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BIIJIMB KYTA 3EMHOI'O 3AJIOMJVIEHHA HA TOYHICTbD
TPUI'OHOMETPUYHOI'O HIBEJIFOBAHHA

Ilposedeno awnaniz nimepamypHux 0dcepein, 6 SIKUX 8 3HAUHIU MIPi NPUOLIEHO Y8azy MOYHOCMI NPOGedeHHs.
2eooe3uunux pobim. Buxnadena nocnioosmicme Oiti npu mpuconomempuyHomy Higenosanti. Ilpoananizosano
3ANEHCHICNG 3HAYEHHS KOeDIYicHmy 3eMH020 3ai0MAeHHs 6i0 uacy 0oOu. Hasedeno cepeone 3nauenus Kymig

3EMHO2C0 3AIOMIEHHA, BUSHAYEHUX BUOAMHUMU BUECHUMU.

Knwowuoei cnosa: mpuconomempuune HiGeMOBAHHI, KOCDIYIEHM 3eMHO20 3ANOMIEHHS, Me0O0aim, 3eHimHa

8I0CMAHb, MOYHICMb GUMIDIOBAHHSL.

ITocTanoBka npoodJieMu

OmHuM 3 HaWOUIBII  MONIUPEHUX  METOJIB
reo/Ie3UYHOT 3HOMKH sl BU3HAYCHHS MEPEBUILICHD €
TPUTOHOMETPUYHE HiBEIIOBAHHS, CYTh SIKOTO IMOJISTae B
BUMIpIOBaHHI ~KyTy Haxwjily Ta BiJCTaHi
BuMiproBanuMu To4ukamu. OJHi€I0 3 mepeBar IbOTO
METO/ly TAKOX € T€, IO TUIbKH B HHOMY BPaXOBYEThCSI
KpUBU3HA 3eMJli, uYepe3 BHECCHHsS  BIAMOBIIHUX

MiX

TIOIIPABOK.
AHaJIi3 Cy4YacHMX J0CIIKeHb i myOaikanii

[TuTaHHSAM, TOYHOCTI T€OAC3UYHUX BUMIPIOBAHb Ta
JOITyCTUMHM 3HAYEHHSIM MOXHOKH IPHUCBSIYEHO Oararo

HaykoBMX  Bumawb [1-7]. Haiibinmemie  yBaru
TIPUALISETHCS KJIacy  TOYHOCTI re0e3UIHOTO
oOmagHaHHA Ta  TNpWIafiB, MeToJaM  3HOMKH,

PpO3paxyHKiB Ta 00poOKH OTpHMaHOi iH(popMaIIii.

Mertoro wiei crarTi € aHami3 BIUIUBY Ta
BpaxyBaHHS KpPHUBH3HH 3emJli Ta KyTa 3EMHOTO
3aJIOMJICHHS HA  TOYHICTh  TPUTOHOMETPUYHOTO

HIBEJIFOBaHHS.

Buxkiax 0CHOBHOTO MaTepiaiy

[Ipu TpUTOHOMETPUYHOMY HIBEIFOBaHHI (PHUCYHOK
1) Ha Touni 4 BCTaHOBIIIOIOTH TEOMOJIT, MPHUBOIATH O
poOoue MONOKEeHHS Ta BUMIPSIIOTh BUCOTY Tpubopy i. B
TOUlli B BCTaHOBIIOIOTH HIBENIpHY peuKy. Js
BU3HAYCHHS MEPEBULICHHS N BUMIPSIIOTH KYT HAXHIY V,
rOpU30HTajdbHE TpoKaageHHs d Ta (IKCYIOTh BHCOTY
Bi3yBaHHS a (Bi[UTIK, Ha KW HABEJICHO Bi3UPHUH ITyY).

I3 pucynka 1 crminye:

h=d-tgv+i-a (8]

peika
HiBenipHa

Puc. 1. Cnpomiena cxema TPUTOHOMETPUYHOTO HiBEITIOBAHHS

Ane, 3emMHa atMocdepa Ha PI3HUX BHCOTaX Ma€

pi3HMH TOKa3HHUK
CBITJIOBHIA MMy40K
PO3MOBCIOMKY€ETECSI HE MO TpsAMii, a TO KpuBid
Tpa€eKTOpii, MOBEpHEHIH YBITHYTICTIO 1O IOBEPXHI
3emimi. lle BUKpHUBIEHHS BinOyBa€ThCS HMEPEBAKHO Y
BEPTUKAJBHIA IUIOMIMHI, HE CYTTEBO BIUIMBAE Ha

pi3HY [IUIBHICTH, a, OTXe, |1
3aJIOMJICHHS, TaK 110

ropusonTanbhi Kytu [9]. Ile BUKpHUBICHHS Bi3HPHOTO
JIy4y BiOyBa€ThCSl B BEPTHKAJBHIN IutoniiHi. BoHo € i
y TOPHU3OHTANbHIN TUIONIMHI, alleé B AyXe He 3HAYHHX
po3mipax — HaWOiIbIIa BEIMYMHA TaK 3BaHOI OOKOBOT
pedpaxuii omiHIOETECS B OJJHY CeKyHIy. B cBoro uepry,
3€HITHY BIJICTAaHb BOHO 3MIHIOE JyXX€ CYTTEBO.
Croocrepirad B Toulli A 06aunTh TOYKy B He 3a
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Apximexmypa ma 6yodienuymeo. I'eooesia ma 3emneycmpiii

HaNpsIMKOM XOpau AB, a 3a HanpssMKoM gotuunoi Ad 10
OCTaHHBOTO €JIEMEHTy pedpakiiitnoi kpuBoi AcB
(pucynok 2). Skmo npsmi zZAC i BC cniBnagaiorh 3
MPSIMOBUCHAMH JiHIAMA B 4 1 B, To xyr ZAB = &
Ha3MBAETHCS CIPABXKHBOIO 3€HITHOIO BIJICTAHHIO, & KYyT
ZAd = z — BHOWMOIO 3€HITHOIO BincraHHoO. I[Ipu
HOpPMAJIFHOMY PO3MOZiN MIITBHOCTEH B arMocdepi Z
3aB)KAM MEHIIA HiX &,

C

Puc.2. Cxema BU3HAYEHHS 3€HITHOI BiACTaHi 3

BpaxyBaHHSM BIUIMBY KyTa 36MHOT'O 3aJIOMJICHHS
PisHumio r = & - Z Ha3MBalOTh KyTOM 3E€MHOTO

3alOMIICHHS. a0 MpOCTO  3EMHUM

JOCIIJDKEHHS. JIOBOJATh, ILO

3aJIOMJICHHSIM.
Yucnenui 3HAYCHHS
3€MHOT0 3aJIOMJICHHS HE MOX€e OYTH BHU3HAYCHHS TOYHO,
OCKIJIBKM 3QJIEKUTh HE TIABKH BiJ BIACTaHI MIXK
ToukaMu A4 i B, anme # Big dWacy nHA, BiI BUAY Ta
BJIACTMBOCTEM MicieBocTi Mix Toukamu A 1 B,
TEMIepaTypu Ta THCKY HABKOJHUIIHBOTO CEpPEIOBHIIA
MiJ Yac BUMIPIOBaHb Z, TEMIIEPATypu IPYHTY, BHCOTH
MpOMeHs Haj IpyHTOM Ta iH. OCh 4OMY BepTHKAaJIbHI
KyTH  BHMIPIOIOTh i

MCHIII TOYHO, KyTH

TOPHU30HTAJbHI: 0€3KOpUCHA BICOKA TOYHICTH Bi3yBaHHSI

HDK

TpYOOIO Ta B3ATTS BIIUTIKIB IO BEPTHKAIHLHOMY KPYTY,
SIKIIIO TOYHICTh BU3HAYEHHS Z a0COJIFOTHO MOTJIMHAETHCS
TIpH TIEPEeXOli Bix Z 10 & MOXMOKOI0 B BU3HAYCHHI KyTa
36eMHOTO 3aJlOMJIeHHS. J[I TpocTOTH miIpaxyHKiB
3a3BUuail mpuilMaroTh, 1O KpuBa AcB mnpeincTtasise
Kpyropy nyry. B NIPUIYIIEHHI  3eMHE
3aJIOMJICHHS, SIK KyT MDK JOTHYHOIO 1 XOpJAOIo,
OYEBMIHO MPOMOPIIHHO JOBXHKHI qyru ab, mo JexuTs
Ha piBHEBill MOBepxHi. 3 1HMIOr0 OGOKY JOBXKHHA IIYyT'H

TaKOMY

ab, nponopriiiina kyty C MiX TPSIMOBHCHUMH JIiHIIMH

AC 1 BC. BigmoBigHo, 3eMHE 3aJOMJEHHSI I
npornopuiiine kyty C. [IpuiimaroTs:
C
r=k-—, )
2

Je K — KoedilieHT 3eMHOTO 3aIOMIIEHHS.

3eMHE 3aJIOMJIEHHS, a BIAOOBIZHO 1 HOro
koeilieHT, Mae HaHOIIbLIy BEJMYMHY 32 JCHb Ha
CBIT@HKY, II€pel CXOJOM COHIA. Bix cxony coHus 1o
monyaHs K GesmepepBHO 3MeHImyeThes. Haiimerte
3HadeHHS I Ta K 1 HaliMeHIIa IMBUAKICTH 3MIiHEHHA K
npunaaaTs Ha 9ac 3 11-1 no 14-1 roqunn. Came 3 14-i
romuHu 3HaueHHs K 36imbIIyeThcs Ge3mepepBHO ax JI0
paHKy HACTYHDHOTO MAHA. 3 YHCIEHHHX JOCIIiIKEHb
BUIUTUBAE, 0 HaliMeHIIE 3a 0Oy MOJyJAeHHE 3HAaUCHHS
kK noBomi mocriiiHe HaBiTh JUIS  PI3HUX  MiCIb
CTIOCTEepeKeHb. B iHIII ToAWHN MOOH I Pi3HUX IHIB i
PI3HMX MiCllb JOCHUTHh CHJIBHO pi3HHThCA. Came TOMY,
TUIBKM BUMIpSHI B TOJNYyJISHHUH, abo B ONM3BKO 110
MONMyJCHHOTO dYacy TMepiox 3CHITHI BiACTaHI MOXHa
IepepaxoByBaTH Ha BiIMOBIMHI iCTHHHI 3€HITHI BiICTaHi

yepes hopmyiy:

C
E=z2+k-— (3)
2
KoedirieHT 3eMHOro 3ajoMiieHHsS K MOHa

BU3HAYUTH JBOMA MeTomamu [9]:

1. BusHayaroum 3 TeONE3MYHOTO HiBEIIOBAHHS
PI3HHUIFO PIiBHIB TOYOK, AQJIBTUTYAH SKHX BIiIOMi 3
TCOMETPUYHOTO HIBEIFOBAHHS;

2. DBukOHYHOUYM OIHOYACHI  CIOCTEpPEHKEHHS
B3a€MHUX 3€HITHUX BIJICTAHEN.

B Tabn. 1 wHaBemeHi [JOCTOBIpHI BEJIMYMHHU
koedimienty K, BusHaueni bBeccemem, Kiapkowm,
Baitepom, Tennepom, Ctpyse.

Tabmuus 1
CepenHe 3HaYCHHS KOS(iLiEHTY 36MHOTO 3aJOMJICHHS
Imena Hasga Cepense
. - 3HAYEHHS
BYCHHX TpiaHTyJsILii .
Koe]ilieHTy

Knapxk AHrmnceka 0,158

Beccens [Ipyceka 0,137

Baitep IIpycpka 0,145

Tennep 3anagHo-pychKa 0,145

Crtpyse Judnsuaceka 0,124

[IpoananizyBaBmM  JaHHi  TaOJNUIi,  MOXHA

no0a4yuTH, 10 HABITH CEpeIHE 3HaueHHA KoedilieHTy
3eMHOT0 3aJIOMJICHHSI MOXKE 3MIHIOBAaTHCS B 3HAYHHX
MeXax, [0 B BIZICOTKOBOMY 3Ha4YeHHi csrae 25%.

B cepempoMy s €BpomneichbKOoi YaCTHHH
mnanern kK = 0,14.

BucHoBku

JloTpyMaHHSI TeOMETPUYHUX IapaMeTpiB MPOEKTY
IHPKEHEpHOI CIOpyJM Ta TOYHICTH HOTro 3BEJCHHS €
OCHOBHOIO Ta HAWTOJIOBHIIIIOI0 BUMOTOIO B Oy IiBHHUIITBI.
BuxonanHsA X i€l yMOBH 0€3 T€0Ie3WYHHX POOIT B
OyNIBHHUITBI HE TPEICTABISIETHCS MOXIUBAM 1 Ha
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MpAMY 3QJICKUTh BiJl SKOCTI 1 TOYHOCTI BUKOHAHHS
TeoJIe3MIHUX BHMipIOBaHb pu MIPOBEICHH1
PO30MBOYHHX POOIT.

OnmHMM 3 BaXJIMBHUX BUJIB POOIT 1O BH3HAYEHHIO
MIEpeBUIIICHB, € HiBEIIOBaHHA. HiBemoBaHHS 3a3BHYAid
BUKOPUCTOBYIOTb [UISi BH3HAYCHHS BHUCOT TOYOK IIPH
CKJIaZiaHHI TonorpadiyHuX IUIaHIB, KapT, MPOQLIiB, NpH
MEPEHECeHHI TMPOEeKTiB 3a0yJOoBH Ta IIaHYBaHHA
tepuropii mo Bucoti. Ilpm BHKOHaHHI OyZHiBETHHO-
MOHT@XHHX poOIT 3a JONOMOTOK  HiBEIIOBaHHS
BCTaHOBJIIOIOTh Oy/iBENbHI KOHCTPYKLII B MPOEKTHE
MOJIOKEHHSA II0 BHCOTi. 3aCTOCOBYIOTH HiBEIIOBaHHS
IIPU CIIOCTEPEXEHHSAX 3a omagamu 1 Jedopmauismu
OyniBesb, Ul BU3HAUCHHS BEPTUKAJIbHUX IMEPEMIlIeHb
TOYOK Oy[IiBeNb i CTIIOpyI.

BpaxyBanHs 1ix 9ac IpoBEISHHS MOTIOHUX POOIT
TAKOr0  BaXKIHMBOTO  (akropy, KyT 3€MHOIO
3aJIOMJICHHS MOXXE 3HAYHO BIUIMHYTH HA TOYHICTb
MpOBeIcHHA PO30MBOYHHUX pOOIT i, SK HACHIJOK, Ha
SIKICTB CaMOro Oy 1iBHHUIITBA.
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INFLUENCE OF THE ANGLE OF EARTH'S REFRACTION ON THE ACCURACY OF TRIGONOMETRIC
LEVELING
S. Urdzik
Kharkiv National Automobile and Highway University, Ukraine

The article provides a list of literature and scientific papers that examine the accuracy of geodetic measurements, issues of
errors and errors, as well as factors affecting the accuracy and the possibility of taking them into account when conducting
various geodetic works. It is emphasized that only with trigonometric leveling is the influence of the angle of earth refraction on
the accuracy of the measurements taken into account. The scheme of trigonometric leveling and the principles of conducting
these works with the appropriate formula are given. The principles of forming and changing the angle of the earth's refraction
are stated. The essence of this physical phenomenon and the factors that influence it are described. The scheme for determining
the zenith distance is given, taking into account the influence of the angle of earth's refraction and the formula for determining
the true zenith distance. The diagram shows the path of the sighting beam from the observer to the observed point and the
physical process of curvature of the sighting beam. It is noticed that the distortion occurs to a greater extent in the vertical plane,
and slightly affects the horizontal angles. Zenith distance this distortion changes very significantly. The degree of influence of
refraction on the measurement of horizontal and vertical angles is analyzed. The angle of the earth's refraction has the highest
magnitude per day in the morning, before sunrise in the morning. The smallest value and the smallest rate of change of the angle
of earth's refraction occur in the afternoon. A table is given with average values of the Earth's refractive index established by
scientists in this field. The value of the coefficient of terrestrial refraction for the European part of the planet, as well as the value
of the error that can affect this coefficient and its limits are given. At the end of the article the conclusions are written, where the
importance of taking into account the coefficient of terrestrial refraction when trigonometric leveling is indicated. The article is
aimed at geodesic industry specialists who want to expand their horizons and improve their professional level.

Keywords: trigonometric leveling, refractive index, theodolite, zenith distance, measurement accuracy.
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