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KOMIIbIOTEPHAAI TEXHO/IOI'HSl TPACCHPOBAHHA
C/IEAJA INIEPECEYEHHA TPELUIHHbI C IIOBEPXHOCTBIO
KAPBEPA /T PELLIEHHUA I'EO/IOI'O-CTPYKTYPHBIX

3AAAY

Tpeanoxen anropurm u padpabotraHa B [ MIC TEOMHKC koMmrbioTepHas TexXHO/IOTHS
TpaccHpoOBaHHMsA c/1eda IepecedeHHs TPEellHHbI C [TOBEPXHOCThIO Kapbepa /15 paBH/Ib-
HOH M OBICTPOH YBSA3KH Ha ero I/IaHe 3/IeMeHTOB pa3pbIBHOF CTPYKTYPhI paspabaTsi-
BaeMOro MeCTOPOMCHHS, YCTAHOB/ICHHBIX B IPOLIECCe IeOI0rO-CTPYKTYPHOIO KapTH-
DOBaHHS KapbepHOIo IO/, M IMPOrHO3UPOBAHHS MMOTEHIIMA/bHBIX TIPH3M OOpYIIeHHS
YCTYITOB, I/IAaHUPYEMbIX K [TOCTaHOBKe Ha Ipeae/IbHbIE KOHTYP.

KrroueBbie csioBa: MoBepXHOCTh Kapbepa, TpellHHa, reo/10ro-CTPYKTYPHBIF I/1aH, a/aro-

PHTM, KOMIIbIOTEpPHaA TeXHO/TOI'HA.

H eo6X0oMMMOCTh  Pa3paboTKU
UKa3aHHOM TeXHO/IOTHM BO3-
HUK/a B CBf3M C MPOLIeAYPOIt MOCTpoe-
HUsL CBOZHOTO [eO/IOro-CTPYKTYPHOrO
I7IaHa Kapbepa IO JaHHBIM Ieo/1ornye-
CKOM AOKYMEHTALIMK OTKOCOB YCTYIIOB.
VYBsi3ka BpYUHYIO Ha I[7laHe KPYITHBIX
TPelMH W Pa3pbiBHBIX HapYUICHWI (a/1s
KPATKOCTH 3T CTPYKTYPHBIC 3/IeMEHThI
6yneM Ha3blBaTh [MPOCTO TPEUIMHAMMU) 110
VX TIO[CeUeHUAM Teo/IOrMUeCKUMU Map-
LIPYTaMK Ha CMEXKHBIX YCTYraxX Kapbepa
SIB/IIETCST  UPEe3BbIYAMHO  TPYAOEMKOM.
[1py 5TOM HeT rapaHTHM, UYTO OHa GyreT
BBITO/IHEHA MPABH/IBHO.

[To cBoel reomeTpHuecKkoM CyTH I0-
CTaB/IeHHasl 3a71a4ya CBOAMTCH K HaxOX-
[ICHUIO /IMHUM TIepeceyeHrsi M/I0CKOCTH
TPelMHbl € TMOBEPXHOCThIO Kapbepa.
Texuonorusi co3maHust 1UPPOBON MO-
[ienv TIOBePXHOCTH Kaphepa peasn3oBa-
Ha B [MIC TEOMUMKC (PI'VIT BHO-
I'EM) [2]. B npoliecce nocTpoeHus 3Toi
MoO/Ie/l C WCTIO/B30BAHHMEM TPHaHIY/Is-
ur [lenone [1] Bce TOUKM Mapkiiei-
[ICPCKOM CbEeMKH BEePXHHUX U HIKHUX
OPOBOK YCTYIIOB, a TaKke BbICOTHbIC

OTMETKH MpPeobpasyioTCss B BePIIMHEI
Helepecekaloluxcss Apyr ¢ ApPYyrom
Tpeyro/bHHUKOB. [Ipy 3TOM Kamxablil OT-
PE30K BepxHer WU HWXHer OpOBOK
[0MmKeH ObITh PebpoM TpeyrosbHUKa.

[lnockocTh TpelmHbl B MPOCTPAHCT-
Be MOXKHO 3a/aTh TOYKOM IOSHLIMOHH-
poBanust P (x1, yi, z1) ¥ anemeHTaMu
OpHieHTalLWH (asMMYTOM o U YI7IOM J Ia-
neHyst). YKasaHHbIE MapaMeTphbl Tpelir-
Hbl YCTAHAB/IMBAIOTCA B IIpOLIeCCe TIeo-
IOTMYECKON  MOKYMEHTALIMU  YCTYIIOB
Kapbepa. C a/ropuTMUYECKOM TOUKM
3peHuss 6ornee YAOOHO OpPHEHTALMIO
I/IOCKOCTU 3aaTb BEKTOPOM HopManu N
(Ax, Ay, Az) (puc. 1), KoopauHaTsbl KO-
TOPOrO BHIUYUC/AIOTCA 10 POPMY/IaM:
Ax = sinB*sina, Ay = sinp*cosa, Az =
=cosB. YpaBHeHMe [I7IOCKOCTH, 3a/aH-
HOM TOUKOW IOSHMLIMOHKPOBaHUusA P u
BekTOpOoM HopMazii N umeer Buz [1]:
Ax(x-x1) + Avy(y-y1) + Az(z-z;) = 0 wm
Axx + Ayy + Azz+ D =0,
rae D = Ax-xy + Ay-y; + Az-zg

[ns ompeaeneHvst MUHUK Tlepeceye-
HUSl TZIOCKOCTU TPEIMHBI C TOBEPXHO-

"



IMpoexuust muHIK
TaeHus
TOPU30HTAIbHYIO
IUIOCKOCTB

Puc. 1. Cxema 3aaaHHA N/AOCKOCTH TpPEIIHHbI B NPO-

CTpaHCTBe

CTBIO Kapbepa HeoOXOAMMO HaWTU OT-
PEe3KH MepecedyeHUsi 3TOM TIZIOCKOCTH C
Tpeyro/bHUKaMH  LIMPPOBOM  Mozenu
[IOBEPXHOCTH Kapbepa, a 3aTeM Haii-
fIeHHble OTPe3KH OObeAHMHUTb B Herpe-
PBIBHYIO /IOMAHYIO /THHUIO (pUC. 2).
ANTOPUTM TiepeceyeHusi T[OPU3OH-
Ta/lbHOM TVIOCKOCTH C TPEYro/lbHUKOM
usBecteH [1]. UTOGHI NMpyMeHUTE ero s
pellleHysl TIOCTAB/IGHHOM 3a7aud HeoO-
XOAMMO HaMTH MaTpully IepexoJa U3
CHCTeMbl KOOPAMHAT Kapbepa B CUCTEMY
KOOPAMHAT I/IOCKOCTH TPelIVHBI, TMpH-
Be/IeHHOM B TOPH3OHTa/IbHOE TO/I0XKe-
Hve. [laHHOe TMpeoBpasoBaHUe OCyIle-
CTB/ISIETCA CHayaZla MOBOPOTOM BEKTOpPa
HopMazii N Ha yros o IPOTHB YacOBOM
CTpefike OTHOCHTENbHO BePTUKA/ILHOM
OCH, a 3aTeM TOBOPOTOM BeKTOpa HOp-
Ma/li Ha Yros1 P Mo YacoBOM CTperke
oTHocuTe/bHO ocu X (eM. puc. 1). Ecam
IIZIOCKOCTD 3a/1aHa BbIpaxkeHHeM
Ax-x + Ayy + Az-z +D = 0,
TO MaTpulla Ipeobpa3oBaHUs B 3TOM
cyyae TpyUMeT BUA:

Ax*Az/q Ay*Az/q -q O
M=| —Ay/q Ax/q 0 0}
AX Ay Az D
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JIunus najenus

IlnockocTh
TPCLIMHBI

rne q=+/1-D" .

KoopauHatst BepILIVH
KaXkIOr0 Tpeyro/ibHhKa B
cHcTeMe KOOpAMHAT  IIIOC-
KOCTU TpelmHbl p' (X, V,2)
BBIUKC/IAIOTCA 110 popMyrie:

E pP'=KY2=pkyzM,
rae p (X,y,z2) — KoopAHWHATHI
UKasaHHbIX BEpIIMH B CHC-
TeMe KOOPAMHAT Kapbepa.
[lanee 1O U3BeCTHOMY
anroput™y [1] HaxomuMm Ko-
OpAVHATHl KOHIIOB OTPE3KOB
repeceueHrss Kam/aoro Tpe-
Yro/lbHUKa 11gPOBO Mo-
fenu Kapbepa C TOPH30H-
Ta/IbHOM  T/IOCKOCTBIO Tpe-
mmHbl. HalineHnHsle Koopau-
HaThl [MpeobpasyeM B CUCTe-
MY KOOPAMHAT Kapbepa 1o popmyrie:

P(XY,2)=p(XY,2)*M , rze

AX*Az/q —Ay/q AX —AX*D

M =| Ay*Az/q Ax/q Ay —-Ay*D

—q 0 Az —-Az*D
CocenHyie 0Tpe3kH, Y KOTOPBIX O/H-
HAKOBEIE KOOPAWHATBHI OAHOTO M3 KOH-
LIOB, OOBEAVHSAIOTCH B /IOMAHYIO /TMHUIO.
[IpennoxeHHpI arOpUT™ pearr3oBaH
B [VMIC TEOMHUKC. PopmuporsaHre
HCXOAHBIX A@HHBIX OCYIIeCTB/sSeTCs I10-

CPeICTBOM AMA/IOrOBOro OKHa (puc.3).
PaspaboTtaHbsl MporpaMMHble HHCT-
PYMEHTbl A7  ABTOMATU3UPOBAHHOTO
BBOZIa/PEAaKTUPOBAHHA  BEPXHUX MU
HIXKHUX OPOBOK YCTYIOB MpU (hOPMU-
POBaHUM  MapKIIeHAePCKON  Moaenu
Kapbepa. Lludposas Moaenb noBepxHoO-
CTU Kapbepa POpMHUpYeTcs aBTOMaTH-
YeCKH M3 MapKIIeHIepCKoM MOaeH, u-
60 MYTEM 3arpysku paHee MOCTPOEHHOM
Mozenu u3 gaia. [110cKoCTh TpelyHEI
3a7aéTCs a3MMYTOM W YI7ZIOM TMazZeHUsi B
COOTBETCTBYIOIIMX OKOLIKax. /g rosu-
LIMOHUPOBAHMSA  T/IOCKOCTH  TPeIIHHEI
Heob6XoaUMO CHOPMHPOBaTh LIMPPOBYIO

Moenb MOBEePXHOCTH Kapbepa, 3aTeM

TPELUHBI



Brrunciaenne MaTpuil IpsIMoOro u O6paTH01"0 npe06pa303a}mﬂ TIJIOCKOCTH TPCIIH-
HbI B I'OPU30OHTAJIBHYIO INIOCKOCTDH

A

y

BelunciieHne KOOpANHAT BEPIIUH TPEYTOJBHUKOB B CUCTEME KOOPAUHAT TOPU-
30HTAJIbHOM IIJIOCKOCTH TPEILMHBI

A

y

Omnpenenenue KOOPAUHAT OTPE3KOB NEPECEUCHNUS TOPU3OHTAIBHOM MIIOCKOCTH €
TpeyroibHUKamu [1]

A

Brruncienne KoopArHAT OTPE3KOB MEPECEUSHHSI B CHCTEME KOOPAMHAT
Kapbepa

A

q)OpMI/IpOBaHI/IC JIOMaHOH JTUHUHU 110 KOOpArHaTaM KOHIIOB OTPE3KOB IIEpPeCceUc-
HUA MJIOCKOCTU TPCHIUHEBI C TPCYTOJIbHUKAMU HH(l)pOBOf/'I MOJCIN NOBECPXHOCTHU

Puc. 2. Bnok-cxema aaropurma nepece4eHHus TPEIHHbI C IOBEPXHOCThIO Kapbepa

BbIOpaTh pexuM «BBecTH Hayaz1. TOUKy»
Y N1eBOM KHOIIKOW MBI YKa3aTb TOUKY
Ha akpaHe. OTMeTKa z YKasaHHOM TOUKU
HaXO/WTCS aBTOMATHYECKU IO LIMpo-
BOI Moze/I TIOBEPXHOCTU Kapbepa. 3a-
MYCK a/ITOPHTMa OCYIIeCTB/IAeTCA Haxa-
THeM Ha KHOIMKY «TpaccupoBatk». An-

[erlbHOM Moayre C MOAK/IoUYeHHeM Ipa-
drUeckrMX M MaTeMaTHyecKHxX Oub/Iro-
Tek. Pesynbrathl TpaccMpoBaHUSA C/1el0B
riepeceyeHuss TpellMH C MOBePXHOCThIO
Kapbepa B BHIe /IOMaHbIX HHTErpHpy-
IOTCSl B COOTBETCTBVIOIIMI KapTorpadu-
YeCKUM criovt LMdppoBOM Moaeny CBOA-

TOPUTM MPOrPaMMHO peasn3oBaH Ha HOrO  reo/ioro-CTPYKTYPHOrO  Ii7laHa
si3blke TIporpammupoBanrs Delphi B o1-  kapbepa.

PaspabortaHHas TexHOM0-
=l0lx{| rua obecrieurBaeT OBICTPYIO
R = Y MPABWIBHYIO TPACCUPOBKY
—(+ CrWcok Gposar YoTUnos ~Sap-i nnoskacTa Tpewwner— | A T1/1aHE Kapbepa TPellvH U

R TS T | e _ || TeM cambiM monyyeHHe OGb-
a0 o Lfsten | | Asuy. rpan 1352] | | eKTUBHOM KapTHHBI Pa3pbiB-
75 gepun, | VEMEHHTE | Uron, rpaa 0= HOM CTPYKTYPbl MeCTOPOXK-
75 HorHaA | gamrs leHUs Ha [aHHOM YpOBHE
5] LR e — 5 | ero OTKPHITOM pa3paboTKHU.
2 el P OTa TexHOMorvs IMO3BO/IsIeT
i cepi._|[[ERIETR TakKe [0 U3BECTHOM I03U-
" MosepsHocTE Kapsepa TTCCMDDBaTb LMK ¥ OPUEHTHPOBKE AWaro-

| =1 [ 3akpers Ha/IbHBIX TPeIVH, MafalolnX

Puc. 3. lnanoroBoe oKHO

B CTOPOHY KapbepHOM BbI-
eMKU M HaBCTpeuy ApYyr apy-
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Puc. 4. PparmeHT naaHa

J Kapmepa, wnamocrpupylomnn
pasauyHble BapuaHTbhl (a, 6,
B) NPOCTPaHCTBEHHbIX B3aH-
MOOTHOIIIEHHH mnapbl AHaro-
HaapHbIx  Tpewnn (1 -
a3.naa.244L52(}; 2 -
asz.naa.135L 40/[]) mexay co-
60H H NOBEpPXHOCTBIO Kapbe-
pa, B TOM 4HcIe ¢ obpa3oBa-
HHeM OAHOH (a) HAH HeCKOo/Ib-
NJl EK#x (B) noreHumanbHbIx Kau-
HOBBIX MNpPH3M OGpYIlIeHHsa
S (salITpuxoBaHbI)

Iy, YCTAHOBMTb IMOTEHLIMA/IbHbIE K/IMHO-
Bble MPU3MBEI OOPVIIEHUS B HUKe/Iexa-
KX, [VIAaHUPYEeMbIX K TIOCTAHOBKE Ha
rpefenbHBI KOHTYP, YCTYIax Kapbepa
(puc. 4).

UacTHBIM CriyuyaeM pelleHUs! YKasaH-
HOM 3a/1auM SIB/IIETCH OLIeHKA I10 TTO3ULIMU

1 OPUEHTUPOBKE ABYX AUa-
rOHA/IbHBIX TpPelIWH, Oorpa-
HUUYMBAIOMUX  (PAKTUUECKU
npou3olieailie KIMHOBOe obpyiie-
HUe, BepPOATHOCTU TIPOAB/ACHUS IIO-
n06HOTO 0b6pyileHHs, 0O6YC/IOBIEHHO-
ro 3TUMH }Ke TpelluHaMu, Ha OGonee
rnyGOKUX TOPU3OHTAX MPUKOHTYPHOM
30HBI Kapbepa.

Paborta Boinonnena B pamkax peanusauny PLINT «Hayuuele n HayyHo-Tiesaroru-
Yyeckue Kaapbl MHHOBALIMOHHOM Poccuw» Ha 2009-2013 roawl, rocyaapCTBEeHHBIM KOH-
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