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OHGCCK&H ToCyaAapCTBCHHAs aKaJICMUs CTPOUTECIILCTBA U APpXUTCKTYPhI

KOMBUHHUPOBAHHASA T’EOMETPUYECKASA MOJIEJIb B
OIITUMUM3AIIMOHHOM INOAXOAE OITPEAEJIEHUSA ITAPAMETPOB
HEJOCTYINHOM TOUKA OFBEKTA

B nacmosawem uccnedosanuu paszpabomanvl KOMOUHUPOBAHHASL 2€0MempPUdecKdsl
MOOenb U ONMUMUBAYUOHHBIL NOOX00 K ONpedeleHUuo napamempos HeOOCMYNHOU MOUKU
00vekma.

Buvisignena npodnema u nocmasinenvt nepsocmenentvie 3a0ayu.

Cymv  npobnemvbi — 00veKmMueHoe npomugopeyue Mmexcoy HeobX0OUMOCMbIO
NOYYEHUsL MOYHO20 3HAYEHUSl ONPeoeisieMo20 Napamempa u Haiuyuem nocpeuHoCmu npu
J1060M UMEPEHUU.

Llenv Hacmosweu pabomvl — pazpabomamsv KOMNIEKCHO KOMOUHUPOBAHHYIO
MPEXMEPHYI0  2e0MemMPUUecKYI0 U AHATUMUYECKYI0 MOOelU OonpedeneHus MUHUMATbHOLL
obnacmu (OKpecmuocmu) 3Ha4eHUll napamempos HedOCMynHoOU MOYKU 00beKma.

3aoayu cmamvu:

1. Paspabomams KOMOUHUDOBAHHYIO MPEXMEPHYIO 2EOMEMPUYECKYI0 MOO0eNb CO
CKPeWUBAIOWUMUCS BUUPHBIMU TIyHaMU O OECKOHMAKMHO20 ONpeoeieHUss KOOPOUHAM
HeOOCMYNHOU — MOYKU  00vbekma Npu  3a0aHHOM  PACNONONCEHUU  2e00e3UeCKO20
000pydosanus.

2. Pazpabomams onmumu3ayuonHy0 aHaIumu4eckyro Mooeib onpeoeienus ooracmu
(oxpecmHocmu) 3HaUeHUU NAPAMEempos HeOOCMYNHOU MOYKU 00beKma 8 COOMEemcmeul ¢
APEON0NHCEHHOU MPEXMEPHOLL 2e0MeMPULECKOU MOOEIbI0 CO CKPeWUBAIOWUMUC GUSUPHBIMU
Jyuami.

B npeonacaemom onmumuzayuoHHom nooxode pazpabomana KOMOUHUPOBAHHAS
MpPexXmMepHas 2eoMempuyecKkds Mo0elb CO CKPeUUBAIOWUMUCS BUSUPHBIMU JTYYaAMU OJs
onpeodenenus KOOpOUHAm HeOOCMYNHbIX MOYeK 00beKma.

Onpeoensiemass mouxka C pacnonazaemcs ¢ obnacmu [Cpw, Cem] munumanvnozco
PACCMOANUSL P min MENCOY CKPEUWUBAIOUUMUCS BUSUPHBIMU JIYUAMU.

OnmumuzayuonHnas 3a0a4a onpeoeneHus KOoOpoOuHam HedOCMyYnHou Moyku 00beKma 6
APOCMpPaHcmee C80OUMCA K 3a0aue onpeoeneHus MUHUMAIbHO20 PACCMOAHUSA MexCOy 08YMs
CKPeUUBAIOWUMUCS GUSUPHBIMU TYYAMU.

3aoaua umeem eouncmeennoe peuieHue, eciu GU3UPHbIE YU He NAPAIENbHbI.

Iouck skcmpemyma QyHKYuU paccmosnus mexcoy O8YMs GUUPHBIMU JIVUAMU, U
UMEHHO MUHUMYMA, UMeen PeabHyI0 2e0MempuiecKyro UHmepnpemayuio.

Dynukyus paccmosnus p=f(tcp, tce) docmueaem ceéoeco sxcmpemyma pmin, Ko20a eé
yacmmwle NPOU3BOOHbIE NO KAHCOOU nepemMeHHOl paenvl Hyat0. [1oamomy pewaemces cucmema
ougpepernyuanbHvIX YypasHeHull.

HUckomas mouka C(Xc, Yc, Zc) Mooicem, Hanpumep, pacnoiazamvcs 6 cepeouHe
munumansrnozo ompesxa [Cpm, Cem].

IIpeonoocennulii meopemuyecKull nooxoo nposepen Ha PpeanbHvix
IKCNEPUMEHMATIbHBIX OaHHLIX npu eoccmanosnenuu Cnaco-IIpeobpadicenckoeo cobopa 6
eopoode Qoecce, Ykpauna. Onpedensanuct KOOPOUHAMbL CAMOU BbICOKOU MOYKU KOJIOHbL
nunsicmpa C u mouku C' ypoeus 3eMiu OMHOCUMENbHO 2OPU3OHMATILHOU NIOCKOCMU C
HY1€8bIMU BUSUPHBIMU TIVUAMU.

Kniouesvie crosa: obvexm; mouka, sKCmpemym, SUUPHBILL 1YY, KOOPOUHAMbBL MOYKU;
2eomMempuieckas Mooeisb, aHaIUMUYecKas Mooeib.



ITPUKIIAJTHI ITHTAHHA MATEMATHYHOI'O MOJE/IIOBAHHA T. 3, Vo 2 (1), 2020

O. 10. BPAUIOB, B. I. TAHYEHKO

Onechka epkaBHa akajaeMis OyIiBHHIITBA Ta apXiTEKTypH

KOMBIHOBAHA TEOMETPHYHA MOJIEJIb B ONITUMIBALIIMHOMY HIJIXO/II
BU3HAYEHHS TIAPAMETPIB HEJIOCTYITHOI TOUKHA OB'E€EKTA

Y oanomy oOocniodcenni pospobreni KOMOIHOBAHA 2ceOMempuyHa Mooelb md
onmumizayiunutl. nioxio O BU3HAYEHHA Napamempié HeOOCMYNHOI mouKku 00'ekma.
Buseneno npobnemy i nocmasneni nepuiouepeosi 3a0aui.

Cymb npobnemu: 00'ekmuene npomupivis Midxc HeoOXIOHICMIO OMPUMAHHA MOYHO20
3HAYEeHHs1 NOMPIOHO20 NApamempa i HAsIBHICMI0 NOXUOOK NPuU OYOb-IKOMY BUMIDIOBAHHI.

Mema Oocniddicenns — po3podoumu  KOMHIEKCHO KOMOIHOBAHY — MPUBUMIDHY
2eoMempudHy i AHATIMUYHY MOOeNi BUSHAYEHHS MIHIMANbHOI 001acmi 3HAYeHb napamempie
HeOdoCmynHoi mouxu 06'ekma.

3aeoanns cmammi.

1. Po3pobumu kombino6any mpusuMipHy 2eomMempuiny MoO0elb 3 NepexpecHUMuU
BI3UPHUMU NPOMEHAMU O OE3KOHMAKMHO20 BUSHAUEHHSA KOOPOUHAM HeOOCMYNHOI MOUKU
00'ekma npu 3a0aHOMY PO3MAULYBAHHI 2e00e3UUHO20 0ONAOHANHS.

2. Pospobumu onmumizayitiny auanimuuyny mooenb 6U3HaudeHHs o01acmi 3HAYeHb
napamempie HeOOCMYNHOi mouku 00'ekma 6iONo8iOHO 00 3aNPONOHOBAHOI MPUBUMIDHOL
2eomMempudHoi MoOeni 3 nepexpecHuMU 8I3UPHUMU NPOMEHAMU.

Y sanpononosanomy  onmumizayiihomy  nioxo0i  pospobneHa  KOMOIHO8AHA
MPUBUMIDHA 2€OMEMPUYHA MOOENb 3 NEPEXPECHUMU GISUPHUMU NPOMEHAMU OJis BUSHAYEHHS]
KOOPOUHAmM HeOOCMYNHUX MOYOK 00'ekma.

Obymosnena mouxa C posmawosyemvcs 6 obnacmi [Cpm, Cem] Mminimanonol
8IOCMAHI Pmin MIJC NEPexXpecHUMU GI3UPHUMU NPOMEHIMU.

Onmumizayilina 3a0a4a BU3HAYEHHS KOOPOUHAM HeOOCMYNHOI mouku o0'ekma 6
npocmopi  3600umvcsi 00 3a0ayi  GU3HAUEHH MIHIMANbHOI 8IOCMAHI  MIdC 080MA
nepexpecHuMu GI3UpHUMU NPOMEHAMU.

3asoanns mae €Oune piwieHHs, AKWO GI3UPHI NPOMEHI He NAPANeNbHI.

Towyk excmpemymy ¢hyukyii 8i0cmani mixnc 080Ma BI3UPHUMU NPOMEHAMU, [ came
MIHIMYMY, MA€ PeaibHy 2eOMEeMPUYHY IHmMepnpemayiro.

@yukyia eéiocmani p=f(tcp, tce) docsieae ce6oco ekcmpemymy pmin, Koau ii yacmrosi
NOXIOHI MO  KOJCHIUI 3MIHHINL  Oopienwooms  Hya0. Tomy eupiwyemovcs —cucmema
ougeperyianvHux pieHsHb.

Llykana mouka C(Xc,Yc,Zc) Modice, HANPUKIAO, DPO3ZMAUOBYBAMUC 8 CEPeOUHi
minimanvrozo siopiska [Cpm, Cem].

3anpononosanuii meopemuunuli nioxio nepegipeHull HA PearbHUX OAHUX NpU
gionoenenni Cnaco-Ilpeodpasicencokoeo cobopy 6 micmi Odeci, Yrpaina.

Busnauanuca xkoopounamu uatieuwoi mouku xononu ninicmpa C i mouxku C' piens
3eMi BIOHOCHO 20PU3OHMATILHOT NIOWUHU 3 HYIbOBUMU GI3UPHUMU NPOMEHIMU.

Kniouosi cnoea: 06'ekm; mouka; excmpemym; GI3UpHUU NPOMIHb, KOOPOUHAMU
MOYKU; 26OMEMPUYHA MOOENb; AHATIMUYHA MOOEb.
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THE COMBINED GEOMETRICAL MODEL IN THE OPTIMIZING APPROACH
TO DETERMINATION THE PARAMETERS OF AN INACCESSIBLE POINT OF
AN OBJECT

In the present research the combined geometrical model and the optimizing approach
to the determination of the parameters of an inaccessible point of an object is developed. The
common issues are revealed and essential steps of their resolution are identified.

The essence of the problem is that the unavoidable contradiction between a need of
obtaining the exact value of the determined parameter and an error involved in any
measurement.

The purpose of the present work is to develop in a complex the combined three-
dimensional geometrical and analytical models of the determination of the minimum domain
(area, vicinity) of values of the parameters of an inaccessible point of an object.

It is achieved in two steps:

1. Development of a combined three-dimensional geometrical model with crossed
directional rays for contactless determination of the coordinates of an inaccessible point of
an object under a given arrangement of the geodetic equipment.

2. Development of an optimizing analytical model for the determination of domain
(area, vicinity) of values of parameters of an inaccessible point of an object according to the
developed three-dimensional geometrical model with crossed directional rays.

In the proposed optimizing approach, the combined three-dimensional geometrical
model with crossed directional rays for the determination of coordinates of the inaccessible
points of an object is developed. It is discussed that point C, coordinated of which to be
determined, locates in domain [Cpwm, Cem/ of the minimum distance pmin between crossed
directional rays.

The optimizing problem of the determination of coordinates of an inaccessible point of
an object in space is reduced to a problem of the determination of the minimum distance
between two crossed directional rays.

It is shown that the problem has a unique solution if the directional rays are not
parallel. It is discussed that mathematical finding of an extremum of function of the distance
between two directional rays, and the discussed minimum, has real geometrical
interpretation.

It’s known from the theory of function of multiple variables that function f(tcp, tce)
reaches its extremum pnin When its partial derivatives by each variable are equal to zero.
Therefore, the system of the differential equations solved.

The required point C(Xc, Yc, Zc) can be located, for example, in the middle of the
minimum segment [Cpm, Cewm].

The proposed theoretical approach is verified using real experimental data at
restoration of the Spaso-Preobrazhenskiy cathedral in the city of Odessa, Ukraine.

Coordinates of the highest point of the colon of a pilaster C and points C’ level of the
earth concerning a horizontal plane with zero directional rays were determined.

Keywords; an object; point; extremum; directional ray; collimating ray; coordinates
of a point; geometrical model; analytical model.
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ITocTanoBKa MpodJieMbI
@opMHpOBaHHE  MACIOpPTAa  PEKOHCTPYMPYEMBIX MM BOCCTAHABIMBAEMBIX
UCTOPUYECKHX OOBEKTOB IMPEINOoaraeT OMpeleleHHe HX TEeOMETPUYECKHX IMapaMeTpPOB.
Takumu mapameTpamu SBISIOTCS BBICOTA 00BEKTA M pa3Mepbl OXPAHHOW 30HHBI.
OcHoBHast mpobOiemMa 3aKiIoYaeTcsi B OOBEKTHBHOM IPOTUBOPEUUH  MEXKIY
HeO6XOI[I/IMOCTBIO MOJIYYCHHA TOYHOI'O0 3HAUCHUSA ONPCACIACMOro ImnapamMerpa U HaJIU4UuCM
MOTPEIIHOCTH MPH JII0O0M U3MEPEHUH.

AHaJIM3 MOCJeTHUX UCCIAeI0BAHNIA U My0JJUKANM I

B mpemplaymmx wuccleIoOBaHUSX pEATM30BaHA MMOMBITKA IMONYYUTh aHATUTHYECKU
TOYHBIM pE3yJabTaT Uil TEOMETPUYECKOM MOJEIM HU3MEPEHUH C TEpPECeKalolUMuUcI B
TpeOyeMoii TOUKe BU3UPHBIMU Jiyuami [ 1-3].

Jlnst mpelioKEHHOM TeoMeTpuyecKoid Moxaenu usMepeHuil (puc. 1) paspaboran
IITOPUTM pacyeTa mapamMeTpoB HEIOCTYIHOM TOukK 00beKTa [4].

PazpaGoranHas anropuTMHUYECKH KOPpPEKTHAs aHAJIWTHYecKas mozaenb [3—4], mpu
00paboTKe pE3yNbTaTOB AKCIEPUMEHTAIBHBIX HM3MEPEHUN, TIOKa3ajia HEOOXOIUMOCTh
nepexoaa K KOMOMHUPOBAHHOM reOMETPUYECKO MOJIEH CO CKPEIIUBAIOIIMMUCS BU3UPHBIMU
Jy4amMHu U CO3JaHMIO aHAJIUTHUYECKON MOJeNu AJsl ONpeaeseHUs MUHMMajibHOW 00jacTH, B
KOTOPOHM HaXxOJHUTCs UCcieyeMast TOUKa 0ObeKTa.

Ieas uccaenoBaHus

Llenp HacCTOALIETO HCCIENOBaHUS — pa3pabdoTaTh KOMILIEKCHO KOMOMHHMPOBAHHYIO
TPEXMEPHYIO TE€OMETPUYECKYI0O M AHAIUTUYECKYI0 MOJEIU ONPEACIICHUS MHHUMAJIBHOU
o0sacTi (OKPECTHOCTH) 3HAUYCHUM IMapaMeTPOB HETOCTYITHON TOUYKH OOBEKTA.

3amaun crathu: 1. PazpaboTaTh KOMOMHUPOBAHHYIO TPEXMEPHYIO I'€OMETPHUYECKYIO
MOJIeJIb CO CKPEHIMBAIOUIMMUCS BHU3UPHBIMHU JIydaMHu [UIsi OE€CKOHTAKTHOTO OIpeAeNeHUs
KOOpJMHAT HEIOCTYMHOW TOYKH OOBEKTa MpPHU 3aJaHHOM DPACIOJIOKEHHH T'eO0JIe3MUECKOTO
obopynoBanus. 2. PazpaboTaTh ONTUMHU3AIMOHHYIO AHATMTUYECKYIO MOJIEIh OIPEACICHHS
obnactu (OKPECTHOCTH) 3HAYCHUI MMapaMeTPOB HEJAOCTYITHON TOYKH 00BbEKTa B COOTBETCTBUU
C TPENJIOKCHHOW KOMOWHHMPOBAHHOW TPEXMEPHOM TIE€OMETPUYECKOM MOJENbI0  CO
CKPCIIUBAOIIHUMUCA BUSUPHBIMHA JTy4aMH.

N3105keHNEe 0CHOBHOTO MaTepHAJIa HCCIeI0BAHUS

B nmnpemsnaraeMoM ONTUMH3allMOHHOM TMOJAXOJE pa3paboTaHa KOMOWHUPOBaHHAs
TpeXMEepHasi TeOMETPUYECKasi MOJETh ONPEISICHHUS KOOPAUHAT HEJOCTYITHONW TOYKH 00BEKTa
(puc. 2).

KoMOuHMpoBaHHAas TpexMepHas TreoMeTpHYeckass MOJeNb MPEACTaBIseT CcoOou
00beIMHEHNE BEPXHEH T€OMETPUUYECKON MOJIEIH, PACIOJIOKEHHOW BBIIIE TOPHU30HTAIBLHON
IUIOCKOCTH C HYJEBBIMH BU3HPHBIMH JiydamMu (pHUC. 1), W TEOMETPUYECKOW MOJEIH,
SIBIITFIOIICHCS ~ CUMMETPUYHBIM ~ OTOOpaXKEHHEM  BEpXHEH  MOJENM  OTHOCHTEIHHO
TOPH30HTAILHOM TIOCKOCTH (pHC. 2).

Pa3paboranHass KoMOWHUPOBAaHHAs T€OMETPUYECKash MOJENb OTOOpa)xkaer Hamboee
0011 BapUaHT PacHoJIOKEHHUsST 00bEKTa OTHOCUTEIIBHO MPUOOpa.

Koopaunatsl Xcp, Ycp, Zep, Jito6oi Touku Cp(Xcp, Yep, Zep) BusupHoro nyda AD
MOYHO ONIMCAaTh CUCTEMOW YPaBHEHUN:

Xep = Tpx *tcp + Xp
Yep =Ty ‘tep + Yp » (1)

Zcp = Ip; teptZp
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rae tcp — 3HadyeHue mapamMeTpa tD, OIIPCACIIAIOIICTO ITOJIOKCHUC JIF000H TOYKH CD Ha JIydc

AD.

Puc. 1. 'eomerpuyeckast Moaesas paccrossHus Mexkay Asyms toukamu CD, CE Bu3upHbIx ayueii AD n BE.

Koopaunatsl Xcg, YcE, Zce 000 Touku Cg(Xce, Yce, Zce) BusupHOro jyda BE
MO>KHO OTIMCATh CHCTEMOM ypaBHEHHI:

Xce =Tex ‘e + X
Yce = ey "tce + YE » (2)

Zcg =T Tee+2Ze
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rae tcg — 3HaueHue mapamerpa tg, ompenensiomero nojaoxeHue aro6oi Toukn Cg Ha nyde
BE.

Puc. 2. KomOnHupoBaHHas reoMeTpHYecKasi MOJe/b /sl ONpeeIeHUs] PACCTOSHUS MeKIy ABYMS
Toukamu C u C'.

Kpampar Bemumumubl paccrosns [p(Cp, Ce)]° Mexay MOGBIME IBYMsS TOYKAMH
Co(Xcp, Yeps Zep), Ce(Xce, Yce, Zce) pasnuuHbiX BU3UpHBIX dydeir AD, BE B mexaproBom
TPEXMEPHOM  TIPOCTPAHCTBE  MPEICTABIsACTCS  CYMMOH  KBagpaTOB  pa3HOCTEH
COOTBETCTBYIOLINX KOOPAMWHAT 3THX TOYEK:

f= [p(CD’CE)]Z = (Xcp —Xce )2 +(Yep — Yee )2 +(2cp — 2ce )2 3)
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3anuiieM pacCcTOSHUE MEXIy ABYMs JTr0ObiMH Toukamu ToukamMu Cp m Cg 1ByX
pa3IMYHBIX BU3HPHBIX JIyued B mapaMeTpuueckoil (opme, moxacraBiss B BbipaxkeHue (3)
3HAYCHMsI KOOPJMHAT ITHX TOYEK U3 cucteM ypaBHeHu# (1) u (2):

f= [p(CD*CE)]Z = (Xep — Xce )2 +(Yep — Yee )2 +(ZCD —Zce )2 = A
= (Yo tep +Xp — Tex “tee — Xe ) +(rDy'tCD +Yp —Tey lce — yE)2 +. (4)

2
+(rDz tep +Zp —Tg; e _ZE)

[TockonbKy peanbHble H3MEpeHHs yrioB «, B, y u paccrosaus AB (puc. 1)
OCYIIECTBIISIIOTCS € MOTPELIHOCTSIMM M 3HAUYEHUS OSTHX [apaMeTpoB ApoOHbIE 4YHCHA,
Bu3upHbIe 1yun AD u BE, kak nmpaBuio, ckpemmBaroTcs, a He IEPECEKal0TCs B OMPEASISIEMOM
touke C. CkpeuuBaromuecs: BuzupHbsie yun AD u BE uMMeEIOT COOTBETCTBEHHO JBE TOYKH
Cpowm 1 Cem, MEKIY KOTOPBIMH PacCTOSIHUE P MUHHMAJIBHO pmin (puc. 1, 2).

Haubonee BeposTrHo, 4TrOo ompenensemas Touka C pacronmaraercs B o0iactu
[Com, Cem] MHHHMMAIBHOTO PACCTOSIHHUS pPmin MEXKAY CKPEHIMBAIOIIUMUCS BH3HUPHBIMU
aydamu. Takum oOpa3oM, 3a1ava OnpenesieH!s] KOOPAUHAT HEJIOCTYITHOM TOYKH OOBEKTa B
IPOCTPAHCTBE, Ha IMEPBOM JTale, CBOAUTCA K 3aJadye OIpeleieHHs] MUHUMAaJIbHOTO
PacCTOSIHUA MEXTY ABYMSI CKPELIMBAIOIIMMUCS BUSHPHBIMU JTyYaMH:

f =[p(Cp,Ce)F = fltcptee ) > min. (5)

W3 Beipaxenuii (4) u (5) BugHo, uro paccrosiaue p(Cp, Cg) Mexay AByMs JTOOBIMU
toukamMu Cp u Cg nByX pasnmuHblx BU3UpHBIX jydedl AD u BE ectp ¢dyHkums ot aByx
nepemeHHbIX f(tcp, tcg). Takumu mepeMeHHBIMU SIBIISTIOTCS TapaMeTpsl tep U tcg ABYX ydeit
AD u BE coorBerctBenHo. CremoBarenbHO, 3ajadya CBOAUTCS K ONPEICICHUIO TaKHUX
3HayeHuil napameTpoB {cp U tce, MPU KOTOPBIX paccTosiHUE p (4) MEXTY IBYMsI BU3UPHBIMU
Jy4aMl MHUHUMAJIBHO pmin. [IprdeM, 3a1aua UMeeT eqUHCTBEHHOE PEIICHHE, €ClIM BU3HPHBIC
aydyd He mapawienbHbl. [lonck skcTpeMyma (GyHKIHH paccTosHUS (4) MEXIy ABYMS
BU3UPHBIMH JIydaMd, ¥ HUMEHHO MHHHMYyMa, WMEET pEalbHYI0 T'€OMETPHUUYECKYIO
MHTEPIIPETALHNIO.

W3 teopun (GyHKIMU HECKOJBKUX MEPEMEHHBIX H3BecTHO, uTo (yHKIwms f(tcp, tce)
JIOCTUTAET CBOEro HKCTpeMyMa, Korja €€ 4acTHble MPOU3BOAHbBIE MO KaXKJIOW MepeMeHHOU
paBHbI Hyto [5]. CenoBaTenbHO, A ONPEEIICHNs 3HaUeHUH napameTpoB tcp U tce, mpu
KOTOPBIX PACCTOSHUE MEXAY CKpEIIMBAIOIMIMMHUCS BU3UPHBIMU JIydaMHd MHUHHUMAJIbHO,
HEO0XO0IUMO PELIUTh CUCTEMY TU(PEepeHITNATBHBIX YPAaBHEHHIA:

df (tep tee) _
dicp | (6)
df (tep, tee )

Hubdepenumpys dynaknuio pacctossHus (4) 1mo mepemMeHHbIM tcp W lce, cuctemy
ypaBHeHHii (6) npenctaBum B Bue (7):
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2(rox top + Xp — Tex tog — Xg ) Tox +
+ 2<rDy “lep +Yp — ey *lce — YE ) oy +
+2(p; “tep +2p — T “tog —2¢ ) Tp, =0 . (7)
2(rox tep + Xp — Tex teg — X )+ (= ey )+
+2Ipy "tep + Yo — Mgy "tee — Ve ) =Ty J+
+2(rp; “tep +2p — Ty teg — 2g ) (< 1, ) =0
PaznenuB kaxxkmoe w3 ypaBHeHUW cuctembl (7) Ha JIBa U CTPYNIHPOBAB YJICHBI C
nepeMeHHbIMU tcp U {cg, TONIyYrM CHUCTEMY U3 IBYX JIMHEHHBIX ypaBHeHUH (8):

2 2 .2
(er +Ipy +1p; )'tDC - (rEx “Tpx + Ty *Tpy + 1, "I, )'tCE =

= _[(XD - XE)' I'bx +(YD - yE)' by +(ZD - ZE)' rDz]
2 2 2 )
_(er “Tex +Tpy " Tey +1p; - rEz)‘tCD + (rEx +Ig + rEz)'tCE =

=(Xp —Xg ) Tex + (Yo — Y ) My +(2p - 2¢) 1,

(8)

3anuiieM cucTeMy JIMHEWHBIX ypaBHeHUW (8) B kiaccuyeckoM Buae (9) mus
npumeneHus popmyn Kpamepa [6]:

{311 ‘tep ta teg =G 9)
a1 tep +a g =C)

rae a, = (réx +18, +15, ), ay, = (rEZX +1, + 1, ),
Qp =y = _(rEx “Ipx +Tgy " Ipy +1g; 'rDz)a
C = _l(XD —Xg ) oy +(Yp — Ve )- by +(zp - ZE)'rDst
C, = I_(XD —xg ) fex + (Yo — Ve )- My +(zp - ZE)'rEzJ'

@opmynel  Kpamepa st pemieHHst CHUCTeMbl JMHEWHBIX — ypaBHeHUil  (8),
MIPEICTABJIICHHBIX B BUJIe CUCTEMBI (9), nmeroT Buf (10):

A A 10
tep =—+, teg =—2, ( )
A A
e 1812
A= =88 —ayp - Ay1,
ay1899
Ciagp
Ay = =Cyra—a-Cy,
Crap
311G
Ay = =Cy1-3q1-3291-C1.
a1C,

3HavyeHuss mapameTpoB tcp M lcg, momydeHHbie 1o dopmynam (10), sBastoTCS
3HAUEHUSMHU MapameTpoB tpy U tgm, TIPH KOTOPBIX PACCTOSHUE MEXIY CKPEIIMBAIOIIUMUCS
ayqamu AD u BE (puc. 1) MUHEMAIBHO:

tom = tcp U tem = tee. 11)
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Koopmunatel Xpwm, Yom, Zom (12), Xem, Yem, Zem (13) Touex Cpm(Xpm, Yom, Zom),
Cem(Xem, Yem, Zem),  mas kotopeix  paccrosaue  p(Cpw,Cem)  Mexay — aBymst
ckpemuBaomumuca Jydamu AD u BE MuHUManbHO pmin, MOTy4YaroTCs IOACTaHOBKOMN
3HaueHni BeIpaxkeHu# (11) B cuctemsl ypaBHeHui (1) u (2) COOTBETCTBEHHO:

Xpm = Ipx "tom +Xp
Yom = Tpy “tom +Yp (12)
Zpm =Tz "tom +2p
Xem = Fex lem +Xg
Yem =gy ‘tem + YE - (13)

Zegy =Te, tem + 26

Touku Cpm(Xpm, Yom: Zom), Cem(Xem, Yem, ZEm) SBISIOTCS TPAaHUYHBIMH TOYKAMHU
orpeska [Cpm, Cem] ¢ MUHUMABHBIM PAaCCTOSTHUEM MEXAY CKPEUIUBAIONTUMUCS BH3UPHBIMU
aygamu AD u BE (Puc. 1, 2).

Hckomass touka C(Xc,Yc,Zc) MOXET, HampuMep, pacrojaraTbCs B CEpeIUHE
MuHuMasibHOTO OTpe3ka [Cpm, Cevm]. Torma dopmynbr mns pacuera KoopauwHAT Xc, Yc, Zc
TakoH "eIUHCTBEHHON" TOUKU UMEIOT BUI;

Xc = (XDM + Xem )/2’ (14)
Xc = (XDM + Xem )/2’ (15)
zc = (xpy +Xem )/ 2. (16)

Jlnst pa3pabOTaHHOW TEOMETPUYECKOW Mozenu u3MepeHui (puc. 1) KoopaumHaty Xc
toukn C 1menecooOpa3HO MpUHUMATH paBHOW HymMO (Xc=0), Tak kak Bu3UpHBIA Jyu AD
npuHaiexkuT miockoctu ADC. Bee Toukn mimockoctu ADC ¢ BuzupabiM 1ydom AD umerot
KOOpJAWHATY a0CIMCC CO 3HAYEHUEM HOJIb.

[IpennaraeMplii  TEOPETUYECKUH TMOAXOJ  JKCIEPUMEHTAJIbHO TPOBEPEH IMpHU
BoccraHoBieHun Cmaco-ITpeoOpakeHckoro cobopa B ropoae Omecce, Ykpauna (puc. 3).
Onpenensyiuch KOOPIUHATHI CaMOUM BBICOKOM TOUYKHU KOJIOHBI TUiAcTpa C v Touku C' ypOBHS
3eMJIM OTHOCUTEIFHO TOPU30HTAIBHON MIIOCKOCTH C HYJIEBBIMUA BUSUPHBIMH JTy4aMHU.

[Tunsictp BhIMoHEH B GOpMe KOJIOHBI HOHHYECKOTO opaepa [7].

Ha ocHoBaHMU TpSIMBIX M3MEPEHHUH LIECTH MApaMEeTPOB M JNAHHBIX pa3paboTaHHOU
KOMOMHHMPOBAaHHOW T'€OMETPUYECKON MOJENN OMPENENSIOTCsl 3HAUEHUS KOOPAWMHAT ILIECTH
UCXOJHBIX TOYeK. KOoOpauHATBl 3THX IIECTH TOYEK SIBISIOTCS WCXOMHBIMHU JTAHHBIMHU JIJIS
pelIeHHs TOCTaBIEHHOW 3aJauu: OINpEIENICHUS PACCTOSHMUS OT BEpPHEM TOUKH KOJIOHBI
nwsictpa C 1o yposas 3emun C'.
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Puc. 3. Cnaco-IIpeodpaxkenckoro cooop B ropoae Onecce, YkpauHa.

B coorBercTBUM ¢ mpeanokKeHHOH reomerpuueckod Moxenbto (Puc. 2) ans
ompeneneHus napameTpoB Touku C skcnepuMeHTanbHO TaxeoMmeTpoM ES series Nel3813 JIS
C6802:2005 uzmepens! yriasl a=21,23°, f=44,65°, y=15,18° u paccTossHue MEX1y TOUKaMu A
u B — AB=23916 mMm. Paccrosiane mexny Toukamu 4 u D1 mpuaumanock pasabeiM 10000 Mm
u Mexay Toukamu B u E; 15000 mm — yp=AD;=10000 mm, BE;1=15000 mm.

B cootrBercTBMM ¢ pa3paboTaHHOW TPEXMEPHOW TEOMETPUUYECKOH MOJIEIIBIO
uzMepenuii (Puc. 1) Bce Tpu koopauHaThl TOUKU A paBHBI HYIH0 — Xa=0, Ya=0, Z5=0.

Koopaunatsl Yp 1 Zg Touku B 1 koopauHara Xp Touku D Taxke paBHbI Hym0 — Yp=0,
23=0, xp=0.

Koopaunata zp Touku D u KoopauHaThl Vg, Zg U Xg TOUKU E paccUMTHIBAIOTCS IO
bopmymnam: Zp=IAD1l1ga=3885,44 mwm; ye=IBE1l"sin=10541,61 mwm;
ze=IBE11tgy=4070,73 mm; Xe=IABI-IBE1|'cosf=13244,8 mm.

Ha ocHOBaHMY MOJyYSHHBIX KOOPJAMHAT BCEX YETHIPEX UCXOIHBIX TOUYCK A(Xa, YA, ZA),
B(Xs, VB, Z8), D(Xp, YD, ZD), E(Xg, Ve, ZE) pemaeTcs 3amada ONMpeaCICHUS MHUHHMAIbLHOTO
PacCTOSHHS MEKAY CKpPEIMBAOIIMMUCS BU3UpHBIMU Jydamu AD u BE (puc. 1).

PaccunteiBaroTcs KOOPJAHWHATHI XDM; YDM, ZDM, Xem, YEM, ZEM TOYCK
CDM(XDM: YDM, ZDM): CEM(XEM1 YEM, ZEM) JI1 KOTOPBIX PacCTOAHHUEC p(CDM,CEM) MEXOY
nByMsi ckpenmuBaommmucs Jydamd AD w BE  MumHUManbHO pmin — Xpm=0 mMwm;

ypm=23606,44 mm; 2py=9172,14 mm; Xem=0,12 mm; Yem=23625,47 mm; Zgm=9123,16 mm.

ITycts uckomas touka C(Xc, Yc,Zc) pacmojaraetcs B CEpeMHE MHHHUMAIbHOTO
orpeska [Cpm, Cem] 1 e€ oTkioHeHHe OT MPO(UIBLHONW MIOCKOCTH HAXOIUTCS B MpPEeiax
OJIHOTO TIPOIICHTA CEPEAMHHOTO OTKJIOHEHHs 1mo ocu aodcimucc Ox. Torma e€ KOOpIUHATHI
nerko paccuntbiBatoTes — Xc=0,0005 mm, y=23615,95 mm, 2=9147,65 mm.

AOCONIIOTHAsT TIOTPENTHOCTh PAaCYETOB IO KaXJAOW W3 KOOPJAWHAT COCTaBIISICT
Ax=0,0005 mm, Ay=19,03 Mmm, Az=48,98 Mm. OTHOCUTENbHASS TOTPEIIHOCTH PEIICHUS
JKCTpeMalibHOM 3amaun pasHa 2x=0,9 %, 2y=0,08 %, 2z=0,5 %.

B coorBercTBMM C TpEASIOKEHHONM TI'eOMETPUYECKOH Mopaensio (puc. 2) s
ompeenenus mapaMmeTpoB Touku C' sKCrepuMeHTanbHo TaxeomerpoM ES series Ne13813 JIS
C6802:2005 nzmepens! yribl a'=2,75°, f=44,65°, y'=1,95°.

Koopmunara Xp Toukm D' paBrHa nHymo — Xp=0. Koopmumnara zZp Touku D' u
KOOpAWHATBl Yp, Zp ©W Xgp Toukum E' paccuuThiBaroTcs 10  (dopmynam —
Zp=IAD1l'tga'=480,33 mm; ye=IBE;l'sin=10541,61 mm; zg=IBE1l-tgy’=510,71 mm; Xg=IABI—
IBE1l"cosp=13244,8 mm.
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Ha ocHOBaHMU TONyYSHHBIX KOOPJMHAT BCEX YETHIPEX UCXOIHBIX TOUYEK A(Xa, YA, ZA),
B(Xg, Y8, z8), D'(Xp', Yo', ZD'), E'(Xe, YE', ZE') pelaeTcs 3amada onpeneieHuss MUHUMAIbHOTO
PacCTOSIHUS MEKY CKPEIUBAOIIUMUCS BU3HpHbIMU Tydamu AD' u BE' (Puc. 1).

PaccunteiBarorcs KOOpAHHATHI Xp'™M, YD'M: ZD'M, Xe'Mmy YE'M, ZE'M TOYECK
CD‘M(XD'My YD'M, ZD'M); CE‘M(XE'My YEM, ZE‘M) JJIsI KOTOPBIX PACCTOSHHEC p(CD'MyCE'M) MCXKIY
nBymsi  ckpeuuBatomumucs sydamu AD' uw BE' mmHMMansHO pmin — Xpm=0 MM;

Yorm=23626,05 mm; Z2pm=1134,84 mm; Xem=0,004 Mm; Yem=23625,58 mMm; 2gv=1144,58 mm.

[Tyctp uckomast touka C'(Xc, Yc, Zc') pacmonaraercs B CEpeAMHE MHHUMAIbHOTO
otpeska [Cpwm, Cem] ¥ €€ oTknOHEHHE OT NMPOPUIBLHOM MJIOCKOCTH HAXOMUTCS B Tpeaesiax
OJIHOTO TPOIIEHTa CEPEIUHHOTO OTKJIOHEHUs 1mo ocu adcumcce Ox. Torma e€ KoopAMHATHI
nerko paccuuthiBatoTcs — X =0,00002 mm, Y =23625,81 mm, 2=1139,71 mm.

AOCONIOTHAs TOTPEIIHOCTh PACUETOB IO KaXAOH H3 KOOPAUHAT COCTaBIISICT
Ax=0,00002 mm, Ay=0,47 mm, Az=9,74 vMm. OTHOCUTENBHAS TOTPEUTHOCTh PEIICHUS
JKCTpeManbHOU 3amaun paBHa 2x=0,9 %, 2y=0,002 %, 2z=0,85 %.

Paccrosinue BepHeii Touku kosoHbI iuisictpa C ot ypoBHs 3emiu C' pasHo 10287 mm.

13380:10011 81

1. Takum o00pa3oMm, TOJBKO WIECTh IApaMETPOB pa3padOTaHHOW KOMOWHUPOBAHHOM
F€OMETPUUYECKONU MOJEIIH ONPEACIISIOTCS IPSIMBIMU U3MEPEHUSMU.

2. 3HaueHHs JBEHAALATH HUCXOIHBIX IapaMeTPOB HEMOCPEICTBEHHO IO3BOJISIET 33]aTh
NpeasioKeHHas: TeoMeTpudeckass Mojaenb. M miectb mapameTpoB pacCUMTHIBAIOTCA Ha
OCHOBAHMU U3MEPEHHBIX MAPAMETPOB U MPOCTEHUIINX T€OMETPHUUECKUX COOTHOLIECHUM.

3. TlpemiokeHHBI ONTHUMH3AIMOHHBIN MMOAXOI HMEET pEaTbHYI0 T'€OMETPUUYECKYIO
HMHTEPIPETALMIO.

4. Ab6conroTHas MOTPEUTHOCTh pacyeToB KOOpAHHAT HEJIOCTYITHOU TOYKHU
PEKOHCTPYyHpPYyeMOro 00beKTa mpremiieMa B CTPOUTEILCTBE.

5. Huskas otHocuTenbHas morperrHocth (1%) pacueToB KOOpAMHAT HEAOCTYITHOW TOUYKU
JTOKa3bIBAET BBHICOKYIO () PEKTUBHOCTD MPEATIOKEHHOTO ONTUMHU3ALMOHHOI0 TIOIX0/1a.
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