YK 528.11
A. H. KOJIECHHK, A. JI. OCTPOBCKHH, d-p rexsn. nayk, B. JI. CKYH
JIbBOBCKHII MOJHTEXHHUYECKHIT HHCTHTYT

YPABHUBAHUE CBOBOJAHbIX JUHEHHBIX CETEH

IMon JuHEHHOH CeThi0 MBI MOHHMAaeM TeO0Le3HYECKYI0 CeTb, 00pa-
30BAHHYI0 B NPOCTPAHCTBE H3MEPEHHBIMH JHHHIMH.

IIpu o6GbluHOM MeroJe OOpPabOTKH TaKHX CeTedl H3MepeHHHIe
JHHHH PeAyIHpPYIOTCS HA MOBEPXHOCTh OTHOCHMOCTH (ILIapa, 3JIHM-
CoHMJa BpalleHHs, IVIOCKOCTb), HAa KOTOPOW H BBEINOJHAIOT HX YpaB-
HHUBaHHE.

st 3TOro JOJIKHBEI OBITH H3BECTHHI BBHICOTHI IYHKTOB Hal OT-
CUETHOH MOBEPXHOCTHIO H 3JIEMEHTH I'DAaBHTAIHOHHOTO IOJIS. Tpyx-

20



HOCTb, 4 MHOLJa M HEBO3MOXKHOCTb IIOJIYdeHHUSI 3THX CBEIEHHU C
| [0CTATOYHON TOUHOCTBIO (HANPHMED, B TOPHBIX PaioHAX) NPHUBOAUT
yacTo K TOMY, UTO PEAyIHPOBAaHHE CONPOBOXKAAETCsI IOTPEUIHOCTS-
MH, TPEBHIIAIONINMH NOTPELIHOCTH H3MepeHHH, HHaye rOBOPs, IPO-
HCXOJIHT TIOTEPSI TOYHOCTH NpPH 06paboTKe H3MEePeHHBIX JIHHHH.

Oco6y10 BaxKHOCTh JaHHBIH BONPOC IpHOOpesa B IOcJe/Hee Bpe-
M BCIeNCTBHE IIPOrpecca TEXHOJNOTHH Te0fe3WUYeCKHX H3MepeHHH
¥ TOBBIIEHHsT TPeOOBaHMWH K HX KaueCTBY IIPH CO3[laHHH reoje3nye-
CKHX CeTeH CIeNHaJbHOrO Ha3HAYeHHs,, B YAaCTHOCTH KOCMHYECKHX
0a3ucoB ¥ reOiHHAMHUYECKHX IOJUIOHOB. B mocienHHX ciaydasx MBI
HMeeM JIeJI0 CO CBOOOJHBIMH CEeTSIMH.

Crpemsienne u36exaTb PeLylIHPOBAaHHS JIHHMHA HAa NMOBEPXHOCTh

OTHOCHMOCTH IIPUBOJIHT K MBICJIH 00 YpaBHHBAHHH JHHEHHBIX CceTei
B IPOCTPAHCTBEHHOH CHCTeMe KOOpAHHAT. B mpocrpaHCTBEHHOH
(urype, 06pazoBaHHON TPeMs HCXOAHBIMH NYHKTAMH H OJHHM Olpe-
JensieMBIM, H3OBITOYHBIX H3MepeHHH He Bo3HHKAeT. UYToObl HaHTH
INTNELEWE KAXKJ0r0 MOCAEAYIOMero NyHKTa, HeOOXOAHMO H3MEPHTH
mo Tpu paccrosiuus. JlomosHHTeNbHBIE H3MEPEHHS CO3JaI0T BHYT-
pennnii KouTpoab. CliefoBaTeNbHO, B IOJHOCTBIO H3MEPEHHOM MHO-
TOPpAHHEKE C TATHIO BEePIIHHAMH BO3HHKAaeT ONHO ycuiosue. [lus
mojicueTa 4YHCJA YCJAOBHH B JIHHEHHOH TIPOCTPAaHCTBEHHOW CeTH
o0mmero BHIa MOXKET CJYXKHTb (GopMyJia

r=s—3(p—2), ' (1)

Ie S — KOJHYeCTBO M3MEPEHHHIX CTOPOH; P — KOJHYECTBO NMYHK-
708. C yBeIHueHHeM KOJIHYECTBA IYHKTOB UYHCJIO YCJIOBHH OBICTPO

pacrer:
pEA= 56" T 8 O==Sl0==E

a0l =3=6 = 0= los=Nwis:

ManoxumM KpaTKO METOJABl COCTABJCHHS YCJIOBHBIX ypaBHEHHH
10NPaBOK CTOPOH Ha IpHMepe JIMHEHHOH IPOCTPAHCTBEHHOH reoje-
anueckoii cern [1] (puc. 1), cosnannoi B Kapnarax.

KoJiHuecTBO YCJOBHBIX ypaBHeHWH B 3Toil cetn r=18—3(7—
-—2) =3.

OmHH M3 MeTOJOB 3aKJI0YaeTcs B TOM, UYTO HEOOXOIUMO Tak
BHOpaTh NPSMOYTOJNbHYI0 NPOCTPAHCTBEHHYIO CHCTEMY KOOPAHHAT
X, Y, Z, nanpumep, ¢ Hauasom 0 B Touke 7, 4TOOBI INIOCKOCTD X0Y
COBIAZNa ¢ IJIOCKOCTBIO TpeyrosibHHKa 7, 4, 3, aBasiomerocs 06a-
sicaeiM. Ocb OX manpasum no cropoue 7, 4, ocb OY — mnepreHju-
kyasipao ocu OX, ocb OZ — mepneHAuKy/IspHO IJIOCKOCTH TPeyroJb-
HiKa 3, 4, 7. iamepenuslx cTopoH 4, 7; 3, 4 u 3, 7 1OCTATOYHO /IS
onpeiesieHnsl KOOPJAHHAT BCEeX NYHKTOB 0Oa3WCHOTrO TPEYrOoNbHHKA.
IIpsmoyrosbHble KOOPAMHATH NYHKTa I MOXKHO OIpPENENHTbh IO
(opmMyJsIaM JIHHeHHOH NPOCTPAaHCTBEHHOH 3aCEUKH [3], ncnonb3oBaB
H3MepenHsie cTOponsl 7, I; 4, I u 3, 1. Takum xXe 006pasoM HOJNyIHM
KOOPIHHATH NyHKTOB 6, 2 M 5 1O CTOPOHAM COOTBETCTBeHHO I, 6;
W56, 1, 22 3;2, 6 ndb5;::5,7; 1, 5.
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CnenoBarenbHo, uaMepenus: JuHuii 2,4, 5,6 u 2,5 siBAsorcs
B JIaHHOW CeTH H3OBITOYHBIMH, H BO3HHKAIWOLIHE YCJIOBHS B 0O0ILeM
BH/l€ MOXKHO 3alHCaTh TaK:

85.4 — (2s—%2)2 — (¥e — ¥2)> — (8, — 2,)>=0; .
S§.6 — (% — %6)* — (V5 — ¥6)2 — (25 — 24) =0; (2)
33.5 ST x5)2 — (V2= ¥5)2 — (2. — 25)*=0.

Bbipasup BBIYHCJIEHHBIE KOOPAHHATHL NYHKTOB 4Yepe3 H3MepeHHble
CTOPOHBI, MOXKHO 3aTeM II0 H3BECTHBIM IIPABHJIAM IMOJYYHTH YCJIOB-
Hble YyPaBHEHHS IIONPAaBOK CTOPOH.

2 5

7

Puc. 1. Cxema JHHeHHOII CeTH. Puc. 2. Cxema pacnosoxeHnus cde-
PHYECKHX TPEYTrOJbHHKOB.

Jpyroii myTh COCTaBJEHHSI YCJIOBHE, Ha HaIl B3rJAL MeHee
rPOMO3JIKHH, 3aKjlioyaeTcs B ciaedyiomleM. Onumewm cdepy npous-
BOJIbHOTO pajfiHyca C HEHTPOM B IyHKTe 1, Ha KOTOpYIO NMPOAOJIKE-
HHEM COOTBETCTBYIOIIMX CTOPOH CIIPOEKTHPYEM BCE OCTaJjIbHbIE
NyHKTH. B pesynbraTte monydum cucreMy chepHYECKHX TPEYrOJbHH-
KOB, NMOKa3aHHYI0 CXeMaTHUYeCKH Ha pHC. 2. 3aech nudpamu 0603Ha-
YeHHl NPOeKIHH COOTBETCTBYIOINX NMYyHKTOB Ha cdepe. Chepuueckue
CTOPOHBI TPEYrOJbHHKOB UYHCJEHHO PaBHB YIjaM NpH BepuinHe [
NJIOCKHX NPOCTPAHCTBEHHBIX TPEYTroJbHHKOB. Tak, cdepuueckas cTo-
poHa 4,5 UHMCJeHHO paBHA INIOCKOMY YIJIy IpH BepiinHe I mpo-
CTPAaHCTBEHHOrOo TpeyrosabHuKa /,4,5 u T. 1.

O6osnaunm uepes Aj* yrosm mpocTpaHCTBEHHOTO TPEYIOJbHHKA
i, j, k npu BepuIMHEe { HJU COOTBETCTBYIOILYIO €My C(hepHUYECKYIO
CTOpPOHY; a yepe3 a‘* — yron ctepHueckoro TpeyroibHHKa i, j, k
IpH BepIuuHe I.

ITosnp3ysick pHC. 2, MOXKHO COCTaBHTb UIECTh YCJOBHLIX ypaBHe-
HHH, H3 KOTOPBIX TOJBKO TPH SIBJISIIOTCS HE3aBHCHMBIMH.

B xauecTBe mpuMepa pacCMOTPHM MOPSIIOK COCTABJIEHHS YCJOB-
HOrO ypaBHEeHHsI NONPABOK CTOPOH, MCHOJIb3Ys 3aBHCHMOCTb MEXKIY
chepHUIeCKHMH yriaMHi TPH BepIIHHe 7.

Ha ocnoBanum puc. 2 MOXXHO 3amHCaTh:

4.5 5.6 3.6 __ 43,4 —
a®+ ax® 4 a3 ay* =0.
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Chepuueckne yrabl @ BLIYHCJSIEM II0 TeopeMe KOCHHYCOB IO
H3BECTHHIM C(hepHUECKHM CTOpoHaMm A:

cos A}6 — cos A%-7-cos A37
sin A$-7-sin A7
ik
YcenoBHOe ypaBHEHHe IONPaBOK ChepHuecKHX yrjios d6ajf npu
BepIIHHE 7 UMeeT BHJ
bat-5 4 8a56 4 8a3-6 — 3adt + w =0, (4)
— 4.5 5.6 3.6 3.4
rie w=a;°+ ay° +a;° — ay.

Orciofa Jierko IepeidTH K YCJOBHOMY YPaBHEHHMIO IIONPaBOK
VIJIOB TIPOCTPAHCTBEHHBIX TPEYTrOJIbHHKOB:

8A%5 — cos a7 3A}7 — cos al- 7 8A37
sin A}:7-sina-"
8A56 — cos af-78A3-" — cos ad 7 3AS7
+ 1 5 1 6 1
sin A3-7-sin af-7
BA3:6 — cos a378AS7 — cos al7 8437
sin AS$-7-sin a3’
8A3-4— cosad”3A}7 — cos ai?3A3T

= sin A%7-sin a3’ = =0 )

. (3)

a3® = arccos

Kak usBectHo [2], monmpaBKH YIJiOB HPOCTPAHCTBEHHBIX TPEYrOJib-
HHKOB BBIPA’KAIOT Yepe3 MONpPaBKH H3MEPEHHBIX CTOPOH C/eNYIOLIHM
o0pasoM:

1’
BAJk = by, — cos ABS,; — cos AY Bs,. (6)
L
ClenaB COOTBETCTBYIOLLYIO 3aMeHY, MOXKHO IOJYYHTb YCJOBHOE
ypaBHEHHE NONPABOK H3MePEHHBIX CTOPOH.

Jlns ypaBHHBaHHS JHHEHHOH IpocTpaHcTBeHHOH cetH B Kapma-
Tax OBIIM COCTABJEHBI TAKHM CIOCOOOM TpPH YCJIOBHHIE yDaBHEHHS
pH BepIHHAX 5, 6 H 7 U OOBIYHBIM CHOCOOOM HaMIeHBI MONPaBKH
H3MEePEHHBIX CTOPOH.

Jlnst cpaBHeHHsI 3Ta ke ceTb Oblja NpHBelleHa Ha ILJIOCKOCTb
u ypaBuena. OTMeTHM, 4TO JaHHBIE AJs PeAYLHHPOBAHHS H3BECTHHI
¢ 60IbIION TOYHOCTHIO. Tak, BHICOTHI MYHKTOB HOJYYEHBI B PE€3Yilb-
TaTe TeOMETPHYECKOTO HHBEJIHPOBAHHS 2 KJI., H HAa y4acToK pabor
HMeeTcss JOBOJIbHO MOApPOOHAst TpaBHMeTpHUecKasl KapTa.

Comocrasiisisi pes3y/bTaThl yPaBHHBAHHS CeTH B INPOCTPAHCTBE
W Ha IIOCKOCTH (cM. TaGaHIy), MOXKHO 3aMeTHTb, YTO IIONPAaBKH
H3MEpPEHHBIX CTOPOH, MOJYYEHHble H3 yDaBHHBAHHS CETH B IIPO-
cTpaHcTBe, Gojlee PABHOMEPHO PACIPE/IE/SIOTCS M0 BeJIHYHHE. ITOT
pe3ysbTaT XOpPOLIO corjacyercs ¢ HaOJOAAloUIEdcsi PaBHOTOYHO-
CTbI0 HAMEpPEeHHH.
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HurepecHo oTMeTHTH, 4TO OOJbIIHE NONPABKH H3 YpPABHHBAHH
Ha IJIOCKOCTH IIONYYMJH IPEHMYIIECTBEHHO CTOPOHBI, BBIXOSIH
U3 NYHKTa 2, HMeIoLlero HanOOoJbIIYIO BBICOTY, 4 3HAYHT, OTATOLIEH
Hble B OoJiblliell CTENeHH OIIHOKAMH pPeIyLHpPOBAHHS.

IlonpaBkH W3 ypaBHUBAHHS H3MEPEHHbIX PACCTOSIHHI B NPOCTPAHCTBE
H Ha MJIOCKOCTH

IMonpasku us | Monpasku us Monpaeku s | [1ONpaBKy
Haapanue nunnit Y RABBIE eS| pasauDaiity HasBanHe JHHHI ypaspRbaing "233’13:5::%
B NPOCTPaH- | HA MAOCKOCTH, B NpPOCTpaH-
cTBE, MM MM cTBE, MM ""‘0‘;“:’“"'5,
1,2 — 5 —2 3,7 — 17 —13
13 + 3 0 45 — 5 -+ 9
1,4 -+ 3 0 4,7 — 7 —11
1,5 -+ 4 + 4 5,6 —11 —10
i,g -+ g i 3 5,; + 5 + 2
5 — 1 6, 5 + 6
2,3 0 —9 Cpenuee u3 *
2,4 0 —16 a6COMOTHEIX
2,5 + 3 +16 3Hayenui 43 7,1
2,6 -+ 2 -+-10 [Vvv] 452 1377 !
g.g + 2 —Hg Iucnepcus ;
g s EAZ 95,1 765 |
n

:

D10 0OCTOSITENILCTBO TAKXKE MOMKET CIY2KHUTb KOCBEHHBIM IIOJ-
TBEPXKJIEHHEM [pEeHMYylIIeCTBa yYPaBHHBAHHA ceTedl B IIPOCTPAaHCTBE
6e3 PeaAyuLHpOBaHUsA, 3JEMEHTBI KOTOPOro B OTAEJbHBIX Caydasx
MOTyT OBITH H HEH3BECTHEL.
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