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Xapxkiscbkuil HAYIOHANLHUL ABMOMOOLILHO-00PONCHIU YHIBepcumem, YKkpaina

BILIMB PE®PAKIIII HA TOYHICTh TEOMETPUYHOI'O HIBEJIFOBAHHS

Ilposedeno ananiz nimepamypHux Oxcepen, 8 AKUX 8 3HAUHIN Mipi NPUOLIeHO y8azcy MOYHOCHI NPOBEOeHHs 2e-

ooezuynux pobim. Ilpoananizosano 3anedicrHicmos 6nAUGy pepakyii Ha MOYHICMb BUMIPIOSAHb 8 PI3HUL Yac 000U

ma 6i0 GIOCMAaHi MidC HIGEIPHUMU pelkamu. BcmaHo8neHo onmumanibHuil 4ac, Koy nius pe@paxyii Ha mouHicmo

BUMIDIOBAHD € MIHIMATbHUM.

Knrouosi cnosa: ceomempuune Higent08anHs, pepaxyis, Hieenip, pelika HiGelipHa, memnepamypa nogimpsi,

MOYHICMb BUMIDIOBAHHA.

ITocTanoBka npoodJiemMn

dakropu, 10 BIUIMBAIOTH HA TOYHICTH I'€0JC3HY-
HUX BUMIpIOBaHb MOXXHA TOIUTHTH Ha BHYTpimHi (iH-
CTpYMEHTaNbHI) Ta 30BHImHI. /[0 BHYTPINIHIX MOXXHA
BIIHECTH KJIaC TOYHOCTI TIeOAE€3WYHOro o00JIa HaHHS,
MPaBUIIBHICTh WOTO HANAIITYBAHHS, TOYHICTH B3SATTS
BimmikiB Ta iHmi. JI0 30BHIMIHIX BIJHOCATHCS: CKJIA-
HiCTh penbedy Ta cHUTyallii AUISIHKM, Ha SIKIH IPOBO-
JUTHCSL BUMIPIOBaHHSA, ITOTOIHO-KIIIMAaTHYHI YMOBH, 4ac
00U Ta mie psl YNHHHKIB, SKi HE 3aBXKIN BPaXOBYIOTh-
Cs ipH 3HoMIIl Ta 00pOOIIi FeOIC3UUHUX CIIOCTEPEIKEHB,
ajie MOXKYTh 3HAYHO BIUTMHYTU Ha JOCTOBIPHICTh KiHI[E-
BOTO Pe3yJbTaTy.

AHaJIi3 Cy4yacHHX J0C/iIxKeHb i myOJaikanii

[MuTaHHAM TOYHOCTI TEONE3MYHHX BHMIpPIOBAHb,
BIUIMBY BHYTPIIIHIX Ta 30BHIIIHIX ()aKTOpIB MpHCBsye-
HO 0araTo HayKOBHX BITYM3HSHHUX Ta 3apyODKHHMX BHU-
naub [1-6]. Haiibinbiie yBaru NpHUIIISETHCS KIACy
TOYHOCTI T'€0/IE3UYHOr0 OOJNaJHAHHS Ta MPUIAIIB, Me-
TOAaM 3MOMKH, PO3paxyHKiB Ta OOpOOKH OTpUMaHOL
iHpopmamnii. Habarato MeHIe yBarm MPHIUIAETHCS
30BHIIIHIM, HE 3QJIC)KHUX BiJ T€0Ie3UCTa (haKTOPaM.

Meroro mi€i cratTTi € anami3 BBy pedpakiiii Ha
TOYHICTh T€OMETPUYHOTO HiBEIIOBAHHS.

BukJiax ocHOBHOro Martepiany

l'eomeTpuuHe HiBENIOBAaHHSA — II€ METOJ BU3HA-
YEeHHsI TIepEeBUIIEHb Yepe3 B3STTS BiUIIKIB IO HiBEip-
HHUX peliKax MpU TOPU30HTAIBHOMY BI3UPHOMY IMpOMe-
Hi. [[eomMeTpryHe HiBENOBaHHS BUKOHYIOTH JIBOMA CIIO-
cobamu: «i3 cepenuHn» i «Brepen» [7]. XapaktepHum
JUIL TEOMETPUYHOI'O HIBENIOBAHHA € Te, IO Bi3UPHUIA
JTyd Maibke Ha BCilf CBOIH MPOTSDKHOCTI MPOXOANTH HE
Ha OJIHAKOBIH BiJICTaHI BiJl MOBEPXHI 3eMJIi, TOOTO IpO-
XO/UTH CKpi3b IOBITPSHI MIapy pi3HOI TeMmepaTypu Ta
IIIBHOCTI. SIKIIO TemmepaTypa MOBITPS B HalBHIUi
TOYIIl 3HOMKH Ha ITOJIOTOMY CXMJII Ma€ MOCTiiHY TemIie-

parypy t, TO MOXHa BBa)KaTH, IO TOBITPSIHUH IIap
Y370BXK IBOTO CXWJIy Ha BCii CBOIM MPOTSKHOCTI Ma€e
TeMmIeparypy Oau3bKy 10 t, Ta BIIMOBIIHY 0 HEl IIiJTb-
HicTh. Take mpumymeHHs OyII0 BUCYHYTO (paHITy3bKIM
actpodizukom Anape Jlamnemanom [8]. Takox BiH
MPUIYCTUB, LIO TEeMIepaTypa MOBIiTpsS t 3MIHIOETHCS B
apudMeTHyHil mporpecii, Toai sk Bucorta h Haj piBHEM
3eMJIi 3MIHIOETBCS B TECOMETPHYHIi porpecii:

t=a+b-log(h+c) Q)
ne a, b, ¢ — mocriliHi, M0 MiAIAraTs BU3HAYEHHIO
JOCITITHUM IIJISIXOM.

3akonu 3MiHH t B 3a7I€XKHOCTI Bix h mocuTth ckmas-
Hi, TOMy 3amnporoHoBaHo JlamaemanoMm (opmyIor
MOXHa KepyBaTHCA JIMIIe TPH HAICKHOMY MiIOOpi
nocriiinux a, b ra c.

Ha nouatky nBanisitoro cropivus nmpodecop Kpa-
coBcbkuil ®@.H. 3anpononyBaB CBOIO METOAMKY BU3HA-
YeHHs BEIMYMHU pedpakiii, 11 CyTh MOJATae y HACTYII-
HoMmy [8].

IIpunyctumo, o rOpU30HTAIBHUN JIyd NpUIIANAE
Ha HIBEJIPHY peliky B Todii D, a cBiTIOBHME nyd, 110
NpOXOAUTH 1O pedpakuiiHiii kpusiii OMB — B Touui B
(pucyHox 1).

Biapizok Bb — pedpakuiiina nonpaska. Skio Bi-
CTaHb eleMEeHTa MM pedpakmiiiHoi KpUBOI BiJ peHKH
MO3HAYHUTH SIK X, & KYT, SKMH eJIeMEHT MM; yTBOPIOE 3
HOpMaiio NNy go cxuiny AC mo3HauuTH 4epes3 J, To

OTpUMAEMO:
L

Bb = & = | xd3 @)
0
ne L — BincTaHs Big HiBeNipa 10 peyKH.

SIKIO0 BHCOTY HaJ TMOBEPXHEI0 3eMIi eJeMeHTa
mm; mo3HauutH sk h, Bimpizoxk Ab mosHauuru sk hi, a
YXUII CXUIY 5K P, TO OTpUMaEMO:

h —h
X=——" ©))

SIkmo N - Kxoe(illieHT 3aJTOMIJICHHS TOBITPS UIA
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Apximexmypa ma 6yodienuymeo. I'eooesia ma 3emneycmpiii

eneMeHTa MMy, To:
n -sin J = const. 4)
B 1
076 Trat ®)
ae o — koedinieHT pommpeHHs nositps, o = 0,00366;
B — noka3zanns 6apomerpa.
TakuM YUHOM:

n =1+ 0,000294

0 ,000294i
0,76

(1+at)zn

L
Bb = = | x hl;h tgJ- dit ©)
0

[Tpu oOumcnensi nporo iHrerpana tgd, B ta N mo-
’KHA BBAKATH MOCTIHUMH.

B cBoix BumykyBaHHsAX KpacoBcekuid Bce X Taku
0azyeTbcs Ha MaTEMaTUYHUX MOJEISX Ta MOCHiTOBHOC-
Ti [i#i 3anpornoHoBaHuX JlamuieMaHoM, SIKi TOW 9H 1HIIIH
Mipi MiATBEPAKYIOTh HOTO IPHUITYIICHHS.

A

Puc. 1. Cxema Bu3HaueHHs pedpakiiiiHOT MompaBKu

IMposeneni npodecopom KpacoBcbknm 3a cBOEFO
K METOJIUKOI BHMIPIOBaHHS Ta PO3PaXyHKH ITOKa3alH,
mo pedpaxiist £ 30UTBITYEThCS MPONOPLIHHO KBaIpaTy
BigcraHi L. Takox, 3HaYCHHS & 301MBIIYETHCS 13 301Th-
LICHHSM YXWIJIy, XO4a 1 He B Takii 3Ha4yHiid Mmipi. [lpu
BiJZICTaHsIX BiJl HiBeJipa 1o peiiku B Mexax 50 — 80 mer-
piB, 3HaUeHHS pedpakiii MOKe CATaTH OJTHOTO MiTiMeT-
pY, IIpH YoMy Lisl OXHOKa OyJe MaTH CHCTEMAaTHYHUM
xapakTep, TOOTO Oy/le HAKOMMYYBATHUCh B OJUH OIK Ha
OUTOMY psAl TOCHINOBHUX CTaHIiH. ToMy BaXIMBO
3HATH Ti MPOMIXKKH 4Yacy, KoM pedpakiis Mae HaiiMe-
HILIE 3HAYCHHSI.

[Mposenenniit ®.H. KpacoBcbkuM psizt 10CiiDKEHb
JIOBOJUTH, IO B JITHIN COHSYHUI JIeHb 3MIHH pedpak-
il aifoTh y Takomy mopsiaky [8]:

1. BpaHiii, mepen cXoI0M COHIIS Ta Biapasy micis
CXOJly COHIIS pedpakiiisi Ma€ IUII0COBE 3HAUeHHA. B e
MIPOMDKOK "acy il BIUTUB TyKe HE 3HAYHHI.

2. Mix 5-010 Ta 6-010 TOAMHAMH PaHKY pedpaKxiis
OnM3bKa 710 HyJIs Ta, NOYMHAIOYHM MPHOJIU3HO 3 CHOMOI
rofuui, 1l 3Ha4YEeHHS CTA€E Bi’€MHHUM.

3. 3 7-0i 1o 13-01 ronWHU CIIOCTEPIra€ThCs MIBUI-
Ke 301bLIeHHs Bij €MHOro 3HaueHHs pedpaxuii. biu-

3bK0 13-01 TOAWHM BOHA CATAE BiJ’€MHOTO MAKCUMYMY.

4. 3 13-01 1o 15-01 rOIWHU CIIOCTEPIracThCS MOBi-
JbHE 3MEHIIeHHs 3HaueHHs pedpakuii. Ilicas 15-o1
roauHu pedpakuis yOyBae IIBHAKO 1 BXKe OJIKYE N0
18-01 roguaM BxKe OMU3bKA 1O HYJIHOBOTO 3HAUCHHS.

5. [lepen 3axomoM coHIs pedpakiis 3HOB CTaE JI0-
JIaTHOIO.

VY 1912 pomui imxenepom Kompmromiepom B MioH-
XeHi OyII0 MMPOBEEHO PSII CIeMiabHUX OCIiKEHD [8],
SIKI TO3BOJIFUTA BCTAHOBUTH 3aKOHOMIPHICTH 3MiHH 3Ha-
YeHHs! pedpakiii Bi BiCTaHI MK HiBeJTIpHUMHU pelka-
MU B pi3HHH Yac 100u (pucyHok 2). BoHH B MoBHIi Mipi
CHIBIAJAOTh 3 Pe3yJbTaTaMU JOCTIIKCHb mpodecopa
KpacoBchkoro, MmiATBEpAKYIOTh Ta JOINOBHIOIOTH OJIUH
OJIHOTO.
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Bijcranb Mixk pefikamu

_______ 80 mempie — — — — — 160 mempis

120 mempis 200 mempie
Puc. 2. 3anexHicTh 3HaYCHHA pedpakxiii € BiJ BiACTaHi
MIiX HIBETipHUMH peiKkaMU B Pi3HUIA 9ac 100u

Sx MoxHa OaduTH HAa PUCYHKY 2, TPH BiacTaHi
Mix pefikamu 200 MeTpiB, B MOyIeHb pepaKIis carae
Maiike I1’TH MUIIMeTpiB. AJle BXe NpH BiJCTaHi MiX
peiikamu B 120 MeTpiB, HaiiOlnbIe 3HaYeHHs pedpaxiii
HE TIePEBUIYE OTHOTO MiJIMETpa.

[IpoanainizyBaBiiM OTPUMaHi 3aJIEKHOCTI, CTa€
OYEBHHUM, 110 HAMBHIIHIIIMM YacOM JUIsl IPOBE/ICH-
HSI TEOMETPUYHOTO HiBETIOBAHHS, KOJIM BIUIUB pedpax-
1Ii€ 3BeICHO 10 MIHIMYMY, € MIPOMDKOK 4Yacy Bia I’AToi
JI0 Maibke JiecaTol TONUHY PaHKy, Ta 3 14-0i romquHm ax
Jo 3axoay coHms. [Ipu mpomy OakaHo, 00 BiJCTaHbB
BiJl HiBeIipy 70 peliku He nepeBuiyBaia 60 M.

BucHoBku

[IpoananizyBaBiiy Bce BHIIECKa3aHE, MOXKHA 3pO-
OWTH BICHOBOK, III0 TOJIOBHA TIOXMOKA IIPH HiBETIOBaHHI
BHCOKOI TOYHOCTI 3yMOBJIEHA came Jiero pedpakiii [9].
HagiTh 3MeHIICHHS BiJCTaHI BiJ HiBedipa IO PEHKHU IO
50 meTpiB, HE MO’KEe TIOBHICTIO TapaHTyBaTH BiJICYyTHICTh
CHCTEMaTHUYHOTO HAKOIUIEHHS MMOXUOKH BiJ pedpakiii.

Anzpe JlamiemaH, B SKOCTI OJHOTO i3 CIIOCOOIB
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KOHTPOJIIO BIUIMBY pedpakiiii Ha TOYHICTh BUMIipIOBaH-
Hs, TIPOTIOHYE HA KOXHiH cTaHIii OpaTW TOKa3aHHS
TEpPMOMETpa Ha BHUCOTI BI3UPHOTO IPOMEHS NP peil
Ta rnpu 00’exTHBI HiBemipa. Xoua, 3a cnoBamu Kpacos-
CBKOTO, 10 I[MM IOKa3aHHIM TEPMOMETPa PH3UKOBAHO
BBOAWTH TOIPaBKY MO po3paxyHKoBoi (opmymu (6),
OCKIJIbKM HEpIJKO 3aKOH 3MIHEHHS TeMIlepaTypu Bij
BHCOTH JTAJIEKO HE TOM, SIKMH MOKJIQJEHO B OCHOBY Ili€i
¢dopmynm. Ane 11l TOKa3aHHSA TEPMOMETPA NALYTh MOX-
JIMBICTh JIOCTOBIPHO BH3HAYMUTH XapakTep BIUIMBY pe-
¢pakuii Ha pe3yabTaT BUKOHAHOTO HiBEJIIOBAHHS 11O,
0e3mepeyHo, Ty’Ke BaKINBO B BUECOKOTOUYHIH poOOTI.
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INFLUENCE OF THE REFRACTION ON THE ACCURACY OF GEOMETRIC LEVELING
S. Urdzik

Kharkiv National Automobile and Highway University, Ukraine

The article contains a list of references and scientific articles that investigate the accuracy of geodetic measure-
ments, the problems of errors, as well as factors affecting the accuracy and the possibility of taking them into account
when conducting various geodetic works. External and internal factors are described. influencing the accuracy of
geodetic measurements. The main part of the article describes the essence of geometric leveling. Characteristic for
geometric leveling is that the sighting beam along its entire length does not pass at the same height from the ground
surface. This means that the sighting beam passes through air layers of different temperature and density. This, in turn,
affects the accuracy of measurements. The article presents the assumption of the French astrophysicist Andre Lalle-
mand that the temperature of the air changes in an arithmetic progression, while the height above the ground level
changes exponentially. Professor Krasovsky F.N. proposed a technique that states that refraction increases in propor-
tion to the square of the distance from the level to the slats. The scheme of the spreading of the sighting beam horizon-
tally and the refraction curve is shown. The studies carried out by Krasovsky have shown that the refraction is minimal
at the summer sunny day in the morning. It reaches its maximum values in the daytime. In the evening, before sunset,
the effect of refraction is minimal. The research data on the effect of refraction on the accuracy of geometric leveling,
carried out by German engineer Colmyuller, are presented. They confirm the results obtained by Professor Krasovsky.
As conclusions, it was concluded that for more accurate geometric leveling, measurements are best done in the morn-
ing, and the distance from the level to the staff should not exceed 60 meters. Also Andre Lallemand recommends that at
each station measure the air temperature at the height of the sighting beam near the slats and near the lens of the level.
Although Professor Krasovsky does not recommend introducing this amendment into the calculation formula.

Keywords: geometric leveling, refraction, level, leveling rod, air temperature, accuracy of measurements.

196


mailto:rp@khadi.kharkov.ua

