HEOOXIAHUI TMepiod CIOCTEPEKEHb 3a
3cyBamu piBHUH 34 nHaMm. HeoOxijHa TOYHICTh BU3HAYEHHS IMEPIOY CIOCTEPEKEHD
nopiBaioe 5 gusim. CKII Mys CIIOCTEPEKEHHS 32 MPOCTOPOBUMU MEPEMIIICHHIMHU
nopiBHio€ 5,3 MM. TOoUHICTh BU3HAYEHHS KOXKHOT CKJIaZ0BOI MPOCTOPOBOTO 3MIIICHHS
BHU3HAUYKUMO 33 BUPA30M:

m
\/As_f =my, =m, =m, =3,Lum

Jli1s 3MiIeHHs B IUIaHI MATHMEMO:

m, =ms +m’ = 4,3um

TakumM 4YWMHOM Ui HAMIOTO O0’€KTY JOCHIDKCHHS HEOoOXiAHO BUOpaTH
npuwiaad HEoOXiHOI TOYHOCTI Ta 3alpOEKTyBaTH TEOJIC3UYHY MEpexy, SKi
J03BOJIMIIM O JAOTPUMATUCh BHU3HAYEHOI TOYHOCTI CIOCTEPEXKEHb 32 3CYBOM.
JleTalbHO ~ 3allpOEKTOBAaHE pO3TAllyBaHHS MYHKTIB CTaHII  CIIOCTEPEKEHb
MPEJCTABJICHO Ha puUC. 2.

Puc. 2. [IpoexTHa Mepeka CTaHIi COCTEPEKEHb

JIist  3ampoeKTOBaHOI Mepeki CTaHI CIIOCTEPeKeHb OyJI0 BHUKOHAHO
nomepeHIA PO3PaxXyHOK 3 BUKOPUCTAHHSAM METOYy HaiMEHIIIUX KBaJIpaTiB.

st po3paxyHky Oyno npuiinaro, mo CKII BumiptoBaHHs KyTiB JOPIBHIOE 5
KyT. cek., a CKII BumiproBaHHS BijicTaHel AOPiBHIOE 2 MM. Pe3ynbTaTu po3paxyHKy
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HaBeneHo B Tabin. 1. B tabmumi npuBeneno CKII mo koopauHaTHUX oOcCsIX Ta
BEJIMYMHU IIBOCEH €JIINCIiB MOXMOOK 1 JAUPEKIIMHUNA KyT BEJIMKOI IBOCI eirca
OXUOOK.
Tabnuys 1
ITonepenniii po3paxyHOK TOYHOCTi BUBHAYEHHS 3CYyBHHX TOYOK
ITyskr | m,Mm |My, M | My, M| a,Mm | b,M o
M1 |0,002 0,001 0,001 |0,001|0,001|178°42'22,83"
M14 | 0,003 | 0,002 | 0,003 | 0,003 | 0,002 | 97°53'34,48"
M15 | 0,003 | 0,002 | 0,003 | 0,003 | 0,002 | 104°40'11,77"
M16 | 0,003 | 0,002 | 0,002 | 0,002 | 0,001 | 112°53'37,00"
M17 | 0,002 | 0,001 | 0,002 | 0,002 | 0,001 | 120°42'19,30"
M18 | 0,002 | 0,001 | 0,002 | 0,002 | 0,001 | 125°56'04,54"
M2 0,002 | 0,002 | 0,002 | 0,002 |0,001| 39°17'32,98"
M3 0,003 0,002 | 0,002 | 0,002 |0,002 | 55°3629,98"
M4 0,003 | 0,002 | 0,002 | 0,002 | 0,002 | 65°09'43,75"
M5 0,003 0,002 | 0,002 | 0,002 | 0,002 | 80°2929,41"
M6 | 0,003 0,002 | 0,002 | 0,002 |0,002 | 103°35'56,37
M7 |0,003 0,002 0,002 0,002 0,001 111°11'51,21
M8 |0,002 | 0,001 | 0,002 |0,002|0,001| 102°52'46,66

[TopiBHIOIOUM pE3yJIbTaTU MONEPEIHBOTO PO3PaxXyHKYy 3 BHMOraMH, MOXHa

3pOOUTH BUCHOBOK, 110 BCI MYHKTH MEPEX1 BU3HAYEHI 3 TOYHICTIO HE TipiIe 3 MM 1O
BCIX KOOpAMHATHUX ocsiX. OTKe 3ampoeKTOBaHAa Mepeka BIJINOBIJIA€ BUMOTaM J0
TOYHOCTI BU3HAUYEHHSI KOOPAUHAT.

B sKOCTI OCHOBHOIO METONY /ISl BH3HAUEHHS TOPU3OHTAIBHUX 3MILIEHBb
nyHkTiB M9 — MI3 peKoMeHI0BaHO 3acTOCOBYBAaTH KOOPAMHATHUN METOA 3
BUKOPUCTAaHHSIM TaXxeOMETpa, SIKUW Ipalroe B pexumi 0e3 BiaOMBaya. BuzHaueHHs
BHUCOT TOYOK Ha 3CyBlI BUKOHYIOTb METOJIOM JABOCTOPOHHBOTO TPUTOHOMETPUYHOIO
HIBEJIOBaHHS.

Po3paxyHOK TOYHOCTI crtOCOOY BUKOHYIOTH 3a (hopMyIamu:
2 2

_ m m .
m% =mZsin® B+—2-S%cos® B, mZ =mZcos® B+—=-S%sin® B (15)
p P |

ae S - TOPU30HTAIbHE MPOKIaIaHHs JiHii.

IIpu pospaxynky CKII BumiproBanHs KyTiB mnpuiiHata mz = 5", CKII
BUMIpIOBaHHS BificTaHeld Ms = 2 MM. Pe3ynbTrat po3paxyHKy Mpe/CcTaBIeHO B Ta0l.
2
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Tabnuys 2
3ajieskHIiCTh MOXMOOK B KOOPAMHATAX BiJl BUMIpsiHOT0 KyTa f i BigcTaHi S
f, rpan S, M My, MM My, MM
30 100 2,2 3,4
90 100 4,0 1
30 150 2,6 3,6
90 150 4,0 2,0

3 TabnuIll MOXHA 3pOOUTH BUCHOBOK, YUM MEHILUN KYT [, a TAKOXK BIACTaHb S
70 BHU3HAYYBAaHOI TOYKH, TUM TOYHIIIC BH3HAYAIOTHCA 1i KOOPJAWMHATH 1 BHCOTH.
TouHicTh BU3HAYCHHS KOOPAMHAT TOYOK BHIIE MPHU KYTi 3aCIYKH, 10 HAOIMIKAETHCS
10 90°. BpaxoByroun TO# (pakT, M0 MakCUMaJlbHa BiJICTAHb HA CXUJIi HE MEPEBHUIILYE
50 M, MOXHA 3pOOMTH BHCHOBOK, IO 3aIlPOIIOHOBAHUH CIOCIO JT03BOJISIE BU3HAYATH
KOOpAuHATH TO4O0K M9 — M 13 3 He0OX1THOI TOUHICTIO.

Bu3HayeHHS BHCOT TOYOK Ha 3CYBi BHKOHYIOTH METOJIOM JIBOCTOPOHHBOTO
TPUTOHOMETPUYHOTO HIBEIIOBaHHSA. METOJ TPUTOHOMETPHYHOTO HIBEIIOBAHHS
J03BOJISIE BH3HAYaTH OCIJaHHS TOYOK, IO PO3TAIlOBaHI Ha PI3HMX BHCOTAaX B
CKIIAJHUX 1 BaXKO JIOCTYIIHUX YyMOBaX. B TOpiBHSHHI 3 TEOMETPUYHUM
HIBEJIFOBAaHHSAM METO/I I03BOJISIE BUMIPIOBATH 3 OJIHIET CTAHIIT 3HaYHI TIEPEBUIIICHHS,
BIJICYTHSI HEOOX1THICTh B peMKax 1 HaBITh OCITAJIbHUX MapKax.

[IInpoke po3MOBCIOKEHHS B 1HKEHEPHO-TEOIC3NIHUX POOOTAX CICKTPOHHUX
TaxeoMeTpiB 3abe3medye aBTOMATH3aIlll0 Ta HEOOXIJHY TOYHICTh BHMIPIOBAaHb
METOJIOM TPUTOHOMETPUYHOTO HiBeltOBaHHA. [[0XMOKM OUIBIIOCTI TaXEOMETPIB, SIKi
NPAIIOIOTh B PeXKuMi 0e3 BijOnBaua 3HaXoAuThCs B Mexkax My =1 -5" Mg =1 -5
MM. Jlns 3abe3medeHHS BHCOKOI TOYHOCTI BHMIPIOBAHHS 3CHITHUX BIJICTaHEH
BUMIpDIOBAaHHS HAa CTaHIl BUKOHYIOTH JBOMa mnpuiiomamu. llpu BuMIiprOBaHHI
BIJICTaHEH BPaxOBYIOTh ITOMPABKU 32 METEOYMOBH.

[Tpy npuitHATUX yMOBaX OTPUMAEMO TOUYHICTh BU3HAYCHHS TEPEBUILICHHSI MiX
3HaKaMH4 3 OQHI€] CTaHIT:

2
mhij = 2m§ COS2 Z+2(%Sin Z) m% . (16)

Jlnist cioctepexeHHsl BUKOpUCTaHO enekTpoHHiil Taxeomerp TCRP1205+ R400
3 Xxapaktepuctukamu Mz =5" Mg =2 mM. B TAKOMY BUIAJIKy OTPUMYEMO TOYHICTh

BH3HAYCHHS IICPCBUILICHHA

m, =.|2-4cos’80+ 2(5000%

2
52 =1.8MM’

ij

sin 80)

TOYHICTh BU3HAUYEHHS OClAaHHs Oyje:
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m, =m, J2 =25mm,

OTXe TOYHICTh BHM3HAYEHHS BHCOTHOI CKJAJO0BOi 33J0BOJIbHAE BHMOTaM,
pPO3paxOBaHUM HaMU paHille.

[licns [OBOX UMKIIB CIHOCTEPEXKEHb OCTATOYHA MeEpexa pO3TallyBaHHS
nedopMaliiiHuX 3HaKIB Ha MOBEPXHI CXHITy MaJla HACTyIHUM BUTIISA (puC. 3)

Puc. 3. Poboua Mepeska cTaHIliil criocTepexeHb

3a pesynapTaTaMH CIIOCTEPEKEHb B TEpIIOMY IMKII Oyia moOyJoBaHa
TPUBUMIpPHA MOJI€JIb TIOBEpXHI 3CYBY, sika OyJe BHKOPHUCTOBYBATHUCh TIpU
MOJAJIBIIIOMY aHaJl131 IepEMIIIeHh TOUOK Ha 3CYBI.

106
105
104
103
102
101
100
99
98
97
96
95
94
93
92
91
90
89
88
87
86
85

Puc. 4 TpuBumMipHa MoJieNIb HOBEPXH1 3CYBY
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[Ipy BuUHUKHEHHI 3CyBIB (pOopMa CXUIy 3MIHIOETHCSA, a OTXKE 3MIHIOETHCS 1
MOBEPXHsS 3CyBY. MarwuM J1aHHI CIIOCTEPEKEHb 3 JABOX IMKJIB MOXKHA MO0y yBaTH
KOMITO3UTHY TIOBEPXHIO, SKa TMPEACTABISATHME peiabed 3MIH BHUCOT Ha TMOBEPXHI
3cyBy. [IoOy0Ba KOMITO3UTHOT TOBEPXHI BUKOHYETHCS B HACTYITHOMY TOPSJIKY:

—3aBaHTaXCHHS KOOPAWHAT TOUOK JiepopMaIliiHuX 3HAKIB,

—CrtBopenns TIN — moeni moBepxHi;

—PenaryBaHHs OTpUMaHOi MOJIETIL;

— CTBOpEHHS KOMITO3UTHOI ITOBEPXHI.

[Ipy cTBOpeHHI KOMITO3UTHOI TIOBEPXHI BHKOPHUCTOBYIOTH TOYKH JBOX
MOBEPXOHb, @ TAKOXK TOUKH IEPETHHY pedep TPlaHTYJAIl MK JBOMa IMOBEPXHSIMHU.
3Ha4YeHHS BIJMITOK IS HOBOi KOMIIO3UTHOI IOBEPXHI OOYHCIIOIOTH, SK PIZHUIO
3HA4YC€Hb BIIMITOK JBOX MOBEPXOHb. OTpUMaHa KOMIIO3UTHA TTOBEPXHS TAKUM YUHOM
JT03BOJISI€ BIICJIIKYBAaTH KPUTUYHI 3HAUCHHS TIEPEMIIIICHb Ha 3CYBI.

3a pe3yJbTaTaMu CIOCTEPEKEeHB 3a AehopMallifHUMU 3HAKaMH Ha 3CyBl HaMH
Oysno moOyJAOBaHO KOMIIO3UTHY TIOBEPXHIO, SKY TIPEACTABICHO Y BHUIVISII
TOPU3OHTAICH.

2060

2040

2020

2000

1980

I I I I
1000 1020 1040 1060

Puc. 5 Penred koMo3uTHOI moBepXHi aedopmartiid 3cyBy

Taka ¢opma mpencTaBieHHS JO3BOJISIE TPABUIBHO OIIHUTH XapakTep
NepEeMIIIeHb Ha 3CYBI.

BucnoBku. HaBeneni B maniil poOOTI pe3yiabTaTd MPEACTABIAIOTh Cy4aCHUMN
MIX11 10 MPoOJIeMH CIIOCTEPEKEHHS 3a 3CYyBHUMU mpoliecaMu. ['0I0BHUN BUCHOBOK
MOJIATa€ B TOMY, IO MOTPEOYIOTh 3HAYHOTO MEPEOCMHCICHHS Ta KOpPETyBaHHS
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ICHYyIOYl METOJMKH PO3PaxyHKy TOYHOCTI CIIOCTEPEIKCHb 3a 3CyBaMH, TEXHOJIOTIi
BUKOHAHHS CIIOCTEPEKEHb, METOAU OOpOOJICHHS pe3yJIbTaTiB Ta CIOCOOH
NPEJICTABIICHHS OCTAaTOYHMX pe3yJbTaTiB. BupilmeHHO nMX 3aBaaHb OyAyTh
MPUCBSIYCHI OAAJIbIII Ty OJTiKaIli.
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AHHOTAIUA
B cratbe paccmoTpeHa MeTonuMka pa3pabOTKM MpoekTa HaOMIoJeHUN 3a
onoim3Hamu. [lpuBeneHa MeTOAWKAa BBIMOJIHEHUS MPEABAPUTEIBLHOTO pacuera
TOYHOCTU TIPU BBITIOJIHEHUH TE€0JIe3UYECKUX HAOIIOJEHUNH 3a OMOJ3HEBBIMU
npouieccamu. [IpencTaBieHbl epBbie Pe3yNbTaThl MOJYYEHHBIC PU HAOIIOJCHUSAX 32
OTIOJI3HEM B 30HE CTPOMTENIbCTBA JKUIIOTO KOMILIEKca Ha ckiloHe p. JlHenp B r. Kuese.

SUMMARY
In the article the methodic of project development for observations of
landslides is considered. The technique of performing a preliminary calculation of
accuracy is resulted in the performance of geodetic observations of landslide
processes. The first results obtained from observations of the landslide in the area of
construction of a residential complex on the slope of the Dnieper River in Kiev are
presented.





