
t'('\i:,:)(\ c y11eTOM 3TOro HaMH IlOJiylleHhl ¢op- :: npocTpaHCTBeHHhIX 0Tpe3KOB, IlOJiylleH- ·. 

MYJihl AJI.11 ycTaHOBJieHH.11 Bcex 3JieMeHTOB :: HhIX no ¢opMyJiaM (1), c Hx TOllHhIMH 

MaTpHn; npeo6pa30BaHH.ll KOOPAHHaT TOlleK :~ 3HalleHH.llMH He npeB1>1maIOT 2 MM B JIH-

~Ta~:~T~~a~' ~) ~XYZ), G (BLH), P (xyz) j He:::11::p~a~p~~O~!:o~p:;~:~~:~li;no-
IlpaBHJihHOCTh BhlllHCJieHH.11 nonpaBOK B \ npaBOK B OAHOH H3 B1>16paHHblX CHCTeM 

pa3HhIX CHCTeMax KOOPAHHaT MO)l(eT 61>1Tb :: KOOPAHHaT Il03BOJI.lleT 6e3 AOilOJIHHTeJlb-

ycTaHOBJieHa COBilaAeHHeM 3HalleHHH npo

CTpaHCTBeHHOro 0Tpe3Ka 

dD = vdx2 + dY2 + dZ2
; 

dD = v (~ dB) 2 + (~ dL cos B) 2 + dH2
; 

dD = V dx2 + dy2 + dz2 . 0) 

A.nropHTM npeo6pa3oBaHH.ll AH¢¢epeH

D;HaJihHl>IX nonpaBOK KOOPAHHaT To11eK pe

aJIH30BaH B COOTBeTCTBYIOin;eM nporpaMM

HOM KOMilJieKce. 

Ha OCHOBaHHH BblilOJIHeHHhIX HCCJieAO

BaHHH MO)l(HO CAeJiaTb CJieAyIOm;He BblBO

Abl: 

IlOJiylleHbl MaTpHIJ;bl npeo6pa30BaHH.ll 

KOOPAHHaT TOlleK, 3JieMeHTbl KOTOpbIX Bbl

pa)l(eHbl B pa3JIHllHblX CHCTeMax KOOp.D,H

HaT: S (XYZ), G (BLH), P (xyz); 
ycTaHOBJieHl>I 3aBHCHMOCTH, CB.ll31>1BaIO

m;He MaTpHIJ;hl npeo6pa3oBaHH.ll KOOPAH

HaT; 

3KCnepHMeHTaJibHO IlOATBep)l()J,eHO, llTO 

3Ha11eHH.ll AH¢¢epeHn;HaJihHhIX nonpaBOK, 

IlOJiy11eHHblX c HCilOJlb30BaHHeM MaTpHn; 

npeo6pa30BaHH.ll KOOPAHHaT' Bbipa)l(eHHblX 

B pa3JIHllHbIX CHCTeMax, npaKTHlleCKH 

COBilaAaIOT Me)l(AY co6oli; paCXO)l(AeHH.11 

HhIX rpOM03)J,KHX Bhl'IHCJieHHH IlOJIYllHTb 

cooTBeTcTBy10m;He nonpaBKH B ABYX APY

rnx CHCTeMax, T. e. npaKTHlleCKH O)J,HO

BpeMeHHO ocyni;eCTBHTb ypaBHHBaHHe B 

3THX CHCTeMax; 

IlOJiy'leHHhIH anropHTM MO)l(eT 6hITb HC

IlOJib30BaH )],JUI COBMeCTHOro ypaBHHBaHH.11 

cnyTHHKOBbIX H TpaAHIJ;HOHHhIX reoAe3H-

11eCKHX H3MepeHHH npH HCilOJib30BaHHH 

pa3JIH'IHbIX CO'leTaHHH CHCTeM KOOPAHHaT: 

S (XYZ) - G (BLH) - P (xyz); 

S (XYZ) - G (BLH); 

S (XYZ) - P (xyz); 

G (BLH) - P (xyz). 
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KaKux eenpu.a:TeocTeii MOiKHO iK.l(aTL 

OT 33BUCUMbIX U3Mepeeuii? 

M. Jl:. rEPACHMEHKO, H. B. IIIECTAKOB (POCCHSI), MHHOPY KACAXAPA (SlnOHHll) 

B CB.ll3H c mHpoKHM BHeApeHHeM B npaK

THKY GPS-TexHoJiornli HHTepec K npHMe

HeHHIO TeopHH ypaBHHBaHH.11 3aBHCHMblX 

H3MepeHHH cym;eCTBeHHO B03poc. Ilpo6Jie

Ma COCTOHT B TOM, llTO npH OTHOCHTeJib-

HOM GPS-no3HIJ;HOHHpoBaHHH H3MepeHH.ll 

OKa3bIBaIOTC.ll KOppeJIHpOBaHHbIMH H3-3a 

npaKTHl.JeCKH OAHHaKOBOro BJIH.llHH.11 aT

Moc¢epb1 Ha pacnpocTpaHeHHe pa.D,HOBOJIH 

B nyHKTax Ha6JIIOAeHHH, pa60Thl c OAHHM 



Koppemm,HOHHOH MaTpHil,hI H3MepeHHH, 

K03¢qmu,HeHThl KOppeJUIIl,HH KOTOpo:H pac

Cl[HThIBaIOT HCXOJJ.Sl H3 Tex HJIH HHhIX 

3MIIHPHl[eCKHX H TeopeTHl[eCKHX coo6pa

)KeHHH, 3aqacTyIO HHTYHTHBHhIX, KOTOphie 

JJ,aJieKO He BCerJJ,a OTpa)KaIOT peaJihHOe 

rrOJIO)KeHHe JJ,eJI [2, 4 ]. TaK, HarrpHMep, 

B pa6oTe [ 4 ] Jl,JISl K03cPcPHD,HeHTOB KOp

peJISlll,HH rrpeJJ,JiaraeTrn ¢opMy Jia 

L2 
r .. = ' 

'
1 L

2 + (d; - d/ 

(1) 

rJJ,e L - mKaJIHpyrom;ee paccTOSIHHe; 

d; - dj - paccTOSIHHe Me)KJl.y reoJJ,e3Hl[e-

CKHMH IIYHKTaMH i H j. 
BeJIHl[HHa r ij B HeKOTOphIX CHTyau,Hsix 

MO)KeT oKa3aThCSl oqeHh 6oJihmo:H. TaK, 

npH L = 5 KM, KaK npHHSITO B pa6o

Te [ 4 ), H d; - dj = 1 KM IIOJIY4HM 

r;j = 0, 96. TaKHe 3Hal[HTeJihHhie K03cPcPH

U,HeHThI KOppeJISlll,HH MOryT HerrpeJJ,cKa3y

eMO BJIHSlTh Ha pacqeThI, H KOHel[HblH 

pe3yJihTaT OKa)KeTrn rrpocTO a6cypJJ,HhlM. 

Me)KJl.y TeM B JIHTepaType MhI He HamJIH 

rrpaKTHl[eCKH HHKaKHX HCCJieJJ,OBaHHH HJIH 

JJ,a)Ke HaMeKOB Ha cym;eCTBOBaHHe IIOJJ,06-

HhIX 3cPcPeKTOB. 

CJIO)KHOCTh CHTyau,HH o61>5ICH5IeTCSl, no

BHAHMOMy, TeM, l[TO pa3MepHOCTh 3aJJ,al[H 

(KoppeJISlll,HOHHOH MaTpHD,hI) AOCTaTO'IHO 

BeJIHKa H BCe JJ,eTaJIH Bhl'IHCJieHHH, KOTO

pbIX OlleHh MHOro, ocym;eCTBJISlIOTCSl Ha 

KOMilhIOTepax H OKa3hIBaIOTCSl CKphIThIMH 

OT HCCJieJJ,OBaTeJieH. I1cKyCcTBeHHOe «IIO

BhlmeHHe» TO'IHOCTH KOHe'IHhIX pe3yJihTa

TOB TpaKTyeTCSl KaK KOppeKTHOCTh BhI6opa 

To:H HJIH HHo:H cPYHKIJ,HH AJISI yqeTa Kop

peimpoBaHHOCTH. Ha caMOM )Ke JJ,eJie OHO 

MO)KeT 6&ITh o6yCJIOBJieHO JIHillh l[HCTO 

cPOPMaJihHhIM rrpHeMOM, HH'lero o6m:ero 

He HMeIOm;HM c cPH3HKOH rrpou,ecca! 

M&I CTOJIKHYJIHCh c 3THM SIBJieHHeM npH 

pa3pa6oTKe rrporpaMMhI AJISl OIITHMaJihHO

ro rrpoeKTHpoBaHHSI G PS-rrpo¢HJie:H, 

rrpeJJ,Ha3HalleHHhIX Jl,JISl H3y11eHHSl MexaHH

KH pa3JIOMOB H rrporH03a 3eMJieTp5ICeHHH. 

3a OCHOBY HaMH 6hIJ1a rrpHHSITa MeTOJJ,HKa 

rrpoeKTHpOBaHHSl, H3JIO)KeHHaSl B pa6o

Te [3 ]. Ilo ¢opMyJie (1) paCC'IHThIBa

JIHCh K03cPcPHU,HeHThI KOppeJISlll,HH c 

peJISlll,HH rrpOSlBHJIOCh B TOM, 'ITO IIPH 

YAaJieHHH H3 cxeMhI rrpoeKTHpyeMo:H ceTH 

MaJIOHH¢opMaTHBHhIX GPS-craHu,H:H (no

HH)KeHHeM BeCOB H3MepeHHH AO Hecym;e

CTBeHHOro ypoBHSl) TO'IHOCTh IIOJiyl[eHHSl 

rrapaMeTpoB pa3JIOMa 3eMHOH KOpbl IIOBbI

maJiaCb, 'ITO He COrJiacyeTCSl co 3JJ,paBhIM 

CMhICJIOM! 

B xoJJ,e H3y11eHHSI Hay11HOH JIHTepaTyphI 

110 JJ,aHHOMY BOrrpocy KaKHX-JIH6o cym:e

CTBeHHO HOBhIX pe3yJibTaTOB B o6JiaCTH 

HCCJieJJ,OBaHHSl TeOpHH OmH60K 3aBHCHMhIX 

H3MepeHHH H HX o6pa6oTKH 3a IIOCJieJJ,HHe 

JJ,eCSITHJieTHSl HaMH o6Hapy)KeHO He 6hIJIO. 

ilOJIO)KeHHe rrpaKTH'leCKH OCTaJIOCb TeM 

)Ke, 'ITO 3acPHKCHpOBaHO B H3BeCTHOH MO

HOrpa¢HH 10. B. KeMHHu,a [1 ]: « ••• 3TOT 

HeJJ,OCTaTOK KJiaCCH'leCKOH TeopHH OmH60K 

H3MepeHHH ycTpaHeH nyTeM ¢opMaJihHOro 

ee rrepeHeCeHHSl Ha 3aBHCHMbie H3MepeHHSl 

nocpeACTBOM KOppeJISlll,HOHHOH TeOpHH». 

Ho TaKoe «cPOPMaJihHOe» HCIIOJih30BaHHe 

y11eTa 3aBHCHMOCTH H3MepeHHH, KaK IIO

Ka3aHO HaMH HH)Ke Ha 3JieMeHTapHhIX 

rrpHMepax , MO)KeT rrpHBeCTH K COBepmeH

HO HerrpeJJ,CKa3yeMhIM pe3yJibTaTaM. 

PaccMoTpHM rropSIAOK o6pa6oTKH PSlAa 

3aBHCHMhIX HepaBHOTO'IHhIX H3MepeHHH 

Y = (Y1 , Y2 , •••• Yn) T OAHOH BeJIHl[HHhl y. 
MaTpHu,a BecoBhIX K03cPcPHU.HeHTOB BeK

Topa H3MepeHHH 

Q = p-1 12 R p-112, (2) 

rJJ,e P = diag (p1 , p2 , ••• , Pn) - JJ,Haro

HaJibHaSl BeCoBaSl MaTpHu,a; R - KOppeJISl

Il,HOHHaSl MaTpHu,a, COJJ,ep)Kam;asi Ha JJ,Ha

rQHaJIH eJJ,HHHil,hI, a BHeJJ,HaroHaJibHhle K0-

3¢cPHIJ,HeHThl rij paBHhI K03cPcPHll,HeHTaM 

KoppeJISIU.HH H3MepeHHH Y; H Yr 
PemeHHe MeTOAOM HaHMeHbmHx KBaA

paTOB CHCTeMhI ypaBHeHHH rrorrpaBOK 

Ay - Y = V (3) 

AaeT ou,eHKY HCKOMOH BeJIH'IHHhI 

y = (AT Q-1 A)-1 AT Q-1 Y, (4) 

rJJ,e MaTpHu,a AT = (1 , 1 , ... , 1) cocTOHT 

H3 eJJ,HHHil,; BeCOBaSl MaTpHu,a 

Q-1 = P112 R-1 P112; V - BeKTOP rrorrpa

BOK K H3MepeHHSlM. 
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Be.rrH'IHHa 

n n 

P; =AT Q-1 A = L L qh-1) 
i= 1 j = 1 

SIBJISieTCSI BeCOM B3BemeHHOro cpeAHero 

3aBHCHMbIX H3MepeHHH Y;, rAe qh-1> -

:meMeHTbl BeCOBOH MaTpHU,bl Q-1
• Ilo:no-

A 

MY ou,eHKa AHcrrepcHH y 

(5) l yT Q-1 V 
~=----~--

y n - l P A · 
y 

PaccMOTPHM 6oJiee rroApo6Ho cJiyqaif, 

KOrAa n = 2, T. e. rrpoBeAeHo scero ABa 

H3MepeHHSI: y1 H y2• 06o3Ha'laSI AJISI rrpo

CTOTbl K03<txPHu,HeHT KOppMSilJ,HH rij = r, 

HMeeM 

Q-1 =-1_
2 

( P1 -rVp1 p2 )~6) 
1 - r - r V P1 P2 p2 ' 

pi = 
1 
~ r2 {P1 - 2 r V P1 P2 + p2); (7) 

"' (P1 - r ...;;:;;) Y1 + (P2 - r ....;;:;;;) Y2 (8) 
y= 

P1 - 2 r V P1P2 + P2 

PaccMoTpHM qacTHble CJiy'laH rrpHMeHe

HHSI cPOPMYJI (6)-(8). 
1. IlpH paBHOTO'IHblX H3MepeHHSIX 

P1 = P2 = p H3 (8) rroJiy'IHM ou,eH-

"' KY y = {Y1 + y2) I 2, 'ITO srroJIHe oqesHA-

HO H He Bbl3blBaeT HHKaKHX B03pa.)KeHHH. 

Ho BOT c ee secoM 

P; = 2 p I (1 + r) (9) 

He see TaK rrpoCTO. IlocKOJibKY K03c}Jc}JH

U,HeHT KoppeJISIU,HH - 1 :::; r :::; 1, rrpH ero 

H3MeHeHHH OT 0 AO 1 sec P; H3MeHSieTCSI 

OT 2p AO p, '!TO BilOJIHe pa3yMHO. IlpH 

H3MeHeHHH )Ke r OT 0 AO - 1 

sec P;;::: 2 p. B npeAeJie rrpH r ...... - 1 

sec P;- oo! 3To SIBHO He yKJiaAbIBaeTCSI 

B paMKH 3Apasoro CMblCJia. 

2. IlpH HepaBHOTO'IHblX H3MepeHHSIX 

P1 = p = 1, P2 = c p = c, rAe c - HeKOTO

paSI KOHCTaHTa. TorAa 

P;=-1- 2 (1-2rVc +c); 
l - r 

"' (1 - rYc)y1 + (c- rYc)y2 y-
- l-2rYc+c 

(10) 

(11) 

lfa BblpaX<eHHSI (10) CJieAyeT, '!TO npH 

r > 0 sec P; = min, Koma c = r 2! EoJiee 

Toro, Koma p2 = c = 0, T. e. BTopoe H3-

MepeHHe OTCYTCTByeT, sec 

l P A = --2 2: Pp 
Y l - r 

(12) 

H npH I r I ...... 1 onSITb npHXOAHM K co

sepmeHHO a6cypAHOMY pe3yJibTaTy: 

P;- oo. H 3TO npH ycJIOBHH, '!TO cPH3H

qecKH BblilOJIHSleTCSI TOJibKO OAHO H3Mepe

HHe c BecoM p1 = 1. 

H3 c}JopMyJibl (11) KaK qacTHblH CJiy

qaif MO.)KHO IlOJIY'IHTb, '!TO npH 

c = 1 I r2 HJIH r = 1 I Vc ou,eHKa y = y2 , 

a ee sec P; = c, T. e. OKOH'laTMbHble 

pe3yJibTaTbl He 3aBHCSIT OT nepsoro H3-

MepeHHSI! 

3. IlycTb c K03cPcPHU,HeHTOM KOppeJISI

l.l,HH r = 0,9 ABa~bl H3MepeHO pacCTOSI

HHe, 'IHCJieHHble 3Ha'!eHHSI KOTOporo: 

y1 = 101 M H y2 = 102 M. Beca 3THX H3-

MepeHHH p1 = 1 H p2 = c = 4. EcJIH Hc-

"' XOAHTb H3 3Apasoro CMblCJia, pe3yJibTaT y, 
O'leBHAHO, AOJI.)KeH Jie.)KaTb npHMepHO B 

rrpeAeJiax y1 :::; y:::; y2• IlpHMeHSISI c}JopMy-

ny (11), noJiy'IHM, 'ITO y = 102,57! Pe-

3YJibTaT BblrJISIAHT SIBHO a6cypAHbIM, TaK 

KaK OH OKa3blBaeTCSI 6oJibille 'IHCJieHHOro 

3Ha'leHHSI mo6oro H3 H3MepeHHH. .il:JISI 

He3aBHCHMblX H3MepeHHH TaKoe SIBJieHHe 

He Ha6JIIOAaeTCSI. 

IlpHBeAeHHble Bblme npHMepbl Ha nep

BbIH B3rJISIA KacaIOTCSI JIHillb HeKOTOpblX 

3KCTpeMaJibHblX CJiyqaeB' HMeIOm;Hx MaJIO 

o6m;ero c npaKTHKOH. Ho 3AeCb Mbl npo

HJIJIIOCTpHpoBaJIH Bcero JIHillb CJiyqaif 

ABYX 3aBHCHMblX H3MepeHHH. H AaX<e B 

3TOM 3JieMeHTapHOM npHMepe npOSIBHJIHCb 

ueO.)KHAaHHble 3c}Jc}JeKTbl, CBSI3aHHble c 

«HCKYCCTBeHHblM» yBeJIHl{eHHeM Beca ou,e

HHBaeMOH BeJIH'IHHbl npH CHJibHOH KOp

peJISIU,HOHHOH 3aBHCHMOCTH H3MepeHHH H 

a6cypAHOCTH IlOJiyqaeMblX B 3TOM CJiyqae 

pe3yJ1bTaTOB. A KaKHX 3c}Jc}JeKTOB MO.)KHO 

0.)KffAaTb B o6mHpHOH reOAe3H'leCKOH ce

TH? Huaqe rosopSI, Bonpoc HCCJieAOBaHHSJ 

3aBHCHMblX H3MepeHHH H HX HCilOJib30Ba

HHSI Ha npaKTHKe em;e Tpe6yeT csoero 

pa3pemeHHSJ. Ee3 BcecTopouuero HCCJieAO

sauHSI yqeT KOppenHpOBaHHOCTH H3Mepe

HHH MOX<eT oKa3aTbCSI BeCbMa onacubIM 

AJISI npaKTH'leCKHX u,eneif H npHBeCTH K 

HenpeACKa3yeMblM pe3yJibTaTaM. 
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BonpocLI nepuo~uquocTu o6uonJieuu.s 
u MOHHTopuura Tonorpatl>n'leCKUX KapT u UJiaHOB 
KaK uutl>opMau;uouuoH: cocTaBJI.HIOID;eH: 
CUCTeM ynpaBJieHH.H TeppnTOPH.HMU 
r. r. TIOBEA11HCKliH 

IlpHH51THe ynpaBJieHtJ:eCKHX pemeHHH pa3-

JIH'IHOrO ypOBH51: OT ,!l,HCneT'IepcKHX 

CJiy)K6 OT,IJ,eJibHblX npe,!1,npH51THH H opra

HH3aIJ;HH ,!1,0 opraHOB rocy,IJ,apCTBeHHOH 

BJiaCTH pemoHa Tpe6yeT pa3pa60TKH H 

BHe,IJ,peHH51 CHCTeM ynpaBJieHH51 TeppHTO

pH51MH H ofu.eKTaMH, 'ITO B CBOIO O'Iepe,IJ,b 

Tpe6yeT KaPTOrpa¢H'IeCKOI'O o6ecnetJ:eHH51. 

OnepaTHBHOCTb H TO'IHOCTb ynpaBJieH

tJ:eCKHX pemeHHH BO MHOI'OM CB513aHbl c 

,!l,OCTOBepHOCTbIO KapTorpa¢H'IeCKHX ,IJ,aH

HblX H, CJie,IJ,OBaTeJibHO, c nepHO,!J,H'IHOCTbIO 

o6HOBJieHH51 TOnorpa¢HtJ:eCKHX KapT H 

IlJlaHOB, opraHH3au;HeH Tonorpa¢H'IeCKOI'O 

MOHHTOpHHra. 

Onpe,IJ,eJieHHe nepHO,IJ,H'IHOCTH o6HOBJie

HH51 TOnorpa¢H'IeCKHX KapT H nJiaHOB -

Tpa,!1,HIJ;HOHHa51 3a,IJ,atJ:a ,!l,JI51 TOnorpa¢HH H 

KapTOrpa¢HH (2, 10 ]. Cym;ecTByIOT He

CKOJibKO nO,IJ,X0,!1,0B K onpe,IJ,eJieHHIO nepH-

0,!J,H'IHOCTH, B tJ:aCTHOCTH: 

,IJ,eHCTByIOm;He HOpMaTHBHble ,!1,0KyMeH

Tbl; 

MeTO,!l,bl 3KCnepTHOH ou;eHKH. 

LI:eHCTBYIOID;a51 cxeMa nepHO,!l,H'IHOCTH 

o6HOBJieHH51 TOnorpa¢HqeCKHX KapT 6a30-

BblX Macmrn6oB Ha TeppHTOpHH PoccHH:

cKoH: <l>e,IJ,epau;HH (9] npe,IJ,ycMaTpHBaeT 

o6HoBJieHHe TOnorpa¢HqecKHX KapT qepe3 

5, 10, 15 H 20 JieT He3aBHCHMO OT H3-

MeHeHHH, npoH30me,IJ,mHX Ha MeCTHOCTH 

3a 3TOT nepHO,IJ,. B cooTBeTCTBHH c ,IJ,aHHOH 

cxeMOH IlJlaHHpyIOTC51 H Bb1Il0JIH51IOTC51 

Tonorpa¢o-reo,IJ,e3HqecKHe pa6oThl ,IJ,JI51 ro

cy,IJ,apcTBeHHblX Hy)K,!I, npoH3BO,!l,CTBeHHbl

MH npe,IJ,npH51TH51MH <l>e,IJ,epaJibHOH CJiy)K6bI 

reo,IJ,e3HH H KapTOrpa¢HH PoccHH. 

LI:eHCTByIOm;He HOpMaTHBHble ,!l,OKYMeH

Tbl - OcHOBHble noJIO)KeHH51 no co3,IJ,aHHIO 

H o6HOBJieHHIO TOnorpa¢HqecKHX KapT 

(5] H PyKOBO,IJ,CTBO no KapTOrpa¢HtJ:eCKHM 

H KapTOH3,IJ,aTeJibCKHM pa6oTaM (8] -
npe,IJ,yCMaTpHBaIOT O,IJ,HY H3 6a30BblX Tex

HOJIOrHH o6HOBJieHH51 B 3aBHCHMOCTH OT 

Ba)KHOCTH H ofu.eMa H3MeHHBIDHXC51 ofu.

eKTOB H 3JieMeHTOB MeCTHOCTH, n051BJieHHe 

HJIH HC'Ie3HOBeHHe KOTOpblX cym;eCTBeHHO 

BJIH51eT Ha npHHHMaeMble pemeHH51. IlpH 


