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COMPLEX METHODOLOGY OF ESTIMATING DENSITY
OF MAPPING PIQUETS
IN CASE OF COMPLICATED RELIEFS

Methodology of a complex estimation of mapping piquets density includes an analytical
determination and the way for prognostication of this density in case of complicated
reliefs. The analytical method is based on the use of classic formulas from the errors
theory by their respective conversion to reasonable analytical assessments for determining
the density of pickets with the least errors.

At the same fundamental role for analytical and statistical dependence between the error
of the mean, random oscillations (standard) and the number of observations, taking into
account the probability coefficients, applicable in various fields of geodetic science.

The analytical procedure is based on the presumption that the value of the distance
between the observation points (I) is a function of the working area (S) and of their
quantity in the area (N):

F(I)=1(S.N,,)
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In the course of the further transformation of this equation an analytical model of the

average density of mapping piquets in the area takes the form
E(, )= 025 (2)
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To determine the required minimum number of mapping piquets (Np) the well-known
formula of mathematical statistics is used that is based on the required accuracy and on
the needed probability (t).

Area unit (Sp), attributable to the zone of influence of one piquet with a radius equal to
half the distance between piquets geometrically represents the polygon; its area should be
determined by using the formula
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where R = — - the radius of influence of one MP ; S, - area of the n-th polygon (n=6), m*.



With a further transformation of the estimation (3) taking into account formulae of
determining the minimum number of and the area unit of influence the value of one
piquet the generalized analytical assessment for determining the average value of
density will get the form

E(lu)=w 4)

The value of the empirical coefficient does not depend on the degree of fluctuations in the
sizes of the area of elementary surface roughness of the relief (o = 0,8 + 1,4). Possible
limit values of this coefficient should be determined - based on the ratio of areas that are
characterized by the dissemination of the largest, medium and minimum values of the
zone of influence of individual piquets.

The method of the predictive estimation of the average density of consists of two
various approaches: the probability and correlation estimates, based on a single complex
technology of predicted estimates of the parameters with the sufficient completeness
and accuracy. The essence of the method consists in determining the projected average
for the analytical estimation, structured with the aid of the mathematical expectation and
of other parameters of the lognormal distribution function of the desired attribute.
Analytical meaning of the obtained predictive density evaluation of the is the fact that
its average value to a large extent depends inversely on the degree of the elementary
surfaces oscillations of the relief in the area.

With applying the density function for distribution of distribution gradients of and
with the further transformation a formula for predictive estimation of the average density
of E () appears as follows:

E(I )= Vfﬁexp(— Z,2In(L+V? i), (5)

(o)
where VH = — - coefficient of variation, the proportion of units.;
a
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oy - logarithmic standard;

Z, - table argument of the equation error function, erf (Z) = i _T e dt;
Jmo
®(Z) - Laplace function;
a, - mean value of logarithms.
The correlation estimation of the expected average density of should use the

dependence of this quantity on the morphometric parameters of the topographic surface.
Correlation model of density, depending on the values of the gradient section (hA)
and diversity index of the elementary relief irregularities (Qrs;) has been obtained in the
form of regression equations.



Simple and multiple correlation and regression analysis of the relationship of density
(Lpk), contour intervals (ha) and diversity index of basic relief irregularities (0raz) has been
realized on the basis of real data in three selected sites, in the Zhambyl and East
Kazakhstan regions, conducted in scales of 1 : 500, 1: 2000 and 1: 10000. For the
correlation analysis brought their actual values calculated by the statistical characteristics
of the initial values as well as the closeness of their relationship - the correlation
coefficients. Results of pair correlation analysis of the relationship variables Iy, ha, Qraz
and founded values of correlation coefficients showed that:

- An essential characteristic of a strong pair bound relationship between the density of
(Ipk) and gradient-section (ha) (r = 0,85);

- Less essential link characteristic relationship between the density of survey stakes (Ipk)
and diversity index of the elementary surface topography (Qmz) (r = 0,43);
- A slight communication typical of the relationship between the values of the height of
the cross section (hA) and an indicator of diversity patterns (gr;) (r = 0,31).

These equations describe analytically the pair and three-parameter dependence, as shown
by the values of closeness of their relationship, of the coefficients of determination and of
the standard error, it provides the reliability and accuracy of the results in their practical
application. The essential characteristic of them is the regularity at which the growth of
the values of the gradient section, and the decrease of diversity index of the relief cause
an increase in density of the piquets which corresponds to reality.

For improving the reliability by comparing the results of the evaluation it is
recommended to calculate the average value of average density of pickets, set out above,
obtained in three ways. The evaluation of the expected average is achieved by creating
the possibility of an operational definition of density on analytical formulas, the
original structural parameters are determined easily, without difficult procedures of
computation, regardless of the characteristics of the terrain what allows the use of this
technique in solving many of topographic and geodetic works, including mapping works
in given areas and drawing up their plans and topographical maps. The scientific value of
the recommended technique is to use the values of the parameters of the theoretical
probability distribution function and the correlation equations in the form of an integrated
system of models describing the regularities in the formation of the desired medium in a
given area. At the same time it provides an opportunity to address the shortcomings of
existing methods of arithmetic mean and weighted average estimate is the inability to
account inherent in their distribution patterns and other features with sufficient reliability.
Finally, this technique allows achieving the assessment reliability in cases where the
quantity of information on the object is negligible.

Conclusions:

1. Regularities of forming density values in dependence on the values of the height of
the cross section and indices of the terrain diversity are described by pair correlation and
multifactorial regression equations which provide sufficient accuracy for practical use.

2. A new method of the integrated estimation of parameters of density, based on the
concept of sharing the established patterns of distribution and their dependence on key
indicators for the surface, technology assessment includes probabilistic methods,
correlation and least-error combinations assuring the reliability and efficiency of the
evaluation as realized by means of the recommended procedure.
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KOMINVIEKCHASA METOAMKA OINEHKHU IIVIOTHOCTH
CBEMOYHBIX ITMKETOB B YCJIOBUAX
CJIOKHOPEJIbE®HOU MECTHOCTH

MGTOI[I/IKa KOMILJICKCHO OLICHKHU MapaMCTPOB I'YCTOTbI CbCMOYHBIX IMUKCTOB BKIIIOYACT
AHAIIMTUYECKHH CII0CO0 ONpPCACIICHUA U croco0 HpOFHOSHOﬁ OLICHKHU I1apaME€TpOB
I'yCTOTBI Cb€MOYHBIX IMUKETOB 110 I[aHHOI\/'I MCECTHOCTH.

AnanuTHueckuil cnoco0 ompeneneHus NapaMeTpoB TYCTOTHI ChEMOYHBIX ITHKETOB
0a3upyercsi Ha WCIOJNB30BaHUM KJIACCHYECKUX (OPMYJ U3 TEOPHUH OLIMOOK MyTeM
COOTBETCTBYIOLIETO MX NpeoOpa3oBaHUs AJS BbIBOAA palMOHAIBHBIX AHATMTUYECKUX
OLIEHOK NMPUMEHUTENBHO K ONPEIEICHNUIO TYCTOThl Cb€MOYHbBIX MUKETOB C HAUMEHBILIUMU
MOTPELIHOCTSIMH.

IIppu »sTOoM oOCHOBOMOJAraromass poJib OTBOJWUTCA AHAIUTHUYECKO-CTATUCTHYECKUM
3aBUCUMOCTSIM MEXAY HNOIPEIIHOCTBIO CPETHEr0 3HAUCHMsI, CIIy4alHONW KOJIeOIeMOCThIO
(ctangapToM) M KOJMYECTBOM HAONIONCHUH C ydeToM KOd((UIMEHTa BEPOSTHOCTH,
MPUMEHSIOMIUMCS B pa3IMyuHbIX chepax reo1e3n4ecKoil HayKu.

B aHanMTHYECKYyI0 OCHOBY METOJMKH IOJIOKEHA KOHICMIMS O TOM, YTO BEJIMYHHA
paccTosiHusT MexIay Toukamu HaOmoneHus (l) siBasercs GyHKmued OT 3aHHMaeMoil
wiomany (S) u ux konuvecTBa Ha 3To# wiomaau (N):

F(I)=f(S,N,,)
S (1)

[Ipu npanpHeimeM mnpeoOpa3oBaHUM STOTO PAaBEHCTBA aHAJUTHYECKas MOJEIb
(hOpMUPOBAHUS CPEAHETO 3HAUYCHUS T'YCTOTHl ChEMOYHBIX TUKETOB MO JaHHOW MECTHOCTH
MIPUHUMAET BUJ!

E(,. )=, ¥

JIstst oTpeiesieHnst He0OXOAMMOT0 MUHUMAIBHOTO KOJIMYECTBA CheMOYHBIX TTHKETOB (N )
UCTIOJIBb3YeTCsl M3BECTHAs (opMyJIa MAaTEMAaTUYECKOH CTAaTUCTUKHM HCXOAS U3 3a/laHHON
TOYHOCTH U TpeOyemoii BeposTHOCTH (t).

Enunundnas mwiomasp (S,), IPUXOIAIIASCS HA 30HY BIMSHUS OJHOTO IMMHUKETa C PATUYCOM,
PaBHBIM TMOJOBHHE PACCTOSHUS MEXAY MUKETaMHU F€OMETPUYECKH, MPEACTaBIsieT co00it
MOJIMTOHHBIM MHOTOYTOJIBHUK, TUIOIIalb KOTOPOTO OMpeensieTcs no Ggopmyre.
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rie R = - paauyc 30HBI BIMSHHS OJHOTO CHEMOYHOIO MMKETa; S, — MmiIomans N-ro

MHOroyronbHuka (n = 6), M2



[lpu npanpHeiimeM npeoOpa3zoBanun omeHkH (3) ¢ yderoM GoOpMyI OIpeAeTICHUs
MHHHAMAJIBHOTO KOJIMYECTBA CHhEMOYHBIX MUKETOB M €IMHUYHOM TUTOIIA 1 30HBI BIMSHUS
3HAYEHHUSI OJIHOTO MHKETa IMOoJyuyeHa 00O0OIEeHHAs aHAJIMTUYECKas OLEHKAa OINpe/esIeHUs
CpEeIHET0 3HAUEHHS I'YyCTOTHI TUKETOB B BUJIE

E(lu) =@ 4)

3HaYeHHE IMITUPUIECKOTO KOIPPHUIIMCHTA HE 3aBUCUT OT CTEIMEHU KOJICOAHUs pasMepoB
IUIOIIAM  3JIEMEHTApHBIX TMOBEPXHOCTeH HepoBHocTed penbedpa (0 = 0,8+1,4).
Bo3MOXHBIE TIpaHWYHBIE 3HAYEHHs STOro KOI(P(HUIMEHTA YCTAHOBJIEHBI HCXOMAS W3
COOTHOIIEHHH TUIONIAAEH, KOTOPHIM MPUCYIIH 00JIACTH PACIPOCTPAHEHUS HAHOOJBIINX,
CPEeIHHUX Y HAaMMEHBIINX 3HAYEHUH 30HBI BJIMAHHS €IHHUYHBIX THKETOB.

Croco®6 mpOrHO3HOM OIEHKH CPEIHET0 3HAYEeHUs] TYCTOThI CHEMOYHBIX ITHUKETOB
BKJIIOYAET JIBa Pa3sIM4HBIX [0  COJAEPKAHUIO  MOAXOJAa.  BEPOSTHOCTHBIX M
KOPpCIIIOUOHHBIX OIICHOK, KOMIUICKCMPOBAHHBIX Ha OCHOBC eI[I/IHOI\/’I TEXHOJIOTUU
NPOrHO3HOM OICHKH IapaMETPOB TYCTOTHI IUKETOB C JIOCTATOYHOW MOJHOTON M
10CTOBEpHOCTHIO. CYIIHOCTh CITOCO0a COCTOMT B OIPEICIICHUH MPOTHO3HOTO CPEIHETO
3HAYEHUS TI0 AHAIUTHYECKON OIEHKE, CTPYKTYPHPOBAHHON C IIOMOILIBIO (hOPMYIIBI
MAaTeMaTUYCCKOTO OXWAaHUA HW JPYTHX I[apaMCTpPOB (1)YHKHI/H/I JIOTHOPpMAJIBHOT'O
pacrpe/eaeHiss HCKOMOTO TpHU3HaKa. AHAIUTHYECKHHA CMBICI MOJYYEHHOUW MPOrHO3HOM
OLCHKHU I'yCTOTBI CbEMOYHBIX MMHKETOB 3aKJIIOYACTCA B TOM, UTO CpCAHAA €€ BCIMYMHA B
3HAYMTENILHOM Mepe O0paTHO MPOTOPIMOHAIBHO 3aBUCHT OT CTEIEHH KOJIEOIEMOCTH
AJIEMEHTAPHBIX TOBEPXHOCTEH penbeda Ha MECTHOCTH.

C npuiieueHreM QYHKIUH JIOTHOCTH PACTIPEICIICHHS TPAJIUEHTOB I'yCTOTHI ChEMOYHBIX
MUKETOB U TP JallbHEUIIEM IPeoOpa3oBaHuu ToydeHa (GopMylia IIPOrHO3HON OIEHKH

cpenneii ryctorsl cheMounbix nuketoB E( ) B Bume

E( )= Lzexp(— Z,42In{L+V? i), (5)
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®(Z) — pynkuus Jlamaca; a, — cpeHee 3HaYCHUE JOrapu(MOB.

KoppensiinonHass oOIeHKa OXXHIAEeMOTO CPEIHEr0 3HAYEHHS TYCTOTHI ChEMOYHBIX
MUKETOB  3aKJIIOYaeTCs B  HCIOJb30BAHMU 3aBUCHMMOCTH 3TOM  BEJIMYUHBI  OT
MOPQOMETPUIECKUX MMapaMeTpPoOB TOMOrpaduveckoil MOBEpXHOCTH. KoppemsinoHHbIe
Mojiend (HOPMUPOBAHHS TYCTOTHI ChEMOYHBIX IMHKETOB B 3aBUCUMOCTH OT 3HAYCHUUH
rpaauenTHoro ceucHus (h,) m mokazaresst pazHooOpasusi 3JIEMEHTapHBIX HEPOBHOCTEH
penbeda (Opas) MOTYUCHBI B BUJE CHCTEMBI YPaBHEHHH pETrpecCu.

[TapHblii ¥ MHOMKECTBEHHBIA KOPPETALMOHHO-PETPECCUOHHBIA aHAIN3 B3aUMOCBSI3U
T'YCTOTBI CheMOUYHBIX TMHKETOB (L), BbICOTHI ceueHus (Np) U moKaszarens pazHooOpasusi
BIIEMEHTapHBIX HepoBHOCTEH penbeda (Cpas) MPOBEICH Ha OCHOBE (DAKTHUECKUX JaHHBIX
CbEMOK II0 BBIOpaHHBIM TpeMm ydacTkam JKamObuickoii u Boctouno-Kazaxcranckoit



obnacrteif, mpoBeneHHbIXx B Macitadax 1:500, 1:2000 u 1:10000. s KOppeisiiuOHHOTO
ananu3a npuBiedeHsl N = 1990 dakrtrueckux WX 3HAYCHWH, MO KOTOPHIM OBLIH
MOJICUHTAHbI CTaTUCTHYCCKHUEC XapaKTePUCTUKH UCXOJIHBIX BCJTMYUH:
CpeHeKBaIpaTHUYeCKoe OTKIOHeHHE (0y), mucrmepcus (/I), cpeaHee 3HaucHHE, pa3Max,
KO3 PUIIMEHT BapuallM, a TaKXe TECHOTa WX B3aUMOCBS3M — KOPPEISAIHOHHBIC
ko3 dunuenter (tabmuma 1), Pe3yapTarhl mapHOro  KOPPEIAIMOHHOTO —aHalu3a
B3aMMOCBSI3U BEITHYHH |y, Na, Opas M HAlICHHBIX 3HAUEHHUN KOI(PPUIIMEHTOB KOPPEIALIIH
MoKa3aJ, 4To:

- CYIICCTBEHHAs TECHas MapHas CBs3b NPHUCYIIA 3aBUCHUMOCTH MEXKIY TYCTOTOH CHEMOYHBIX
nuketoB (l,) u rpaguentaeM ceuenuem (h,) (r =0,85);

- MeHee CYIIECTBEHHas CBSI3b CBOMCTBEHHA 3aBHCHMOCTH MEKIY TYCTOTOW ChEMOUYHBIX MHKETOB
(i) ¥ mOKa3aTeneM pa3HOOOpa3Hs HIIEMEHTapHBIX MTOBEPXHOCTEH penbeda (Opas) (I =0,43);

- He3HAYUTEJbHAsI CBSI3b XapaKTepHa ISl 3aBUCHMOCTH MEX]y BETMUMHAMH BBICOTHI ceueHus (hy)
1 [IOKa3aTelIeM pa3HooOpasus penbedHbIX MOBEPXHOCTEH (Qpas) (I =0,31).

[IpuBeneHHble ypaBHEHHs, AHAINTHYECKHA OIMHCHIBAIOIINE MAPHYI0 M TPeXHapaMeTpUUecKyIo
3aBHCHMOCTH, KaK TMOKa3aJy 3HAUCHHUS TECHOTBHI MX CBs3H, KOA((UIIUEHTOB IETCPMUHAIMH U
CTaHIapPTHON OIMMOKH, BIOJNHE OOECIEYMBAIOT JOCTOBEPHOCTh M TOYHOCTH PE3yJHTaTOB IPH
MPaKTHYECKOM WX TpuMeHeHnH. CyIIeCTBEeHHOH SBIAETCS NMPUCYIIas UM 3aKOHOMEPHOCTb, MO
KOTOpPOH POCT 3HAYCHUN TPAAUCHTHOIO CEUCHUS U YMCHBIICHHE BEIWYUHBI IOKa3aTels
pasHooOpasus penbeda BBI3BIBAIOT YBEJIWYCHHE TYCTOTHI IHMKETOB, 4YTO COOTBETCTBYET
peabHOCTH.

JUIsi  TIOBBINIIEHUSI JTOCTOBEPHOCTH ITyTEM CpaBHEHUS pE3yJIbTAaTOB OIICHKH PEKOMEHIYETCS
MOACYUTATh YCPEAHEHHYIO BEJIMYMHY CPEAHMX 3HAYEHHH TYCTOTHl THKETOB, IOJYYEHHBIX
W3IIOKEHHBIMU BBIIIE TpeMsi crnocobamu. O(h(HEeKTHBHOCTh OIEHKH OXKHIaeMOT0 CpEIHEro
JIOCTUTAETCS 3a CUET CO3/IaHUsI BO3MOYKHOCTH OTIEPATHBHOTO OIPENEICHUS TYCTOTHI CheMOYHBIX
MAKETOB IO AaHATUTUYECKUM (OpMysaM, HCXOIHBIE CTPYKTYpHBIE MapaMeTphl KOTOPBIX
OTPEACISIOTCS JIETKO, ©0€3 3aTpyIHUTENBHBIX MPOLEAYP BBIYUCICHUS, HE3aBUCUMO OT
ocobeHHoCTel penbea MECTHOCTH, YTO TO3BOJISIET HCIOB30BATh ATY METOJUKY TPH PEIICHHUH
MHOTHX TOIIOTPado-Te0e3MUSCKUX PadOT, BKIIOYAS 337aul CheMKH MECTHOCTEH M COCTaBJICHHUS
WX TOMOTpaUuecKux IJIaHOB U KapT. HaydHas IIEHHOCTh PEKOMEHAYeMOW METOIAMKH COCTOUT B
WCTIOJB30BAHUM 3HAYEHUH TEOPETUYECKHX IapaMeTpPOB BEPOSITHOCTHOTO pACIIPENEICHUsS H
KOPPENANNOHHBIX ypaBHEHWH 3aBUCHMOCTH B BHJE KOMIUIEKCHOW CHCTEMBI MOJENEH,
OTHCHIBAIOIINX 3aKOHOMEPHOCTH (POPMHUPOBAHHMS HMCKOMOTO CPEAHET0 MO JaHHOW MECTHOCTH.
I[lppy »>TOM oOHa  fgaeT  BO3MOXKHOCTH  YCTPaHUTh  HEJOCTAaTKH  CYIIECTBYIOIIHUX
cpenHeapu(pMETHIECKUX M CPETHEB3BEIICHHBIX CIIOCOOOB OLIEHKH CPEeIHUX, 3aKII0YAONINecs B
HEBO3MOXXHOCTH y4Ye€Ta TMPHUCYIIUX WX PACIPOCTPAHCHUIO 3aKOHOMEPHOCTEH U JpyrHux
0COOCHHOCTEH C JOCTaTOYHOM JTOCTOBEPHOCTHIO. M HakOHEIl, 3Ta METOAMKA MO3BOJIAET JOCTHYb
JIOCTOBEPHOCTH OLIEHKH B TAKUX CIIy4asx, Koraa 00beM HH(OPMAIUH 110 00HEKTY He3HAUNTEIIEH.

BuIBOAMI:

1. BeisiBIeHa 3aKOHOMEPHOCTHh (POPMHUPOBAHUS BEIMYUHBI TYCTOTHI Ch€MOYHBIX MTUKETOB
B 3aBUCHUMOCTM OT 3HAUEHUN BBICOTHI CEUEHHUS M TOKazaTessd pa3HooOpasus ¢Gopm
penbeda, KOTOpHIE OMHCAHBI TAPHBIMH W MHOTO(AKTOPHBIMU KOPPEISIHOHHBIMH
YPaBHEHUSIMH PErPECcCHH, 00ECTeYMBAIOUIMMH JIOCTATOYHYIO JOCTOBEPHOCTh IS HX
MPaKTUYECKOr0 UCTIOIb30BAHMUS.

2. HoBas meToanka KOMIUIEKCHOM OLIEHKHM MapaMeTpoOB I'yCTOThI ChEMOYHBIX MHKETOB,
OCHOBaHHasi HAa  KOHLEMIHUM  COBMECTHOIO  HCHOJB30BaHUS  yCTAHOBJIEHHBIX
3aKOHOMEPHOCTEW pachpefeneHuss M 3aBUCUMOCTEH €€ OT OCHOBHBIX IOKa3aTesei
TOTIOTIOBEPXHOCTH;  TEXHOJOTHS OLEHKH COJACPKHT CIOCOOBI  BEPOSATHOCTHBIH,
KOPPESILMOHHBI M HAMMEHBIIMX OMMOOK B COYETAHUAX, YTO OOECHeunBaEeT
JOCTOBEPHOCTH 1 3(h(HEKTUBHOCTH PE3yJIbTATOB OIICHKH 110 PEKOMEHyeMON METOIUKE.



