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C. B. Ocmonosckuil, H. B. JaHuntok — CTyaeHTbl VIHCTUTYTa BOEHHOro 0bpa3oBaHms
[. B. BoHAapeHKo — Hay4HblIil PyKOBOAMUTENb

MATEMATUYECKOE MOAENUPOBAHUE YCTAHOBKW ANA NOBEPKWU AKCENIEPOMETPOB

OnpepeneHnem NONOXeHUs Tena B NPOCTPAHCTBE 3aHUMAOTCA YXXe MHOTWE rodbl, OHO MOXeT bbITb
NpOu3BeeHO pasnuyHbiMM cnocobamu. [ns HenoaBMKHOrO 06bekTa OHO MOXeT BbITb ONpeaeneHo ¢ NoMo-
LbI0 TakUX NpuBOPOB, Kak CEKTaHT W TEOZONNT, AN NOABMXHOTO 06bEKTa — C MOMOLLbIO TMPOCKONOB, MMpo-
BepTuKanen 1 akcenepomeTpoB. CTeHAbl 4N NOBEPKM MOCHEAHUX UCMOMb3YIOT B Ka4eCTBe WU3MepuTenein
[aTyvkn yrna. HanpaBneHuem McCreaoBaHWs AaHHOM paboTbl SBMSETCS NOBBILWEHUE TOYHOCTW AAHHbIX
CTEHOOB, NYTEM 3aMeHbl AATYMKOB Yrna Ha U3MepUTEnu AvHbl. [anbHenllee noBblEHNe TOYHOCTU TaKux
YCTaHOBOK OyaeT AOCTUraThCs C MAHMMANbHBIMU 3aTpaTaMu NPOCTbIM U3MEHEHUEM Haceyek LuKan usmepu-
TEnNen.

Llenb gaHHon paboTbl COCTOUT B YCOBEPLLEHCTBOBaAHWM NepBOHavarnbHoin mogenu (puc.1, a). Mpu nc-
cnepoBaHnn ee paboTbl HEKOTOPble NapameTpbl HE YYWUTLIBANKCH, TaK Kak HE XBaTano MCXOAHbIX AaHHbIX.
OnucbiBatowwas paboty matemartnyeckas Mogenb B ctatbe [1] Bbina ynpolleHa, YTo NO3BOMKUIO MPOBECTU
nepBOHaYasbHbIE BbIYUCIEHUS.

[ns pewenns npobrembl, ONMCaHHON Bbille, YCTaHOBKa Bbina MogepHuaupoBaHa (puc. 1, 6). B paspa-
BaTbiBaemyo Moaenb JobaBneHbl AuaroHanbHble M3MEPUTENN AUHbI MEXOY CMEXHbIMW BEpLUMHAMK Tpe-
YronbHUKOB. B pesynbrate aTUX U3MEHEHW Obiny NonyyYeHbl HeJoCTalLMe AaHHble, KOTOPbIE MO3BOMMMM
[ONONHUTD CUCTEMY YPABHEHNN.

Puc. 1. U3obpaxeHne Mogenu NoBepOYHOro cTona

lMonyyeHHas, Takum obpa3om, cuctema MOXeT BbITb NpeAcTaBneHa B Creaytolem Buae.
Bce BepLUMHbI NOABWKHOM NMOCKOCTM ABWMKYTCS MO NOBEPXHOCTU cdhepbl paguyca R (puc. 2), Havano

KOOpAMHAT pacnonoXeHo B ee LieHTpe (0, 0, O) . ObLyee ypaBHeHWe cepbl UMEET BUA:
(x = x0)* + (v — %) + (z — z,)* = R?,
roe (xo, Yo zo) — KOOPAMHATLI ee LieHTpa; (x, Y, z) — KOOPAMHATbLI TOYKW Ha NMOBEPXHOCTY.
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Puc. 2. CxemaTnueckasi Mogenb YCTaHOBKMK

Touku, nexallme Ha NOBEPXHOCTH CAHEPDI, ONUCHIBAKTCA YPABHEHUSMMU:

xil + }’121 + Zil =R’

xi: + }’122 + Zi: = R?

xgl +}’:21 + 3221 =R*

xf.z +}’:2: + zzzz = R?

3‘321 +}’321 + 2321 = R?

xazz +}’322 + zazz =R’
rae Xi, Vi, Zj— KOOPAMHaTbI TPEX BEPLUNH TPEYroNbHUKA; | — HOMEp TOYKW (BO3MOXHbIE 3HayeHus 1, 2, 3); | —
HOMep COCTOSIHUS (BO3MOXHble 3Ha4YeHuUst: 1 — HavanbHOe COCTOSIHWE MOABWKHOW MIIOCKOCTU; 2 — KOHEYHOE
COCTOSIHWE NOABWKHOM NNOCKOCTM; 3 — COCTOSHNE HEMOABMXHOM NMOCKOCTK).

PaccMoTpuM TpeyronbHUK NOABWMXHON NiockocTh (puc. 3). Touka nepeceyeHus MeamaH — 310 LEHTP
TSDKECTW TPEYroNbHuKa.
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Puc. 3. Touka nepeceyeHns MeanaH B PaBHOCTOPOHHEM TPEYromnbHUKe

3 3 3
Torna {Z; X | —BXO,Z;yij —3y0,_21:zij —320} — BEKTOp, PaBHbIli CyMMe BEKTOPOB OT LiEHTpa K
1= 1= 1=

BepLUMHam, paBeH Hynesomy BekTopy {0, 0, 0}, rae (xo, Yo, Zo) — TOYKa NEpPeceYeHns MeamaH 1 Havano Koop-



puHar (0, 0, 0).
[Nonyyaem ypaBHeHuS:

Xyg Ty T2y =
Xy T ¥ +21,=0
Xy T ¥y 2=
Ko T ¥y T 233 =
Xy Ty +23,=0
Xy T ¥y T2 =
Xy t¥ap T 23, =0
ABcontoTHas ANMHa M3MEPUTENS — PacCTOSHUE MEXAY COOTBETCTBYHOLLMMM TOUKaMM NOABWKHON U He-
NOABMXHOMN NrockocTen. [Ans nto6omn Touku (i) B No6OM COCTOSHUM NOABVKHON NNOCKOCTM (j) ANs BEPTUKAIb-

HbIX I/I3MepI/ITeJ'IeI7I ONUHbI 6WJ,€M UMETb:
I

Lz'_i" = _\Illtxe_;' —x3) + (F:’_;l' —ya)t+ (Ez‘_;f —z;)°

[ns onaroHanbHbIX n3meputenen amvHel 4, 5, 6 byaem umeTs:
|

Ly = -\,II (%4 = %33)% + (¥1; = ¥33)® + (24, — Z33)’

0
0
0
0

I
LE_:" - ﬂqll [xﬂ_;l' _?‘-13]‘ + (}’2_:!' _}113]‘ + (32}' - 213]‘

[
Le; = Nl'(xaj —Xg3)* + [}’3}' — ¥ )it [ZE_;" — Z33)°
WameHenus anuH nameputenen 14,14, 15,15, L. I ¢ y4eTOM xapakTepa nx ABKEHNS:
Lyz —Lyy = Signy - 1y
— L., =Sign, -1,
L3y — L3y =Signg -1
Lyp— Ly =Sign, -1,
Lgy —Lgy =Signg -1
Lz —Lgy = Signg -1
ﬂJ'IFI npaBUIbHbIX MHOrOYroribHUKOB UMEIOTCA N3BECTHbIE COOTHOLLEHUA MEXAY LU'IVIHOVI CTOPOHbI an K

paanycom OMUCaHHOWA OKPY>XHOCTH R, ans TPEyronbHUKa, rae KoJindecTso CTOPOH n=3, OHM NPUHUMAKT BUA:
180°

a; = 2Rsin =RV3

C apyroi CTOPOHbI, 83— PACCTOsHIE MEXAY ABYMSl TOUKamu OHOM NMOCKOCTW. PacCTosiHMe MexXay Hu-
MM MOXHO BbIpa3nTb Yepes KOOPANHATbI U NOMYYUTb YPaBHEHS!:

(%11 _3‘521]2 + (1 _}’:1]2 +(z11 — 221]2 = ag = 3R*

(%11 _3‘531]2 + (1 _}’31]2 +(z11 — 231]2 = ag = 3R*
(%90 = %55)" + (V12 — ¥22)* + (212 — 255)* = af = 3R?
(12 —x32)* + (12 = ¥a2)® + (212 — 232)* = a3 = 3R?

PacctosiHue mexay Toukamn T2 1 T3 He yuuTbIBAETCS, NOCKONbBKY Takoe YpaBHEHWE MOXET ObITb nony-
YeHO 13 ypaBHeHWn Ans Tovek T1-T2 n T1-T3. Takum obpasom, umeem 23 ypaBHEHUI N 15 HEU3BECTHBIX.

TOYHOCTb PACYETOB NOMNOXEHUS NOABWMXKHON NNATEOPMbI MOXHO MOBBICUTL MPY HANMMYWW LaHHbIX O Yr-
nax nomnoXeHUs BEPTUKambHbIX M3MEpUTENeN AMMHbI, OTHOCUTENBHO HWKHETO OCHOBaHMS. PaccMOTpuM cxe-
MaTuyeckoe n3obpaxeHue yctaHosku (puc. 4). 3geck: AA’, BB, CC’, AB’, BC’, CA’ — BepTukanbHble u guaro-
HanbHble nameputenu aavHbl; OO’ — LeHTpanbHas HenogswxHas ctomnka; ABC — HuxHee ocHosaHue; AB'C’ —
paboyas NoBEPXHOCTb.



Puc. 4. CxemaTtnyeckoe n3obpaxeHue yCTaHOBKM

Hac uHTepecytoT yron mexay BB’ (BepTukanbHbIM nameputenem 4nuHel) u AB (nogsuxHbIM OCHOBaHM-
em), yron mexay BB’ n BO, yron mexay BB’ 1 BC. YeTbipexyronbHukm, B KOTOPLIX OHW copepkartcs, pasbu-
BaeM Ha TPeyrofibHUKL. Tak Kak BCe X CTOPOHbI HAM U3BECTHbI, MCMOMb3YeM TEOPEMY KOCUHYCOB 1 HAXO4MUM
Tpebyemble BenuUUMHbI. [PUMEHSSt 3TU NPOCTENLLME BbIYUCIEHUS, Mbl MOMYyYaeM Yribl Npu BCEX BEPTUKanb-
HbIX M3MEPUTENSAX OTHOCUTESTBHO HUKHEN NNOCKOCTW B APYTX NOAOOHBIX YEeTbIPEXYTONbHUKAX.

3HaHWe AaHHbIX C U3MepuTEnen ANnH U HaXOXAEeHWe BCeX Bbille YNOMSHYTbIX YIMoB, NO3BONSET nepe-
cynTaTh 3HAYEHUS KOOpaMHAT BepLUMH paboyer NOBEPXHOCTU M NOACTaBUTL UX B CYLLECTBYHOLLYIO MaTeMartu-
Yeckyto Mogernb. Takum 06pa3oM, TOYHOCTb BbIYUCTIEHWA MOBBILLAETCS, YTO NOATBEPANUIOCH NPU MOLENNPO-
BaHuu B nporpamme Maple v15.0.

Llenbto fanbHenwmnx ncenegoBaHnin byaeT COBMELLEHUE NOSTyYEHHON MaTeMaTYeCKon U rpadouyeckon
3D mopenw, BbINONHEHHOW B rpadpmyeckoM peaaktope Solidworks, YTO NMO3BONMWUT NPOBECTW NpeaBapwUTesb-
Hyt0 BepudmKaLmio paspabaTtbiBaeMON YCTaHOBKM.
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