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AIIPOKCUMALIA HIOBEPXOHb JTUHAMIYHUX OB’€EKTIB CYMICHO
3 BUPIBHIOBAHHSAM PE3VJIBTATIB 'EOJAE3NYHUX BUMIPIOBAHb
3 YPAXYBAHHSAM IXHIX IOXUBOK TA MOXUBOK BUXIJTHUX JAHUX
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IMocranoBka npodaemMun

JluHamiyHi 00 €KTH — CTBOPEHI JIFOJMHOI0 YU IpHU-
pOAHI 00’€KTH, IO 3MIHIOIOTH y MPOCTOPI CBOE IIOJIO-
JKCHHSI, opieHTalio Ta (abo) ¢opmy, po3mipu Ta (abo)
B3a€EMHE IOJIOXKEHHsI CBOiX yacTuH. [Ipobiema 3MiH, 10
BiIOYBaIOThCS 3 00 €KTaMu, € (PiTOCOPCHKOI0, TOMY IO
HEMae Higoro BiuHOTrOo cepen (ismyHMX 00’ekTiB. BoHHM
TaKk YW IHAKIIE 3MIHIOIOTBCS, a II€ O3Hada€, Io BCl
00’€KTH TI€I0 YH IHIIOKO MipOIO TMHAMIYHI.

OnHi€ro 3 HaBaXIIMBIIINX CKIIAIOBUX MPOOJIEMH, SIKY
HEOOXIZHO PO3B’SI3aTH, BU3HAYAIOYN TCOMETPHUHI ITapamMeT-
P IMHAMIYHUX OO0 €KTIB, € BCTaHOBJCHHS I'€OMETPUYHMX
HapamMeTpiB TOBEPXOHb, TOMY IO 32 TIOXOJDKEHHSIM TTIOBEpX-
HS1 MOYKE OyTH sSIK CAMOCTIFHUM JUHAMIYHAM 00’ €KTOM, TaK i
HOro CKJIaJI0BOIO YaCTHHOIO, @ TAKOXK YTBOPIOBATHCH ITiJT Yac
PyXy 00’€KTa, HATIPHUKJIIA, TPy 0OepTaHHI.

3B’s130K i3 BaKJIMBHUMH HAYKOBHUMHU i NMpakTH4-
HUMH 3aBIAHHAMUI

Po3pobiicHi MeTOIM BUMIPIOBaHb Ta OOpPOOJICHHS iX
pe3yJbTaTiB  MOKJIAJCHO B OCHOBY pO3pOOJIEHHX 3a
wianamu JI1 “YxpmerprecTcrangapt” METOAMK HepeBip-
KA BEPTUKAJIbHUX Ta TOPU30HTAIBHUX [MTIHIPUYHHUX
pe3epByapiB, cepUuHUX pe3epByapiB, a Takox chepnd-
HUX Ta eTINTHYHUX THUII pe3epByapiB. Po3pobieni mero-
JIM 3aCTOCOBYBAIIMCh TAaKOX JUIsl BU3HAYCHHS I'€OMETPHY-
HUX TTapaMeTpiB peIeKTOPiB PaIi0TEICCKOIIB.

AHaJIi3 OCTaHHIX AOCJHiI:KeHb Ta myOJaikamii, siki
CTOCYIOThCS BHPilIeHHS Hi€l mpol/aemu

3amava ampoKcUMAIlil MOBEPXOHb TUHAMIYHHX 00’ €K-
TiB 32 BUMIPSIHUMH KOOPJMHATAMH TOYOK 0€3 ypaxyBaHHS
iXHIX MOXHUOOK PO3B’s3aHa JIOBOJII TaBHO, HANIPUKJIIA, JJIS
pedrekropis pamioreneckormis [1].

HaiinoBHinme po3p’si3aHHA 3a1adi  ampoOKCHMAIii T10-
BEPXOHB BUKIIA/ICHO B [2], aJjie pH anpoKCcUMAIlii IIIOMKH Ta
MIOBEPXOHb 32 MMPOCTOPOBUMH KOOPAMHATAMHU, BU3HAUYCHUMH
3 TEOJC3MYHUX BUMIpIOBaHb B [2], mpuiiMaerbcs, M0 L
KOOpJMHATHA PIBHOTOYHI Ta HEKOpPENbOBaHI ab0 pPEKOMEH-
JIYETBCSI KOXKHIM KOOpAMHATI KOXKHOI TOUKM HajlaBaTH Bary,
00epHEHO MpONOPILIHHY 70 KBajapara MoxuOKku ii BH3HA-
yeHHs. Y [3] BUKOPUCTOBYETHCS YACTKOBUI BHUIAOK allpoK-
cuMallii TOBEpXHi pe3epByapy BEpPTUKAIBHUM IMIIIHAPOM,
asie 0e3 BpaxyBaHHs TOYHOCTI BU3HAUCHHS KOOP/IMHAT.

Hesupimeni yacTunu 3arajibHoi npodaeMu

V [2] enincoix moxuOOK KOOPMHAT TOYKM HA MOBEPXHI
3aMiHsIeThesl Ha cepy. IHpopmarist mpo opieHTyBaHHS eIil-
COi/Ia TIOXMOOK Ta 3aJICKHICTh (KOPEIAIIii0) KOOPIHHAT KOXK-

HOT TOYKM TaKOX BTpauyaeThcsi. B Jpkepernax Hemae HisKHX
BiIOMOCTEH 1po BaroBi Koe(illieHTH OKPEeMUX KOOPIMHAT, a
THM OLJIbIlIE KOPEJBILIHHY MaTpUIIIO KOOPJMHAT, OTPHUMaHy
BIJIMOBIZIHO JI0 CTPOTHX, 3 MAaTeMaTUYHOTrO TOIJISITY, METO-
JUB. 3BaKArOUM, IO EIIMCOiI MOXHOOK KOOPAWHAT MOXKE
OyTH 1y»xe BiJytaneHui Bij cdepr Ta uis pisHUX TOYOK I10-
pI3HOMY Opi€HTOBaHHMH BIJHOCHO IIOBEPXHI, a II€ MOXe
BUKJIUKATH TTOMITHI HETOYHOCTI Y BU3HAYCHHI T€OMETpPHY-
HHX TapaMeTpiB, 3alPOIIOHOBAHE B JPKEpesiaX PO3B’s3aHHS
i€l 3a1a4i He MOYKHA BBAKaTH 3aJOBUILHIM.

ITocTanoBka 3aB/IaHHS MPOGJIEeMHU

Po3pobutu Ta y3araabHUTH, TP BU3HAYEHHI FeOMeT-
PUYHMX HapaMeTpiB JUHAMIYHMX 00’€KTIB, METOIM MpOC-
TOPOBUX JIIHIHHO-KYTOBUX BHUMIPIOBaHb 32 JOTHYHOIO 1O
nosepxonb. CtBoputH crpory 3a MHK meronuky Bupis-
HIOBaHHS PE3yJbTaTiB BUMIpIOBaHb CYMICHO 3 BH3HAYCH-
HAM TEOMETPHYHHX TapaMeTpiB AWHAMIYHUX 00’ €KTiB,
3aCTOCYBABILIH KOPEJALIIHY MaTPHII0 KOOPIUHAT.

BuxJiiax ocHoBHOTro MaTepiany npooiaemu

1. Memoou eumiprosans nio uac usHaueHms 2eomen-
PUHHUX napamempis nosepxots

Y 3B’S3Ky 3 pPO3pOOJICHHSM HOBUX ITIXOMIB JIO
00poOIIeHHsT pe3yNbTaTiB BHMIPIOBAaHb IIPH BH3HAYEHHI
TEeOMETPUYHHUX IapaMeTpiB IOBEPXOHb SK YacTKOBOTO
BUTAJIKy ITWHAMIYHUX 00’ €KTiB HEOOXiTHO CHCTEMaTH3Y-
BaTH METOJIM Ie0/IE3NYHUX BUMIpPIOBaHb. Jl0 IUX METO/IiB
3apaxyeMo TPH OCHOBHI METOJIH 3aCiUKH:

— MOJIsIpHA,

— MpsiMa KyTOBa,;

— TaHT€HIllaJbHA.

[Tonspua 3aciuka — BIIOMHUI Ta HAWMOMIMPEHIIINHA
METOJl BUMIPIOBaHb 32 JIOIIOMOT'00 TaXeOMEeTpa, SIKUH Mae
peXHM BUMIipIOBaHb Oe3 BiOMBaya.

[psima kyTOBa 3aciuka — BiJOMUIT TOTTOMI>XKHUH METOJ]
BUMIPIOBaHb, KON TpeOa BU3HAYUTH KOOPAWHATH TOYKH
Ha MOBepxHI a00 TOYKM, sKa pO3MIIIEHa Ha TNEBHIN
BIJICTaHI BiJ IMOBEPXHi, Ha SKYy HEMOXXIHUBO BUMIPATH
BiJICTaHb, HANIPUKJIAJI, TOYKA, sIKa Ma€ GOpPMY BIiCTpsI.

TanrenmiadpHa 3aciuka — 1€ JIEMI0 MOJEPHI30BAaHHHA
METOJl MaJMX KYyTiB, KOJHM BHUMIPIOIOTHCS FOPU30HTAIIBHI
KyTH 1O JOTHUYHIN 10 OmykJioi TMOBEpXHi, HarpUKIa,
BEPTUKAJIBHOTO 4Yu c(hepuyHOro pesepByapa. Bimiik Ha
OIIHy 3 TOYOK (0a30By) MpHUUMAETHCSA 32 YMOBHHUIl Ha-
IpsIMOK opieHTyBaHHs. OOUUCIUBILIY MaJli TOPU30HTAIIBHI
KyTH BIJHOCHO IIbOI'O HAINpsSMKy Ta Maro4du HaOJIMKeHe
3HAQYEHHs TOPHM30HTAIBHOI BiACTaHi O TOYOK, BHU3HA-
4afoTh (MHOXKEHHSIM TaHT€HCAa MaJIOro KyTa Ha BiJCTaHb)
BiJICTaHI BCIX TOYOK BIiIHOCHO 0a30BOI IUIOMIMHU Y
HAMpPSIMKY, TEPICHANKYSIPHOMY JI0 HAMPSIMKY Bi3yBaHHSI.
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Bimomuii MeTo MauX KyTiB € YaCTKOBHM BHUITaIKOM
TaHTEHIIAJIbHOT'O METOAY 1 3 YCIiXOM 3aCTOCOBYETBCS IS
BH3HAUCHHS KPEHIB criopy. Moro HenomikoM e Te, mo Bei
TOYKHM TTOBHHHI JIeKaTW TPHOJIM3HO Ha JiHII NepeTuHy
JIBOX BEpTHUKAIbHUX IUIOIIMH. BiH HenpuiaTHUi, HapuK-
naj, st 06’ exTiB chepraHOi hopmuL.

[Ifo6 TOBHICTIO BUKOPHUCTOBYBaTH BCI MOXITHBOCTI
TaHTEHITIAIFHOTO METONy, Tpeda CTBOPUTH TEONE3MIHY
Mepexy, TaKy camy, SIK i Ui 3aCTOCYBAaHHS IOJISIPHOI Ta
mpsiMoi KyTOBOi 3aciuku. Taxeomerp abo TEOHOMNIT Iepen
BUMIPIOBAHHAMH CITiJ{ BCTAHOBJIOBATH Haj TOYKOIO Ieojie-
3MYHOT MEpeXi 1 OpIEHTYBaTW WOro Ha IHIIYy TOUKY
reojie3nyHoOl Mepexi. BukoHyBaTn BUMIprOBaHHS TIOTPIOHO
MO JIOTUYHINA IO OyIb-SKOi OIYKJIOi TIOBEPXHI HE TUIBKU
TOPU3OHTAIIBHUX, @ 1 BEPTUKAIBHUX KYyTiB. Y Takomy pasi
TaHIeHIJAJILHUA METOJ CTAa€ LUIKOM caMOCTIMHMM. ToOTO
BCl TeOMETpHYHI NapameTpu 00’€KTa MOXKHA BH3HAYHTH,
3aCTOCYBABIIM ITiJI Yac BHMIPIOBaHb 3 TOYOK I'€OJC3HMYHOT
MepeXi TUTBKY TaHT €HIIIaTbHAN METO/T 3aCiUKH.

Koopauaati To9ok Ha IOBepXHi 00’ €KTIB, sIKi BUKOPHUC-
TOBYIOTBCS JUISl BUSHAYCHHS IXHIX '€OMETPHYHHX Tapamer-
piB, He € MPAMO BUMIpsHI BETMUMHM. IX OflepykaHO Oroce-
PEIKOBAHO 332 KyTOBUMH Ta JIHIHHUMU BUMIPIOBAHHSIMU.
BuMIpsiHIME BEIMYMHAMHM KOOPJIMHATH TOYOK € YMOBHO
TUIBKY JUIsI 11i€ KOHKpETHOT 00UMCITIOBAIBHOT 3a,1a4i.

Crpore, 3 nonimy MHK, po3s’si3aHHs 3amavi BU3HA-
YEHHS TeOMETPUYHHX TTapaMeTpiB Oy 1b-sIKoro 00’ekta Oy1b-
SIKUM METOJIOM BUMIPIOBaHb MOXKIIMBE 3a HassBHOCTI KOPEIIs-
IIfHOT MaTpHIll KOOpAWHAT TOYOK. Lli KoopmuHATH BH3HA-
YaloTh OMOCEPEKOBAHO, SK MPABHIIO, TIOJAPHOI POCTOPO-
BOIO 3aCIYKOI0 Ta OOYMCIIOIOTH 32 BIIOMUMH (POPMYIIaMU:

X; =Xy + D, cos(4, + N;)cos ¢,
Vi = Yo +D;sin(4, + N;)cosa; , (1)

z; =zy +iy+ D;sing;

e Xy, Yo, Zo — KOOPIMHATU BUXIIHOI TOUKH, HaJ SIKOIO
LEHTPOBaHUH TaxeoMeTp; 4, — a3uMyT (AUpeKuidHuii

KyT) OpIEHTYBAIGHOTO HAmpsIMKy Ha JApPYry BHUXIIHY

Touky; D; — BuMipsAHa HaxXuleHa Bignanb;, N, -—

BUMIpSIHUI TOPH3OHTANIBHUN HAMPSIMOK; ¢; — BUMIPSHUH

BEPTUKAIIbHUI KyT; i, — BUMIpsHa BUCOTa IpHUIady Haj

TOYKOIO; X;, V;, Z; — BU3HAUYBaHi KOOPAUHATH TOYKH Ha
MIOBEPXHI, FEOMETPUYHI TTAPAMETPH KO BU3HAYAIOTHCSL.
Kopersiiiina MaTpuIsi KOOpAWHAT, BUSHAYCHHUX TIOJISIP-

HOIO IMTPOCTOPOBOIO 3aciq1<010, 06‘II/ICJ'IIO€TI)C$I 3a (l)OpMy.TIOIOI
9. K

i Xii Kxizi
Q;yz =4;-q; 'AiT = Kyixiqy,-Kini ’ &)
K. K

X ZiVi qzi
A€ ¢; — MaTpuls 3BOPOTHHX Bar BI/IXi[[HI/IX KOOpAWHAT Ta

BUMIPSIHUX BEJIIYHH; Ay, s> Dy, » 4z, — 3BOPOTHI Barw BU3HA-

YEeHUX KoopauHatr; K K K K K K

XiYi? TUXiZi? TUYiX 2 TUViZ? TU X0 TUZ
KOpEALiHI MOMEHTH; 4; — MaTPUI YaCTKOBHX MOXiTHUX
Bix ¢yHKK (1) 32 BUXiZHUMH KOOpJWHATaMH Ta BHMi-
psiHEME BermauHAMH (3). Y po3ropHyTOMYy BHUIVBIII KOpe-
JALiAHA MATPULl KOOPIMHAT, BH3HAYCHHX ITOJISIPHOIO
TIPOCTOPOBOIO 3aCIUKOI0, OOUMCITIOETHCS 32 (HOPMYTIOFO (4).
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e q D; =0 D~ 3BOpPOTHA Bara BUMIPSAAHO1 HaAXWJICHO1 B1Ja-
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. o; .
m; g, =|——D; | — 3BOpOTHA Bara BUMIpSIHOTO BEpTH-
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KalbHOIO KyTa; ¢y =| —-D; | — 3BOpOTHa Bara BUMips-

2

o
4

HOTO TOPHM30HTATBLHOTO HATPAMKY; 4 = —OD0 -
3BOpPOTHA Bara asuMyTy (IUPEKIIHHOTO KyTa) OPi€HTYBallb-
HOTO HANpsIMKY Ha APYTY BHXIAHY TOUKy; D), — TOPH30H-
TaJbHE TPOKIACHHS BIJICTaHI JI0 JApyrol BUXIJHOI TOYKH;
£ — paiaH, BUPOKCHHH y THX CaMHX OIMHUIIX, HIO 1

2

MOXHOKa BHUMIPIOBaHHSA KyTa; dyy =Ty, >

4y, =%x >
2 . .
q., = O, —3BOPOTHI Bar¥ BUXIJHUX KOOPIMHAT X, V, Ta

. _ 2 . . .
Zy 5 qio =0 i 3BOPOTHA Bara BUMIPAHO1 BUCOTU ITPUJIAAY,

op — CKII BumipsiHoi Haxunenoi Biggani; o — CKII
1 1

BUMIPSHOIO TOPU30OHTAlIbHOrO Hanpsamky; o, — CKII
1

BUMIPSTHOTO BEPTHKAIBHOTO KyTa; O 4 ~ CKII BuxinHOTO

a3uMyTy (OUPEKUiiiHOro KyTa) A ; Oy s Oy, » 0z, — CKII

BHXIJIHMX KOOPIMHAT X, Yy Ta Zg; 0 — CKII BumipsiHoi

BHCOTH NIPUJIay.

Takuii migxix g0 (GopmMyBaHHS MaTpUIll 3BOPOTHHX
Bar JacTh 3MOT'Y BPAaxOBYBaTH IMOXUOKH BUXIIHUX KOOp-
JUHAT TOYOK T'€0/IC3UYHOT MEPEIKi Ta BUXITHOTO a3UMYTa.

[epemuoxuBIM MaTpuii y Gopmydi (4), ogepKUMo
KOpEJISILIHHY MaTpHIio KoopauHar (2).

Marpuirio Bar KOOpJIMHAT PO3PAXOBYIOThH 3a BiZIOMOIO
(hopmymoro:

pxjpxiyjpxizi
i _ iyl
nyz - (quz) - pyl-xl- pyl- py,-z,— . (5)
pZiX[pZ[yl‘pZ[

VY 4YacTKOBOMY BHIAJAKY, KOJHM TOXHOKH BHXITHHX
JJAaHUX Ta BUMIPIOBAHHS BHMCOTH TPHJIALy JOPIBHIOIOTH
HyTIO (BUMIpIOBaHHS BHKOHYIOTH 3 OJHI€] TOYKH, KOOP-
IUHATH SKOI TPHAMAIOTHCS JKOPCTKUMH), KOpeJIiifHa

MaTPUILI KOOPIMHAT TOUYKH Ha TIOBEPXHI OOUHMCIIOETHCS 3a
CIPOIIEHOIO (POPMYII0F0:

ay a al| i, 00
Qo= =@y Gy 3| | O gy, 0 x
ay; Gy il | 0 0 9, ©)
ay; Gy @yl Iy KKz
X\ Gy 3 =Ky g, K.

Ay, Qs Oaa;
130 93 il Ko Ko q.

2. 3aeanvna cxema o64uUCIEHHA NPOCMOPOBO2O NOJIO-
JICEHHs, NPOCMOPOBOT opieHmayii ma IHWUx 2eomems-
PUHHUX napamempie OuHamMiyHux 00 e€Kmie 3a Memooom
HatMeHwux Keaopamie

Jnst obumcneHb Mg 4ac BU3HAYEHHS T'€OMETPHUYHHMX
mapaMeTpiB 00’€KTiB BHKOPHCTOBYETHCS METOJA HalMEH-
IIMX KBaJpaTiB, KU JJIS MOBEPXOHDb € AlPOKCHUMAIIIEIO.
Crnenundika HOro 3acTOCyBaHHsI IOJSITA€ B TOMY, IO B
PIBHSHHSX SIK BHMIpSIHI BEJIMYMHH 3aCTOCOBYIOTHCS
KOOpPJIMHATH TOYOK Ha MOBEPXHI 00’€KTa, SIKUI Ma€ Ty 4H
IHIIIy TeOMETPUYHY hopMmy.

Cxemu 00YHCIICHD TS OYy/b-sIKOT MMOBEPXHI, MPOCTO-
pOBE IOJIOKEHHS SIKOi BU3HAYAEThCS 32 KOOPAWHATAMH,
3HAlICHUMU 32 Pe3yJIbTaTaMU I'€0/Ie3NYHIX BUMIPIOBAHb,
MaroTh O6araro criiabpHOro. /s Toro Mmoo 30cepenTHCh Ha
cnenuimi, MpUTaMaHHIA KOXKHIH TTOBEPXHi, PO3TIITHEMO
CITbHI MOMEHTH.

Buxinni QyHKIii, 10 3B’43YI0Th BUMIPSHI BEJIMIHHH,
SAKAMH € KOOPJIWHATH TOYOK, Ta BU3HAUyBaHI MapamMeTpu
HOBEPXHi 00 €KTa B 3araJbHOMY BHUIIAJKy MarOTh BUTIISA:

o (x,0,2,71..7) =0
0,(x;,9;,2;,71..7,)=0 @)

wn(xn7yn7zn’rl'”z-k) =0

Je X;, y;, z; — KOODAUHATH TOYOK Ha MOBEPXHi 00°€KTa,

3HAMEHI 32 pe3ysIbTaTaMH T'€0JIe3NYHUX BHUMIPIOBaHb, SKi
BHCTYMAIOTh SIK BUMIPSIHI BENIMYMHH; T7)...T, — BU3HAUY-

BaHI T€OMETpPHYHI IapameTpu 00’ekTa; k — KUIBKICTb
BU3HAYYBaHHX [TApaMeTPiB.

Cuctema piBHSHB TIONPABOK B 3arajbHOMY MaTpH-
HOMY BUIJISIZl 3aIIUCY€ThCS:

AV =Bor+1, ()
qe A — MaTpuis YacTKOBHX MMOXIAHHUX BiJl BHXITHHX
¢yHkuiit (7) 3a BUMIpIHUMH KOOpJMHATaM; B — MaTpuIlsd
YaCTKOBUX MOXIJHUX BiJ BUXIIHUX (yHKUIH (7) 32 BU3HA-
YyBaHHMH I'€OMETPUYHUMH TapaMeTpaMu; V' — mMaTpuis
MOMNPABOK J0 BUMIPSHUX KOOPIUHAT; 6T — BEKTOp HOMpa-
BOK JI0 HaOJW)KCHHX 3HAYCHb BH3HAYYBaHUX I'€OMETPHY-
HUX HapaMeTpiB; / — BEKTOP BUIbHUX YJICHIB.

106 ckimacTH CHCTEMy HOPMaJIbHUX PiBHSHb, BBEIC-
MO JedKi y3araibHEHI MPOMDKHI HE3aleX Hi BUMIpSHI
BEIIMYUHH U; IS SIKHX:
)

u, 0 0 0 0
0 .. 0 0
AV =U=[0 0 u 0f, )
0 0 0 0
00 0 0 u,
in
e u; = AV, =lagapag|-|v,, (10)
v

Zi
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Topni piBusiHHS (8) HAOyAE BUIIIAY:
U =Bor+! (11)
b
a0bo neranpHime
U =ayVv, +anv, +agv, = 12)
=071 + 007y +...+ by 0T+ + by o7 + ;.

VY BHNAAKy BH3HAYCHHS T€OMETPUYHHX IapaMeTpiB
[MOBEPXOHb II€I0 MPOMDKHOK BHMIPSHOIO BEJIHYHNHOIO €
HaMKOpOTIIa BifCTaHb (TOOTO MO MEPHECHAMKYJLIPY 0
MOBEPXHi) Bl TOYKH, KOOPAWHATH SIKOi BU3HAYEHI, IO
MOBEPXHi (30KpeMa IUIOMIMHM), TEOMETPUYHI TapaMeTpH
SKOi BM3HAUAIOTHCS y IpocTopi. Bemmumua u;, — e,

(haKTHYHO, BEKTOpP, HOPMAJBHHUN O aANpPOKCHMYIOYOl
MOBEPXHI, SIKMH PO3KIANAETHCS HA TPU CKIANOBI MO OCAX

KoopauHaT — v, v, Ta v, . Ilio BenmumHy TaKox
el 1 1

MOJKHA HA3BaTH pajialbHUM BIIXWICHHSIM TOYKH BiJ
MOBEpXHI 200 KOPOTKOpaAialbHUM BiIXWJICHHSAM. To0TO
el BEKTOp CKEpOBaHWH Yy HAmNpsIMKy HOpMaili Jo
MOBEPXHI Y WiH Touwi 1 30iraeTbcs 3 HAPSIMKOM BEKTOpa
paniyca KpUBH3HH ITOBEPXHI Y IIiif TOUII.

Tpeba Big3HAuWTH, IO KOOPAMHATH HE € MPSIMO
BUMIpSHi BeJMUMHI. [X 0/IepiKaHo ONoCepeIkoBaHo 3a KyTo-
BUMH Ta JIHIHIMH BUMIPIOBaHHAMH. BHMIpsSHIMH BOHH €

YMOBHO, TUTbKM 1A Ii€i KOHKPETHOI OOYMCITIOBAIBHOL

3anaui. Tomy, 100 YHUKHYTH BHKPHUBJCHb IpU 0OpOOILL,
Tpeba KOPEKTHO, 32 METOMOM HaiMEHIINX KBaJpaTiB Po3-
paxyBaTu Baru BeIU4uuH u; 3a hopmynamu (2)—(5).

3BOpOTHA Bara BEJIMYMHU #; OOYMCIIIOETbCA 34

hopmyiioro:
1 qxi Kxiyi Kxizi a;
P_ = Qui = |ai1ai2ai3| ’ KyixiqyiKyizi 19i2| =
u; a3
Kzixi Kziyz‘ qzi 3
T
= Ay A
ze qiyz — KOpeJsiliiiHa MaTpuIlsl KOOPAWHAT, 1110 00YHC-

nroeThes 3a Gopmysioro (2) abo (6).
Bary BenuuuHU u; 3HaXOIATH 3a (JOPMYJIOLO:
1
P =—. (14)
"o,

Marpuus Bar F; A Beiei CyKyHmHOCTI KOOpAMHAT

i

Mae JiaroHaibHUA BUTIISI.
CucrteMa HOpPMAlIbHHX PIBHSAHb MaTHME BIJIOMHUIA
BUTJTISII:

Nort+L=0, (15)
ne N = BTPUB — KBaJpaTHA MaTPHUILI KOSPIIiEHTIB HOP-

MalbHUX piBHSHB, L = B’ Bl — BexTOp BIIBbHHUX 4JIEHIB

HOPMAaJIbHUX PIBHSIHb.
HopmaiibHi piBHSIHHS y 3arajlbHOMY BHUIJISII PO3B’si-
3yI0Th 32 CXEMOIO:

Sr=-N"'"-L=-0-L, (16)

me N7'= O — marpuiis, oOepHEeHa 10 MaTPUIl HOPMAJTb-
HUX PiBHSHB.

HopwmaiesHi piBHSHHS pO3B’S3YIOTh 32 YMOBaMHU:
n

U'RU=>P,
i=1

iﬂi =0 (18)
i=1

Po3B’s3aBIIM  HOpMaNbHI PIBHSHHS, TONPAaBKH 10
BUMIPSHHUX BEIWYNH — KOOPAMHAT TOUOK — OOYHCIIOIOTH
3a popMyIaMu:

u? =min ; (17)

Ve | [9x me KX[Z:' aj
ap|-B, -u;. (19)

ap

V)’i = Kyixiqyi Kyz

vzi Kzixi Kziyi qzi
OLiHKY CcepelHbOl KBaAPATHYHOI MOXUOKH OIMUHHII

Baru o, 3HaXOIATbh 3a (hopMyJI0L0:

(20)

Jie n — 3arajbHa KUIBKICTH TOYOK, KOOPJMHATH SIKHX
3Hal/leHi Ha TOBepXHi; k— KUIBKICTh BU3HAYyBaHHX
rapamMeTpiB TIOBEPXHi.

3Ha4YCHHS, OTpUMaHe y 3HaMeHHHKY (opmyau (20),
TaK0X MOYKHA JUIsl KOHTPOJIFO OOYHCITUTH 32 (GOPMYJIOHO:

n
ZFL[ - V nyzV
i=1
pxi pxiy, pxiz,- Vx,- (21)
_Z Vi Yy Ve ||y Py Pyizi ||V

pZ,X,pryl le VZI
VY e 3Ha4YeHHSA CepelHBOi KBAJAPATUYHOI MOXUOKH
BXOJIATH SIK HEPIBHOCTI caMoi MOBEpXHi, Tak i omocepen-
KOBaHO, dYepe3 TOXUOKM KOOpJAWMHAT TOYOK, TOXHUOKH
KyTOBHX 1 JIIHIHHUX BUMIpPIOBaHb.
OIiHKN cepeqHbOi KBAJAPATUIHO! MOXHOKH BHU3HAUY-
BaHUX T€OMETPUYHHX TTapaMeTPiB MOBEPXHI 3HAXOIATH 3a

dbopmyJoro:
0;=0,0; . (22)

3. Kopenayitina mampuysi KOOpOUHAmM MOY0K, 00ep-
JACAHUX 3 MAHSEHYIATbHOT 3ACTUKU

Benukuit npakTHuHMK iHTEpeC BHUKIIMKAE TaHTEH-
UianbHAN METOJ, KOJM BMMIDIOBaHHS BHKOHYIOTH IO
JIOTHYHINA 110 ONYKINX MOBEPXOHS. Ix Tesx Tpeba BuKO-
PHCTaTH y PO3B’s3aHHI 3a/1a4i BU3HAYCHHS [€OMETPUYHIX
rapameTpiB MOBEPXOHb. BiqMIHHICTH BiJ HaBEIEHOTO
BUINE BHIAJIKY MOJSIPHOI MPOCTOPOBOI 3aCiYKH MOJIATAE B
TOMY, IO BHUMIPIOIOTBCS TUIBKH TOPU3OHTAIBHHUNA Ta
BEPTHKAIBHUI KyTH, a JOBXHHA — 106 BBecTH
BUMIpIOBaHHS, BHUKOHAHI MO JIOTUYHIM [0 CHUCTEMH
rapaMeTPUYHUX PIBHSHB ITONPAaBOK, HEOOX1THO:

— 00uMCcINTH HaONVDKEH! 3HA4YeHHS BifcTaHeW Bix
TOYKH BCTAHOBJICHHS IPWIJIAAY O TOYOK Ha MOBEPXHI, HA
SIKI BAKOHYBAJICSI BUMIPIOBAHHS 110 TOTHYHIH;

— 3HAlTH KOOpAWHATH LMX TOYOK HA TMOBEPXHI,
BUKOPHCTOBYIOUM BHMIpSIHI TOPH30HTAIBHHUIA Ta BEPTHU-
KaJbHUH KyTH Ta HAOJMKEHY BiZICTaHb;

— OOYHCINTH MATPHULIO 3BOPOTHHX Bar KOOPIMHAT
3a Gopmysoro (4), NpUIHSBIIN 3BOPOTHY Bary BUMIipsIHOT
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JOBKMHHU JIOBOJI BEIHKOK MOPIBHSHO 31 3BOPOTHHMH
Baramu Oe3nocepeHbO BUMIPSHHUX JIOBXWH, HAIPUKIAI,
Ginbmroro y 10°...10" pasu;

— O0YMCIUTH MATpULIO Bar KOOpAMHAT 3a (op-
MyJo1o (5).

[TapameTpuuHi piBHSHHS IONPABOK JUISi TAKOi TOYKH
MO’KHa BBOJIUTH /IO CUCTEMHU ITapaMETPUYHUX PIBHSHb Ha
3arajJbHUX MIJICTaBax, SIK 1 ISl TOYOK, KOOPIUHATH SIKHX
BH3HAUCHI MOJSIPHOIO 3aciukoro. Taki piBHSHHS MaTUMYTh
BEJIMKE 3HAUYCHHS, a/PKE TaHTEHIlialbHa 3aciyka 3 HeBe-
muKoI BifcTaHI MoOke OyTH 3HAYHO TOYHINIOW, HIX
MOJISIpHA 3acidKa, TOMY IO IOXHOKa BUMIpPIOBAaHB Bif-
CTaHEH y TaKOMy pa3i HifK He BIUIMBATUME Ha MOXUOKY
BH3HAYCHHS T€OMETPUYHHX ITapaMETPiB MOBEPXHI.

4. Bupieniosannsa pesynomamie 6Oacamopazosoi no-
JAPHOT ma npsAmoi npocmopoeoi Kymoeoi 3aciuku pazom 3
BUBHAUEHHAM 2eOMEMPUYHUX NAPAMEMPIE NOGEPXOHb

3acTOCOBYIOUM HABEJCHY METOAUKY BU3HAUEHHS
TE€OMETPUYHHUX I1apaMeTpiB IOBEPXOHb, HEMAaE CEHCY
OKpEMO BHUPIBHIOBaTH IOJSIPHY Ta TPSIMYy ITPOCTOPOBY
KyTOBY 3aciuky. IX BMPiBHIOIOTb y MpOIECi BU3HAYEHHS
TEOMETPUYHHX NapaMETPIB TOBEPXOHb.

Jns mporo i mpsMol POCTOPOBOI KYTOBOI 3aCiuku
BUKOHYIOTH Taki cami omepartii 3 OOYHCIICHHS MaTpHIli Bar
KOOPJIMHAT, sIK 1 JJIsl TAHTCHITIAIbHOT 3aCIUKH, OMKCaHi y 3.

st monsApHOi Ta MpsIMOI IIPOCTOPOBOI KYTOBUX 3a-
CIUOK JUIsl KO’KHOTO TPOCTOPOBOTO HAIPSIMKY CKJIAIAl0Th
OoKpeMme piBHSHHA nonpaBok (12) Ta MaTpumio Bar
koopauHAT (5), aje i piBHAHHSA 00’€THYE Te, MO B HHUX
BXOJISITh KOOPAWHATH OnHiel 1 Tiei caMoi TOYKH SIK
BuMipsiHi. CTpykTypa Marpuis A 1a V' 3 (8) Ta (9) mns
KOKHOT OKpeMOl TOYKM HE MaTHME BUIJISAJY DPiBHSHHS
(10), a HaOy e BUTISIY:

on o Op
ox; Oy Oz
ay dp a3 4
op;, O¢;  Op,
A=\—7 = = |=lan an as|=|4|;
ox; 0y; Oz
a a a A
8(0,, 650,, awn ml m2 m3 m
ox, Oy, Oz,
(23)
X
i
v
2
" U
vy,
V=|v, =V AV =U =|u,|,)
V.,
Vm um
Ve
v}’m
v,

Jie { — HOMep MPOCTOPOBOIO HAmNpsIMKY, BUMIpPSHOTO Ha
TOYKY; m — 3arajbHa KiUIbKICTh IPOCTOPOBUX HAIPSMKIB,
BUMIPSIHUX Ha 1[I0 TOUKY.

Jlnst oxmiel 1 Tiel caMoi TOYKH CKIAAI0Th OJHAKOBI
PIBHSIHHSI ~ TOMPAaBOK  JiIsi  KOXKHOTO  MPOCTOPOBOTO
HAMpsIMKy, & MaTpuisl Bar KOOPAMHAT JIsi KOXHOTO 3
piBHsIHB OyJe 1HIIOI, BH3HAuYeHOH 3a (opmynow (5).
Po3p’sizaBmim Taki piBHsSHHS 3a (opmynamu (12)—(22),
OJIEp)KUMO HaMiIMOBIPHIIIl 3HAYEHHsI KOOPAWHAT TOYOK Ha
MOBEPXHI 3 YpaxyBaHHSIM IIOXHOOK BCIX BHUMIpPIOBaHb
OJHOYACHO 3 HaWKpamlolo OI[HKOI T'eOMETPHUYHUX
rapaMeTpiB IIOBEPXHi.

BucHoBkn

1. BBeieHO TIOHATTS pajialbHOTO BiIXWICHHS SIK BEK-
TOpa, MEPHEHIUKYIAPHOTO IO alpOKCUMYOYOi MOBEPXH,
IO CKJIAJAEThCA 3 IONPABOK JO KOOPAMHAT TOYOK Ha
MOBEPXHI, BU3HAUCHHX 3 F€OIC3MYHUX BUMIPIOBaHb.

2. Ha ocHOBI piBHSHHS 3B’5I3Ky BBEJIeHa y3arajbHEHa,
JUIsl BCIX MOBEPXOHb, (pOpMa PIBHSHHS IONPABOK, Y SIKiH
K BHMIpsSHA BEJIMYMHA BUKOPHCTOBYETHCS pajiaibHe
BIAXHMJICHHS peajbHOI HOBEPXHI BiJl allpOKCHMYIOYOI.

3. Po3po0ieHo K caMOCTiHHHIA METOH TaHTCHITialb-
HOI 3aCiuky JUI MPOCTOPOBHX KYTOBHUX BUMIPIOBAaHb II0
MOTHYHIA 10 Oyab-sIKOi OMyKJIOi TOBEpXHI ISl BU3HA-
YeHHSA BCiX ii TEOMETPUIHHX MMapaMeTpiB.

4. Po3pobrnieHa eapHa 3a (hOpMOIO TIOAaHHS KOpesiiiiHa
MaTpuL KOOPAMHAT TOYOK, OIEP)KaHHX 13 IOJAPHOI, TaH-
FeHIIATBHOT Ta MPSIMOT MPOCTOPOBOI KyTOBOT 3aCiuKH, HEOO-
XiZIHa JUIsl CTPOrOro, 3 TOMVISIYy METOLY HailMEHIINX KBajI-
paTtiB, BU3HAYEHHS T€OMETPUYHMX [1apaMeTpiB IIOBEPXOHb.

5. Po3pobneHo mMeTon BUPIBHIOBaHHS 0araTopa3oBoi
MOJISIPHOT Ta MPSAMOT MPOCTOPOBOI KYTOBOI 3aCiYKH, BHKO-
HaHWX Ha OAHI M Ti cami TOYKH TOBEPXOHb, CYMICHO 3
BU3HAYCHHSIM TEOMETPHYHMX ITapaMeTpiB MOBEPXOHb, i3
3aCTOCYBaHHAM KOPEIALIHHOI MAaTPHII KOOPAWHAT.
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AmnpokcuManisi MOBepXOHb AMHAMIYHHMX 00’ €KTIiB
CYMiCHO 3 BUPiBHIOBAHHSIM pe3yJibTaTiB
reo/ie3NYHUX BUMIPIOBaHb 3 yPaxXyBaHHAM
IXHiX MOXHOOK Ta MOXHOOK BUXiAHHUX JaHUX
O. CamoiineHko

Po3po0OiieHO TaHreHIiaIbHUH METOJ KYTOBUX BHMi-
pIOBaHb IO JOTHYHIH JO OMYKJIHMX ITOBEPXOHB, 3a SIKHM
MOJKHA BH3HAYHUTH iX IPOCTOPOBE IIOJIOKEHHS Ta Opi€H-
TaIifo 3 TOYOK T'COAE3MYHOI Mepexki 0e3 BUMipIOBaHHS
nmoekuH. ChopMoBaHa KOpETAIiifHa MaTPUIT KOOPIUHAT
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TOYOK Ha ITOBEpPXHi, IO JAa€ 3MOTy CTPOTO, 3 IOIIISAY
METOJly HalMEHIIMX KBaJpaTiB, BpaxyBaTH BIUIUB TOY-
HOCTI Fe0/Ie3MYHUX BUMIPIOBaHb Ta BHUXITHUX KOOPIMHAT
Ha BHU3HAYyBaHI TI'€OMETPUYHI MapaMeTpu IIOBEPXHi, a
TaKO)X BUKOHATH BHUPIBHIOBaHHS T'€OJC3MYHUX 3aCi4OK
CYMICHO 3 PO3B’sI3aHHIM 3a/1a4i alpOKCHMAIIii.

AnNnpokcuManus MOBEPXHOCTEH TUHAMUYECKUX
00bEKTOB COBMECTHO ¢ YPABHMBAHUEM Pe3y1bTaTOB
reoJe3nyecKuX U3MepeHuii ¢ yuerom
HX NOrPelHOCTel U NorpemHocTeii
HCXOAHBIX JaHHBIX
A. CamoiisieHKO

PazpaboTaH TaHreHIMAIbHBIA METOJ YIJIOBBIX H3Me-
peHHil MO KacaTeIbHOW K BBITYKJIBIM ITOBEPXHOCTSM,
MO3BOJISIOIIUI ONPENeNnTh UX MPOCTPAHCTBEHHOE MOJI0-
JKEHHE W OPHEHTALMIO C TOYEK I'€0JIe3MUEecKoil cetn Oe3
n3MepeHus JuinH. PazpaboTana KOppessiinoHHass MaTpuia
KOOpAMHAT TOYEK Ha MOBEPXHOCTH, ITO3BOJISAIOIIAs CTPOTO,
C TOYKM 3PEHHs] METOJ]a HAMMEHBIINX KBaJpaToB, Y4eCTh
BJIMSIHHE TOYHOCTU T'€0/IC3NYECKUX W3MEPEHHH W HCXO[-

HBIX KOOpAWHAT Ha OMPCACIACMbIC TCOMETPUICCKUEC ITapa-
MCETpPbl NOBEPXHOCTH, a TAKIKC BBIIIOJIHUTH YPABHUBAHUC
reoAC3NYCCKNUX 3aCCUYCK COBMCCTHO C PCHICHHUEM 3aJdavdu
alrnpoKCuMalu.

Approximation of dynamic objects surfaces
together with adjustment of the geodetic
measurements results taking into account
their errors and the initial data errors
A. Samoylenko

It has been developed tangential method of the angular
measurements at a tangent to convex surfaces which makes it
possible to determine their attitude and orientation from the
points of geodetic network without lengths measurements. It
has been developed the correlation matrix of the points
coordinates on the surface that allows strictly, from the point
of view of the least square method, to consider the influence
of the geodetic measurements accuracy and reference
coordinates on the determined geometric parameters of
surface, and to carry out adjustment of the geodetic marks
together with the solution of the approximation problem.
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