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AKTyansHOCTb. AKTYanbHOCTb paboTsi ofycnoBneHa Tem OGCTOATENLCTBOM, YTO
UMEHHO Ha paHHed CTAAMV NPOEKTMPOBAHWA METANNOPexyLux CTaHKOB HOBOrO
NOKOMEHUs NapannenbHoOW CTPYKTYPHl Tuna "rexcanoa” 8bibupaloTcs napameTpbl
OCHOBHLIX KOHCTPYKTMBHBIX 3IEMEHTOB, 4TO pelaloliuM obpa3oM BNUAET Ha
3KCNNYyaTaUMOHHbIE NoKasaTenu ofopyaosanus. [lpn  HeaDPEKTUBHOM suibope
yKa3aHHbIX NapaMeTpoB UCNpasuTL CUTYaLUIo B AanbHedlem HeBOIMOXHO.

Moatomy npoexTMpoBakve obopyAoBaHua Tuna "rexcanoa” Ha paHHeR cTaaum
paspaboTkn achpexTMEHO TONBLKO C NPUMEHEHNEM KOMMbIOTEPA, OAHAKO YHUBEPCANbHbI
rpauueckne NPOrpaMMHbie PPOAYKTHI ProEngineer, ANISYS u ap. nossonsioiiue
pewarth WHPOKUA CnexTp 33434 VMeT HENOoCTaTKK B CNOMHOCTA UX MCNONLIOBAHUA,
Manoit CKOpoCTH Bhiukcnenun, BoNbLWIOTo o6bEMAE NaMATY 3aHUMAEMOV NPOeKTUPYEMOR
MOZENbIO W NX BBICOKOW CTOMMOCTBIO, 3 TaKKe HE MOTYT peumTs KOHKpETHLIG Jafauu
NPOEKTUPOBAHNA.

T.0. CO3AaHME CNELUUAnU3MPOBAHHOTO MPOrPaMMHOT0 NPOoAYyKTa (MHCTpyMEHTaNbHON
cpeabl), MOAENMpOBaHUe U UCcnenosaHue AaHHoro 060pyncBanun Ha paHHed cTaauv
paspaboTku C yHETOM COBPEMEHHbIX pocTkeHniA B oBnacTi paspaboTki NPOrPaMMHOND
obecneyeHus SBNAETCR COBPEMEHHOM U akTyanbHoM! 3apavedn. »
3HauMTENLHOE KOMMMYECTBO TeopeTudeckux paboT u npaKTUHeckux pa3pabotoxk 8
ofnact  KOHCTPyVpOBaKvA  MeTannopexywero obopyaosaHus  napannenbHom
CTpYXTYPbl TMNA "rekcanoa”’ BbiNONHEHO B Tepmanuy, OpaHumn U AMEpUKe Ha ypoBHe
MCCNenoBaTeNbCKUX W 3KCNEPUMEHTaNbHbIX paGoT.

Uent pa6oTtul. Llenblo Hacrosiued paboThl ABNRETCA BLIGOP  PALMOHANbHBIX
[EeOMETPUHECKNX NAPaMETPOB 3NEMEHTOB KOHCTPYKLIMH oBopynosanna Tuna “rexcanoa”
Ha paHHEN CTaauW NPOEKTUPOBAHKA,

Mo MHEHWIO aBTOpa ANA 3TOrO CNeayeT.

1. PaspaboTvaTb xputepumu oLieHku oGopyaoBaHus TUNa "rekcanon’" Ha paHHen craguu
NPOEKTUPOBAHUA.

2. OnucaTtb reoMeTpUiecKue NapaMeTps! 3NeMeHTOB KOHCTPYKUMU 0B60pyA0BaHNUA THAA
“rexcanon”.

3. PaspaboTatb METOAUKY onpeneneHus pabouero nPOCTPAHCTBA, OTHOCHTENEHON
TOYHOCTM U XKBCTKOCTH KMHEMATHHECKOW CTPYKTYpbI.

4. Co3naTh WHCTPYMEHTanbHylo Cpeay, Ae PpeanudylTcs Bce matemarwieckue
Moaenu, npucywne AaHHOMy oGopynoBaHuio  ANR BuiBOpa  PAUMOHANLHBIX
FEOMETPUYECKUX NAPaMETPOB OCHOBHBIX ANEMEHTOB KOHCTPYKLIMM Ha paHHen CTaauu
pa3paboTku.

5. Pa3spaboTaTh MeToAWKy pacuyéra W pekoMeHaauuu no BuIGOpY reoMeTpu4eckux
napaMeTpoB OCHOBHbIX 3NEMEHTOB.

6. TposecT¥ ONTUMU3AUMIO FEOMETPUUECKUX NapameTpos M3BECTHbLIX CTaHKOB TWUNA
"rexcanoA” NpW NCNONL3OBAHUM NPeanaraeMon MeTOANKN pacugra.
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MsToabl uccnenoBanua. [ucceptalmoHHan paboTa nocrpoeHa Ha Gase nonoxeHuh
TEOpUM MEXaHW3IMOB W MauwnH, aHANUTVYHECKOR [EeOMETPUMA, Teopun anropmmoa:
METOQOB CTPYKTYPHOrO W OBLEKTHO-OPUEHTUPOBAHHOTO MNPOrpaMMUPOBAHUA. B He#
TaKKe UCMONb30BaHbI OCHOBHBLIE NONOXEHWA CTAHKOBEAEHUR, OCHOB KOHCTPYVPOBAHMA
MalumK, poBOTOTEXHWKM W METOAOB ONTUMUIALIMK. Bepucukauus paapaboTtaHHoro
nporpamMmHoro oBecnedeHns OCYLEeCTBNANACch C NOMOWLIO aHanuaa CywecTsylowmx
cTaHkoB (vpMbl Jlanuk U UHCTUTYTa dpayHrodep 1 NPeanOXeHbl pexoMeHfaumn no
coBepLIeHCTBOBaHWIO 06OpYR0BAHUSA.

Hay4Has HOBM3Ha 3aKNIO4HAETCR B: )

1. Kpurepusx OUEHKM CTaHKa Tuna “rexcano” NO U3MEHEHWMI0 AMAaNaloHa OTHOCUTENLHOU
TOMHOCTU M XECTKOCTU KUHEMATUMECKOR CTPYKTYPbI N0 palouemy NpocTpaHcTsy.

2 KauyeCTBEHHbIX ¥ KOMWUECTBEHHBIX 3aBUCMMOCTAX, YHUTHIBAIOLLMX CBA3L OCHOBHBLIX
KOHCTPYKTUBHbIX 3M1EMEHTOB CTaHka C chakTMecKkoil  KOHCUrypauued pabouero
NPOCTPAHCTBA NPY UCKNIOHEHUH KONNM3uA (nepeceyeHii) ANeMeHTOB KOHCTPYKLIK,
a TaKKe ¢ 00HLEMOM 3aHUMaEMbIM CTRHKOM.

MpakTHYeCKan UEHHOCTL 3aKNiovaeTca B:

1. Meroamke BbiGOpa Ha paHHel cTaann pa3paboTki pauMoHanbHbIX reoMeTpu4eckux
NapaMeTPOB OCHOBHBLIX 3MIEMEHTOB KOHCTPYKLMMU obopyaosanua ans obecneveHns
MUHWUMANLHOTO N3MEHEHMA TOYHOCTH U XKECTKOCTH KMHEMaTUUeCKoW CTPYKTYpbi Nno
paboyemMy NpOCTPaHCTBY ¥ COKPaLLEHUA rabapuToB 3aHUMaeMbIX CTaHKOM.

2. PexoMeHAaUMAX N0 HA3HAUEHW0 yrna pacxoxaeHua WraHr ¢ yu&TOM  CrieLmdvki
npoexTUpyemoro 0GOPYAOBaHMA B HAaCTHOCTU B 33BUCUMOCTU OT MaKCUMaNbHOTO yrna
HaKMoHa WnrHAeNs.

3. ONTMMM3aUMK FEOMETPUYECKMX NapameTpoB W3IBECTHOTO oBopynosaHus rpMbl
Nanuk (Poccun) u uHcTnTyTa ®payHrodep (Fepmanvs).

Anpobauun paboTsi.

PesynbTaTei  pabotel  Aoknagbieanucb M Goinu  onobpexbl  Ha  popyMme:
2.0l CEMMHap NG napannenbHoR KuHemaTtuke" 12/13 anpens 2000r. r. XemHuy
(Fepmanua) 1 Ha 3acepaHnax kadenpol *CraHku" MITY "CraHkuH",

MyGnuxauuy.
Mo maTepuanam wccnenosannii onySnukosaHs! 2 neuaTHbie paboTwl.

Ctpyxtypa u o6bém paboTbl.
[MccepTauUMA COCTOUT 113 BBEAGHURA, CEMH rNas, o6WMX BLIBOAOB W CNIVCKA NUTEPATYpPbl.

B paboTe COAepXUTCA MHOXECTBO HArNAAHBIX PUCYHKOB, Tabnuy ¥ CNUCOK NUTepaTypbi
U3 40 HaumeHoBaHui. O6wui 06bsM paboThl 240 cTpaHuu.

Kpatkoe conepxanne paborn!

Beenexwe

Bo esedenuu paétca xoHUenUMA NPoeKTUPOBaHUA ODOPYAOBAHWA HETPAAMLMOH-
HOM KOMMOHOBKM, obopyacsaHua napannensHoW CTPYKTYpb! (DepMEHHOro Tuna,
KOTOPOMY Ha CEerOfiHAIHWA MOMEHT B MAalWHOCTPOGHUA BCEX CTpan Mupa
yaensietca Gonblloe BHUMaHue. 370 CBA3aHO €  oOECNeuYeHUEM  BbICOKUX
TpeGosaHmii NO TOYHOCTH METanNoobpaboTkun NP BLICOKUX CKOPOCTSIX Pe3aHus.
Otmevaercs, uto nonydeHue 3h@EexTUBHOR KOHCTPYKLMM CTAHKOB HOBOM
KOMIIOHOBKM BECLMA 3aTPYAHWTENLHO NPU TPAAKUUMOHHLIX METOAaX paspaboTuu.
MpeanoxeHHas KOHUENUUR NPOEKTUPOBAMMA C KUCNONLIOBAHUEM KOMNLIOTEpa Ha
camoit paHHed cTagim TPOEKTUPOBaHUA, No3sonsAeT nibexars cepbéanbix ownBoK
ApY Ha3HaYEHUU FEOMETPUYECKMX NAPAMETPOB OCHOBHLIX 3NIEMEHTOS.

[na 3TOR uenu aRTOPOM CO3A3HAE CRELMANU3NPOBaHHAR WHCTPYMEeHTanbHas
cpesa, B KOTOPO# peanuiosadbl MatemaTudeckme mopenu Heobxoaumuie ans
BuifOpa OCHOBHLIX napaMeTpoB npucyuue o6OpyaACcBaMUIo Tuna “rexcanog”,
nossonsowme nonHomacwTabHo MCCNeaoBaTh, aHANU3UPOBATh, W Ka'leCTBEHHO
NPUHUMATL peLLeHUs.

Inasa 1. O63op uxHdopmaumn no 060pyACBaHNIO NAPANNENLHON CTPYRTYPLI.
B He#t conepxuTcs npeanochinku Co3naHus, 0630p U KOHBLIOHKTYPa phiHKa npuMe-
Henus ODOPyAOBaHUA napannenbHon CTPYKTYPul (EPMEHHOrO THNa, a vakwe
NCTOpUS cosganusa n 0630p nyGnukaymi.

B HacTosWee BpeMSA KOHCTPYKTUBHbIE pe3epBbl NOBLILLEHUS TOUHOCTH MeTannope-
KYLUX CTAHKOB TPAZULIMOHHOR KOMMOHOBKN B 3HAUUTENLHOW CTENEHU UCHEPNBHDI,
NoatoMy BeAETCA NMOUCK HOBLIX HANPABMEHUA PABUTUR CTAHKOB.

Kunematuka oBopynopanua napannensHol CTPYKTYpPbl (DEPMEHHOo Tuna npep-
crasnser coBOW 3JaMKHYTYIO KMHEMAaTU4eCKyid Uenb, COCTOALYIO U3 HECKOITbKMX
MEXAHW3MOB - LUTaHr, KOTOpPbie€ NapannefibHo COEAUHEHLI LUAPHUPAMMK OQHUM
KOHLIOM C BLIXOOQHbIM 3BEHOM, fipeacTasnsiowlero cobon nnartdopmy pabouero
opraHa, a ApyruMm KOHLOM tuapHupamu C ocHoBanuem. Pabora obopynosanus
3aKMO4aABTCA B NepemelleHr Beayulero MexaHuaMa 33 CUHBT UIMEeHeHns
NOAOKEHWUA LUTAHI, KOTOpbLIE U MPUAAIOT NPACTPAHCTBEHHOE NepeMewieHue
pabouero oprana — nnatopmbl. OCOBEHHOCTL KMHEMATUKU CTAHKOB (DEPMEHHOTD
TMNA 3aKMIOYaeTCA B MexaHuaMmax - wranrax, paboTaouiux Ha pacTaxeHwe-
CKaTUE, YTO 3HAUMTENLHO YMEHbLUIAeT BECOBLI XapakTepucTuku obopyaoBaHns,
Obopynosanus napannensHol CTPYKTYpet hepMeHHOro Tuna BuiBaeT Tpéx BUAOS,
"rexcanon” (puc.1),tpunog” (puc.2), “pensta” (puc.3). KoHbloHkTypa pbiHka
DUKTYET, 4TO AaHHbIe BUABI KMHEMaTUKUM WCnoNbaywTcs B MeTannoobpabarviba-
OLWUX ¥ U3MEPHUTENLHLIX MEXAHU3IMaX, B PasnuuHbix BUOpaUMOHHLIX CTeHaax,
Tpenaxépax, poborax, MaHUNYNATOpax, ¥ MUKPOMaHUNYNATOPax. AKanus nokasan,
YTO KOHCTPYKUUM pa3nuuaeTca pacnonoOXeHUeM BeayuiMX MEXaHW3MOB, TUNOM
WTAHS, WAPHUPHLIMK COBANHEHUAMU U HANUUUEM [ONONHUTENEHLIX YCTPOUCTE.



.Puc.1 Kunematuika “rekcanca”. Puc.2 Kunemartuxa “rounoa”. Puc.3 Kusemaruxa “aensra”.
NCTopusn MexaHu3mMOoB C 3aMKHYTON KMHEMATHKOW Hauanacb HaMHOrO paHblie, YeM
nossuncR Tepmul poSot. HekoTtopbie TeopeTieckue BONPOCH! 3aMKHYTOR KUHEMa-
THKW Havanu paccMmaTtpvsars ¢ 1645 ropa Christopher Wren, a aarem 8 1813 Cauchy,
B 1867 Lebesgue vt 8 1897 Bricard. ¥ vonsxo B Hauane 20 sexka Borel v Bricard
paspabotanit TEOPWIO 3aMKHYTOW kuHemaTuku. B 1947 roay LIOTNAHACKWA MHXeHep
layd (Gough) cnpoexrupoBan mexaHW3M Ha OCHOBE 3aMKHYTOW KMHEMATHUUECKON
_ 4enu, NosBONSOLUA (PUKCUPOBATL U OPUEHTUPOBATL NNATGOPMY C LIENLIO TECTUPO-
BaTb W3HOC NHEBMATH4ECKol cucremsl. B wectnaecaTuie roast 20 Beka B CBA3U ¢
BypHLIM Pa3BUTUEM aBUALMOHHOW UHAYCTPUM, YBENWUWUBAIOTCA 3aTparthi Ha obyue-
_Hue nunotos. [1o3ToMy BO3HUKaET HEOBX0AUMOCTL TECTUPOBATL NUMOTOB BHE NONE-
Ta. AnanoruuHoe obopyaosaHve napannenbHoi CTPYKTYPb! HAWNO NpUMEHeHWe B
aBuaLumn, KOTOPYIO CKOHCTpyupoBan urkeHep Ctioaps (Steward). Hauvnas ¢ 90 ro-
Ao 20 seka, ¢ GypHbiM paIBUTMEM KOMNLIOTEPHON MHAYCTPUN NOABNRETCA BOZMOX-
HOCTb YTAYBNEHHOro uccnenosanna 0B6opyAcBaHNS HETPAANLIMOHHOK KOMMOHOBKM.
0Ob630p HayuHo-uccniegosatensckon nyBnukauuu noxkasarn, 4To aavHoe obopyaosa-
Hye ocTaérca npeameToMm uccnegosarensckux pabot. [lo cux nop ocraioTcs Hepe-
wénHbe NPoBneMbl NO OTAENbHLIM aCNEKTaMm TakuX CTaHKOB, KOTOpPble M03BONSIOT
KaueCTBEHHO pewaTth 3afaqy, NPUCYLIUe NapanfienbHbiM KMHeMaTUYECKUM CTPYK-
Typam. [1py KOHCTPYMpOBaHWMA CTAHKOB NapannenbHbiX CTPYKTYP BaXHbi HEKOTOpLIE
KnoYesbie BONPOCHE;
- anropwuTM U MeToamka paspaboTku;
- reoMeTpuieckue napameTpbl 1EMEHTOB KOHCTPYKLWUK,
- Maremartudeckue Mofeni U MeToanl pacuéTa;
- KpUTEpUn oNTUMU3aLMn.
B 1987 rony B HoBocnbBupcKoM 3NeKTPOTEXHUHECKOM MHCTUTYTe (Poccus) cospaw
CTaHoK "rekcanopn” v 6uina nposeseHa skcnepuMeHTansHan paboTa no onpeaeneHnio
peanbHoro obwéma paboyero NPoCTpaHcTea W ynpyrum aedopmaumsam craHka. B
koHlie 90 ronoB UHCTUTYTOM CO3AaH NPOrPaMMHbLIA NPOAYKT, NO3BONAIOLUMA rpadu-
© Yecku peanu3oBaTtb reoMeTpudeckyio Moaens obopyposanua Tuna “rekcanoa”, HoO 8
uccneposatentcknx pabotax ocraérca aktyanoHas npoBnema kputepues ans
aHAINMaa KMHEMATHK C NPUMEHEHNEM KOMNbIoTEpa.

- H.

B uxcrutyte ®payHxodep (Tepmanua) papabotany anfopuTM rpouecca npoektu-
POBAHUA C NPUMEHEHNEM UHCTPYMEHTanNLHOR cpegsl Ha ocHose CAD/CAM-cuctemst.
UuctutyT @payHxodep - LeHTp UCCNeaoBaHus MexaH3MoB NapaniensHol CTPYKTy-
pbi, FAe NPOBOAATCR (PyHAAMEHTANbHbLIE UCCNEA0BaHUR M NPUKNaaHbie paspaboTtku,
HO 1 TaMm OCTa&Tcs akTyanbHas npobnema u Heocnabesatowuin MHTEPEC K KpuTe-
PYSIM ONTUMM3ALMK, YTO U RBASETCA CeNYac NpeaMeToM nceneaoBaTensckix paboT.
Q630p ukHdopmariun no npobnemam obopyaosanua Tuna "rekcanoan” nokasan, 4To
onyGNUKOBaHHbIE UCTOYHUKA COBEPLLIEHHO HE KACAIOTCA HOBLIX NOAXOA0B, METOA0B
npoexTnpoBaHus, HeobxoauMmbix npu pa3pabortke Takux cTaHkoB. Mexay Tem
MMEHHO HA 3TOM HaMNpaBiieHWM C WCMONb30BaHNEM KOMNBLIOTEPHOIO NpoexTuposa-
HAR Ha caMmoRr paHHel craguu paispaborku, cneagyer oxwuaats Haubonbunx
NONOXUTENLHBLIX PE3YNbTATOB U U3BeXaTL CepbésHbix otmbox.

Takum 0Bpa3som, BO3HUKNA HEOBXOAUMOCTL (HOPMNPOBAHNA KOHLIEMMY NPOEKTH-
posanun obopyaosanun Tvna ‘rekcanod’ B pamkax Kotopon Obina cospada
CreumanM3upoBaHHan UHCTPYMEHTaNbHaA CPefa Ha OCHOBE A3biKa Nporpammu-
posaHust C++ C nopaepxKoit TpéxmepHoit rpaduyeckoi Bubnuotexu u paspabo-
Tada KpuTepuu ONTUMU3aUMM npu BuiIBope nNapaMeTpos OCHOBHLIX INEMEHTOB
obopyposanuA.

Fnasa 2. KniemaTuka o6opygoBaHuA napannensHOW CTPYKTYpLL.

0OnAa ananusa xuHeMaTuku ucnonb3osava copmyna Comosa-Manbuuesa, s
KOTOPOW ONpefiensieTcA CTeneHb NOABUXHOCTH M CTENEHb  HENOABMXHOCTH
KMHEMATUYECKON CTPYKTYpbt MO hopMynam:

H,,=6(k-1)-5p;-4p; -3p;s -2p4-ps (1)
H=6(k-ky-1)-3(p1-p1o)-4(PrP2) ~3(P3-Pss) ~2(pr-P1s) —(P5Psd) (2)
roe k - YACNO 3BEHLEB KNHEMATHYECKON Lenw,

k, - 4NCNO BEAYWINX IBEHLER KUHEMATUYECKON Lieny;

Py - HNCNO KMHEMATUHECKKX Nap C i-Oi CTENEHLIO NOABUKHOCTU.

Pia - UYACNO KMHEMATUHECKUX Nap BEAYLINX 3BEHLEB C /-On
CTeneHbio NOABMKHOCTH.
Yucno H,, nokasbiBaeT cTeneHb NOABWXHOCTU pabouero opraxa; Kak npasuno, OHo
ponkHo BT Bonbuue Hyna. Mo unecny H,, MOXHO caenars Bbieog O uenecoobpas-
HOCTW MCRONL3OBAHWUA PAcCMaTPUBAEMOR CXEMbl MEXaHW3Ma, Kak NpPasuno oHo
[OMXKHO BbiTh pasHbIM HyMo. Ecnu npu pacuére nony4um 4ucno H,,<0, To kuHema-
TUKA CXemb! CTATUMECKU HEONPEAENUMA, T.€. B KOHCTPYKLIUK MMEIOTCA u3bbiToursie
mexaHudeckne censn. Ecnu npu pacwére nonyuum wmcno fl,>0, TO B KMHeMaTuke
He XxBaTaeT MexaHnyeckux cenasen. INoatomy cobnmoaars ycnoswe H,=0.
C ucnonbaosannem dopmynet (2) knaccuuuyupyem 9 suaos wranr (puc.d) ¢
pa3nuuHon kuHeMaTnkon paboTtaiolux Ha pacTAxXeHue-cxarTue, NpPeAcTaBnAownx
coboit  kombuHauwn WapHUPOB  (Chepuyecknx W KapAaHHbiX) W BEAyLnX
MEXaHW3MOB (TENecKONUUECKOro THNa ¢ BPalaioWMM ¥ He BPALLAIWNM LITOKOM,
HanpaenAOLEro W NOBOPOTHOrO Twuna). M3 arux 9 BUAOB wWTaHr MoryT BbiTb
CVHTE3NPOBaHbl Pa3NuuHbie TUNbl 06opyA0BaHWA NnapannentHOn CTPYKTYpbI.



Puc.4. Knhematwku 1uraur.

Friasa 3. NTeomeTpuuecKoe onucanue kuHemaTuky obopynosaHun napannens-
~HO# CTPYKTYph! TMNA “rexcanoq’”.
AN u3ydenun ABIKEHWA MEXaHW3Ma, HEAOCTATOMHO 3HaTh ero CTpyKTypy, T.e.
" YWENO 3BEHLEB, YHUCRO U KNACCh KMHeMaTudeckux nap. Heobxoaumo Takke 3HaTbL
~pasmepb! OTAETbHLIX 31EMEHTOB, BAMAIOWNE HA ABUWKEHNS, B3AUMHOE NONOKEHNUA
_ 3BEHLEB U T.A.
B CBA3W CO CROMKHOCTLIO MATEMATUYECKOTO OMUCAHUSA KUHEMATUUECKOW CTPYKTYpb
nbopynosanuna Tuna "rekcanop’ Heobxoaumo pasbutb e Ha MPOCTble COCTaBNA-
OWME 3NEMEHTLI W OTASNIBHO ONUCaTL TEOMETPHIO B BUAE CUMBONbHLIX NapaMeT-
POB ANA AANLHEMILETo MaTEMaTUYECKOrO MOASNNPOBAHNA HA KOMNLIOTEPe.
FINR ONUMcaHuA recMeTpuiecKux NapaMeTpos UCNONL30BaNKCh:
- KOOpAVMHATHAR CHCTEMA WINUHAENbHOW nnatdopmbi B BUAE koopauHart
abCconNTHOrO pacnonoOXeHus LWINUHAENA 8 NPOCTPaHCTBE C nNepeMeHHbiMK
{x; ¥i 2, .0 B3, .1} NapameTpamu,
- KOOPAMHATHAA CMCTEMA LUAPHWDHLIX COeAMHEHWA Ha nnardopme
B BWAE OTHOCWTENLHOTO PACrONOKEHUA LWIECTU IAPHUPHBLIX COEANHEHUR
OTHOCUTENbLHO WNUHABTBHOMN nnatgopmbl c NOCTOSHHBLIMM
(0 Yt 2o 200 B pi 37 p ) Y NEPEMEHHBIMU { '\, B i} NapameTpamy;
- KOOPAWHATHAR CUCTEMA LLAPHUPHBIX COEAWHEHUA HA OCHOBAaHWW B Buae
aBCONIOTHOrO PacnoNOXEHWA WECTU LWAPHUPHBLIX COSAUHEHNA C NOCTOAHHBIMK
{0 Yoi 2bi :Oni P ¥} M NEPEMEHHBIMU { a,y; ,fii} NAPEMETDAMM,
- KOOpOAWMHATHAA  CUCTEMA  KONMU3UK  3NEMEHTOB, FAe  ONuCaHo
KOHCTPYKTUBHOE OTPAHUYEHWE NpW CTONKHOBEHWM 3NEMEHTOB tuUTaHW Co
wyaxro# ¢ napamerpamn (Pi = (X ¥ Zida i ¥ Prg.p= oy Yy & g, §) W ALITaHTI
CO WIMHAENeM C napameTpamu (P, » = (X Y 2i} s, oM Pig oy = {5 Y 2 o)
- KOOPAMHATHAS CUCTEMA OFPAHUYEHUA YINa WapHWpos, rAe ONUCaHO KOH-
CTPYKTMBHOE OrpaHuyeHue yrna HaknoHa wapHupos B suae GyHkumm f3,= fl.a,)
(puc.15), A
OCHOBHbIE FEOM @TpUHeCKue NapameTpbl NPUBEAEHa Ha PUC.5, rae nokasaxa:
- OCHOBaHWe W wWNuHAenbHas nnargopma (puc5 noamums 1 wn 2
- COOTBETCTBEHHO);
- WToK w4 yanuHap wranmm (puc.5 nosuyua 3) ¢ NepeMeHHbIM BLINETOM

wraHr {q; 9> ;5 G4 s qe} -

Hy,+dH,

Fon
3

b

%
7

R

X
Puc.5 leomeTpuyeckue napameTps 060pyAOBaHUA Tuna “rexcanoa”
1- OCHOBaHKe, 2- WNWUHABNBLHANA NNAThOPMA, 3- LWTAHTYK, 4-LaPHUPLI,
5- paBoues npocTpancTao
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leomeTpus sapanHoro pabouero npocrpaHcrsa obcnyxusaemoro paBouum
OpraHoMm NnoKa3saHa B BUAe uunuHapa C napamerpamu R, H,,, (pnc.5 nosuyus 5).
“OnucaHHbie Bbllle reomeTpudeckue napamerpst obopyaosanus Tuna “rekcanon” s
Bule CUMBONbLHLIX NApPaMeTpoB MO3BONAIT B AanbHelleM CcMOAenupoBaTh
KWHEeMaTUIeCcKNe CTPYKTYpPsi B BURE TPEXMEPHOTO M306paxeHns Ha KOMNbIOTEpe.
Maesa 4. Marematnueckoe onucanve KuHematukn obopyaosaHus
napannensHOM CTPYKTYpb! THNa “rekcanoq’.
flpu pewenun 3apay npoexTuposaHus v ynpasnexus ofopyaosaHuem Tuna
"rekcanon” npUXOAUTCA ONPEAENisATE KaK NONOKEHWA €70 3BEeHLEB OTHOCUTEMbLHO
HEMOABUKHON CUCTEMB! KOOPANHAT — aBCOMOTHLIE NOTIOKEHUA 3BEHLEB, TaK 1 MX
OTHOCUTERLHBIE NONOXeHus — 0606uidHnble xoopauHaTel. Mepaan 3afaua HaabiBa-
€TCA APAMOR, fAe ONPEeesOTCA TOUHOCTHLIE W XKECTKOCTHbI® XapaKTepUCTHKU
obopygosanun, a BTopas — obpaTHOR 3afiauet O NONOKEHNAX MaHKUNYNATopa, rae
onpepensotca pabovee npocrpancTso obcnysusaemoe pabounm opraHom.
Peiuenne obparHon 3agaumn — onpeaeneHue oGoGLIEHHLIX KOOPAUHAT NPU 33AGHHOM
NONOXeHUH BLIXOAHOTO 3BEHa CBOAUTCA K NEPEMHOKEHMIO MaTputl. py n3BecTHbIX
- 0606WEHHBIX KOOpAMHATaX onpeaeneHne MONOXEHNA BLIXOAHOTO 3BEHA ABNSAETCA
Bonee cnoxHOW 3aAaueit, TaK KaK 3TO CBA3AHO C PELUEHVEM HENUHERHLIX CUCTEM
_anrebpawieckux ypasHeHuil. IDhEKTUBHLIM METOAOM PELIEHUA NPAMONA 3afauun o
NOMOXEHVSAX BLIXOAHOTO 3BEHA ABNACTCH UCMONL3IOBAKNE MATPULLI Fxobu.
WMasecTHo, 4To ananuTuueckoe onucanue pabouero NPoOCTPaHCTBA KMHEMATUYeC-
KOW CTPYKTYpbi 4PE3BbIMAAHO 3aTPYAHUTENLHO KM3-3a GONLLUOIO Yucna orpaxuum-
Baloumx pakropos. [loaromy onucaHue pabouero npoctpancrsa MoxeT 6Bbith
NPOBEAEHO TOMBbKO YUCMEHHLIMU METOAAMU N0 CNeLManHOMY anropuTMy (puc.6).
CywHocTs anropuTma 3akmiouasTcsl B TOM, 4to paboquvit opraH cKaHupyet
(NPoOXOANT) NO  3aMKHYTOR FPAHULE OFPAHUYEHHOW 3MEMEHTaMK KOHCTPYKLM
KuHematuku, oTa rpanuya obpasosuisaetr pabouee npoCTpaHCTBO. Kaxabit
oTAenoHbit G50k anroputma npeacraenser cobOM COBOKYNHOCTL MHOXecTBa
3MeMEeHTapHbIX MaTEMaTUYECKUX BbIMUCNEHWH, KoTophie nNoapobHo paccMoTpensl 8
auccepraymonHon pabote.
Ana onpeaerieHns MECTKOCTHBIX W TOMHOCTHLIX XapakTePUCTUK KMHEMAaTUUECKOW
CTPYKTYphl YROOHO ucnone3osate matpuuy fAkobu (dopmyna 3). Ona npeacras-
- naet cobol KBagpaTHYIO MaTpuuy 4acTHOrO NEPeAaTouHOr0 OTHOWEHNA KMHEMa-
TUYECKOA CTPYKTYPbI. YKECTKOCTL KMHEMATUYECKOR CTPYKTYpw (ropmyna 4) Tuna
“rexcanog” Byaem paccMaTpuBaTb B 3ABUCMMOCTU TOMbKO OT XECTKOCTU LUTAHF
(ocTanbHble 3neMeHTLl NpMHUMaeM kak abconioTHO Teépase Teno).
TouHocTs kuHemaTnueckoi CTpykTypb! (popmyna 5) Tuna “rekcanop" Gynem
paccMaTpuBate B 3aBUCHMOCTM TONLKO OT NOMPELUHOCTH  BLITETA  LUTaHT
(NOrpetHoCTL OCTaNbHLIX 3IEMEHTOB HE YUYUTLIBAEM).

KOOPAMHBTHOG nonoXeHne
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Puc.6 Anroputm nocrpoenun pabouero npocTpaHcTaa
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on a(q) a(q) a() a(q) a()
- I ! ) 4] q
X5 Vs 8z ag 2 B ! dyg !
ad a
(q2) (q2) (g2) —(q2) (g2)
dxg 2 9y 2 dzg 92 dag 92 2 B 12 dyg (@2)
) 7] 0 (3)
(q3) (q3) (93) (93) (93 —(g3)
{Jak] -1 3 xg Vg dzg ag d By 3y
9 (94) 2 (94) (q4) (94) (94) 2 (94)
q4 4 q q q q
dxg Y dzg 4 dag 4 d By 4 dyg 4
’ (as) ——(s) (45) ——(as) s) ——s)
5 5 S 5 q5) T4
. Xg Vs dzg dag 28 dys 3
(q9¢) 2 (96) (46) 2 (q¢) (g¢6) 2 (a6)
6 6 4 -\ q -4
- | dxg 3y zZg 6 dag 6 a B 6 3y 6
: {F1
Url=s —————— (4)
[Jak} x[jq]x[./nk] x [Fg]
rne Url=ti, jy TV 5 jy ]T-xécrxocn: KMHEMaTUYECKON CTPYKTYpbLI;
- PUFI= Fy s e M ﬂMs rMs ]T- CUNBI ¥ MOMEHTBI, NPUIOKEHHBIE

" K TOpLY MHCTPYMeEHTa;

g1~ KBaApaTHan MaTpuLIa XECTKOCTH LUTAHTW HA PACTRAXEHWE-CXaTUe.

B

T .
rne [A%ar 1=10¢ Ay Az Aa AB Ay) - TOUHOCTb KMHEMATUHECKOW CTPYKTYPbI;

IAqi]:[Aql Aqy Aq_; Agy Bqg By ]T- AOrPELHOCTL BbineTa LTaHr.

[(Brpx ) = " [Jak] !

XIA(/{]'

)

Peannsauua maremaruueckux MoAenedt Ha KOMNbIOTEPE OCYLECTBNAETCA Ha

- fA3bike nporpammupoBaHna C++ C nOAREPKKOW TPEXMEpHOH
. -6ubnuotekun B
MHCTPYMEHTaNb Haa cpeaa npoekTupobanus o06opyaosaHnusa Tuna “rexcanol”.

BAAE 3AKOHYEHHOIO nakeva nporpaMMm

rpacgu4eckon

— BC& 3T0 eCTb

- masa 5. WwHcTpymeHTannHas cpeaa AanAa  nposefeHust  ONTHMWM3IALUW
obopynosaHust Tuna “"rexkcanon”.
fpu npoexTuposanum obopyaoeanua Tuna "rexcanoa” KOHCTPYKTOp AonxeH obna-

. AaTb focratoyHo rnyGoko# MaremaTUyeckon ¥ KOMAbITEPHOW NOAroToBKONA. [lau-

Hoe obopyaosanue npeacrasnaeT cobol CNOXHLIA MaTteMaTUHeckuin 0OLexT, KoTo-
puil ANA KAYECTBEHHOTO NPOEKTUPOBAHUA TpebyeT LMPOKOTO NPUMEHEHUS KOM-
AbloTEpPa C TPEXMEpHLIM u3obpaxenvem obbexTa. pu 3TOM OCHOBOR ANR NPOEK-
TUPOBAHUA CNY>KNT WHCTPYMEHTanNbHas Cpefa B BUAE 3aKOHYEHHOro nakera npo-
rpamm. YuuTbiBas CNOXHOCTL 33/1a4 NO palUOHansHOMY Ha3HaYeHWIo napameTpos
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3NEMEHTOB KOHCTPYKUMM,  peanu3oeatb 3Ty 334a4y B UMUCIIEHHOM BUie He
ynaevcs, eé petleHue BOMOXHO TOMNbKO 8 TECHOM OUaNore YenoBexka u Komribi-
Tepa (puc.7). Kpome atoro, B CBA3W CO CNOXHOCTLIO U BOMbLION MacwTabHOCTLIO
nuccneaosaTensckon paboTbl BO3MOXHE! OmMbBKK B PyUHOM pacuére, 4To yxyawaet

LEHHOCTb MOMyUeHHLIX pedynbratos, noatomy B pabote MmakcumansbHo
MCNONb30BaHb! aBTOMATUINPOBAHHBIE PACYETHI, KOHTPONNPYEMbIE HENOBEKOM.
Komnsiotep
Moaenb
BxoaHbie Buixoambie
napaMerpbt ’ obbekra ’ napamertpel
| > v |
Tpaduueckan
Pewenue ‘— ) ‘- BU3yann3Iaumn
obvexra
Untennexr uenosexa Mouurtop

Puc.7 Qnanor 4enoBexa n KoMnbLIoTePa NPW ONTHMW3ALNU NAPaMeTpon.

B cipyxtype muanora (puc.7) "komnbioTep” npeacrasnser coboi uicipymen-
TansHyIo CPefly, FAe WMEIOTCH BXOAHbIE NapaMeTpsl, MoZers 06bexTa n BuixoaHbIe
napaMeTpsl. B kauecTBe BXOAHbIX NapaMeTpoB WUCTIONLIYIOTCA reometpudeckue
napameTpsl o6opyfoBaHus Tvna "rekcanon” (paCCMOTpeHo 8 rmase 3). Moaerns
obvekTa, rae npeobpa3os|niBalOTCA BXOAHLIE NapaMeTpel B BLIXOAHLIE AAHHGBE,
OCYWECTBNNETCA HA OCHOBE MaTeMaTUUEcKoro  MoJenuposawus  obbexra
(paccmoTtpeHo B rnaee 4). BoixoAHbie napaMerps! UCRONL3YIOTCH U8 BhiBoAa
napameTpoB XapakTepucTuk uccnesyemoro obbexta (paccmotpeno 8 maee 6). B
"monuTOpe" otobpaxaetca wHdopmauma Moaenupyemoro ofibexta B suie
Tp&xmepHOro rpaduyeckoro usobpaxexus.

B naxHolil rNase paccMOTpeHa CTPYKTYPa UCNONbL3OBAHUA TPEXMEPHOTO uHTEpden-
ca MHCTPYMEHTanbHOW cpeabl (puc.9) U MEeTOAOMNOTUA NPOEKTUPOBAHUA K ONTHMU-
3aunu reomeTpudeckux napamerpos obopyposaHua Twna “rexcanoa” (puc.9).
CTpykrypa wHTepdeiica UHCTPyMeHTanbHO! cpenbt (puc.8) npeactasnsiet coboit
MOUHYIO Tpaduueckylo CUCTEMy, FAe NONb3oBaTemio (KOHCTPYKTOpY) Aa&rcs
BO3MOXHOCTb HarnAfHO BUAETL NPOUECC MPOEKTUPOBAHUA NPU BaPLUPOBAHWM
reoMeTpu4eckux napameTpos. Mporpamma no3sonseT Takxe co3aats 6asy AarHbIX
NPOEKTMPYEMbIX W CyLIeCTBYIOWMX CTaHkos "rexcanon” B ¢aine: *.hpd. Kpome
3TOr0 MOXHO NONyNuTL WHGOPMALMOHHBIE JaHHble XapaKkTepucTvk NpPOeKTH-
pyemoro obopyaoBaHus no pabodeMy NPOCTPAHCTBY W NO TOYHOCTH U HECTKOCTHU
KuHeMaTvuyeckon cTpykTyput B paitne: C_WS.ixt n C_J.ixt cooTBeTCTBEHHD, a NPH
ucnons3oBanum nporpammst Microsoft Excel o6pabortate aaHHbie xapakTepucTUku
obopynosaHun.
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Puc.8 CTpykrypa MHCTPYMEHTaNbLHON CPeAbl NPOrpaMmbl.
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Tpebosanuna k 06opyacearuio TMNA
"rexkcanod”

v

MpeagapuTenbHoil PacHET reoMeTpun
060opYAOBaHUA THNA “rekcanol”.

v

ViccnepoBaHue NNOCKOCTM MaTputib Axobu
(MccneaoBanmne XECTKOCTH, TOUHOCTH)

Usmedenne Tpebosanui
K 0BOPYAOBAHMIO TUNA
“rexcanop”

YA0BRETBOPAKIT N NONMYHEHHDIE JHAYSHUR
MCCnep0BaHuA TpeByeMbiM NapamMeTpas.

Aa HeT

Aa | HET

BoamMoxHo N1 AaNbHehuee
UIMEHEHUE TEOMETPHHECKIX
napamerpos

A

v |

WUccneposatue obvéma pabodero
NPOCTPAHCTBA KOHCTPYKLNN 3NEMEHTOB

YA0BNETBOPRIOT N NONYUYEHHbBIE 3Ha4eHURA
nccneposanua TpebyeMbiM napaMeTpam.

Aa l Het

+ I

MNnannposaHue TPAEKTOPUN NEpPeMeLLIEHnR
wnuHAENa

Yy

Wceneposanne 06bém pabovero
APOCTPAHCTBA KOHCTPYKLKK LAPHWPOS

YA08NeTBOPRIOT X NOTNYUYEHHDbIE 3HAYEHNHA
ucenefosaHuR TpebyeMbiM NapameTpas.

Aa I Her

* L

COOTBETCTRBYIOT NH ONTHMATbHLIE
napameTpbi 060PYAOBAHUA TEXHHIECKUM

TpeboBaruAM
Aa l Her
OnrumansHbie MNpvmenenune
reomeTpuyeckue KAHEMATUKN
napameTpol ofopyaoBaHua obopyaoBaruns
THna "rexkcanop” Apyroro Tuna

PuC.9 ANroputM KOHCTpYUpoBaHua 06opyAcBaHUA Tuna "rekcanop”.
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B anroputme npoextnposanusa oGopyaopanusa Trna “rekcanof” (puc.9) npeacras-
fleHa NocneaoBATENLHOCTL NPOEKTMPOBAHWA C UCNONL30BaHuWeM paspaboTaHHoW
nporpammet, ok anroputma “tpeBosanus k oBopyaosannio” ssnaeTca Haubonee
BaX(HbIM 3TaNOM NPOEKTUPOBAHWA, [Ae NPeACTaBNeH KAce 3aaad AN NPOeKTMpo-
Banun obopypoBanmuA. ITu 3anauv AOMKHbI ObiTh O4YEHbL TOMHO ONPEeAEeneHbl,
NOCKONbKY He cyllecTayeT obopyaosaHus CNOCOBHOrO BLINONHATL HEOIPAHUYEHHO
wmpokue 3agauu. Takum obpasom, Texnonoruueckaa rmbkocte obBopyaoBaHus
AOMKHa paccMaTpvBaTtbCs| NUe B Npedenax Kracca 3afad, ANA KOTOPLIX OH
npepHasHaded. [lpn atoMm oxonuatenoHoe copuuposanue Tpebosanuik Ans

. Aanuoro 0bopyA0BAHUA OCYLIECTBARETCA NYTEM UTEPATUBHOTO 3Tana NPOEKTUPO-
BaHuUA NO aNropuUTMY KOHCTpyuposanus obopyaosarus Tuna “rekcanog” (puc.9).

~ Micnonb3osalne ¥ NPUMEHEHUe UHCTPYMEHTANbHOR Cpefibl U anropuTMa MEeToRO-
_NOfUK NPOEKTUPOBAHWA NO3IBONSET NONL3OBATEND HAMAAHO NPOBOAUTL NOTHO-
macwtabhyio uccnepoearensckyio paboTy Ha KOMNLIOTEPS U NONYYUTL KAYECTBEH-

" Hble 1 KONMYECTBEHHbLIE Pe3ynbTaThl NPOEKTUPOBAHUA oBopyaoeanua "rexcanog”.

XapaxkTepucTuk NPOrpaMMHOIc NPOAYKTa NpegHasHaYeHHOro ANR NPOEXTUPOBa-

Hus o6opyaosaHus Tuna “rekcanog”:

- MNporpammubiit NPOAYKT OpUEHTUPOBAH Ha UCNOML3OBAHWE KOMMbIOTEepa Tuna
PC Pentium nnu ero axnanoru.

- Tpebyemas onepauuoHHas cucTemMa AnRA  peanu3auun  porpaMMHoro
npoaykra Windows 95 nnu sbiwe.

- Opadieep Buaeocanantepa ans otobpaxenus TpExmepHoro uzobpaxenvsa Ha
MOHWUTOpPE [OMKeH noaAepkuBaTh rpacmueckylo cuctemy Open GL
(pekomenayeTCcA  YCTAHOBMTL  rpaduueckuii  yckopuTens,  YCKOPRIOU{MA
TpéxmepHoe niobpaxenue obuexTa).

- {lporpamma peanuaosana Ha Microsoft Visual C++ version 6.0 ¢ nopgepxxon
TpéxmepHon rpagudeckon Gubnuoteku Open GL.

- O6wmit 06vém npopykta okono 4MB, 8 ToM uncne ainst AaHHLIX 10
cTaHkaMm "rekcanop”.

."nasa 6. Kpurepun oueHxu BbiGopa reomeTpuyecKUx apameTpos

obopynosanus TMna "rekcanon”.

* TpuMeHenue pa3paboTaHHO! NPOrpaMmMbl NOATBEPAMNG, UTO pabouyee NPOCTpaH-
‘cTBO, obcnyxmeaemoe pabouum opraHom y oBopyaosanus “rexcanoa” npepcras-
nset cobon crnoxHyio npocTpaHcTaeHHyto cdopmy (puc.10). Ero nosepxHocTb 3asu-

. CWUT OT MaKCUMaNbLHOIG ¥ MUHWMANLHOTO BLINETA WTAHI, OT KONMU3auK (nepeceve-
HUM) KOHCTPYKLMM LUNMHAENA CO WTaHron (NoBepxHocTs pabouero npoctpaHcTea
MUMeeT KPacHbii LIBET) ¥ OT KONMU3UK WTaHT (NOBEPXHOCTL pabovero npocTpaHcTaa

-~ MMeeT CuHMMA UBeT), a hopma pabouero RPOCTPAHCTBA 3aBUCUT OT KOHCTPYKTUBHbBIX
napameTtpos oBopyaoBanus U OT YrnoBOFO NOMOXeHUs NNaTtgopMbl. CROXHLIA
06bémM pabouero npocTpancTBa 3aTpyAHAeT NpoexTMpoBaHue obopyaosaHvs.
Moatomy Ans HarNRAHOCTU UCNOSILIYEM FOPU3OHTANbHYIO YCEUBHHYIO MNOCKOCTL
pabouero npoctpancrea (puc.11).

N7 74
N,
\

N
¥

Puc.10 ®opwma pabouero Puc.11 Nonepeunoe cevenue pabouero
npocTpaHcTea 06opyaoBaHuA TUNG npocTpaxcTea. 1- peansHas hopma cedeHua
“rexcanog”. pabouero npoCcTPaHcTBa, 2- OKPYXHOCTE UUAKHADA
pabouero NPocTpancTBa, 3- OKPYKHOCTL BIIUCAHHAR
BHYTPM ceuerusn pabouero npoctpanctaa, 4- yeHTp
nnockocTu pabouero npocrpancraa.

[ina adHanu3a paboyero NpoCTpaHcTBa UCMOML3YEM TPU KPUTEPUR:

ws
ks = ’ (6)
ws
2 2
kc - (XWS u yWS) , (7)
RWS
y
kg = arcig(—>), @)
x
ws
rae k., — BENMUNHA, XAPAKTEPU3YIOLLAR OTHOCUTENbHLIA BINCHIBAE-

MbiA PAANYC OKPYXKHOCTH (OKPYXHOCTL BNUCaHa BHYTpb pabodero npocTpaHcTeay,

k., ~ BEnu{UHA, XapaxTepu3yrouwias OTHOCUTENLHOE CMeujeHue
LEHTPA OKPYXHOCTN pabouero NpOCTPaHCTBA OTHOCUTENBHO OCH Z;

k, — YrOn XapaKTepusyioliMid CMELieHe UEHTPa BMUCaHHOM
OKpYXHOCTU pabouero NpocTpaHCTsa OTHOCUTENLHO OCK Z;

Fus — PAANYC OKPYXHOCTM BNWCAHHLIA BHYTPb Ceuexna pabouero
npocTpancTea {puc.11 noavuymua 3) (€ro BENMYMHA eCTb OTHOLLEHWKE s,, — NNoUiaax
ceueHusi pabodero npocTpaHcTBa K p,, — NONYNEPUMETPY TPaHULbl CeYeHVA
pabouero npocrpaHcTaay),

Xus, Vus — KOODAMHATHI LEHTPA CMetyeHus cevenms pabouero
npoctpancTea {puc.11 nosuuma 4),

Rws — paguyc uununppa  pabouyero  npoctpadcrsa
(pnc.11 nosuums 2).
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TloatoMmy xapaxrepucTukt obopyaposanuns "rexcanop” no paboueMy npocTpaxcisy
ynoGree naobpaautb Ha rpadmke (puc.12) s Buge ceuenus pabouero npoctpaHicrea
G y48TOM (CANOLIHAA NHKA) 1 683 YUETa (MYHKTUPHAERA NUHUS) KONMKaUA SNEMEHTOB,
A€ NNOCKOCTb CEYEHUA NPOXOAUT Yepes OCb Z W napannensHa ocH LLNMHAENA
(aHann3 nokasan, 4TO NpU UIMEHEHUW YrNa NoBOPOTa LUNUHAENA a5 COOTBETCTBEHHO
1 NOBOPOTA BEPTHKANbLHOM NNOCKOCTU CeveHna — ceueHue pabouero npocTpaHcTea
Mano mexsietcs). 3apannoe pabodee npoctpaHcTBO (UunuHAP) usobpaxaertca B
sufe npamoyrofibhuka. [pacuk pabouero npocTpaHcTsa peanu3oBaH C NOMOUILIO
nporpammel Microsoft Excel, a ganHbie nonyuenst ¢ daina C_WS.ixt npu nomouim
paapaboTanHoi NPorpamMmbt.
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Puc. 12 Ceuenue pabouero npocrpaHcTea.
1- pabouee npocTpaHcTao Be3 yu8Ta KONNU3NM INEMEHTOB,
- 2- pabovee NPOCTPAHCTBO C YHETOM KONNN3WY,
3- yununap pabouero npocTpaHcTsa ¢ napaMeTpamn K., H,...

Mpu aHanuae TOMHOCTU U KECTKOCTU KMHEMATUYECKOR CTPYKTYPH C NpUMEHEHUEM
dopmynst 4 U 5 yqutoisaem cnepyiolmne ocobeHHoCTH:
- B obopynoBanun “rexcanof” B Ka4ecrBe OCHOBHOTO WMHCTpyMEHTa ans
© meTannoobpaborkn ucnonb3yloT nansueeyio (pesy, OTcioaa  XKECTKOCTL
KMHEMBTHYECKOM CTPYKTYPhI BbIMMCHAETCA NpU npunoxesuw cun F, F, F,
(KpYTALMAA MOMEHT - MAr 1 €r0 He yYnTLIBaEM);
- [pyu pacuéTe XKECTKOCTH KUHEMATUHECKON CTPYKTYPb! HEWMIBECTHA BenuunHa
KECTKOCTH tUTaHr (KECTKOCTb LUTAHTV 3BBUCUT OT €8 KOHCTPYKUMM U BernnuuuHbl
BLIETA WTAHMA), NO3TOMY NPUMEM XECTKOCTb LUITAHMY 33 efjuHKuLy. TaKke npu-
MEM 33 eAUHULLY W NPUNOXKEHHLIS CUMIbI, U OkOHYaTenbHan GopMyna ans onpe-
Nenexnust OTHOCUTENLHON XECTKOCTU KUHEMATUYECKON CTPYKTYPHI UMERT BUA!
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HOW XECTKOCTU KNHEMATUHECKON CTPYKTYpbI;
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- ([Jak] ) - Kaxabin anemeHT obpatHoi MaTpuubt  Akobu
BO3BEABHHLIW B KBaApaT,
T
(Z1=i1111101} .
- [pu pacudTe TOUHOCTA KMHEMATW4ECKON CTPYKTYPbl HEU3BECTHZ BEeNMuWHA
AOrPELLHOCTY BbINETa WTaHT (MOTrPEILHOCTL WTAHTN 3aBUCUT OT B8 KOHCTPYKUMK U

BEnWUMHLE BLINETA), NO3TOMY MPUMEM [OrPellHoCTb WTAHIM 338 eAnHuLy,
oKoH4YartenbHas daopMyna onpeneneHua OTHOCUTENLHOW TOUHOCTH KUHBMAaTU-

HECKOW CTPYKTYpbi UMEET BUA:
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XapaktepucTuku oBOpyAOBaHWA “TeKcanoA’ MO OTHOCUTENbHOW TOYHOCTM U
XECTKOCTH yROGHO n3cOpasuTb Ha rpaduke B BUAE TPEX NPAMOYIONbHUKOB BAOL
oceit X, y, z (puc.13 noauuma 1, 2, 3 COOTBETCTBEHHO), KOTOPHIE XapakTepusyoT
U3MEHEHUE OTHOCUTENbHBIX BENNYUH TOHHOCTH U XECTKOCTK B Npeaenax Uununapa
paboyero npocTpaHcTBa. [pachuk OTHOCHTENBHON TOUHOCTM ¥ OTHOCUTENBHOW
XECTKOCTM peanuioBaH C NOMOLL0 nporpammbr Microsoft Excel, a aaumbie
nonyueHsl ¢ daina C_J.txt Ha ocnose paspaBoTanHoil nporpammbl.

MNpwu aHannae rpacukos OTHOCUTENEHOM TONHOCTU ¥ KECTKOCTM YAOGHO NCNOMLI0-
BaThL LBETOBYIO AuarpaMmy onpeaenutenn matpuubl Akobu (puc.14). Ha guarpam-
Me BUAHBLI 30HbI MaKCUMabHON BENUUMHBL onpeaennTens Matpuust Hkobu 8 auge
urypst cuHero upeTa (puc.14 noamuma 3) W 30HLI HYNEBOH BenminHbl onpeae-
nuTens maTpuusl Fkobu B Bupe durypel kpacHoro upeta (puc.14 noavuus 4).
CywiHOCTb LIBETOBOW AWArpaMMbl  3ak/iO4aeTcR B TOM, YTO Npu pacyéte
WECTKOCTHBIX W TOYHOCTHbLIX xapaxtepuctuk (popmynol 9 n 10) ucnonbsyercs
BbluucnieHue obpaTHoit MaTpuubl Akobu. NoatoMy onpegenuTens MaTpuubl AkoGu
3HAUMTENBLHO BAWAET Ha anemeHTo oBpaTHol Matpuubl fkobu, 4To cooTtBeT-
CTBEHHO BAMAET HAa XECTKOCTb U TOUHOCTbL KMHEMATUYECKON CTPYKTYpsl. Hanpumep,
npu nonapgavun paboqero opraHa B 30Hy HYNEBOW BEnWuUHbE OnpeaenuTens
mMaTpuLbl FKoBK NPOMCXOAUT NOTEPA KECTKOCTH KUHEMATUHECKOR CTPYKTYpbi.
Takoe SBNEHWEe MNOTEepU XECTKOCTU B KUHEMATMKE NapannenbHoW CTPYKTYpbi
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Ha3biBaeTca cuHrynapom. Lisetosan auarpamma onpegenvrens matpuubt Skobu

“ peanu3osaHa ¢ fIoMOULI0 Nporpammel cobeTBeHHOH pazpaboTku.

ant

T

170°

o 1 2 3
Puc.13 MNpadmx omocmenbuoa roquoéru "} ;Q/
OTHOCUTENLHOM KECTKOCTU KMHEMATWIECKOW .
CTPYKTYpHI B Npegenax uununapa pabovero
npoCcTpaHcTBa.

1-ocu x, 2-ocuy, 3- ocu Z.

MaTpuub Axobu.

MaTpuubl Akobu, 4- 30Ha MUHUMANBHOW

BENKUUHL! ONpeAenuTens MaTputibl Axobu.

Mmasa 7. OnNTHMHM3auWA reoMeTPMYECKUX NapaMeTpoB 3MEMEeHTOB Npwn
npoexTMposaHwun obopynosaHun Tuna "rekcanog”.
B 3toit rmase npusenerbl pelynsTaTtbl ONTUMW3AUMW npoekTuposanua obopy-

N0BaHKUA "rexcanod” No KpUTEpPHI0 MUHUMANBLHOrO 00bEMa 3aHUMaEeMOoro CTaHKOM

npu  obecneyennn  NPUEMNEMBIX  WU3IMEHEHWA  TOYHOCTM K XECTKOCTH

KMHEMaTUHECKOV CTPYKTYPLI B pabouem npocTpancTse. [poekTuposatie ocywiecT-
BMANOCH M0 aNrOpuTMy NPeaCTasneHHoMy Ha puc.9.

CHauana npuwseéM TexHudeckne TpeGosanua ans npopeAeHus onTUMU3aunn.

- OBopynosaHue "rexkcanof” ABMAETCA CUMMETPUYHOR KOHCTPyKumen (puc.5),
orcioaa 3agarnbit oOvéM pabouero npoctpaxcTsa wmeer uwnuHap (puc.5
nosuuun 5) ¢ pasmepamu R, = 445 um n H,, = 630 MM, npy 3TOM K03hDULMEHT

- 3phekTMBHOCTN  Kkip ~ OTHOWIEHUE

nnouaau cradka k nnowaau pabodero
npocTpaHcTea fonxeH buitb Menee 10.
- Lranrn oTtHocuTenbHo nnargopmsbl

PEKOMEHAYETCA PACHONOXMTL BBEpX,
3TUM B npotlecce meTarnnoobpaborku
MCKIMIOYAETCA KONSM3UA WTAHT O 3aro-

Fuc.15 Mpacurk ananasoHa yrna HaknoHa

180°
TOBKY, a Takke obneruaerca asToma-

TUYECKWIA NOABOA AeTanu k paboyemy
crony.

KapAaHHoro waptnpa pupmol INA,

Puc.14 LiseToBan guarpamma onpeaenurens

1- mopent 06opyaoBanus Tuna "rexcanog”,
2- ynnruap pabouero npocTpaHcTea, 3- aoHa
MaKCUMansHOA BENUUMHBI onpeaenuTens

1Y -

- MakcumarnbHbil Yron HakioHa wiiHaens coctaBnaer 45°% Ans ycrpaHenus
NOMOMKM tLIAPHUPOB, MAKCUManbHLIR 4UANa3oH YrNa HaknoHa AOMKEH COOTBeT-
CTBOBaTb GNpeAenEHHbIM XapaAKTEPUCTMKAM KOHCTPYKLIMK WwapHnpos (puc.15).

- MakcyMansHbiit U MUHUMaTbHBLIA YTON HaxnoHa wapuupa f (puc.16) cocrasna-
et cooTeeTCcTBeHHO He Gonee 80°u He Menee 159 3TUM UCIUTIOYBETCA BO3IMOX-
HOCTb KOMNU3MW  (CTOMKHOBEHNA) LUNUHAENLHOW NNAT(OPMbl € KOPNYCOM
OCHOBAHUA.

- [lnana3ox BbifNeTa wWTaHr coctaenser AL, = 1000 MM, a napaMmeTp LLTaHru
Loyoming = 200MM 11 Lyminy = 100MM, BLINET LUAUHAPA WITAHIY H, RONXeH COCTaBNATbL
HE MEHEee NONOBUHLL ANMMHE! CyMMbl NApaMeTpos AL, + Ly + lmay (PvC.5), 3710
YMEHLILIAET CBUCEhME UMMUKAPA WITAHIM, HaAxXOAAUIerocR 3a  KOPNycoMm
OCHOBaHMA, rae 3akpensién anexrponpueog, MabapuTtHoit pasmep wnuHAensa Ha
nnatdopme coctasnner R, = 100mMM v H,, = 500 MM, BbiNeT UHCTpyMeHTa 8
cpepHem cocraensert [, = 200 mm.

- Mlpy yBenwueHuu yrna Haknowa winuHaens b, HeoOXo[uMo  MuHUMansHoe
naMeHeHue Gpopmbl paboyero APOCTPAHCTBA C YHETOM KOMIMIUN J1EMENTOB, NO '
cpaBHeHwnio ¢ pabounum npoctpaHcTeoM Ges yuéta konnuauw anemextos. ins
3TOr0 cnegyeT BapbUPOBaTh reoMeTpuueckue napaMerpst R, w K, -- paawyc
LWAPHUPHBIX TOYeK Ha NNaTgopMe ¥ Ha OCHOBAHWN.

- 30HbI MAKCUMArbHOW BENUYMHEL oNpeaenuTens MaTpul Akobu BnaronpuaTHo
BAMSAIOT HA XapPaKTEPUCTUKA OTHOCUTENLHOW TOHHOCTH Y XECTKOCTH. [oatomy npw
BEPTUKANLHOM MOMOXEHUN LWNVHABAA BbIOMpaeM reoMeTpuyeckue napamertpul
o6opyaoBaHuA Tak, 4Tobb! 3Ta 30Ha HaxOAWNacL BHYTPW uuMHApa pabouero
npocTpadcTBa. [ins 3T0ro Crneayer W3MEHATh [eoMETpr-eckue napameTphi
H, — pacCTosHue OT TOpUa LMNUHAPA WTAHM [0 OCK WApHUPA HA OCHOBAHWK U
H,, — BbICOTY WAPHUPHBIX TOUEK HA OCHOBAHUMK.

- INA NCKMOYEHNS PE3KOTO YXYALIEHWA BENUYUH OTHOCUTENBLHOW TOUHOCTU U
WECTKOCTY BAOMNL OCEN KOOPAMHAT X, Y, Z, Npy BONbLIKX yIMEX HAKNOHA unuHae-
nano B = 40° HeoBxoauMO n3berars NONAAAHUA 30HLI MUHUMAENLHOR BENUUNHGI
onpepenvTena mMatpuubl Akobu B npeaensi paboyero npocTpaxcTsa. [ins 31070
cneayet nonofparts reoMeTpuyeckne napamertpol R, H, — paguyc n BbICOTY
IIBPHUPHLIX TOueK Ha ocHosawmn n dH,, dH, — pasHnua BLICOTHI BEPXHUX W
HWKHUX TPEX LIAPHUPHBLIX TOYEK HA OCHOBaHUM U Ha NnatgopmMe.

- [InA ynyuLieHus xapaxrepucTnk OTHOCUTENBHOR TOMHOCTU NP NPOEKTUPOBAHIK
obopynoBaHun “rekcanon” HeoOXoAUMO PacnonoXuTs LECTb WapHWpoB Ha
nnatopMe U Ha OCHOBaHMM B BUAAE PABHOCTOPOHHETO Tpeyronbhuka. Ha Takoe
pacnonoXeHue LIAPHUPOB BNUAIOT Creayiowue reoMeTpuyeckue napameTpbl
dW, w dW, — pasHuLa yrnosoro NOMOXEHWA OTHOCUTENBHO BEPXHUX W HYKHWX
TPEX LAPHNPHBIX TOYEK Ha OCHOBaHWK M Ha Nnartgopme.

- MyHuManbHan BenuuuHa xéctkocty obopynosanus B npepenax uunuHapa
pabouero npoctpawcTea noabupaercA Takum obpasom, utobe B npouecce
MmetannootpaboTku norpeiwrocTs obpabaTbiBaemMon NOBEPXHOCTH COCTABNANO
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OKORO | mra  NPU  WU3BECTHOW BeNWMUHE JKECTKOCTW OJHOW WWTaHfM  Ha
. pacTaxeHve — CxaTtue. JTUM UCKMoUYaeTca pyyHan obpaboTka no ucnpasneHunto
~6paka, n COOTBETCTREHHO OTnaaaT Tpebosanua K onepauun wnudoBaHus, T.e.
NPy yrnNe Haknoxa wnuHaens A0, = 40° MuHuMarbHbik napameTp OTHOCUTENbHON
KECTKOCTW [OMXKEH COCTABNATL HE meHee i = 0,/.
- TOMHOCTb NOMOXEHUA WINUHAENBHOK NNAT(POPMbI COCTABNAST OKONO [ MM, NpK
M3BECTHOW BENWYUHE NOTPeLHOCTN NONUNOHNPOBAHUA BbiNETa OAHOW LITAHIMW,
T.6. NPU yrne HaknoWa wnuHaensa f, = 40° npepenbHbliil NapaMeTp OTHOCH-
T2NLHOW TOUHOCTH HE AOSKEH NPEBLILATL 4 = 5.
[anee ¢ nomouwibio nporpammel Microsoft Excel npowiseném npensaputensHbii
‘pacqéT reomeTpuu obopygosanus Tuna “rekcanog” (puc.16) Ha ocHose
-paspaboranHbix TexHuueckux Tpebopanui. Ou Heobxogum ANA BHECEHUR B
paapabotanHylo nporpaMMmy reomeTpudecknx napameTpos, YTO B AanbHeieMm
‘no3sonsieT aHanuWIMpoBaTL CTAHOK M0 kpuTepuam pabouero NpocTpaHcTsa u
"OTHOCHTENBHON TOYHOCTU W KECTKOCTW.
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Puc.16 Cxema o6opyaoBaHuA Tuna "rexcanoa”
1- ocHoBahue, 2- WnkuHAensHan nnatgopma, 3- wranra,
4- wapHupsl, 5- pabouee NPOCTPaHCTBO.
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Puc.17 I'pacdux 3aBUCHMOCTH AHaNa3oHa BLINETA WTaHw AL, OT YrNa HaKnoHa
waphupa f. 1- kpubas yHkuuu AL(F), 2- xuHemaTuka ¢ GonbLuMM Yrnom
PACXOXAAOHUA WITANKF, 3- KKHEMATUKA C MANLIM YINOM PACXOXAEHWUA WTAHT.
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A

PaccMoTpum rpaduk 3aBUCHMOCTY AvaNas’oHa BLINETa WTaHMM 4L, oT pnanas3sona
yrna Haknosa LiapHupa S npu noctosHHOR BenuuuHe paBouero npocTpaHcrea
{puc.17). U3 rpachuxa cnefyer, uTo npu NOCTOAHHON BenuuuHe patouero
NPOCTPaHCTBA C yBenuueHuem eenuqutbl 38 fuanasoue ot {15 609 po {35 809
BENVMUNHA IMANA30HA BLINETA WTaHM Al yMeHblaeTes.
Mpu onTvmM3aLuK reoMeTpuyecknx NapaMeTpoB B AUANA30HE W3MEHEHWH yrna
HaKnoxa waphnpos g ot {155 609 po {355 809 paccmMoTpuM ase Cxembl oBopy-
fosanus Tuna ‘“rexcanon” (puc.18 nosuuma 2 n 3) ovnuuawmecs yrnom
pacxoXaeHus WTaHr:
Ry - R
ay =2-astag ——2-y, (11)
H g? ALq

rae napameTpsi cMm puc.6.
Mo pesynsTatam aHanuiaa AByx Cxem CraHkoB Tuna “rexcanog” OTNUYAIOLLIUXCS
YIiOM DacXOXAEHHA WTAKF MOXHO CAieNaTk BbIBOA O LienecoobpaHocTu Knaccu-
dukaunmm Takoro obopyAOBaHUS HA CTAHKM € Manbim (no 459 u Gonbuwmm
(cBbite 659 yrnoM pacxoxaenua wranr. CTaHku OTHUUalTCn rabapuramu pasme-
PaMu KOHCTPYKUMeN WNUHAENbHOW nnatdopMet (cM. Tabn.1), a Takke pabouum
NPOCTPaHCTBOM U NOKA3ATENAMNA OTHOCUTENBHON TOMHOCTU 1 XECTKOCTH (pnc. 18).

Tabnuya 1 TeomeTpuyeckue napamerps 060pyaosaHun Tqu:rexcanog"‘ {Mrr)

C BONbLUMM YINOM PACXOXACHHA | C ManbiM YrNOM PACXOKAEHUA
Koncrpykrussmii wraur (B ckobkax garbl wraHr (8 ckobrax ganul

napamerp napameTps 060pyacBaHUA napametpul ofopyposarnnem
MHCTUTYTa DpayHrodep) Gupmul flanux)

R A 1264 (1340) 1020 (980)
dR, Frrenle conpll ot eve 220 (0) 0 (0)
Hy - oo®nm SRRl -Haish, Qi 1800 (2010) 1780 (1745)
dH, 0 (500) ..o
Ry ~iveom 200 (200) 340 (314)
drR, 0(0) 0(0)
Hy ~ %% craag 100 (50) 100 (40)
dH, 400 (400) 0 (0)
H, 1054 (950) 800 (922)
d. 1060 (1000) 1600 (1000)
lg @i g 1360 (1400) 1300 (1059)
Rug Pavoge pod- figecip. 445 (445) 445 (608)
Hes boicoin yasmdds pob rrpoere 630 (630) 630 (630)
av 65°(729 44°(409

Mpu ontummnaauun obopynosaruu dpayHrodepckoro nHCTUTYTa Bbin CHUXEH
006béM 3aHumaemoro craHkom (Ha 33%), a B cTaHka upMbl Jlanuk ucknioueHa
06NacTb peskoro U3MEHEHWst TOMHOCTM M XBCTKOCTU I NOKA3aHa HeoBXOAUMOCTb
U3MEHEHUA TEOMeTPUYECKUX NapaMeTpos NpU fepexose OT UIMEepUTENLHON K
obpabarbisalowei cucteme, HanpuMep npu BONLLMX YINAaxX HAKIOHA WAMRAENA
(A = 40° + 609 ecTb 30Ha NONHOK NOTepu XEcTkoCTH. B Tabn.1 napameTpnl a0
ONTUMU3ALIUK NOKa3aHb! 8 CkoBKax.
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- Beirenum xapakteprvie ocobenHocTu obopyaosanna “rekcanon” Mansim (40 459 u

Gonbwmm (cabiwe 65% yrnoM pacxomAEHUA WTaHr, KOTOPbIE BNUSIOT Ha XapakTe-
BMCTUKU paBOYero NPpOCTPaHCTBA U HA OTHOCUTENLHYIO TOUHOCTD U KECTKOCTb.

1.

, OCOBEeHHOCTLI0  KOHCYPYKLM#  ABYX cxeM  oBOpyaosaHuu  sBASeTcs
wnuHaensHan nnatopma — 310 BenuuMHbl dH, u R, (puc.5); y o6opyaosanmns
C ManbiM yIrioM pacxOXOEeHWs WTaHr Benvquta di, =0 cM W R,= 68 cm, a y
06opynosaHna ¢ GOMbLUMM YINOM PacXoXAeHWUs WTaHr — dH, = 40 cM n
R,= 40 cm. Y o6GOpyROBaHMA C ManbiM YiNOM PacXOMAEHWS LUTaHr npu

. Gonbwmx yrnax HaknoHa wnuHaens B, = 45° BO3MOXHO CTONKHOBeHue

(HaTeixanue) nnaThopmbl Ha AeTans u3-3a BONbWIro AMaMeTpa nnargopmbi
(awameTp paBouero npocTpaHcTsa B BUAE UMNUHAPA COCTaBNAET R,,= 89 CM).
-MNostomy ans obpabotku nevanu ¢ GOMbLIMM YIMOM HaKNOHA LWAWHAENA
NPepnoOuTUTeSNbHO  ucnonb3osate obopyposanue ¢ Gonbwum  yriiom
PaCXOXAEHUA WITAHT U3-3a MAnoro AuameTpa NNargopMbl.

LiraHr peKOMEHIYETCA PACcnONOKUTL BbilE NNATROPMLY, 3TUM UCKNIMaeTCA
KOnnuauu (HarbikaHuu) wranr oS 3aroToeku, a Tawke obneryaeTca npocras
yCTaHoBKa 3arotosky Ha pabouem crone.

Mpu BepTuKancHOM MONOXEHWM WAMHAEGNA peantHas BenuunHa pabouero
NPOCTPAHCTBA, y 060pyAOBaHNUA C ManbiM YINOM PacXOXAeHUA LuTaHr Gonbuse,
yem y 060pya08aHus C GONBLUUM YINIOM PACXOXAEHUA WTaHT (puUc.18).

flpn aMeHeHuM yrna HaknoHa WNMHAENs A0 B = 45° pabouee npocrpancteo
y oBopynosanus c GONnblumM YIMOM PACXOKAEHUR WTAHF YMEHbLIAeTCH
HE3HAUMTeNbHO ¥ NepemMellaeTCa B CTOPOHY NPOTHB yria HAKMoHa LWNUHAenst.
Pabouee npocTpancTBo y OGOpYAOBAHWUA C MansiM YIMOM pPacXOXAEHWS
LWTAHT YMEHLIIABTCH 3HAUUTENbHO ¥ OTCEKAETCA 13-3a KONIIM3UK 3NEMEHTOB.
Moatomy 8 npouecce o6paboTku getanei, Tpebylowmrx GONBLLLIOMO yrNa Hakno-
Ha WNUHAENs pekoMeHAYETCA yCTaHaBnueaTth Aetanst He B LeHTp pabouero
CTONna, a ¢ Y4ETOM (hakTUHECcKOro pacnonoXeHns paboHero NpoCTPaHCTBa.

Y oBopyaoBaHus ¢ MansiM YImoM pacXoXAeHUs WTaHr NpU yBenu4eHnd yrna
HakAGCHa WNWHAENA NPOWCXOANT CMEUleHUe 30Hb! CUHIyNApa (Ha LBETOBO
Avarpamme puc.18 nesblit pag — 30Ha KPacHOTO useta) B o6nacTb UUAMHAPA
paGoyero npocTpaHcTsa, 4TO OfPAHUMMBAET YION HAKNOHA LWINUHAENS A0
B = 45° B npouecce obpalorku. Y obopynosaHus ¢ Gonbiumm yrnom
PaCXOXACHUSY WUTAHT — 30HbLI CUHIYNAPA HE W3MEHSIOTCH, 3TO ABNSIeTCH
OCHOBaHWEM NepCneKTUBHOTO UCNOMB3OBAHNA J@HHOW KMHEMATWUKU Npu yrne
HaKnoHa winuaens ao ,f, = 90°

Pacnonoxenue - wapiupos Ha nnatdopme B BASE PABHOCTOPOHHETO
TpeyronbHuka (puc.196) ynywwaloT TOYHOCTHBIE XapaKTepUCTHKM No
CPaBHEHUI0 C pacnoONOXEHWeM LWapHUPOB B BUAE PaBHOCTOPOHHEro
wecTuyronbHuka (puc.19a), NO3TOMy BapUaHT KOHCTPYKLMM PacrionoxeHns
tiapHMpoB B8 BUAE PABHOCTOPOHHErO TpeyronbHuka Gonee npegnouturenex.

O6opyposanue ¢ Bonblunm yraom
PACXOKABHUR WTAHT

QBopypoBaHUE C MasLIM YyINom
PACXOMAEHHRA LITAHM
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Puc.18 Mpaduku namenerna o6nvéma pabouero NPOCTPaHCTBa ¥ rPagnKK 3aBUCUMOCTH

OTHOCHTENBHOR TOUHOCTH OT OTHOCUTENHLHOMR XECTKOCTHN NPU
yrne HaknoHa WuHAEns ,f; = 0°u By = 40°.
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) Puc.1‘9 Bnu'ﬂnue ;;amo:;omem;e usap.nupc;e Ha n‘navq)o'pme H; xapa‘rrepuc‘:ruxu '
OTHOCUTENbHOR TOMHOCTH U XECTKOCTH. 3) 8 BUAS PaBHOCTOPORHEro LWECTUYFONbHUKA,
6) B BHA® PABHOCTOPOHHEro TPeyronbHUKA.

Npu ysenusieHuu napametpa dH, ¢ yINoM HakfoHa wnungena f, = 45°

- HabMmonaeTCa XxapTMHA YXOAa 30HL CUHIYNApa (Ha UBETOBOW Anarpamme
puC.20 — 30HbI KPACHOTO LBETA) M3 LMnnHApa pabouero npocrpaxcTea. Take
BO3IHMKAIOT 30HbI MAKCUMAaNLHOA BENMuuHbL onpeaenuTens matpuubt Skobu
OKONO UMNMUHApa pabouerc NPOCTPaHCTBA (Ha LBETOBOW Auarpamme puc.20 —~
30Hb! CMHErQ UBeTa), UTO YNyHIWaeT TOUHOCTHblEe W WECTKOCTHbie xapakre-
pucTukn oGopyaoBanus. Yeenuiexve napaMetpa df, xapakTepHo ToNneko AnA
oBopynoBaHua ¢ Gonslumm YIMoM pacxoxpaenun wradr, y obopynosanun ¢
ManbiM YIMOM DAacXOXAEHWR WTaHr ysenuyewne dH, yxyawaer xapaxrte-
pucTuky paGouero npocTpaHcTea ua-3a KONNU3NK 3NEMEHTOB.

dH,= 0.00 ed dH,= 0.25ed dH,= 0.50 €d dH,= 07560

Punc.20 Briusrne 30H6l CAKIYNApa (Ha UBETOBON guarpaMme 30Hb! KPACHOTO LBETa) Npu
ysenuuenuu napameTpa dH,.

Cnabuim mectoM 060pyaoBanns "rekcanos” ABNAGTCA KOHCTPYKLWUA WapHUpOB
Ha nnatopme. Ucnonkays paapabotanHylo nporpammy npu  3anaHuu
TpaekTopuK  ABWKEHUA LUMWMHAENA B npeaenax uwnukapa  pabouero
NPOCTPAHCTBA C YITIOM HaKAOHa 1 NOBOPOTA WNMHAENA B fipeaenax ,a; = 1907
B, = 145 ° nony4unu, YTO rpannya onpeaensiemMas KOHCTPYKLeH WapHpos
(pnc.21a noanums 3) He NONHOCTLIO OxBaTbiBaeT Tpebyemyio rpavuly yrnos
HaKMoHa WwapHupoB (puc.21a nosuuma 1). MoaToMy HEOBXOANMO OTpaHUUUTL
yron noBopoTa wnuHaens npu A = 45°n0 ,a, = +10°(puc.216).
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Puc.21 panuya yrna HaknoHa WwapHUpos Ha 0CHOBaHUK U Ha nnaTtdopme (OZHO AeneHune
Ha rpaguke pasna 10°% npu 3ajaHui ABWKEHUA WINWHABGAR B NPEAEnax uwNuHApPa
pabouero NpoCTPaHCTBA € YINOM HAKNOHA LUNUHAGNSA B Npeaenax:
a) a, = £90°u B, = +45° 6) ,a, = +10°w B, = +45°.
1- peansHan rpasuua, 2- rpanuya onNpesensemMon KOHCTRYKUWE R
wapHupa, 3- HacTPORKa NONOKEHUS LLAPHUPA.

C y4&TOM OrpaHudeHuA yrna HaknoHa WapHUpoB NPEASIOKEeHO patmoHanLHoe
pacnonoXeHWe LWapHUPOB Ha OCHOBaHMWA ¥ HA nnatdopme ans obopyanosanus
C Pa3HLIM YIMOM pacxoxaeHus wraHr (puc.22). KoHCTpykuma WwapHupos Ha
OCHOBaHUY NPOEKTUPYETCA KOHCTPYKTOPOM, i€ MAKCUMATLHLIA YrON HakfoHa
wiapHupa cocraenser [0 5, = 35°(cM. puc.21 wapHupbl Ha OCHOBaKKMK), a Ha
nnarcopme nonobpau kapaaHHbid wapuup paapabotanHon dupmon INA
(cMm. puc.21 wapxupet Ha nnatgopMe).
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Puc.22 Pacnonoxenue wapHupos Ha OCHOBaHWK n Ha nnatdopme ana oBopypocaanus:
a) ¢ 6onbluKM 1 §) MAnbM YIIIOM DACXOXKASHWA LUTEHI.

10. flnn aBTOMATUYECKOA CMEHBI WHCTPYMEHTa npegnaraeTcA pauuoHanbHoe

pacnonoxenue wWNWHAENA (puc.23), rae MCKNIOYEHO ero nonagaHne B 30HY
cuHrynspa (Ha LUBETOBOA auarpamme 30HA KPacHOro uBera), npu 3TOM
UCKIHIOHABTCHA  KOMIM3UA W YYMUTLIBAIOTCSE  KOHCTPyKTMBHbie ocobeHHOCTH
LapHUpoB Ha NnaTdgopme C PasHbiM YrNOM PaCXOXAEHUS LUTAHT. -




12.

13.

3 gy G 6)
Puc. 23 MNonoxenue WANHAENA ANS 3BTOMATUYECKOR CMEHb WHCTPYMEHTa ¥ o0 LBeToBan
Awarpamma Anw 06opyaosanus ¢ 6onbLumm (a) u Mantiu (6) yrnom PacXOMABHWUA LWITAHT,
. Y obopynosanusi ¢ GOnbLiMM yInoM packoXaeHUst LITaHF HECTKOCTL B ropu-
30HTaNLHOM Hanpasnexuu (puc.18 nesuiit pAA) Mano MeHReTCA ¥ cocTasnseT
or 025 oo 0,5 xEcTkocTH OAHOM LITaHMM, & XECTKOCTL B BEPTUKANBHOM
HanpasneHun Npy yBenuueHun yrna HaknoHa WnuHAens CUALHO MeHstietcs. Y
0GOpyAOBAHNA C ManbiM YIMOM PacXOXAEHWs LWTaHr {pnc.18 npaeutii papg)
KECTKOCTL B FOPU3OHTANLHOM HanpasneHu MeHsieTcs 8 Gonee WIMPOKOM fua-
nasoxe n cocrasnser 0,5 4o 1,5 x&CTKOCTH OAHON WiTaHM, a B BepTUKanbLHOM
HanpasnNeHun NpU yBeNnUYEHWH Yrna HakMoHa WNWHAENS MEHAETCH HesHa-
uuTensHo. T.e. NPU B BEPTUKANLHOM NONOXBHUM LUMUHAENA ropu3oHTanbHas
KECTKOCTL XyWe B 4,5-6 pa3 NO CPABHEHWMIO C BEPTUKANBLHON XECTKOCTLIO, a
NIPYU MIMEHEHUW YINa HAKMOHA LWINWHAENSA OHa N3MeHAETCA B 1,5-2 pasa.
Ana oBecneuenua TouHocTM OBpabatbieaemoii noBepxXHOCT™M B npeaenax
1 MM C cunoii pesanusa F = 20 H 1 yrnom Haknowa WwnuHaens B, = 40° (209,
HEOGX0AMMAN XECTKOCTL OAHOM LWITAHIN y 0GOPYROBAHUA C BOMbLLIMM YImoMm
PAcXoXaeHma WTaHF COCTABNAET He MeHee j; = 90(80)H/Mkm, a y oBopyaosanus
C ManbIM yrAoM PacXOXAGHUS (WTAHI COCTABNAET He MeHee j; = 80(60)H/Mxm.
Ana obecneuenun TouHOCTM Nonoxexns pabouero opraHa 8 npegenax 1 Mxm
npu yrne HaknoHa wnuHgens 4, = 40° (209, HeobBXOAUMO OCHaCTUTL
M3MEPUTENLHON CUCTEMON LUTAHTY C TOYHOCTBIO HE XyXe dq = 0,20 (0,22) Mxm
Ans 06opynosaua ¢ 60MbLLWUM YINOM PacXOXAEHUS WTaHT U 44 = 0,23 (0,26)
MKM AN 0GOPYACBAHNA C MATTBIM YITIOM PACXOKAEHUS LUTAHT.

" BriBoabl no pa6ore.

1.

Mpu npoexruposanum oBopyaosaHna napannenbHom CTPYKTYpbl TUNA "rekca-
noA” TPaMUMOHHBIE METOAL! NPOeKTUPOBaHUA He obecneunsaioT Tpebyemyio
TONHOCTE W XKECTKOCTb KMUHEMATUUECKOW CTPYKTYpH! M He oBecneuusalor
YCTPaHeHue xonnmauu (NepeceyeHnit) 3NeMEHTOB KOHCTPYKLMM CO 3HAYUTEND-
HbiM CMelenvueM paboveid 30HLE OT UeHTpa paBoyero crona, a TaKke cnyvau
notepu ECTKOCTM  KUHEMATUHECKOW  CTPYKTYpbi  (CMHIynapa) u  T.n.
Pa3pa6orannas uxctpymenTanbHan cpesa nossonser uabexarb HepocTarTku
TPAAULMOHHOIO NPOEKTUPOBAHUA HA PaHHEN CTafUM NPOEKTUPOBAHUS.

aoul

2. Kak nokasanu nposeffHHble TeopeTudeckue UCCNEeNOoBaHUsA, O4YeHb BaXHbLIM

ABNARETCA HA3HaYeHWe PaLMOHANbHLIX EOMETPUHECKUX MapaMeTpoB OCHOBHLIX
3NEMEHTOB KOHCTPYKLMM Ha paHHe# CTaauu NPOeKTUPOBAHWA, NOCKOMbKY on;
BAUAIOT Kak Ha XoHdumrypauno pabouero NPOCTPaAHCTEA, o6bBM  3aHMMaEeMb
CTGHKOM, TaKk M Ha OCHOBHbIE XapakTepuUCTUKKA IKECTKOCTM U TOUHOCTH
KMHeMaTU4ecKoi CTpykTypbl. Mpu He OnTUManbHOM suifope atux napaMeTpos
MCNPaBUTL CUTYaLMIo B AanbHemiuem GyaeT HEBOZMOXHO. .
HasHauerue NapameTpoB OCHOBHBLIX JNEMEHTOB KOHCTPYKUMM, OUeHKa a
JAHUMAEMOTO CTAHKOM W (DaKTUNECKoh KoHdurypaumn pabouero npocrparcraa
uenecoobpasHo NPoOBOAMTL C Y4BTOM U3IMEHEHUR omowrenbnpﬁ TOMHOCTH W
XECTKOCTH CTPYXTYpbi NO BCamy paboueMy npocTpaxCTsy. 3o noseonseT nabexars
NOTEpH TOMHOCTH 1 ECTKOCTH NPY NEpeMeLieHt UHCTPYMeHTa B paGoueft 30H8. ]
Ha OTHOCWUTENbHYI0 TOYHOCTL M XKECTKOCTE MPOEKTUPYBMOro oGopyaosanu
JHAUUTENBHO BIUAIT K03PUUMEHT 3PDEKTUBHOCTH Kuxp - OTHOWEHWE NROWAAK
3aHUMAEMOt CTAHKOM K nnowagn pabovero nPOCTPaHCTBa, reouerpmecx::
napameTphl WNMHAENBHOA NNATPOPMbI. dHp - paccTonHue Mexay Tpemnaaermu .
U TPEMS HWKHAMMU TOMKAMW PACTIONOKEHUA WapHApos U dW, - pasnuua y m:ac)rqeM
ONOMEHNA TPEX BEPXHUX M TPEX HWKHUX TOMEK PacnONOXEHUR LWapHUPOS.
Gonblle BEnuuMHA KOIMMULMEHTa JEKTUBHOCTH, TeM MeHblie u3MeHeHue
OTHOCUTENbLHOI TOUHOCTH 1 XECTKOCTU No paBodemy NpocTpaxcTay. Mpu Sonblumx
yrnax HaknoHa wnuHaens Ao 40°s npeaenax pabouyero npocTpaHcTaa o6palyioTCcA
30HbI MOTepH XKECTKOCTH, 4TO 3HAUMTENbHO CKA3biBAETCA Ha TOWMHOCTHbLIX W
X XxapaxtepucTkax obopyaoBaHua. .
ﬁﬁ%ﬁamg anafmaa YCTaHOBMEHA CyLECTBEHHAA CBA3b Memy6ocu;a:::::|
IKCANYATALMOHHBIMIA XapaKTepUCTUKaMK (Takumu kak xondurypauua padou 31'0
M3MEHEHUA TOMHOCTU U XECTKOCTM CTPYKTYpPbi) ¥ YITIOM pacxoxggeuun un:-mr.
MOXHO MCNONb30BaTL NP knaccuukaumu obopyaosaHua TMNA “rekcanoa” no yray
PaCXOXAGHWA WITAHr HA CTaHKK C MasnbiM (no 459 n Gonblmm (cabiwe 659 yrno:
pacxoxaeHust wranr. Onucansi -06NacTu paunoHanLHoro WCNONb3OBAHUA TOTO WUN
OBaHUSA, B YACTHOCTH!
"Hor? Bw;xa gggg;ﬁoaauua ¢ GonbWMM YFNOM DACXOKABHUA WTaHr wum
WNUHAENEHON NNATHOPMB MeHbLue, 3 AUAMETP OCHOBAHUA CTaHKa Gonblue; e
- npumexeHue oBopynoBaHua C GonbluMm yrnom pacxoxneHus i
npeanouTuTenshee AnR obpaboTku petaned ¢ GonblMMA  YrNaMu  HaKn )
WAKHAenNA, na-3a Gonee GnaronpuATHONR 30HbL! paboTocnocobHOCTH (N0 KBCTKOCTH
paﬁta.ﬂempg:;it:‘; penuuMHa pabouero NPOCTPaHCTBa NPY ManbiX yrnax HaKknoxa
wnuraens 6onbwe y oBOPYAOBAHUA C MANLIM YINIOM PACXOKABHUA WITAH, .
- B NPOUECCA NPOBKTUPOBAHUA UIMEHEHWEM NapameTpos 060opyaoBaHUA ¢
GOMbLUMM YINOM PACXOXKAEHUA WTAHM Nerye UCKNIoYUTb 30HL! NOTEPH XBCTKOCTU
paboueM npocTpaHcTee.



.28 -

Y ABYX KI1accos AaHHOTO 060pyRoBaHNA (C GONLLUMM ¥ ManbiM YINOM PacXOXASHUA
WTAHr) NPU M3MEHEHUM YrNa HaKoHa WNWHAENS, 30HbI NOTEPN KECTKOCTH
MEHRIOTCA no-pasHomy. (lapameTp dH, BAMAET H3 OTHOCUTENLHYID TOMHOCTL W
KBCTKOCTL NpK BOMbLUKMX YrNaxX HAKNOHA WNWHAENA, YBEnu4MBas 3T0T napamerp
MOXHO uabexaTb noTepu xBcTkocTH. Mapamerp dW, BNMAGT HA OTHOCUTENbHYHO
TOUHOCTB, NO3TOMY PEKOMEHAYETCA Pacnonarars TPy Napbi WapHWpos Ha BeplUnHaX
PaBHOCTOPOHHErO TPeyronbHuka. Ho BCe 3T NapaMeTpbl BIUMAIOT Ha KOHbUrypaLuio
paboyero PPOCTPaHCTBA, NO3TOMY NPH BLIGOPE AaHHLIX NapameTpos Heobxoaumo
UCKMoYaTs ymeHbleHue pabouero npocTpaHcTaa A0 HEAOMYCTUMBIX PA3Mepos.
KoMNbIOTepHLET aHanu3 nokasan, 4To KoHdwMrypauus paGouero npocTpaHcTsa
MMEET CNOXHYIO NPOCTPAHCTBEHHYIO POPMY, KOTOPAA 3ABUCUT OT MaKCUMANLHOTO ¥
MUHUMANLHOrO BbiNeTa WTaHr, KOHCTPYKUMW WapHMpoB . OT  KONNU3uu
(nepeceueHuil) 3NEMEHTOB WTaHT W LINWHAEAA. Ha kowndwrypaumio pabouyero
npocCTPaHcTsa NpOeKTUpyeMoro OGOPYAOBAHWA  3HAYMTENLHO  BAWRET  yron
pacxoxkpenua wranr. [pu  naMeHeHun YrNoBOro NONOXEHUA  LNUHAENLHOR
NNaThopMbl MIMEHAETCA Kak kOHUrypaums pabouero NpocTpaHcTea, Tak U ero
nonoXeHwe OTHOCHTENbHO Leutpa pabodero crona. [losToMy B npouecce
o6paboTku npu Gonblumx yrnax HaKnNoHa WNHHAENA ANA AAHHOrO obopyaosaHng
pexoMeHayeTcs yCTaHaBnueaTh Aetanu 60Mblwnx pasmepos He B LEHTpe pabouero
CTONa, @ C y4&TOM U3MEHEHUA NONOXeHus pabouero NPOCTpaHcTsa.

AHANWU3 KOHCTPYKUWMM CTAHKOB C NPUMEHEHMEM NPOrpamMbl nokasan, 4yTo cnabbim
mectom 8 oBOpyacBaHwu ‘rexcanol” ABNAETCA KOHCTPYKUMst (WapHKUpoB Ha
nnarcopMe, T.e. NPU  YBENUYEHUN YIMa HAKIOHA WNUHAENA 3HAYUTENBHO
yxyQwaetcs koHdurypaums pabouyero npocTpaHCTsa, 3T0 CBA3AHO C OpaHNyeHUEM
YINa HaknoHa B KOHCTPYXUMWM WapHupos. [lO3TOMY KOHCTPYKLMA LIApHWPOB
OrpaHuueaeT yron NOBOPOTa WAKHAENA.

BhheKTHBHOCTL NPEANOXEHHOR KOHLIENLMM NOATBEPXKAAET NPOBEAEHHAN aBTOPOM
ONTMMM3aUMA CTAHKOB M3BecTHbIX tupm (AO Jlanuk n  ®payHxodepckoro
MHCTMTYTa). [pU onTMMaaLMu cTanka PpayHXohepekoro UHCTUTYTa Obln CHWXeH
obbeM aaHumaemoro ctaHkom (Ha 33%). B ‘cranke cupMbl Nlanuk ucknoueHa
0BNacTb Pe3KOr0 U3MEHEHMA TOUHOCTU M XECTKOCTW M NoKa3aHa HeobXoAMMOCTL
N3IMEHOHUA TEOMETPUUECKNX 2NEMEHTOB NPW NEepexoae OT YACTO UIMEPUTENbHOMN K
oBpabatbiBalowed cucTeme, Hanpumep, npu GonblIMX yrnax HaknoHa WnuHAenA
(yBs = 40°+ 609 NMEETCA 30Ha NONHOA NOTepU XECTKOCTH.

MyGnukaumu No Teme AnUCCEpTaLUn.
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