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inclinometers (the vertical linesensors) for the geodesic providingof buildingto the sky-scraper of
BurjKhalifa.In this article the mathematical modelofdetermination
pointscoordinatesofSpatial Geodetic Networkis resulted during buildingof
heightrisebuildingswith application of theGNSSand inclinometers.A complexcombination of GPS
antenna/receivers, Total Stations, Continuously Operating GPS Reference Stations Leica
GRXI1200 Pro plus Leica GPS Spider and Leica GeoOlffice Software, together with Leica
Nivel220 dualaxis precise clinometers, accurately determines and analyzes displacement of the
tower alignment from the vertical axis.
Keywords: spatial geodesic network, heightrisebuilding, inclinometers, GNSS.
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CMpoOUmenbCmea U apxumexmypul

BBIABJIEHUE I'PYBbIX OIIMBOK B 3A/IAYE ITPEOBPA30OBAHUSA
KOOPJIMHAT C UCITIOJIb30BAHUEM PEKYPPEHTHOMN ®OPMYJIBI

Ilpeonosicen koumponv epyovix owudoK 6 3adaue npeobpa308aHusi KOOPOUHAM NO
cnocoby ['enomepma. Ilpu nocmynienuu Ha 6x00 UHGOPMAYUOHHOU CUCMEMbL 0UePeOHOl
uemeépKuU KoopouHam 2eHepupyemcsi 08a ypasHeHus nonpaeox. Qbpamuyo mampuyy HOOU
cucmemvl HOPMANbHLIX YPAGHEHULl Npedacaemcs UCKamv HA OCHOGe npedvloywell 00pamuou
mampuysl no pexyppeumuoi popmyne lllepmana — Moppuca. I pybas owubka viasnsiemcs npu
amanuze o0yepeOHo20 ekmopa nonpasok. Ecau makcumanvmas no MOOyI0 NONpAKa
oxazvieaemcs 60buiell HeKOMOpo20 YeH3d, Mo HNOCAeOHAs 4em8EpKa KOOPOUHAM B8800UMOU
mouku opaxyemcs. I[lpuseden yucnenHulii npumep peueHus 3a0a4u.

Kntouesvie cnoea: obpabomka pe3yremamos usmepeHutl, Memoo HAUMEHbUIUX
K8aopamos, ypaeHueaHue NaApamempuieckum Cnocooom, peKyppeHmHoe YpasHusauue,
nocneoogamenvHoe ypasHueanue, recursiveleastsquares, gvisignenue epyovix ouuUOOK usmepeHuil.

IlocTtanoBka mpoOJjemMbl U 0030p myOaukamuil. CyTb pPEKYpPpPEHTHOIO ypaBHHBAHMUS
(ero emé Ha3BIBAIOTIIOCIEAOBATEIBHBIM, a TaK)Xe PEKYpPCHBHBIM — recursiveleastsquares)
cOCTOMT B cienaywoomeM. Ha BXox Hexoil WH(POPMALMOHHOM CHUCTEMBI IMOCTYNAIOT JaHHBIC
U3MEpeHui, OHU 0O0padaThIBalOTCA 10 METOAY HAaWMEHBIIWX KBaapaToB. Kaxmoe HoBoe
U3MEpPEHUE C HOMEPOM i + 1IOPOKIAET HOBOE YpaBHEHUE MONPABOK C HOBOM CTPOKON MaTpHIlbl
ypaBHEHHI momnpaBok. B 3amaue mpeoOpa3oBaHusi KOOpAMHAT MO crocoOy [embmepra s
JBYMEPHOIO Ciy4yass Ha BXOJ CHCTEMbI IIOCTYNAaeT YeTBEPKA KOOPAMHAT, INPU 3TOM [BE
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KOOpAMHATBhl U3 HUX IOJYy4yaroT MOIpaBKy. 1O €cTb I'€HEpUPYIOTCS POBHO JABa ypaBHEHUs
IONPABOK. DTUM JIBYM YpaBHEHHUSIM COOTBETCTBYIOT JABE CTPOKM MaTpPHUIIbl ypaBHEHUI NONPABOK
ai+1- COOTBETCTBEHHO, NMPUXOAUTCS COCTABIATH HOBYKO CHCTEMY HOPMAJIBHBIX YPaBHEHUH,
npuyéM Marpuua 3To HoBou cucrtembl N;1 = N; + a?+1ai+1 KaXAbld pa3 NOMJICKHUT
oOpamieHuto. PekyppeHTHOe ypaBHHMBAaHUE MpEAIojaraeT HaxOXKACHUE HOBOM 00OpaTHOM
MAaTPHUIIBI Nifl Ha OCHOBE MPEIbIAYyIIEH Ni_l, BBITIOJIHSISI KaKk Obl yTOYHEHHWE TMPEAbITyIICH
oOparHOW MaTpullbl. MaTpUYHOE TOXKIECTBO, KOTOPOE MOKA3bIBACT, KaK M3MEHSETCS OoOpaTHas
MaTpuLa TPy U3MEHEHUH CaMOW MaTpuIlbl, 00BIYHO Ha3bIBaloT [1, c. 158] ¢popmynoii [llepmana —
Moppuca. U3 3T0#i popMyIibl caelyeT YacTHBIN Clydaid ClIeIylomero BUja;
71 =N =Nt ealy (B +aig N al) T a N (1)

3necy E— emunununas marpuna. B stoir dopmyne BelpakeHHE B CKOOKax MpeACTaBIseT
co00il HaroHadbHYI0 MATPHILy, TO €CTh €€ OOpallleHHEe CBOJUTCS K HAXOXKIACHHUIO OOpaTHBIX
yucen K JAUaroHajbHBIM 3JIeMeHTaM. PexyppenTtHyio dopmyny (1) ucnonb3oBanu mpodeccopa
H0.1. Mapkyze [2; 3], M.JI. 'epacumenko [4] 11t TpOSKTUPOBAHUS T'€OJE3UYECKUX CETEH, UX
YPAaBHUBAHMS, YPABHUBAHMS I'€OAEC3NYECKUX CETEH C YYETOM MCXOJHBIX AHHBIX, JUIsl KOHTPOJIS
U TIOMCKAa BO3MOXHBIX TIpYOBIX OIIMOOK M3MEpEHHMH M HUCXOAHBIX JaHHBIX, JJIS aHaJu3a
negopmanuii reo1e3nYeCKUX IMMyHKTOB U TIp.
© B.B. 3u6opos, 2014 Mpbl HUCHONB30BAIM  PEKYppeHTHYI0O (opMyny B 3ajaade
LPELLUPA3UBAHMA KUUpAMHaL 11V CIIOco0y ['enbMepTa At BBIABICHHUS TPYObIX OIIMOOK MpH
BBOJIE JaHHBIX. [Ipy 3TOM mociie HaxOXKIAEHHsSI OYEPETHOrO0 BEKTOPAa HEM3BECTHBIX IIapaMETPOB
npeoOpa30BaHus U BEKTOpa MOMPABOK MBI MpejiaraeM CpaBHUBATh MaKCUMAJIbHYIO 110 MOYJIIO
MOMPaBKy C HEKOTOPHIM IIeH30M. BenuunHa LieH3a MOXXET ObITh Ha3HayeHa W3 KaKUX-JTHOO
MPAKTUYECKUX COOoOpakeHuil. MoXKHO, HampUMep, LEH3 MPHUHITh PaBHBIM ABYM JOMYCTHMbBIM
CpeIHUM KBaJIpaTUYeCKUM omuoOKaM. Ecau MakcumanbHasi o MOJYJIIO MOMpaBKa OKa3bIBaeTCs
OoJpIliel, 4YeM YKa3aHHBIA I1I€H3, TO TOCJIEIHSS YeTBEPKA KOOPAWHAT BBOJUMOW TOYKH
Opakyercsi ¥ MOAJESKUT TMOO0 YTOYHEHHUIO, JTUOO MCKITIOUEHHUIO U3 Mpoliecca ypaBHUBaHM. Mbl
NPUBOIMM YHCIICHHBINA IPUMEP PEKYPPEHTHOTO YPaBHUBAHHS TAPAMETPOB NMPEOOpa30BaHMUA.

N3no0:xxenne ocHOBHOro marepuana.llpeoOpa3oBanue KOOpIMHAT IO  CIOCOOY
IenbMepTa [5] U1t IByMEpPHOTO ciiydasi OCYIIECTBISIETCS IO (hopMyIie:

X1 _ [Xo cosp — sin(p] U
[Y] N [YO] +tm [ sin@cos@ [V]’ 2)
me[);]— BEKTOp KOOPJIMHAT B «HOBOW)» CUCTEME;

V]_ BEKTOP KOOPJIMHAT B «CTApON» CUCTEME;

YO]_ BEKTOp HayaJla KOOPJAMHAT «CTapOi CHUCTEMBI B «KHOBOW)» CUCTEME;

[ Yo

m — MacmTald KOOpIUHAT «HOBOW» CUCTEMbI OTHOCUTEIBHO «CTapoi»;

[cosp — sing
sinpcosy

] — MaTpula IIOBOPOTa,

(- YTOJI IOBOPOTa «HOBOM» CHCTEMBI OTHOCUTEILHO «CTapOi».
B 5ToM npeobpa3oBaHUHM MMEET MecTO cIOBUr Ha BenuuuHy [X,Yy]7, Bpamenue,
MIPEACTABICHHOE MaTpPUIIEH MOBOpOTa, M MacimTabupoBanue m. B mpeobpazoBanuu (2) umeem
YEThIPE HEM3BECTHBIX IMapameTpa mpeodpazoBanus:Xy, Yy, m u ¢. B dopmyne (2) nzdbaBumcs ot
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HEJINHEIHON 3aBUCUMOCTH MEXIY HEH3BECTHBIMH IapaMeTpamMH NpeoOpa3oBaHUs, s 3TOTO
BBITIOJIHUM 3aMEHY IIEPEMEHHBIX: @ = m + cos®, [ = m - sing. Toraa

F=[el+l V]

Y Yo ﬂ a 748

3necp Tak Ke, Kak U B ciydae (2), Mbl IO-IIPEKHEMY HMMEEM YETBIPE HEU3BECTHBIX
napameTpa npeoodpazoBanus: X, Yy, @ U . Ho Mexxny HUMH eCcTh JIMHEHas cBs3b. B nurepatype
[5, c.426] mocnemHee COOTHOIIEHHWE TaK)XE HA3bIBAIOT IMPEOOpa3OBaHUEM KOOPJIWHAT 10
cnioco0y I'enpmepTa, 1EMOHCTPUPYS TEM CAMBIM, YTO ATO IpPeoOpa3oBaHUE SBISIETCS YaCTHBIM
ciyyaeM aduHHOrO npeodpazoBanus. [lockonbky Tenepp MeXy HEU3BECTHBIMH ITapaMeTpaMu
npeoOpa3oBaHus €CTh JIMHEHHas CBsI3b, HET HEOOXOAMMOCTH PACKIIAbIBATh COOTBETCTBYIOUIYIO
¢ynkuuto B psax Telnopa M OrpaHUYMBATHCS JHMHEWHBIMU WICHAMH DPA3JIOKEHHS, 3a/1aBasiCh
NpUOIMKEHHBIMU 3HAYEHUSIMU HEU3BECTHBIX.

[IpencraBum cebe MpPOrpaMMHYIO CUCTEMY, BBITIOJIHSIOIIYIO TPE0Opa30BaHNE KOOPAUHAT.
Cuctema B Tabiuie Uid BBOJA JaHHBIX NPEAJAraeT MOJb30BATEII BBECTU IAPY «CTaphbIX»
koopauHat U;, V; u napy «HOBBIX» KoopauHat X;,Y;. Kaxxnas takas crpoka B 3TOil Tabnuie u3
4eTBEPKH BBOJUMBIX KOOPAMHAT MTOPOKIAET HOBYIO IIapy YpaBHEHUI MOIIPABOK:

'Ul-x:XO‘}‘(l'Ui—ﬁ'Vi—Xi
v! =Yo+ B -U+a-Vi-Y’
WIM B MATPUYHOM BHJIE:
i | NS L 4]
01 VvV U 070 ;I

OoJee KpaTko
X
v ' Y I

] — MaTpulla ypaBHEHHMIl MOINpPaBOK, COCTaBJICHHAS [

1 0 U -V
3nech q; =[ ! !

01 Vv U
OYEpPETHON BBOAUMOM TOYKH.
Bektop x = [XoY, a B]7 — BekTop HeM3BECTHBIX IAPAMETPOB MPEOOPA3OBAHUS
P ofo Y p POB NIPEOOD .
Hanpumep, nepByro mapy ypaBHEHUH IONPABOK Ui IEPBOM BBOAUMOM TOYKHU
X, =2Y, =5,U; =3, V; =4 BunucIeHHOM BUJI€ MOXHO MPEICTABUTh KaK:

vy :[1 0 3 —4].x_[2]
v’ lo 1 4 3 51
IIepBas nmapa ypaBHEHUH ONPABOK CO34ACT MATPUILY CUCTEMbI HOPMAJIbHBIX YPABHEHUN:

Nl = a{ . al
" BCKTOP CBO6OHHBIX YJICHOB HOPMAJIBHBIX ypaBHeHI/Iﬁi

=af-[y]
WJIK B YUCJICHHOM BH/C!:
(1 0 3 —4
N:[1 0 3 —4]T_[1 0 3 —4]: 01 4 3
t“lo14 3/ lo14 3 3 4 250/
-4 3 0 25

2
4T
Ll:[(l) (1) i 34] [é]: y
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[TockonbKy BBEZIeHA BCErO OJJHA TOYKA, ONpeAeanuTens N; paBeH HYIIIO.
Ha Bxon cucrtembl mocrtymnaer BTOpasi TOYKa B BHJE YETBEPKU KoopauHatr: X, = 3,Y, =
2,U, = 3,V, = 1. D10 nopoxkaaeT BTOPYIO NIapy ypaBHEHHI MOIPABOK:

vi 2[1 0 3 —1] _[3]
vy| o 1 1
KOTOpBIE YTOUHSIOT MAaTPUIlY HOPMaJIbHBIX YPaBHEHUN U UX CTOJOEI] CBOOOIHBIX YJICHOB:

N; =Ny + a3 - ay;

HniIn B YUCJICHHOM BH/C:

10 3 —4 2 0 6 —5
o1 4 3|, _lo 25 6
Na=13 4 250|T%2 %2=|g 535 ¢

4 3 0 25 5 6 0 35

2
5 1 0 3 -11" 3
L2=26‘+[0 11 sl cll l ‘
7
Ha sToMm »Tame BBeAEHBI JBE TOUKH,TO €CTh HA BXOJ CHUCTEMbI N30BITOUHBIX M3MEPEHUN

emé He MOCTYIHIIO, HO HOPMaJIbHbIE YPABHEHUS MbI BCE ke peluTh MoxkeM. IIoHsATHO, uTO Bce
HOTIPaBKU OyIyT paBHBI HYNIIO. M3 cUCTeMbl HOpMaJIbHBIX ypaBHeHHH N, :Xx = L, Haxoaum
BEKTOp MapaMeTpoB IpeoOpa3oBaHus X:

35/9 0 -2/3 5/9 1/3

0 35/9 -5/9 —2/3

-2/3 -=5/9 2/9
5/9 -=2/3 0 2 / 9 1 / 3
3nech, 4TOOBI MPU OKPYIJICHUSAX HE MOTEPSATh TOYHOCTD, 06HI<HOBeHHy10 IpoOb MBI He

x=N2_1'L2=

MEpCBOAUM B NCCATUYHYIO.
Ha Bxom cucremsl mocrymaer TpeTbs Touka: X3 =7,Y3 =3,U;3 =6,V3 =1. Oto
MOPOKIACT TPETHIO APy YPaBHEHHM MOMPABOK:

vil 1 o 6 -1
lvgy l B [0 11 ] [3]
YTOo4HsIeM 00paTHYIO MaTpUIly HOPMaJIbHBIX ypaBHEHHI 10 hopmyie (1):

1 _ -1 1. T -1
Ny~ =N;"—N; -az-f-a3-N;",
rae f = (E + a3 - Ny1 - al)™'- nuaromansmas marpuna.

B uncnenHoM BUe:
_ 3 oyt [1/4 0]
p=(E+[y 3)) ‘[o 1/4]’

_ 1 o [0 6 —177 [1/4 0711 0 6 —17 -
N31=N21_N21'[o 1 1 ][ 1/4]'0 11 ]'Nzl’
NIn
2 0 -1/3 1/6
0 2 -1/6 -1/3

-1 _
N:"=1_1/3 —1/6 1/12 0

1/6 -1/3 0  1/12
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v =

YTouHsIeM BEKTOp CBOOOIHBIX UJICHOB HOPMAIbHBIX YPABHEHMIA:

5
X3 7 10 6 —-11" 7
L3=IQ'Fa§'L§]= 37 +[0 11 6] Wé]z
10
HaxoauM HOBBINM BEKTOp HEM3BECTHBIX:
2 0 -1/3 1/6 12
0 2 -1/6 -1/3 10| _

— -1, — . —
X=N"-La=1_q3 _1/6 1712 0 |'|s2

1/6 —1/3 0 1/12 21
BbIaucinm monpaBky K «M3MEPEHHBIMY BEJTHUNHAM:
a;

as

21

12
10
82|

1/6
—2/3
7/6
5/12

az]-x—[x1 i X, Y, X3 Y]T=[0 025 025 —-0.25 —0.25 0].

3amaguMcsi  CAEAYIOUIUM TPABUJIOM IS TOWCKa TpyObIX OMmHMOOK BBOAA: €CIH

MakCHMMaJlbHasi MO MOy mompaBka |v;| Oymer wmenbiie 0,4, TO CUWUTaeM BBEICHHBIC

KOOpJIUHATHl JOOPOKAYECTBEHHBIMU M HCKaTh OIIMOKY BO BBEACHHBIX JIaHHBIX HE CIEIYeT.
HNnavye HeoOX0IMMO HMCKATh OMIMOKY BO BBEJACHHBIX JTaHHBIX, MIPUUYEM BO BCEX TPEX BBEACHHBIX
Toukax. Kak BUJIHO, B HaIlIEM ClIy4ae BCE MOMPaBKHU MO MOAYJO OKa3ainuch MeHbuMu 0,4.

Beeném koopauHaThl crnenyromieid, derBéproit touku: X, =5,Y, =6,U, =6,V, =5.

[TostBUTCS COOTBETCTBYIOIIAS! MAaTpULla ypaBHEHUH MOMPABOK:

=l 1 g Sl

YrouHsieM oOpaTHYIO MaTpPHUIly HOPMAIBHBIX ypaBHeHUH 110 Gpopmyiie (1):

N;y'=Ng'—=N3'-a}-B-a, N5,

e f=(E+a, N3t -al) ™t

nim

B uynciennoMm Bune:

g= (E-+[17612 17312]>_1=:[12629 12329}

_ _ . 1 0 6 =57 [12/29 0 1 0
N7l= Nyl Nyt 6][ A ]

0 1 5 12/29] o 1

133/87 0 -6/29 11/87
N-L = 0 133/87 —-11/87 —6/29|
+ 7 1-6/29 -—-11/87 4/87 0 V)
11/87 —6/29 0 4/87
12
X4 10 1 0 6 =51 [5
L4:L3+a£'h@]= s2|tlo 1 5 ollel=
21
HaxoauMm HOBBIM BEKTOp HEM3BECTHBIX:
133/87 0 -6/29 11/87 17 1
I _ 0 133/87 -—-11/87 —6/29 16
¥=Now-La=1_609 _11/87  4/87 0 | |142
11/87 —6/29 0 4/87 32 |

Breraucioum MOIPaBKU K «U3MCPCHHBIM» BCIIMUNHAM:

23

6
5

[ 17

16

-5
6

142|

[ 32

19/29
—10/87
86/87
9/29

]'Ns‘l;
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v=1[038 -023 0.31 -0.20 -0.72 -0.26 0.03 0.69]".

Kak BuaHo, 3HaueHus JByX HOMPaBOK Mo Moayito npessimaoT 0,4. OgHa U3 3THX
IONPABOK OTHOCHUTCS K TPETbel BBOJMMOI TOYKE, a BTOpas — K 4eTBEPTOH. OAHaKo Mbl
MOHMMAEM, YTO METOJ HAaUMEHBIINX KBAaAPATOB pacHpeleisieT HEBA3KY Ha BCe U3MEPEHUs. Mbl
IIOMHUM, YTO TEPBbIE TPU BBEAECHHBIC TOUKM OBLTH OIICHEHBI HaMHU, KaK JOOPOKAaYeCTBCHHBIE.
JlenaeM BBIBOJ, UTO OMIMOKY CJIeyeT UCKAaTh B KOOpAMHATAX MOCJeIHEeN BBEICHHOW TOUKH.

ITocne naxoxxaenusi rpyooit ommbku (Y, okaszancs paBHbIM 8, a He 6) ypaBHEHHUS
IIOIIPABOK JJI YETBEPTOU BBOAUMON TOUKU U3MEHWINCH:

Vi _[1 0 6 —5]_ _[5]
lvfl_o 1 5 61" Il
[Tocne mpuMeHeHus Bcel poIeIypbl HOBBIM BEKTOP MOMPABOK OYIET:
v=[-010 032 0.24 -0.26 —0.17 0.08 0.03 -0.14]".

Bunno, 4To HM OJHA W3 3HAYEHUM MOMpPaBOK MO Moayiato He mpebimaioT 0,4. Takum
00pa3zoM, BBEICHHBIC KOOPAUHATHI YETBEPTON TOUKH y)KE HE CoMlepkKaT rpyObIX OIMTHOOK.

BoiBoabl. B crathe npogaeMOHCTpUPOBaH pa3pabOTaHHBIA aBTOPOM IPOIIECC BBISBICHHS
rpyObIX OMKOOK MpPU BBOJE AAHHBIX B MPOrPAMMHYIO CHCTEMY IpeoOpa3oBaHUsl KOOPAUHAT IO
cnoco0y I'empmepra. Ilocie BBoma YeTBEPKM KOOPAMHAT OYEPEAHON TOUYKH YTOUYHSETCS
oOpaTHasi MaTpHlla HOPMAJIbHBIX YPaBHEHUIH Ha OCHOBE peKyppeHTHOW (opmynsl [llepmana—
Moppuca. Jlanee BBIUUCIAETCS BEKTOP HEM3BECTHBIX MapaMETPOB MPEOOpPa3OBaHUS M BEKTOP
nonpaBoK. [lockonbKy MeETOJ HauMMEHBIIMX KBaJApaTOB pACIPEAEIAET HEBA3KY II0 BCEM
U3MEpPEHMSIM, B KaUeCTBE MHIUKATOpa IPyObIX OIMIMOOK MPEJIOKEH aHalIU3 BEKTOpa MOMPAaBOK.
Ecnu 3HaueHre MakCHMaJIbHOM 110 MOAYJIIO MOINPABKU MPEBBIIIAET 3aJaHHBIN LIEH3, TO K KAKOMY
OBl U3MEPEHHIO HE OTHOCUJIACh 3Ta MOIpaBKa, 0TOPaKOBBIBAETCS MOCIIEIHAS BBeIEHHAs TOUKA.

MoOHO BMECTO aHaJIN3a MAaKCUMAJIbHOM 1O MOAYJIIO MOMPABKH MOCIIE€ BBOJA OYEPEAHOM
TOYKM BBIYUCIIATH HOBYIO CpEIHIOI0 KBaJpaTHyeckylo omuOky. Ecmm oHa npesblmaer
JIOMyCTUMOE 3HAYeHHME, TO aHAJOTMYHO OpakyeTcs MOCIeAHss BBeAeHHas Touka. llpouemypa
KOHTPOJISI TpyOBIX OIIMOOK NPOM3BOAUTCS Ha 3Tame BBOAA JAaHHBIX. OHa HE MO3BOJSET
MOJIb30BATENI0 BBECTH KOOPAMHATHI CIEAYIOUICH TOYKU J0 TEX MOp, MOKa He OyIeT BBelIEHBI
T00pOKauecTBEHHbIE KOOPAMHATHI TEKYIIEH TOUKH.
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B.B. 3i0opos
BUSABJISIHHSA I'PYBUX IIOMUWJIOK B 3AIAUI IIEPETBOPEHHSA KOOPIUHAT
3BUKOPUCTAHHSIMPEKYPEHTHOI ®OPMYJIN

3anpononosano KoHmponv epyoux NOMUNOK 8 3a0aui nepemeopeHHsi KOOPOUHAM 3d
cnocobom I'enomepma. I1i0 wac nooauHs Ha 6xi0 iHhoOpmayiiHoi cucmemu Yepeosoi YemsipKu
KOOpOUHAM 2eHepyEMbCsl 08d PIGHAHHA NONPABOK. 360pOMHY MAmMpuylo HO80i cucmemu
HOPMANbHUX PIBHAHb NPONOHYEMBCSA ULYKAMU HA OCHOBI NONepeoHboi 360pOMHOI Mampuyi 3a
pekypenmuoto opmynorw Lllepmana—Moppica. I pyba nomunka 8usensaemocs 6 npoyeci ananizy
uep208020 6eKMopa NONPAGOK. AKWO MaKcumManibHaza MmooyjleM NONPASKA GUABIACMbCS
Oinbwo 3a O0eAKUll YeH3, Mo OCMAHHA YemeipKa KOOpOUHam mOuYKlU, W0 B800UMbCA,
opaxyemovcs. Hagedeno uucenvHull npukiao po3e si3anHs 3a0ayi.

Knrouoei cnoea: obpobra pezyromamis 8uUMIipio8aHtb, Memoo HAUMEHWUX K8aopamis,
BUDIBHIOBAHHA — NAPAMEMPUYHUM  CNOCOOOM,  peKYDeHmHe  BUPIGHIOBAHHS,  NOCNIO06HE
BUPIBHIOBAHHSL, BUABNIEHHS 2PYOUX NOMUTIOK BUMIDIOBAHD.

V.V. Ziborov
GROSS ERRORS DIAGNOSTIC IN THE TASK OF HELMERT COORDINATES
TRANSFORMATION WITH THE USE OF RECURRENT FORMULA

Gross errors diagnostic is offered in the task of Helmert coordinates transformation. At a
receipt on the entrance of the informational system of next four of coordinates in obedience to
method of least squares two equalizations of residuals are generated. It is suggested to calculate
the inverse matrix of the new system of normal equalizations on the basis of previous inverse
matrix on the Sherman—Morrison recurrent formula. After the receipt of new inverse matrix we
calculate the next vector of adjustment corrections. A gross error is revealed during the analysis
of the vector of adjustment corrections. If a maximal on the module amendment appears greater
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some qualification, the last four of coordinates of the entered point is scrapped. It is possible, for
example, to accept qualification equal to two possible middle quadratic errors. The numeral
example of decision of task is resulted.

Keywords: transformation of coordinates, gross errors diagnostic, processing observed
measurements, method of least squares, gross errors, critical values of residuals, parametric
adjustment of observed measurements, recursive adjustment,recurrent adjustment, recursive
least squares.
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PE3YJIbTATHU '’EOAE3NYHUX CIIOCTEPEKEHD 3A OCIJAHHAMMU CIIOPY /I
Al «<KPUBOPI3bKA TEIIVIOEHTPAJIb»

Poszenanymo ocobnusocmi Odegpopmayitinux npoyecie KomiomypOiHHO20 yexy,00Hiel i3
cnopyo mexuonoziunoeo xkomnaexcy HII «Kpueopizvka mennoyenmpanvy, ma oOIPYHMOBAHO
nompeby 6 CUCMeMamuiyHOMY 2e00e3UYHOM) MOHIMOpUH2y cmaHy o6 ’ekma. JocniodxHcenHs
BUKOHAHO WIAXOM 02750y Jimepamypuux odcepen, aaOOpamopHux 0ocCniois, HAMypHux
BUMIPIOBAHb, 00POOKU U ananizy ix pesyibmamis. /s npoeedeHHs O0CAIONCeHb 3AKIA0EHO
cnocmepexCcHy cmaHnyito. Buznaveno mooxcnugi npuduny 8UHUKHEHHs 8epMUKATbHUX Oedhopmayiil
[HOHCeHepHUX Cnopyo KOmIomypOinHOo20 yexy. Bukonano pospaxynox mounocmi 2eode3uyHux
cnocmepedicenb ma HageoeHo Memoouxy 00Caioxicens.Y pezyiomami peanizayii mpbox yukiie
CHOCMEPedNHCeHb  GU3HAYEHO BIOMIMKU 0CA008UX MAPOK [ 2NUOUHHUX penepis. Ananis
cnocmepedicenb 0a8 3Mo2y SUAeumMuU xapakmep 0eqh)opmy8anus U 0CiOanb KOMAOmMypOIHHO2O
yexy. Ompumani 0aHi pekOMeHOYEMbCSA BUKOPUCTOBY8AMU Ol CKIAOAHHA 2padiKié nianoeo-
3aN0OINCHUX PEMOHMIB OOCAIONCYBAHOT CNOPYOU.

Knrwwuosi cnosa:oeghopmayii, ocioanus, indiceHepHi cnopyou, enuOuHHi penepu, 0cadosi
Mapxu, eeoMempuyHe HiBeN08AHHS, [HHCEHEPHO-2€0N02IYHI YMO8U, 2IpHU4L pobomu, 8UCOMHA
2eo0e3uyHa mepexca.

Beryn.Hopmansha, 6e3aBapiitna podota JII1 «KpuBopi3zpka TEIUIONEHTPAIb) 3aJICKHUTh
BiJl CTIHKOCTI OCHOBHUX OyiBeNlb 1 CIOPYA I[HOTO TEXHOJOTIYHOTO KOMIUIeKCy. OmHak
BHACIIIJIOK KOHCTPYKTUBHUX OCOOJIMBOCTEH, MPUPOTHUX YMOB 1 MiSTIBHOCTI JIFOJUHU 1HKEHEPHI
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