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B Hactoswee Bpema CAD-cucteMbl BCE yalle WCMOAb3YHOTCA NH0OUTENAMU (He CBA3aHHbIMMU
npodeccnernt ¢ MHXXEHePHOM/NPOEKTHOM cheport) ANS CBOUX Pa3IMUHbIX NpakTMUecknx 3agad. K
NUX YMCy TakXKe OTHOCATCA CTPOUTENbCTBO M CTONAPHOE PeMecno, K KOTOPbIM, Ka3anocb 6bl,
MawmnHoctpoutensHole CAIMP mMano npumeHuMbl. OAHaKo, 3TM CUCTEMbl MOTYT YCMELHO
MCMONb30BaTbCA ANS  MOAEAMPOBAHWUA NHOObIX JAEPEBAHHbIX W34eNUA U CTPOUTENbHbIX
KOHCTPYKLMK (13 ntoboro matepuana) — OT npocTeniien mebenn fo XWUablXx AOMOB CO BCEMMU
KOMMYHMKaLMAMM U 06CTaHOBKOW. HO, 3a4acTyto, Y HOBMUYKA, CaMOCTOATE/IbHO OCBavBakoOLLLEro
CAD-cucTeMy, BO3HMKAKOT TPYAHOCTM, CBSiI3aHHble C MJIOXMM 3HaHWEM BO3MOXHOCTEA U
dyHKUMOHana cuctemsl. 13-3a atoro 3D Moaenb noayyaeTcs HEONTUMaAbHOW, a paboTa ¢ Hel —
He3PHEKTMBHON M YTOMAAKOLWEN, M KaK WUTOr MOCTaBAeHHas 3ajayva OCTaéTCcAa HepeLllEéHHOW.
PeweHwne 3ton npobaembl AOBOAbHO NPOCTOE — HAaA0 60nee BHUMATENbHO U3Y4YMTb UMeEroLLIMecs
B CMCTEME MHCTPYMEHTbI U X onuumn. A OCBOEHME napamMeTpruyeckoro MoaenmpoBaHma (paboTsbl
C NepPeMeHHbIMM) OTKPOET eLLé 60oJblle BO3IMOXHOCTEN ana H6onee 3GDEKTMBHOM U YCMEeLHOM
paboTbl.

Ans AeMOHCTpaumm Toro, Kak yHuBepcanbHas MawunHoctpouTenbHas CATMP npumeHsetcs Ans
peLleHuns 3aZay AepeBAHHOIO Masioro CTPOUTENBCTBA, U Kak NPW 3TOM MOTYT UCMOb30BaThCs €€
napameTpuyeckme BO3MOXHOCTM, PacCMOTPUM MPUMEP MOAENMPOBAHUA HEOONbLLIOW AauyHOM
AEPEBAHHON NOCTPOMKN — NETHEN AyLleBon KabuHbl, B yuebHoun Bepcum T-FLEX CAD 17 (goctyn
K «6oeBOW» Bepcum ecTb faneko He y Bcex). Cpasy OroBOpuMCS, YTO JaHHbI MaTepran NOCBALLEH
UMEHHO MOAENNPOBAHUIO N MapaMeTpu3al i, N He ABASETCA NOCOBUEM MO KOHCTPYMPOBaAHWUIO
AEePEBAHHbBIX KOHCTPYKLUUIA, Takxke npeanonaraeTca Haamuume y nonab3oatens 6a3oBbiX HaBbIKOB
paboTbl ¢ cuctemon. KOHCTpyKums AyweBor KabuHbl ByaeT CTPOUTbCA Ha OCHOBE 3CKU3HOrO
npoekTa (CM. puc. 1; MmoAenb BCerga nose3Ho HaumHaTb C KapaHjalla, Tak aydlie BMAHbI Bawa
Luenb 1 3aaaun).

Prc. 1 — DcKu3HbIV NPOEKT AyLleBon KabuHbl (XyA0XKHUK — KykauHa MapuHa)



Mogenb byzeT CTpoUTbCS B BUAE MapaMeTpuyeckon cbopku, coctosiuen n3 dparMeHToB —
mMogenen aocok. Beibop Takoro cnocoba noctpoeHma mMozenu (MMeHHO cbopka, a He co3aaHue
pa3HbIX TeN B MOAEN) MOXHO OB0CHOBATh CIeAYHOLLMM:

KOHCTPYKLMSA AePEBAHHON AyLLIEBON NPaKTUYECKM MOJIHOCTbIO COCTOUT U3 TUMOBBIX,
NPaKTUYeCcKn OAMHAKOBbIX MO GopMe (HO He Mo pa3mMepam) geTanen (M3 4OCOK U
6pycKkoB), BCTaBka MX Kak GparMeHTOB COOPKM MO3BOASET «HAPUCOBaTb» AOCKY BCEro
OAMH pa3s, N MHOTOKPAaTHO UCMOb30BaTh €&, 3aaBas N1Lb eé napameTpsbl;
ynpaBasTb NapamMeTpaMn Mozesnen A0coK byaeT NpoLLe, He HYXXHO ByaeT oTAeNbHO
co3gaBaTb Habopbl NepeMeHHbIX (TOALMHA, WNPWHA, AWHA) ANS Pa3HbIX
KOHCTPYKTUBHbIX 3/1EMEHTOB, NPW BCTaBKe NapaMeTpuyeckoro GparmMeHTa y Hero yxe
€CTb TaKOW KOMIJIEKT.

KpaTko onpesenvm ncnonb3yemble NOHATUS:
napameTp — U3MEHAEMbIA 31EMEHT MOAENN: TEOMETPUYECKNE pa3Mepbl, BKIOUEHME
Tena (bparmMeHTa) Man ero NOAaBAEHNE U T. A.;
nepemMeHHas — 3/1eMEHT MOV, KOTOPbI yNpaBaseT napaMeTpoM; UMeeT
onpesenéHHoe MMs U 3HaYeHMEe; MOXET 3aaBaThbCs MOJ/b30BaTENEM UV ONpPesensiTbCs
(paccumTbiBaTBLCS) CUCTEMOW;
dparmeHT — BHeLHsAS MOAeNb, BCTaBasieMas B COOPKY, T.€. MOAE/b, CO34aHHas OTAE/bHO
OT CO0OpPKM 1 COXPaHEHHas OTAENbHbIM Ganiowm;
napameTpuyeckuii pparmMeHT — 370 GparMeHT, MMeroLLNA B cebe BHeLLHWE
nepemeHHble, KOTOpPble MOTYT 3aaBaTbCs NOJb30BaTeNIEM NPU BCTaBKe ero B COopky nam
NPUHNUMATBLCA PaBHbIMW HEKOTOPbIM NepeMeHHbIM CHOpPKM.



MNocTpoeHre napameTpuyeckon mogenm aocku/bpycka

Mpexae yem CTponTb COOPKY, HEOBXOAMMO NOCTPOUTb MOAENb AOCKW, KOTOpas obecrneunt Ham
cobupaemblie B KOHCTPYKLUMIO AeTann. TOUHee, 3TO ByAeT yHMBepCasbHas MOAeNb — JAOCKa U
6pycok, T. K. pazanuve Mexay HUMMK TOJbKO B COOTHOLUEHMM Pa3MepoB. ITa MOAEeNb AOJXKHa
NMO3BO/IMTb HaM OXBaTWUTb BeCb ACCOPTUMEHT WCMOAb3yeMOro nuiomatepuana, KOHEYHO 3a
NCKAOYEHNEM NPOGUAMPOBAHHOIO (MMUTaUMKM Bpyca, HaknajgHbIX Yroakos u T. A.). Ho npwu
XeNnaHun W, ecanm HeT HeobXoAMMOCTM B OYeHb MOAPOBHOM Mogenn, U NPOGUANPOBAHHbIM
MaTepman MOXHO B MOAENN YyNPOCTUTb A0 NPSAMOYroAbHOro Npoduasa, Hago TONbKO NMPaBUAbHO
onpeaennTb pa3Mepbl 3TOr0 NPAMOYTrOJ/ibHUKA (BblYeCTb BbICOTY LWXMa U T. 4.).

Mogenb AOCKM HauyMHaeM CTPOUTb, Kak 0bblYHO: co3saéM dainn AeTanu, pUcyem Ha MaoCKOCTU
BMAa cneea (MM APYron — He BaxHO, B cbopke 3T dparmMeHTbl ByayT OpueHTUpOBaHbl Mo-
pa3HOMY) nonepeyHbli Npoduab ockn. CHayana CTaBUM NEPEKPECTbE B HaYane KOOPAMHAT, a
3aTeM OT Hero COo34aéM napannesbHyr MMHUIO ANA 3aAaHNA TONLWUHBI JOCKM (B A@HHOM Cayyae
npodunb OyAeT pacnosioXeH BepPTUMKaNbHO), HO BMECTO UMbp B CTPOYKY MapameTpa
«paccTosHmne» cTaBuM ByKBY, Hanpumep, «a» (MOXHO MCMoab30BaThb Ntoboe apyroe HykBeHHOe
ob03HaueHne (Hanpumep, «TO/LWMHA»), TpebOoBaHUA K MMeHaM MepeMeHHbIX W3/10XeHbl B
cnpaBke, B pasgene «[lapameTtpusaumsa»). Cuctema Bcerja rotoBa K TakMM  AeNCTBUAM
nosib3oBaTtesia U TyT Xe (nocne Haxatua «Enter») npegnoxuT co3gaTtb NepeMeHHYHo C TONbKO YTO
BBEAEHHbIM MMeHeM (puc. 2). OTa nepemeHHas byAeT ynpaBasTb NapaMeTpPoM, ONpeaenstoLwmmM
PacCTOHMEM MEXAY BEPTUKaNbHbIMU JIMHUAMMN B NOMepeYyHoM npodue, T. €. TOAWMHON AOCKW.
Ans nepemMeHHOM HeobxoaMmo OyaeT ykasaTb HEKOTOpPOe Tekyllee 3HauyeHue (nydylie Takoe,
KoTopoe 6yayT CaMbiM LUIMPOKOMWCMOAb3YEMbIM) U OTMETUTb (MOCTaBWUTb rasouky) OMLUMIO
«BHELLHAf» - 3TO HeobXxoAMMO ANnf TOro, 4YTOObl ynpaBiAeHWE MepemMeHHON W3 JeTanu
nepesaBanocb B cOopky, 6e3 3Toi onumnm N3MeHUTb NapamMeTp Npu BCTaBke pparmMeHTa B cCOOpKyY
6yAeT HEBO3MOXHO. TakXke MOXHO HamnmcaTb KOMMEHTapUi K MepeMeHHOoM, YTobbl MOTOM eé He
nyTaTb C APYrMMMn.

AHanorMyHo Moctynaem C WMPUHOW JOCKUM — MNPV MOCTPOEHMU NapanienbHOV BepTUKaabHOM
JIVIHWUWN CO3JaéM BTOPYHO NepeMEHHYHO.
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Puc. 2 — COSAaHVIe nepemMeHHbIX AnA TONWWHBI U LWWAPUHBI AOCKA

[lopvcoBbiBaem npodunb — 06BOANUM NPAMOYTONbHUK, N HAYMHAEM €ro BbITaNKMBaTb, N TOYHO
Tak Xe, B CTPOKe NnapameTpa «ANMHa» CO34aéM HOBYIO NMepeMeHHyto, koTopas byaeT ynpaBasTb
AAMHOM (cMm. puc. 3). YncneHHoe 3HauyeHMe MOXHO MocTaBuTb stoboe. ocne 3aBeplieHUs
onepauuu NocTpoeHne Tesa AOCKM B obLeM 3akoH4yeHo. OCTanocb TO/MbKO 3aAaTb maTtepuvan,
4yTO6bI MPABW/IBHO paccuYnTbiBaTb Maccy M Ana GosblIero COOTBETCTBUA BHellHero suga. [nsa
3TOro uepes AepeBO NOCTPoeHus Mogenn (okHo «3D mogenb») uam npsamo B paboyem OkHe
MOZENN NePEXOANM B KOHTEKCTHOE MeHHO (MpaBas KaaBuLla MbILIKW) 1, 3a4s B MapaMeTpbl TeNa,
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BbIOMpPaeM M3 NPeANOXEHHOro Crucka HY>XXHbI MaTepuan (cMm. puc. 4). K Teny npvmeHutca
3alaHHaa TeKCcTypa U MexaHW4eckne CBOMCTBA (B TOM umcae NAOTHOCTb). [pun >KenaHnm MOXHO
co3gaTb CBOW MaTepuan ¢ HeObXOANMBIMWU CBOUCTBAMW N TEKCTYPOW.
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Puc. 4 — 3apaHune matepuana gnda Tena

Ha 3Tom Mogenb Aockn € camon npocTenller napameTpm3aL et rotoBa K UCNoib30BaHunto. Bee
nepeMeHHble MO MOXHO MOCMOTPETb B peAakTope NepeMeHHbIX WK B OKHe «[lepemeHHbie»
(cm. puc. 5). 3aoaHO NpoBepmM, BCe NN CO3AaHHbIe NepeMeHHbIe yKa3aHbl Kak BHeLLHMe (B obLem
cnyyae, HeT HeobXOAMMOCTU BCe MepPeMeHHble AeTanu AenaTb BHEWHWMMW, 3TO HeobXOoAMMO




TO/IbKO AN TEX, KOTOPbIe AOKHbI U3MEHATLCA NPUY BCTaBKe B COOPKY). Takas MoAenb Npu BCTaBke
B cbopky ByaeT MMeTb OKHO «[lepeMeHHble», rae BCe OHWU MO OTAENbHOCTM MOTYT 3a4aBaTbCs
nonb3osaTtesneM (CM. puc.6).
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Punc.5 — PegaxkTop nepemeHHbIXx Mogenn

Ho Takol BapuaHT 3afaHuns NepPeMEHHbIX MOAENV He CaMbli ONTMMasbHbIN. [nnomatepuan
MMEEeT CTPOro onpeaenéHHble pa3Mepbl, U, COOTBETCTBEHHO, MepPeMEHHbIE (TO/ILMHA U LWNPUHA)
OyayT WCNONb30BaTbCA TONBKO B OMNPeAeNéHHbiX GUKCUMPOBAHHBIX KOMOMHauumsax. U 3tum
nepeMeHHble IOTMYHO Tak M 3aZaBaTb — yKa3aHMeM TUnopasmMepa ceveHus focku (bpycka). Ans
3TOro HeobXoAMMO OCBOUTb NCMOb30BaHWeE 6a3 AaHHbIX, XOTA 6bl B MPOCTOM BUAE.

ba3y gaHHbIX co3gaém yepes MeHto «[MapameTpbl» (puc. 7). ma gns B/ nydiwe gaBaTe KOPOTKOE,
Tak byzeT yaobHee nucatb eé nepemMeHHble. Mpu Haxatnmn «OK» cpa3y HauMHaroT Cco34aBaTbCs

cTonbubl bA.
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Puc. 6 — MepemeHHble MOgenn Npu BCTaBke B COOPKY

Odopmnenne Cneundukauun
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Puc. 7 — Co3zpgaHwue basbl saHHbIX
Co3paém Tpu ctonbua (puc. 8): nepBbii — 06O3HauYeHWe TUMNopa3Mepa CeueHus, TN —

TEKCTOBbIN, T. K. 0603HauYeHNe ABNAETCA MMEHHO TEKCTOM, @ He YNCIOM; BTOPOU U TPETUA — ANns
TONLLMHbI W WNPWUHBI NPodKASA, TUMN BELLECTBEHHOE — 3TO BYAYT MMEHHO YuncCaa.



Korga ctonbupl co3gaHbl, 3aMoONHAEM AYEenKW, aHaNOTMYHO TOMY, Kak Ha pucyHke 9. lMocne
3ano/IHEHMS COXpaHseM darin Mmoaenn fockn, bl coxpaHUTCs B HEM.

MapameTpsl cTonbua 6a3sbl AaHHbIX
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Pnc.10 — Co3gaHue «BeayLlein» nepemMeHHom

Ytobbl ncnonb3oBatb 3Ty b/l, HaM Hy>XHO co3aaTb HOBYHO NepemMeHHyto (cm. puc. 10), oHa byaet
3aflaBaTbCs MO/b30BATENEM U ABAATLCA «BeAyLlelr» As NepeMeHHbIX TOAWMNHbI U LMPWHBbL. Mpn
€€ co3/aHMM HaZlo NOCTaBUTb FraNoyKy «TeKCToBas» (3TOro AenaTb He HaZo B TOM C/lyYae, ecau
ANA onpeseneHvs Tuna npoduns OyaeT NpocTo MCNonb3oBaTbCs HOMep, Torda 310 bGyaer
BELLECTBEHHAs NepeMeHHas). BakHO 3anMOMHUTb, UTO UMS TEKCTOBOM NepeMeHHON 0653aTesIbHO
HauMHaeTCa ¢ cuMBOA «$», MHaUe cMCTeMA Kak TEKCTOBYH €€ BOCMPUHMMATL He byzeT. YTobbl



CBA3aTb NePeMeHHYH0 € 6a301 AaHHbIX, He0bxoAnMO B onumn «Cnrucok» BbibpaTh 6a3y AaHHbIX U
yKaszaTb CTONIOMK, 3Ha4YeHNA 13 KOTOPOro oHa byaeT npuHumaTthb («BbibupaTb 13 nossa»). B okHe
MOXHO yka3aTb noas b/l, kotopble 6yAyT nokasbliBaTbCA MPU BBOAE 3HAaUYEHUs nepemMeHHOoN. U,
KOHEUHO, He 3abbiBaeM BKIHOUYUTb OMUNIO «BHELWHASA».

MNepeMeHHble «a» 1 «6» ANA 3afaHNA TONLWMHBI U LUMPUHBI Tenepb AOMKHbI 3a4aBaTbca no b/l B
3aBMCMMOCTU OT 3HAUYEHUs «Bejyluel» nepemMeHHon «$ceueHve». [ns 310ro B pepakrtope
nepemMeHHbIX UM HeOBXOAMMO MPONMCcaTb BbipaXeHWe C Ucnoab3oBaHneM GyHkuum «find» (kak
OAVH 13 BapmaHToB) (cM. puc. 11). MNpaBunao 3anucm Takoe:

- CHauvana ykasbiBaetcs ctonbuk b1, n3 kotoporo byaer 6patbca 3HaueHune: nms b n
yepes ToUKy nma ctonbuka - [locka.6 (Jocka.a);

- 3aTeM yepes 3anATyro 3anuncbiBaeTCs YCI0BUE Nomcka — H6paTb 3HaUYEHNE HYXXHO 13 TOM
CTPOKM, B KOTOPOW B onpeaenéHHoM ctonbue (Jocka.ceueHne) 3Ha4eHne paBHO
TeKyLeMy 3HaUeHto yKa3aHHOW «BeayLlein» nepemeHHoln $ceueHune;

BCErAa NOMHUM, YTO AN CUCTeMbI NponucHas (A) 1 cTpoyHas (a) bykBbl — 3TO pa3Hble
6ykBbl! B MMeHax nepeMeHHbIX 1 Ha3BaHWUAX cTonbuoB B/ nx nyTate Henb3s.
Taknm 06pa3om, Nonb30BaTeNb 3a4aET HYXXHbIV eMy TUNMOpa3Mep, a Pa3Mepbl CEUYEHUA A/1A 3TOro
TMNopa3smepa cucTema onpegenser aBTomaTnyeckn. Ha pucyHke 12 nokasaHo, kak 310 byzet
BbIFAAETb NPUW BCTaBke PpparmeHTa B cbopke.
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Puc. 11 — 3agaHue nepeMeHHbIx Yepes ¢yHKuuto «find»
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Puc. 12 — OkHO nepemeHHbIX Npu BCTaBke GparMeHTa B cHopKy

‘ ‘ OK OTHEHUTD. ‘



MocTpoeHne Kapkaca gyLieBou KabuHbl

MNopa nepexoaunTb K cO3aaHn0 caMor cbopku. EE MOXXHO MOCTponTb MHOrMMKM cnocobamu. Ecam
HeobxoAnMo obecneyeHne onpesenéHHbIX rabapnuToB KOHCTPYKLMK, @ TakKe NErKoe ynpaBiaeHme
UMUK C NepecTpoeHreM MOZeNn C U3MEHEHUAMW, HauMHaTb CaeayeT C CO34aHnA onpeaenéHHbIX
6a3, KoTopble obecrneyat Hy>XHYHO reOMeTPUIO U CTaHyT NPUBA3KAMWN ANA BCTaBKW GpparMeHTOB.
OanH 13 cnocoboB co3gaHms Takmx 6a3z — pa3meTka NPOCTpaHCTBa (Mam NaockocTn) 3D-y3namn.
B Hawem cnyyae oHn ByayT COOTBETCTBOBATb Yr1aM OCHOBaHWUA KabuHKW.

MapameTpbl NpAMoii 1 x || £ * fywesan abuna.grs X [ JICCRIE == IgRRRETE FE

[V] PaccTosHme: ‘nnw-qa/Z & I Y 8 /0 T8 Ea %
3HaueHve: 1088.18 £ "m
3HaueHne nepemMeHHoOM n
Vma: AnvHa
BolpaxeHue: 2000 []= &
K 7H i
Kommentapwii: | anwsapywesor | 4 f o R
pynna: v
0
. & ¢ 11]1088.18
[J Aonyex = ¢ 3
OK OTMEHUTD
[&}, 30 Mo... Sneme... '?E MeHto .. [ LT 18pakt... [ R,
[wnarHoctuvka rx
ﬂapaMepr; nngoﬁ 1 x | © * Aywesan kabuna.grs X @,Jc;sza.gx-: P Mpueercrene
PaccTosHMe: | wipura/2 23| | :
7 = h
3HaueHue nepemMeHHOM
Wmsi: WHpUHa ' i H
BolpaxeHie: l 1000| [rewnss || _________ CEacerors i n i s RIS s e e
KoMMEHTapMit: : H g
Mpynna: v : I
0 | H 4
[ aonyex: £ ' !
0 \ i
' |
OK OTveruTs |
| .
MNapameTpbi Npamon 1 X [ % " Aywesas kabuna.grs X ;ZLcm:a grs |F] Mpusercrene
[V] PaccTosmume: ‘npoén = ; 4 £8 /4 $h 5a %a B4
3HaueHve nepeMeHHOwM
Wma: NPoéM
BipakeHie: @Jl \ [[JBrewnss ERERR R R R SR R R L G e
KomMeHTapwit: J '
Mpynna: v : '
0 :
[ Aonycx: S0 o (N Y e ey XX ELELTELL) oo
0 i f
| H
omears

Punc.13— Pa3meTka NNoCKOCTU NIMHUAMMN

WNTak, co3paém HoBbIV dain — Mogenb cOOpPKM, pucyemM Ha NiockocTn «Bua ceepxy», HauMHasa ¢
nepekpecTtba B LeHTpe. OT nepekpecTba CTPOVMM BepTUKalbHble N FTOPU3OHTaNbHbIE NHUN MO
rabaputy kabuHku. MNpun 3TOM aHaNOTMYHO MOCTPOEHMIO NPOPUAA JOCKN CO34aEM NEepPeMeHHble



«AJIVHa» (819 BEPTUKaNbHbIX IMHWI) U «LUMPUHA» (415 TOPU3OHTaNbHbIX IMHUI) (CM. puc. 13). Mpwu
3TOM NOMHUM:

ANA NONYYEHNA CUMMETPUN BbIPaXeEHME MULLIEM TaK: «AJIMHA/2», «luMpuHa/2», T. e.
nepemeHHasn byzeT 3asaBaTh Lenbii pa3Mep, a NocTpoeHne byaeT ATV Ha NOAOBUHY
3TOro pasmepa;
Npw NOCTPOEHMM BNEBO/BBEPX — CO 3HAKOM «+», BNPaBO/BHMU3 — CO 3HAaKOM «-»
(«-WnpuHa/2»).
Tak e OT NpaBoOro kpas BJAEBO CTPOVM BEPTMKANbHYH JNHUIO ANS 3aZaHWs LWMPUHbBI 4BEPHOTO
npoémMa C Co3ZaHNeM NepeMeHHOMN «MPOEM».

3aTem No nepeceyeHUsM HeobxoaMMo paccTaBuTb 3D y3nbl, B JaHHOM C/yyae XBaTUT BCEro TPEX
— No BepxHen (rabapuTHOM) AMHUW Ha yraax U B TOUYKE OKOHYAHWS ABEPHOro Mpoéma (Cm.
puc.14). 310 oanH 13 cnocobos, 3D y3/bl MOXHO CTPOUTbL MO MepeceyeHmaM MAOCKOCTeN, No
KoopauHataMm W T. 4. lNocne co3jaHVs y3/710B BbIXOAWM W3 MIOCKOCTW, CaMW Y3/bl OCTaHyTCA
BMANMbIMU B 3D OKHe, K HUM B AanbHellem 1 bygem npuBasbiBaTb GparMeHTbl COOpKM.
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Punc.14— Pa3metka nnockoctn 3D-y3namum

Kpome pasmeTtkn ana Hanbonee yaobHou paboTbl Hy>KHa eLwé JOoNOAHWUTENbHAs MOArOTOBKA
moaenn. leno B TOM, YTO B KOHCTPYKLUN AYLLIEBOW MOXHO BbIAEIVNTb OTAE/IbHble FPyNnbl AeTanen
— BEPXHAR N HWXKHAA 06BA3KM, OoBLIMBKA, CTOMKN W T. 4. [lna Bcex AeTanen Kaxzgown rpynnbl
JNOTMYHO Ha3HayaTb OAWMHAKOBbLIN Npoduab MaTepuana, U Ana yaobCTBa peAakTMPOBaHUS
dparMeHTOB B 3TWX rpynnax Mbl CO34aZMM MepeMeHHble, KOTopble ByayT onpeAensTb ceveHune
nunomatepwuana. na atoro B dparine cOopkm co3gaém Takyro xe 6asy faHHbIX, Kak U B MOZeNn
AOCKN (CM. puc. 7..9). 3aTeM co3aaém Habop TEKCTOBbIX MepeMeHHbIX, KoTopble byayT 6paTb
3HaueHWe 13 cTonbLa «ceveHmne», AN KaXkaon KOHCTPYKTUBHOW Fpynnbl 4OIXKHa COOTBETCTBOBAThb
CBOA nepemMeHHasa (MMbo nepeMeHHas MOXeT ObITb OfHa Ha HECKONbKO rpynn, ecan AAa HUX
ceyveHuve NuaomaTtepuana NaaHMpyeTca oanHakosoe) (cM. puc. 15, 16).

BoT Tenepb MOXHO HauMHaTb CTPOUTL Camy COOpPKy AyLleBOn KabuHbl. Ha4HEM C OfHOW CTeHbI, C
HWXHen 06BA3kn. BctaBnsem ¢parmeHT gocku ¢ npusaskon K 3D-y3ny 1, nobbim yaobHbIM
cnocobom opueHTUpyem eé€ BAOAb, OocTaBaAa pas 3D no HapyxHown kpomke (cm. puc. 17).
Hanpumep, ncnonb3ys KHOMKM NMOBOPOTa CUCTEMbl KOOPAMHAT W yKa3aHWe UCXOAHOW CUCTEMbI
KOOpAWHAT (eC/IM Haflo CMEHUTb BepLUNHY AO0CKM). [lepeMeHHble MOAenn JLOCKM Ha3zHayaem
cnepyrownm obpasom:
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- nepemeHHoW L (annHa AOCKM) NpOMMCbiBaeM 3HaUYeHNe «ANnHa» (T. €. UMA MepeMeHHON
«AJIMHa», KOTOpas y>xe co3gaHa B cbopke). Takum 06pa3om, AvHa 3TOW JOCKWN BCeraa
6yseT paBHa 3aZlaHHOM ANNHE AyLIeBOW KabUHbI;

- nepemeHHol «$ceueHmne» nprcearBaemM 3HaueHme «$SHUXKHAA 06BsA3Ka», TOUHO TaK Xe
CBA3bIBas NepeMeHHyo GparMeHTa C NepeMeHHON COopKM.

MNMocne 3asaHnsA NepeMeHHbIX pa3mepbl PparMeHTa HaCTPOATCA B COOTBETCTBMM CO 3HAYEHUAMU
yKa3aHHbIX NepeMeHHbIX COOpPKW.
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Puc. 16 — Habop nepeMeHHbIX ceueHuns nuaomatepuana Ana pasHbiX KOHCTPYKTUBHBIX TPy
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Puc. 17 — BcTaBka pparmMeHTa — AOCKN HUXHEW 06BA3KM

Mocne HwXHen 06BA3KM HauMHaeM BCTaBky ¢parmeHToB-cToek. WX cTaBUM CHapyXwu
OTHOCUTENbHO 06BA3KN C MPUBA3KOM K pa3meTouHbiM 3D-y3nam. [ns 3agaHna ANUHBI CTOMKM
MCMoNb3yeM MepPeMeHHY0 CHopkM «BbiCOTa» (e€ co3gaém 3apaHee), UuTobbl BbICOTa KabMHKM
BCerja COOTBETCTBOBajla HY>XHOMY 3HaueHuto (cM. puc. 18). TyT elé Hajo y4ecTb O4MH MOMEHT
— nMpW BCTaBke CTOMKM Jlydlle cHayana MNPUMEHUTb ceyeHne He Opycka, a AOCKWU, W
OpWeHTUpOBaTb €& MO MJIOCKOCTU CTEHKW, a MOTOM YXe 3aMeHATb JOCKy Ha 6pycok. 310
HeobxoAMMO Ha TOT Clydaid, ecav No3aHee No Kakow-anbo NnpuunHe NpuAETCAa BpPyCcKM 3aMeHATb
Ha JOCKW, YTOObI OHM He BCTann «Ha pebpo», N He MPULLNOCL MepecTpanBaTb MOAEb.
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Puc.18 — BcTaBka pparmeHTa — CTONKM

MNMocne cToek CTaBMM BepXHIOKO O0OBA3KY MO BHYTPEHHeEN CTOPOHe CToeK, Ha3HayeHwue
nepeMeHHbIX - MO TeM Xe coobpaxeHuam (cMm. puc. 19).
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Pnc.19 — BcTaBka pparmeHTa — BepxHel 06BA3KM

[Ana pa3melleHnsa pparMeHTOB-PackoCOB HYXHO byzeT NocTpoeHne AONoHUTeNbHbIX 3D-y310B.
JTO CBA3aHO C TEM, YTO MpPU M3MEHEHUN pa3MepoB KabuHKM OyAeT MeHATbCA Yron HakloHa
PackoCOB, M HaM HEOBXOAMMO NPUBA3ATL 3TV GParMeHTbl K y>Ke UMEIOLLIMMCA MO OnpeAenéHHbIM
npaeunam. Caenatb 3TO MOXHO pasHbIMKM criocobamu. Bocnonb3yemcs Tem e cnocobom
pasmeTky 3D-y3namu. A 3TOro HauMHaem pUCOBaTb Ha HaPY>XHOW FPaHW HWXKHEN 06BA3KY,
npoeuupyemM Ha Heé BCe CTOMKW W BEPXHIOIO OOBA3KY, JIMHUAMM MOCTPOEHMA BblYEpPUMBAEM
HY>XHOe HaM MOJIOXEeHMEe PackocoB, B JAaHHOM C/lyyae 3TO CAefaHO MO 3afaHHOW BennuyuHe
OTCTyNa packocoB OT CToek. B 3aBepLueHMe B Hy>XHbIX NepeceveHmnsax co3gaém 3D-y3nbl (cMm. puc.

20).
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Puc. 20 — Pa3metka 3D-y31aMu NOAOXKEHNA PacKOCOB

Y%

e

C HaK/IOHOM PackOCOB OMpPeAeNNINCh, OCTaNOCh PaccunTaTb UX AAVHY. i 3Toro Aenaem 3amep
mexay aAyma 3D-yznamm (cMm. puc. 21). Cpean paccumTaHHbIX MapameTpoB BblieNseMm
«paccTofiHMe» U CO3JaéM ANA Hero nepemMeHHyr «packocl» (KHOMKa HWXe, Ha 3aknajke
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nepeMeHHbIx). [1py 3TOM NpoBepsAeM efVHNLbI U3MEPEHNA U, eCIN HEOBXOAMMO, CMPaBaAeM Ha

MUANTNMETPbI.
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Kapaktepuctuku Ylamepute Pasmep | Mposepka Mepeceuenne lMposepka KpueusHa Kpuewsna KpmeusHa nosepxHoc

Mogenu
Wameputs
Nsmeperne & x
v 2 | [X]
D A
[m | i
MepBbiit 3NeMeHT: )_'. 3D ¥Ysen_4
Bropoii snemenT: | % 3D Ysen_5 i
DUNbLTP: | Bce v
Cucrema EN: [us AOKYMEHTa g
["] Robasnsits B oTHET
O6beanHUTD METKM
Onucanue 3naveHne Eaunmubl CsoiicTB0
Crewerme no X 505 MM DX
Crewerme no Y -0 MM DY
0oz 2000w DZ
PaccTosHue 2062.771 mm Distance
PacctosHue mexay | 2062.771 mm GeomDist:

3Havenme: 2062771194
BoipaxeHnue: distance("3D Y3en_4","3D Ysen_5")

MoKasbIBaTh ASKOPaLIM
["] Cucrema koopauHaT usmeperns

| Wms Boipaxerue  3Haqery Kommenn

| ‘?h:

_(
O g

e B | 7
=
bz = 9 [
W3MEHEHWI KPUBLIX MOBEPXHOCTEN no CEYEHNAM
Ananmnz |

* Aywesan kabuna.grs:1 X Jesz Rl ERRINITE-EENEITER TS
E R
4]

B

e\ X<

L= 2062.771 vm
NIRRT (ot

3 = -400 mna
Y = -500 mm
Z = 0 mm

Puc. 21 — CospgaHue 3amepa pacctosiHua no g4sym 3D-y3namu

BoT Tenepb BCTaBnsgeM ¢pparmMeHTbl PackocoB, AN NMPUBA3KKM ncnoab3dyem asa 3D-y3na (3agaém
HanpaB/iieHWe) W rpaHb 06BA3KM (3Ta NpuBA3Ka He obdA3aTenbHa, OHa GUKCUMPYeT yraoBoe
NONIOXEHME OTHOCUTENIbHO OCW, 3afaHHOW aAByMA Yy3namu). [avHy L cBfi3biBaemM C BHOBb
CO3,aHHOW NepeMeHHON «packocT» ans obecneyeHns NPaBUAbHON A/IMHBI packoca (CM. puc. 22).
Eweé oaHo 3ameyaHne — npw Bbibope NprBA30K (0COBEHHO BTOPOro y3/1a) Hafo BHMMAaTENbHO
CneaunTb, Kakyro MMEHHO MPUBA3KY NnpejsiaraeT cmcteMa — 3TO AOKEH ObiTb UMEHHO Y3es, a He
HOpMann B TOUKe U T. A. MPUBA3KM MOXHO BbIGMpaTh M3 cnmncka (cM. puc. 23).

¥

3D (Dpanvlem a x % * Dywesan kabuna.grs:1 X [EEz eI RPN R e ERe
v || 2| o] x AUTO v ]

2 ~ e

T = (m)

locka.grs \__‘7

‘DC;\ﬂﬂgn( DVlpoexsi\Hosas nanka\locka.grs IE]
[¥] Mononuntennrbie napamerpbi

paHb_5 : 3D dparmeHT_1 (Jocka.qrs)

| Yaan-Tb

M5 IFa (s lomin [MEna L& IFE

|anuna gockn |packoct
Sceuenne nonepeyHoe ceu... Spackocs

V| CMCOK NepeMeHHbIX

Puc. 22 — BcraBka dparmeHTa — packoca
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3D OparmeHT I R T e, o aocka - Jlywesan kabura.grs |
[v 1z ][@][X] 2

T R TP —

[soses =] [

(WO pocraoses reoiooags || [8)

TS T ST —

[¥] Mononuurensnsie napamerpbi

Manam

Hasao Koopar: A = 3D ¥zen_4 (Hopmans K nosepxHOCTM B Touke)

| 3D Yzen_S | | 1= 3D Ysen_4 (3D Yzen)

HanpasneHue oo X: Mparb_7 (3D eparmenT_5) (Hopmans K nosepxHocTi/rpaHn)
|ﬁl Ipatb (3D dparmenT_5) (HopMans K nosepx+ocT/rpani)
Hanpasnenwe oo Y:

() Pesipo (3D eparment_5) (Mpamoit nyTs/pedpo)

| TpaHb_5 : 3D dparmenT_1 (Jocka.ars) |

Puc. 23 — Bbibop npvBA3KM U3 Npesiaraemblx CUCTEMOM

Mpwn TakoMm MONOXEHWUM packoca ero BepxHUI KoHel, ByaeT BblCTynaTb Haj BEPXHEW rpaHbto
BEpPXHel 0OBA3KM, ero MOXHO (HO He 06s3aTeNbHO) OTCeYb 3anoAMLLO € 06BsA3KON. [lns 3TOro no
BEPXHEN rpaHN OO6BA3KWM CTPOMM pPabouyro MAOCKOCTb M KOoMaHAon «OTceuyeHne» OTCeKaeM
BEPXHWUI Kpaun packoca (cM. puc. 24). HMKHUIA KOHeL, packoca 3a 06BA3Ky He BbICTYMaeT, ero
oTceKaTb He Hajo.

O

OTceueruve 1 x NPT WEGPEER I I S focka - Jyuiesas kabuna.grs ‘

Tl ] [x

To4HOCTb: EOEOI o }i-ﬂ x

ObbekT: k?;' 3D dparmenT_6 (focka.grs) @

["] OcTasuTs ncxoaHbiit ofbexT o

: e
‘eKyljie NOBEPXHOCTI

Snement 3k orayn E 7

[ paBouas nnockocte_2 Jo Lﬂ m

[] MsmeruTs HanpasneHite ceuerma: 9 7\
Orcryn: 0

Pesynbrar

OcTaBnTb: Bee

ObbeauHnTs

SnemMeHT

Puc. 24 — OTceueHmne packoca 3anoguLo ¢ 06BA3KoM

3aTeM aHaNOrM4YyHO NMOCTyMaeM CO BTOPbIM PAacKOCOM: BbIMOJIHAEM 3aMep PacCTOAHMA MO ABYM
3D-y3nam c co3gaHneM nepemMeHHoN «packoc2», BCTaBasieM GparMeHT, MoApe3aem ero.



MNMocne pa3MelleHre PacCKOCOB Mbl MMEEM FOTOBbIN KapKac OAHOW CTeHbl, Kapkac BTOPOW CTeHbI
npolie BCEro MoOAyYNTb CUMMETPUYHBIM («3epKaNbHbiM») OTOBpaXKeHWeM OTHOCUTENbHO
NPOAOAbHOM BEPTUKANBHOW MNAOCKOCTA (CM. pUC. 25). «3epkanntb» Kapkac MOXHO LLeIMKOM nnbo
4acTAMU — €CW eCTb COMHEHMS B KOHCTPYKLMM HEKOTOPbIX 3/1eMEHTOB (0CO6EHHO — COMHEHUA
B VX HEOBXOAMMOCTH), 1 OHW MOTYT BbITb MOABEPrHYTbI PeAaKTUPOBAHUIO B XO4e KOPPEKTUPOBKM
MpoeKTa, X CUMMETPUYHbIE KOMUW Nyylle CTPOUTb OTAENbHO.

thqme-rpy(g 0 X ReFINNEEEERECRER e b (5 nocka - [ylwesan kabuna.grs
: avs ?'
v| [B] [X vk J
& - gars X
Ly

L.E 3D dparmeHT_1 (Jocka.grs) Al ﬁ’

9‘.5 3D dparmenT_5 (Aocka.grs) ax i

E".S 3D dparmenHT_4 (Qocka.grs) 4 LTJiD

?.E 3D dparmenT_3 (focka.ars) =

@.E 3D dparmeHT_2 (flocka.ars) /

AnbTepHaTHBHbIA BoIBop rpaHeit

Bz s, M. e, R L. Il m A

Puc. 25 — MNocTpoeHre CUMMETPUYHOTO OTOBpPaXKeHWs Kapkaca CTeHbI

[ns 3aBeplueHna NMOCTPOeHMA Kapkaca OCTaéTca A06aBUTb NMOMepeYHble HUXKHIOK U BEPXHIOHD
06BA3KN. [I1A HUXKHeNn 06BA3KM Hy>XXHa OyAeT mepeMeHHas A/MHbl (OHa He paBHa LMPUHE
KabWHKWM), Ans €€ co3AaHuna Jenaem 3aMmep MeXAY BHYTPEHHUMM rPaHAMU HUXKHUX 06BA3OK (CM.
puc. 26).

WamepeHune 13 x || £ * Aywesasn kabuna.grs X -
£ f - TMapaMeTphi NepeMeHHO B

V4 u nsi: | nonepeual 7
= "
Ja,

Boipaxetme: distance("Mparb_18", "TpaHb_197)

BTOpOit 3neMeHT: @ IpaHb_19 : 3D dparMeHT_1 3HaueHme: 920
DunbTp: Bce v KommeHTapuit: i
Cuctema EN: Vs nokymeHTa 2 | pynna: v
= = EanHnua

[] RoBaenats & oTuET I g He sanara

OBbeanHITL METKI g

(

[ Onmcative 3Hayerve EanHuul CBOiCTBO | [ Aonyax: +

PaccTosHue 920 MM Distance
Cesi3b Npyu BCTaBKeE B cBopKy:

MakoumansHoe pacc 2206.558 MM MaxDistar
Yron 180 2 Angle MepemenHas v
PaccTosHue mexay 1 920 MM GeomDist: :
MakomansHoe pacc 920 MM MaxGeom ‘ Crincok: Her V| | PeaakTuposath...
| BrewHas 3HAYEHNS KOHHEKTOPA. ..
‘ [ cxpeiras
\ opsann  Ueer: | N
e | CBOiCTBO AOKYMeHTa: £
BoipaxeHue: |distance("MpaHb_18", Tparb_197)
MoKasbIBaTh AEKOPaLYM
["] Cucrema koopauHaT usmeperms ¥ = -046m
[2] Nepemennsie Z=0075m
Wmg BolpaxeHe  SHaueqv Kommer: fv} 75 oK OtMeHa

B3 [E5- |EBM. | .. [En. | Aa. ||D 8

Puc. 26 — 3amep AnnHbI MonepeyHoR 06BA3KK
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MNpwv BCcTaBke GpparmMeHTa NonepeyHon obBA3KMN yKa3biBaeM COOTBETCTBYHOLLME EMY NMepPeMEHHbIE
ANNHBI U ceveHmns (CM. puc. 27). Tak e, U3 KOHCTPYKTUBHbIX COOBpaXKeHWUit, cABUraem o6BsA3Ky
HEMHOrO BHYTPb, 3a CTOVKY, ANs yA06CTBa €€ KpeneHus (CKBO3b NPOAO/IbHYHO 0BBA3KY).

3D OparmeHt
vz ][a][x]

5o

focka.grs

[C)c:\nax DYIpoexsiVHosas nanka\locka.ars

eoMETpUAECKIE RapaMETpLI

] &

/] Crucox nepemerbix

Puc. 27 — BcTtaBka HUXHeN nonepeyHon o6Ba3Kku

Ans Toro utobbl n3bexkaTtb BPe30K B AeTanfX, BEPXHIO MornepeyHyto 06BA3Ky bysem cTaBuTb
HEMHOTO HUXXe NPOAO/bHBIX, MPW 3TOM eé a/inHe ByeT COOTBETCTBOBAaTb NepeMeHHas «LLUNPUHa»,
T. K. €€ TOpLbl NeXaT Ha Hapy>XXHbIX rPaHAX MPOAOAbHbIX 06BA30K (CM. puc. 28).

CTpOI/IM CMMMETPUYHOE 0T06pa>|<eHV|e nonepeyHbIx 00BSI30K OTHOCUTENBLHO I'IOI'IGpG‘-IHOVI
NAOCKOCTU, N KapKacC AyUJeBOVI KabuHbl rotoB. Mo>HO NPUCTynaTb K 3allnBKeE Nnoja n CTEH.

3D ®parment

viiz|&]| X
[2] Ocnosneie napamerpet

focxa.grs
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[
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o

Puc. 28 — BcTaBka BepxHei nonepeyHon ob6BA3KN



MocTpoeHne 3amnBKM Noaa n o6LMBKN CTEH.

BcTaBnsiem nmepByrO JOCKYy 3alIMBKW MOAa C NMPUBA3KOW K Kparo ob6BA3KM, 3agaB dparmeHTy
COOTBETCTBYHOLLME 3HAUEHMA NepeMEHHbIX (CM. puc. 29).

3D OparmeHt NP © * iywesas kabuna.grs X
@
v (2 @ X wo
[2] Ocnoshbie napamerpt
O
Jfocka.grs @

DC:\LLMCK DVpoexTei\HoBas nanka\locka.grs

ANMHA ZOCKM

lononHuTENbHBIE NapamMeTpbi

e e e $non
TMapameTpni cucTembl koopanHaT

MONEPEYHOE CENE...

&l
=
%\
3
el

«=»l1]le

V| Cnucok nepeMeHHsIx

B R T

Puc. 29 — BcTtaBka nepBov AOCKM 3alLUMBKK Mona

3aLIJI/IBKy nona 6y,u,e|v| CTpOUTb JINHENHbIM MaCCMBOM, HO TaK KaK ANNHa KabuHbl nepemMeHHas, 1o
M napaMeTpbl MacCBa (Lwar 1 KOAMYecTBO 31EMEHTOB) AOJKHblI aBTOMaTNYeCKN N3MEHATbLCA. ﬂ,ﬂﬂ
3TOro HeO6XO,D,I/IMO CO034aTb HECKOJIbKO NepeMeHHbIX.

MepBas M3 HWMX — 3TO MepemMeHHas, COOTBETCTBYIOLAA LUMPUHE AOCKW 3alUMBKW nosa. TO B
HalleM clyyae MOXHO caenatb AByMs cnocobamu:

3aMepuTb A/IMHY NonepeyHoro pebpa AOCKM noaa ¢ co3gaHnem nepemeHHon «LWAM»
(cMm. puc. 30 — nepemMeHHas B pedakTtope nepemMeHHbIX);

- BpaTb Hy>KHOe 3HaueHre 13 6a3bl AaHHbIX («40CKa») B Mogenn cbopku ayLieBown
KabWHbI, NCXOAA U3 3HaueHWs nepemeHHol «$non» (oHa onpeaenseT ceueHne
Matepwvana Ans AOCOK nona, cMm. puc. 15):

WAMN= find (aocka.b, aocka.ceueHne==%$non).

BTopasa nepemeHHas — KO/AM4YeCTBO AOCOK (3/1eMEeHTOB MacCMBa), PacCUUTLIBAETCA AeeHUNeM
AJIVIHBI KaBWHbI Ha LUMPWHY JOCKW MOAa C OKPYrieHWeM A0 6amkanluero MeHbLUero Leaoro:

KAM= floor (anvHa/LLANM) (Hy>XHble QYHKLMN MOXHO HaWTK 4epe3 NMOMOLLHMKa B peAakTope
nepemeHHbIx, cM. puc. 30).

TpeTbﬂ nepeMeHHan 6yp,eT BbIMOJIHATb pacqéT wara MaccmBa, MCXoAA U3 pacCHNTAHHOTO
KO/in4yecCTBa 321€eMEHTOB 1 LUMPUHDbI AO0CKN:

non_war= (aanHa-WwAar/(K4mn-1).

MaccuB A0COK 3aLUMBKM NOAa MOXHO CTPOUTb, UCMONb3yA NepemeHHble «KAM» 1 «non_war» ans
3afjaHuna ero napameTpos. [1pn 3TOM Hapy>XHble rpaHu NepBO U NOCAeAHeN JOCOK Bceraa byayt
nexaTtb Ha Hapy>XHbIX TopLax MpoAOo/bHbIX 06BA30K. HO MOXHO MOWTW HEMHOro Aanblue U
A06aBNTb NepemMeHHble, KOHTPOIMPYIOLLME 3a30p MeXAY Aockamu. ITo ByayT:

- - repeMeHHas, paccunTbiBaroLWwas 3a3op No paccCUMTaHHOMY Luary:
non_sasop= noa_war-WATT;
- MNepeMeHHas, 3a4atoLLas LWwar 31eMeHTOB MO YCNOBUIO: eC/IX 3a30p NOyYaeTcs MeHee

3aflaHHOM BeIMUMHbI (HanpumMep, 10 Mm), TO Wwar NPUHMMAaeTCsA No paHee pacCUNTaHHOM
Be/IUMHE (MepeMeHHas «MoJI_Lar»); eC/iv 3a30p NpeBbILaeT JaHHYH BeJIMUMHY, TO war
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paccynTbiBaeTCA Kak CyMMa LWNPUHBbI JOCKU N BaAaHHOVI MaKCMMa/ibHOWN BEANYMHBI
3a3opa:

war_non2= noa_3aszop<=10 ? (noa_war):(LLUAM+10).

PefiakTop NepeMeHHBbIX

MomMowHuK

[__——
Puc. 30 — Habop nepeMeHHbIX 414 MaccvBa 3alUMBKMU Nosa
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Kowii: [KAN=13

LWar: |non_ujar2: 154,

["] Casur Ha nonwara

‘ -B ofpaTtHoM
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Puc. 31 — lMNMocTpoeHne MaccmBa 3awMBKK Mona

MNMocTpoeHne maccmBa nokasaHo Ha pucyHke 31. [pu 3TOM HanpaBaeHVe 3aAaHo MonepeyHown
paboyein NAOCKOCTbIO (MacCMB CTPOUTCA MO HamnpaB/eHUIO €€ HOpMasn).

I'Ipvn 3TOM npun HpaKTMHeCKOIZ c6op|<e ,u,yLueBoﬁ KabWHbl Takas TOYHOCTb Llara KOHEYHO He
peannsyema 1n3-3a I'IOFpeLIJHOCTeI‘/JI Pa3sMepoB 4OCOK M NOrpeHoOCTn C60pKI/I.

®aiin  Mpaeka [epemennas Bug @ 7
1 - o w epa
h & e M[ '110 B mW B aW MepeverHsie
Pf ? ‘V'Mﬂ \Bmpaxenue ‘3Hauerme EKOM anz.r‘::::’lx
M Ws6panHoe
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packoc2 distance("3D Yzen_6""3D Yzen_7") 2263.537055 abs() BGRCRTE A6 Lo noToe AateN e thcTa
= |BuicoTa 2000 2000 BBIC |ceil( OKpyrauTs Yncno Ao BonbLuero uenoro
ipacmd distance("3D Yzen_4","3D Yzen_5") 2062.771194 anm Fioor() OKpYrNTL YMCAO0 A0 MEHBLUETO LENCTO
B |npoem 700 700 wmy hypot() BeiuncauTs runoTeHysy TpeyronsHuka
P ‘,:ﬂ s 2000 2000 am int( OxpyrauTs uncno go Bavxkaiiwero uenoro
P |SHuxHas_obeszka |"aocka 40x150" v |aocka 40x150 npo log0 Teumensn nawpanwbvm TIOEPRMp A T
— leg100 BoiuncauTe gecatuunbiii norapudm wucna 9
= [Scroiiku "6pycok 45x45" v |6pycok 45x45  npo
= [Spackocs: “Bpycok 45x45" v |6pycok 45x45  npo Deremmed,
2 [Seepxvan_oBeazka |"6pycok 45x45" v |6pycok 45x45  npoduab AnA BepXHeid 06BAZKU
E |$non "pocka 20x145" v |pocka 20x145  npodwuas ans HacTMAa nona
= ? |Sobwueka "pocka 20x145" v |AOCKa 20x145 npodwuab AnA O6WMEKMK
wAan get("Pebpo_47","length”) 145 WMPUHa AOCKM Nofa
Kan floor(aanna/LAM) 13 KOAUYEeCTBO AOCOK B Noay
|noa_war (anuna-LLaAMmAKAN-1) 154.583333 war A0coK nona
nos_sasop noa_war-tWAan 9.583333 PacyYETHbIN 33a20p MeXAY A0COK NONa
non_zasop<=10 ? (noa_war)(LLAN+10) 154.583333 | NpUHMMaeMBblli War 40COoK
| omewrs |
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Cnepytowimm stanom byser co3gaHue B MOAeNV OOLWMBKM CTeH. B COOTBETCTBMM C 3CKU3HbBIM
NpoekToM ObLlMBKa GyAeT HauyMHaTbCA Ha HEKOTOPOM BbICOTE Haj MOJOM, WU ANs MPUBA3KK
nepBon AOCKM Heobxoammo co3gatb 3D-y3en Ha 3agaHHown BbicoTe. OAHUM M3 cnocobos
MOCTpOeHMA 3TOro Yy3na OyaeT nepeceveHve pebpa CTOMKM C MNIOCKOCTbHO, MMetoLen
HeobxoaMMOoe cMeLLeHMe OT MOBEPXHOCTM NoAa. [Mpu co3gaHmm NA0CKOCTN TakXKe MOXHO CO34aTb
nepeMeHHYyHo Ana yrpaBaeHus 3TM 3a30pom (cMm. puc. 32). [ocne NoCTpoeHma NAOCKOCTN CTPOUM
3D-y3en Ha eé nepeceyeHnn ¢ pebpom CTonkm (cm. puc. 33).
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Puc. 33 — MocTtpoeHune 3D-y3na Ans NpUBA3KM OBLLNBKK
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Ana mogenvpoBaHua obwmBKM CTeH ByaeM MCno/ab3oBaTh Ty Xe MOAeNb AOCKM (B y4ebHbIX
Lensax), 4To WU Ha HacTUA MOAa, MNPV XelaHuM MOXHO caenatb bonee nNogpobHyro Moaenb
dacoHHOWN fOCKM, ecn TakoBas MCNoab3yetca. PparMeHT AOCKM BCTaBASETCA C NMPUBA3KON K
CO3A,@HHOMY Y371y, OPUEHTUPYETCA HY>XKHbIM 0O6pa3oM; NepeMeHHbIe 33atoTCA TOYHO TaK Xe, Kak
n ana Apyrux ¢parmMeHToB (CMm. puc. 34).
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Puc. 34 — BcTaBka nepBoli 4OCKU OBLLMBKIN CTEHbI

MNMocne nepBor JOCKM MocnefoBaTeNbHO AobaBnseM dparMeHTbl A OOLIMBKU APYruX CTEH,
NPWBA3bIBaACH MPW 3TOM K BEPLUMHAM Y>XXe MMEerLNXCA B MOAENN JOCOK. s AOCKM CO CTOPOHBI
ABEPHOro NpoémMa HeobxoaMMO NpeaBapuUTENbHO CO34aTb MEPEMEHHYIO ANA 3aJaHnA AIVHbI —
C MOMOLLbIO 3aMepa paccToaHua (CM. puc. 35).
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Puc. 35 — BcTaBka nocieaHen 40CKM OBLWNBKMN CTEH



AHanornyHbiM 06pa3om «3alumBaeM» GpparMeHTaMum JOCOK HUXKHIOK 0BBA3KY (CM. pumc. 36).

[ e v

Puc. 36 — 3alwmBka HUXHen 06BA3KU

[anee pna co3paHus MaccvBa AOCOK OOLIMBKM HaM CHOBa MOTPebyHOTCA AOMOAHUTE/bHbIN
napameTp — KOJIMYECTBO 3/1eMEHTOB (pPAfOB A0COK). [lna 3TOro Mbl CHavana CoO3jaém
NepeMeHHY0 BbICOTbl 3aLUMBKM — 3aMEPOM MeXAY MNOCKOCTbIO HUXXHEro Kpas O6LMBKK U
BEPXHEWN rpaHbto BepxHen 0bBa3km (cm. puc. 37). Ewé ¢ nomouwbro 3amepa (Mam yepes bHasy
AaHHbIX) co3faém nepemeHHyro «LUAO» ans WMpUHBI AOCKM OBLWINBKM (CM. Bbllle Ha Npumepe
3alUNBKY Mona).
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Puc. 37 — Co3gaHne nepeMeHHON Ans BbICOTbI OBLLMBKM

MaccuB f0coK OBLIMBKM CTEH ByAeM AenaTb HEMHOMO MHaye, YeM MacCUMB JOCOK HacTWAa nona.
Tak KaK 3n1eMeHTbl MaccKBa (JOCKM) AOMXKHbI pacnonaratbcs 6e3 3a3opa, 3TO ynpoLyaeT 3agady —
Luar MaccMBa MOXHO 3aaTb HEMOCPEACTBEHHO MO MOAENN AOCKW, 3a4aB ABe BePLUMHBIL. [1pn 3TOM
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ar MaccvBa aBToMatnyecku byaeT Bcerga paBeH WMPUHE JOCkU. Takxke He Byaem co3zaBaTb
nepemMeHHy — KOANYECTBO 3/IEMEHTOB MacCMBa, a MPOMULLEM BblpaXKeHWe ANA 3TOro pacyérta
npsaMo B cTpoke napametpa «floor (BbicoTa_o6bwmekun/LLUAO)» (Tak TOXe MOXHO AenaTb,
0COBEHHO, eC/iv 3Ta NepeMeHHas 6oblie HUrAe NCNOoNb30BaThCs He ByaeT) (cm. puc. 38).
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T TR e et v
. Puc. 38 —-VClOBAaHVIe MaccuBa 06LLIVIBKI/I‘CTeH

3aKOHUYMB C OBLUIMBKOMW, MOXHO MepexoauTb K MoAenvpoBaHWUto aBepwn. E€é bysem cTtpouTh B
3aKpbITOM MONOXeHMM 6e3 TakuMx MoAPOBHOCTEN, Kak MEeTaM, pyykum K npoyas OypHUTYpa.
KoHcTpyKkTMBHO 3TO ByseT oblmnTas 4OCKON paMka n3 6pycka, No BbICOTE paBHas ObLLMBKe CTEH.
MNMocTpoeHne Kapkaca ABEPW HauMHAEeM CO BCTaBKM BeEPTUKaNbHOIO Hpycka C NMPUBA3KOA K
BEPLUMHE CTOWKM, HO NMpUX 3TOM 3aZaéM HeKOTOpoe cMellieHne bpycka oT CTovku. B 3Tom 3a3ope
AOMKHBI ByAyT pacrnonaratbCa ABepHble NeTan (MOXHO caenatb 1 6e3 3a30pa, ecan 3agymMmaHHas
KOHCTPYKLMA HaBelwMBaHWs JBepu 3a3opa He npeanonaraet). AavHy 6pycka 3agaém no
nepemMeHHOM BbicoTe 06LwmnBKM (M. puc. 39).
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Puc. 39 — BcraBka nepBoro 6pycka aepwu

Bpycku kapkaca gBepu 6yayT COefMHATLCA BPE3KOW BMOJIOBUHY (MOTYT 6bITb 1 Apyrne cnocobbl
Bpe3ku, cnocob MoaennpoBaHua ByaeT B LLesIOM Takon xe). s co3gaHna Bpe3kn HaumHaem
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YepTUTb Ha NepesHel rpaHu Bpycka, 1, UCNOb3ys OCb CUMMETPUK, CTPOUM NPOodUb B BUAE ABYX
KBaApaToB Ha 0bomx KoHLax bpycka (cMm. puc. 40).

[na noctpoeHnsa BPe3KM TOYHO Ha MOJNIOBUHY TOALWMHBLI BpycKka BbiTaskKMBaTb HEOBXOAMMO A0
cepeauHbl pebpa, Npy 3TOM cpasy BKIOUYaeM byneBO BbluMTaHWe, He 3abbiB yka3aTb Teno bpycka
(8na BbINOAHEHWA Bblpe3aHus) (M. puc. 41).
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Puc. 41 — CozpgaHue Bpesku BbiTaaKMBaHWEM

[na nocTpoeHWsa BTOPOro BepTMKaAbHOro 6Hpycka MOXHO WCNONb30BaTb OMepaLyio
CUMMETPUYHOro oTobpaxkeHua. [lna 3Toro npejBapuTenbHO MPUAETCA CO3AaTb MAOCKOCTb,
NPOXOAALLYIO Yepes cepefnHy ABEPHOro npoéma (cm. puc. 42).
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Pabouas naockocTs
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Puc. 42 — MNocTpoeHre NNOCKOCTM MO cepesmnHe ABEPHOro npoéma

[Janee, ana NOCTPOEHWA TOPM3OHTaNbHbIX OpYyCKOB Kapkaca ABepy W eé OblMBKW, HaM
HeobxognMma nepemeHHas, 3ajatowias WnpuHy aeepu. Co3jaém eé€ uepes 3amep pPacCcTOfHUA
MeXZAy Hapy>XHbIMW pébpamu BepTuKaibHbIX HPYCcKOB kKapkaca gBepu (M. puc. 43).
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Puc. 43 — Co3paHune nepeMeHHOM AN4 LWWMPUHBI ABEPU

FOpW30HTaNbHbIV BPYCOK BCTaBAsSiEM C NMPUBA3KON K «3afjHel» BepLUVHE BEPTUKAJIbHOTO Yrosika,
AJIVHY 3alaéM TONIbKO UTO CO3JaHHOW NepeMeHHOoN (cM. puc. 44).
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Puc. 44 — BcraBka ropusoHTanbHOro 6pycka kapkaca gBepu
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UTObbI CaenaTb BPE3KM B rOPM3OHTaSIbHOM Bpycke UCnonb3yeM Oy/ieBy OonepaLuio BblUMTaHWS,

MCNO/Ib3YA OMLUMIO «OCTaBUTb B CLiEHE» A1A BTOPbIX OMepaHA 0B (BepTUKabHbIX 6pycKoB) (cM. puc.
45).

BepxHuii ropn3oHTanbHbIV BPYCcOK roTOB, HUXKHUI Bpycok Byaem co3gaBaTb KOMMPOBAHWEM C
NPVBA3KOW MO WCXOAHOW W ueneBon cuctemMam koopauHat (CK). CK moryt co3gaBaTbcs
aBTOMaTMYecky B BbIbpaHHbIX TOUkax. [TpnBA3kamMun B JaHHOM Cyyae AOMKHbI ObITb OANHAKOBO
PacnofoXeHHbIE BEPLUMHbBI B y3/1aX BEPXHEN U HUXXHEW BPe3KM — Hanpumep, 3To byaeT BepxHAs
BEPLUMHA Ha Hapy>XHOM pebpe C NeBOW CTOPOHbI rOpU30OHTaAbHOro bpycka. Konua Ttena byget
3aHMMaTb TOYHO TaKoe e MOJIOXEHMe, Kak 1 opurnHan (cm. puc. 46).
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Puc. 45 — Co3paHue Bpe3ku ByneBbIM BblUMTaHNEM
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Pnc. 46 — Co3paHune HUXHero 6pycka KonMpoBaHMeM
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Puc. 47 — BctaBka nonepeyHbIX OMOPHbIX 4OCO

[Janee Ha ABepu OCTaéTca co3gaTb O6LIMBKY, TOYHO TaK Xe, Kak co3jaBanacb oblmBka cTeH. V1 B
3aBepLUeHne NOCTPOEeHNA MOAENN OCTaéTca A0b6aBUTb GparMeHTbl NONepeYHbIX ONMOPHbIX JOCOK
nog BogaHou 6ak. MepByto AOCKy BCTaBaAsgeM C MPUBA3KOW K Hapy>XHOW BepLUMHE BepXHeW
06BA3KKM; BTOPYIO AOCKY MPUBA3bIBAEM K BepLUMHE MepBOM AOCKM W 3aAaéM Heobxoammoe
cmeueHune. CeyeHve nuaomateprana B JaHHOM Clyvae MOXHO 3aAaTb HaNpsAMYHO, He cOo3jaBas
cneumanbHOW MepeMeHHOW ANA AaHHOW KOHCTPYKTMBHOW rpynnbl, AAWHA JOCKM — MO
nepeMeHHble WNPUHbI (CM. puc. 47).

Ha 3ToM Moaenb OCHOBHOWM YacTu KOHCTPYKLMK, 6e3 Kpenexa, GYypHUTYPbI 1 NPOUYNX MesoYen
rotoBa. Co3zaHHble HaMW B MOAEN B3aMMOCBA3M U Habop mepemMeHHbIX NMO3BOAAKT ObICTPO
nepecTponTb BCHO KOHCTPYKUMIO MPU U3MEHEHMW 3aJiaBaeMblX MOJb30BaTe/ieM pasmepamu ¢
COXpaHeHMeM KOHCTpykuumn (cM. puc. 48). [na 3Toro B peAakTope nepemMeHHbIX CHopku
M3MEHAIOTCA HY>XHble MepeMeHHble W BbIMOAHAETCA MOJHbIA MNepecyér mogenn. Ecam npwm
NepecTpoeHnn He BO3HMKNO CHOEB, M KOHCTPYKLMA He Hapylumnacb, 3HauuT B npoLecce
MOZEeNMpoBaHWA BCE BbIN0 CAeNaHO NPaBUAbHO.

AAVHa 2000 ANVHa 1700
‘LUV?[DMHB (1000 WMpKUHa .1700
BbICOTA 2000 BbiCOTa 2300
nNpoém 700 npoém 600

Puc. 48 — BapwaHTbl pa3mepoB AyLLeBOW KabuHbl




B 3aBepuwieHne ctTont OTMETUTb Napy MOMEHTOB (coBeToB) ANnA Ha4YNHaoWnx:

- 34eCb bbiN OMKMCaH NNLWb OAWH BapWaHT NOCTPOEHMA MOAENN TaKOW KOHCTPYKLMM, a UX BCeraa
MHOro. YeMm nyuylue noab3oBaTeslb 3HAET BO3MOXHOCTU CUCTEMbI, TeM 60bLLnI BbIGOP cnocobos
NOCTPOEHMA OH MMEET U TeM MPOLLE HaUAET CaMblli ONTUMaNbHbIN U3 HUX. BbiBOg — n3yuanTe
cucTemy, €€ MHCTPYMEHTbI U OMLMKM, HE OTPaHNYMBaNTECh Y3KMM HabOpPOM KOMaHJ;

- B MOAENNPOBaHUN KakK MPOCTbIX, Tak U KPYMHbIX COOPOK AEACTBYIOT OAMHAKOBbIE MpPaBWAa,
NPUMEHAOTCA OANHAKOBbIE MHCTPYMEHTBI, MPOCTO H0o/bLUEe KOANYECTBO pa3. BeiBoag — He 6borTech
MOCTPOEHUSs KPYMHbIX CHOPOK (XOTS Obl U LJOMOB), UX MOCTPOEHME ByAeT Maso YeM OTANYaTbCA OT
MOAENNPOBAHNA TaKOW AyLIEBOW KabUHKM.

W ecnn y untatens nonyumnock Ha NpakTuke NoOBTOPUTb ONMCaHHYO MOAEb (UIV aHaNOTNYHYHO),
3HaUMT eMy noj cuay n 6onee aMbULUMO3HbIE MPOEKTbI, HAAO /UL MOCTaBUTb 3ajady (He
3abblBaeM, YTO MOZe/lb HAUMHAETCA C KapaHAaLla)...
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