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BBenenue

B Hacrosiiee BpeMsi MPOEKTUPOBAHKUE MPAKTUYECKH JTIOOBIX KOHCTPYKIIHM, a
TeM Ooyiee TaKuX CIOXKHBIX, KaK MHOTOCTENEHHbIE pPOOOTU3UPOBAHHBIC
KOMILJIEKChI, HEBO3MOXHO 0€3 NPUMEHEHHS COBPEMEHHBIX HWH(OPMAIIMOHHBIX
TEXHOJIOTUA — CHCTEM aBTOMaTu3upoBaHHOro mnpoektupoBanus (CAIIP). Kak
npaBuio, paszpaboruukun CAIIP npennaraioT  KOMIUIEKCHBIE — pEIICHHUS,
o0ecrieunBaOIIMe Kak MPOEKTUPOBAHHWE KOHCTPYKIUH U co3laHue paboueit
koHCTpykTOpckor nokymeHtanuu (CAD — COMPUTER-AIDED DESIGN), Tak
npoBenenne HeoOxomumbix pacuetoB (CAE — COMPUTER-AIDED ENGINEERING),
otiaaky texHonorui m3roropieHuss (CAM — COMPUTER-AIDED MANUFACTURING),
ynpasienne ganasiMu (PDM — PRODUCT DATA MANAGEMENT) 1 TpOU3BOACTBOM U
ap. B cBsi3u ¢ 3TUM, BEsSHUEM BPEMEHM CTajO CO3[aHHE CHCTEM YIPaBIICHUS
KU3HEHHBIM 1HKI0oM u3aenuit (PLM — PRODUCT LIFECYCLE MANAGEMENT) H, Kak
ciencreue, co3ganue CALS-texHonoruii, o0OecrneunBaronMX HEMPEPHIBHYIO
WHQOPMAIIMOHHYIO MOJAJIEPKKY UM  €IMHOOOpa3ue CIOCOOOB  yIpaBIICHUS
IpoleccaMi ¥ B3aMMOJICHCTBHEM BCEX YYAaCTHHKOB Ha BCEX JTalax XU3HEHHOTO
nuKiIa u3aenuid (0T (GOpMHUpPOBAaHUSA TEXHUYECKOTO 3aJaHus J0 YTHIM3AIWH).
OueBunno, 4to CALS-TeXHOJOTHMHM CYIIECTBEHHO TMOBHIMAIOT 3PPEKTUBHOCTD
CO37aHMs M IKCIUTyaTally CIOXKHBIX u3nenuid. [Ipu aToM cinexyer mpusHaTh, 4TO
poCCUiCKHE TPEANpPUATHS HUCTOIB3YIOT B CBOEM MOAABISAIONIEM OOIBIINHCTBE

TEXHOJOIMr UMIIOPTHOI'O IMTPOU3BOJACTBA.

[Ipe3unent u [IpaButenscTBO PO 03a004ueHbl OTCTaBAHUEM HAIllel CTpaHbI B
pa3BUTUU TEPENOBBIX HH(MOPMALMOHHBIX TEXHOJIOTUH, CBUIETEIILCTBOM YEro
apisieTcs 3anmyck ¢ 2019 r. HanmoHanbHOM TporpamMmbl «L{udpoBas s3xoHOMEUKA
Poccuiickoit ®@enepauun» [1, 2]. Kpome toro, yxe ¢ 2014 r. P® B3aT kypc Ha

MMIIOPTO3aMeNIeHue ITpoayKiuu [3].

VYkazaHHbIE peIICHUs MPU3BAaHBI OOCECIEYUTh B YHCIE IMEPBOOUYCPETHBIX

3a71a4 U 1epexoa Ha OTCUCCTBCHHLIC CHCTCMbLI aBTOMATH3UWPOBAHHOTI'O



IPOEKTUPOBAHUS U YIPABICHUS )KU3HEHHBIM LIUKJIOM U3JIEINI, B IEPBYIO OYEPEIb
— MPOAYKUMH BOCHHOTO HA3HAYEHHUS, MOCKOJBKY OSTO HANpPSIMYIO CBS3aHO C
o0OecrieueHneM HaIMOHAJIbHONW 0€30MacHOCTH Haieil crpanbl. PabGora B 3TOM
HAIPaBJICHUU YK€ BEHETCS, CBUACTEIbCTBOM YEro SBISIOTCS BBEICHHBIE B
IKCIUTyaTallii0  JBa  TOCYAapCTBEHHBIX  cTaHmapra [4,5]. Bwmecre ¢
rocyiapcTBeHHbIMA cTaHgaptamu [6-10] B pamxax ECKJ] onm oOecnedmBaroT
HAJICKHYIO M YHU(PULIUPOBAHHYIO OCHOBY Il CKOPEHILIEro co3/jaHusl 1 BHEPEHUS

B pakTHKy npeanpustuii PO oreuectBeHHbIx CALS-TeXHOTOTHIA.

HGCMOTpH Ha CJIOKHOCTHh M 00BEM ITOCTaBJICHHBIX 3a/la4, OHHU PCIIar0TCA HC
C «YHUCTOro jJucra». B Hamien CTpaHC pa3pa60TaH0 3HAYUTCIIBHOC KOJHMYCCTBO
ICPBOKIIACCHBIX TCXHOJ’IOFHfI, CBA3AaHHBIX C IIPOCKTUPOBAHHCM H HOI[I[Gp)KKOﬁ
ZKHU3HCHHOI'O ITMKJIa I/ISIIGJ'II/Iﬁ (CM., HaIIpuMcEp, O630p YacTH TaKUX TEXHOJOTHH B

crenuaibHOM BhIycke sxypHaia « CAIIP u rpaduka» Ne9 3a 2020 ropx, [11]).

Yto KacacTCiAa TGXHOHOI‘Hﬁ, B IICPBYIO oucpcab CBs3aHHBIX C

IMPOCKTUPOBAHUEM CJIOKHBIX HSI[CHHfl, OCTaHOBHUMCs 34€Ch Ha OTE€YECTBECHHOM

cucreme T-FLEX PLM.

T-FLEX PLM pa3spabarsiBaetcst komnanuei «Tom Cucrtemsl» ¢ 1992 r. B
2019 r. na IT-®opyme «Poccuiickue pemenus T-FLEX PLM» xommanwmeit
npesenToBana HoBasi Bepcus T-FLEX PLM 17. Ha puc. B.1 [12] npencraBien

COCTaB YKa3aHHOW TEXHOJIOTHH.

Cucrema T-FLEX PLM mnpegnaznaueHa mis pa3paOOTKU W yIpaBICHUS
MOJHBIM >KU3HEHHBIM IIUKJIOM H3ACIUN MAaIIMHOCTPOCHHS, B TOM YHUCJE
aBUAKOCMUYECKOM, CYJOCTPOUTEIBHOW W  JAPYTUX  BBICOKOTEXHOJOTHYHBIX
oTpaciiel mnpomeinuieHHOCTH. Bce kommoneHnTsl T-FLEX PLM paGortaroT ¢
B3aMMOCBSI3aHHBIMU JaHHBIMU, YTO OOECIEUYMBAET BO3MOYKHOCTh KOJUICKTUBHOM
paboThl M TIEJOCTHOCTH JJIGKTPOHHOTO <JIBOMHHMKA» W3Jenus: W paboueit
KOHCTPYKTOPCKOM JTOKYMEHTAIlMU, U TEXHOJIOTMHU, U PACUETHBIX MOJEJNeH, U T.1.

Ocob6ennoctei0 T-FLEX PLM saBnsieTcss BO3MOKHOCTD IS ITOJIB30BATEIIEH



«HapalyMBaTh» CHUCTEMY, CO3/aBas MPUIOKEHHS HAa OCHOBE BCTPOCHHBIX
MpOrpaMMHBIX cpelicTB. Takke BaxkHOU ocoOeHHOCThIO T-FLEX PLM (koHKpeTHO,
ocHoBHOTO KoMItoHeHTa — T-FLEX CAD) sBnsiercst TOT GakT, 4TO OH IOCTPOCH Ha
AJIpe TEOMETPUYECKOro MojearupoBaHusi PARASOLID — 6a3oBoil miatdopme ams
muorux Benymux CAIIP, cucreM TeXHOJOTHMYECKON MOJATOTOBKH MPOU3BOJICTBA U
WH)XCHEPHOTO aHaln3a, Takux kak SOLIDWORKS, SOLID EDGE, NX, ABACUS, ANSYS
CFD, FEMAP, FIDESYS u nip. DTO oOecrieunBaeT BO3MOKHOCTh OOMEHA TAHHBIMU C
JPYTUMHU CUCTEMaMH, B YAaCTHOCTH, TMOJICPKUBAET MpsiMoe uTeHue ¢aiaoB u3
npyrux CAD-cuctem. Takas BO3MOXHOCTh MOXKET CTaTh OYEHb IICHHOW B Clydae
UMIIOPTO3aMEIEHUsI U HEOOXOAMMOCTHU NIepeBoAa IU(PPOBBIX MOJENEH U3IETNM Ha

OTEUYECTBEHHYIO IIaT(HOpMY.
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JIJis HeMmOCPEACTBEHHBIX Pa3pabOTUYMKOB KOHCTPYKIMI M TEXHOJOTUYECKOU

noAroToBKHU mpousBojicTBa B T-FLEX PLM umerorcs:

e T-FLEX CAD - mpodeccuonansuas napamerpudeckas CAIIP nna 2D u 3D
MOJICJIMPOBAHUS U CO3JaHus padouyell KOHCTpYKTOpcKor nokymenTanuu (PKJI)
B cootBeTcTBUU ¢ ECK/I;

e T-FLEX PDM — cucrema ymnpaBieHUS JaHHBIMHM, CBSI3AHHBIMH C
KOHCTPYKTOPCKOM IOJATOTOBKOM ITPOU3BOJICTBA;

e T-FLEXDOCs - cuctema ynpaBiieHUsI KOHCTPYKTOPCKHM, TEXHOJIOTHUECKUM U
OpraHU3alMOHHBIM JTOKYMEHTOO00POTOM;

o T-FLEX Texmoisornsa, T-FLEX HOPMHPOBAHME —  CUCTEMBI  AJIA
TEXHOJIOTHYECKON MTOATOTOBKU ITPOU3BOCTBA;

o T-FLEX Ana/mm3, T-FLEX J{uHAMUKA, T-FLEX 3VBuAThIE TEPEqAYH, T-FLEX
1Ipvkunbl, T-FLEX OJEKTPOTEXHHKA, T-FLEX IIEYATHBIE IVIATBEI — 1o
pElIeHUs] IIUPOKOT0 CHEKTpa 3a7ayd B 00JIACTU MEXAHHUKH, 3JIEKTPOTEXHUKH U

QJICKTPOHHKH, a4 TAKIKE CTAHIAPTHBIX KOHCTPYKIIHMOHHBIX 3JICMCHTOB.

Takum ob6pazom, ucrnonb3zoBanue 1-FLEX PLM mo3BossieTr mpeanpusituio
CO3/1aTh 3alUIIEHHOE WH()OPMALIMOHHOE MPOCTPAHCTBO, ONTUMHU3UPOBATH
KOHCTPYKTOPCKO-TEXHOJIOTUYECKU ~ O0OpPOT U MOBBICUTH  3(PPEKTUBHOCTH
B3aMMOJICHCTBUS TOJpa3/Ie/ICHU, HaJTaJIUTh y4eT M KOHTPOJIb IpU padboTe C

JIOKyMEHTAIUEH, COKPATUTh CPOKHU pa3pabOTKU HOBBIX U3/IEIUN U T.1I.

OcHoBHOM, «Hecyme» cpeaoir mwoboit PLM sansercs CAD-cucrema.
NMeHHO B HEW cO3/MaeTcsl AJIEKTPOHHBIN 00pa3 MPOEKTUPYEMOTO H3JACIUS U €ro
AJIEMEHTOB, JJIs1 KOTOPBIX paspabateiBaetcs PKJI, peanusyercs moKyMeHTOOOOPOT,
dbopMUpyeTCsl TEXHOJOTUUECKUN MPOLIECC MPOU3BOJICTBA U COOPKH, MPOBOASITCS

HEO0OXOIMMbIC PACUEThI U T.J.

Kakumu BO3MOXHOCTSIMH CETOJHS O0jadaeT HeHTpaibHOoe 3BeHO [-FLEX
PLM — T-FLEX CAD? B 06oupIioi CTEIMEHH 3TH BO3MOXXHOCTH OIPEICIISIOTCS

HMCXOJIHOM UJIEEH, TTOJI0KEHHOW B OCHOBY IIEPBOM BEPCHUM TOT/AA E€LIE JBYXMEPHOU



cuctembl [-FLEX CAD 2D. Unes sta — IHAPAMETPHU3ALHA. llepBas Bepcus
paccMaTpuBaeMoON CHUCTEMBbl CO3/laBajlaCh KaK CpPEICTBO Il aBTOMATHU3aIluU
MOJATOTOBKHU YepTEeXKeH, U pazpabOTUMKK UCIOJIb30BAIH MOJX0, KOTOPBIA 3HAKOM
KOKJOMY, KTO XOTs OBl pa3 BPYYHYIO CO3/1aBaJl MAIIMHOCTPOUTENbHBIA YEPTEK:
CHayaJjla CTPOUTCS YePTEk B TOHKUX JIMHUSX, 3aT€M HYKHBI KOHTYp 0OBOJIUTCS, a
TOHKHUE JIMHUU cTuparoTcs (ynansiorcs). IMeHHO Tak pelaercs 3ajaya CO3/IaHMs
yeprexxka B [-FLEX CAD. Ponb TOHKMX JMHHI WIpalOT JUHUH TMOCTPOCHUS:
psiIMbIE, OKPY>KHOCTHU, SJUIUIICHI, CIIaitHbl. [Ipy mocTpoeHrnn oHU NMPUBSA3BIBAIOTCS
K CHUCTEME€ KOOpPJIMHAT M CTPOSTCS JMOO B aOCOJIOTHBIX KOOpAMHATAX, JIMOO B
OTHOCHUTEJIBHBIX, €CJIM HACIEAYIOTCS OT YK€ IIOCTPOCHHBIX JUHUN. Bee 3Tn nuHum,
€CJIM UX CIEUUAJIBHO HE 3a(pUKCHUPOBaTh (3a/1aB OTHOCUTEIbHBIE WU a0COIIOTHBIE
pa3Mepsl WIM  YCTAaHOBUB  CBOMCTBO  «3adUKCHpPOBAaHHBINY»), 00JaJarOT
NOJIBUKHOCTHIO. OueBHUIHO, 00J1aaeT MOABMXKHOCTBIO U CO3JaHHBIH Ha OCHOBE
ATUX JIMHUN KOHTYpP: U3MEHEHHE MOJIOKEHUS W/ Wi (GOPMBI JIMHUN TIPUBOJIUT U K
COOTBETCTBYIOIIEMY HM3MEHEHUIO KOHTYypa. IIpr 3TOM MOXKHO, KaKk U B APYIrUX
CUCTEMAaX, CO3/1aBaTh IEPEMEHHBIC [JI YIPaBICHUS BUIOM IapaMeTPUUYECKOU
MoOJienH (pa3MepHas MapaMmeTpu3aliusi), HO MOXXHO M3MEHSTh €€ BUA U 0€3 ITux
MEePEMEHHBIX, TMPOCTO TMepeaBuras wuiu JAedopMHUpYs JHUHUU TOCTPOCHUS
(reoMmeTpuueckas napaMmerpusanus). BaxxHo nmoHaTs, 4To co3naBaemblii B T-FLEX
CAD oObekr — mapameTpuueckuid 10 OIIPEJEJIEHHIO. B Hem Her
HEMapaMEeTPUUYECKUX AJIEMEHTOB. OJTH YHHUKaJIbHBIE CPEACTBA MapaMeTPU3ALMU

obecrieunBaroT [15]:

- BO3MOXXHOCTb HCIOJIb30BaHUSI TE€OMETPUYECKOW WM pa3MEPHOMN
[apamMeTpu3alni Ui CO3JaHUSA JCKU30B U UYEPTEXKEU, a TAKKE IPUMEHEHHS

TUOPHTHON ITapaMeTpHu3alliy, 00bSUHSIONICH 00a crmocooa;

- PCAAKTHUPOBAHUC IICPCMCHHBIX, CO3AAaHNC W HCIIOJIB30BAHUC 0a3 JaHHBIX,

rpaduKOB ¥ TUATIOTOB YIPABJICHUS MOJIEIBIO;

- MOJACPKKY KOH(DUTypaluii U UCTIOJTHEHU;



- WCIIOJIb30BaHUE CHEIUATM3UPOBAHHBIX mapamerpudyeckux 2D u 3D-
oreparuii (Texo mo mapaMerpam, apaMeTpHIecKue MacCHBBI | Jp.), aIalTHBHBIX
dbparmeHToB, 3D-KOHHEKTOPOB U 3D-MaHUNYJIATOPOB ISl CO3/IaHMS U YIIPaBICHUS

MOACIIBIO.

Kpome mapamerpuzanuu, T-FLEX CAD o6mamaer od4eHb BBICOKOH
CKOPOCTBIO 00pabOTKM JaHHBIX, YTO JAENACT €ro OJHOW M3 caMbIX 3 (HEKTUBHBIX
cuctreM TpoektupoBanus B Mwupe. [-FLEX CAD mnpenmocrtaBiser Takxke
BO3MOYKHOCTh KOJUICKTUBHOHN paOOTHI HaJ MPOEKTaMH, 00JaaeT HHCTPYMEHTAMH
co3ganus 3D cOOpOK M3AeNnid JTFOOOH CIIOKHOCTH MPAKTUUECKH O€3 OrpaHUICHHMA
Ha KOJMYECTBO JeTaliel W TIyOWHY HWepapXuu, MOJJIEPKUBAET padoTy Cco
CCBUTOYHON T€OMETpHEH, T03BOJISICT KOMOMHHPOBATH METO/BI CO37aHUsI 0OBEKTOB

«CHM3Y- BBEpX» (OT JeTalli K COOpKE) U «CBEPXY-BHU3» (OT COOPKH K JIETAIIN).

Tor ¢axt, uro T-FLEX CAD co3naH Ha OCHOBE T'€OMETPHUYECKOTO sipa
PARASOLID, oOecreuyuBaeT €ro XOpOIIyl0 HWHTErpaluio, B YaCTHOCTH, C
OTEUYECTBEHHBIM MPOTrPaAaMMHBIM KOMITJIEKCOM aBTOMATHU3HPOBAHHOTO
IUHAMUYECKOTO0 aHajin3a MHOTIOKOMIIOHEHTHBIX MexaHnuyeckmux cucreM EULER,
MpeIHA3HAYCHHBIM JIJIs aHaln3a pabOThl MEXaHWMYECKHX CHCTEM, BKIIOUYAIOIINX B
ceOs  CIOXKHYIO  KHHEMAaTHKy, OOJBIIME  MEpPEMEIIeHUs, JKECTKHEe M|
nehopMUpyeMbIe IJIEMEHTBl KOHCTPYKIIUHU, TUPABINYECKUE, TTHEBMATUYECKHUE U
DIEKTPUYECKUE CUCTEMBI, CUCTEMBI YNIPABJIEHUS U pyrue KoMnoHeHTol [16]. Ha
puc. B.2 npencrasnen Buna B cpeae EULER monenu aBualimoOHHOTO KaTamyiIbTHOTO
YCTPONCTBA TUTIA «HOXHUIIBD) C MACCOTa0APUTHBIM MAaKETOM OTACIISIEMOro Ipy3a.

Ota monaens B EULER co3nana va ocaoBe CAD-monenu.

B cBoto ouepenb, EULER wunTerpupoBan c¢ Takxke oOTeueCTBEHHOU
TexHosorue SIMINTECH — cpefoil TMHAMUYECKOT0 MOJICTUPOBAHUSI TEXHUUECKUX
CUCTEeM, MpEeAHA3HAYCHHON [UIsi pacu€ToB W HCCIENOBaHUS pabOThl CUCTEM
YOPABJICHUS CIOXKHBIMH TEXHUYECKUMH OO0BekTamMu. SIMINTECH ocymiecTBisieT
MOJIEJIMPOBAHUE TEXHOJIOTUYECKUX MPOLIECCOB, NPOTEKAIOIIMX B Pa3INYHbIX

06’BeKTaX, C OAHOBPCMCHHBIM MOJCIUMPOBAHHUEM CUCTCMBbI YIPABJIICHUSA U



MMO3BOJIICT MOBBICUTH KAUCCTBO IIPOCKTHUPOBAHUA CUCTEM YIIPABJICHHA 34 CUCT

MIPOBEPKHU MPUHUMAEMbBIX PEIICHUN Ha JIF0OOW CTauu MPOEKTa.
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SIMINTECH mpennasnaueH [17] ans neTalbHOTO UCCIEIOBaHMS M aHAJINA3a
HECTAallMOHAPHBIX MPOLECCOB B SACPHBIX M TEIUIOBBIX JIHEPrOyCTaHOBKAaX, B
CHUCTeMaxX aBTOMATHUYECKOTO YIpPaBIEHUS, B CIESAANINX MPUBOAAX U POOOTax, T.€. B
JHOOBIX TEXHUYECKHMX CHCTEMax, OINUCAaHUE AWHAMUKH KOTOPBIX MOXKET OBbITh
NpEJCTaBICHO B BHUAEC CUCTEeMBl JuddepeHInanTbHO-aIre0pandecKux Uiu
Pa3HOCTHBIX  ypaBHEHUH W/WIM  PEATU30BaHO METOJAaMH  CTPYKTYPHOTO
monenupoBanus. [Iporpammusiii komruiekc SIMINTECH B ompeneneHHOW Mepe
SIBIISIETCS] aHAJIOTOM M3BECTHOM BO BCEM MHUpPE TEXHOJOTHH SIMULINK, paboTaromieit
Ha 1uiatrgopme MATLAB, HO B OTJIMYHE OT HErO, SIBJISETCS CAMOCTOSITENIBHBIM U
HE3aBUCUMBIM TpwiioxkenueM. Ha puc. B.3 mpencraBnena SIMINTECH-momens
CUCTEMBI YIpPaBJIECHUS OTIAECICHHUEM TIpy3a C ABHALMOHHOIO KaTaIlyJbTHOTO

yCTPOMCTBA € KaYaIOIUMCS LIUIMHAPOM (THEBMOTIPHUBOIOM).



Mozeab MEXaHI3MA C KAARIWHUMCS WHHAPOM

Mz Mozens

Pucynox B.3

BosmoxkaocTs uHTerpanmu ykasanubix cuctem: [-FLEX CAD, EULER #u
SIMINTECH, — MoOXeT cTaTb MNPOAYKTUBHOM OCHOBOM IS  CO3JaHUSA
WHTETPUPOBAHHON HMHXKeHEepHOU mporpammuoil minatdopmsl (MUIIIT), Tem Gonee
yTo KoMmanus «Tom CucTeMbl» UMEET OMBIT Yy4acTHsl B TAKON pa3paboTke (MPOEKT
«I"epbapuit» poccuiickoro @oHa MEPCIEKTUBHBIX UccienoBanuid, 2015-2016 r.r.,
[18]). [Tox MUIIIT nonumaeTcst kpoccruiaropMeHHast ¢ OTKPBITHIM MTPOTPaAaMMHBIM
uHtepdeiicom cuctema, mpeaHa3HAYCHHAs MJis1 pa3padOTKU MOJENeH H3IeIui,
pelleHusl 3aJay BUPTYaJIbHOTO MOJEIUPOBAHUSA T[OBEACHUS W3ACIHN TMOJ
BO3JICMCTBUEM pAa3JIMYHBIX BHEIIHMX W BHYTPEHHUX (DAKTOPOB, MPOBEICHUS
COOTBETCTBYIOIIMX PACUYETOB W TEXHOJOTHYECKOW TMOJATOTOBKM IPOU3BOJICTRA.

[pennonaraemas ctpykrypa UUIII npencrasnena na puc. B.4 [18].
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~ DOOHA
( T}_W}'I{T}'p{] IHﬂ HI NEPCMEKTUBHBIX

MCCAEAOBAHMM

Mogcucrema 3arpysxu u Moacncrema reHepauyumn
WMCNONHEHUA BHELUHWX pacuérHbix mogenen (CAE
mogynei UMNOo CETKH)

MNopcncrema xpanenns / Mopcncrema ynpasneHus
BOCCTAHOBNEHUA moaenen MoAenbio

MNoacucrema obmena Moacucrema noaRepIKKMU MNoacncrema reHepayumn

Ipadmueckas nogcucrema

AaHHBIMK {2D / 3D rpadwmka)

(umnopt / akcnopt)

NoNbL30BATENbCKOrO uepTeeil, LOKYMEHTOB,
nHTepdeiica OTUETOB

3D agpo RGK m

UHTerpupoBaHHas MHXXeHepHaa nporpammHas nnarpopma

Pucynox B.4

[ToHATHO, YTO Takas OTEUECTBEHHAs «CYNEpCUCTeMay», oOecleyrBaroIas
pELIECHNUE MPAKTUYECKU BCEX 3a/1a4 IPOCKTUPOBAHUSA U CO3/1aHUSA HOBOM TEXHUKH,
BIUIOTH 10 IIPOBEIACHUS «BUPTYAJIBbHBIX HCIBITAHUNY, SBIAETCS KU3HEHHO
HeoOxoauMoi, ocobenno ansa KpynHbeix npeanpusituii OIIK, rae ucmoms3yercs
OUYEHb MHOI0 pazinyHoro mHxxeHepHoro I10, kak oOmiero, Tak ¥ CHEUUAIBHOTIO

Ha3Ha4YCHMUAI.

Hacrosmee ydeOHOe mocoOue mpeacTaBiseT coOoi oOImiee BBEJACHUE B
cpeny T-FLEX CAD nnst nui, HUKOTZIa B 3TOW cpejie He pabOoTaBIIMX, B MEPBYIO
ouepenb miua cryaeHtoB HWHcturyta Ne7 MAUM  «PobGoToTexHHMueckne W
WHTEJUIeKTyalbHble cucTteMbl JIA». B HOBOM y4eOHOM IjlaHE IO HAaINpaBICHUIO
noarotoBkn 24.05.05 (cnemmanmurer) «MHTErpupoBaHHBIE cUCTeMBbI JIA» ecTh
kypc «CoBpeMeHHBIC HWH(POPMAIMOHHBIC TEXHOJOTHMH KOHCTPYHUPOBAHHS M
MOJICIUPOBAHUSI JTUHAMUKH MHOTOCTEMEHHBIX POOOTHU3HPOBAHHBIX OOBEKTOBY.
VIMEHHO mJi1 CTYIEHTOB, W3y4YalIIMX 3TOT KypCc, B KOTOPOM BOMPOCHI
KOHCTpYHpOBaHus paccMaTpuBatotcs B onope Ha T-FLEX CAD, B nepByto ouepenb
MpelHa3Ha4eHo d5TO0 mnocobue. B HEM Ha mnpuMepax, CIOXKHOCTh KOTOPBIX
MOCTETICHHO BO3pPAacTaeT, pacCMaTPUBAIOTCS OCHOBHBIC OTICPAIIMH IT0 co3AaHuio 2D

u 3D gerameit U cOOpOK, dYepTexel, pa3bACHAIOTCS OCHOBHBIC MPUHIUIIBI
11



napameTpu3anuu. Ha  mpumepe  MEIKOMOIYJBHOTO  3yOdaTtoro  Kojeca
MOKa3bIBaeTCs, Kak cTpourcs pabota ¢ 0Oa3aMu JaHHBIX, KakK MPaBUIBHO
MPUMEHSATh OCHOBHBIE (YHKIHU, OOECHeuMBaIOUMe KOPPEKTHOCTh OTOOpa H
nepeayu JaHHbIX. B 3akiioueHue cliefiad mpuMep, MOKa3bIBAIOIIUM KaK «ITOBEPX»
napamMeTpuuecKod MOJIeTU CO3[aTh Juajor, obecneunBarouil >(PQGeKTHUBHBIMN
BBOJI M PEIAKTUPOBAHME JAHHBIX, a TaKXKE MEPECTPOCHHE KAK MOJEIHU, TaK M

CO3JIaHHOT'O HA €€ OCHOBE qcpTeiKa.
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1. HauaJjo padorsl B T-FLEX CAD

[Tocne 3anycka T-FLEX CAD oTkpsiBaeTcsi okHO [lpusemcmeue, B KOTOPOM
yCTaHaBIMBaeTCA TUIl JOKymMeHTa (cMm. puc. 1.1). byaem cuurtarb, yTo BHIOpaHO

co3nanue 2D neranm (2D [emany).

rﬁ@-&nn'

T-FLE

Hesasmue AoKyMenTH

* ey cATD 200

« Ctpmen comn

rf‘:ﬁwﬁ_:f’,q 5] | e Be«¢ 50050

Pucynox 1.1

Crnenyromuii mar COCTOMT B TOM, YTOObI YCTaHOBUTh, UCIOJb3Ys BKIAAKY
MeHio Ogopmaenue (cM. puc. 1.2), mapamerpsl JaucTa (ero ¢gopmart, OpUCHTAINIO U

MaCH_ITa6, BBIACJICHO KPACHBIM KOHTYPOM Ha pI/ICYHI(e).

O=D-0-BcH - G-~ P~
IS sovesen  dprex  Coopa | Opopwieme | Coewndwawm  Mapouerpu  Msmcpome  Avnws  Pewcwposswe  Vncpyworms B

Dobjreda (Tt AA s A DM

T,

> P ho 1T

T T O

Pucynox 1.2

Hanee, Haxatnem Ha KHONKY CO3JATh (BblACI€HA CHHUM KOHTYpPOM)

aKTUBUPOBATH OKHO BblO0p 0CHOBHOU Haonucu U B HEM BbIOpPaTh BEPXHIOK CTPOKY
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Ocnoenas  naonucw. Ilepsviti aucm [OCT 2.104. Tlociae »Tux omnepauuit
OTKPBIBAETCSI OKHO IS 3alOJIHEHHsI MTaMIia (OCHOBHOW HanamucH) (cm. puc. 1.3).
HlTamn ¥ HaAMHUCH PEKOMEHYETCsl YCTaHABIMBATH J0 BBHIIIOJHEHUS YepPTeXka, TaK
KaK 3TO I03BOJIsIET 0ojiee palMOHaJIbHO Pa3MECTUTh Bce BUAbL. VHaue MOXHO

CTOJIKHYTBLCA C H€O6XOI[I/IMOCTI/I nepeMeaTb 0OBEKTHI ITOCIIC CO3aHHA YCPTCIKA.
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Pucynox 1.4

[Tocnie yka3aHHBIX AEHMCTBUNM CO34AETCS JIMCT, TOTOBBIM ISl BBINOJHEHUS Ha

HEM yepTexa (cM. puc. 1.4).
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PaccmoTpuM  OCHOBHYIO BKJIAQJIKy, WCIIOJIB3YEMYI0 TIPH  BBHITIOJHEHUU
yeprerka 2D-meramm wim coopku — Yepméoce (pucynok 1.5) [19]. B Hei
COJIEP)KATCSl  pa3jMYHble WHCTPYMEHTBI [UIsl TIOCTPOCHUS dYepTeka. OTH
WHCTPYMEHTHI BBIJICIICHBI KOHTypaMH clieBa HampaBo. [lepBas rpymma (KOHTYD
CHHEro 1BeTa) oObeAwHseT JIMHMM TOCTPOSHUsS, T€, KOTOpBIC OMPEICIIIOT
TEOMETPUI0 YepTeka, B3aUMOCBA3h DJJIEMEHTOB, a TakkKe O0O0eCIeunBaroT
napameTpu3aiuio. Bropas (kpacHOro 1mBera) oOecneurBaeT COOCTBEHHO UYEPTEK
(0OBOJIKY OCHOBHOTO KOHTYpa, OCH, IITPUXOBKY U JAp.). TpeThs (3€J€HOro 1BETA)
COZICPKUT KOMAaHIBI JUIA TIOCTPOCHHS ACKHM3a. JTa TpyIma o0ecleuyuBaeT CTHIIb
co3ganust 3D mopemu, mpucymuit Mmuorum CAD-cuctemam: ot 2D sckuza k 3D
MoJaend. BakHo moHMMAaTh, 4YTO0 JTOT cmocod co3manusg 3D wmoxeanm HE
[MIOAAEPXXNBAET TIIAPAMETPU3ALIMIO. Haxkonen, mociemHss Tpymma
(cupeHeBbI KOHTYP) OOBEIUHSET MHCTPYMEHTHI, CBSI3AHHBIC C O0O03HAYEHUSIMH,

npeanuckiBaeMbiMu 'OCT (pa3mepsbl, JOMYCKH U T.J.).

O=0-8-B5H & w-~ Bin-

/ IlocTtpoeHne

BCIIOMOTATEIBHBIX JIHHIIT

Ha 9epTexe: IPSIMBIX (B

T.9. — KKOOPIIIHATHEIX»), O0603HaYeHN,

IpeICEIBaeMbIe
T'OCTowm (pa3mepsl,
JIOITyCKH, TIOCAJIKIIL,

IIepOXOBATOCTh H JIp.)

OKPY>KHOCTeIT 11 21p.

CoOCTBEHHO JepTEXK.
Tloctpoenne (06BoxKa)
OCHOBHOTO KOHTYpa,
IITPHXOBKA, OCH I Ip.

31eck comepxaTcs
KOMaHIBI, TO3BOJIIONIIIE
paboTaTh ¢ MOZETbIO B
pEeXIMe, IICIIONB3YEMOM B

3DCAD

IpOI-M3-102c-19

(2D ackn3 -> 3D moxens)

«TpagnnunoHee»
YepiucHue

oo _| o)

[auka M30 || i ez Jeeens

[T 5975-70
Hcnoimesve 1

Pucynox 1.5

> > i e [ 0B e akat L 32T O,
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PaccMoTpuM Tenepb mpumep co3ganus deprexa (2D monmenw) raiiku. B
cootBercTBUM ¢ ['OCT 5915-70 [20], y raiiku MoxeT ObITh Tpu ucnioiaHeHus (1 — ¢
nByMs hackamu, 2 — Ha OJHOM IJIOCKOCTH, 3 — C UUIUHAPUYECKHUM OCHOBAHUEM).

Ha pucynke 1.6 nmokazansl ocHOBHBIE 0003HaueHus, ucnoiabzyemsie B 'OCTe.

V (\/ /J

Ucnonwerue 1 Ucnonwenue 2 Hcnonwenve 3

15..30°

->°wg‘ uli

Pucynox 1.6

B tabnune 1.1 mpencraBieHbl OCHOBHBIE pa3Mmepbl (B MMm) raiiku M30 mo

I'OCT 5915-70.

Tabauya 1.1
d dw da S e m uae pe3vool
30 | >42.7 | 30<d,<32.4 46 50.9 25.6 3.5

[lepBbiM miarom B (opMuUpoBaHUM uepTexa OyneT CO3JaHUE «CHUCTEMBbI
koopauHaT» (komaHaa — Illpsamas, BeiIOOp — Co3z0amb 08e nepneHouKyisapHvle

npsimeie) (pucyHok 1.7).

[Ipn cozmaHuu ABYX MNEPHEHIUKYISPHBIX MPSMBIX HEOOXOAMMO 33JaTh
KOOPJIMHATHI TOYKU MX MEpPEceHeHHs («HAdyallo KOOPAMHAT»). DTHU KOOPIUHATHI
OTCUUTBIBAIOTCS OT TOYKH, KOTOpPAasl SBISETCA HAYaJOM «MHPOBON» CHUCTEMBI
xoopauHar (0;0;0) 1 BugHA y JI€BOrO HHYKHETO yriia JucTa. TeKylne KOOpaAuHaThI
TOYKM IIepeceyeHus OoToOpakaroTcs Ha BKiIagke [llapamempul  npamou

(cM. pucynok 1.8).
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Pucynox 1.7
[Ipsimble  oTOOpaxaroTcs Ha JUCTE B3aUMHO MEPHEHAUKYJISPHBIMU
NYHKTUPHBIMU JIMHUSAMH, TOYKA MEPECEUEHUs] 3HAKOM “‘x”(y3end), a 3HauYeHHs €€
KOOpJIMHAT — B MOJSAX BKIAAKU [lapamempwvl npsmoil (BBIAEIEHO HAa PHCYHKE
CUHEN pamkoil). MOXHO yCTaHOBUTH 3HayeHUs MPUOIMKEHHO (yKazaTesiem
MBIIIN), MOXXHO TOYHO — B TOJISIX X 1 Y (TMepexiroueHue mojieit — kinapuma Tab).

Bri6op noareepskmaercs kiapuinei Enter wiam memuakom JIeBo KHOITKOW MBITITH.

O=0-8-BE@ @ -w-m-RQ-

lgtg .2 527E )

Pucynok 1.8

B nannom ciywae yctanomieHsl 3HadeHust 150 (mo ropuzonTanu) u 130 (1o
BepTuKain). Takoil BEIOOP MPOAMKTOBAH TEM, YTO TOPU30OHTANIbHAS MpsAMas Oyner
UCIIOJI30BaThCA KaK OCh CHUMMETPUM Talku (MIPUMEPHO B IIEHTPE CBOOOIHOM
paboueii o01acTh).

Co3laHHyI0 CUCTEMY KOOPJIMHAT PEKOMEHAYETCA 3aKpenuThb. Jljig 3Toro

HEO0OXOAMMO TIOJIBECTH KypCOp K JIMHUM (OHA MOJICBEUYMBAETCS 3€JIEHBIM I[BETOM),

17



HICTKHYTh MPaBOM KHOMKOM MBIIIM M U3 KOHTEKCTHOI'O MEHIO BHIOpaTh KOMaHY,
MOMEYECHHYIO 3HAYKOM sIKOpsi. Takoe AeiCTBUE HY>KHO MPOAENATh ISl KaXI0H U3
OCEH.

Jlanee mpoBOAMTCS Psifl MOCTPOEHUH, KOTOpbIe (OPMUPYIOT OOJUK Tailku B
BUJIE criepean (MpaBUIbHBIN IIECTUYTONbHUK). Ha pucynke 1.9 mokazan pe3ynbrar

ITOCTPOCHUM.

et | R e

XX E e K SNOE N T

OGN | MON° o | lodn o dama

Pucynox 1.9

B npuBeAEHHBIX MOCTPOECHUAX UCIOIb30BAHBI HHCTPYMEHTHI: NapajlieabHas
npsiMasi (BepTUKaJIbHAsi OCb CUMMETPUM TallKH), OKPYKHOCTh (auamerpom 59,6
MM, DPaBHBIM BEJIHYHHE €), JBC CHMMETPHYHBIC OKPY)XHOCTH C TaKUM IKe
IMaMETpPOM, TMPOXOMSIINE 4Yepe3 ILEHTp TMepBOM (Ans Cco3JaHusl BEpUIMH
HIECTUYTOJIbHUKA), U IIECTh MPSAMBIX, TPOXOIAIIUX Yepe3 BEPIIMHbI (MHCTPYMEHT
— Ilpsamas uepe3 0sa y3na), ONPEACIAIONIMX KOHTYp IMICCTHYrojibHUKa. Jlanee
TpeOyeTcsi MOCTPOUTh €mE TPU OKPYKHOCTH, COOTBETCTBEHHO nuamerpamu d
(HOMUHATIBHBIN auaMeTp), Ja (BHYTpEeHHHI &IuUaMeTp pe3bObl, HYXKEH Uil e
o0o3HaueHus Ha yepteke) u dw (auameTp, Mo KotopoMy (HopMUpPYIOTCS (hacku).
Bribepem B kauecTBe 3HAUEHUS auameTpa s (Pacok BEIMYUHY, PaBHYIO pa3Mepy
noJ K04 S (T.€. 3TO OKPYKHOCTb, KacaTesbHasi K CTOPOHAM IIECTHYTOJIbHUKA).
DT0 momycTUMO, Tak Kak 46 > 42.7.

Ha pucynxke 1.10 npencrasien pe3yabTaT MpeaBapUTEIbHBIX TOCTPOCHUN.
18



Pucynok 1.10

JIBe OKpYX’HOCTU (HOMMHAJBHBIA TUAMETp M BHEIIHUNA JUaMeTp pe3bObl)
cTpositca Kak OkpyoicHocms U3 yenmpa C 3aJaHUEM pajuyca Wid JHaMeTpa
(paguyc WM JOMaMeTp HUX 3aJaloTcsi TakXkKe, KaKk W pa3Mmep s MNpsSMOil B
COOTBETCTBYIOIIUX MOJSAX BKIAAKU [lapamempwi snemenmos). OKpyKHOCTb JJIs
dopmupoBanus (acok (BBIIAEIEHA HAa PHUCYHKE) — KaK OKPYKHOCTb U3 LEHTpA,
KacaTtenbHasl K npsiMoi. O4eBUIHO, TOCTATOYHO yKa3aTh OJIHY (J1100YI0) U3 CTOPOH
HIECTUYTOJIbHHUKA (B IaHHOM CIIy4ae yKa3aHa JeBas BEpXHssl CTOPOHA).

Cnenyrommii stanm — o00BojAka deprexa. Jlas 3Toro HCMmoiab3yeTcs
uHCTpYMEHT [lepo (M306pascenue). Ha pucynke 1.11 mokazanbsl mapameTpbl 3TOTO
MHCTPYMEHTA: OCHOBHAs JIMHUS, TOHKAsl, BOJHUCTAsA, MyHKTUP U T.A. 1 xaxgon
JUHAA MOXET OBITh YCTAHOBJICHA TOJIIMHA, HBET W Jp. aTpuOyThl. OOBOMKA
OCYIIECTBISICTCS JMHUEH OCHOBHOTO KOHTypa, TommuHo 0.6 MM (mo
yMmoidaHuio). st oOBOAKM KOHTypa IIECTUYTOJIbHMKA HY>KHO, BbIOpaB [lepo,
HICJKHYTh IOCJIEN0OBATeIbHO [0 €ro BepIIMHAM, 3aMKHYB KOHTYp. OO0Bojaka
OKPYHOCTH OCYHIECTBIISIETCS TEM K€ MHCTPYMEHTOM. {711 3TOr0 HyKHO BbIOpaTh
TOUKY Ha OKPYXXHOCTHU (3TO HE MPOU3BOJIbHAS TOUKA, a KAaKON-1100 y3ell Ha Hel; B
JJAHHOM CJly4ae 3TO TOYKA KacaHUs OKPYKHOCTU M JIEBOW HWIKHEU CTOPOHBI
HIECTUYTOJIbHUKA), 3aT€M, HEMHOT'O OTOJIBUHYB KYpCOp, HIEJIKHYTh €UIE MO OJHOU

TOYKE HA OKPY>KHOCTH, MOCJI€ YEro JIMHUS MONAET 3a KypcOpOM TOYHO IO
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OKPY>KHOCTH (KHOTIKY yJI€p>KUBAaTh B HAXKaTOM COCTOSIHUU HE Tpedyetcs). KoHTyp
HY’KHO 3aMKHYTb, IIETKHYB IO KOHEYHOM TOUKe (OHA ke ObllIa U Ha4aJIbHOM ).

Ha pucynke 1.11 npencrapneHa o0Bojika KOHTYpa.

O=D-8-BEH & -« DR

LI PRI, 2P L] M . F L)

a)

LEX CAD Yuc6rian oepenn - C\Users\TKM\Desktop\Becpruakn 20192020 1 kype Uepr LEX CAD Yuebrian pepen - CUsers\ KM\ Deskiop\ Bewepruan 2019_2020 1 kype

loooolFdona nolFi o oloonn[Bhanlanan
T et e

Pucynox 1.11

Takxum xe 00pa3om 3aBepiiaeM 00BoKY. JIy1st 00BOJKM pe3bObl, TaK Kak OHA
no 'OCTy nomxkHa ObITh yKa3aHa NMPUMEPHO Ha ¥4 OKPY)KHOCTH, CTPOUM JIBE
BCIIOMOTATEJIbHBIC TPSMBIC, ONPEACIAIONMNE Hadalo W KOHel oOBoakh. I
pe3nObl BhIOUpaetcst Touxas nuuus. BuUa TMOTHOCTBIO OOBEIEHHOTO YEpTEkKa

NepeIHEero BHIa raifku nmokasad Ha pucyHke 1.12. Tam >xe mokasaHbl U OCU
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CUMMCTpPHHU. OTMCTI/IM, YTO BCC BCIIOMOTI'aTCIIbHBIC JIMHHUHK IIOI'allICHBI (,Z[JI}I 9TOTO

==

Ha IPaBOi NAHENIN HY)KHO HAXaTh KHOIKY C OYKAMHU *-== ),

Ha pucynke 1.12 mpejcTaBiieHa YCTaHOBKa OCEM CMMMETPHUU Ha 4YEpTEkKe
(KpacHBIM KPYKKOM BBIICJICH COOTBETCTBYIOIINI HHCTPYMEHT).

Jns obGo3HaueHMs Oocedl OKPYKHOCTH HYKHO BBIOpaTh HMHCTPYMEHT U
IIEIKHYTh 10 OKPY>KHOCTH (B JJAaHHOM CJTydyae — HauOOJIBIIEro JuaMeTpa, Tak Kak
BCE OKPYXHOCTH coocHbl). Kak BHOHO Ha pucyHke 1.12a, ocu He BBIXOIAT 3a
rabapuT mIeCTUTpaHHUKA, YTO HeBepHO. [loaToMy ymIMHUM HX 100aBJICHHEM
CUMMETpPUH OOKOBBIX CTOPOH (cM. puc. 1.126: BeIOMpaeTCcss Apyroil HHCTPYMEHT).

Takum 00pazom, yepTéx MpuoOpeTaeT BUM, MPEACTaBICHHbIA Ha puc. 1.12B.
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Pucynor 1.12
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[lepeitném Tenepb K NOCTPOEHUIO COBMEIIEHHOTO BUna Cresa W paspesa.
Orta MoOAeNlb, OUYEBHUJIHO, HACIEAYET pa3Mepbl NOCTpoeHHOro Buua Cnepedu
(OTMETHM, YTO JIMHUU NOCTPOEHUS UMEIOT «OECKOHEUHYIO JJTUHY» ).

Ha pucynke 1.13a nokazan HayanbHbIA 3Tan noctpoeHus. Iloctpoens! nBe
BEPTUKAJIbHBIE JIMHUU, OTCTOSIIIME OJHA OT APYrOoi Ha BEJIMYMHY, PABHYIO BBICOTE
raiiku (cMm. pazMep 25.6 mMm). TakuM 00pa3zoM cHopMHpPOBaH MNPSIMOYTOIBHUK,

OTIpEIETSIONINI rabapuTHBIC pa3MepPhI BUA.
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Pucynok 1.13

By,ueM HUCIIOJIb30BATh BCPXHIOK IIOJIOBUHY OJTOI0 IPAMOYI'OJIbHUKA IS

CO3JIaHUsI BUJIA, @ HIKHIOKO — JUIsl CO3/IaHMA ITOJIOBUHEI pa3pe3a. B BepxHen yactu
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HaM HY>KHO TOCTPOUTH JIMHUH, KOTOPBIC SBIISIOTCS CleaoM (DacKu, a B HIDKHEH —
MOKa3aTh BHYTPEHHIOIO YaCcTh railki ¢ 0003HAYEHUEM PE3hOBbI.

Jns moctpoeHuss nuHUM OT (acku (e€ KpOMKH, OOpa3yromieiicss Kak
pe3yabTaT MEPEeCceUeHUs] KOHyca M IUIOCKOCTH) BOCIOJB3YEeMCSI MHCTPYMEHTOM
Cnnatin. OTMETHUM, YTO TOYKA KacaHWUs KPOMKU (acKu U TepeaHell IMIOCKOCTH
JEKUT B OTOM IJIOCKOCTH (TaK Mbl BBIOpaIM JUaMETp: OKPY>KHOCTD,
ompenenstomas (packy, Kacaercsi TpaHEeW TalKu), W SBISICTCS BEPITHHOU
runepOoIibl, KOTopyto ¢acka oOpazyeT B IUIOCKOCTH Kaxiou rpaHu. Yepes oty
BEPIIMHY MPOXOJUT OCh CUMMETPHUHU TpaHu. [103TOMYy MOCTPOUM rOpU30HTATLHYIO
JUHUIO CUMMETPUM BEPXHETO NpsSIMOyrojibHHKA. [Iporiecc mnpousuirocTpupoBaH
puc. 1.13a (Bb1Oop uHCTpyMeHTa) U 1.130 (3e1EHBIM BbIIENIEHBI JBE BbIOpAHHBIC
npsiMbIE, @ MEXKTy HUIMU MTOCTPOCHA UX OCb CUMMETPHHN ).

Jlist mocTpoeHUsT KpaHMX TOYEK CIUIaifHa HEO0OXOJMMO OIpeAesiuTh, Ha
KAaKO€ PacCTOSIHME OT MepeIHed IUIOCKOCTH cMelleHa Touka A (cMm. puc. 1.12a).
Cuuraem, uyto dacka mocrpoeHa mnoj yriom 30°. Pucynok 1.14 mmmoctpupyer
JTAHHbIC BHIYMCIICHUSI.

(50.9-46)/2=2.45
30°

Pucynox 1.14

Od4eBHUIHO, YTO HMCKOMOE 3HaueHue X (ompeaenéHHoe dyepe3 TaHreHc 30
rpaaycoB) paBHO <~ 2.45 mMM. CTpouM COOTBETCTBYIOUIYIO MPSIMYIO Ha BTOPOM
Buje. [lanee cTpouM CIUIaiiH, 4TO NPOWJLIIOCTPUPOBAHO HA pucyHke 1.15. Ha puc.
1.15a nokazaHo mocTpoeHue TpEX y370B. B mpuHIUINE, MOCTPOECHHUE Y3JIOB HE
aBiseTcst 00si3aTebHbIM. OHU W TaK aBTOMAaTUYECKH CO3JAIOTCS MPU TOSBICHUH
nepeceyeHus JIMHU. B 1aHHOM cilyyae OHM MOCTPOEHBI I HarjsaHocTu. Jlanee
BbIOMpaeTcss WHCTpyMeHT CIutaifH, BBIOMPAIOTCS YKa3aHHBIE Y3IbI  (TOJIBKO

MOCIIE0BATENbHO, CBEPXY BHU3 WJIM CHU3Y BBEPX) U MOATBEPIKIAETCS BHIOOD
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(moclie BbIIEICHUS MOCIEAHEN TOUKUA OKOJO HEE MOSBUTCS 3HAYOK, IO KOTOPOMY

HaJI0 MIEIKHYTH JICBOM KHOIKOM). Buj 3HaUKa MHTYUTUBHO MOHSTEH.

[Iporecc mpouIIOCTpUPOBAaH Ha pucyHKe 1.150, a Ha 1.15B mpeacraBieH

pe3ynbpTaT 0OBOJIKH.
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Pucynox 1.15

Pucynox 1.16

Ha pucynke 1.16 mnpeacraBineHsl 3aBepliamomue moctpoenus (0e3

I]ITpI/IXOBKI/I). HOCTpOCHBI ABC BCIIOMOT'aTCJIbHBIC TOPHU3OHTAJIBHBIC IIPAMBIC,
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CBSI3aHHbIE C HOMHUHAJBHBIM JMAMETPOM M BHYTPEHHHUM AMAMETPOM pPE3bObI, a
Tak)Ke JIBE MpsMbIe N0 yraoM 45° aiis mocTpoeHus: BHyTpeHHUX (acok. O6BeacH

HWKHUH KOHTYpP OCHOBHOW JIMHUEHN U pe3b0a — TOHKOM.

Ha pucynke 1.17 nponemMoHCTpupoBaHa IUTpUXOBKa ceueHus. Ilpu
OCYILIECTBJICHUM IITPUXOBKH HYXKHO BBIOpAaTh COOTBETCTBYIOUIMI HHCTPYMEHT
(BBIIETIEH HA PHUCYHKE), YCTAaHOBUTH IapaMeTpbl IUTPUXOBKHU (JIeBas 4acTh —
OcHogHble napamempybl): B JAHHOM CIydae IITPUXOBKA — METAJL, HAKJIOH 45°, miar
— 2 mM. Baxxnas yactb — BbIOOp KOHTYpa. Kak TOJIBKO yCTaHOBJIEHBI MapaMeTphl
IITPUXOBKH, CUCTEMA MEPEXOIUT B PEKUM BbIOOpA KOHTYpa. DTOT BBIOOP MOXOXK
Ha OOBOJKY, TOJBKO BBIIENSETCA CMHUM IBeToM. KoHTyp Hazmo 3aMkHyTh. Ecnu
3TO TakK, TO OO0JacTh 3AIUTPUXOBBIBAECTCA W KIET MOATBEPXKIACHUS (Ta camas

KHOIIKA, BUJI KOTOPOW UHTYUTHBHO MOHATEH).

O=D-8-T5H-6-w B

Ny

v /)

Yoer 37

Pucynox 1.17

OxoHyaTeNbHBIA BHUJ 4YepTeka Taiiku (0e3 pa3MepoB) MpPENCTaBIICH Ha

pucynke 1.18.

Pucynox 1.18
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2. Pa3paGorka mnapamerpuueckoii 3D Mogeaum BHHTA C
noJsynoraiinoii rososkoii mo 'OCT 17474-80

T-FLEX CAD mno ompeaencHuto SBISETCS TapaMETPUUYECKOM cpenoit
MPOCKTUPOBAHUSI. DTO CBSI3aHO C 3aJI0OXKEHHOW B Hero emé mpu 2D uepuenun
HAJIMYUEM JIMHAA TIOCTPOCHHWS. OTH JIMHWHM CTPOSATCS B 3aJaHHOW CHCTEME
KOOpAMHAT, a 93TO 3HAYMUT, YTO KAXKIOH JHWHUM COOTBETCTBYET HEKOTOpAs
COBOKYITHOCTH 4HCell (OMpeAeIonuX KOOpAnHaThl €€ neMeHToB). KoopanHaTsl
Pa3HBIX JUHUA MOTYT ONPEACIATHCS HE3aBUCUMO JAPYT OT Jpyra (T.e. B MHUPOBOM
CUCTEME KOOpJMHAT), HO MOTYT ONpPEHCNATbCS ¢ KakK 3aBHCHMBIC, B
OTHOCHTEJIBHBIX KOOpJAWHATaX (3TO MPOMCXOAWT, HAIIPUMEP, KOT/Ia OJHA TpsSMast
CTPOUTCSL B 3aBUCUMOCTH OT Apyroi). Takum oOpa3oM, Jaxe HE BBOJSI B KOHTEKCT
JIOKyMeHTa  nepemenuvie  (uoemmughuxamopwi),  TOIB30BATEIh  CO3MAET
napamempuieckyro moodens (mapaMmerpusanus 0e3 mnporpaMMmupoBanus). Tewm
0osee 3TO BEPHO, KOT/Ia B TPOLIECCE CO3/IaHUS MOJIEIN TO0JIb30BaTellb BBOJMT
HEKOTOpbIE TMIEPEMCHHBIC, CBSA3BIBAs WX C YHCIIOBBLIMHU 3HAYCHHUSAMHU (HAIpUMEp, C
KOOpJIMHATaMU CO3/]JaBa€MOM TOUYKM Kak TepeceueHus ABYX Npsimbix). Kak Toibko
3TO C/AENaHO, TOSBIAETCS BO3MOXKHOCTh, HE TepecTpauBas BPYYHYIO MOJEIb,
U3MCHATH €€ KOHPUTYypamuio 3a CYET U3MEHEHHS YHMCIIOBBIX 3HAYCHUS BBEIEHHBIX
MEePEMEHHBIX. 3HAYEHUSI TMEPEMEHHBIX MOTYT M3MEHATHCS HEMOCPEICTBEHHO, HO
MOTYT ONpPENeAThCS U (HopMyaMu, MPUIEM CIOKHBIMU U allbTePHATUBHBIMU (B
3aBUCUMOCTH OT ycloBui). B aTOM ciydae peub yxe UAET 0 mapameTpu3aluu ¢
MPOTrPAaMMHUPOBAHUEM, YTO CYIIECTBEHHBIM OOpa3oM pacIIUPSET BO3MOXKHOCTH
CO3HAaHUS CJIOKHBIX MOJEJIEW U UX CEMEUCTB U T.JA. ['OBOPAT, UTO NEPEMEHHBIE
«...TIO3BOJISIIOT CO37]aBaTh PA3IMYHbIE HETEOMETPHUYECKHE B3aWMOCBS3H MEXKIY
IeMeHTaMu...» wMonaenu. C TOMOIIbI0 TEPEeMEHHBIX B TOM YHCIEC MOXKHO
YIPABJISTH [IBETOM 3JIEMEHTOB MOJICITH, X BUIUMOCTBIO U T.].

WUrtak, mnpu mapamMeTpusaldd poib  napamempos,  YIPaBISIOMINX
KoH(HUTypanue u CBOMCTBAMU MOJCIHU, 6bINOJHAIOM BBEIEHHBIE B KOHTEKCT
JIOKYMEHTA nepemeHHble.

OcHo6HbiMU cnocobamu co30anusl nepemeHnsvlx ABJIHOTCA:
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1) ¢ UCMOIb30BaHUEM PEIAKTOPa MEPEMEHHBIX;

2) Tpu 3a/IaHUM U PEAAKTHPOBAHUY ITAPAMETPOB JIMHUI MTOCTPOCHHUSL.

Kak mpuBuio, mepeMeHHbIe BBOJATCS B KOHTEKCT JOKYMEHTa B Ipoliecce
CO3/IaHUs JTUHUN TOCTPOCHUS, a 3aTEM YK€ MOTYT PEAaKTHPOBATHCSI.

OcHosHble Xxapakmepucmuku nepeMeHHOl — OSTO YHUKAJIbHOE WMS W
BBIp@XEHHE, 0 KOTOPOMY BBIUMCISCTCS 3HaueHHe mepeMeHHoil. Kpome Toro,
nepeMeHHasi MOXET ObITh BHYTpPEHHEH WM BHEIIHeH. BHelHss mnepeMeHHas
noctyrnHa u3 apyrux n1okymeHToB T-FLEX CAD, BHYTpeHHSsSI — TOJIBKO B CBOEM
JTIOKYMEHTE.

Kak u B 1pyrux cucrtemax mporpaMmMUpOBaHus, 1jid iepeMeHHbIX B T-FLEX
CAD  ycmanosnenvt  mpasuna  cunmaxcuca UMEH  (MIACHTHU(PHUKATOPOB):
UCTIONB3YIOTCS OYKBBI (PYCCKHE M JIATHHCKHE, TPUUEM uMeem 3HaueHue pecucmp),
muGpbl, CUMBOJ NOTUEPKUBAHUS «_». [lepeMeHHas MOKET OTHOCUTHCS K OAHOMY
U3 JBYX TMPENONpPECIEHHBIX THUIOB JIaHHBIX: BEIIECTBEHHOMY (IBOWHOM
TOYHOCTH) WJIM TEKCTOBOMY, IpPH 53TOM IPHU3HAKOM TEKCTOBOM NEPEMEHHOM
ABJISICTCS. CMMBOJ $ B Havae MMEHHU.

HeoTheMieMbIM 3JIEMEHTOM TMPOTPAMMHPOBAHUS SIBIISIIOTCS  BbIPANCEHUS,
COCTOSIIIME U3 OINEpaHA0B (BEIIECTBEHHBIX M (WMJIM) TEKCTOBBIX KOHCTAHT H
NEepEMEHHBIX) W omnepauuid (apupMernyeckux, jorudyeckux). Kpome toro, 6
BBIPAJCEHUAX MO2YM UCNONb308aMbCs  QYHKyuu (MaTeMaTudeckue, QyHKIUH
npeoOpa3zoBanus U QyHKIMHU pabOTHI C 6a3aMu JaHHBIX ).

[Tonublit nepedens pyHkuuii cogepxkurcs B [21], «IIpunoxenue 1. [TpaBuna
HaIMCaHus BhIpakeHn. OyHKIMKU pabOThI C MEPEMEHHBIMI.

BaxHyro posib mapameTpu3anus WrpaeT Npu CO3JAaHUM MOJEIEU JEeTajeH,
KOTOpbIE HMMEIOT MOAO0OHYI0 (OpMy, HO pa3IMyaloTCs pa3MepaMu. ITO YacTo
BCTpEUaETCs B CTAaHAAPTHBIX JETasIX, HAPUMeEp, B Kperexe, B MOIINITHUKAX, B
Pa3TUYHOTO BUIA CTaHIAPTU30BAaHHBIX OMOpax, GaHIax u ap.

PaccmoTpum co3maHue mapaMeTprUuecKkod MOJeNd Ha TpUMepe BHUHTA C

MOJIYTIOTAaHHOU TOJIOBKOM.
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B tabmuue 2.1 mpencraBieHbl JaHHbIE BUHTOB C MOJYMOTAHON TOJOBKOM,
ucnonaenue 1 (COCT 17474-80, [22]). OrmeruM, 49TO B JaHHOW TaOJHIE
IpEJICTaBJICHbI TapaMeTPbl BUHTOB TOJIBKO C HOMUHAJIBHBIM JUAMETPOM pe3bObl HE
MeHee 2 MM. McnosniHeHue | onpenersieT BUHT MO/ LUIMLEBYIO OTBEPTKY. Pasmepsl

e cootBeTcTByloT 'OCT 24669-81[23]. Uepré&xk BHHTa NpencTaBICH Ha

pucynke 2.1.
Tabnuua 2.1. Pa3mepbl BUHTOB
BbicoTa
JAuamerp lar Jumua | Jduamerp no::cu::don BpbicoTa Paguyc Jlnuna Mupuna | [nyouna
pe3b0obI pe3b0bl | BHHTA* | TOJIOBKH rosI0BKH, cepbl cepbl pe3b0bI IJIMna IJIMIa
He 0os1ee
(Bce pa3Mepbl — B MM)
I'OCT 17474-80 I'OCT 24669-81
d P L D k f Ri1 b S H
1 4 5 6 7 8 9 10
2 04 | 3201 33 1,2 05 42 10 05 0,6
] (10) 1 ] 1] ] ] 1]
1 2 3 4 5 6 7 8 9 10
25 0,45 4(.i.22)s 4,7 15 0,6 5,4 11 0,6 0,7
3 0,5 4{i213)0 5,6 1,65 0,75 6 12 0,8 0,9
35 06 | Yo | 65 1,93 09 | 68 13 08 1
5...40
4 0,7 (16) 7,4 2,2 1 8 14 1 1,2
6...100
5 0,8 (40) 9,2 2,5 1,25 9,4 16 1,2 15
8...100
6 1 (40) 11 3 15 12 18 1,6 1,8
10...10
8 1,25 0 (45) 14,5 4 2 15 22 2 2,3
10 15 | 12100 49 5 2,5 19 26 2,5 2,7
] 0 (50) ] ) ]
14...10
12 1,75 0 (50) 215 6 3 22,5 30 3 3,2
25...10
14 2 0 (60) 25 7 3,5 26 34 3 3,6
30...10
16 2 0 (60) 28,5 8 4 30 38 4 4
35...11
18 2,5 0 (65) 32,5 9 45 34 42 4 45
40...12
20 2,5 0 (75) 36 10 5 38 46 5 5

* - B CKOOKax YKa3aHO 3HAUCHUC MJIMHBI U3 HOPMAJIBHOI'O psaa, OmKkaitiiee K CpCaAHEMY
3HAYCHUIO JHalia3oHa AJINH

Kaxk BHUAHO U3 Ta6J'II/II_IBI, JJIMHAa BHHTA AJI1 KaXXKJ0ro HOMHMHAJIIBHOI'O

SHAYCHHUA JHaMCETpa p€356BI JCKHUT B IIUPOKOM JHAIIa30HC. I[J'I}I y,Z[O6CTBa
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BO3BMEM JJISL Ka)KJIOTO 3HAYCHMS AuaMCeTpa OAHO 3HAYCHHUC JIMHBI, HauoboJee
OJTN3KO PAaCIIOJIOKCHHOC K eé CpGI[HGfI BCIIMYMHE TJII COOTBCTCTBYIOLICTO
Jualia3oHa. OtMeTuM TAKKC, 4YTO II0 YMOJYAHHIO HCIIOJIB3YCTCA pe3b6a C

KPYITHBIM ILIaroM.

0.5Px45°

A

A

A

A
Y

Pucynok 2.1. Obwuii 6uo eunma

[Ipy co3gaHnu  mapaMeTPUYECKOM  MOJEIM BHUHTA B KA4eCTBE
uIeHTH(PUKATOPOB OyeM HCIOIb30BaTh 0003HAUCHHMS, YKa3aHHbBIC B TAOJIHIIC U Ha
pucynke 2.1. Ormerum, uto pasmepsl D, f u R; Mexmy coOoit cBsi3aHbI, YTO
nosicHsieT pucyHok 2.2. IlodsTomy, eciu HE3aBHCHMO 3aJaBaThb BCE TPU ITH
pasMmepa, MOCTPOCHHE TOJOBKA BHUHTA CTAHOBUTCS 3aTpynHEHHBIM. [IpaBHIIBHO
Oyner, ecnu 3ajJaBaTh J1Ba M3 HHUX, a TPETUM pacCUUTHIBATh. bynem 3anaBathb

pasmepsl D u f, a pasmep R — onpeneniaTh B 3aBUCHMOCTH OT HHX.

Ry

D/2 :

Bl 1D 0

Pucynok 2.2. Ceszb pasmepos D, fu Ry
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Kak BugHo Ha pucynka 19 R =0OC;R =0OB=0OD+DB; R =f + Rz_(
1 1 1 1

[lepenecém f B eByt0 4acTh, BO3BeAEM 00€ 4acTH B KBaIpaT, MPUBEAEM OT00OHBIC
412+ D?

YJIeHbI U HaAEM BbIpakeHue s Ry R, = —57

. Hannpumep, 118 HOMMHAIBHOTO

nuameTpa 10 MM mojyuum BenuuuHy Ri, paBHyr0 17,45 MM, OTJIMYAIOIIYIOCS OT
TaOJIMYHOTO 3HAYCHUS.

Wtak, mpuctynuM K co3flaHuio mapamerpudeckord 3D momenu BuHTA Kak
Tena BpamieHus. J{as 3TOro B MJIOCKOCTH BXJ CIHEPEAM TOCTPOUM NPOdUIh
MOJIOBUHBI BHHTA 0e3 dacku u ckpyriaeHus. Dacky, CKpPyIJICHHE W IUIMI]
BbITIOJIHUM Yy3ke Ha 3D moxenu. [lpoduns ctpoum B IOKanbHOM IJIOCKON cHCTEME
koopauHat (JICK), coBnmamaromeii ¢ cucremoit XOZ MUPOBOM CHCTEMBI.

Ha pucynke 2.3 moka3aH nepBblii mar mno cosaanuio npodpuis. O6patum
BHUMaHHE Ha TO, 4yTo och OX HampamieHa BJIEBO. D1o 3nauut, 4to cMmelieHue
BJIEBO — MOJIOKUTEILHO, a BIIPABO — OTPULIATENIBHO. YKa3aHHBIA (PaKkT BakeH mpu
CO3/IaHUU MTAPAMETPOB U 3aJaHUU UM 3HAYCHUH.

[Tocne cozmanus JICK u ¢Qukcanuu e€ oceit co3maaniM BepTUKATBHYIO
NPSIMYIO0, OTPEACISIONIYI0 BBICOTY MOTAHHON 4YacTw rojoBku BuHTa K. JInHUIO
crpouM ot ocu Oy BieBo Ha K MMm. Ha pucynke 2.3 mpoWILTIOCTPUPOBAH MPOIIECC
MOCTPOEHHUS U onpenaeneHus napamerpa. OH cocTouT B cienyroneM. Kak Tombko
HAYMHAETCS MPOIIECC MOCTPOCHUS JIMHUU, B OKHE [IAPAMETPbI [TPAMOH TIOSIBIISIETCS
OKHO, B KOTOPOM OTOOpa)KaeTcs BEIMYMHA CMEIICHHS CTPOSIICHCS MpSIMON OT
UCXoAHOH. B 3TOM OKHE HE0OXOIUMO BMECTO YHCIIa BBECTH HUMS MEPEMEHHOM K,
Ha)kaTb Ha KjiaBuily ENTER, mociie 4Yero OTKpbIBa€TCS OKHO 3HAYEHUE
I[IEPEMEHHOH, B KOTOPOM HYXHO BBECTH 3HAa4Y€HHUE © KOMMEHTApPHIL.
KommenTapuii He sBisieTcsi 00si3aTeNbHBIM, HO, CIEAys MPaBWIBHOMY CTHIIIO

MporpaMMUpPOBaHU:, KCIIATCIIBHO €T0 YKA3bIBATh.
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Pucynox 2.3. Cozoanue eéepmukanvrou npsamoi u napamempa K

[Tocne BBOJA 3HA4YEeHMs, KOMMEHTAapus «BpicOTa MOTaliHON 4YacTU T'OJIOBKU
BUHTA» W TOJTBEPXKACHUS ITUX JIEHCTBUH CO3MArOTCs mpsiMas W mapamerp K co
3HAYEHUEM, PaBHBIM 5 (pUCYHOK 2.4). OTMETUM, YTO BBECTU MOKHO TOJBKO OJHO
3HA4YEHUE, HO BIIOCIIEICTBUM, IIPU PEAAKTUPOBAHUU IIEPEMEHHOM, BMECTO OJIHOIO
MOXeT OBbITh BBEJIEH CHUCOK 3HaueHWi. Be3ne nanmee s Kaxaou mepeMeHHOU

yCTaHaBJIMBaeM 3HaueHHE, COOTBETCTBYIOIee BUHTY M 10 (cm. Tabim.2.1).

™ Bupaen. | 3nauenite | Kommentapui ' YR J # /LA AS

BblcoTa NOTANHOM YacTy roNI0BKU BUHTa
(k=5)

f [lBe cUMMeTpHYHbIE NpsAAMble
{ (#D/2=+9)

BbicoTa cdepbl FoIoBKM BUHTa \
(f=2.5)

Pucynox 2.4. Cozoamnwvl npsamvie ¢ napamempamu k u f, 06e cummempuyHvie npsmuie no
ouamempy D (J_rlzl) U OKPYIHCHOCMb Yepe3 mpu mouKu

Ha pucynke 2.4 mnoka3zaH pe3yiabTaT (POPMHUPOBAHUS JIEBOW TI'PAaHHUILIBI
npoduass — OKPYKHOCTH 4Yepe3 TPU TOUKH, OIpeJesieMble BBICOTOM MOTaHOM
YacTH TOJIOBKM BUHTA, BBICOTOM Cdepbl W TUAMETPOM LWIMHIPUYECKONW YacTH.

YKa3zaHHbIC TOYKH IMOJIYYCHBI KaK pPE3yJbTaT NCPECCUCHUA COOTBCTCTBYIOIIHUX
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npsimbix. McxomueiMu oObekTamu [uisi moctpoeHus sBisitoress ocu JICK. Jlyra
OKPY>)KHOCTH  BIIOCIIEJICTBUM  (IpU  BpalmleHMH NOpoPuiIs  OTHOCUTEIBHO
TOPU30HTAJIBHOW OCH) 00pa3yeT c(hepruuecKylo 4acTh roJIOBKH BUHTA. [lonoxeHnue
cdepbl B MPOCTPAHCTBE M €€ AMAMETP OINPEACIAIOTCA TpeMs mapamerpamu: K, f u

D. U3meHeHne BeIWUMHEI JIIOOOTO M3 YKa3aHHbIX IIapaMCTPOB H3MCHIACT 00K

cepsl.
F@=D0-8-HEH &« B

m 3DMogens  Ueprex  Céopka b < n p Awanus  Jucrosoii metann
& ¢ .
/

(£ | Ocrosroit v X < s
= ] | £

. | Visobpaxenme Wirpucosxa .,
1., CK crpanuuet 5 prsenie lpuons,

3nem
Crmns pasneHue P Abl ocC
MapameTpbl NpaMoi PR | £ BuTM20_ne
<

3asepuinms OtmenuTs N

A (O

vlPaccromrane: L ‘
3auenvie nepemerHoR [ it }

[ L S

ravervee: 50 Brewnn

KommerTapwii:  AnvHa BUHTS 2

rpynna: - 5

oK [ omenms x

Pucynox 2.5. Cozoanue pasmepa u napamempa npu « OMpuyamensHomM» nepemeujeHu TuHuu
nocmpoenus

[TpousrocTpupyeM NOCTPOCHKUE MPABOM I'PaHULIbI TPOPUIIS, ONPEaEIIEMOM
BEJTMYMHON JJIMHBI BUHTA L. OTMETUM, 4yTO BCe MapaMeTphl, B TOM YHCIIE U JJIMHA
BUHTA, AGIANOMCA GEIUYUHAMU NOAOACUMENbHBIMU, TIOCKOJBKY OIPEIEISIIOT €ro
pasmepsl. Jlpyroe neno, Korga OOBEKThl CO3JAIOTCS B KOOPAMHATHOM
npoctpaHcTBe. Hampumep, npu co3gaHuM MPSMOM, ONpENEsIoleld MNpaByro
rpanuily npoduisi, €€ HYXHO pacIoJIOXKUTh ClpaBa OT Hadajga KOOpIWHAT (B
miockocti npoduns Bun cnepenu). Ho oce OX HampapieHa BiaeBO. 3HAYUT
abcyucca yKa3auHou npamot ompuyamensHa. ITO Hal0 YYUTHIBATH NPU BBEJACHUU
napameTpa L (cM. pucyHok 2.5). B kauecTBe BeTUUHMHBI CMEIICHUS HYXKHO yKa3aTh
—L, a B OTKpbIBLIEMCSl QUANOre 3aJaTh nOJI0MCUmenvHoe 3HayeHue (B JTaHHOM
ciydae 50). Tak HyoicHo nocmynams 80 6cex CAy4asx, K020a JUHUSL NOCMPOEHUs, C
KOMOPOU C6:3bl8AEMCs 3HAUeHUe KAaKoU-ITUuO0 NnepemMeHHOU, nepemewaemcs 8
ompuyamenviom  Hanpaeienuu.  Cama  nepemeHHas — O0AMCHA  ObIMb
nonodxcumenvuoti. Ha pucyHok 2.6 mokazaH pe3ynbTaT HOCTPOCHUS TPaBOM

I'PaHUIIBI.
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Jlist  okoHuaTeapbHOTO (HOPMHUPOBAHHS TPOGUIST OCTAJOCh TMOCTPOHTH

TOPH30HTAIBHYIO TPSIMYIO M0 mapamerpy d (cMerieHue BBepX Ha —=5mm), a

TaKKE€ W3 TOYKM IIEPECEUCHMS IOJYYEHHOM MPAMOW C BEPTUKAIBHOM OCBIO —
OpsAMYyI0 oA yriaoMm 45°, ompenenstoulyl0 Mpud BpalleHUUM KOHHYECKYKO YacTh

rojoBku BuHTA. [lomHOCTBIO chopMHUpOBaHHBIN TTIPOGUITH TOKA3aH HA PUCYHOK 2.7.

Pucynox 2.6. Pesynbmam nocmpoenusi npasoi 2paHuybl

5 MepemeHHbIe o x
———— o . .
2 5 ? | Mma Bripaen..,| 3Hauenne | KoMmenTapuii 1
S0 < 50 .
4 [pynna:
S ————————————————————— i
4 k 5 5 BeicoTa noTaiiHoid YacTi roncBkn BUHTa

""""""""""""""" 25 25 BeicoTa cepel ronoekn BuHTa
18 18 JMamMeTp ronoekK BUHTa
50 50 [JnvHa snHTa

10 10 HemuHaneHbii gnamerp pessbbl

|
airm o -

Pucynox 2.7. [locmpoennwiti npoghunv u 66edénnuvle nepemennwie (011 sunma M10)

[Tomumo mpoduiis co3mansl Take ABa 3D y3ma: oAuH B Havajae KOOPAUHAT,
BTOPOMl — Ha OCH aOCILMCC, HAa MpaBoi rpanulle npodusis — oOeCTeUMBaAIOIINE

cozmanue ocu BpamieHud. [locne BbmomHeHus onepanuu Bpamenune cosmaércs

3aroTOBKA BHHTA (PUCYHOK 25).
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Pucynok 2.8. 3azomoexa eunma

Jns 3aBepmienus co3ganus 3D Mogenw BUHTA HEOOXOIUMO J100aBUTh
pe3ply, dacky, CckpyrieHue Ha pedpe, 00pa30BaHHOM IEpPECEUCHHEM
HWIMHAPUYECKON M KOHUYECKOW YaCTEN 3aTOTOBKH, a TAKXKE CO3/1aTh IUIHII.

JI71s1 BBITIOJIHEHHS YKa3aHHBIX JACHCTBHM TpeOyeTCs OMOTHUTEIBHO CO3/1aTh
nepeMeHHble: P — mar pe3pObl, b — A pe3sOsl, S 1 H — mupuHa u riryOuHa

oinna COOTBECTCTBCHHO.

@=D0-F-HEH-& -7 Bk~ T-FLEX CAD
3D Mogens  Yeptéx  CBopka  Odopmneiue  Creundukaumn
E T Yeenmunts (@} Mo pasmepy Ancra @ E
B Yuenswime (&) Bee naobpaxenne a
Mapametper | Pama o (@ i Crwne  Mepene
T (8] BeiBpareie 2a-To1 () Peansrbii pasmep e raa
Macwrab
MepemeHHble 1 x |fekd s
)2 |mn BripaskeH..] SHaueHue | Kommentapuii Ay f
" 2
== L
4 Tpynna: d i 0 FOMINHATIBHEIR AMAMETP pestbel
= 5 5 BeicoTa noTaiiHoi YacTi ronoekmn BuHTa %
=G 25 25 BeicoTa chepel roncsku suHTa ] Napawerpe: nepeueswon
E o 18 18 Jnamerp ronoskn sunTa x - .
IS 50 50 [z BuHTa © Sguecroennan ) Texcrosas
[ ——— PHE
d 10 10 Hi i b pessbi @ B Ls
Snaverse:
?v} Hogan nepemenHas... @/ e o [ peniel
+
e Mesare... (EB § Ty
- - .
Vinopt 3 Camas npw BCTasKE 5 CBopKy:
- G| [ —
& Oxenopr !
! Crmcox: |Her v | |Peasxriposats...
Cnucok » & | |Brearsa [ ———
04 [Coxpsran —_—
] Yerawosin.. o Clomaws e I -
Meso 28] L I E—
e
MaHens MHCTPYMEHTOE £ 4
PenakTop nepeMenHbix (EQ
i
v Toacserka curakcuca 2 —
MHOFOCTPOUHBIR PEKIM LR
I

0) BBOJ IMEHH, 3HAYCHHUS U KOMMEHTAPHS
NepeMEHHON
Pucynox 2.9. Cozdanue nosoii nepemennol (napamempa)

a) HaYajao CO3MaHus

Taxum sxe 00pa3oM cO37aI0TCS M OCTAIbHBIC IEPEMECHHEBIE.
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Brimie paccMoTpen cmocob co3aHus MEPEMEHHBIX B MPOIECCE MOCTPOCHUS.
[TosHakomMumcst emé€ C OJHUM CHocoOOM —  CO3JaHHE  TIEPEMEHHBIX
HETOCPEJCTBEHHO JI00aBiieHHeM B TaOmuily. s 3Toro HeoOXoauMo cienaTh
BUAUMOW NaHenb [/[EPEMEHHBIE, WENKHYTh MO 3TOW MAHEIW NPaBOM KHOIKOW U
BBIOpaTh M3 KOHTEKCTHOTO MEHIO NMYHKT HOBAS IIEPEMEHHAA (pucyHOK 2.9, a). B
OTKpBIBIIEHCS (QOpME yKa3aTh MMs IEPEMEHHOW (B JaHHOM ciydae — P), eé

3HaueHue (B noJie BolpaxkeHne) U BBECTU KOMMEHTaPHIA.

Jlnst cozmanus pe3pObl HEOOXoaMMO Ha BkiIagke 3D monens BBIOpaTh U3
pACIIMPEHHBIX OINLIHWN WHCTPYMEHT PE3bb5A4, Jajiee B KayeCTBE HAYaJIbHOIO
AJIEMEHTa yKa3aTh MBIIIBIO MPaByI0 KPOMKY M YCTaHOBHUTH MapameTpbl Pe3bObl.
OTtMmeTuM, 4yTO BBIOOP KPOMKH Cpa3y ONpeAessieT AUaMeTp pe3bObl U €€ mar (1o
YMOJIYAaHUIO YCTAHOBJIEHA METpUYECKas pe3bba, CJe0BaTeNbHO, HUKAKUX
u3MeHeHuil He TpebOyetcs). [loaToMy ocTa€rcsi TOJNBKO 3a7aTh 3HAUYCHUE JIJTUHBI
pe3bObl, YCTAHOBUB IS TapaMeTpoB HAYAIO u KOHEI] OTCYET OT Havaia pe3bObl
(ot kpomkm): mas Hayama — O, mos konma — b. Tum pe3sOBI OocTaBiIsteM IO
YMOJTYaHUIO KaK TPaBOCTOPOHHIOI0. [Iporiecc MpOoWIIIOCTpUPOBAaH Ha PHUCYHKE

2.10.

B=N0h-0-FEl - &-a-= [Ek- T-FLEX CAD Yue6ras sepcws - E:\Jokymentsi\Documents\Kacbeapa\/lekumn u nabof
m 3DMogens | Ueprex  Copka  Oopmnenme  Cneunpukauun  Mapamerpsi  Vismepenue P
(P OcrosHoit ;/ En. @
o 2/ ]=3DYzen
Y | Ueprms 1 ek
Pe3nba & X | (& BunTM20_ne_napamerpusecky £ * Bur_napamerpu
= | x & =- - ¢
v [B) [X VX @26 PO«
—y e = b % 3D Moctpoenus [7]
= Teomerpuueckite nemento: [1]
[Peasba merpuseaan rocT 8724-2002 - :@ b Marepmansi [1]
Cropora: [Texywas =l X b Onepauwm [1]
B 2 o B
= b 6 Bpawenme 1
War: 15 [ (@)} L
Bocota: 0811899

;x
g
:
8 <
g
5
B O 6880 8D D

™ T\ p—

e e

Pucynox 2.10. Yemanoexa napamempos pe3vowoi

[Ipu cozmanum Qacku Oyaem cuutaTh, yTo €€ pasmep paBen 0,6 mara
pe3b0bl, YTO HE CHJIBHO MPOTHUBOPEUYHUT peanbHOCTH. Ilpomecc co3manus dacku

MPOWJUTIOCTPUPOBAH Ha pucyHke 2.11.
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N belFel

Pepa | Bepume: | Tparaus: | Ofpessa |
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~| Cosaars ynpasnsowwe pastepe!

Pucynox 2.11. Cozoanue gpacku (onuna gpacku onpeodensemcs kax 0.6P)

Panmuyc ckpyrnenuss omnpenensiercss kak  0,1D. Ilpomecc cozmanus
CKPYTJICHUS IPAKTUUECKU aHAJIOTUYEH MPOIECCY CO3/IaHUs (PacKHU.

Bonpmmii nHTEpeC MpencTaBIIseT MPOLECC CO3/IaHUs LUINIA, TIOCKOJIbKY OH
CBSI3aH C CO3JJaHUEM €ro mpoduJsi, 3aTeM TeJla U, HAKOHEI], BHITIOJIHEHUs OyJIeBOM
oneparuu. Pazmep npodusis 1 BeIMUMHA BBITATUBAHUS TeJla HE MOTYT OBITh B3SThI
npou3BoJIbHO. OHU JTOJDKHBI 00€CTIeYUBATh MPABUILHOCTh (DOPMUPOBAHUS MLIUIIA
IpU BCEX BO3MOXKHBIX 3HAYCHHSX JMAMETpa TOJIOBKM BHUHTAa U paguyca chephl.
Paccmotpum monpoOHO coznanue muuna. [Ipu stom 1i1s co3manusi npoduiis

BBIOEpEM IIJIOCKOCTh B//] CBEPXY. Ha pucynke 2.12 nokasan npoguib IUIIUIIA.

27 . 75

A i
il Y| 825

Pucynok 2.12. Ilpoduis numna

Ha pucynke 2.12 pa3mep 7,5 — 310 BenuuuHa, paBHas f+k; pasmep 2,7 — 310

ryouHa nutuna H; pasmep 2,5 — 3To mupuHa nutuna S. Hakonen, pasmep 8,25 —
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ato BenmuuHa, paBHas 1,1(f+k). Otmerum, uyro pasmep f+k onpenenser
KOOpJIMHATY HauOojee yOal€HHOM OT Hadana KOOPIUHAT TOYKH CQEpHL.
CrenoBaTenbHO, JIeBasi TpaHUIa mpoduis, onpenensemas pazmepom 1,1(f+K) mpu
001X 3HaueHusX f u K BBIXOAMT 3a TpaHMIly Cephl, YTO UCKIIOYACT CO3/IaHUEC
BHEIPEHHOTO Teja BHYTPH TOJIOBKM BHHTAa M, KakK CIIEACTBUE, NPaBUIBHOE
dopMHupoBaHHE NUIMIIA: OH BCErNa <«JOCTyNeH OTBEPTKe». Ha ocHoBaHUM
CO3JITAHHOTO MPOQWIIS BBITSHEM TEJO. 3/1€Ch TAaKXKe BAYKHO MPABUIBHO OMPECITUTD

Ipe/eibl BHITAIKUBAHUS (CM. pUCYHOK 2.13).

BbiTankusaHue B x| @ BuntM20_ne_napamerpuuecku @ Burr_napamerpuueckuingrs [ T IR
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Pucynox 2.13. Buimanxusanue mena 0is cO30aHUSA WaUya

Bo-1niepBbIX, BBITAJIKUBAHUE OCYIIECTBISECTCS CUMMETPUYHO B MPSIMOM M
oOpaTHOM HampaBjieHUH. Bo-BTOpbIX, Takke oOecrieuyuBaeTcs 3amac B
BBITAJIKUBAHUM TEM, YTO BEJIMYMHA BBITAIKMBAHUSA C KaXJIOH CTOPOHBI HMMEET
3anac 5% Mo OTHOUIEHUIO K IUAMETPY TOJOBKH (CM. mapameTp /[/IMHA B OCHOBHBIX
napamMeTpax BbITaJIKuWBaHMs). Tak oOecrieuynBaeTcss MHBAPUAHTHOCTH IILIUIA TIO
OTHOIIICHUIO K JIUAMETPY TOJIOBKM BHUHTA, T.€. TAPAHTHUSl OTCYTCTBHUS B IpPOIECCE
BBITAJIKUBAHUSI «HYJIEBOW TOJIIUHBD.

[To okOHYaHUM BHITAIKWBAHUS HEOOXOJAMMO BBLIMOJHUThL OYJIEBY OINEpPAIUIO
BbIUUTAHUE w chopMupoBaTh OKOHYATETbHO W mummi, W 3D Mojenr BuUHTa
(pucyHok 2.14).
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Pucynox 2.14. Cozoannas modens gunma u e€ napamempol

Kak ykazaHo Bblllle, NapaMeTpu3alnus OOECIEeUYUBAET BO3MOXKHOCTh
U3MEHATh TeOMETpHI0, He Mpuderas K HOBBIM IOCTPOSHUSM. JIeHCTBUTENBHO,
MOXXHO M3MEHUTh 3HAUYCHHUE MMapaMeTpa, HalpuMep, JTMHbI BUHTA (rmapameTp L), u
TO TIOCNIe Tepecuéra MoJenu TpuBeAET K e€ u3MeHeHwro. PucyHok 2.15
WUTIOCTPUPYET yKa3aHHbIA mporecc. OTMETHUM, YTO M3MEHEHHME 3HAYCHUS
MEPEMEHHOM JOCTUTAETCS IIEIYKOM II0 HEMY MBIIIBI0 W MOCJIECAYIOIMINM

NU3MCHCHHUECM 3HAYCHUS.

MepemeriHbie MepemeHHbie

?|Mua | Boipac..| 3naue...| Konmenrapuii ? [Vma | Boipax. nave.. Komnena puii

4 Tpynna: 4 Tpynna:
5 5
25 25

k

f

D 18 18
L |50 50
d

3

b

10 10
15 15
26 26

BPEZEEPP
Tlg2

wTmairio -~

H 25 25
H 27 27

a) peJaKTHPOBAHUE 3HAUCHHSI TEPEMEHHOMN 0) HOBOE 3HAY
¥E% F7 OLEPO ‘if

- n
@

E

wpuKa wany
“ny6uHa wane H 27

=

B) OOHOBJIEHHE MOIeNH (ILETUYOK IO COOTBETCTBYIOIIEH KHOIKE IIPABOM MaHEI! )

Pucynox 2.15. Usmernenue mooenu npu usmeHenuu sHavenus nepementou L

Takum oOpazoMm, mapamerpudeckas 3D wmoxmens BuHTa cosmana. Ho

HEBOOPYXEHHBIM TJ1a30M BUIHA €€ yIIEpOHOCTh: e€ napamempsl He0OX00UMO
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usmensams pyunyto. Ilpudém mnpakTUUecKw BCE, TMOCKOJIbKY OHHU 3aBHUCAT OT
BEJIMYMHBI HOMUHAJIBLHOTO AuamMeTpa. VI3MeHUB 1uaMeTp, Mbl 00s3aHBI U3MEHUTD U
3HAYCHMs APYTHX MmapaMmeTpoB. Ho HUKakoW W3 HHMX (3a UCKIIOUCHHEM JIJIMHBI)
MIPOU3BOJIBHO U3MEHSTH HENb3s. TakuM 00pa3oM, MOJENbh TPeOyeT CyIeCTBEHHON
JOpabOTKH, M OHA CBSI3aHA C CO3JaHUEeM 0a3bl JaHHBIX U CHHXPOHHOIO Iepecuéra
apaMeTpOB MPH H3MCHCHHH HOMHHAJILHOTO JTHAMETDA.

Wrtak, g aBTOMATU3alMM IIpollecca IepecTpaWBaHUS BHHTa B
coorBercTBUM ¢ ['OCT (tabmmia 2) HEOOXOAMMO Ha OCHOBE 3TOW TaOJHUIIBI
co3nath 6azy oannwvix (BJ1). Bl co3naércs BeIOOpOM yHKTA MEHIO hA34 JJAHHBLX, B

HEM — pexxuma CO3/4Th. B pe3ynbTaTe OTKpBIBAETCS OKHO [/APAMETPBI BA3bI
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Ving paitna: [ )]
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Zanpoc: =
[C]Mo casinke (T-FLEX DOCs)
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Pexom obHosnenws: | AsTomaTiueckt

Pucynok 2.16. Cozoanue b6asvi Oannbix

B oxne Heobxoaumo BBecTr HauMmeHoBanue b/l (mone MMA) u, xenatensbHO,
koMmmeHTapuil. HazoBém 6a3y nanubix «bazay. [Ipu moaTBepkaeHUU BBOa UMECHH
B CJICJYIOIIEM OTKpBIBIIEMCS OKHE HEOOXOIUMO yKa3aTh HAMMEHOBAaHUE CTOJIONA,
n00aBUTh KOMMEHTapuil U (00s3aTeNbHO) YKa3aTh TUI JAHHBIX, KOTOPbIE OYIyT B
TOM cTOJIOLE. DTO OKHO OYyJIeT MOSIBISATHCSA A0 TEX IMOp, MOKa HEe OyIyT BBEACHBI
HAaUMEHOBAaHUSA BceX CTOJIONOB. B Hamem cioyyae mnepBblii cTONOEl] HAa30BEM

OBO3HAYEHHE, a TUIl JaHHBIX B HEM YCTaHOBHMM, Kak TEKCTOBAIH (pucyHok 2.17).
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I[J'IH CJIcayrommx CTOHGHOB B Ka4€CTBC MMCHH HMMCECT CMBbBICJI HCIIOJIB30BAaTh TC XKC
0603H&‘I€HHH, 4dTO U i1 NMCPCMCHHBIX B MOICIIH (I/IMCHHO HNX 3HAYCHHA 6YILYT

xpaHuThes B b/I).

r 3
Mapametpsl croabua 6askl AaHHBIX &J
Wma: d
KommeTapuii:  HoMaHaNsHEt AWameTp pessisl

BewecTeeHHoe P ]

Tun:

AnuHa: 20 BripaBHuBaHHE: |flesoe -

MopAakoseii N2: 0

\

Pucynox 2.17. Oxno 8600a napamempos cmoadoya 6a3vl OaHHbIX

B urore coznaéres myctas b/I, B koTopyto TpeOyeTcsi BBECTU 3HaUEHUS BCEX
NEepEMEHHBIX B cOOTBETCTBUM ¢ Tabmuuei 2.1. Ilocne BBoma mHpopmanmu B/l

IPUHUMAET ClIeayromuid Buj (pucyHok 2.18):

@ BuntM20_3D_napameTtpuyeckn.., EE= basa - BuurM20_3D_napamert... X @ Bunka.grs:1 Ef baza - Bunki

l Baza

NE (GosHaveHne d L D big |f k b p s H
1 Bunt M2 2 10 3B 0.5 1.2 10 04 05 04
2 BunHt M2_5 25 12 4.7 0.8 1.5 1 045 04 07
3 BunT M3 3 14 58 0.73 1.85 12 05 08 09
4 BunT M3_5 3.5 16 6.5 09 193 13 04 03 1
5 BunT M4 4 16 74 1 22 14 07 1 12
3 Bunt M5 5 40 9.2 1.25 2.5 16 08 1.2 15
7 Bunt M 6 40 1 1.5 3 18 1 16 18
8 Bunt M3 8 45 145 2 4 22 1.25 2 23
9 Bunt M10 10 50 18 25 5 26 15 25 27
10 BunT M12 12 50 15 3 6 30 175 3 32
1 BunT M14 14 &0 25 35 7 34 2 3 36
12 BunT M16 16 60 285 4 8 38 2 4 4
13 Bunt M18 18 65 325 45 9 42 25 4 45
i14 Bunr M20 20 70 36 5 10 4 25 5 5

Pucynox 2.18. 3anonnennas 6asa danHvix

OtmetuM BaxHOe oOcTosTenbcTBO. [-FLEX pabGoTtaer ¢ 0a3oil gaHHBIX,
acconuupoBanHoi ¢ MS ACCESS, koTopas B HICHTH(HKATOpax HE YYHUTHIBAET
peructp. B HamieM ciydae 3To 3Ha4MT, YTO HauMeHOBaHus d 1 D — ouH 1 TOT ke
uneHtudukarop. [loaromy B BJ] Heo6xoaumo BBecTH MHOE UMsI (B TAaHHOM CITydae
— D_big). U3 storo creayer NpakTUYECKUW BBIBOJ: €CIIM MPEIIOIaracTcs
napameTpu3alus, TO 0/ KANCOOU NepeMeHHOU HYHCHO YKA3bl8amb YHUKAIbHOE

um.
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[Tocne 3aBepuienust 3amonHenuss bJ[ e€ nHeoOxomumo coxpanuth. Ilo
YMOJIYaHUIO OHA COXPAHAETCS B TEKYLIEM KaTaJlore.
Co3nannast 0a3a — 3TO TOJBKO XpaHwiMile AaHHbIX. g s¢ddexTuBHOrO €€
UCIIONb30BaHusl HeoOxoaumo cBsizath b/l ¢ Tabnuielt mapamMeTpoB M 00ECIICUUTH
npu BbeIOOpe 0003HAYEHHs] KOHKPETHOI'O BHHTA CHUHXPOHHBIM BBIOOp BCEX €rO
apaMeTpoB (TO €CTh U3 OOHOU CMPOKU OA3bl OAHHBIX).

Jlnst aToro B cmucok mapameTpoB 3D Mozenmu HeoOxomammo 100aBUTH
INEPEMEHHYI0, OOECIEeUMBAIOIIYI0 BBIOOPKY KOHKpEeTHOH cTpoku. Ilponecc

CO3/IaHUs TaKOM MEepEeMEHHON MPOMILTIOCTPUPOBaH Ha pucyHke 2.19.

MapameTpsl nepemeHHon =
e B
Wms: $TKM_vnt Beibop 13 6a3bl AaHHbIX [ S
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Vma Basel QaHHbix: | Seen v
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‘ OTMeHUTD
\
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Pucynox 2.19. Jlobasnenue nepemennoii — cenexmopa 3anuceii 6azvl OQHHbIX

[Ipu co3nanuu nepeMeHHOl B €€ UMEHHU MEPBBIM CHUMBOJIOM JOJIKEH OBIThH
cUMBOJI “$”’, TIOCKOJIbKY KITIOUOM 3aIliCH sBJisseTCs moje OBO3HAYEHHUE, a OHO
CONIEP)KUT TEKCTOBbIE JaHHbIE (T.€. BBOJAWUMAs TIEPEMEHHAas OTHOCHUTCS K
mexcmosomy muny). Kpome Toro, momkeH ObITh B3BEIAEH (IIAKOK B IOJIE
BHEIIHAA. Jlanee, oTa nepeMeHHas J0JbKHa ObITh cBsizaHa ¢ bJl, moaTomy B moJe
CIiucok (cM. pucyHOK 36) HE0OXOIMMO YCTaHOBUTH 3HaueHue bA434 JAHHbLX. Kak
TOJBKO ATO CJIEIaHO, OTKPBIBAETCS €II€ OJHO OKHO, B KOTOPOM HYXHO YyKa3aTh
uMmsa bJl u ykazaTh mosie, u3 KOTOPOro OYyJET OCYIIECTBISATHLCA BHIOOPKA (B TAHHOM

ciyuyae — nosie OBO3HAYEHHE). Buj okHa miepe]] 3aKphITHEM MOKa3aH Ha PUCYHKE
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2.20 (mo ymoyiuanuio Bce (hJIaXKKU B3BEICHBI, CESITh MX MOXKHO, HA)KaB Ha KHOIKY

HHBEPTHUPOBATB).

.
BuiBiop 13 Bassi aakHbx [

WMA Basbl AaHHbIN: Basa -

BiBHpaTE M3 Nons; OBosHaqeHne -

MoKaseIBaTs NoMsA:

- i

OfiosHauerie;

[ BuifipaTh Bce ] [MHEEDTMDOEEH:]

OuneTp:

Pucynox 2.20. Hacmpotixa napamempog 6vi60pa uz 6azvl OaHHbIX

OOpatuM BHUMaHUE, YTO B CIUCKE BbIEHMPATH M3 I10JI1 YCTAaHOBIIEHO
OBO3HAYEHHUE, a B OKHE [IOKA3BIBATH IIOJIA (hIaXoK B3BEIEH TOJBKO Y IOJIA
OBO3HAYEHHME. Ilocne TOATBEp)KIEHUs BbIOOpa B CIHUCOK  IApaMETpOB

I[O6aBHHeTCH 9Ta HOBas IICPCMCHHA.

5 $TKM_vint "BunT M10" -

Bunt M2
Bunt M2_5
Bunt M3
Bunt PA3_5
Bunt M4
Bunt M5
Bunt MG
Bunt ME
Bunt M12
Buxt M14
Bunt M16
Buxt M1E
Bunt P20

Pucynok 2.21. Cozoana Hosas nepemenHasn — celeKmop cmpoku 6a3vl OaHHbIX
HoBas mepeMeHHast mpeacTaBisieT cOO0H CIUCOK, B KOTOPOM COJZIEPIKaTCs
3HaueHus mojss OBO3HAYEHUE co3ganHou BJI. M3 sToro cmmcka MOXET OBITh
BBI6paHO TOJIBKO O/ITHO 3HAUCHHC, T.C. OJIHA, COOTBCTCTBYIOIIAs 3TOMY 3HAYCHUIO,

ctpoka BJI. 3enéuspiii raxox ciieBa OT MEPEMEHHON CBUAETENBCTBYET O TOM, YTO

OHa SBJISIETCS BHEIIIHEMH.
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Co3nannasi mepeMeHHasi 0OecreuynuBaeT JOCTYN K KOHKpeTHOM 3amucu b/l
Ho 3HaueHust qpyrux nepeMeHHbIX, KOTOPbIE B ATOW 3aIIMCH XPAHATCS, MOKA HUKAK
HE CBsI3aHbl C TEMHU IMapaMeTpamMH, KOTOpbIE HCIOJIb30BAINCH MPHU CO3AaHUU
MOJICIIA U OTIPEACISIIOT €€ KoHpuTryparuio. Takum 00pa3om, Heobxoo0umo cea3amo
KOHKpemHuyto cmpoky B[ ¢ smumu nepemennsvimu.

s pemenus 3Toil 3amauM TpeOyeTcsl co3faTh el OJHY MEePEeMEHHYIO,
KOTOpas OyJeT MmojiyyaTh npu Kaxzaom oOpamieHun k ctpoke bJ[ e€ nomep. s
NOJIYYeHUs] Homepa 3anucu (CTPOKH), YAOBIECTBOPSIOLIEIO 3aJaHHBIM YCIIOBHUSM,
ucnojp3yercss (QyHKIus rec(<ycioBue>), TJ€ YCIOBUE — 3TO BBIPAKEHUE,
npuauMaroniee 3Haueane MCTUHA wim JIOXKD.

Co3mamum mepemeHHyro ¢ uMmeHeM find, koTopas OymeT moiy4ats HOMEp
3alliCH, COOTBETCTBYIOIIMN  BBHIODAaHHOMY M3  CIUCKa  HAMMEHOBAHMIO
(0603HaueHuto) BuHTA. [Ipolecc co3nanus NpOMILTIOCTPUPOBAH Ha pUCYHKe 2.22.
Kak BuAHO, mepeMeHHass OTHOCUTCS K BELIECTBEHHOMY (YHCIIOBOMY) THILY, €€
3HaueHue ompenensercs BbipakenueM rec($TKM_vint==Bba3za.0603naucHwue).
Hampumep, eciu BbIOpaTh U3 cnucka Bunt MI10, TOo 3TO 3HaueHue Mo
OBFO3HAYEHHE conepxutcsi B neBsaton ctpoke BJ[. Takum oGpazom, mepemeHHas

find monyuwur 3naveHue, paHoe 9.

Mapametpel nepemerHoin &

Wna: find
BewecTeeHHan TexcTosas

BripaxeHu1e: rec -
(STKM_vint==baza.0bo3HaueHWe)

SHEYEHME: 9
KoMmeHTapuit:

Mpynna: -

CEA3kb Npu BCTaske B chopky: n:| STKM_\J’iI'It "BunTt M10" - | Bunt M10

Hepevertian 7 find rec(STKM vint==Fasa. 7T

Cnmcok: Het - | | PepakTHpoBaTh. .. ‘

BHEWHAR 3HEHEHWA KOHHEKTOPA. ..

CKpbITas

CEOCTBO AOKYMEHTA! -

OK OTMeHa

Pucynok 2.22. Cozoanue nepemennot find ons onpedenenus nomepa nyscroti cmporu bBJJ
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[TocnennumM 1rarom, obecmedmBarOMUM JA0CTyN mapamerpam 3D moxenu k
COOTBETCTBYIOLIEH 3anucu b/l, BiseTCAa KOPPEKUKSA UX CBOKCTB.

BcriomMHMM, 4YTO mpu CO3MaHUMM KaXIOM MEPEMEHHOM €M 3a7aBajioCh
KOHKPETHOE 3HaueHHUE (KOHCTAaHTa). JTO 3HAUYEHHE COOTBETCTBOBaJIO BUHTY M10.
Teneps Kaxa0oMy MapameTpy HYKHO MOCTaBUTh B COOTBETCTBHME HE KOHCTAHTY, a
BBIpaKeHHEe, obOecredyrBaroIiee mnepeaady €My COOTBETCTBYIOIICTO 3HAYCHHUS W3
BbIOpaHHOM cTpoku bBJI. Jlns AocTwkeHHs yKa3aHHOM WEIH BOCHOJb3YEMCS

dbynkiueit val(<aomep 3anucu>,<mone bJ/[>,<cmemenue>), rue:

a) <HOMep 3amucu> — J00e apuPMETUUECKOE BBIPAKEHHE, 3HAUECHUEM
KOTOPOTO SIBJIIETCS 1I€JI0€ YUCIIO;

0) <mone b/I> — oOpailileHrie kK KOHKpeTHOMY Moo bJ[ U3 cTpoku, HOMep
KOTOPOH €CTh <HOMEp 3alUCH>;

B) <CMEIIIEHHE> - HEe0OsI3aTeNbHBINA mapameTp (Homep cToll1ia, U3 KOTOPOIro
BbIOMpAeTCS 3HAYCHHUE, €CJIM OTCUMUTHIBATH OT MOJIA, YKa3aHHOTO B <IOJe
bJ/I>); mo ymomyaHuio <CMEIIEHHEe™> paBHO HYJIIO, TO €CTh 3HAYCHUE
BBIOMpAETCA U3 MOJIs, YKazaHHOTO B <moJje bJ[>.

B mnamem ciydae B KadecTBE IEpBOro IMapamMerpa OyJIeM YyKa3bIBaTh
nepemennyto find (HamoMHUM, YTO OHA IMOJIyd4aeT HOMEpP KOHKPETHOH 3allvCH,
BBIOpaHHOM U3 CIKCKA), a B KaueCTBE BTOPOro — HauMeHoBanue bJ[ u cronbdiia, B
KOTOPOM  XpaHSTCS 3HAUYCHHUS] KOHKPETHOTO Tmapamerpa. Pucynok 2.23
WUTIOCTPUPYET BbIOOP 111 BUHTA M 10 (3anmuck ¢ HOMepoM 9) 3HaueHus JuaMeTpa
D (takoe o603HaYeHUE OH UMEET B criucke mapameTpoB 3D mosenn), KoTopsie Jst

BCEX BUHTOB XpaHstcs B cronbie D_big.

Takum oOpa3om, B none BhIPAKEHUE niepeMeHHoN D 10mKHO OBITh BHECEHO
obpamenne k ¢Qynkiuu val caenyromero Buma: val(find, Ba3za.D_big).
AHaJIOTUYHBIM 00pa30M JIOJDKHBI OBITh BHECCHBI M3MEHEHUS B TI0JIe BhIPAKEHHUE N
JUISL BCEX OCTalbHBIX napameTrpoB 3D monenu. s Takoro usmMeHeHus Tpedyercs
MICJIKHYTh 10 MapaMeTpy MPaBoi KHOMKOM, BEIOpATh ONIUIO [/APAMETPBI i BHECTH

W3MEHEHHUs B OTKpHBIBIIEHCS popme (pucyHok 2.24).
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g
B

N2 OBo3HaueHWe d L _big k b P 5 H

1 BunTt M2 2 10 8 (7 1.2 10 0.4 0.5 0.6
2 Bunt M2_5 25 12 ¥ (3 15 11 0.45 06 0.7
3 BunT M3 3 14 B 5 1.65 12 0.5 0.3 09
4 Bunt M3_5 35 16 5 {3 1.93 13 0.6 08 1

5 BunT M4 4 16 4 2.2 14 0.7 1 12
6 BunT M5 5 40 2 P 25 16 0.8 1.2 15
7 Bunt MG 6 40 1 i 3 18 1 16 138
8 Bunt MB 8 45 I 4 22 1.25 2 23

11 BuHt k14 14

60 3
12 Bunt M16 16 60 B.5 : 8 38 2 4 4
13 Bunt M18 18 65 = i 42 2.5 4 45
14 Bunt M20 20 70 i : 10 46 25 5 5

Pucynok 2.23. Bvibop 3nauenus na nepeceueruu cmpoxu 9 (Bunm M10) u cmonbya D_big

s N
MapameTpsl nepemetHoi u

Wms: D
(@) BewecTeeHHaA TercTosas

Briparketie: val(find Basa.D_big) -

3HaueHue: 18
KommeHTapuiA:  IWEMETD ronosKM BUHTA
Mpynna: -

CEAsh NP1 BCTAEKE B COopKy:

[I‘IepeneHHaq - ]

Cn1co: [HET v] [PEJ].EKTMDGBET!:... ]
|:| CrpbITaA

open e [ -

Pucynox 2.24. Buecenue uzmenenutl 6 nepemennvie 3D MOJEN

[locne BBIMONHEHHBIX JEUCTBUNA MOXHO BBIOMpaTh Jt000€ O00O03HAUYCHUE
BUHTA, IEPECUUTHIBATH MOJIEIIb U MOTy4aTh €€ HoBoe cocTosinue. Hanpumep, eciu
npu 3agaHHOM 3HadueHmn BuaT M10 (3amuce HOMep 9, cMm. pucyHok 2.25a)
BBIOpaTh BuHT M3 5 (pucyHok 2.250) u nepecuumams mooens, To noiryaum 3D
Mojzeiab BuHTa M3,5 (pucyHok 2.25B; oOparute BHUMaHHUE HA U3MEHEHUS B IOJIE
3HAYEHMA IPU TIepexo/ie OT pUCyHKaA 2.250 K pUCYHKY 2.25B: 110 3TUM 3HAYCHUSIM

NEPECUUTAHA MOJEIID).
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)2 |Vma Boipaxenme 3nauerne | KommenTapuii A% |v B e OEL OO0 048 ¢
4 [pynna:

k val(find,baza.k) 5 BoicoTa noTaiiHoit YacTu r...

f val(find, 52 25 BbicoTa Chepbl ronoBKM 6...

D val(find,ba: 18 [lnametp ronosku BuHTa

d val(find, 62 10 [namerp pessbel suHTa

L val(find,Baza.l) 50 AnuHa entta

P val(find,ba3a.P) 15 War pesbber

b val(find,Baza.b) 26 Anuna pessBor

s val(find,Baza.s) 25 Wupmra wanua

H val(find,Baza.H) 27 Fny6una wanua

"Bunt M10" ~ | Bunt M10

rec(STKM_vint==6a3a,0605Hauenne) |9

]2 [vma BoipaxeHue 3navenne | KommenTapuii N ki l ¥ g | X oF | [T 5 & O &5
4 Tpynna;
k val(find,ba3a.k) 5 BbicoTa noTaiiHoM YacTu r...
f val(find,Ba22.9) 25 BbicoTa Chepel rONOBKM B...
D 18 InameTp ronoeku BUHTa
d 10 [namerp pessbel suHTa
L val(find,baza.l) 50 Anura eukTa
P val(find,623a.P) 15 War pesbbut
b val(find,Eaza.b) 26 AnnHa pesbbol
s val(find,baza.s) 25 Wupmra wanua
H val(find,6azz.H) 27 Fay6una wanya
K “BianT W10 <[ Bieir M0
Bunt M2
Bunt M2_5
BuHt M3
Bunt M4
Buxt M5
Bunt M6
BunHt M8
Bunt M10
Bunt M12
Bunt M14
Bunt M16
Bunt M18
Bunt M20
B 7 |vma Blpaxenne 3nauenme | Kommertapuit Al ¥E2% J7 OLL 0000048
4 Tpynna:
k val(find,Baza.k) 193 BeicoTa NoTaiiHoI YacTH r...
f val(find,baza.f) 09 BeicoTa cepbl ronoskm ...
D val(find,6222.0_big) 65 [namerp ronosk snHTa
d val(find,baza.d) 3.5 Aunametp pesubbl BuHTa
L val(find,Eaza.l) 16 JAnuHa eunHTa
P val(find,Baza.P) 06 War pessbol
b val(find,ba32.b) 13 Anuna pessbol
s val(find,baza.s) 0.8 Wnpuxa wanua
val(find,Baza.H) 1 Cny6una wavuya
"BuHT M3_5" ~ | Bunt M35

find rec(STKM_vint==6aza.0603Hauenne) |4

B)
Pucynox 2.25. Moouguxayus mooenu uz sunma M10 k sunmy M3.5

B T-FLEX CAD cymecTtByeT BO3MOXHOCTh CO3JaHHsl  JMajora,

MO3BOJIAIONIETO  aBTOMATHU3WpOBaTh Tmporecc Moaubukanuu 3D  Mopenu.
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[To3HakoMUMCSI ¢ OCHOBHBIMU HCﬁCTBHﬂMH U MHCTPYMCHTAMH 110 CO3AaHUIO

JIMaJiora Ha MPUMEPE paccMaTpUBAEMON MOJIEIN BUHTA.

g

5§ KM vint | B V3.5 < B VLS
find rec(§TRM_vint= = basa.0Bomauenne) 4

¢
i Pasaennts no ropusonran
Crpy|
Pasaenums oxno o ropusoHTan

Buisoe ¢ knasuarype: WSH
s nonyuenns cpasin waxamre F1

Pucynox 2.26. Pazoenenue paboueii obnracmu no 2o0pu3onmanu 0ist CO30aHUs Ouaio2a

Pasnenum okHO 10O ropu3oHTaM (PUCYHOK 2.26), yCTaHOBUM JIJIsl OKHA

nuanora ¢popmar A4 (rOpU30HTAIIBHO).

& &0 /’ - Q o (T4 = & .5 5 EHTa6nuua & Wepoxosatocts D"I:I \j AR N

‘ 3 dacka ~ -7 A -0 é o] “ ED lonyck 8 8 OBosHauerve suaa & -~ H

pkenne Wrpuxoeka Q‘Bblnocnow sug Orpesox - ‘.U & lr @ Orpanwwenwe Pasmep Hagnuce Tekcr @ Basa E:DKapmHKa ®parment | MnockocTe &5 . G []
Yeprex Scxus Orparmuetna Odopmnetine Bcraska | 3D Mogens | JlononHuTensHo

#% * BuntM20_3D_napamerpuue... X [EEzEECRN:IE M PURE I EREIRE (aIT8 @ Bunka.grs:l [ baza - Bunka.grs P Mpusercraue ~ | Matepuan
2, i al = me
L PE B &

[@CTanb
1 B3 Bl
B n
03 A
03 4
-3 %
|= B3 K
B3 K
e-Bn
B8
=&
}‘j\.

S T e s e e S s I‘W...IZ‘”..IB‘?,..I”?...I”‘Z..,I‘“?...I'»
5/ [pg Ceel ]-/n)?lyn n/f\/n ¥a Ta <% 7n én nG\] a
] {\ e-B8r
O -

150,
5
2 L L D H

100 B
@
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[0
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[N
4
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ot

J L

f « 1

‘
1

Pucynok 2.27. [loocomoska k co30anuio ouanoea
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AKTUBU3UpPYEM TMAaHENb JJISI CO3JAaHUSI 3JIEMEHTOB YIPAaBJICHUS AUATIOTOM
(pucyHok 2.27) IIETYKOM II0 KHOMKE Var mnaHenu /J[OIOJHHUTEJILHO (crpaBa
BBepxy). [laHenb 5JIeMEHTOB Juanora pa3MmellaeTcs clieBa B HUXKHEM OKHE
paboueii obnactu. J{ns ynobcTBa B CBOMCTBaX JOKYMEHTa YCTaHOBUM OIIIHIO
1IPUBS3ATh K CETKE.

Co3nmaguM  HOBBIM Juanor (BEepXHsAs KHOMKA TMaHEIM JMajora, CHU3Y
HOSIBJISICTCS. IIWIBJAUK C HATNUCBhIO J[HAJIOr 1), HauepTuM paMKy (KHOIKA C
MPSMOYTOJIbHUKOM, paMKa OyJeT OrpaHWYWBaTh pa3MEIIEHHWE JJIEMEHTOB
YIpaBJICHUS) U pa3MECTUM B BepxHel yactu paMku Haanuck «Bunt 'OCT 17474-
80» (Kunomka «A4a»). Jns Haanucu yctaHoBjieH mpudT 14, BhIpaBHUBaHHUE IO

TOPU30HTAJIM ¥ BEPTHKAIIN — TI0 TICHTPY (pUCYHOK 2.28).

emen ool tsloon ol oond o sod oo i ooodl T3 (Fid ool ool ool ot b1t et ol s ool atonool 135 ool litanso Bt Bsboocdll
oyt oo ™ B 1 =
‘A/n."ﬁ"n/f-/n(h n Tn <% #n 30 n@n‘

»

BuHT TOCT 17474-80

Ahltppeple DH

4

I

] Ctpanmua 1 Awnanor 1

=

Pucynox 2.28. Cozoannvle 6 okne duanoea pamka u HaOnucs

Cozmaaum enié ogHy HaIMUCh ¢ TeKCTOM OBO3HAYEHHUE W CIpaBa OT HEE

no6aBuM deMeHT KOMBUHHUPOBAHHBIH CITHCOK (pucyHOK 2.29).

K2 VOO P POOP P POVRN v PRV PUURY s ATNPR Pt NUUPY L PUUPL v Y POORY b 8 ORTY b POURY £ PUPRPR k! FOUPL e POVPY vy dDUOR bt OUPY by POURL iy PP rce) PP rved INTRY A POPR bxsud FOOPL Eesd POOPL et R v TR YL S
= et B e s K

ElE |a’r'|/r|,>‘h'n.ff|./ﬁ('nrn:n/%xnén n@“

2y [

Bunt FTOCT 17474-80

i
)

ObGo3HaveHne

o
=

B (5[5

1 (@)
sg (@)

25T 2Ll L DHE

-
P E

4

E OMBUHMPOBAHHBIA cnncok <0 I

(1 Crparuua 1 LAwanor 1

=

Pucynok 2.29. Jlobasnenue Kombunuposannozo cnucka
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[Tpu co3nanuum KOMOMHHPOBAHHOTO CIHCKA OTKPBHIBAETCS OKHO, B KOTOPOM
IepevncIeHbl BCe MEpPEMEHHbIe, MpeAHa3HAaYeHHbIE Ui BhIOOpa 3HAYCHUN U3
cnucka. Cpeay napaMeTpoB paccMaTpUBAEMOIl MOJIENN Takas epeMeHHasi OJ1Ha —
$TKM_VINT, — mo3ToMy TOJIBKO OHA U yKa3aHa B okHe (pucyHok 2.30). [Tockoibky

JPYTUX MEPEMEHHBIX HET, BRIOUpaeM 3Ty MEPEMEHHYIO U MOTBEPKIaEM BHIOOD.

r 5
# * KoHCTpykTOp BbipaxeHna ﬁ
Wma KommenTapuit 3Hauenne ;la
STKM _vint Bunt M3_5 |

I ————.
‘i” clErribeod Btk b et e ot cee ool e b e Ve Freet e iroeiod el ood e el e el £ £
z - g/ 2]
5 o ‘ n
& e HEEHWML [k £
ah BoipaxeHue: = @
s nekoerewrve (V] Texcrosbie .
] [lBewecrserwie  [[]Crpurreie &
N
OtmermTe ‘J\_ 0
e
S
@ -
== £9
= |6
| . Crpannua 1) (=] Awanor 1 —— 18
K il 5

Pucynox 2.30. Hacmpotixa napamempoe KOMOUHUPOBAHHO20 CRUCKA

B pe3ynbpTaTe momy4aercs quaior, IpeCcTaBICHHbIN Ha pucyHok 2.31.

FEE: terrn el e bl e g ued oo e e eotvved oottt el o et el el bz v et et et v i)

P ¥ 2% F a7 s LA A S A

>

Bunt FOCT 17474-80

ObosHaueHne [P

Buanr M2_5
Biant M3
Biant M3_5
Bianr M4
Bnt M5
Bt MG
Bt M10
Buanr M12
Bunt M14
Buant M16
Bianr M18
Biant M20

(1 Crparuua 1 [5] fAuanor 1

] « il J v

m

ITE PP P e D

Pucynox 2.31. Kombunuposarnnulii cnucox 0obasnen

Haxkonen, ocTamoch JOMOJHUTH AUAJIOT KHOIIKOM, MPH IIEIYKE M0 KOTOPOMN

NePECUYNUTHIBACTCS MOAEIH (PUCYHOK 2.32).
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MapameTpsi 3nemeHTa ynpaeneHua

MapameTpe! | LWpnbt

=
7 1501, 017901, 07291,,0 10,

s sHaUEHNS
D BrmoyeHo: ‘ BoikmioueHo: | n
MoaBop sHaueHusa: 0
Aa @,
PasHoe
abh 0603 Hjl HassaHue: Plepecurrars] B
7 Tun pam: Para v
- PenaxTuposanye (Lns KOMBUHAPOSaHHOD CVACK) E
E! | MHorocTpouHsiit penakTop @
& | NokaswisaTs BoipaXEHe
) 16"
Toneko uTerie R
| @ Crune ot
2| == e L9
E gg Yposerb: 0 R T m—— - >
< - -
T = User: (7] | - user dore: [ [ ~ @) ‘
;:1 BoipasHuBaHWe no ropusoHTanu: | Mo ueHTpy 0.4 -

(1] Crpannua 1), (] Awanor 1./ BopaHiBaHAe N0 BepTkan: Mo uerTpy. >, B

< |
i i
Crpyrypa wsaenns 1 T e T H

Pucynok 2.32. Cozoanue knonku Ilepecuumams 3D mooens

[Ipn co3nanum ykazaHHON KHONIKM OTKPBIBAETCSA €IIE OJJHO OKHO, B KOTOPOM

HY)KHO yKa3aTh, Kakoe JAefcTBHE TpeOyeTCs BHIIOIHUTH (PUCYHOK 2.33).

r - 1 r - 1
Aeiicreva (o Aeicrzun (oo
MepecséT 30 moaenu
I
e e
Roscure,.. | [Nepesamare Dveaene 3] | vaens (AoBaeure... | [Mepecwrrars B woacns =) [Cnan |
ARTHBVIZHPOSETD CTPARHLY
Maparerpe...| Mowasare gvanor Bris MapaMeTpel... Beepx BHiz i
TIDUCB0MTE NEpeteHHof SHaveHHe
3ENYCTHTS MAKDOC
Orvpers gomert [ ]
OTKPEITE AOKYHEHT
P bparvenTa
S .. 1 ovcriay T
) Crpannia 1 B Aanor L 1 Crparuua 1, (5] Awanor 1
a
I i i« [ I

a) Be1Opath [IEPECYUTATH 3D MOJEIb 0) MIETKHYTh 10 KHOTKE /[OBABUTb...
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Bunt FOCT 17474-80
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(] CTparuua 1 Ananor 1
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B) ¥ TIOJITBEPIUTH BEIOOP: KHOIKA CO3/1aHa
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Teneps, eciii BBIOpaTh U3 CIIUCKA KOHKPETHBIN BUHT U MIENKHYTH MO KHOTIKE
HIEPECYNTATH, 3D Monens Oyaet nepectpoeHa. OTMeTum, uto eciu ¢ 3D Mojiesbio
CBsI3aH UYepTEXK, TO OH TaKXKe OyJIeT MepeCTpOEH.

Ha »sTom 3akoHueHO co3maHue mapamerpudeckord 3D Mopenn BUHTA C
MOJIYIIOTAMHONW TOJIOBKOM, WCIOJIB3YIONMIEH CBs3h C 0a30i JaHHBIX, B KOTOPOU
xpansrtces napametrpsl BUHTOB 110 'OCT 17474-80, u nuanorom, o0ecreynBaroIm

BBOJI IJaHHBIX U3 yKa3zaHHOU b/l u mepecuér momenu.
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3. Coznanme 2D cOopok

CHayaJia pacCMOTPUM HECKOJIbKO BaXKHBIX IMOHATHH [24].

JIro0Ooit uepTéx MOKHO BKIIFOUATh B IpyTHe YyepTexku. B aToM citydae Takoi

BHEJIPSIEMbII 4YepTEXK MPHUHATO HA3BIBATH @hpaemenmom. B cOopouHoM ueprexe (B

€ro BHyTPEHHEM OMUCAHUH) (PparMeHT 0TOOpaX)aeTCsl CCHUIKON 4epTEX, Ha OCHOBE

KOTOPOI'O OH ITOJIYUCH.

MC}K,ZIy q)paFMeHTOM N Cro 4CpTeiKoM CYHICCTBYCT aCCOLMATHBHAA CBA3b:

M3MEHEHHUE YepTekKa OTpakaeTcs Ha (parMeHTe.

Hcnonb3oBanue (QparMeHTOB MNpHU CO3JAaHUU YEepTEexkel (0COOEHHO mMpH

CO31aHNHN C60pO‘IHBIX ‘-ICpTG)KCﬁ) BO MHOI'HMX ClIy4dasiX CYHICCTBCHHO YIIPOIIACT

IpOLECC MX pa3pabOTKU. DTO CBA3aHO C TEM, YTO CYIIECTBYIOT CTaHAAPTHBIE

OMOMMOTEKM 4YepTekeld pa3IudHbIX

MOAIIMITHUKOB | JIp. (CM. pUCYHOK 3.1).
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Kpome Toro, B mpakTH4eCKON AESATEIbHOCTH B MPOIECCE KOHCTPYUPOBAHUS
U3JICTNA, KaK TPaBUJIO, HACIEAYIOTCS DJIEMEHTHI M3 MPEABIAYIINX MPOTOTHUIIOB.
DTO CBSI3aHO C TEM, 4YTO Yy KaXKIOTO NPEANpHUATHS €CThb CBOM mpoduiib
NPOM3BOJACTBA U, COOTBETCTBEHHO, KOHCTpyHMpOBaHMA. Takue Haciemxyembie
AJIEMEHTHI (JIeTaliv, Y3/Ibl U JIP.) BIIOJHE MOTYT ObITh OOPMIICHBI KaK (hparMeHTHI
U CYIIECTBEHHO CHHU3AT TPYA0EMKOCTH Mpoliecca KOHCTPYUPOBAHHSL.

B 3TOM KOHTEKCTE MOHSATHO, YTO M caM COOpPOYHBIM YEepPTEX CTAHOBUTCS
cOOpKOH, BKJIIOYAIOLIEH KaKk BHOBb CO3JaHHBIE y3JIbl, TAK U paHee pa3pabOTaHHbIE
bparMeHTHl.

OcobOyto posib (PparMeHThl HUMEIOT TMPU CO3JIaHUM TapaMETPUUYECKHUX
00BEKTOB, TEM OO0JIEE, €clii caMU ()parMeHThl SBJSIOTCS MApaMETPUUECKUMU -

PaccmoTrpum mpouecc co3naHuss COOpPOYHOIO 4YEpTeka KPEmEKHOTo
COCMHEHMSI C MCTOIb30BaHueM (pparMeHToB. OCHOBHAS 1I€Th — YACHUTH MPOIIECC
co3/aHus (PparMEeHTOB U BKJIIOUYEHHUA UX B 2D cOOpKy.

OTmeTHM, YTO CYIIECTBYET JIBa cr1oco0a CO3/1aHUs COOPOK: «c8epxy-6HU3)» U
«cnu3y-esepx». llepBblii cnoco0® sBisieTcss Oojee MPOAYKTHBHBIM, ITOCKOJIBKY
MO3BOJIIET CO3/1aBaTh M PEAAKTUPOBATH 3JEMEHTbl B KOHTEKCTE COOpKH, TEM
cambIM oOecrieunBasi 00Jee palMOHANbHBIN MyTh pa3pabOTKK U3aenus (BO MHOTHX
ClIydasiX BUJ TOW WJIM WHOM JETalld MPOSBISETCS KaK pa3 MpU CO3JaHUU COOPOK,
MOCKOJIbKY MMEHHO TOTJa M BO3HUKAIOT OTPAHWYEHUS U TPUCOCIUHUTEIBHBIC
arieMeHThl). BTopoil crioco6 mpeanosyiaraeT HaJluurue BCEX AIEMEHTOB COOPKU, U UX
MPOCTO HAZ0 OOBEIUHUTH B y3ea win u3zaenue. Ho, kak mpasmino, 06a 3tu criocoba
OpPraHUYHO JOTONHSIOT Apyr Apyra. COopka HayMHAET CO37aBaThCS C KAaKUX-TO
0a30BBIX AJIEMEHTOB, a 3aTeM, B Mpolecce pPa3pabOTKH CO3JAIOTCS U Jpyrue
HJIEMEHTHI.

B Hamewm cimyuae paccMmarpuBaem cOOpKy cHU3Y BBepX. Ho mpenBapuTenbHO

— CO3/IaJIUM YEPTEKHU JIeTaeH IS clienyrolei cOopku (pUCyHOK 3.2):
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Pucynox 3.2. Yepméonc kpenéaicrnozo coeounerus

B Heil mpucyTCTBYIOT JIB€ J€Talli, CTSATMBAEMble OOJITOBHIM COEAMHEHUEM,
BKJIFOYAIOIIMM OOJIT, TaliKy M mai0y. OTMETHM, 4TO paccMaTpUBAIOTCS HE CaMU
JeTalid, a UX 4epTeku. boyiee TOro, uepTéx MpeacTaBisieT coOOOM OIWH BUI, B
KOTOpPOM — OJHWH BHJ 00NTa, OAMH — rallku W ojuH — maiobl. Emeé pa3 oOpatum
BHUMaHHE: B COOPOYHOM YepTEek e MPUCYTCTBYIOT HE JETAIM, a UX YEPTEKH, U B
JJAHHOM Clly4yae, TMOCKOJIbKY paccMaTpUBAETCS TOJBKO OJWH BHUJ COOPOYHOTO
yepTexka, TO U JIeTald TPEACTABICHBl CBOMM OJIHUM (COOTBETCTBYIOIIUM
cOOpPOUHOMY) YEPTEKHBIM BUIOM.

B crnenyromumx tadmunax 3.1-3.3 comepxarcs pasmepsl aeraneit (u3 'OCT,

[25]), B COOTBETCTBUM ¢ KOTOPBIMH ITOCTPOCHBI YePTEIKH.

Tabnuna 3.1. bont M30 ucnonaenne 1 'OCT 7798-70 (tar pe3nOb1 3,5 MM)

HomunanbsHbIM AuaMeTp

d (Mm) 30
pe3bObI
b (Mmm) JlnuHa pe3r00oBoit uacTu 66
L (mm) JlnuHa crepxHs 0onTa 120 (115)
K (Mmm) BricoTa ronoBku 6oita 18,70
JnameTp onrcaHHON
e (MM) P 50,9
OKPY>KHOCTH
OO6pazyromuit Tuamer
D (mm) Py P 44

(hacku TOIOBKH

VYroun HakiIoHA 00pa3yromei
¢ (%) 15...30
backu

S (Mm) Pazmep mon kmou 46
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Tabmuua 3.2. Iaiika M30 ucnionnenne 1 F'OCT 5915-70 (wmar pe3p6st 3,5 Mm)

HomunanbsHb1i guamMetp
d (mm) 30
pe3bObI
m (MMm) BricoTa raiiku 25,60
JrameTp onrcaHHON
e (MM) 50,9
OKPYKHOCTH
OO0Opasyronuii [uamMeT
dw (Mm) Py P 44
(hacku TOI0BKH
VYroun HakiioHa oOpa3yroiei
o (°) 15...30
dacku
S (Mm) Pa3mep non ko4 46
OO6pa3zyromuii tuameTp
da (mMm) Y 324
(dacku pe3nOnI (He OoJee)
VYron cepia noa dacky
v (°) 90...120
pe3bObI
Tabnuna 3.3. [laitba miockas M30 'OCT 28961-91, [26]
dl (mm) d2 (mm) h (Mm)

BryTtpennuii nuamerp

Buemnuii tuametp

Tommmua manoel

33

50

4,00

Pasmep 115 B mepBoii Tabiuile B3ST B CKOOKH, MTOCKOJBKY 3TOT pa3Mep HE
MPUHALIIEKUT K HOPMAIBHOMY pPsily. byZieM BBINOMHATH 4epTEx Ooyita ¢ JUIMHOU
CTEpkHS, paBHOU 120 MM.

Yeprexu BUIOB JieTaneil (pparMeHTbl COOPOYHOIrO YepTeka) NpeICTABICHBI

Ha CIeAYIOIUX pUCYHKaxX (pucyHku 3.3...3.6).

Pucynox 3.3. borm M30 I'OCT 7798-70
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Pucynok 3.4. I'aiixa M30 ucnoanenue 1 FOCT 5915-70

Pucynox 3.5. lllaiiba naockas M30 I'OCT 28961-91

Pucynok 3.6. CtsaruBaemast netans (B cOOpke OHa MPUCYTCTBYET B IBYX HK3EMILIAPax)

Wtak, npu co3gaHuu CcOOPOK METOJIOM «CHHU3Y-BBEpX» IIEPBOE, YTO
HEO0OXOMMO CJIeNaTh, 3TO CO3/1aTh BKIIOYaeMbI€ B COOPKY (PparMeHTHI.

Ueptéx dparmenta [24] BHavasie co3qaETCsl KaK OTACIbHBINA JOKYMEHT, HO
Py €ro CO3JaHUU HEOOXOIUMO BBITOTHHUTH P TOTOJHUTEIBHBIX JICHCTBHUH,
00eCIeuynBaOMIMX BO3MOXKHOCTh TPABWIBLHO IO3UIIMOHUPOBATh (ParMeHT B
COOpOYHOM YepTeke (CO3/1aTh JIEMEHTHI MPHUBS3KH), a TaKkKe 00ECIEYUTH €ro
NpaBWIbHBIM BHJ Cpead Apyrux ¢parMeHToB (00ecrneyuTbh BO3MOXKHOCTD
YIOPABJISTH BUTUMOCTBIO JTUHUN). BaXXHBIMU MOHATHUSMH B 3TOM CMBICIIC SIBIISIFOTCS
CJICTYIONTUE: TOYKA MPUBSI3KH, BEKTOP MPUBSI3KH U TPUOPHUTET.

Touka W BEKTOp TPHBSA3KK AIOT BO3MOXXHOCTH PAa3IMYHBIM 00pa3oM

MO3HMIIMOHUPOBATH (PPArMEHT Ha COOPOYHOM uepTexe (cM. puc. 3.7).
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Pucynok 3.7. Pacnonooicenue ¢ppazmenmos na coopounom wepmedice

Ha pucynke 3.7 BHAHO, 4YTO (PparMeHTHl «IIPUBS3aHBD» K TOUKAM
nepecedyeHus MpsAMbIX (y3j1aM cOOpouHOro ueptexa). Touka HpHBS3KM (Hayanio
BEKTOpa MPUBA3KHA (PparMeHTa) oOecrneurnBaeT NO3MIMOHUPOBAHNE (PparMeHTa Ha
yepTexe, a BTOpasi (KOHEL BEKTOpa NPUBSI3KH) — IMOBOPOT €ro BOKPYT TOUYKH
npuBsizku. [locne 3amaHus 3TUX y3JI0B ()parMEHT COOTBETCTBYIOIIUM OOpa3oM
NO3UIMOHUpYeTCsl  (0OecreynBaeTCsl accolMaTWBHasg CBA3b  (parMeHra H
cOOpPOYHOTO YepTeXKa).

Ha caenyromem pucynke (pucyHok 3.8) mokazaHa HEOOXOJIUMOCTb
yIpaBJICHUS BUAUMOCTBIO JIMHUN. BUJIHO, UTO KOHTYp TalikKi HE 3aKpbIBAET JIUHUU
KOHTYpa 00JITa, XOTS MO0 CMBICITY KOHCTPYKIIUU OHU HEBUAMMBI.

OTMmeTHM, YTO €clii Ha 4yepTexe (parMeHTa TOYKH MPUBSI3KH HE CO3/IaHBI,

TO OH MO3MIIMOHUPYETCS B COOTBETCTBHHU C €r0 UCXOIHBIMU KoopauHaTtamu ([24]).
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Pucynox 3.8. Owubra 6 suoumocmu nuHull (KOHMyp 2aiKy He 3aKpbléaem JUHUU KOHMYpa

boama)

3.1. BekTOop npuBSI3KH

[Ipexne, dyemM MEperTH K WIUTIOCTPALUM CO3JIaHUS BEKTOpa IPHUBS3KH,
CHEJaeM BaXXHOE 3aMEUaHue.

BekTop B nmexkapToBOM CHCTEME KOOpAMHAT CO3MaETcsi Ha ocHoBe JIBYX
TOYeK (TOYKM Hauyajla BEKTOpa M TOYKM €ro KoHIa). M3BecTHO, 4TO paBHbIC
BEKTOPHI MOTYT pa3MeIlaThCcsl Ha OAHOM MPSMOW WM MapajiyIebHBIX MpsSMbIX. B
ATOM CMBICII€ BEKTOP «IOJABHKEH». JTO 3HAYUT, YTO MPU UCIOJIB30BAHUU BEKTOPA
MPUBSI3KU TIEpBasg TOYKa (€ro Hayajao) MO3UIIMOHUPYETCS] TOYHO B KaKOM-JTHOO
y37€ COOPOUYHOTO YepTeka, a BTOpas (HECMOTps Ha €€ TOYHOE 3aJjaHue BHYTPHU
dbparmMeHTa) «mMOJABMXKHA» BIOJb BEKTOpa M MOXET OTCTOSITh OT Hayajga Ha
paccrosiHue Oosblliee (MJIM MEHbIIee) UIMHBI BEKTOpa BO (pparMeHTe (BaKHO He
paccTosiHMe, a Hampasienne). Korga mpoucxoauTt BBIOOp ATOM BTOpOW TOYKH B
cOOpOYHOM HepTeke (pparMeHT MOBOPAYMBACTCS BCIE] 3a MEPEMEIIEHUEM MBIIIH
u (pukcupyercs B MOMEHT MOATBEPKICHUS BbIOOpa (BEKTOp yCTaHABIMBAETCS HA
MPSIMYIO, CBSI3BIBAIOIIIME JIBE TOUKH).

Hpyroe neno, eciv HCHOJB3YIOTCS TOYKM NPUBSI3KU. OHU HE SIBIISIOTCS
MOJBW)XHBIMUA, W B COOPOYHOM HYEPTEKE MODKHBI OBITh TaKUM K€ 00pa3oM
pacnoyioKEHHbIE  Y3Jbl, 4YTOObI 0OecrneuuTh MNpuBs3Ky. WHBIMEH ClIOBaMH,

COBOKYMHOCTb TOYEK MPHUBSA3KU TMPEACTaBIsET coO0M KECTKyI0 Purypy (kak BO
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dbparmenTe, Tak 1 B cOOpouHOM uepTexe). [Ipu Takoit mpuBsi3Ke BO3MOXKEH TOIBKO
MOBOPOT (UTYPHI, HO HE €€ AedhopMarus.

PaccMmoTpum co3panue BeKTOpa MpUBA3KU Ha puMepe pparMeHTa 0ora.

- Yaen 48

Z IICTERES
| M 28
Z Nuarnn 27
- Mpavan 5

" Mpamas 1

Pucynox 3.9. Yepménc ppacmenma

Ha pucynke 3.9 nokazan 4epTé€x (parMeHTa U BbIJEICHA TOYKa — y3el 48.
DTOT y3€1 BBIICIEH HECHydailHO. MIMEHHO ero panuoHalbHO HCHIOJIb30BaTh B
KauyecTBE HayaJla BEKTOpa MPUBS3KU (TOUKH MPUBSA3KH), TAK OH HaXOJIUTCS HA OCU
cuMMeTpur  Oonta (TO3BOJIAET OOECMEUUTh MPABUIBHOE IEHTPUPOBAHUE
(dparmMeHTa) 1 Ha MOBEPXHOCTH T'OJIOBKM 00JITa (MMEHHO ATOW MOBEPXHOCTHIO OOJIT
yCTaHaBJIMBAETCS Ha IJIOCKOCTh CTATUBAEMOM J1€TalM WM ILAN0bI).

Jnst Toro 4toObl CO3JaHUE BEKTOpa MPUBSI3KH MPOWLIIOCTPUPOBAHO Ha

pucynkax 3.10, 3.11 u 3.12.
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Pucynox 3.10. Cozoanue sekmopa npussazxu
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1. Heobxoammo BeIOpaTh BKIIanky Coopka, B HEW oniuio Bexmop npussaszku.
[Tpu 3TOM B 1MOJIEe YepTekKa CaeBa MOSIBISICTCS MMAHEh HHCTPYMEHTOB, U aKTHBHBIM
SIBIISIETCSI HHCTPYMEHT CO3/IaHUS BEKTOpa MPUBS3KH (cM. puc. 3.10).

2. Jlamee HEOOXOAUMO BEIOPATh TOYKY, O KOTOPOH IIIJIa PEYb BHIIIE, U 3aTEM

IIpaBylO KPanlHIO TOUYKY (CcM. pucyHok 3.11).
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Pucynok 3.11. Bvibop mouek Havana u KOHYa 6eKmopa npuss3Ku
3. Ilocne monTBepx)acHUS BEIOOpa OTKpBIBaeTcs OkHO [lapaMeTpsl BekTOpa

MPUBSI3KHU (CM. pUCYHOK 3.12).
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Pucynok 3.12. Yecmanoexa snauenuii napamempos eekmopa
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B kauecTtBe 3HAUEHUU MMAPAMETPOB BEKTOpPAa PEKOMEHAYETCS YCTAHOBUTH
Hcnonb3oBaTh Kak OCHOBHOM BekTop (B3BecTH (iaxok), B CHHCKe CIOEB —
OcHoBHoOM, B OpueHTaniuu BUJI0B BbIOpaTh OceBas cummeTpus. Bo ¢parmente
MOKET OBITh CO37aHO HECKOJIBKO BEKTOPOB TMPUBS3KH, HO TOJIBKO OJWH W3 HUX
MOXET OBITh OCHOBHBIM (OH IIpejyiaraercss Mo YMOJYaHWIO B MOMEHT BCTaBKH
dbparmenTa B uepTéx). UTo KacaeTcs ciucKka ClIOEB, TO B UEPTEKE UX MOXKET OBITH
HECKOJIBKO (HampuMmep, JUHUM OCHOBHOT'O KOHTYpPA, pa3Mephbl, IITPUXOBKHU U T.1.).
B nanHOM citydae ciou OJvH.

[To 3aBepiieHnu BbIOOpPaA B cocTaBe (hparMeHTa CO3/1aE€TCsl BEKTOP MPUBSA3KU

C YCTaHOBJICHHBIMH CBOMCTBaMU (CM. pUCYHOK 3.13, BbIieNIeH KPACHBIM LIBETOM).

Pucynok 3.13. Cozdan eéexmop npusssku

Takum ke o00pa3oM coO31al0TCSd BEKTOPbl MPUBSA3KUM U 1S JIPYTHX
¢parmenToB (cM. pucyHok 3.14, BEKTOpbl MpPU TOCTPOCHUH OKPAIIUBAIOTCA

KPACHBIM LIBETOM).

a) raiika 0) maiiba B) CTSITUBaeMasi JeTalb

Pucynox 3.14. @paemenmol eaiiku, watibvl u cmsieueaemo 0emaniu
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3.2. ®opmupoBanue ¢aiina 2D coopku

Jlst co3manms 2D cOopku HeoObxoaumo co3nath (aitr e€ gyeprexa. CriocoObt
CO3/IaHUs TPOMJUTIOCTPUPOBAHBI HA PUCYHOK 3.15.
[Tocne co3manmsi ¢aitma HEOOXOAMMO MOATOTOBUTH IOJIE YepTeXa i

pa3melieHust B HEM (pparMeHTOB.

e e = Nipwncrcrmme X

T-FLEX CAD 1B

a) cozmanue 2D cOOpkH B BEpXHEH MMaHeIn
B) co3aanue 2D cOOopku B OKHE IPUBETCTBUS
UHCTPYMEHTOB

Pucynok 3.15. Cnocobul cozoanus 2D coopku

B HameMm cinydae HOCTaTOYHO CO3[aTh JIOKAIbHYIO CHUCTEMY KOOPJHUHAT U
y3€ll Ha BEPTUKAJIBHOW OCH (IIOCTPOCHUEM JTOMOJHHUTEIBHON BCIIOMOTraTEIbHOMN
rOpU3OHTAIBHON TpsiMoit). B ciydae, eciin mOHAMO0SATCS 711 IPUBSI3KU U IPyTHE
y37bl, WX MOXHO CO37aTh J100aBJICHHEM HEOOXOJUMBIX BCIOMOTATEIbHBIX
NpsMBIX, OKpYXHOCTeW u np. Kpome Toro, momemiaembie (GparMeHTHl TaKkXKe
BHOCST B UEPTEXK CBOU Y3JIBL.

B co3maHHOM MOKYMEHTE aKTHBU3MpyeM IYHKT MeHio (COopka, B HEM —
dparmenT (puc. 3.16).

B pe3ynbrare OTKphIBacTCS MaHelb WHCTPYMEHTOB IO pabore ¢
dbparmeHTamMu, B KOTOPOM BepxHsis KHONKa — BwiOpats (aitn. B crmcke daitnos
BbIOMpaeM JleTanb juis Kpereska, Mocie 4ero Ha OTOOpa)kaeTcsl B IMOJIE YepTeka
(mepBOHAYaIbHO CBOEH TOYKOW MPUBS3KKA B TOUKY TOJISI YEPTEKa C TAKUMHU K€

aOCOJIIOTHBIMU KOOPJMHATAMHU ).
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Pucynox 3.16. /Juanoe no dobaesnenuio gppacmenma

Ho tak kak ucnosibp3yercsl HpUBsSI3Ka BEKTOPOM, TO (PparMeHT IOJABHIKEH,
CBs3aH C yKa3aTesneM MbIIU. [lepeMecTuB ero B y3eis LHEeHTpa JIOKAIBHONH CHCTEMBI
KOOpJIMHAT, 3a(UKCUPOBAB €ro, CIEAYIOMIMM IIaroM I[OBOPAYUBAEM BEKTOP

NPUBS3KU BEPTUKAJIBHO BHU3 U TaKKe (pukcupyem. @parMeHT yCTaHOBJIEH.

0) mpuBsI3Ka K HaYary B) IPUBSI3Ka KO
r) ¢pukcanus

a) nobaBieHUE
KOOpJIUHAT U TIOBOPOT BTOPOMY Y311y

Pucynok 3.17. Omanwl 0obasnenus ghpazmenma 6 ¢aiin coopku
Takum xe o0pa3zom no0aBisArOTCS U apyrue pparmenTsl. Co3gaHHas cOopka

rokasaHa Ha puc. 3.18.

LD

Pucynox 3.18. @paemenmoit, nomewénnuvie u ¢aiin 2D coopku
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Kak BuaHo, cOOpka BBIMISAUT HEKOPPEKTHO. JleTanu He 3acIOHSIOT APYT
Jpyra, 4To IPUBOAMUT K HENPABUIBHOMY BOCIPHUATHIO: BUAHBI BCE JIMHHUH, Kak
OCHOBHOTI'0 KOHTYpa, Tak U 0003Havaroue pe3p0y. Takum o6pa3oM, HEOOXOAUMO
pemnTh eni€ OJHY 3aJady: YAIUTh (B JTaHHOM CIydyae — CKPbITb) HEBUIUMBIE

JIMHHNU.

3.3. Yaajienne HeBUIUMBIX JIMHUN HA YepTeke 2D coopkn

JleficTBUg 10 yAaleHHIO (CKPBITUIO) HEBUIUMBIX JMHUN HE SBISIOTCS
CIIOKHBIMH, HO TpeOYIOT BHHUMATEIBHOCTH M HEKOTOPOro TEepHeHus. OTu
JNEUCTBUS, TIO CYTH, COCTOSAT W3 CO3JaHUS INTPUXOBKH Ha TEX JJIEMEHTaX
(bparMeHToB, KOTOPBIE JODKHBI 3aKPhIBATh JTUHUU IPYTrUX (parMeHToB, a TAaKKe B
YIPABJICHUH IPUOPUTETOM.

PaccmoTpum 3Tu JedcTBUSL Ha mpumepe 0o0JyiTa, a 3aTeM MOKaXeM, Kak
ynoOHO W OBICTPO MOXXHO NMPUMEHHUTh MX IO OTHONIICHHIO K Traiike (oOpatum
BHHMAaHHE, YTO Y TaKH HECKOJBKO YYaCTKOB C KPHBOJWHEHHBIMHU TPaHHUIIAMHU,
KOTOPBIE TAKXKE JODKHBI 3aKPBITh JTUHUHU O00JITa U JETANH).

JleficTBUS 1O OTHONIIEHUIO K (parMeHTy Oo0dTa NPOMIUIIOCTPUPOBAHBI HA
CJIeIyIOIUX pucyHkax (puc.3.19 ... 3.28).
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Pucynox 3.19. Cozoarnue neguoumoii wumpuxosxku nHa yacmu 6oama
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[Ipy co3maHuu ITPUXOBKH HYKHO BBIOpaTh HEBUAMMYIO IITPUXOBKY,
00BECTH KOHTYp TOH 4acTu uepTeka, KoTopasi Ha cOOpKe OJDKHA 3aKPBITh JIMHUH
(coenaTh MX HEBUAUMBIMU), M TIOATBEPIUTH BHIOOD. [lanee HEOOX0IUMO HICTKHYTh
NpaBod KHOMKOM BHYTPH CO3aHHOTO KOHTYpa U B3BECTH (IAXKOK y OMIMH
HeBunnMmele TUHAH, a TAaKXKe 33/1aTh MPUOPUTET (B TaHHOM cirydae 1). BeiOpannas
4acThb KOHTYpa CKpPBIBAET JIMHUU YepTeX a, B TOM YHUCIE€ U JUHUU OCHOBHOTO
KoHTypa (cM. puc.3.20). Ecnum mnpuopuTeT OCTaBUTh pPaBHBIM HYJIKO, TO U B
cOOpOYHOM YepTEKEe CKPHITHS HEBUIMMBIX JTMHUNA HE MPOU30UIET, TaK KaK y HUX
OJIMHAKOBBIA TPUOPUTET C JMHUSAMHU Apyrux ¢parmMeHToB. [Ipu ycTaHOBICHHOM

IIPUOPUTCTC JINHUU B C60p0‘1HOM YCPTCIKC CKPBITHI, HO 1 CKPLITHI IMHUKW KOHTYPA.

Pucynok 3.20. Hesuoumas wmpuxosxka cKpblia IUHUU OCHOBHO20 KOHMYPA

[IpuopuTeT JnWMHHUI KOHTypa HYXHO OTpPEJAKTHPOBaTh B JOKYMEHTE

dbparmenTa. Kak aTo cnenars, mokazano Ha puc. 3.21 ... 3.24.

Pucynok 3.21. Jlunuu konmypa, komopule 02paHuyu8aom KoOHmyp wmpuxoeKu
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Ha puc. 3.21 nokazansl JTUHUW, OTPAHUYUBAIONINE KOHTYP, IO OTHOIIEHUIO
K KOTOpOMY IIpUMEHEHa HEeBUJIMMas IITPUXOBKa. B manHHOM ciyyae 310 auHuu 12,
13, 14 u 15. Kaxxnyro u3 HUX HEOOXOIUMO OTPEIAKTUPOBATD.

[Ipomecc pemakTupoBaHUsS COCTOWT B ciemyromieM. Heobxoammo B OKHE
DneMEeHThI MOJIENN HIENKHYTh IPaBOM KHOMKOMW 10 HY)KHOMY 00bekTy (JInuus 12)

U BeIOpath onmuio [TapameTpsl (puc. 3.22).
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Pucynox 3.22. Bvibop ceoticmsa [lapamempul s1emenma 0715t €20 pedaKxmuposaHus

Hanee B hopme [lapameTpsl TUHUN U300paKEHUS] YCTAHOBUTH IPUOPUTET (B
JTAHHOM cliydae, paBHbIi 1), cMm. puc.3.23. [1ocKOabKyY y JUHUU TPUOPUTET TAKOU
K€, KaK y IMITPUXOBKH, OHA TAKXKE Terepb 0TOOpa)arTcsi BO PparMeHTe (CM. puc.

3.24).
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Pasmep:  [5] Paswep:  [5]

Yposens: 0 | Cnoit: OcHosHoi hd
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Pucynok 3.23. YcranoBka 3HaueHus npuoputera Jlunnu 12 (quHum n3o0pakeHus)
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Pucynox 3.24. Jlunus 12 omobpascaemcs 6 uepmedice ¢hpacmenma

Takum ke 00pa3oM HYKXHO TOCTYIIHTh M C OCTaJbHBIMH JIMHUSMU
paccMaTpuBaeMoro KoHTypa. B KoHeuyHOM wuTOre, mociie coxpaHeHHs Qaiina
dbparmenTa u nepexojie B (paitsi COOPKU MOSBUTCS OKHO C COOOIIEHUEM O TOM, YTO
dbparMeHT U3MEHEH, U BOIPOCOM 00 OOHOBJICHUU 00BEKTA B UepTE)KE COOpPKHU (pucC.
3.25). Ilpu Haxxatuu Ha KHOMNKY Jla, 4epTéX OOHOBIAETCS M MPUHUMACT BHJ, KaK

Ha pucyHke 3.26.

iml | T

Pucynok 3.25. 3anpoc na obnoeénenue Pucynok 26. Obnoenénnwiii 6u0 uepmedsica

ppacmenma coopxu

B cnyuae, ecnii 0OHOBJIEHUSI HE TIPOU30LLIO0, HEOOXOAUMO OTPEAAKTUPOBAThH
napaMeTphl (pparMeHTa B yepTeke COOpKHU. [ 3TOro Hy»HO MOABECTH MBIIIb K
dbparMeHTy Tak, 4yTOOBl OH BBIICTUIICS CHUPEHEBOM pPaMKOW, MEIKHYTH MPABOU
KHOITKOW MBIIIIN, BHIOpPAaTh B OTKPHIBIIEMCS] OKHE 3Ha4yok [lapamerpsl (pparmenta
(puc. 3.27) u yctaHOBUTH mpuopHTeT 1 (1Mo yMouanuio y Hero mpuoputeT 0).
[TocTymnast TakuM e 00pa3oM MO OTHOIICHUIO K ApYrUM dparMeHTam, 1001uBaemMcs

B KOHEYHOM HTOT€ KOPPEKTHOTO m300paxenus coopku (puc. 3.28). OTmerum, 4to
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JMHUY, HAHOCUMBIE B YepTexke COOPKH, UMEIOT mpuoputeT, paBHbii 0. [TosTomy
OCh UepTeXka (eciu OHa BBINOJHEHA B (aiine cOopku) He OyaeT BuaHa. E€ HY)KHO

TAKKC OTPCAAKTHPOBATD, IIOBBICUB ITPUOPHUTCT.

2rs\TKM\Desktop\Beviepriin 2019_2020 1 rype feprexn k& TFle(\Chopka\K cBopke cruzy oepr
perne  Ananus  PeaakTuposamue  VHcTpymenTsl  Bua s bemsrmmoe URsEiame G

& 1 ] 5

] [E]D im B EBesm Ao " O- ks ﬂ L IPER ETa

FEZ apomer [ Mepemensoe ga . Q-®- -7 /- o o) B . §en

octs | Mepenecrn Crpykrypa | Cospat CTPYKTYPS | S asnncy - [ Mpynmes nocnoiiena - PO g g gy | OTPORMNEHRE | Pastiep Hlaanucs Texer B Baz

cbopiy™  copku vaaennA o R - R

sern npasneme Creunpuncaumn Llononturensho Jean Orpanuenna & Ofionu

B0 5o sna cnepeanr () Derane kpenexa pazpes.grs (@) Naiika M30 TOCT 5915-T0 men 1. @3 BonTenacni

) ] = e] i = 0 20

o T B o (Bl il (Bl ol ‘.v‘vlv é‘mﬂﬁiS‘SO“‘

. e A E y
AT AA B ¥E® 7 7 ey

MapavieTps $parmenta ==

MapameTps! bparMerTa | Mpeobpasosaris
Ji< Bopice oo, fi6a M30 FOCT 2896191 cBoky.g
[ Wsers\TKM\DesktopiBeuepHaki 2019_2020 1 KypC MHBODHATY

Maaurra6: 1 = YronnosopoTa: 0 =

MacuTa6HposaTs TONWMHY nHMi
[] CmmeTpus oTHoHTENbHO BEKTOPA
[]vrHopaposaTs cammeTDitD TexcTos
[7] Beeraa nepecuuteats 30 Mogens
[CIMocrostoii dparmen {cmson)

BranouaTs & HoByIo

oy vmnomg |23 Enanere snenenTon -
Beosere & CTpYCTBY waens

Yposers: 0 Cnofi;  OcvosHoii M

ueer: )| |

Yerarosra... | []Mo ymonuarmo

N N

Pucynok 3.27. H3menenue npuopumema Pucynox 3.28. Oxonuamenvnuiii 610

¢pacmenma coopxu
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4. Coznanme 3D coopok B T-FLEX CAD
4.1. Co3nanue TpéxmMepHbIX Mmoaesieil B T-FLEX CAD. OcHOBHBIE

onepanuu

3HAKOMCTBO C «TBEpAOTEIbHBIM» MoJienupoBanueM (3D-monenvupoBaHuem)
MpPOBEAEM Ha IpUMEpE CO3JaHus COOPKU KPEMEKHOTO COCIUHEHHUS, B KOTOPOE
BXOJIST CJENYIOLIUE JIeTalu: JIeTalb, KOTOpas MOJICKUT CTSATUBAHUIO OOJITOBBIM
coennHEHHEM (MIPUCYTCTBYET B COOpPKE B JABYX dK3eMIUIsipax), 6ontr M30, raiika
M30 u cootBerctBytomas pe3pbe M30 maitba. COopka mnpeacTaBieHa Ha

pucynke 4.1.

;

=7

Pucynox 4.1. Bonmogoe coedunenue

Baxno monuMarh, Yro I8 co3maHus  3D-Mopmenelt  MCMOJB3YIOT
CTIIeIMaTN3UPOBAaHHBIC  WH()OPMAIMOHHBIC TEXHOJOTHH, KOTOPBIE IPHUHSATO
Ha3bIBATh TEXHOJIOTUSIMHU TBEPJOTEILHOTO MOJCITUPOBAHUS
(aBTOMATH3UPOBAaHHOTO TPOEKTUPOBaHUs). OHU ONMEPUPYIOT TAKHUMH TOHITHSIMU
KaK «TBEPAOE TEI0», «000JOUKa», KIIOBEPXHOCThY, «TPaHby, «peOpo (KpoMKa)y»,
«BEepIIMHA» W Jp. B pa3sHBIX TEXHONOTHSAX OJTH TIOHATHS MOTYT HWMETh
oTnuyaronecs HasBaHusa. Hampumep, B SOLIDWORKS wHCHONB3yeTCs TOHSATHE
«KpoMKa» (mpaBma, 3TO B OMNPENEAEHHOM Mepe 3aBUCUT OT TMepeBoja C
anrnuiickoro sseika), a B T-FLEX CAD — «pebpo», npu 3TOM CcyTh OOBEKTOB
ONIMHAKOBa. B OCHOBe TMpejCTaBiICHUS BCEX YKa3aHHBIX OOBEKTOB — WX
MaTEeMaTH4YeCKOe ONHUCaHUe, MIOMOJIHCHHOE, €CIM HeoO0XOoAauMo, (GU3NYECKUMH
napaMeTpamu.

Paccmotpum mpsiMoli mapasuienenuiies; U Ha ero MpUMeEpe TMOSICHUM CYTh

YKa3aHHBIX BBIILIC TIOHSITUH.
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Kaxnplli W3 3JIEMEHTOB IapajulesieNUNea UMEET CBOE MaTEMaTHYECKOE
ONHMCaHWE B BHUJE COOTBETCTBYIOIIETO €My ypaBHEHHUS (WJIM CHUCTEMBI, WIH
coBokymnHoctu ypaBHeHuil). [lapamnenenunesq ABCDA;1B1Ci1D; (cM. pucyHnok 4.2)
pacmojoXeH B KOOpAMHATHOM mpocTpaHcTBe OXYZ Tak, 4TO HIDKHAS €r0 TpaHb
(ABCD) naxomutcst Ha 1uiockoct XOy (B Tepmunonorun T-FLEX CAD -
iockocTh CBEPXY), rpanb AA1B1B — B mmockoctn XOz (CrIEPEAH), Tpanb BB1C;1C
orcrout oT Iutockoct YOz (CJ/IEBA) Ha pacCTOSHHE Xo, IpH 3TOM péOpa

ImapaJuICJICIIMIIC 1a rmapajjICIbHbI COOTBCTCTBYIOIIHUM OCAM KOOPAHWHAT.

Pucynok 4.2. Buo npsamoyzonbroco napannenenuneda 8 koopounamuom npocmpancms T-FLEX
CAD

3anuuieM ypaBHEHUS IIOCKOCTEM, B KOTOPBIX JIEKAT €r0 TPaHu:

Tabnuna 4.1. YpaBHeHUS TIOCKOCTEH

I'panb YpaBHeHHE IIOCKOCTH
ABCD =0

A.B,C,D, z1=1,

AABB y=0

DD,C.C Y=Y

AAD,D X=X,

BB,C,C X=X

[lepeceueHnss HenmapaJUIEAbHbBIX IUIOCKOCTEW NAOT YpaBHEHUS NPSIMBIX, Ha

KOTOPBIX JexkaT pébpa. Hanmpumep, ypaBHEeHHE NpsIMOii, BKITIOHaroliei peopo A,B,,

IpEACTaBIseT cO00H clenyrolyto cucTeMy (HallOMHUM, peub UAET O nepeceueHuu
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JBYX MHOJXXECTB: MHOXKECTBA TOYCK IIIOCKOCTH AA:;BiB M MHOXECTBA TOUYCK

IUTOCKOCTH A,B,C,D,, TO3TOMY B MATEMaTHICCKOM CMBICJIE 3TO IMCHHO cucmema).

0;
z.

{y
z
L
To ecThb 3TO MpsiMasi, KOTopas JISKUT B TuiockocTr XOZ (Tak kak y=0),
napaienbHa ocu OX B OTCTOUT OT He€ Ha BeTWYUHY Z1. B cBOIO ouepenp,

ypaBHEHHUE OTpe3ka AB, TIPeICTaBIsACT COOOH CIEMYIONTYIO0 CUCTEMY:

|
[xs X,

Tak ke MOXHO 3amucaTh ypaBHEHUS MJIs KaXJoro pedpa (CHUCTEMOI,
BKJIFOUAIOLIEH MepeceyeHne JBYyX 00pa3yIoluX €ro MIOCKOCTeN ¢ J0OaBICHUEM K
HEl OrpaHUYEeHUN HAa COOTBETCTBYIOIIYIO KOOPAMHATY BAOJb OTpe3ka). OTMeTum,
YTO B MH(POPMALMOHHON TEXHOJOTUU pedpo - NOHAmMUE Mamemamuieckoe: OHO
COCTOHUT M3 MHOKECTBA TOYEK, UMEET JJIMHY, HO HE UMEET IIMPUHBI U BHICOTHI, a
TaKKe M Macchl. Mexay TeM pedpo B peaJibHOM >KHU3HU BIIOJHE OCSI33aEMO.
COBOKYNTHOCTh CHUCTEM JUIsl BCeX pEOEp OMPEAENIUT MHOHCECmeo, COCTOSIEE U3
pébep. ITO Tak Ha3bIBaeMas Kapkachas mojaens (B Tepmunonoruu T-FLEX CAD —
nposonounas monenp). OnsaTh Ke, B JKU3HM KapKac — 4YacTO HCIOJIb3yEeMbIi
TEPMHH HEKOTOPOU KOHCTPYKLIMH, ONpeNesonni e€ (GopMy U KECTKOCTb.

O4eBHIHO, YTO TEPECEYEHUE KaXKAbIX TPEX CMEKHBIX IIOCKOCTEN
oTpeIeIsIeT KOOPAMHATHI UX OOIIEH BEPIIIHEI.

Ecnn cocraButh cUCTEMY, BKJIIOUAIOLUIYK) YPaBHEHMS BCEX IUIOCKOCTEU
napajuielienunena, TO IMOJIYYMM MHOXECTBO BCEX TOYEK, NMPUHAMICKAIIUX €ro
rpadsaM (M BepIIMHaM, KOHEUHO). Takol cucTeMoil MaTeMaTUYECKH OIpeaesieTcs
nosepxnocmuas mooenv (obonouxa). I cHOBa OTMETHM, YTO B MH(DOPMAIIMOHHON

TEXHOJIOTHHU 3Ta 000JI0YKa HE UMEET TOJIOIHUHBI U, CJICOOBATCIBHO, 00BEMa u
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Macchl (He myTaTh ¢ 00bEMOM BHYTPH WJIM BHE MapajlielenuIe a: 3T TOUKH

MOBEPXHOCTHU HE MPUHAJJIEKAT):

HOJ’IY“IGHHOG MHOKCCTBO pas3ACiIiACT BCE IMPOCTPAHCTBO HAa JIBC 4YaCTH: OdHA
N3 HHUX JICKUT HCIMKOM BHC ITapaJUICIICIIMIICOA, BTOpAsd — BHYTPH HCTO. OTCIO,Z[a

OCTaJICA OOUH HIar 10 MOACIIH, OHHCBIBaIOIIIGﬁ O6’b€KT, I/IMGIOHII/Iﬁ 00BEM:

JTa cucTemMa ONUCHIBAET MHOKECTBO TOYEK, IPUHAICKAIIMX [TOBEPXHOCTH
napajuielenuneaa, a TaKKe TeX, KOTOpble HaxoIATCs BHYTPU HEro. JTO YyxKe
eeomempuieckoe meno (MOJOOHO TOMY, Kak cepa — 3TO MOBEPXHOCTh, a IIap —
teno). Takum 00pa3oMm, TreOMETPUYECKOE TEJO OINHCHIBACTCS  CUCEMOl
HepaseHCcma.

OTMmeTuM, 4TO B 3TOM CHCTEME HEPABEHCTB OTCYTCTBYIOT SIBHO YPABHEHUS U
pébep, u BepinH. VIX KOOpAMHATHI PACCUUTHIBAIOTCS U B COOTBETCTBUU C 3TUMHU
pacuéramu oTOOpa)xkaroTcs Ha »HKpaHe MoHHTOpa. PeOpa kak-Ob1 HeT. Ero
napamMeTpbl B MNaMiTH He coxpasstorcs. [losToMy B HEKOTOpBIX CHCTEMax
(marmpumep, B SOLIDWORKS) B ciydasx, eciii TpeOyeTcs cOOpKy MexaHH3Ma
nepenarb B JIPYIyK0 CHUCTEMY, TIJI€ HCCIEAYeTCs IUHAMHUKa €ro JIBH)KCHMS
(marmpumep, B SIMMECHANICS/SIMULINK/MATLAB),  HE  PEKOMEHIYyeTCs
yCTaHABJIMBATh COMPSDKEHUS MO KpomkaMm (péOpam). ITo mpuBenET K TOMY, UYTO
COIpsiTaeMble JIeTajau, 00JaJaloniie B ’TOM COeIMHEHUH (el pa3 OTMETUM, YTO
peub unET o SOLIDWORKS) B3aUMHOM MOABUAKHOCTBIO (HApUMeEp, BaJl U KOPITYC

o0pa3yloT BpamareabHyIo Mapy ¢ OJHOW CTETEHBIO CBOOOIBI), TOCIIE TPAHCIISAIIUN
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B SIMMECHANICS TOABMXHOCTh TMOTEPSAIOT (TPAHCIATOP 3aMEHUT  TakKoe
COEJIMHEHUE Ha HETIOJBUYKHOE: «3ampeccyer» Baj B koprnyc). Eciau mo oTHomenuo
K peOpy mpUMEHSIeTCsl orepalusi NOCTPOeHUs (PACKU WIIM CKPYTJICHUS, TO CUCTEMA
ypaBHEHUH 3TON MOBEPXHOCTH J100aBIIETCS B CUCTEMY YpaBHEHHI Tena.

Ecniu k MaTeMaTHyeckoMy OINHMCAHMI0 T€OMETPUYECKOTro Tena J100aBUTh
bu3nyeckuil mapaMmerp - MIOTHOCTH (2 TakXKe W JAPYTHe MapaMeTphl, CBI3aHHBIC C
MaTepHaIoM: MOIYJIb yrnpyroctd, kodddurment [lyaccona u np.), TO BO3HUKAET
NOHATHE «TBEpAOro Tena». « TBEPABIM» OHO HA3bIBACTCS MOTOMY, YTO CHUCTEMa
HEPABEHCTB, OIUCHIBAIOIAS €ro, HE H3MEHSETCS B CBOEH JIOKAJIBHON CHUCTEME
koopauHaT. O4eBUIHO, KOOPAUHATHI MOTYT MEHSTHCS IIPU OBOPOTE TEJa, IPHU €ro
MPOJOJIBLHOM IepeMelieHnu. Ho mpu 3TOM OTHOCUTENbHBIE CBSI3M HEW3MEHHBI,
teno — He aedopmupyemo. [loHsATHO, YTO 711 TBEPAOTO TEIa MOXKHO PACCUUTATh
Maccy ¥ TEH30p MOMEHTOB MHEPIUU.

[TosicHuM e1mé HeCKOJBbKO BaXKHBIX C TOYKH 3peHus co3manus 3D-momeneit B
T-FLEX CAD nonstuid.

Ilpoguno — ogHO W3 CaMBIX BaKHBIX TIOHATHH, UCIOIb3yeMbIXx B T-FLEX
CAD (B SOLIDWORKS 3KBHBaJICHTHBIH MPOGHII0 00BEKT HOCUT HAa3BAHHE ICKU3).
s moctpoeHust Moaenei TBEPABIX Ten ucmonb3yercs 3D-mpoduns — KOHTYP,
OpUEHTHUPOBAHHBIM B TPEXMEpPHOM mpocTpaHcTBe. Ero ¢opma m opueHTtanus B
MPOCTPAHCTBE OMNpEIEsSeTCS TEMU DJIEMEHTaMH, W3 KOTOPBIX Mpoduiib co3aaH
(oTpe3ku, ayru, crutaiael ¥ T.0.) [27]. Kak mnpaBuio, npoduiib sSBIsSETCS
3aMKHYTOM reomeTpudeckor purypoit. B cnydae, ecam npoduiib He3aMKHYT, TO Ha
ero OCHOBe (QopMmupyercss JuUcTOBOM Teno. Ha ocHOBe 3aMKHYTOro KOHTYypa
BO3MOKHO CO3/IaHUE KaK TBEPJOTO Te€Ja, TaK U JTUCTOBOTO.

CymiecTByro pasiaudHbie CriocoObl cosfnanus npoduis (moapodHo B [27]).
OmuH w3 HUX — co3aaHue npoduis Ha ocHoBe 2D 23jieMeHTOB (JIMHMMA
n3o0paxkenus). B HéM Bo3MoOkHO nBa moaxoxa: 1 — tpagunmonHbid a1 T-FLEX
CAD 2D wd4epréx C WHCMOIB30BAHUEM JIMHHA TIOCTPOCHUS U TOCIEAYIOIICH
o0BonKOM; 2 — mpumMeHsieMblii B OonbinmHcTBe CAD, T.e. HA OCHOBE ACKH30B, B

KOTOPBIX BCIIOMOTATEIbHBIE TOCTPOSHUSI HE MCTIOIB3YIOTCS, @ MPOPMIH CO3AaETCs
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Cpa3y JHHUSMH HW300paKEHUs, MEXIY KOTOPHIMH YCTaHABIMBAIOTCS CBs3U. B
paccMaTpuBaeMoM IpuMepe OyJIeM MCIOIb30BaTh NMEPBBIN C110C00.

3D yzen — nneMeHT, 0003HAYAIONMIUN TOYKY B TPEXMEPHOM IPOCTPAHCTBE.
3D y3en ucnonb3yercsa A yKa3zaHUs TOYEK MPUBA3KUA OOBEKTOB, MPHU CO3AAHUU
JIOKaJbHBIX CUCTEM KOOPAMHAT, MPU CO3JAaHUM Oced g (HOPMHUPOBAHUS T
BpameHus u T.4. 3D y3en MOXKET co3/1aBaThes Kak Ha ocHoBe 2D (2D y3106), Tak u
Ha oCHOBE 3D s1emenmos (BEpILUH).

Pabouas nnockocmv — TIIOCKOCTh, B KOTOPOWM CO31aéTCsl MPOdHIIb.
[110CcKOCTh MO3BOJISIET CO3aTh ABYMEPHBINA OOBEKT, KOTOPBIN 3aT€M MEPEHOCHUTCS
B TpéxMepHOe MpocTpaHcTBO. Ha kaxkmoit paboueid mirockoctu coszmaércs 2D
yepméoic. Pabouasi TNIOCKOCTh TaKKe CIY>KHUT JUIsl OTCEUCHUSI YaCTH 0OBEKTa U Jp.
[lepBoHaUanbHO CYIIECTBYIOT Tpu padoume tnockoctu: CHEPEQU, CJIEBA U
CBEPXY.

OcnoBHble onepanuu 3D MonenpoBaHus:

— evimankusanue (OCHOBHAs OMNEpanys CO3JAaHUS Tela Ha OCHOBE
npoduis, sxkeuBaneHT B SOlIdWOrks - BeiTsiruBanue),

— @pawjenue (CO3JaHUE Tella BpalleHueM Npouiist BOKPYT OCH),

— oOynesa onepayus (omepanuu, TnpuMeHsemble kK 3D Temam  Kak
MHOKECTBaM: CJIO)KEHHME TeJ, BbIUMUTAHUE OJHOTO U3 JPYroro
(pakTHUECKH - BBIPE3), IEPECEUEHUE TE),

— cenaxcusanue (BO3MOXHOCTb CO3/1aHUsl (PAcOK, CKPYIJIEHHH Kak I10
OTHOLIEHUIO K péOpam, Tak U FPAHSIM).

Kpome toro, 3D Moaenun MOTYT cO3/1aBaThCsl TAK)KE Ha OCHOBE BCTPOCHHBIX
DJIEMEHTOB  (nmpumumuensl, npysxcumsl, pe3vOa, omeepcmus, céapka, pebpo
arcecmrxocmu u 1ip.). C 9acThI0 U3 HUX TTO3HAKOMHUMCS B HACTOSIIIEM IIPUMEpE.

[TonHBIN NepeueHb U JeTallbHOE OMKMCAaHUE BCEX AJIEMEHTOB U onepanuii 3D
moaenupoBanus B T-FLEX CAD couxepskutcs B [27].

[lepeitném nenocpeactBeHHo k 3D MopenupoBanuio. 3HAKOMCTBO C
nporieccom coznanust 3D-moenu getanu HaYHEM ¢ TalKH.

B ta6nuie 4.2 npencrasnensl pasmepsl raiiku M30 B cootBerctBuu ¢ 'OCT

5915-70.
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Tabmuua 4.2. Taiika M30 ucnionnenne 2 'OCT 5915-70 (war pe3s6st 3,5 Mm)

d (Mm) (1\;?\4) e (Mm) dw(nm) e |Smm) | daem) | y()
Huametp | OOpazytomu VYron Q6p asyrol | yrox

Homunanshe! | Beicot L. Pasmep | it nuametp cBepia

N OMHKCaHHOH | ¥ quamerp HaKJIOHA
i muamerp a oz ¢acku noJ
N OKPY>KHOCT (backu oOpa3zyrore

pe3nObI rafku o K09 | pe3nObl (He (acky

u TOJIOBKH i acku Sortee) pe3Obi

30 2560 | 50,9 44 15..30 | 46 24 |01

Hcnonb3zyemble B Tabnuie 0OO3HAUYEHHUS COOTBETCTBYIOT TEM, KOTOpbIE

ucnoip30Banbl B ykazanHoM ['OCTe u moka3zaHsl Ha pucyHke 4.3.

Henonwenue 1

15.30°

MM

a\B

Hcnonwenue 2

Acnonwenue 3

Pucynox 4.3. Buo eaiiku pasHoeo ucnoineHus

12,5,

\V (V)

IV /

Kak ykazano Bwime, cozganue 3D oO0bekTa HauMHAETCS ¢ BBIOOpa paboucit

IJIOCKOCTU. B paHHOM cllydae wucmosb3yeM IuiockocTh CBepxy. Kpome Toro,

IIOCKOJIBKY Taiika MpeACTaBiIsieT COOOM TENO HAa OCHOBE WECMUSPAHHOU NPU3MbL,

BOCIIOJIB3YEMCA COOTBCTCTBYIOIIMM IIPHUMHTHUBOM. KpOMe TOro, OTMCTHUM, 4YTO U

rOJI0BKa 0OJITa B OCHOBE TaKKE I[IpaBWIbHAaA IMICCTUI'PAHHAA IIPHU3MaA, TO €CTh 4aCTh

raiiku MO>KeT OBITh MCIIOJIb30BaHA U JIJISI CO3JaHus roIoBKkU Oonta. [lanee: y raiiku

B IICPBOM HCIIOJIHCHHH OBC (I)aCKI/I, T.C. railka uMeeT CUMMCTPHUIO OTHOCHUTCIIBHO

TOPU3OHTAIBLHON TIJIOCKOCTH (CM. PUCYHOK 4.3). DTO 3HAYUT, YTO MOXKET OBITH

CO3JaHa OJIHA BEpXHsASA IIOJIOBMHA TaWKHh, HA OCHOBE KOTOPOM CO3MaETCA

CUMMCTPHUYHO HUKHAA 4aCTh FaﬁKH, a Tak)Ke ¥ roJIoBKa 0oJiTa.

Wrak, no myHKTam.
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1. Boi6op padoueii miockoctu. B kauecTBe paboueii BHIOMpaeM MIOCKOCTh
CBEPXY (pucyHok 4.4). BbIOOp IUIOCKOCTH OCYIIECTBIsieTCA MpU co3aanuu 3D
MOJIeH (MMEHHO 3TOT PEXUM HY)KHO yKa3aTh B McxojgHoM okHe T-FLEX CAD.
[Tpu BBIOOpE MIOCKOCTH HUKAKUX JIEUCTBUHN M3 KOHTEKCTHOTO MEHIO (CM. pUCYHOK

4.4) He IPOU3BOIUTCSL.

LiOpaDas 0|

6 kgt LS A B

/O ED

aor
=]

g FYBPUBE

Puc. 4.4. Buibop paboueti niockocmu

2. BbiOop nmpumMuTHBA, ero pasMellleHHe Ha padoyeill IMJIOCKOCTH U
yCTaHOBKa 3Ha4veHMii ero mapamerpoB. Ha puc.4.5 mokaszan mporiecc BbiOOpa
COOTBETCTBYIOLIEro npumutuBa (/Ipuzma). Ilocie BbIOOpa 3TOr0 MPUMHUTUBA OH
noMemniaeTcss B Hayajao KOOpAMHAT BBIOpaHHOW paboued TMIOCKOCTH. ITO
00yCIIOBJIEHO T€M, YTO Y MIPUMHUTHUBA €CTh CBOSI JIOKAJIbHAsl CHCTEMa KOOPJAMHAT, U
IIPU €ro BHIOOpE OHA MPUBA3BIBAECTCS K CUCTEME KOOpAMHAT pabovell MiIOoCKOCTH (B

JAHHOM CIIy4ae — K MUPOBOI cucTeMa KOOPANHAT).

% ¥EW o0 DLl 0BDOE0S 0

ERCL LR TR Y

>

Pucynok 4.5. Boibop npumumusa Ipuzma
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Ha pucynke 4.6 moka3aH pa3Mem€HHbI Ha paboyeil MIOCKOCTH 00pa3s
HIECTUTPAHHOM MNpsAMOM MNpu3Mbl. BHIHBI CTpEnKH, KOTOpbIE CBSI3aHBI C
manunyaamopamu.  Ilppy  noMomM  MaHUMYJISATOPOB  MOKHO  BPYUYHYIO
KOPPEKTUPOBAaTh pa3Mepbl U TMPOCTPAHCTBEHHOE TMOJIOKEHHE MPUMHUTHBA.
HanomHuM, 4TO JOKajgpHas CHUCTEMa IPU3MbI CBSi3aHa C MHUPOBOM CHCTEMOM
KOOpAMHAT, TO3TOMY JIOCTYITHBI TOJIBKO U3MEHEHUS Pa3MEPOB U MOBOPOTHI BOKPYT
KOOPAMHATHBIX OCEH.

Ha pucyHnke 4.6 Taxxe BUIHO, 4TO CJIEBa OT padOYero OKHa pacrojiaraeTcs
okHO [IpuMHTHB, B KOTOPOM MOKHO yKa3aTb €ro pa3Mepbl: IUaMETp U BBICOTY.
Cnegyer o0OpaTuThb BHUMAaHHME, YTO OKPYXHOCTb, JHAMETP  KOTOPOM
YCTaHABJIMBAETCS, KacaeTcs CTOPOH IIECTUYTOJIbHUKAa usHympu (T.€. B HalleM
cllydae JuaMeTp — 3To pa3Mep noa kirod). Eciu TpeOyeTcst ynpaBisiTh BEIUUYUHON
BHEIITHETO AMAaMETpa, TO HEOOXOAUMO CHATH (prakok y mapameTpa BHyTpeHHHIA.
CrpaBa Ha pucynke 4.6 mokasa BujJ OKHAa [IpUMUTHB C YCTaHOBJIEHHBIMH
pasmepamu. OOpaTM BHHUMaHHE, YTO BBICOTA YCTAHOBJICHA PAaBHOW IOJOBHUHE

BBICOTHI Taiiku. Co3aHHas 3aroTOBKa raiiky Moka3aHa Ha pucyHke 4.7.

R=D0-80-HSH -& -« =k

m IDMogens | Ueprex  CBopra  Ode

wawm  Napamerps  Vomepenwe  Awamo  Pegaxruposanie

R @ &’ Konns i 2 %
& KN @ 9 y P g s § 5 [Ocnosroit | % D
, R S A— 3y % g 2920 oparne: "2 e 4 &Y Luapvee
. e s [Ie—
- @@ - ¢
Npusuue 3 x [JUSEEREEE S 20 acrn 1 X [G] = ;
== - resw— e Crane o
v (& (X o) P [\p[x E@D@ = Lo ¥ R EEEE
fer snemenroe . 30 Mocrpoena [3] Mpvmntve 1 x |9
Ocnoembie NapameTpst =]
& — B3 Pasoune nnockocru [3] —_—
7654 00uUAH X i v @) [%
| Bug cnesa =
anerp: 100 : 3 ] Bua cnepean Ocnoshbie napamerp:
& 10 : N Marepmarsi (1] A
: 2 o 734008 A-
1 e 3 = Ouaverp: 46 =
: a -
I Dy s Beicota: | 25.6/2 =
5 A
Cropos: 5
Tonu
= -+ BryTperiii
3,4 3
—
oL [Clcumetpua
e 8z [2] Tonkocrennbif snement
(2] Nipecbpasosanm = I ] TorocTeRHbIl 3nemerT
= i Tonuwma:  |Her
- 5 Er—
(2] Horbiuo:
. |
(75} | Kpeiuca:
= [#] Npeobpasosanm:

(%)
A
0] =

%] Onumn

Pucynok 4.6. Yemanoska pazmepos eaviku

77



Pucynox 4.7. Coz0annas 3a20moeka noio8uHsbl 2aku

Cnenyroieil oneparueil sBiseTcst co3aHie KOHMYeCKol (hacku Ha BEpXHEH
IUIOCKOCTH. DTy OIEpalMi0 MOXHO BBIIOJHUTH JBYMs crocobamu: Jub0o ¢
ucnojp3oBanueM npuMutuea Konyc, 1100 co3nanueM npoduis U BpalleHUEM €ro

BOKPYT BEpTUKaJIBHON OocH. Vcnoas3yeM BTOpoi crocoO.

3. Co3nanue nmpouiisi AJasi CHATHS KOHMYecKoil (acku. [ co3manms
npopunass HeoOXOAMMO BbIOpaTh pPabOUyl0 IJIOCKOCTh. Tak Kak KOHYC,
oOpasyomuil (acky, SIBISETCS TEIOM BpallleHUs BOKPYI BEPTUKAJIBHOM OCH U
o0nafaeT CUMMETpPUN, TO B KauyeCTBE OCH BpalIEHUS B HAIIEM CIydae HYKHO
UCIIOJIb30BaTh BEPTUKAIBHYIO OCh MUPOBOU cHUCTeMbI KoopAuHAT. OHA JEXUT Ha
MEepEeCEeYCHNN JBYX KOOPAMHATHBIX TIockocte: CHEPEAU w CJEBA. Takum
oOpa3oM, B KauecTBe pabodeil MokeT ObITh BblOpaHa mro0as U3 HuX. Beibepem
wiockocts CIHEPEAH (pucyHok 4.8). Ilpu 3TOM B KOHTEKCTHOM MEHIO YKa)KeM
pa3MellleHne JABYX B3aWUMHO MEPHEHIUKYISPHBIX BCIOMOTAaTENIbHBIX MPSAMBIX B
touke ¢ koopaunatamu (0, 0). B otkpsiBmiemcst 2D ueprexe cozmaaum mpoQuis,

MOKAa3aHHbI HAa PUCYHOK 4.9.

Bl /SO @ EE

Pucynox 4.8. Bvibop niockocmu 011 co30anus npoguis gpacxku
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Pucynox 4.9. Cozoanue 3D npoghunsi u 08yx 3D y3n06 Pucynox 4.10. Ilpogpune u y3ivt
C030aHbl

ITo ImoBoay HpO(i)HJBI YKaxXeM CICAYIOHIICC. BaxnpiMu  SBISIIOTCSA TPpH

napamerpa:

— HaKJIOH oOpa3yromiei kKoHnyca 30° o OTHOIICHUIO K TOPU30HTY (HATIOMHUM,
gto 110 'OCT 3TOT yro:i jexur B Auamna3one ot 15° go 30°);

— KOOpJMHATa TOYKM A mepecedyeHus oOpasyromeld KOoHyca BepxHen
IJIOCKOCTBIO 3arOTOBKHM B IUIOCKOCTH CITEPE/JM (22 MM, BEIWYMHA paBHA
MOJIOBUHE TUaMeTpa o0pa3yrolieil hacky OKpYKHOCTH);

— TpHBSI3Ka 3TOH TOUkH (4) K BEpXHEH rpaHu 3arOTOBKH.

Cam mpodmib uMeeT BUA MPSMOYTOJIBHOW Tparelnuu, MOJIOKEHHE IBYX
CTOPOH KOTOpO# (JIEBOUM M BepxHEH) HE MMEET CYIIECTBEHHOT0 3HaueHUs. BaxxHO
TOJILKO, YTOOBI OHHM BBIXOJUJIU 32 Ta0apuT 3arOTOBKH.

[Tomumo mpoduns co3gansl ABa 3D ysna (BbIAENCHB HA pucyHke 4.9). Otu
Y376l ONpPEAEAT MPOCTPAHCTBEHHOE MOJIOKEHUE OCH BPAILECHUS B CIEAYIONICH

OTICpaIHH.

4. Boioop onepauuu Bpamenue. /{5 Toro 9to6s! co3nath (Hacky 1Mo Bcemy
NEPUMETPY TaWK{, HY)KHO NMPUMEHHUTH IO OTHOIICHHWIO K TMPOQIIIO OIEpaIinio
Bpamenne. B 3Toit omeparnuu ydacTBYIOT JBa OOBEKTa: IMOBOpPAYHMBACMBII

npoiib U TMPOCTPAHCTBEHHAS! OCh, BOKPYT KOTOPOH MPOGUIh MOBOPAYMBACTCS.
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Onepanysi akTUBUPYETCSl HA)KaTHEM Ha KHOTIKY Bpamenue nanenu Onepanuu (CM.

pucyHok 4.10).
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Pucynox 4.10. Buibop onepayuu Bpawenue u onpedenenue e€ napamempos

B mpouiecce onepanuu Bpamienre Ha oqHOUMEHHON BKIIAJKe (pUCyHOK 4.10
ClIeBa) YCTaHABIMBACTCS Yroj MOBOpOTa (1o ymMoryanuto 360°), a B IeBOM maHen
WHCTPYMEHTOB BBIOMpaeTCs Mpodib (KHOMKA ¢ KapaHAAmIoM), 3aTeM HikHui (1)
U, HakoHell, BepxHud (2) 3D yzen. B pesynbrare OymeT mpeacTaBieH BUJ
noJjryyaeMoro tesna BpaieHus (pucyHok 4.11). Ilocie noaTBepxaeHNs MOIy4aeTcs

TEJO, MOKa3aHHOEe Ha pUCYHKe 4.12.

Pucynok 4.11. Cocmosanue onepayuu

Pucynok 4.12. Ilonyuennoe meno
Bpawenue nepeo 3asepuienuem

[IOHATHO, YTO NMOJYYEHHBIN PE3YyIAbTAT JAIEK OT KEIAEMOTO, IIOTOMY YTO I10
YMOJYaHUIO TMPOU30LLIO OOBEAMHEHHE JBYX MHOXecTB. Jlisg Toro uToOsbl
Noy4uTh (acKky, HEoOXOAUMO K pe3ysibTaTy MNPUMEHUTh OYJIeBY OIEepaluio
Boruntanue, nponuTIOCTpUPOBAaHHYIO Ha pucyHKe 4.13 (13 Tena, MoJIy4eHHOro Ha

OCHOBC IIPpUMHUTHBA, HeO6XOI[I/IMO BBIYCCTBH TCJIO, ITOJTYUYCHHOC BpaIHeHI/IeM). B
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npoliecce oneparum yka3blBaeTcs ABa Tena: Tenol Kak ymeHpmaemoe, u 7eno2 xak
BbIurTacmoe. llociie moaTBepkaeHNs MOMy4YeH IMOKa3aHHbIN HIKe pe3yapTaT. Kak
BUJIHO, TI0 BCEMY MEPUMETPY Tailku cienaHa koHu4deckas ¢gacka. B SOLIDWORKS
JUISL BBIIIOJIHEHHS] PACCMOTPEHHBIX ACUCTBUM IPUMEHATCSA oniepaunst [IOBEPHYThIH

BbIPE3.

Onepaus
1 Nonsercrune

H 3
=
iy
%
U

TH
7o
HE
i

)

(=]

= |
L

ERS

o)

W .5 Se 5D

vHhE %% et 04 X

h (EFLa

=Sl :
Pucynox 4.12. bynesa onepayus Boiuumanue Pucynox 4.13. E€ pezyromam
HonyquHon YacTh Faliku COXpaHUM B JIBYX 9K3CMIIIAPAX: OAUH — JJIA
JT0pabOTKHU 3aroTOBKH B TailKy, BTOPOM — JjIsl JOPaOOTKHU B OOJT.

[IpomoiskuM co31aHME TAKH.

5. Co3nanue CUMMETPUYHOrO Tejga. Tak Kak MpeAbIayIIUe OSTarlbl
MO3BOJIMJIM CO3/1aTh OJHY TMOJIOBUHY TalKH, a BTOpAasl ABJSECTCS € CUMMETPUYHOM,
HEOOXOJIMMO CO3/1aTh TAaKO€ 3€pKAIbHOE OTpaKeHHE BepxHed yactu. [ns storo
co3maéTcsi CUMMETpUYHOE Teno — omepanusa Cummerpust (cMm. pucyHok 4.14). B
MPOLIECCE BBIMOJHEHHUSI JTOM OMNEpalMyd  YKa3bIBAETCA TEJO, ISl KOTOPOTO
CTPOUTCSI, W IUIOCKOCTb, OTHOCHUTEIIBHO KOTOPOW CTPOUTCA, cuMMeTpus. B
paccMaTprBaeMOM NPUMEPE IUIOCKOCTh CUMMETPUM — 3TO IUIOCKOCTh (CBepXy.
[Tociie moATBEpKICHUSI OMNEpAIMU TMOJIy4aeTCsl pe3yJibTaT, MPE/ICTaBICHHBIN Ha

pucyske 4.15.
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[Tosryuennast 3D moOens He SIBISAETCA €IUHBIM TEJIOM: OHA COCTOUT M3 ABYX
YacTel: UCXOAHOrO TeNa U ero cummeTpun. O0e yacT He0OX0IUMO OOBbETUHUTH B

ONH 00BEKT — TEIO.
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Pucynox 14. Onepayus Cummempus Pucynox 15. Pesynomam

cummempuu
6. O0benuHeHUe IBYX MOJIOBMH raiikm. [[ns gocTwkeHus pesynbTaT

npuMensietcss OysneBa omnepanusi Crnoowcenue (pucyHok 4.16). [lpunuun OyneBoit

OIICpann, HaACCMC:, ITIOHATCH, IIOCKOJIbKY ITPOUJIFOCTPHUPOBAH PAHCC.
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Puc. 4.16. Cozoannoe 3D meno caiixu

7. Co3nanme pe3b00BOro orpeperus. /[ co3ganus pe3sbO0BOro OTBEPCTHUS
UCIIONIB3YyeTCsl MHCTpYMEHT OTBepcThe, KOTOPHIM TMO3BOJSET CO3/1aBaTh Kak

OOBIYHBIE OTBCPCTHUA, TAK U pGSL6OBLIC, KaK CKBO3HbIC, TAK U I'NTYXUC U T.H.
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Jlis co3maHust OTBEPCTHSl ANl €r0 NPUBS3KM Ha MOBEPXHOCTU TaillKu
HeooxoauMm 3D yzen. B 3D moodenu Takoil y3en €CTh: 3TO OJUH U3 Y3JIOB,
OTIPEACISAIONINX OCh BpalleHusl s MmoBEpHyToro Tena. Ilpomecc co3maHwms
pe3b00BOrO OTBEpCTUsl NOKa3aH Ha pucyHke 4.17, a ero pe3ymprar — Ha
pucynke 4.18. Ilpu co3maHuu pe3rOOBOTO OTBEPCTHS YCTAHOBIICHBI CIIEAYIOIIHC

napameTpsl (pucyHok 4.17, manens Omeepcmue):

— THUII OTBEPCTHs (BBIOMpAETCS U3 BBIMAAAIONIETO CITUCKA): pe3600BOE;

— CTaHAapT pe3bObl: MeTpuyecKas (TakKe BBHIOMPACTCS U3 BBINAJAIONIETO
CIIUCKA);

— CKBO3HOE;

— nuametp pe3ros (M30);

— mmar pe3rosl: 3,5 MM (coriacHo ['OCT);
— pe3bba Ha BCIO TI1yOuHY;

— OJIHO3axXOJIHas MpaBasi.

B pabouem okHe yka3biBaeM MbllIbl0 3D y3en (ecnu y3ed He BUJIEH, TO
MOXHO yKa3aTh €ro B JiepeBe noctpoeHusi). [locie moarBepx aeHus napaMeTpoB

MOJIy4aeTcsi pe3yJbTaT, MpeICTaBIeHHBIN Ha pucyHok 4.18.

[x €226 ¢ PO |¥E%R FS OELEIO080D0%
+ @/ 3D Nocrpoesma [6]
« @130 Npodmm [1]
b O pod
« @130 Yanu 2]
v o i

[IEIFT CIEAES

Merpmecxas

P |

X [0 @ B @

= [
@
@ 2

|8 I R 2

giz]

T |

Pucynox 4.17. Bvibop napamempog pesvoOol u y3ia ona  Pucynok 4.18. Pesyrsmam co30anus
€030anus pe3bb06020 omeepcmus omeepcmus

8. Co3nanme ¢acok. Ilpemycmorpennsie ['OCT dacku pe3nboBOTrO

OTBEPCTHA MOXXHO CO3JaThb TaK K€, KaK W IJIsd BerHeﬁ miockoctu. Ho B JaHHOM
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cllyyae 3TO HE paluoHaibHO. [[eno B TOM, 4TO B railke ectb KpyroBoe pedpo
(rpanuna otBepctusa M Iwiockocter). K aTtoMy peOpy MOKeT ObITh NMpUMEHEHa
cranaaptHas onepanus CriaxuBaHue, KOTopas B TOM 4YHCIE JIOMYCKaeT H
co3gaHue Gacoxk.

Ipumeuanue. [lpennaraercss camMoCTOSATENBLHO HAWTH OTBET Ha BOIMPOC:
noyeMy JUisi KOHMYECKOM (hacku Ha railke HeJb3sl BOCIOJb30BaThCS CTaHIAPTHOU
onepauuen CriaxuBaHue.

Urak, ¢acku. Ilponecc mpoumsmutmocTpupoBan Ha pucyHke 4.19. Ha neoii
nanenn CriaxxuBanue péOep BbIOMpaeM TMpaByro KHOMKY ((acka, 3amaBaeMas
pa3MepoM U yIiioM), YCTaHABIMBAaEeM JJIMHY — 2 MM U yroia — 45°. B pabodem okHe
yKa3blBaeM JBa peOpa (oHU oToOpaxkaroTcsa Ha mnanenu Cenadicusanue pébep) n

MocCJIe MOATBEpXKAeHUS TosrydaeM 3D modens raiiku (pucynok 4.19, cnpaga).

cktop\Besiepumeo 20192020 1 xype nopuamnea\ eprexsn |

rpoenus
IERRNSE Bl < - raiixa 1430.0r5 X [l

x D@ =

Hersnemero 463D Nacrposswa 6]

2 X A<

@e Dwl < 3

Pucynok 4.19. Onpeoenenue napamempog gpacku u 6b160p
KPOMOK

Tomoeas 3D mooenw catiku

Coznmanne 3D wmomenu maiibbl B JAETalAX paccMaTpuBaTh HE Oyzem,
MTOCKOJIBKY B HEH MCITOJIB3YIOTCS JIBE CTaHIAPTHBIC ONICPAIMH: IPUMHUTHB [{uiunop
u Omeepcmue, paccMoTpeHHbIe Bbilie. OCHOBHBIC pa3Mephl MIaObl TPUBEICHBI B

tabmnuie 4.3, a pe3yapTar NPUMEHEHUs UX ToKa3aH Ha pucyHke 4.20.

Taonuua 4.3. lai6a mockas M30 I'OCT 28961-91

dl (mm) d2 (mm) h (mm)
BryTtpennuii nuamerp Bremnwmit nnamerp TonmuHa maifosl
33 50 4,00
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Pucynok 4.20. 'omosas watiba

PaccMoTpuM coznmanmue getanu, KOTopash BXOJUT B OOJTOBOE COENHMHEHUE
KaK ckperisiemas (B JIByX SK3eMIUIApax, MOCKOJbKY JUJISl COEIUHEHUS HYKHO, KaK
MUHUMYM, JIBe netanu). byaem ucnonws3oBath co3nanue 3D npoguns Ha OCHOBE
2D uyepmeoica. BpibepeM TMIIOCKOCTh CBEpPXy M CO3JaJMM B HEHl CHCTEMBI
KOOpAMHAT B TOYKE, COOTBETCTBYIOIIEH Hadajdly MHPOBOM CHCTEMbI KOOpJIMHAT
(cm. pucyHok 4.21). 3D npoguns nipencrapisieT coO0M KBaapar co cropoHoit 120
MM, B IIEHTPE KOTOPOTO pAacCMOJOXKEeHa OKPYKHOCTh JUaMeTpoM 33 MM

(obecrnieunBaeT 3-MUJUTUMETPOBBIN CyMMapHBIN 3a30D).
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Pucynox 4.21.
Yepménc 3D Pucynox 4.22. Ilapamempwr onepayuu Boimanxkusanue u pesyibmam
npoguis

[To oTHOMIEHUIO K ATOMY MPOGUITIO IPUMEHSCTCSI oniepanust BhITA/IKUBAHUE
(cMm. pucyHok 4.22). Tlocne BbiOOpa omepauuu BbITATIKUBAHUE HEOOXOIUMO
YCTaHOBUTH €€ MapaMeTpbl: JJIMHY BBITAJIKUBAHUS U, €CIU HEOOXOIUMO Ipyrue

napameTpbl (TOHKOCTEHHBIM 3JEMEHT, MapaMeTpbl CrIa)XXUBaHUS, YKJIOH U JIp.).

85



[lpu ycraHoBieHHOM pexuMe ABTOMATHYECKH Gblmscu@aHue OCYIIECTBISCTCS
NepIeHANKYIApHO paboueil TIOCKOCTH B IMOJIOKUTEILHOM HaIpaBlieHHH (KaK Ha
pucynke). B paboueM okHe HYKHO yKa3zaTh Ipoduiib. Bce 3Tu gelCTBUS MPUBOIAT
K 0’KHIAEMOMY pe3yJbTaTy (pUCYHOK 4.23).

Haxonern, paccMOTpUM MOIU(DHUKAIMIO 3aTOTOBKU T'aiiKK B TOJIOBKY 00JITa U
noctpauBanue e€ 10 rToToBoM 3D wmodenu OGonra M30. Pasmepsr OGonta

npejcTaBicHbl B Ta0mule 4.4:

Tabmuua 4.4. bont M30 ucnionaerne 1 FOCT 7798-70 (mar pe3bosr 3,5 Mm)

d (mm) b(mM) | L (Mm) K (Mm) e (Mm) D (mm) ¢ (°) S (Mm)
HomunanbHbIit Jnuna Jnuna Bricora Huamerp Obpasyrommii yrox
o . JMaMeTp HAaKJIOHa Pasmep
ZHaMeTp pe3bboBoit CTEPIKHS TOJIOBKH OINMCaHHON .
(hacku oOpasyromeil | Mo KiIod
pe3b0BI 4acTH 6onta 6onta OKPY)XHOCTH
TOJIOBKU tacku
30 66 120 18,70 50,9 44 15...30 46

Ha pucynke 4.24 moka3aHO TIOJIO)KEHHE 3arOTOBKA C O0O3HAYEHHOM
cuctemoit koopauHat 3D modenu (BbicOTa STOM 3aroTOBKM HM3MEHEHA B
cootBercTBUM ¢ ykazaHHoW B ['OCT BbicOTOM TOJOBKM Oo0sTa). 3aroToBKa
MoBEPHYTa B pabovyeM OKHE TakK, 4ToObl ObUI JocTyneH 3D y3en B OCHOBAaHMH, a
Tak)Ke, YTOOBI TOSICHUTH CYTh TMOCTPOSHUS NWIWHApPUYECKOoW dactu Oonra. B
cucteMe koopauHaT ock OX — kpacHoro 1Beta, och Oy — 3enéHoro u och Oz —

CUHEr0. JTa CUCTEMAa COBNAJAET C MUPOBOIL.
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Pucynox 4.23. Koopounamuvie Pucynox 4.24. J[obaenrenue npumumuga Lununop
ocu
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Jis  mocTpoeHHMsT LMIUMHAPUYECKOW dYacTh  OoJiTa  BOCIOIB3YyEeMCS
OPUMUTUBOM [[H/IMHJIP (cM. pucyHOK 4.24). Yka3aB Ha HUKHEHW IMJIOCKOCTH (Ha
OCHOBaHUM) royioBku 6ointa 3D y3en, a Ha nanenu OCHOBHbBIE TAPAMETPBI JTUAMETP
30 mm u Beicory 120 MM, mody4uM BHUJA, TpPEICTaBICHHBI Ha pUCyHKe 4.24.
O4eBUIHO, YTO LWIAHJP MPUHSI MMOJOKEHUE, NPETYCMOTPEHHOE 110 YMOIYAHHUIO:
NEPIIEHIUKYJIIPHO HIKHEH IIJIOCKOCTM U COIJIACOBAaHHO C MMPOBOW CHCTEMOM
KoopauHat (cM. pucyHok 4.23). Jlid nmpaBUiIbHOTO NO3UIMOHUPOBAHUS LUJIUHIpA
OTHOCUTEJIPHO TOJIOBKM 0ojTa €ro HeOoOXOJAMMO 3€pKalbHO  OTPa3UTh
OTHOCUTEIBHO IUJIOCKOCTH OCHOBAHHUSl TOJIOBKHM. OTOr0 MOXHO JIOOUThCH,
noBepHyB ero Ha 180° Bokpyr ocu OX, mu6o Bokpyr ocu Oy. Jljis BBINOJHEHUS
JAHHOTO JIEMCTBHS Ha MaHEIW MHCTPYMEHTOB OMNEPALMH B paboueM KOHE HYXKHO
NOCJIEI0BATEIbHO JIBa pa3a WENKHYTh J100 kHomke [loBopoT Bokpyr OX, n1bo 1o
kHonke Oy. Ilocne sTux AeWcTBUN LMIMHIAP HPUMET NPABWIBHOE MOJOKEHHUE
(pucynok 4.25). MoXHO, KOHEYHO, HWCIOJB3ysl MAHHUITYJISTOPHI, TOBEPHYThH
BPYUYHYIO, HO IIPH 3TOM €CTh ONACHOCTh HE MOJYYUTh TOYHO YroJ IIOBOPOTA, YTO
OyZeT mpensiTcCTBOBaTh cOOpKe. 3aMETUM, YTO B TAKOM COCTOSIHUM OOJIT COCTOMT
u3 AByx Ten. Kak yka3aHo paHee, K HeMy HEOOXOJUMO MPUMEHHUTH OyleBy

onepanuto Croorcerue.

£ fetans kpenexagrs & Waiita M30.grs B Mpusercrene
[x &2 @ = P® YESR S,y DL 000008 O
4/ 92| 3D Moctpoenns [9]
4 %1 3D Mpodunn [1]
b @ ' Npodwns_1
3D Y3nei [4]
2 1% 3D Yzen1
b < [%3DYsen2
12 1% 3D Ysen3
1% 3D Ysen 4
b #( PaBoune nnockocty [4]
3 TeomeTpuyeckue snemenTel [2]
3 Matepuansi [1]
b Onepauyu [4]
b Mpoekuwn [1]
‘ @ Teno 1
b B Bpa
. ) Teno 3
@ Unaunap_2

Pucynox 4.25. 'omosas 3aeomoexa 6onma
Coznanue pe3pobl M30x3,5 muHoit 66 MM (cMm. Tabnuny 4.4 ¢ JaHHBIMU

Oosta) obecrnieunBaeTcs onepainuen PE3bF4A. Ha pucynke 4.26 mokazaH mporiecc
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YCTaHOBKH MapaMeTpoB 00JITa B COOTBETCTBUU C YKazaHHOU Tabnueil. B kauectse
3JIEMEHTa, OT KOTOpPOTO CTPOMUTCA pe3b0a, HMCHOJIb3YEeTCS HMKHAS Kpyrosas
kpomka. CneBa Ha [lanenu pe3b0a ycTaHOBIEHBI €€ MapameTphbl: mar 3,5 MM,
gucino 3axomoB 1, nmumamerp 30 MM (mpu BeIOOpe pebpa yCTaHOBUTCS
aBTOMATHUYECKH) W JIJIMHA pe3bObl, paBHas 66 MM (3amaércs pa3Mep OT KOHIA
pe3bObI (B JaHHOM ciiydae oT pazMepa 120 Hy»XHO BbIYECTh 66, 9TOOBI MOTYIUTH

y4acTok 0e3 pe3bObl, paBHBINA 54 MM).
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Pucynok 4.26. Cozoanue pe3vbvl Ha nosepxHocmu 6onma

Hakoner, Ha HuxHel kpomke coznaércs dacka 2 MM x 45°. Takum oOpazom,
nostydaetcs 3akonueHHast 3D mooens 6onTa, mpeacTaBiaeHHas Ha pucyHke 4.27.
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Pucynox 4.27. 'omosas 3D mooenv 6on1ma
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4.2. Co3nanue coopounbix 3D wmopeaeii B T-FLEX CAD.
OcHoBHBICONIEPALIUU

[To3HakoMHMCsl Tenepb C OCHOBHBIMHU ONEpalMsIMU 10 co3aanuio 3D
cbopox. Ho nipexxie HeOOoJIbIIOe OTCTYTUICHHE.

OTmeTuM, 9YTO TEPMHUH «COOpKay SBISECTCI B PYCCKOM S3BIKE BIIOJHE
YCTOSIBIIMMCSL U HECET B cebe JBa 3HAaueHHUs: cOOpKa Kak mpouecc (CHHOHUM —
coObupanne) u cOOpka Kak pe3yiabTaT. Bo3pMéMm, Hampumep, peayKTop. ITO
CIIOXHBIM MEXaHU3M, B COCTaB KOTOPOTO BXOJAT Bajbl, 3y0O4aThie Koséca,
HIECTEPHHU, YIUIOTHUTENIbHBIEC KOJbIIA, MOAIMIUITHUKY, (JIaHIbI, KPHIIIKA U T.1. Bce
OTH JCTAM CYIICCTBYIOT B OTACIBHOCTH KaK pa3po3HEHHBIE 00BeKTh. Ho mx
pa3Mepsl U PopMBbI, MPUAHHBIE UM B MPOIIECCE MPOSKTUPOBAHUS U U3TOTOBJICHHUS,
OTKPBIBAIOT TSI HUX BO3MOXXHOCTh 00beauHEeHMS. [Iporiecc o0benMHCHHS AeTalIeh
B LIEJIOCTHBIH OOBEKT HA3BIBAIOT COOPKOW, KOTOpas peaauszyercss B COOpOYHOM
nexy. B mporecce cOOpku MosBISIETCS KaU€CTBEHHO HOBBIA OOBEKT — PEAYKTOP.
Taxkum oOpa3oM, B TPOU3BOACTBE TEPMUH «COOPKa» MCIOIB3YETCS KakK MpoIece, a
TOTOBBIH OOBEKT MMEET CBOE COOCTBEHHOE HamMeHOBaHue. BmecTe ¢ TeM, 4TOOBI
cobparh peaykTop, pa3pabaThIBacTCs TEXHOJIOTHUS COOPKH, B OCHOBE KOTOPOH —
coopouHbIil yepTéx. Ero B Hacrosiiiee BpeMs 4acTo Ha3bIBatOT COOPKOM, 1 MOXKHO
MPEATNOJIO0KUTh, YTO TEPMUH «COOpKa» Kak 00bekT nmpuBHecEéH B CAD-texHomornu
W3 TMPOU3BOJCTBEHHON JOKyMeHTaruu. Ho TepMuH 3TOT, €ClIM MBI TOBOPUM O
rOTOBOM 00BEKTe, B OOJBIION Mepe sBiIsieTcs cieHroM. IlpaBuibHbIE
HAaWMEHOBaHUA: cOOpOYHasi TBEPAOTEIbHAS MOIeb, cOopouHas 3D moens.

CooTtHotieHue coopoyHoit 3D mooenu ¢ 3D mooensimu OTIETbHBIX JeTAICH
TaKoe K€, KaK MEXy YepTeKaMH OTIETbHBIX JeTalleld 1 COOPOYHBIM YEPTEHKOM B
2D mopenupoBaHMM M KaK MEXKIY JETAIAMH U COOpaHHBIM W3 HUX HU3JIEIHUEM
(Y3710M) B IPOU3BOJICTRBE.

Htak, mox cOopounoit 3D moldenvro MOHUMAETCS MOJEIb, COCTOSIIAs W3
CCBUIOK Ha Apyrue 3D modenu, Kaxaas u3 KOTOPBIX XpaHUTCS B OTJEIbHOM (aiiie.
Otu 3D mooenu, Ha KOTOpBIEC cchutaeTcs cOopodHas 3D moodens, HazpiBaOTCS 3D

¢paemenmamu. Hanname yka3zaHHBIX CCBUIOK MO3BOJIIET cOopouyHOi 3D modenu
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OTCIICKUBATh COCTOSTHME ()PAarMEHTOB W, B ClIydae MX KOPPEKTHOTO HM3MEHEHUS,
nepecTpauBaThCsi B COOTBEeTCTBUM ¢ HUMHU. COopouHass 3D modens HE MOXKET
GbyHKUHOHUPOBaTh, eciu (aiia Kakoro-nmubo u3 e€ (PparMeHTOB HEKOPPEKTHO
u3MeHEH win yaan€H. OTMeThM, 49TO TMOAOOHO TOMY, KaK B H3JEIUH MOTYT
MPUCYTCTBOBATh MOMUMO JeTanel U ux o0belnHeHUus (COOpOUYHbIC €TUHUIIBI WIIN
y371bl), TaK U B cOOpouHOil 3D Mmodenu MOTYT IPUCYTCTBOBATh CCHUTKMU Ha JIPYTHE
coopounbie 3D moodenu (Tak Ha3bIBAEMBIC NOOCOOPKLL).

Baxxnoli ocobeHHOCTBhIO cOopouHO 3D Mmooenu SBIsIETCS BO3MOXKHOCTH
npoBepku cobupaemoctu wu3aenus. Ilpu cozmanuum 3D mooeneii OTHETBHBIX
Jeraneil MOryT ObITh JOMYIIEHBI OMIMOKU B pasmepax. B atom ciyuae B (aiine
cCOOpKHM BO3HHKACT B3aMMOIPOHUKHOBeHHE (parMeHTOB (ummepgepenyus), 9to
O3HAYaeT, YTO peajibHasg COOpKa TakuX JAeTalied B €IMHOE IIeJIoe HEBO3MOXKHA.
Taxkum 00pa3om, MOKHO OTCJICIUTH ATH HETOYHOCTH U YCTPAHUTDH OIITHOKH.

CymectByer nBa croco0a CO3laHHsS COOPOK: «C8epXy-6Hu3» W «CHU3Y-
66epxy. llepBblii crioco0 siBIsieTcss 6o0jee MPOAYKTHUBHBIM, MOCKOJIBKY MO3BOJISIET
co3fgaBaTh W PEIAKTUPOBATh JJEMEHTHI B KOHTEKCTE COOPKH, TEM CaMbIM
oOecrieynBas OoJee palMOHAIBHBIA MyTh pa3padOTKM u3aenus (BO MHOTHUX
CiydasiX BUJ TOW WJIM WHOM JETaJd MPOSBISETCS KaK pa3 MpU CO3JaHUU COOPOK,
MTOCKOJIbKY WMEHHO TOT/JIa YW BO3HUKAIOT OTPAHUYEHUS M TPHUCOCIUHUTEIHHBIC
aneMeHThl). BTopoil crmoco® mpennonaraer HaJduude BCEX DJIEMEHTOB COODKH,
KOTOpbIE€ HaJa0 OOBEIMHUTH B y3en uiu u3nenue. Ho, kak mpaBuiio, oda 3TH
croco0a OpPraHWYHO JOTOJHSIOT Apyr apyra. COOpka HayMHACT CO37aBaThCS C
KaKuX-TO 0a30BBIX DJIEMEHTOB, a 3aTeM, B Tpoliecce pa3paboTKH CO3MAI0TCS |
JPYTUE DJIEMCHTHI.

st Toro utoOb1 3D modens aetanu Moria 3G (HEKTUBHO UCIOIB30BATHCS B
coopke, €€ HY)KHO MPEABAPUTEILHO MOATOTOBUThL. B 3TON Mojenu nomkHa OBITH
YCTaHOBJICHA TOYKA NPHBSA3KH M CBsA3aHHAs C HEH JIOKaJlbHAs CHCTEMa KOOPIMHAT
(JICK). Dta nmokanpHas cucremMa 0OECIICUUT BO3MOXXHOCTH IPAaBHJIBHOM W TOYHO
MO3UIIMOHUPOBAHHON YCTAaHOBKHM MoJienu AeTanu (¢pparmenta) B coopounyw 3D

MOOellb.
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PaccmoTpuM mocnenoBarenbHO co3fgaHue Touek npuBssku u JICK B 3D
Mmooensax pparMeHTOB Ha pumepe 3D moodenu 6onTa.

Touka npuBsizku 6onta u ero JICK AOMKHBI HaXOAUTHCS Ha HIDKHEH
MOBEPXHOCTU TOJIOBKM Oonrta (06e3 ¢Qacku) B TOUKe, KOTOpas SBISETCS
r€OMETPUYECKUM IIEHTPOM IIECTUTPAHHUKA M IWIMHAPUYECKONM dYactu (c
pe3n0oii). Takoil BHIOOp 00€CTIEYUT BO3MOXKHOCTh TOUHOTO IIEHTPUPOBaHMS 00JITa
B OTBEPCTUM TOJ Kpemék, a TakKe TOYHYIO IOCaaKy O0oJiTa Ha TIIOCKOCTH
CKpEILISIEMOM JeTau.

JICK cTpouTcsi Ha COOTBETCTBYIOIIEM 3D y37e (3TO U €CTh TOUYKA MPUBSIZKH)
Y OPUEHTUPYETCS COHAIIPABIECHO OCSIM MUPOBOM CUCTEMBI KOOPIUHAT.

Jns moctpoenus JICK (cM. pucyHok 4.28) HeoOxonumo Ha Bkiajake 3D
Mmooenv BeIOpath JICK (OTKpBIBaeTCS JieBas MaHeIb B pabodeM OKHE, TJi¢ aKTUBHA
ornmus 1 (BeIOpath y3en)), najgee B AepeBe MPOSKTUPOBAHUS yKa3aTh HYKHbIN 3D
y3en (B maHHOM ciy4ae Vzen 3), yoeautscesi, uto JICK ycTaHOBJIEHA MPAaBUIBLHO, U

MOATBEPIUTH BEIOOD.
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Pucynox 4.28. Ilpoyecc cozoanus JICK 6 3D mooenu boima

Ha pucynke 4.29 nmokazana co3znannas JICK. 1o monoxenuto ocu Oz MOKHO

CyAnuTb, 4TO €€ Hayajo KOOpAMHAT HAXOJHUTCA HA OCH 60J'ITa, a I10 ITOJIOXXCHHIO
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ctpenoit oceit OX Oy — 9TO HA MOCaTOYHON (HWKHEH) ITIOCKOCTH TOJIOBKH 00JITA,

KaK ¥ TpeOOBaIOCh.

Pucynox 4.29. Cozoannas 6 3D mooenu 6onma JICK

AHamoruuHBIM 00pa3om cozaarorcs JICK B MOJIETSAX IeTalu Kpenexa,

maiowl 1 raiiku (cM. pucyHok 4.30).

R s e )| [FaL 77 B

FARE PR R XA

T

a) demaﬂé ernemca 0) waiiba 8) eatika
Pucynox 4.30. Cozoannvie JICK

Ha pucynke 30 BugHO, 4TOo BCce Haudana koopauHat Bcex JICK Ha BepxHEM
IJIOCKOCTH M OCSAX CHUMMETPHUH, YTO OOYCIOBIMBAET BO3MOKHOCTH NPABUIHLHOU
NPUBSI3KU JIeTallel B cocTaBe cOOpouHOr 3D moodenu.

[Tocne mpoBenEHHOM NTOATOTOBKM MOKHO IEPEUTH HEMOCPEICTBEHHO K
co3JlaHni0 cOopouyHOU 3D mooenu. Jlanee mo TeKCTy BMeCTO «3D mooenvy Oynem
WCIIOJIB30BaTh TEPMUH «MoOelby. HamoMHHM, 4TO MOJAENb KaXKIOM JeTaau B

coctaBe cOOpoUHO Moenu (hpacmenm) 0TOOpaKaeTCs CCHLIKOM.
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Jlnis cozmanust cCOOPOYHON MOJAETH HEOOXOAMMO OTKPBITH COOTBETCTBYIOIIEE
pabouee OKHO, BbIOpaB pexum paboTel Cozdame HoGwbIli 0oKymeHnm 3D cbopka
(pucyHok 4.31), B OTKpBIBIIEMCS IIEIKHYTh 110 UKOHKE @Ppaemerm U B TUAIOTE
Buiopamov  ¢pavin yxazate /Jemans. Ecnu aetanmm B TEKyIeM KaTalore HET,

HEO0OXOMMO BOCITOJIB30BATHCS MMOUCKOM (PUCYHOK 4.32).

Co3AaTh HOBbIM AOKYMEHT

T-FLEXCAD1E | sowmncom - e =
HeaasHvie daitnb i 20 ferans 2D C6opxa 3D ferans 3D Cbopka
TexkapTsi

®otopeanusm

Yeprexu

Jiucroean letans

InexTpotexuka
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+ [ Boqenna T-ALEXCAD g, =
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Pucynox 4.32. Bcmaska ¢oppaemenma [lemans 6 ¢haiin coopku

®parment J[ETAJIb nobaBnsercs B (aitn coopku, mpu 3ToM ero JICK
COBMeIIaeTcsi ¢ MUpOBOM cucteMor koopauHat (MCK). Yka3zaHHBIA (parMeHT
MOYKHO TOBEPHYTh, €CIM 3TO HeoOXoauMo. B Hamiem ciydae corjacumcs c
3aHATBIM (PpAarMEHTOM IIOJIO)KEHUEM U OyJeM CUuTaTh, YTO 3TO HWXKHAS YacCTh

Kkpenexa (pucyHok 4.33).
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Jlnst Toro 9ToOBI 1006aBUTH emié oAuH (PparMeHT, HEOOXOIUMO TOBTOPHUTH
yKa3aHHBIC BBIIIC JICHCTBHS, HO (parMeHT MPUIAETCS MOBEPHYTH, ITOCKOJBKY IIPH
pasMelIeHnH B ¢aiiie cOOpPKH OH 3aHMMAaeT TaKOe e IOJIOKCHHE, KaK U TEePBHIM
pa3 (pucyHnok 4.34). [loBepHyTh MOXHO 100 BOKpyT ocu OX, mu6o Bokpyr Oy (B
CHJIy TOTO, YTO JeTaib 00JIaJlacT IICHTPAJIbHONH CHUMMETPHUCH, pe3ynbTaT Oyaer
onuHakoB). Ho Hamo y4uThIBaTh, YTO B Cilydae OTCYTCTBUS CHMMETPUU TIPH
Pa3HBIX TIOCIEAOBATEIIBHOCTSX MTOBOPOTOB PE3YJIBTATH HE OYyAyT OAMHAKOBBEIMHA. B
CYIITHOCTH, U B HaIlleM cllydae COBIAJCHHC TOJIbKO BH3yalibHOe. Ha camom perne
JIBe TPaHW COBMAMAIOT, a JIBE Apyrue — HeT. M kakue COBIAIaroT, a Kakue — Her,

3daBUCHUT OT IIO0CJICAOBATCIIBHOCTHU IIOBOPOTOB.
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Pucynox 4.33. Jlobasrenue ¢ppacmenma /Jemann
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a) ucxooHnoe (coenadaem c nepevim

dpazvenmom) 0) 0sadicovl noséprymoe na 90° goxpye Oy

Pucynox 4.34. Jlobasnenue émopozo ¢ppacmenma JJemans
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B3anmuoe pacnonokeHue IaByX (GparMeHTOB OJHONM W TOW XKe JeTalu
nokazaHo Ha pucyHke 4.35. DTOT K€ PHUCYHOK WLIIOCTPUPYET U BCTaBKY
dbparmenta neranu bont. Bugno, uro JICK 6onra conama ¢ MCK cOopku
(pucynok 4.35, a). Ilostomy ¢parMeHT HEOOXOIUMO TEPEMECTUTh BBEPX Tak,
4YTOOBI HIDKHSISI TPaHb €ro TOJIOBKU COBMAJla ¢ BEpXHEW IPaHbIO BEpXHEH JETalH.
[lepemermenue MO>KHO OCYILIECTBUTH BPYYHYIO, BOCITOJI30BABIIINChH
COOTBETCTBYIOIIMM MaHHIYIATOpoM. Ho B 3TOM ciiydae BO3HUKAET BEPOSTHOCTH
OIMOKK TO3UIIMOHUpOBaHUs Oonrta. HeoOxomum OOBEKT yXKe CYIIECTBYIOIICH
4acTU COOPKH, KOTOPBI 00ECTICUUT TOUHYIO MPUBS3KY. TakiuM 0OBEKTOM SIBIISICTCS
BEpPXHsSl KpoMKa oTBepcTusi pparmenta /Jemanu. [lpu memyke mo 3Tod KpoMKe
bonm nepemeniaercs BBEpX, HO MOKET MOBEPHYTHCS (KaK 3TO BUAHO HAa PUCYHKE
4.35, 6). 11 mpaBMWIIBHOTO €T0 MO3ULIMOHUPOBAHUS (PparMEHT HY>KHO TTOBEPHYTh
(8 mamHoM ciydae — Ha 90° orHocutenbHO ocm Oy, cMm. pucyHok 4.35, 0).
Heo6xoaumocts moBopota ¢parmenta bont oOycioBieHa TeM, 4TO BEpXHUI

dbparmMeHT cam ObLI MOBEPHYT, a C HUM MoBepHyach u ero JICK.
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Pucynox 4.35. JJobasnenue 6 coopky ¢ppaemenma Boam
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AHaNIOrMYHBIM 00pa3oM B COCTaB COOPKHM MOCJEIOBATENbHO T00ABISIOTCS
dbparmentsl neraneit [llauba v I'aiika. Ormetum, yto ux JICK Takxe B MOMEHT
nobasneHust B cOopky coBnanarotr ¢ MCK, B pe3ylbTaTe 4ero OHM OKa3bIBAOTCS
Kak Obl BHYTpU (PparMeHTOB /Jemanu. JIJis IpaBUILHOTO WX MO3UIIMOHUPOBAHUS
YKa3bIBa€M CIEAYIOLIUE 3JEMEHTBI: JJIs AaHObl — KPOMKY OTBEPCTHSI B HUXKHEM
gacTh COOPKH, a JIsl Taliku — TI00YI0 U3 HUKHUX KPOMOK IIaHOBbI.

B xoHeuHOM HTOTE MOMy4deHa cOopka, MpeACcTaBiIeHHas Ha pucyHke 4.36.
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Pucynok 4.36. I'omosas coopxa
4.3. Coznanme 2D yepre:ka nmo coopounoii 3D moxean

B 3akimrodueHme paccCMOTPHUM CO3JIaHUE YepTeka 1Mo cOopodHoit 3D modenu, B
TOM 4YHCJIC W Cco3JaHHe pa3pe3a. Kak H3BeCTHO, pa3pe3 3ayacTyl) HrpacT
CYIIICCTBCHHYIO POJIb B MTPABMIIBHOM OTOOPaYKCHUH Ha YEPTEXkKE U OJTHOM JeTaju, a
TeM 00JIee X COBOKYITHOCTH.

Ha pucynke 4.37 npeacraBieHa cOopka nepes; Co3gaHrueM yepTexa.

AN
&,

Pucynox 4.37. Coopra nepeo cozoanuem coopouroco uwepmedica (coopounoii 2D mooenu)
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Ha pucynke 4.37 BbaeneHbl paMKOH JBE KHOMKH, KOTOPBIE MO3BOJISIIOT
cO371aTh BTOPOE OKHO JyIs ueptexa (2D oxno) pa3feneHreM pabodero moJsis Ha JIBe
4acTH JIMOO M0 rOpU30HTANIM (JIeBasi KHOIIKA), TMOO 1o BepTukanu (mpasas). bynem
WCIIOJIB30BaTh TOPU3OHTAIBLHOE PACIONOKEeHUE OKOH (pucyHok 4.38). OTmerum,

YTO aKTMBHOE OKHO MMEET OKpAIICHHYI0 paMKy (B JaHHOM ciy4yae — okHO 3D

cOopounoll Mooenu).
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Pucynox 4.38. /]ea oxna: coopounoui 3D modenu u coopounoit 2D moodenu

JIJ'ISI CO3JaHrs BHJOB YCPTCI)KA AKTHBHBIM JOJIDKHO OBITH IIpaBoC OKHO

(pucyHok 4.39).
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Pucynox 4.39. Cozdanue nepsoco suda na wepmeaice no coopouroti 3D mooenu
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[Ipu akTUBHOM MpaBOM OKHE Ha BKJAJKe 4epTEX HEOOXOAMMO Ha)KaTh Ha
KHOTIKY [lpoexyuu (BblIeNeHAa paMkoi) M B OKHe [lpoexyus. OCHOBHBIC
napameTpbl PacKpbiTh CIHCOK M BbIOpaTh HY)XHOE JeicTBue. B manHOM ciydae
BbIOMpaeM Bupa cnepenu. B pesynbrare npou3BeNEHHBIX JAEHCTBUI B OKHE
yepTeKa IMOABUTCA KOHTYP B BHJAE IMPSAMOYIOJBHHKA, KOTOPBIA MOXHO
IIEPEMECTHUTH B MPEIIIOIAracMoe MECTO pa3MelieHus Buaa. llepeasunem ero nesee
U BBepX (B mpouecce MNepeMelleHns MNPsIMOYTOJIbHUK IPUOOPETAaeT CHUHIOK
OKpAacKy, a Mo 3aBEpPIICHUN — YepTEX COOTBETCTBYIOMIEro Buia). Ha pucynke 4.40

IIOKa3aHO PasMCIICHHUC BHU 1A CHCpCI[I/I.
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Pucynok 4.40. Cozdanue suoa Cnepeou

Ecnu tenepp HaBeCTH yKaszaTeslb MBIIIM HA 3TOT BUJA, TO OH OMATh OyAeT
OXBA4€H CHUPEHEBOM pPaMKOW. B 3TOM COCTOSSHMM OIWHApHBIA WIENYOK JIEBOU
KHOIIKOW TMOPOKJIAeT CO3JIaHHE€ JIPYTuX BUJOB: MPU JBHMKEHUU Kypcopa BIPABO
Oyner co3man Bun CUIEBA, mipu ABWXEHUU BHU3 — BuA CBEPXY u T.1. Ha
pucynke 4.41 npencraBieHbl CO3JJaHHBIE TAKUM 00pa3oM e a8a Buaa. OTMETHM,

YTO ITHU BUJLI 00JIAJAIOT TAKUM K€ CBOHCTBOM.

Takum 00pa3zom, 4epTEKHBIE BUABI MOKHO MOJTY4YaTh KaK MEPBbIM CIIOCOOOM
(uepe3 MEHI0), TaK U BTOPBIM — OT POJAUTENBCKOrO BUAAa. B mepBom ciydae
pa3MelIeHne BU/Ia B MOJIE YEePTEkKa MPOU3BOJIBHO, BO BTOPOM CIIy4ae — 3aBUCUT OT

pasMCIICHUA pOANTCIILCKOI0 BU/A.
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Pucynox 4.41. Cozoano mpu euoa: Cnepeou, Cnesa u Ceepxy

[ToHSITHO, YTO HEOOXOMMOCTh CO3JaHUs T€X WJIM MHBIX BUAOB, Pa3pe30B U
CEUEHUH OMpeaeNseTcs CI0KHOCThIO OTOOpaxkaeMoro o0bekTa. B Hamem ciydae
Bunel CBEPXY u CJIEBA JHIIHHE, TIOCKOJBKY COEIUHAEMbIE OOJTOBBIM
coenuHeHuem  ¢parmentsl 3D wmoodenu  Jlemanu —  TOPSAMOYTOIBHBIC
napajuielenuneabl, B OCHOBAHMM KOTOPBIX — KBaApaT, U 3Ty (OpPMY MOMKHO
yKa3aTh B COOTBETCTBYIOIIEM pa3mepe. Tpu ke apyrue pparMeHra — 0ToOpakxeHust
neraner u3 'OCT, n npunamiexkHocTh ux kK Tomy ik uHoMy ['OCT yka3biBaercs
B crienuuKanuu.

HanomHuM, 4TO B COOpPOYHOM UEpTEKE YKa3blBAlOTCS Tra0apuUTHbBIE WU
IpUCOeIUHUTEbHBIE pa3Mephl. Ha Buje cnepeau HUKakuM 00pa3oM HEBO3MOXKHO
yKazaTh guameTrp orBepctust noxa 6onr. CiaepoBarenbHo, HeoOXxoauM paszpe3. Ero
ceituac u cozaaauM (MIocKocThio CJIEBA).

Jlnst co3maHusi paspe3a HYKHO BBINOJIHUTH omnepauuto Coszdamb ceuenue
(npu aktuBHOM 3D okHe). [Ins ymoOcTBa ciaenaemM BUIMMOM TiockocTh Cresa.
CocTosiHue niepe]] CO3/ITaHueM CeueHus ToKa3aHo Ha pucyHke 4.42.

[Ipoliecc HauMHaeTCA Ha)KaTUEM Ha KHOIKY //pumenums ceUeHne Ha MPaBoOr
nanenu 3D oxua (pucyHnok 4.43). Kak BuaHO, B 3D oxHe ciieBa MOSBIISIETCS MMaHEIb
MHCTPYMEHTOB M0 co3MaHui0 cedyeHud. Kpome Ttoro, Bknanka Ilapamerpsl
NEepeKIIoYnIach Ha mapameTpbl cedeHusi. IMEHHO 3TO OKHO M yKa3aHHas MaHelb

CJLy’KaT JIJIsl yCTAaHOBJIEHUS CBOWCTB CO3/1aBAEMOT0 ceueHus (pa3pesa).
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Pucynok 4.42. Cocmosinue mooenu nepeo cozoanuem cedenus

HepBoe, qTo HGO6XOI[I/IMO caciatb, 3TO BBI6paTB CIT0C00 IMOCTPOCHUA
CCUCHUA: INIOCKOCTBIO, INNIOCKHMM YIJIOM, OKTAHTOM, IIapaJUZICICIIMIICAOM HJIM Ha

ocHoBe 2D moctpoenuii.
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Pucynox 4.43. Cozoanue paspesa (komanoa Ilpumenums ceuenue)

Bribupaem crioco6 moctpoenus Ilnockocms (BbiOMpaeM miockocth CJIEBA),
B OCHOBHBIX NapamMeTpax M3 CHOUCKA BBIOMpaeM M0 BwuibpanHnuiM dnemenmam

(mocne BbIOOpa HEOOXOAMMO OJWH pa3 MIETKHYTh JEBOM KHOIMKOW MBI B OKHE
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0 MHOTOTOYHIO W B JIepeBE MpoeKTupoBaHus BbIOpath 3D ¢gpaemenm 1 n 3D

¢pacmenm_2, mociie 4ero MOATBEPAUTH BBIOODP (cM. pucyHku 4.44 u 4.45).
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Pucynok 4.45. Ceuenue

Pucynok 4.44. Yemanoexka napamempos cozoasaemozo cevenus co30ano

OTMeTHM, 4TO B CO3JJaHHOM CEUECHHUH «pa3pe3aHbl» TOJBKO JBa (hparMeHTa.
M3BecTHO, YTO ACTald Kpereka, TOHKHE CTeHKH, BBl M €mI€ psJl TaKOro poja
AJIEMEHTOB B pa3pe3e HE ydacTBYIOT (Kak TOBOPST, HE paspesarotrcsi). MimMeHHO
MO3TOMY CEYEHUE TMPUMEHEHO K JIeTalsiM, HE SBISIOMUMCIS COOCTBEHHO
Kpernexom. bonrt, maiida U raiika B CEYEHMHM OTCYTCTBYIOT, YTO M BHJHO Ha
pucynke 4.45.

[Tepeiiném, HakoHer, k moctpoernio 2D Buma moctpoennoro 3D ceueHusl.
Hamomuaum, 4to ceueHue cnaenaHo Tiaockoctbio CJIEBA, M cTpenku Ha ero 3D
MoOenu TIOKa3bIBAIOT HAIIpaBIICHHWE B3TJIsAaa. TakuMm oOpa3oM, CEUCHHE CTPOUTCS
Ha Bune CJIEBA, HO pacriojaraeTcs OH CIpaBa OT BHJIa CIICPE/IH.

IIpu moctpoenuu 2D Buma cedeHUs aKTHMBHOHM JOJDKHA OBITH cTpaHuia 2D
yeprexka. [Ipubnusum e€ tak, uytoObl Bun CIEPE/JH ObUT y JIEBOW TPAHMUIIBI, a
CIIpaBa OT HETO OBLIO TOCTATOYHO MECTA IS pa3MEICHUS pa3pe3a.

Urak, paccMOTpUM IO ITyHKTaM.
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1. Co3nanme npororuna Buga Cneea, mar 1 (pucynok 4.46). Jlns storo
NpaBOi KHOMKOW MBIIIM OAWH pa3 MIENKaeM Mo 00JacTH BHYTPU CHPEHEBOM
pamku. IIpum 5TOM OTKpBIBArOTCS JBa KOHTEKCTHBIX MEHIO (OJHO, BEpXHEE, CO
CIIMCKOM OTIINi, BTOPOE, HIDKHEE, ¢ KHOMKaMmH). B HIDKHEM MEHIO BBIOMpaeM

neByto kHotKy Co3aars 3D mpoekiuio.
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Pucynok 4.46. éosnaﬁne IIPOTOTHIIA BUJA CJ;eBa (mrar 1)
2. Co3nanue npororuna Buaa Cnesa, mar 2. J[BXKeHHEM MBIIIN BIPaBO
(JleBast KHOIIKA HaXKaTa) repeMeniaeM MmpsiMoyroJibHUK, 0003HAYaIoMIUK BUJT CIIEBA,
U (PUKCUPYEM €ro B HEKOTOPOU Touke (KellaTeIbHO, YTOObl OH HE MepeceKaics ¢

BusioM Cnepenn). KHonky, mpuriamaroniyo 3aBeplinTh Onepannio, HaXKUMaTh He

HYXHO.

[Tomy4yum cocTosiHue, TOKa3aHHOE Ha pucyHke 4.47.

257t J

SRR 1)

Pucynok 4.47. I[lpomomun euda Cnesa cozoan u pazmewén na yepmedice (uwaz 2)
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Pucynox 4.48. 3asepuenue cozoanus paspesa

3. Co3nanue Ha nporoTuiie Buaa Crnesa Hy:KHOT0 cedeHus (pa3pesa). Ha
neBort manenu ([Ipoexyus) packpbiBaeM pasnen Ceuenuss W TOCICIOBATEIBHO
BBIIIOJIHSIEM CIIEYIOLIEE:

— B IIyHKTE Mcnonv3oeams ceuenue NEIKAEM B OKHO MOJ HaANUChO0 Paszpes u
nanee o o0bekty Ceuenue [ B iepeBe MpoekTUpoBanus (3D okHO); CChUIKA
Ha CeYeHHUe MOMeEIIeHa B IAaHHBIN MyHKT (3TO 3HAYUT, YTO CO3/[aBa€MbIi BH/]I
OMHPAETCS HA ITO CEUCHUE);

— IIIeTTKaeM JIEBOW KHOIIKOW MBIIIM M0 3HAauKy W Hajanucu Ceyenue 1 (B TOM
K€ TYHKTE BKIAIKU [Ipoexyus), Kak pe3ylbTaT aKTUBUPYETCS CIHCOK B
nyHkre /lpumename k.. .;

— PpackKpbIBaeM 5TO CIHUCOK W BbIOMpaeMm 3HadueHue M3 ceoiicme 3D ceuenus;
BCE OCTAJIbHBIE HACTPOMKH OCTaBJIsieM 0€3 N3MEHEHMI;

— TMOJTBEPXkJAEM YCTAHOBIIEHHbBIE MapameTpbl nubo menykoM B 3D oxwe,
6o Ha Bknanke Ilpoexyus (BBIOpaTh TOJMBKO OJWH BapUaHT, WHAYE
TOSIBUTCS J[BA pa3pesa).

Pa3pes moctpoen (cm. pucyHok 4.48).
OxonuatenbHbii  Bua 2D cOOpoYHON MOJEIM C  yCTAaHOBJICHHBIMH

pa3mepamu NoKa3aH Ha pucyHke 4.49.
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Pucynok 4.49. I'omoswiii 2D uepméc 601mo6o2o coeOunens
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5. Co3naHne mapaMeTpU4ecKoro 3y04aroro koJieca ¢ JAaJ0roBbiM
OKHOM /IJISl HCII0JIb30BAHUSA B COOPKe BEPXHEro YPOBHS

5.1. 0630p TOCT 13733-77

[Ipu co3zmanuu mapaMeTpuvecKoil MOJEN BCErjia BhIOUpAETCsl KaKoh-11ubo
OIMH U3 BO3MOXHBIX BapuaHToB. Ilocie co3gaHus W OTIALKM  MOJENH
COOTBETCTBYIOIIMM HM3MEHEHHEM IapaMETPOB PEaM3yIOTCs €€ ApPYrue BapHaHTHI.
B paccmarpuBaeMom ciydae, nockoibKy B cooTBeTcTBUU ¢ 'OCT [28] BO3MOKHBI
TPH THUIIA HCIOJHEHUs 3yOuaToro kojeca (pucyHok 5.1), menecooOpasHO
YCTAaHOBUTH 3HAYEHUS MAPaAMETPOB TAaKUMH, YTOObI ObLIO MCIOJHEHHUE O THUITY 3.
OueBuIHO, U4TO B 3TOM ciydae rnpH |;=0 moxydum ucroHeHHe 2, a €CIH MPH 3TOM

u |=b, To ucnonuenue 1.
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Pucynok 5.1. Tumnsl ucrionHeHus 3y0UuaThIX KOJIEC

Y CcTaHOBICHHBIC 3HAYCHMS napaMeTpoB AJIA CO3AaHUsl IIEPBOI0 IIPOTOTHIIA

MOJIEJIN TIPEICTaBJICHBI B ceAyomiei Taomuie S.1.
Tabnuna 5.1. 3HaueHus napameTpoB NPOTOTUIIA

1‘17191 HanmeHoBaHnue napamerpa O0o3Hauenne 3HaueHune
1 Monynb m 0.5
2 KonnyectBo 3yObeB /4 46
3 [upuna 3y0a (1ecTepHu) b 3
4 Junamertp oTBepCcTHs dy 4
5 | luameTp CTYIHIIBI dya 8
6 OO01m1ast [UIMHA CTYUIBI I 6
7 JlmHa 0OpaTHOW YacTH CTYITHIIBI l1 1
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JIBa Buga 3D monenu (MCMONHEHHE MO TUITY 3), CO3JaHHOW C 3aJaHHBIMH
napameTpaMH, IPEACTABICHBI HA PUCYHKE 5.2.

éﬁwﬁ/\%@%

LTI

Pucynok 5.2. Cozoannas mooens: 6uo cnepeou u 8uo cieea

Paccmotpum noapobHo coznanue napamerpudeckoir 3D mozaenu 3y0uyaToro
KoJieca.

OCHOBHBIMH XapaKTEPUCTUKAMHM, OMNPEICNIAIOMUMUA Npoduiab 3y0yaToro
KOJieca U €ro T€OMETPHUIO, SBIAIOTCA MOJYJb M U KojauyecTtBo 3yObeB Z. 'OCT
yCTaHaBJIMBAET 3HAYEHUS 3THX MapaMeTpoB, paslenss MX Ha JiBa psaa (OAUH U3
ATHUX PAJIOB 3HAUECHUH JJIs1 KaX/10T0 apaMeTpa ABIISETCS MPEAIOYTUTEIbHBIM).

3HadyeHHs] MOIYJIA MPEACTaBIeHbl B Tadmuue 5.2, a 3HAYEHUs KOJIMYeCcTBa

3yObeB — B TabmuIie 5.3.

Tabnuna 5.2. Ycranosnennsie 'OCT 3HaueHust MOTYIS

m, mm
1-ii pag | 0,05 0,06 0,08 0,1 0,12 0,15 0,2 0,25
2- pag, 0,06 0,07 0,09 0,11 0,14 0,18 0,22
1-ii pag 0,3 0,4 0,5 0,6 0,8 1 1,25
2-hpag | 0,28 0,35 0,45 0,55 0,7 0,9 1,13 1,38
1-ipag | 1,5 2 2,5 3 4 5 6 8
2- psg 1,75 2,25 2,75 3,5 4,5 5,5 7
1-i pag, 10 12 16 20 25 32 40
2-i pag, 9 11 14 18 22 28 36 45
1-ipag | 50 60 80 100
2- pag, 55 70 90

Ilepsoiii psi0 Monysned SIBISETCS MPEANOUYTUTENbHBIM. [[BETOM BBIIEIICHBI
3HAYCHUST MOJYJISI IS MEJIKOMOMIYJBHBIX 3yOuaThiX mnepeaad. BugHo, 4to uis
MEJIKOMOAYJIBHBIX NEPENay MCIOJIb3YETCd OIPAaHUYCHHOE KOJIMYECTBO MOMIYJICH:

BOCEMb U3 IICPBOro psgjia U OAHO — U3 BTOPOIO. OTMGTI/IM, 4TO 3HAYCHHUA MOIYJIA
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3a1al0Tcd B MM. PasMmepsl BceX OpPYruUX JIMHEMHBIX BEJIMYMH, MCIIOJIB3YEMBIX B

IMPOCKTUPOBAHUN SY6anOFO KOJICCA, 3a1al0TCA TaKXKC B MM.

Tab6muma 5.3. Ycranonennsie 'OCT 3HaueHUs KOJUYECTBA 3yObEB

z
1-# pag 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22
2-i pap, 8 9 10 | 11 | 12 | 13
1-# pag, 24 | 25 | 26 28 30 32 34 36
2-upap | 23 27 29 31 33 35 37
1-npag | 38 40 42 45 48 50 53
2-iA pap, 39 41 43 | 44 46 49 51 | 52
1-1 pag, 56 60 63 67
2-ipap, | 54 | 55 58 | 59 61 | 62 64 | 65 | 66 68 | 69
1-ipag | 70 | 71 75 80 85
2-iA pap, 72 | 73 | 74 78 81 | 82 | 83 | 8 87 | 88
1-npag | 90 95 100 106 112
2-iA pap, 92 96 | 98 102 | 103 | 104 | 105 108 | 109 | 110
1-# pag, 118 125 132 140
2-upap | 114 | 115 | 116 | 117 120 | 122 126 | 128 | 130 135 | 136
1-% pag, 150 160 170 180 190
2-ipap | 144 | 145 155 | 156 165 | 168 175 | 176 185 | 189
1-1 pag, 200
2-hpap | 192 | 195 | 198

Jns konudecTBa 3yObEB NMPEANOYTUTEIBHBIM SIBISIETCA 6mopou pso. llpu
9TOM JUIsl MEJIKOMOJYJIBHBIX II€peaad MOTYT HCIIOJIb30BaThCs BCE 3HAYEHMsS, a HE
BBIOOPOYHO, KaK JIJIsl 3HAYEHUI MOJTYJIS.

Crnenyromeil Ba)XKHON XapaKTEpUCTHKON SBISCTCS INMPHHA BeHIa 3yoda b.
3Ha4YE€HHE ITOW BEJIUYMHBI ONPEAEIIAETCS U3 TPOYHOCTHOIO pacyé€ra, HO HE MOXKET
BBIOMPATHCS MPOU3BOJIBHO. YKa3aHHbIE 3HaueHUs Takxke Hopmupyrotces B ['OCTe,
¥ BBIOOp MX 3aBHCHUT OT 3HAYeHHss Mojayns (cM. Tabmuiyy 4): mocie pacuera
IIMPUHBl BEHIIA U3 COOTBETCTBYIOIICH CTPOKH TaOJIMIIBI BHIOMpPAETCS 3HAYCHHUE

Oymkaiiiiee 0oJbIee Mo OTHOUIEHUIO K paCYeTHOMY.
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Tabnuma 5.4. 3HaueHus TOJIIMHBI BeHIIa 3y0a b

AT,; LWnpuHa BeHuya b, mm bmin | bmax
015 (03|04|05|06|08] 1,0 0,3 1,0
020 (05|06|08)10|12|15|16(|20|25] 3,0 0,5 3,0
025 (06|08)10(12|15|16 2025|3036 0,6 3,6
030 (06|08|10)12|15|16|20(25|30|36]|40]|45]| 50 0,6 5,0
040 |10|12|15|16|20|25|30|36|40]|45]|5,0]6,0 1,0 | 6,0
050 |10(12|15|16|20|25|30|36|40|45|50|60| 70 | 8,0 1,0 | 8,0
060 |12|15|16|20|25|30(36|40|45|50|60]| 70| 80 |10,0]| 120 | 1,2 | 12,0
070 (15|16|20|25(30|36|40(45|50]|60]|70]8,0] 10,0 | 12,0 1,5 | 12,0
08 |15|16|20(|25|30|36|40|45|50/|60]| 70380100 | 12,0 1,5 | 12,0

HerpynHo 3aMeTWTh, YTO BCE 3HAYEHHsS LIMPHUHBI BEHIA MPEACTABISIOT
coboit psag ot 0,3 mo 12,0 MM, a 71 KaKIOr0o 3HAYEHUS MOJYJISI MUCIOJIb3YETCS
4acTb 3TOro psanxa. JUis KaxAOW YacTH MOXHO YKa3aTb MHHUMAJIbHOE H
MaKCUMaJbHOE 3HaueHHs (IpuBeleHbl B Tabmuue 5.4). Ota nHpopManus BakHA
Janee JJig TOHMMAaHMs cO3JaHusi 0a3bl JTaHHBIX IIMPUHBI BEHIIA M alropuTMa
BbIOOPA U3 HE€ 3HAUEHU, COOTBETCTBYIOLUX 3a/IaHHOMY 3HAYEHUIO MOTYJIS.

B tabnune 5.5 npencraBiieHbl 3HAYEHUS JUaMETpa HEHTPATIBHOIO OTBEPCTHS
3yOuyaToro koisieca. JTO 3Hau€HUE, KaK U IIUPUHA 3y0a, HE MOXKET BbIOMPAThCS
npou3BoibHO. OTBepcTue oOecreyrBaeT MOCagKy Kojeca Ha Baj, AHAMETP
KOTOPOTO OINpEENsieTcs, Kak U IIMpPUHA BEHIla, U3 MPOYHOCTHOrO pacyera. [locne
pacyeTa Hy»KHO U3 TaOJIUIIbl 5.5 BEIOpaTh Onmkaiiiiee Oosblliee 3HaUeHHE (U3 psiia
1 wim psana 2; pao I cuumaemcs npeonoumumenvhvim). B HameMm ciydae, npu
co3mannn 3D mozenu 6e3 mpeaBapUTENHHOTO pacdera, HEOOXOAMMO YYUTHIBATH
HaKJIaJblBaeMble Ha Oy OrpaHMuYCHHsS CO CTOPOHBI JIPYTUX I[apamMeTpoB, B
YaCTHOCTU — JuameTpa cTymuisl Uyi, KOTOPBIH, B CBOIO o4Yepenib, He MOXKET OBbITh

OoJIbIIIe JUaMeTpa BIaAUH YBOJIBBEHTHOTO 3allCTUICHUS (CM. HUXKE).

Ta6m/1ua 5.5. 3nauenus AUaMEeTpa NECHTPAJIbHOTO OTBCPCTUA 3y6anor0 KoJIeca

dy

Papl1 |08)10|12|16|20|25|30/|36|40/|50]| 60 | 80 |10,0 12,0 | 16,0 | 20,0 | 25,0

Pap2 | 1418 22|28|35(45|55|70(75]|9,0]11,0 | 13,0 14,0 | 15,0 | 18,0 | 28,0

108




Ta6muma 5.6. 3HaueHus: TMMeETpa CTYNUIBI (JHaMETP OTBEpPCTUs — U3 psija 1)

dy, psin 1 dy1 Oyimin | Cyimax
0,8 2,5 3,0 3,0 3,0
1,0 2,5 3,0 3,0 3,0
1,2 3,0 3,5 3,0 3,5
1,6 4,0 4,5 4,0 4,5
2,0 4,5 5,0 4,5 5,0
2,5 5,0 6,0 5,0 6,0
3,0 6,0 7,0 6,0 7,0
3,6 6,0 7,0 6,0 7,0
4,0 7,0 8,0 7,0 8,0
5,0 7,0 8,0 9,0 10,0 7,0 10,0
6,0 9,0 10,0 11,0 12,0 9,0 12,0
8,0 13,0 14,0 15,0 16,0 18,0 13,0 18,0
10,0 15,0 16,0 18,0 19,0 20,0 21,0 15,0 21,0
12,0 15,0 16,0 18,0 19,0 20,0 21,0 15,0 21,0
16,0 20,0 21,0 22,0 24,0 25,0 28,0 30,0 20,0 30,0
20,0 28,0 30,0 32,0 28,0 32,0
25,0 32,0 36,0 40,0 32,0 40,0

B tabmume 5.6 conmepikarcsl 3HauCHHS ITUaMeTpa CTymuilbl Oyi Jms cirydas,

Koraa 3Ha4CHHUC dy BBI6I/IpaCTC5[ H3 psAaaa 1, aB Ta6JII/IH€ 7 — Koraa OHO BBI6I/Ipa€TC}I

u3 psija 2.

Ta6nura 5.7. 3HaueHus TuaMeTpa CTYIHIIBI (IMaMeTp OTBEPCTHS — U3 psjia 2)

dy, psin 2 dy1 dyimin | Oyimax
1,4 3,5 4,0 3,5 4,0
1,8 4,0 4,5 4,0 4,5
2,2 4,5 5,0 4,5 5,0
2,8 5,0 6,0 5,0 6,0
3,5 6,0 7,0 6,0 7,0
4,5 7,0 8,0 7,0 8,0
5,5 8,0 9,0 10,0 7,0 10,0
7,0 12,0 14,0 15,0 16,0 12,0 16,0
7,5 12,0 14,0 15,0 16,0 12,0 16,0
9,0 14,0 15,0 16,0 18,0 20,0 21,0 14,0 21,0
11,0 15,0 16,0 18,0 19,0 20,0 21,0 15,0 21,0
13,0 20,0 21,0 22,0 24,0 25,0 20,0 25,0
14,0 20,0 21,0 22,0 24,0 25,0 20,0 25,0
15,0 20,0 21,0 22,0 24,0 25,0 28,0 30,0 20,0 30,0
18,0 25,0 28,0 30,0 25,0 30,0
28,0 36,0 40,0 36,0 40,0

Jmunaa crynunsl (1) m nnmuaa oOpatHoi#t wactu crynuisl (l;1) Takxke 3aBUCST

OT BCIIMYUHBI AUaMETpa OTBEPCTHA MW IMPHHAOJIC)KHOCTH JOTOI0 AMaMETpa K

MIEPBOMY WJIU BTOPOMY Psy. 3HAUCHHS MX MPUBEACHBI B Tabiuiax 5.8, 5.9 u 5.10.
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Tabnuua 5.8. 3nauenus mmHb cTynuip! | (1namerp oTBepeTHs — u3 psaaa 1)

dy, psix 1 I Imin | lmax
0,8 2| 3 4 2 4
1,0 2| 3 4 2 4
1,2 2| 3 4 5 6 2 6
1,6 2| 3 4 5 6 2 6
2,0 2| 3 4 5 6 2 6
2,5 3| 4 5 6 7 8 9 10 3 10
3,0 3| 4 5 6 7 8 9 | 10 3 10
3,6 3| 4 5 6 7 8 9 | 10 3 10
4,0 3| 4 5 6 7 8 9 10 3 10
5,0 6| 7 8 9 |10 11|12 (13|14 |15 |16 |18 | 20 | 22 | 25 6 25
6,0 6| 7 8 9 |10 |11 |12 |13 |14 |15 |16 |18 | 20 | 22 | 25 6 25
8,0 6| 7 8 9 |10 |11 |12 (13|14 |15 |16 |18 | 20 | 22 | 25 6 25
10,0 8110|112 |14 | 15|16 |18 | 20|22 | 25|28 |32 |36 |40 8 40
12,0 8|1 10|12 |14 |15 |16 |18 | 20| 22 | 25|28 | 32 | 36 | 40 8 40
16,0 8|1 10|12 |14 |15 |16 |18 | 20| 22 | 25|28 | 32 | 36 | 40 8 40
20,0 8|1 10|12 |14 |15 |16 |18 | 20| 22 | 25|28 | 32 | 36 | 40 8 40
25,0 8|1 10|12 |14 |15 |16 |18 | 20| 22 | 25|28 | 32 | 36 | 40 8 40
Ta6nuia 5.9. 3nauenus mmHel crynuipl | (1uaMeTp oTBepeTrs — U3 psiaa 2)
dy, psin 2 | Imin | Imax
1,4 2| 3 4 5 6 2 6
1,8 21 3 4 5 6 2 6
2,2 2| 3 4 5 6 2 6
2,8 3| 4 5 6 7 8 9 |10 3 10
3,5 3| 4 5 6 7 8 9 | 10 3 10
4,5 3| 4 5 6 7 8 9 |10 3 10
5,5 6| 7 8 9 1011 (12 (13 |14 | 15| 16| 18 | 20| 22| 25 6 25
7,0 6| 7 8 9 1011 (1213 |14 | 15| 16| 18 | 20| 22| 25 6 25
7,5 6| 7 8 9 1011 (12 (13 |14 | 15| 16| 18 | 20| 22| 25 6 25
9,0 6| 7 8 9 1011 (12 (13 |14 | 15| 16| 18 | 20| 22| 25 6 25
11,0 8110 (12|14 | 15|16 | 18 | 20| 22| 25|28 | 32| 36| 40 8 40
13,0 811012 (14| 15|16 | 18 | 20| 22| 25|28 | 32| 36| 40 8 40
14,0 811012 (14| 15|16 | 18 | 20| 22| 25|28 | 32| 36| 40 8 40
15,0 8110 (12|14 | 15|16 | 18 | 20| 22| 25|28 | 32| 36| 40 8 40
18,0 8110 (12|14 | 15| 16| 18 | 20| 22 | 25|28 | 32| 36| 40 8 40
28,0 8110 (12|14 | 15|16 | 18 | 20| 22| 25|28 | 32| 36| 40 8 40
Ta6muma 5.10. 3naueHus 0OpaTHOW ATHHBI CTYUIHI |1
dy, pain 1 dy, psain 2 limin | limax
0,8 o4|105|06|07(10(16|20|25]| 04 2,5
1,0 1,4 o4|105|06|07(10(16|20|25]| 04 2,5
1,2 1,8 o4|105|06|07(10(16|20|25]| 04 2,5
1,6 2,2 o4/05)106|07|10|16(20|25]| 04 2,5
2,0 2,8 o4|105|06|07(10(16|20|25]| 04 2,5
2,5 3,5 o4|105|06|07(10(16|20|25]| 04 2,5
3,0 4,5 o4|105|06|07(10(16|20|25]| 04 2,5
3,6 5,5 o4|105|06|07(10(16|20|25]| 04 2,5
4,0 7,0 o4|105|06|07(10(16|20|25]| 04 2,5
5,0 7,5 o4)105|06|07(10(16|20|25]| 04 2,5
6,0 9,0 o4)105,06|07(10(16|20|25]| 04 2,5
8,0 11,0 o4)105,06|07(10(16|20|25]| 04 2,5
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[Tponomxenne Tabmuist 5.10

10,0 13,0 0o4|05|06|07|10|16|20|25| 04 | 25
12,0 14,0 04|105|06|07|10|16|20|25| 04| 25
16,0 15,0 04|105|06|07|10|16|20|25| 04| 25
20,0 18,0 04|105|06|07]10|16|20|25| 04| 25
25,0 28,0 04|105|06|07]10|16|20|25| 04| 25

OTmeTHM, 4TO, KaK U JIJIsl IIUPUHBI BEHI[A 3y0a, 3HAUCHHUS, TIPEICTaBICHHbIC
B KaKAOH U3 TaONuIl, MPEICTaBIAIOT €000 HEKOTOPYIO YIOPSAIOYCHHYIO
HOCJIeI0BATEIbHOCTD. I Ka)KA0ro 3HaYeHHUs KIIF0YEBOToO napameTpa (B Tabiumax
6-10 5T0 muameTp OTBEPCTHS C YYETOM MPUHAMICKHOCTH €ro K MEepBOMY MU
BTOPOMY DsIly) M3 OTOW IMOCJIEAOBATEILHOCTH BBHIOMpAETCS OrpaHHuYEHHAsl 4acTh,
JUIS KOTOPOM MOKHO YKa3aTh MHHHMAJIbHOE M MaKCHMallbHOe 3HaueHue. OHU
CO3/1al0T BO3MOKHOCTb (DUIIbTPALIMU JTAHHBIX U3 OOLIEH MMOCIIEN0BATEIbHOCTU IPU
BbIOOpPE 3HAYEHUS KOHKPETHOTO MapameTpa (T.e. IJIi BO3MOXKHOCTHU BbIOOpA
IpejyIaraeTcsi He BCA MOCIEA0BATEIbHOCTh, a €€ OrpaHWYCHHAs YacTh C YYETOM
YCTAHOBJICHHBIX 3HAYEHUH KIIIOYEBBIX MAapaMETPOB — MOMAYJISA, KOJUYECTBA 3yObeB
U AMaMETpa OTBEPCTHS).

Uckmouenne coctaBisitoT gaHHble Tabmumbsl 10 (Bo Bcex cTpokax
MOCIIEZIOBATEIHLHOCTh OJJHA M Ta JK€), UYTO TMO3BOJSET YHIPOCTHTH BBOJ 3HAUCHUI

napameTpa |y — 1TMHBI 00paTHOW YaCTH CTYIHUIIBI.

5.2. @opMuUpPOBaHME UCXOAHBIX JAHHBIX JIfl CO3IaHUA MO/IeJIH

[Tporiecc GopmupoBanHusi UCXOAHBIX JaHHBIX 3D Momenw, B3aMMOCBS3b €€

napameTpoB U 0a3 JaHHBIX MPOUJUIIOCTPUPOBAHBI HA PUCYHKE 5.3.

B Hacrosiem npuMepe He paccMaTpuBaeTcsl pacyeT 3youaroi nepeaadn Ha
NpOYHOCTh. CUMTAETCs, UTO TaKOW pacu€T sl 3yO04aToro 3aleryieHUs CleJaH.
Hama 3agaya — nmoHsATH, KaK MO MCXOAHBIM JAHHBIM CTPOMUTCA NapameTpuyecKas

3D monens 3ybuaToro kosieca (MU MIECTEPHU).

111



/pﬂTm/ /pﬂfZI [a]
E—=»1 [ =G

B ] ‘
‘:_:) b Pacyet reomeTpum 3y6'~|aT0r0 3auenneHuAa
— <=>
______ ; e

Pucynok 5.3. Cmpykmypnas cxema 63aumocesasu napamempos u 6a3 OaHHbIX

OTMeTUM, YTO TOHSTHS «3yOuaToe KOJECO» U «IIECTEPHS» YCTaHOBJIICHBI
I'OCT 16530-83 [29]. B uém ompenencHo, 4To OOLIMM MOHITHEM SBJISICTCS
«3yOuaToe koisieco». Ho B 3y0OuaToil mepejgave y4dacTBYeT KaK MUHUMYM Mapa
3yO4YaThIX KOJIEC, B KOTOPOW OJHO SIBIIICTCS BEAYIIUM, a JPYro€ — BEIOMBIM.
[IlectepHeit B 3alleTUICHUH HA3bIBAETCS KOJIECO C MEHBIIIUM YHCIIOM 3yObeB, a MpHU
OJIMHAaKOBOM HX 4HCJEe — Beayliee 3yOuaToe kojieco. Takum o0Opa3om, B HaleM
cilydae, TOCKOJIbKY HEM3BECTHO 3apaHee, OyJIeT JIM CO3/1aBaeMOoe KOJIeCO BEAYIUM
WM BEOMBIM, 00a TEpMHUHA PABHOIIPABHBI.

VIcXOMHBIMU [IJI1 TIPOCKTUPOBAHUS SIBJISFOTCSA IO CYTH JIBa TapaMmeTpa:
MOIYJIb M M KOJIMYECTBO 3yObeB Z. 3HAYCHUS ITUX MapPaMETPOB 8bIOUPAIOMCS U3
I'OCT (Ho emi€ pa3 OTMETUM — MOCJIe MTPOBEACHHBIX PACcYETOB; METOJMKA pacueTra
3yOuaroi mepenayu coaepkutcs, Hanpumep, B [30]). danubie, comepkamuecs B
['OCT, BHeceHBI B JIBe 6a3bl OaHHbIX: 3HAYeHUW monyneu (Ha puc.5.3 BJ m) u
KoJinuecTBa 3yObeB (H/[ z). Otu (M Apyrue HMCHOJIb30BaHHBIC B MPOEKTE) Oa3bl
JAHHBIX SBJSIOTCS BHYTPCHHUMH, T.€. XpaHsmuMucsa BmecTe ¢ (aitiom 3D
Mozenu B ogHoM nokymeHTe T-FLEX CAD. loctyn kK HUM U3 IpYrux JOKYMEHTOB

HEeBO3MOXKeH. BHyTpenHue umena 3tux b/ coorBercTBenno base_m u base z. Ha
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pucyske 5.4 noka3zana ctpykrypa 3tux bJ[ u ux conepxumoe (111 bJ] konmmyectsa

3yObEB — YaCTUYHO).

|hase_m (B4 mopynei 2yGuatoli nepegaun) |hase_z (B4 kKoanMuecTBa 3yBbeB 3yGuaTol Nepegaum)

e m.1 m_2 N z1 z.2
q 0.15 0.7 : 2 15 9
2 0.2 0 3 16 10
3 025 0

4 17 1
4 03 0
s 04 0 5 15 12
= o ; 6 19 13
; 06 0 7 20 23
8 08 ] a8 pal 27

Pucynoxk 5.4. Cooeporcanue BJ] mooyneti u konuuecmaa 3y66e6

Kak BHIHO, B KaXX/10M W3 TaOJIUI JaHHbIE IIPEJICTABIECHBI B IBYX CTOJOIAX U
BBIOMPAIOTCS B 3aBUCUMOCTH OT psjia 3HaueHu# (psana 1 wmm psga 2). OtMerum
BAXXHOE CBOMCTBO ATUX (M APYruX, BXOASIIUX B paccMarpuBaeMbiii mpoekT) BJI:
YacTh 3HAYEHUU B OJHOM M3 CTOJOIOB — 3TO HynH (Takxke W B BJl xommnuectna
3yObeB, IJie 3HaUCHU B psAay | Ha 27 MeHbIIe, 4YeM B psiy 2, T.€. B HEHM B epBOM
CTOJIOIE TocyeHrE 27 3HaYE€HUN TOXKe HYJM). ITO (DAKT BaXKEH MPU OpraHu3aluu
BBIOOpA 3HAYEHUUW IS CO3/IaHUsI MOJEIH: HEJb3sl JOIMYCTUTH JUIsSl MOJh30BATENs
BO3MOYKHOCTH TIPU YCTAHOBJICHWM 3HAYEHUS MapamMerpa BbIOpaTh HOJb. MHBIMU
CIIOBAMH, 6Ce HYAU O0JIHCHbI Obimb om@uibmposansl. Jlanee mokaxem, Kak 3TO
CHeNaTh.

K ucxoaHbIM JaHHBIM TaKXKE CJIEIYET OTHECTH M yroJl HaKJIOHAa PO .
Ho nu1st 5BOIBBEHTHOM 3y04aTo mepeayn CyIIeCTBYEeT TaK Ha3bIBAEMbIN
«HOpPMaJIbHBI HOMHUHAJBHBI HMCXOAHBIM KOHTYp», YIroJd HakjoHa mpoduis B
KOTOpPOM ycCTaHOBJIEH paBHbIM 20°, [31]. IMEeHHO 3TO 3HAaYE€HHE UCIIOIB30BAaHO B
paccMaTpuBaeMoM IMpuMepe (Ccie10BaTeaIbHO, U UICXOAHBINA MPOGUIL CTPOUTCS KaK
HOPMAaJIbHBII).

VYkazaHHble TpH TapaMeTpa SBISIIOTCS UCXOJHBIMHU JIJISl pacdera mpous
3yO4aToro 3aulervieHusl W, cienoBarenbHo, npoduns (yxe B KoHTekcte T-FLEX
CAD) xak ocHOBbl co3manuss 3D wmogenu (st  BBINOJIHEHHS — OINEpaI[|H
BBITAIKMBAHUS U CO3JIaHUSI «TBEPAOTO Tenay). OOpatuM BHUMAaHHE, YTO TEPMUH
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«pouiib» B HAIIEM IMPOCKTE HMCIOJIB3yeTCs B JABYX BapHaHTax: OJWH — 3TO B
cootBeTcTBUH ¢ ['OCT — mpoduiasr 3y04aTroro 3arerieHusi, BTOPOi — KIFOYEBOE
s T-FLEX CAD monsatre — mpoduiab KOHTypa JJIsl ONEpariiu CO3JaHus
«TBEPJIOTO Teja» (BBHITAJIKMBAHKUEM, BpAIICHUEM | J1p.). Janee u3 KoHTeKcTa Oymer
SICHO, O KAKOM UMEHHO Mpoduiie UAET peb.

Pacuér mpoduns 3yGyaToro kosieca pacCMOTPUM B CIEAYIOLIEM pasneie. A
ceifuac BEpHEMCS K IPYTHM JTaHHBIM.

BeiOop 3HaueHHWs MUPHHBI BeHIA 3y0a D Tarkke ocCymiecTBiIsIeTCS W3
COOTBETCTBYMOMICH Oa3bl maHHbIX: BJI b, cM. pucynok 5.3. B stoii BJI (base_b)

BCET0 OJIUH CTOJOEI (PUCYHOK 5.5):

|base_b (B[l BEAMUMH WWPWUHEI BEHLA)

2 12

Pucynok 5.5. B/ wuupuner eenya 3yoa b

DTOoT cToNOeIl BKIIOYACT BCE 3HAYeHHs D s Bcex 3Ha4YeHWH MOIyns (CM.
tabmuiy 5.4). Ho, kak cienyer u3 cTpyKTypsl Tabauibl 5.4, oty 3HaueHus u3 b/
HE MOTYT BBIOMPATHCS MPOU3BOJIBHO, MOCKOJBKY KaXKIOMY 3HAYCHHIO MOIYIIS
COOTBETCTBYET HEKOTOpas OrpaHUuYCHHAs YacTh cojeprarierocs B croyomne b/l
psana. Ilostomy B Tabmume 5.4 OTHENbHO BBIACTICHBI MHHUMANIBHBIE U
MaKCUMAaJIbHbIE 3HAYCHUS JJIS KaXJ0ro Momyis. IMEHHO OHM M OTpaHHYUBAIOT
TOT JUara30H, KOTOPBIH JOJKEeH ObITh BEIOpaH U3 cTojioma base b. B ¢cBs3u ¢ atim

B CTPYKTYpPY JaHHBIX BBeZcHaA emé onHa bJ[, B KOTOpoW Kak pa3 u coaep:karcs
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SHAYCHUA I'paHUL IJIsA 0T6opa JaHHBIX, OOITYCTUMBIX I KaXKAO0I'0 KOHKPCTHOTO

3HAYCHHUS MOJYJIs 3HaYCHMI IMpHHBI 3y0a. Jto b1 base_bminmax (pucynok 5.6).

‘hase_hminmax (B, MMHUMANLHBIX U MAKCMMaALHLIX BEMMUWH WWPWHEI BEHLA B 33BUCMMOCTH OT MogynA)

e m brmin bmax
0.15 0.3 1

0.2 05 3
0.25 0.6 36
0.3 0.6 5

04 1 6

0.5 1 8

0.6 1.2 12
07 15 12
0.8 15 12

W ooa | = e ln| | | e

Pucynox 5.6. B/] base_bminmax

Takum oOpaszom, BHavaige (u3 base bminmax) nans ycTaHOBJIEHHOTO
3HAYCHUST MOJIYJsl BHIOMpAIOTCs 3Ha4YeHWs TpaHul bmin u bmax, a 3arem (u3
base b) — coorBercTByIOIMII 3TUM TIpaHuIaM HaOop 3HaueHuit. OH WU
NPEIBSIBISACTCS MOJIH30BATENI0 B BUJIEC CIUCKA JUIS BBIOOpA YXKE TOJBKO OJHOTO
3HAYCHHS. YKa3aHHBIA MPOIIECC aBTOMATHU3UPOBAH C IMOMOIILIO BCTPOCHHBIX B T-
FLEX CAD ¢ynkiuii (cM. HIKE).

3HaueHUs] TUaMeTpa OTBepcTHA TojJ Bal (ock) Oy Takke HaxomsaTcs B
cootBeTcTBytomer bBJI (base_dy, pucynok 5.7). BeiOop ocymiectBisercs u3
MIEPBOTO HMJIM BTOPOTO CTOJIONA B 3aBUCHMOCTH OT yYCTAHOBJICHHOTO psija: psaa 1
WIH psifa 2.

OOparum BHUMaHUe (cM. puUcyHOK 5.3), uro Ha BbIOOp 3Ha4yeHus Oy (u,
COOTBETCTBEHHO, Ha BBIOOp 3HAYCHUS JWaMeTpa CTYNHIbI Oy1) KOCBEHHO
(MoKa3aHO MyHKTHPOM) BIHMSACT 3HAUCHUE JUaMeTpa BmaauH mnpoduias dp.
OueBunHO, 3HaueHue Oy JODKHO OBITh MeHbIle, yeM Oy; u (Tem Ooliee) MEHbIIIE,
yem Op. Ecam 3TO He BhINMONHsETCS, TO 3yO4yaroro koseca Her. OHO (C TOYKH
speanss T-FLEX CAD) mpeoOpasyercss B pa3beauHeHHOE Tesio. KoHeuHO, 3Ta
CUTyaIlusi KOHTPOJHPYeTCcs (OPMYJIaMH, HCIOJB3YEMBIMH B MPOCKTHPOBOYHOM
pacuére. Ho, kak yka3wpIBajgoch BbIlIe, NMpu co3ganuu 3D mopenu »Tu ycioBus
dbopMaIbHO HE KOHTPOJHUPYIOTCS, W BIUSHUE NMPUBEASHHBIX (DAKTOPOB OJIKCH

YUUTBIBATD IIOJIL30BATCIIb.
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Bri6op

3HAQYEHUM JuaMeTpa CTYIHULbI

dyy W JIHHEI

crynumsl |

OCYIICCTBIICTCA TAKKE, KaK U HNIMPUHBI 3y6a b. Otinune TOJIBKO B TOM, 4YTO 3J€CH

HCIIOJB3YIOTCA JOBC 0a3bl JAaHHBIX, KaXaasd M3 KOTOPbIX CBA3aHA C o0ouMH

napameTpamu (CM. pUCYHKH 5.8 1 5.9).

base_dy (B[], gnameTpoB oTBepCcTUA NoJ OCk)

Ne dy 1 dy 2
1 0.8 14
2 1 18
3 12 22
4 16 28
5 2 3.5
] 2.5 4.5
7 3 5.5
] 36 7
] 4 7.5
10 5 g
1 & 1
12 8 13
13 10 14
14 12 15
15 16 18
16 20 28
17 25 0

Pucynox 5.7. B/[ 3nauenuil ouamempa omeepcmus ulecmepHu

base_dylminmax (MUHMMaNEHBIE U MaKCUMaNbHEIE BEAWUMHLL AaUMETPA M BEAWUMHEI CTYNHLLL)
M2 dy dyl_min dyl_rmax I_rmin |_max
1 08 3 3 2 4
2 1 3 3 2 4
3 12 3 3.5 2 5]
4 14 35 4 2 <]
5 16 4 4.5 2 5]
<] 18 4 4.5 2 <]
7 2 45 5 2 5]
g 22 4.5 5 2 <]
o 25 5 5] 3 10
10 28 5 5] 3 10
11 3 5] 7 3 10
12 35 <] 7 3 10
13 36 5] 7 3 10
14 4 7 8 3 10
15 45 7 ] 3 10
16 5 7 10 G 25
17 55 7 10 G 25
18 G ] 12 G 25
19 7 12 15 G 25
20 15 12 16 G 25

Pucynox 5.8. B/] 3nauenuii epanuy ouanazoros 0is ouamempa u OJUHbl Cynuybl
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B npuenénnoii Ha pucynke 5.8 BJ[ base_dylminmax Bcero 33 ctpoku, T.e.
ctpoku ¢ 21 mo 33 He mokazansl. B BJ] base dyl (pucynok 5.9) Bcero 29 crpok,
npudéM MOCIEAHUE IIECTh BO BTOPOM CTOJIOIE — HYJIU (B CBS3M C OTHM CM.
MOSICHEHHE K PUCYHKY 5.4).

Hakonen, mocnenusass bJl ucnons3yercst 1y BbIOOpa 3HAUYCHUS OOpATHOM
maHel eyl |1 (base |1, cm pucynok 5.10). OTMeTHM, YTO Ha BHIOOp 3HAYCHUS
9TOr0 MapaMmeTpa OKa3bIBAIOT BIMSHHUE 3HAYEHHUS JIMHBI CTYMHUIbI | 1 (KOCBEHHO)
3HAYCHHUE IUPHUHBI BeHI[a 3y0a. O4YeBUIHO, YTO 3HAUCHHE BearuuHbl |-11-b momkHo

OBITh HEOTPHUIIATEIBHBIM (CM. PHCYHOK 5.1).

|hase_dyl (B4 zHaueHWH gUaMeTpa U ANAWHLI CTYNHLbI)

Ne dyl |
1 25 2
2 3 3
3 35 4
4 4 5
5 45 6
6 5 7
7 6 8
8 7 9
9 8 10
10 9 1

=
=

10
11
12
13
14
15
16
18
19
20

[ =g Sy g e
o 0o = & | n B=| Lu ko

P | B | P | = | 2 2 2 = =
bh| o & || o | 2= | o ko

]
=]
2]
5]

Pucynox 5.9. B[ 3nauenutl ouamempa u Onunsvl CIynuyvl
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base_ I1 (B[] 2HaueHWii o6paTHON ANHMHLI CTYNULLI)
Ne 1

0

04

0.5

0.6

0.7

1

pi

25

o o=l G | | g kR

Pucynok 5.10. B/] snauenuii obpamnoti onuner cmynuyet (base_11)

[lepennéM Ternepb K BOIpOCaM, CBS3aHHBIM C CO3JAaHHUEM I1apaMETPOB,
YCTAaHOBJICHMEM WX CBOMCTB, CBsi3ed ¢ cooTBercTByromuMu bJl, dunbTpanmeit

JAHHBIX, UCTIOJIb30BaHUEM BCTpoeHHBIX B T-FLEX CAD dynkiuit u ap.

5.3. Co3nanue napamMeTpoB (IlepeMeHHbIX), 023 TaHHBIX U
CBA3AHHBIC C 9TUM BOIIPOCHI

B nepByro ouepenn, co3gaauM BCe OMMCaHHBIEC BbIIe Oas3bl JaHHBIX. BJI
co3ga€Tcsi BHIOOPOM B MEHIO [/4APAMETPBHI yHKTa BA3A4 JAHHBIX, ¥ B OTKPBIBILIEMCS
HOBOM MEHIO BA434 JJAHHBIX — pexuma CO3/ATh. B pe3ynbTaTe OTKPHIBAETCS OKHO
ITAPAMETPBI 5A3bI TJAHHBLX (pucyHok 5.11).

B oxHe HeoOxoaumo BBecTH HaumeHoBaHue b/l (mone MM:A) u, xKenaTenbHo,
komMmeHTapuii. HazoBém 0a3y mamubix «base my. Ilpu moarBep:kaeHHH BBOIA
MMEHHU B CIIEIyIOUIEM OTKPBIBIIEMCS OKHE HEOOXOJAMMO YyKa3aTh HaUMEHOBAHHE
CTOJIOIA, J00ABUTh KOMMEHTapHil U (00s3aTEIHHO) YKa3aTh TUIT JAHHBIX, KOTOPHIC
OyayT B 3TOM cToJ0Le. DTO OKHO OyJeT MOSBISATHCA 10 T€X IMOp, MOKa HEe OyayT
BBEJCHbl HAaMMEHOBAHHWS BCEX CTOJOIOB. B Hamiem ciydae mTepBbIA CTOJOEI]
Ha30BEM M_1, a TUN HaHHBIX B HEM YCTAHOBUM, KaK BEIJECTBEHHOE JIBOUHOH
TOYHOCTH (pUCYHOK 5.12, 3TOT TUN JaHHBIX UCIOJIB3YETCS MO yMoJYaHuto). s
CJIEIYIONIETO CTOJIONA ycTaHOBUM uUMsi M_2. OOmias peKoMeHAaIus: B KauecTBe
WMEHHU CTOJIOIIOB MMEET CMBICI HCIIOJIb30BaTh T€ K€ O003HAYCHUS, YTO W IS

NEPEMCHHBIX B MOACIIN, €CJIM MMCHHO MX 3HAUCHUA 6YIIYT XPAaHUTHCA B BI[
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Yepréx C6opka Odopmnenne Cneuyudmxaumu MapameTpl ==——brerpymrerror—tye-  baza faMHbIX
=
Bcraswr Berasums T Bc Coptvpoeka Bugenurs
TPOK n TPOKKn CTpO n Tatanyy
Cnevandocaigne Mapaverpes Vhuepesine Anare Pucroeod metann P 2 Wcrpr
= sz 2 F5 ¥ o 8P 31 I

Pezacruposanne

Yopasneraes

W1 6 - BaoaM20 3D nupawerp.. X O LREERE S S LT

8 X | Bt 30 _nepauetpunecon ) 5230 - B0 3D _napanssrpe

Het yevernios

-
Mapaverpu Gatu Asno

e
KomwerTagean!

[T Noaseoocs repame Tpvomys Soe
1o cawme (bai)

Vros Saainag:

Voom rafinaas:
Koswpoowa DOS  Paageanrens: | Asvo
Mo covame (Sarpoc)
Jorpoct
171 Mo covame (T FLEX DOCS)
Crpancessc:

Pucynox 5.11. Cozoanue 6azvi danmvix

[Tocne 3aBepmienust ¢popmupoBanust CTpykTypsl bJl (T.e. ompenenenus eé
UMEHHU U BCeX CTONOIOB) co3naércs myctas b/, B KoTopyro HEOOXOIMMO BHECTH
BCce 3HadyeHus. B Hamem cinydae Oynet co3nana b/l base_m, comepkanue KoTopoit
nokazaHo Ha pucyHke 5.4. B 3aronoBke B/l B ckoOkax yka3aHO cojep)KaHHe

BBEJIEHHOTO IIpHU co3aaHuu b/] komMeHTapus.

MNopagkoBem N2: 0

rI'I.=J;:ra|\-|ETp|:| cTonbua 6a3sl AaHHbIX u
Hma: m_1
[KOMMEHTEPHMIA: 3HEUEHMA MORYNA W3 pAaa 1|
Tun: BellecTEEHHOS ABOIAHON TOUHOCTM v]
OnvHa: 20 BbipasHMBaHWe:

Co3maTh cleayiowwi cronfew [

OK

” OTMEHMTE ]

Pucynox 5.12. Oxno 8600a napamempos cmondoya 6a3vt 0aHHbIX
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[locTynast Takum >xe oOpas3om, co3maauMm Bce bJl, mpencrtaBieHHbIE Ha
pucynkax 5.4...5.10 u BHecéM B HUX naHHbIE U3 Tabmul 5.2...5.10. B HekoTOphIX
cToOuax 0a3 JaHHBIX OCTAHYTCSl HE3alOJHEHHBIE SYEHKH. DTO, KaK YKa3aHO
BBIIIIE, CBSA3aHO C TEM, YTO KOJIMYECTBO CTPOK OIpejaenseTcs Haubosee
«UTMHHBIMY» CTOJIOIIOM, @ KOJHMUYECTBO JAaHHBIX B CTOJIOI[AX MOXKET HE COBIAAATh.
Takue s4erKu Hy>KHO 3alI0JIHUTh HYJISIMU.

[lepeitaém k co3manuio mapaMeTpoB, U MEPBBIM U3 HUX OyJIEeT mapaMmerp m —
MOAYJIb 3yOUaToi nepenayu.

Jnst cozmanusa mapameTpa (IEpeMEHHOW) HEOOXOIUMO cliefiaTh aKTUBHOMN
BKJIAJAKy [/EPEMEHHBIE, WENKHYTh 110 HEW MPaBOM KHONKOW M B OTKPBIBLIEMCS
KOHTEKCTHOM MEHIO BBIOpaTh ommuto HOBASA IMEPEMEHHAA... (puc. 5.13). B
pe3yJibTaTe yKa3aHHBIX IAECUCTBUUA OTKPOETCS OKHO [IAPAMETPHI [IEPEMEHHOHU, B
KOTOPOM HYXHO BHECTHU UMS MIEPEMEHHOM, €€ TUM (BEUIECTBEHHAs WJIM TEKCTOBas,
B HallleM IPOEKTE BCE IMEPEMEHHBIE MMEIOT BEIIECTBEHHBIM THII), KEIATEIHHO
BHECTH KOMMEHTapHil M yKka3aTh rpyImy (B o0IIeM ciydae HeoOs3aTelbHO, HO B
HallleM TMPOeKTe co3aaauMm rpynny Mojgyvib). Hukakux 3HaueHW IOKa
ompenenar) He Tpedyercs. TouHo Takke co3gaguM TmapamMeTpel M 1 ¢
KoMMeHTapueM Mojayib, PA7 1 m m_2 ¢ xkomMmeHTapuem MOJVJib, PAJ 2, HE
onpezenss HUKakux 3HaueHuit. Co3aaaum nepeMeHHyo M_row, o OTHOILIEHHUIO K
KOTOPOH ycTaHOBUM cienyromiee (pucyHok 5.14): sta mepeMeHHass MOXKET
NpuHUMaTh OAHO 3HaueHue w3 1aBYX (1 wnmm 2). B mone BbIPAKEHHUE BHECEM
3HaueHue 1 (3T0 3HaAUeHHE MepeMeHHasi OyAeT Moay4yaTh MO YMOJYAHUIO), B TOJIE
Criucok BeibepeM TEKCT, mociie 4ero BblOepeM pexuMm PEJAKTUPOBATH. B
OTKpbIBILIEMCS OKHE [IAPAMETPHI IIEPEMEHHOH BBeAéM 3HauveHuss 1 u 2 (kak

MOKAa3aHO Ha PUCYHKE — B CTOJIOUK).
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[7] Brewnsa [ 3HEYEHMA KOHHEKTODE. .. ]
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Pucynox 5.13. Ilocredosamenvrhocms co30anus nepemeHHou

- - T N [ 5 e 3 )
Mapametpsl nepeMeHHoM ! A\ Cnucok sHaueHuit nepemeHHoi ‘m_row =
-~ = e
W m_row a bR g &I-
(@) BewecTserHas TexcTosas 1 -
2
Boipaxexue: 1 -
3HayeHue: 1

KommeHTapwii:  Homep psaa moayns (141 unm 241)

Mpynna: VMonynb -

Ceasb npu BCTasKe B chopky:

[nepenernan ) \
Crmcok: {Ten«:r v] [Penax‘mpoaam... ] < )
e (o) (ommn)
[T crperras

[Joyrams user: [ - et}

(o [ omes |

\ v,

Pucynox 5.14. Cozoanue nepemennoit M_row
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VYKa3zaHHblEe JACUCTBHSI ONPENEINIM IEPEMEHHYH0O M_FOW Kak CIHCOK,
cocTrosiuid U3 AByX 3HaueHui: 1 mnm 2. Kaxnoe u3 HHUX, Kak YK€ MOHATHO,
SBJIIETCSL 3HaYEHUEM BBIOpaHHOTO psiaa moxayieil. Kpome Toro, yctaHoBuM is
IIEPEMEHHON KaTErOpur0 BHEIIHAA.

UYro kacaerca nepeMeHHBIX M_1 u M_2, To ux HeoOxoaumo cBsizath ¢ B/
base m Tak, 4TOOBI Ka)kmas mojydaia 3HadyeHus u3 stoi BJI. Jlns perrenus
yYKa3aHHOW 3aJaud HEOOXOAMMO IIEIKHYTh IPAaBOM KHOINKOW 10 HMEHHU
IEPEMEHHOH (paccmaTpuBaeM Ha mpumepe M_1), B KOHTEKCTHOM MEHIO BbIOpaTh
114PAMETPHI... Janee (cMm. pucyHok 5.15), B okHe [14PAMETPBI IEPEMEHHOH B TIOJIE
BbIPAKEHHUE yctanoBuTh 3HaueHue 0.5, B none CITHCOK BblOpaTh bA34 JIAHHDIX,
IIOCJIE 4YEro OTKPOETCS CIEAYIOIIEE OKHO BbIFOP U3 BA3bl JJAHHBIX, B KOTOPOM

HY’KHO YCTAaHOBHUTH CBOMCTBA, IPEACTaBICHHbIE HA PUCYHKE O.15.

Y- N N
Z ) ¥ 5
MapameTpsl nepemenHon Beibop 13 6asbl AaHHbBIX X
Mma: m_1 MMa Ba3bl AaHHBIX: base_m| v
(@) BewecTeeHHas TexkcTosas
BeibupaTeb 13 nons: m_1 v
Bolpaxerue: 0.5 -
v MokasbiBaTb Nons:
[ZIm_1
3HaveHue: 0.5 ‘}0 o
[ jm_2

KommeHTapuit: Moaynb, paa 1 (npeanoyTUTenbHbIM)
Mpynna: Moaynb v

CBAa3b Npu BCTaBke B chopky:

[ﬂepenem-tan v] e
Cnumcok: lBasa AaHHbIX VI [Penaxmposan:...] == ] l e ]
;BH&WHHR [ 3HaYeHWA KOHHEKTOPA. .. ]
[T ckpeiras OunbTp: m_11=0
CBOICTBO AOKYMEHTa: [ vJ [ OK | [ OTMeHuTE 1
A
OK H OtmeHa

Pucynox 5.15. Csoticmea nepemennot m_1

OOpatuM BHUMaHUE, YTO B MPABOM OKHE (pUCYHOK 5.15) ecTh mone mis
npuMeHeHus: ¢uiabTpa npu otoope nanubix w3 bJl. B ganHoM ciywyae QuibTp
ynansieT u3 Bcex BblOpaHHbIX u3 B/l 3Hauenuit Hynu. Beipaxenue, onpenensioniee
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bunbtp, umeer BuA: M_1!=0, B KOTOpOM HCHONB3YyETCSA JOTUYECKas Omeparus
«ae». B T-FLEX CAD »srta omepamus ompenensercs cumBoioM «!». T.e.
KOHCTpYKIusl «!=» — 3710 omepauus «HepaBHO». OmucaHue Bcex omepanuil T-
FLEX CAD conepxurcs B pykoBozacTBe moib3oBareis [32]. Ilo mepe ommcanus
mpolecca Cco3laHusi Mojaenu OyAeM 3HaKOMHUTBbCS Kak C  ONepalusiMu,
ycranoBiaeHHbIMU B T-FLEX CAD, Tak u ¢ ¢yHKUIUAMH, B TOM 4yucie U g 0a3
naHHbIX. Pabota ¢ 0asamu ganabix B T-FLEX CAD Taxske coaepskutcs B [32].

Ha pucynke 5.16 mpencraBieHbsl CBOWCTBA MepeMeHHONM M_2. JleficTBus 1m0

YCTAHOBJICHUIO ATUX CBOMCTB TaKue ke, KaK U JJisl mepeMeHHoit m_1.

- Eg ~ 7 N
MapameTpel nepemeHHON Bbi6op 13 6asbl AaHHbIX @
Wva; m_2 Wms Basbl faHHbIX: e v
)) BeuwiecTeeHHas TekcTosas

BeibupaTs 13 nons: m_2 v

BoipaxeHue: 0.7 -
v MokasbiBaTh nons:

[FIm_1
SHadeHue: 0.7 = S

|¥Im_2

KommeHTapuit: Moaynb, paa 2
Mpynna: Moayne v

CBAa3b Npu BCTaBKe B cOopKY:

MNepemeHHas vJ s
Crmcok: basa aaHHbIX v] [Penax'ruposam...] R ] ’ = ]
':‘ BrewHssa [ 3HaYeHna KOHHEKTOPa. .. J
|| CkpeiTas OunbTP:  m_21=0
CBOICTEO AOKYMeHTa: I v] [ OK ] [ OTHeHUTE J
—
l OK H OTmMeHa ]

Pucynox 5.16. Csoticmea nepemennoti m_2

WUrtak, nms omnpenesieHus JOMYyCTUMBIX 3HAYCHUM MOIyNsl 3yOuaToit

nepeaadu Co3a4aHO YCThIPC IICPCMCHHDBIX!

— M_row, Kotopasi MpUHUMAET 3HA4YCHHE 1, eCiu mpeanoyiaracTcs JJis
pacyETOB MCITOIB30BATh 3HAUCHHUS U3 TIEPBOTO Psijia, M 2, €CIIU U3 BTOPOTO;
—m_1, koTopasi mpuHUMAET 3HaYeHHs U3 niepBoro croyodua bJ] base m (t.e.
MIEPBOrO pANA);
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— M_2, xoTopasi MpHHUMAET 3Ha4YeHUs U3 Broporo cronbna bJl base m (t.e.
BTOPOTO Psija);

— M, 3HaueHue KOoTopod paBHO M_1, ecimm m_row pasHo 1, u m_2, eciu
M_row paBHO 2.

[lepemenHasi m u ecTh, COOCTBEHHO, MOAYJIb, TOUHEE — CIIUCOK JIOMYCTUMBIX
3HAQUYEHHUM, W3 KOTOPBIX IOJIb30BATENIb MOXET BBIOpaTh TO, KOTOpoe U OyaeT
UCIIOJIB30BaThCA B pacuérax. Takum o0pa3oMm, OCTaIOCh yCTaHOBHTH
COOTBETCTBYIOIIME IIOCTABJICHHOM L€ CBOMCTBA JUIA IEPEMEHHOM M.
BripakeHune, KoTopoe ompenensieT 3HaueHue M, GhopMyIupyercs CIaeayIomuM
oOpazom: ecnu M_row paBHo 1, To M paBHO M_1, nHaye M paBHO M_2, 4TO B
tepmuHax [-FLEX CAD wumeer Bua: m_row==1?m _1:m 2. Ecmu OB 3TOT
(dbparMeHT 3anuchiBalics Ha sA3bIKe MporpamMmupoBanus [lackanb, TO OH BBITJISICHT
OBI Tak:

if m row=1 then m:=m 1 else m:=m 2;

r '
MapameTpel NepeMeHHoR @
Wms: m
(@) BewecTeeHHaA Texkcrosan
BripaseHme: m_row==1?m_1:m_2 E
3HaYeHHE! 0.5
KommeHTapia:  Moayne (dhakTiueckuii)
Ipynna: Moayne -
Cefst Npw BCTaBKe B cOopry:
[nEDEMEHHaﬂ v]
CrMcor: [HET v] [PEﬂaKTMDDBaTb... l
BrewHnas [ 3HEYEHWA KOHHEKTOPA. .. ]
|:| CrpeiTan
CeofiCTBO AOKYMEHTA: ’ v]
[ OK ] [ OTMeHa
.

Pucynok 5.17. Ceoticmea nepemennoti m

WNuaye roBOps, NMpUBEAEHHOE BHIIIE BBIpAXKEHUE (OHO KE COJEPKHUTCS B

OJTHOMMEHHOM TToJie B (popme, TpeacTaBieHHON Ha pucyHke 17) dakTuueckn
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ABJIACTCA YCJIOBHBIM OIICpaTOpPOM (HO 0e3 SBHOTO IMpUCBaMBaHUA 3HAUYCHMUSA
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NEepPEMEHHOM): «M_row==I» — 3TO mNpoBepKa YCIOBHUS «PaBHO JU M_row
enuauie»? Ecnu ga, TO BBINOIHAETCA BBIPAXKEHUE, CIEYIOLIEE Cpa3y MOCIe 3HAKA
«?», ¥ IepeMeHHON M npucBanBaeTcs 3HadyeHue M_1. Ecnu HeT, TO BBIMOJIHSAETCS
BBIPKEHHE TOCIIE 3HAKa «:», U M IpHCBauBaeTCs 3HaUeHHE M_2.

Ha pucynke 5.18 noka3zana yactb okHa [/EPEMEHHBIE, cCoepxaliasi TpyIiny
Monyiib.

Kax BugHO, mepemerasie M_row, m_1 u m_2 sBusroTcs cnuckamu. [lepBoe
— IOCKOJIBKY 3TO SIBHO ONIPEAEIIEHO B €ro CBOMCTBAX, & JIBA APYIMX — IOCKOJIBKY
OHU TIPHUBS3aHbI K 0a3e JaHHBIX. 3HaYCHUE TepeMeHHONH M paBHo M_1 (t.e. 0.5),
TaK Kak M_row pasHo 1. Ecnum e u3mMeHuTh 3HaueHue M_row Ha 2, TO M CTaHeT
paBHbM 0.7 (T.e. Mm_2). [lopsaok M3MEHEHUs 3HAYEHUN YKa3aHHBIX MEPEMEHHBIX
HeBakeH. MOJKHO CHayajla yCTaHOBUThH 3HAUeHHEe M_row, a 3ateMm M 1 u (win)

M_2, MOKHO ¥ HA00OPOT.

4 [pynna: Mogyns

m m_row==1%m_L:m_2 0.5 Mogyne (dakTmyecknii)
m_1l 0.5 - |IZI.5 Moayne, paal (npegnodTuTEn..,
m_2 0.7 - |IZI.]" Mogyne, pag 2

P m_row 1 - |1 Homep paga mogyna (-G wam ..

Pucynox 5.18. I pynna nepemennvix MOIYJIb

TouHo Takoil e mMOoAXoJa NPUMEHEH U K (OPMHUPOBAHUIO 3HAYCHUS
KOJIMYECTBA 3yObEeB MPOEKTUPYEMOM IIECTEPHH.

Ha pucynke 5.19 npencrapnena rpyrmia nepeMeHHbIX KOJIMYECTBO 3YEbEB.

4 [pynna: Konwuecteo_3ybBees

z Z_row==2%z 2z 1 46 Konuuectee sybeee (dbaktnyec..

z 1l 40 - |40 Konwuecteo 3ybees, prgl

2 46 - (46 Konwuecteo 3yBees, pag 2 (np...
F  z_row 2 |2 Homep prga napmerpa "Konwd...

Pucynox 5.19. I'pynna nepemennvix KOJTUYECTBO 3YEbEB

Ha cnenyromux pucynkax (pucynkax 5.20...5.23) npeacTaBiieHbl CBONCTBA
IIEPEMEHHBIX JTOM TIpymnnsl. B cwily IOTHOM HWACHTUYHOCTH JEHCTBUM 110

OTHOHICHHUIO K IEPEMCHHBIM CO CXOACTBCHHBIMH HMCHaMH HpeﬂCTaBHCHHOﬁ Ha
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yKa3aHHBIX PUCYHKax MH(OpManuu AOCTATOYHO AJI TOrO, YTOOBI MPaBUIHHO

chopmupoBaTh nepeMeHHble rpynibl KOJIMYECTBO 3VEBEB.

7 AT 2
MapameTpsl nepemeHHON L= | A\ Cnucok 3HaueHnit nepemeHHoif 'z_row’ @M
=1 P L
Wms: z_row BRI é v
(@) BewecrseHHan TexkcTosas 1 -
2
BoipaxkeHue: 2 -

3HayeHue: 2

KommeHTapwit: Homep paaa napMeTpa "KonM4ecTso 3‘;
Mpynna: VKonmecrso_sy}Gt’.es v

Cssi3b Npy BCTaske B chopKy:

[I’Iepenemaa V} 7

Crnmcok: [Tem:r v] [Peaaacmposarb... ]
[V] Brewraa [ 3Ha4YEHMA KOHHEKTOPA. .. ]
[~ cxpeiras

Cloywans e [N -
CBOICTBO AOKYMEHTa:! [ v]

Pucynox 5.20. Csoticmea nepemennoii Z_row

7 - ‘ ™N & ~ =
MapameTpsl nepemerHoi L2 ||| Bubop us 6ass: gammsx 5

Vima: z_1 WMs Ba3bl QaHHLIX: S v

(@) BewecTserHan Texcrosas — -

— Boibuwpatb M3 nons:  z_1 v
BoiparkeHue: 40 a
v MoKasbiBaTh Nons:

3HadeHue: 4b @21

= = [[lz_2
KommeHTapuit:  KonuuecTso 3ybbes, paa 1
Mpynna: ‘konmqea'so_syﬁbe v
Ceasb npy BCTaBke B chopky:
[I‘lepenemaﬂ '] s

z-1;
Crmcok: [Sasa AaHHBIX v] [Penalcmpoaa'rb... ]
[ BbibpaTth Bce ] [ WHBEPTHPOBATL ]

[ BrewHss [ 3HaYEHUA KOHHEKTOPA. .. ] —
[]ckpoitas OuneTp:  z_11=0
Doy Ueer: N -
CBOICTBO AOKYMEHTa: [ v] [ OK ] [ OtrieriTs ]

o ][ omea |

Pucynox 5.21. Ceoticmsa nepemennou 7_1
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p
Mapametpel nepemeHHol L= ] Buibop 13 6asbl AaHHbIX
Wms; z.2 Wma Basbl AaHHBIX: base 7]
(©) BeuwecTeeHHan TexcToBas
_ Boibupatb usnons:  z_2
BolpaxeHue: 46 -
- MokasbiBaTe nons:
r A |
3HadeHue: 46 -
z.2
KommeHTapuit:  KonuuecTso 3ybbes, paa 2 (npeanouyt
Mpynna: Konuuectso_3ybbes v
CB#3b Npu BCTaske B chopky:
’ﬂepenemaﬂ ']
Crmcok: [Basa AaHHbIX v} [Penacrupoaa‘rb... ]
[ Brewnsa [ 3Ha4eHMA KOHHEKTOPa. .. ]
CKpbiTas

Clopays  Ueer: [N ~

CBOICTBO AOKYMEHTA: [

™

Lo J

OTmMeHa ]

Pucynok 5.22. Ceoticmea nepemennoii 7_2

-
MapameTpel nepeMeHHoR u

Wma:

BhipaeHme:

3Ha4eHHe:

Mpynna:

KommeHTapui:  Konudecteo sybees (akTiieccoe)

CBA3b NpW BCTEBKE B chopky:

z
(@) BewecTeeHHanA TexcTosan
Frow==2%z_2:z 1 -
1
46

Konmyecteo_syObes -

[I'Iepena—u—taﬂ v]

CrmcoK;: [HET v] lPe..u.aJchpoaaTh... ]
DBHELIJHHH [ 3Ha4EHWA KOHHEKTOPE ]
CrpeiTas

Claoyrams teer: I -

CEOACTED QOKYMEHTA! l vl

Pucynox 5

.23. Ceoticmsa nepemennoll Z
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[lepelinémM K CO3MaHUIO IIEPpEMEHHBIX Trpynnsl [[IMPUHA BEHLA W

YCTAHOBJICHUIO MX CBOWCTB. llepemeHHBIE 3TOW TpyIIbl MOKa3aHbl HA PUCYHKE
5.24.

4 Tpynna: llupuHa eeHua

finder_b rec(base_bminmax.m==m) 3]
T b_max val{finder_b,base_bminmax.bmax) |8 MakcumansHas WWPHHA BEHL,..
T b_min val{finder_b,baze_bminmaxbmin) |1 MUHWUMANEHAA LUMPKUHE BEHLA...
F b 3 v|3 WnpuHa BEHLE LIECTERHK

Pucynox 5.24. Ilepemennvie epynnot [LIHPHHA BEHIJA

O4eBUHO CYIIECTBEHHOE OTJIMYME TIEPEMEHHBIX OTOM TPYIIBI  OT
PACCMOTPEHHBIX BHIINIC. DTO OTJIMYHME CBS3aHO C MPUCYTCTBHEM OOpaIleHUN K
BcTpoeHHBbIM QyHKIusiM T-FLEX CAD, npennaznadeHHbIM i1 paboOThI ¢ OazaMu
JTaHHBIX.

HanomumM, ¢ mepeMeHHOW D cBsi3aHbl qBe 0a3bl JaHHBIX: base_bminmax, B
KOTOPOW HaXOJATCS MHHHMAJBLHBIC U MaKCUMaJIbHBIC 3HAYCHUS ITUPUHBI BEHIIA B
3aBHCUMOCTH OT MOAyias M, u base b, B KOTOpod Bcero OAWMH CTOJOEII,
CoJIep Kallliii BCE BO3MOKHBIC 3HAUYCHUS IUPUHBI BeHa. Heob6xomumo B B/l
base_bminmax mo 3agaHHOMY 3HAYEHHIO MOJIYJS HAWTH COOTBETCTBYIOIILYIO
CTPOKY M U3 He€ B3STh JIOMyCTUMbIC MHHIUMAJIBHOE W MAaKCHMAJIbHOE 3HAYCHUS, a

3areM u3 BJI base_b oroOpaTh Te, KOTOpPBIE JIeXKaT B YKa3aHHOM JIHAIIa30He.

MapameTpel nepeMeHHoi &J

Wms: finder_b

@) BewecTeeHHaA TexcTosaA

Boipamenwe: rec{base_bminmax.m==m)

3HaqeHme: [
KoMMEHTEPMIA:
Mpynna: LLMpiHa BeHLE -

CeAse Np1 BCTaske B chopky:

ll'lepeMeHHan - I

Crmcok: IHET - ] [ PenaKTMpoBaTh.. . ]

BrewHsa 3HEHEHNA KOHHEKTOPA. ..

[ crprras

Pucynok 5.25. Ceoticmsa nepemennot finder_b
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Jlis 3TOrO B CNMCOK MapameTpoB Tpymnnbl [[/HPUHA BEHI]A HEOOXOIWMO
N00aBUTh MEPEMEHHYI0, 00ECICUNBAIOIIYI0 BHIOOPKY KOHKPETHOW CTpOoku B B/l
base_bminmax. Ilpomecc co3manus Takoi NMEpEeMEHHON NPOUUTIOCTPUPOBAH Ha
pHUCYHKE 5.25.

KiroueBbIM  CBOWCTBOM — paccMaTpuUBacMOW  TEPEMCHHOM  SABJSCTCS
BBIp@KCHHUE, COJepiKalieecss B ogHouMeHHoM mone: rec(base bminmax.m==m).
DTO CBOHCTBO COCTOHWT B TOM, 4TO 3HaueHue nepemenHoit finder_b — sto Homep
sanmucu B BJI base _bminmax, 3HaueHwe MOAyJIss B KOTOPOH paBHO («==»)
3aJJaHHOMY paHee (cM. rpynny Moavip). JIns TONydeHus Homepa 3anucu
(cTpOKHM), YHOBJICTBOPSIONIETO 3aJaHHBIM YCIIOBHSIM, HCIOIB3YeTCS (QYHKITHS
rec(<ycioeue>), THE YCIOBHE — OTO BBIpOKEHHE, NPHUHUMAIOINIEE 3HAYCHUC
HUCTHUHA wam JIOKb. B paccmaTpuBaeMoM ciydae <ycnosue> — 3TO IMPOBEpKa
paBeHCTBA 3Ha4YeHUs Moy B ctonbie m BJ1 base_bminmax (base_bminmax.m)
3aJJaHHOMY 3HAYCHHUIO MOIYJIS M.

TakuM oOpa3om, BCAKOE M3MEHEHUE 3HAYCHHS IMEPEMEHHOH M B TpyIIe
MOJvJIb MTHOBEHHO OTpa)kaeTcss Ha cocTossHuM nepemenHou finder b B rpymme
[lInPruHA BEHIJA. VIHBIMH CJIOBaMHM, CTAaHOBUTCS SICHO, M3 Kakoul CTpOku bJ[
base_bminmax uy»xHo B3sTh 3Ha4eHMs: bmin u bmax.

Jns monyuyeHusi 3TUX 3HAYEHUM BoOCToOJIb3yeMcs (QyHKUuen val(<uomep
sanucu>,<nonae B/[>,<cmewenue>), rae:

a) <Homep 3anucu> — J1000€ apuPMETUUYECKOE BBIPAKECHHE, 3HAUYCHHEM
KOTOPOTO SIBIISIETCSA 1IEJI0€ YUCIIO;

0) <none B/[> — obOpamenue Kk KOHKpeTHOMY Toit0 BJ[ u3 cTpoku, HOMEp
KOTOPOM €CTh <HOMEp 3anucu>;

B) <cmeweHue> - HeOOS3aTENbHBIN MapaMeTp (HOMEp CTOJI0I1a, U3 KOTOPOTO
BBIOMpaeTCsS 3HAYCHHUE, €CIM OTCUMUTHIBATH OT TOJISA, YKa3aHHOTO B <noie
b/[>); nmo ymomuaHuio <cmeuwjenue> PaBHO HYNIO, TO €CTh 3HAYCHHUE
BbIOMpaAeTCs U3 MOJIs, YKa3aHHOTO B <nose b/[>.

B HameM ciydae B KayecTBe IEpBOrO mapameTpa OyaeM yKa3bIBaTbh
nepemennyto finder_b (manoMuuMm, 4TO OHa MONTy4YaeT HOMEp KOHKPETHOW 3aIlvCH,

COOTBETCTBYIOIICH 3HAUYCHHUIO MOYJISA), & B KAUECTBE BTOPOTro — HauMeHoBaHue bJ[
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U CTOJIOIA, B KOTOPOM XpaHSITCS 3HAYCHHUsS KOHKpeTHOro mapamerpa (bmin wimm
bmax). Ha pucynke 5.26 moka3aHbl CBOMCTBa MepeMeHHBIX D _Mmin u b_max. B
nojie BelpakeHue Ui KaxJI0i NMEpeMEHHOW HAXOJUTCS OOpalleHue K (YHKIIUU
val, obecrieunBaromeli TOCTyI K 3HAYECHHIO COOTBETCTBYIOIIETO CTOJIONA B CTPOKE

¢ Homepowm finder_b.

=

[NapameTpel nepemMeHHoR &Jw

”
[MNapameTpsl NnepeMeHHoR

Ana: b_min Wna: b_max

(@) BewecTeeHHaA TekcToBan

(@ BewecTeeHHaRA TekcToBaa

BhIpaseHHe: L’al(ﬁnder_b,base_bminmax.bmin) -

val(finder_b,base_bminmax.bmax) =

Bolpaseqme:

3HaqeHe: 1 SHaYEHME! 3

KomMeHTapi:  MAHMMANEHER LUMPHHE BEHLS WeCTepH KomMeHTapuiA:  MakoiManbHas LWWpHMHE BEHLE WeCTep)

pynna: LpuHa BeHUA - Tpynna: LinpuHa BeHuE -

CEfAzk NpM BCTABKE B CHOpHY:

CBA3k NpW BCTaBke B chopikcy:

’nEpEHEHHa:H

)

[I‘IepEMEHHaﬂ V]
Crmco: [HET v] [PEHEI{THDOEIETI:... ] Trose ’HET v] [PEEEKTMDOBETI:... ]
BHeWwHARA [ 3HE4EHWA KOHHEKTOPA. .. ] BHELWIHAR ’ 3HAYEHMA KOHHEKTOPA. .. ]
[ cxpriTas [ crperras
DYHKLAA Uset: _ hd DYHKLMA Lset: _ -
CEOCTBO OOKYMEHTS! [ vl CEOliCTED AoKYMEHTa: [ vl

Pucynok 5.26. Ceoticmea nepemennwvix b_min u b_max

[Tocie ompenencHus TpaHWIl JOMYCTUMBIX 3HAYCHHH IIMPUHBI BeHIA D
MOXKHO oOpatuthesi B BJ] base b 3a momydenweM BbIOOpKHM BCeX 3HAYCHHMH,
JICKAIIUX B YCTAHOBJICHHOM JHarna3oHe. J[Js 3Toro ucnosib3yercs: mepeMeHHas b,
CBOMCTBa KOTOPOW MOKa3aHbl Ha pucyHke 5.27. Kak BUIHO, IepeMeHHas CBA3aHa C
0azoli manubIx base b, a mpu orGope 3HaueHMiT ucnonb3dyercs GuiabTp: b>=bmin
&& b<=bmax. DT1oT HuUILTp OrpaHUYMBACT aUaINa3oH BBHIOOPKHU. Ilapa cMMBOJIOB

&& - 310 noruveckas onepanust «H».
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r 1
Mapametpsl nepemeHHON | 23 I 1| Beibop us 6asbl gaHHbIX
P P P P

Wms: b Wms Basbl AaHHbIX: | Seals
(@) BewecTseHHan Tekcrosan
Bolibupatb M3 nons: b
BelpakeHue: 4 -
- MokasbiBaTb nons:
Z/b
3HaueHue: 4

KommeHTapuit:  LUMpuHa BEHUE WeCTepHN

pynna: LLinpuHa BeHua v

CBs3b Npyu BCTaBKe B chopky:

[I'Iepeneﬂuaﬂ v]

Crmcok: [Sasa A@HHbIX V] [PenaKTMDOBaTb--- ] T l I $ES l
g’,ﬁi‘;’;’; Erer— OunbTP:  b>=b_min 8&b<=b_max

CBOICTEO AOKYMEHTa: [ v] [ OK ] ’ OthermTs ]

Pucynoxk 5.27. Ceoticmea nepemennoii b

Jlnst  ycnoBui, TmTOKa3aHHBIX Ha pucyHke 5.24, BweiOOpka Oymer

MIPOU3BOANTHCS M3 AMAra3oHa, MPeACTaBICHHOTO Ha pUCyHKe 5.28.

finder_b rec(base_bminmaxm==m)
? |b_min val(finder_ky,base_bminmaxlbmin) 1 MUHWUMEAEHAA WWPWHE BEHUE LUBCTERHK
? b_max val(finder_k,base_bminmaxlbmazx) a8 MakCcHManeHaA WWPKWHA BEHUE WECTERHK
= b 4 j4 LvpuHa BeHUa WecTepHU |

1.2 I Ok I [ OTMEHUTD ]

.5 [ —
16
2
2.5

= EEE]
(s3]

oo~ @

Pucynox 5.28. Yemanoenen ouanazon ons snauenutl wupunvl 6eHya 3y0a

Cnenyromas rpymnmna HnapamMeTpoB — 3TO Tpymmna /JUAMETP OTBEPCTHA U
CTYIIALA. B 3Ty Tpynity BXOAAT CIEAYIOIIUE MapaMeTpsl: Oy — TnameTp oTBepCTUs

noj Baji, dy1 — auamerp coOCTBeHHO crymullbl, | — anuHa crynuiet u |; — anuHa
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oOpaTtHOi wacth ctymuibl. Kpome TOoro, mis opranm3anudud paboTel ¢ 0Oa3zaMu

JaHHBIX,

BCIIOMOTaTeIbHbIE IEPEMEHHBIE (CM. PHCYHOK 5.29).

[NepemeHHbIe

7 Mma

a TaK¥XC

JUIL  CO3JIaHUsl HEOOXOAUMBIX  (UIBTPOB  J00ABJICHBI

Bripaxermne 3Ha..

4 Tpynna: Juametp oTBEPCTHA W CTYNMLE

d_row
dy 1

dy_2

dy
finder_dy
dyl_min
dyl_rnax

|_rmin

|_max
dyl

I

I_1

7?1 _max

TT

1 -1
4 ~|4
9 -9

d_row==1%dy_l:dy_2

rec{base_dylminmax.dy==dy) 14
val{finder_dy,base_dylminmax.dyl.. 7
val(finder_dy,base_dylminmax.dyl... 8
val{finder_dy,base_dylminmax.|_rr.. 3
val{finder_dy,base_dylminmax.|_rr...|10

8 ~|8
6 ~ |6
1 ~|1
I-b 3

Kommentapui 1

,ﬂ,MEMETFI OTEERCTHA NO4 OCh
3HaYeHKUA AWAMETDE OTEEQCTH...
3HaYeHNA AWAMETRE OTBEQCTH...

AnameTtp oTEEpcTHA (PakTuye..,

MUHHMEAEHDE 3HAHEHWNE JUE...

MakcrmManeHoe 3HAUEHNE AUa...
MuHUMANEHDE 3HAYEHWE JNWH..
MakciManeHoE SHAYEHWE 4AW..
Juametp crynuub

JnwHa crynuusl

OEpaTHan ANWHE CTy ML

Pucynox 5.29. Ilapamempui epynnot JJHAMETP OTBEPCTHA U CTVITULA

YcnoBHO mapameTpbl, BXOJSIIME B TPYIIY, MOXHO pa3OuTh Ha TpH

MOATPYTIIBIL:

1 — ompeneneHue amameTpa OTBepcTHs, 2 — oTOop u3 bBJ]

MUHHUMAJIBHBIX U MaKCHUMaJIbHBIX 3HAuYCHUM AUaMCTpa W OJIMHBI CTYIIMIEI, 3 -

ONpeJeNeHre 3HAYeHWM JuaMeTpa, [JUHbl M OOpaTHOM HJMHBI CTYIHULBIL.

Hanmomuum (cM. pucyHok 3), 4TO ¢ mapameTpamu rpynnsl /JUAMETP OTBEPCTHA U

CTyIiiiA ces3ansl uetoipe B/I: base dy, base dylminmax, base dyl u base 1.

OmpenencHue auamerpa OTBEPCTUS IMOCTPOCHO TAKKE KaK ONpeIeTICHHE

Monaylis M U koiaudectBa 3yObeB Z. IloaTomy mocTtaToyHO yka3zaTh CBOMCTBa

cBsizanHbIX ¢ dy mapamerpos: d_row, dy 1, dy 2 u cobctBenHo dy (CM. pUCYHKH

5.30...5.33).
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( [ = ]
MapameTpsl nepemeHHoN )

A Cnvicok 3HaueHuii nepemeHHoit ‘d_row’

= "= ah R
Wms: d_row R QJ%@ %v
(@) BewecTseHHan Texkcrosan 1
2
Bolpaxenue: 1 A
3HayeHue: 1

KomMeHTapuii:  [lnaMeTp OTBEPCTMA NOA OCb

pynna: [AunaMeTp 0TBEPCTUA M CTYNMUA v
Cesi3b Npy BCTaBKE B chopKy:

[I'lepeﬂerl-laﬂ v]

Crmcok: [TeKcr v] [Penacmpoaa‘rb. o ]
Brewnsa 3HAYEHNS KOHHEKTOPA, ..
CkpbiTas

Comeiss  teer: I -

CBOMCTBO AOKYMEHTa: [ - ]

Lo J[ omea |

Pucynok 5.30. Ceoticmsa napamempa d_row

p
MapameTpbl nepemeHHON N X Bui6op 13 6asbl gaHHbIX
Vms: dy_1 Wms Basbl faHHBIX: | ]
(@) BewectseHHan Texcrosas
BoibupaTs us nong:  dy_1
BoipaxxeHue: 4 -
- MokasblBaTh Nona:

: [¥]dy_1
SHauyeHue: 4 Fldy_2
KoMMEHTapMIt:  3HaYeHus AMaMETPa OTBEPCTUA pAaa
Mpynna: AnameTp 0TBEPCTUS U CTYNMUA v
CBa3b Npy BCTaske B chopky:
[nepeuemaﬁ v ]
Crmcok: [Basanau-ux v] [Penancmposarb]
[7] Brewnsn [ 3HaueHns KOHHEKTOPa. .. ]
[~ ckpoiras

Cloyas  teer: I -

CBOICTBO AOKYMEHTa: [

Lok J[ omea |

Pucynox 5.31. Ceoticmea napamempa dy_1
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7~ B
MapameTpel nepemerHon % BeiGop u3 6asel gaHHbIX &J

Viusiz dy_2 Wms Basbl naHHbix: | el v
) BewecTseHHan TexkcroBas

BoibupaTs 13 nons: dy_2 -

Belpaxenue: 9
- MokasbiBaTb Nonsi:

Fdy_1
3Haqenue: 9 == e

[Vidy_2

KoMmeHTapwit:  3HadeHus AMaMETPa OTEEPCTUS PAAa
rpynna: [luaMeTp OTBEPCTUSA U CTYNMLA v

Css3b npy BCTaske B chopKy:

MNepemeHHan N2 ]

dy_2;
Crmcok: Basa aaHHbIX v] [Pena»(‘mposa'rb... ‘
o [ BoibpaTs Bce J IVInBep'mposaTb]
[l Brewnsn [ 3naverun korrerTopa. . | :
| CkpeiTas OunbTp:  dy_2!=0
e B— o) [omemn]
OK OtmeHa

Pucynox 5.32. Ceoticmea napamempa dy_2

Janee. OTOOp MUHHMAIBHBIX W MAaKCHMAaJIbHBIX 3HAYCHHU aHaMETpa H
JUTHHBI CTYIMHIIBI aHAJOTMYEH OTOOPY CXOACTBEHHBIX 3HAYECHHH IIMPHUHBI BEHIA
3y0a. B cBs3M ¢ 3TUM B mepedeHb mapamMeTpoB qoOaBieHa nepemennas finder_dy
(ananor finder_b), conepxamas Homep 3amucu (ctpoku) B BJI base_dylminmax,
3HadeHue mojisi dy KOTopoi paBHO 3Ha4YeHHIO mepemenHou dy. J{ist momydenus
HOMepa 3anucu ucnojib3oana Gynkius rec(). 3uauenue finder_dy moxcrasisiercs
B ¢yukmuio val() mns onpenenenms dyl min, dyl max, |_min u |_max (cwm.
pucyHnku 5.34...5.36).
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,
MapameTpsl NepemMeHHoi

S5

Wna: dy
(@) BewecTeeHHaA TekcTosas

Boipawenve: | H_row==12dy_l:dy 2 .
SHa4eHue: G
KommeHTapuit:  [AuaMeTp oTEepcTHa {hakTu4eckit)
Mpynna: [WaMeTp oTBEPCTHA W CTYNULE -
CBAsE MM BCTaBke B chopry:
[I‘IepeMEHHaﬂ v]
Crmcok: [HET v] ’Penarcmposam... ]

BHeWHARA [ 3HEYEHMA KOHHEKTOPA. .. ]
[T] Crpiran

DYHKWAR user: [ ~
CEOMCTBO AOKYMEHTa: [ v]

[ OK ” OTMEHa ]

———

Pucynok 5.33. Ceoticmea napamempa dy

-
MapameTpel nepeMeHHoR

MapameTpel NepemMeHHOR

Wma: finder_dy

(@) BewecTeeHHaRA TexcTosan

BripaeHie: rec{base_dylminmax.dy==dy) -
SHa4eHme: 14
KOMMEHTEpMI:
Mpynna: AWaMeTp oTBEPCTHA M CTYMMUA -
CBA3L MpW BCTasKe B chopry:
[I'IepeMEHHaﬂ v]
CrMcor: [HET v] ’PEJII.EK.TMDOBETI:... ]
BriewHag [ SHEYEHWA KOHHEKTOPA. .. ]
|:| CrpeiTas
oysans  Ueer: [N -

CBORCTED AOKYMEHTE: ’

v

[ OK ] [ OTmeHa

Pucynox 5.34. Ceoticmea napamempa

finder_dy

S5

”
MapameTpel NepeMeEHHOR

Wnma: dy1_min
(@) BewecTeeHHaA TexcToBaR

BripareHme: val(finder_dy, base_dylminmax.dy1_min) =
SHad4eHune: 7
KomMeHTapMiA:  MUMHWMANBHOE SHAYEHME AMaMETPa CTYMMLEI
Mpynna: (MEMETD OTB 1451 11 CT YTIMLE -
CEAsk NpU BCTEBKE B chopky:
[ﬂEDEHEHHEﬂ v]
Crmco: ’He-r v] [Penancmposa'rb... ]

BHewHAs ’ 3HAYEHMHA KOHHEKTOPA. .. ]
[] crperran

oysarn e [ -
CBOACTBO AOKYMEHTA! [ v]

’ QK ] ’ OTMeHa ]

=)

Mms: dy1l_max
(@) BewecTEEHHAS TekcToBan
BripaweHIe: val -

(finder_dy,base_dylminmax.dyl_max) -

SHa4eHWe: 8

KOMMEHTAPMHA!  MaKCMMansHOE SHa4YeHWE AMEMETPA CTYMk
rpynra: v
Cessb Npu BCTaBKE B chopry:

’ﬂEDeMEHHaﬂ v]

CrimMcok: ’HET v] [PEJJ.EK.‘I’HDOBETI:... J

BHewHsR [ 3HEHEHHA KOHHEKTOPS. .. ]
DCK.prTaﬂ

opaps Yoo [N -
CeolicTE0 AoKyMEHTa: ’ v]

’ Ok ] [ OTtmeHa

Pucynox 5.35. Ceoticmea napamempos dyl_min u dyl max
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e - - \
MapameTpel nepeMeHHo @ MapameTpsl nepemMeHHoii @
Wnma: |_min Wna: |_max
[ | BELLECTEEHHEA TekcToBaA [ : ) BewecTeeHHaA TekcToBaA
BeipaeHme: val - BeipameHe: val -
(finder_dy,base_dylminmax.|_min) . (finder_dy,base_dylminmax.|_max) -
3HEYEHME 3 SHaveHMe: 10
KoMMEHTEPMIA:  MMHWMMaNEHOE 3HEYEHWE SNMHE! CTYTML KoMMEHTEPWIA:  MaKCMMaNEHOE SHEHEHME ANMHEI CTYME
Fpynna: [WameTp oTBEPCTMA K CTYTMLA - Mpynna: AMaEMETP 0TBEPCTHA W CTYTHUE -
CEAsE MpW BCTEBKE B chopky: CeAst Np1 BcTaske B chopiy:
[nepeNEHHaﬂ v] [I'IEDeMEHHaﬂ v]
Crmcok: [He‘r v] [PenaKTMposaTb... l Cnncos: [He‘r v] [PEII.EK.THDOBET!:... ]
BHEWHARA [ 3HAYEHMA KOHHEKTOPA. .. ] BHeWHAS ’ 3HAYEHMA KOHHEKTOPE. . ]
[T] CrpeiTan [Clcrperran
o, v [ - &k
CEORCTED AOKYMEHTE: [ v] CBOACTED AOKYMEHTa: ’ v]
[ OK ] ’ CTmeHa ] [ oK ] [ Otmeria
\
\

Pucynok 5.36. Ceoticmsa napamempos |_min u |_max

Haxomner, mapamerpsl dyl, | u |1 Beioupatorcs u3 6a3 mannbix base dyl u
base |1 ¢ Bxirodenuem coorBercTBytommx (uiabtpoB: mns dyl u | ¢uietp
ONpeAesIeT TPAHUIBl JUANA30HOB MEXIAY MHHUMAIbHBIM WM MaKCHMAIbHBIM
3HadeHUsMHU, a s |1 —oOecmeunBaer BoimosHeHHe yciaoBus |-b-11>0. s
CO3JIaHMs TaKoro (UIBTPA B YMCIIO HapaMeTpoB no0aBjeHa mepemenHas |11_max,
paBHass pasHocTu |-b. CBoiicTBa yKa3aHHBIX MEPEMEHHBIX TMPEACTABICHBI Ha
pucyHkax 5.37...5.40.

Otmetum, uto B IIpunoxenusx 1 u 2 copepxutcs nogpoOdHas HHPOpMaLIHs
00 HCIOJIb30BAaHHBIX B MPOCKTE MapamMeTpax, pacyeTHbIX (hopMyrnax U QYHKIHUSIX,

00ecreunBaOIINUX KOPPEKTHYIO BBIOOPKY U3 0a3 JTaHHBIX.
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e N i
MapameTpsl nepemMeHHoM ‘i | BbiGop u3 6asbl AaHHbIX u
Yns: dy1 Vs 6asbl faHHbix: | el -
(@) BewecTsenHas Texcrosas
Bobupatb us nons:  dyl v
BolpaxeHue: 8 A
- MoKasblBaTb Nons:
. [7]dv1
SHauyeHue: »8 !
KomMeHTapuit:  [luaMeTp cTynuub!
Mpynna: [AuameTp 0TBEPCTUA U CTYNUUA v
Cea3b Npyu BCTaske B chopky:
[nepeuemaa V} dy1;
Crmcok: Basa aaHHbIX v | | PEaakTMpoBaTh. ..
[ ] ’ ] [ BuibpaTh Bce ] [ WHBEpTUPOBaTL ]
[ Brewnss [ 3HaYeHWR KOHHEKTOpa. .. ]
Crpoitas DunbTp:  dy1>=dyl_min && dy1<=dyl_max
Clopsn  Ueer: I -
CBOMCTEO AOKYMEHTa: [ v] [ oK J l OTeHnTs ]

———

Pucynok 5.37. Ceoticmsea napamempa dyl

p
MapameTpel nepemeHHoOR S Bbibop 13 6asbl AaHHbIX
Yms: | Vs Basbl faHHbn: el
© BewecTserHan TekcToBan
Boifupatb us mona: |
BblpaxxeHue: 6
loKasblBaTh Nons:
SHauyeHue: 6 [Cldy1
7l
KommeHTapuit:  [lnmHa CTynuub!
Mpynna: AuamMeTp 0TBEPCTHA U CTYNMUA
CBs3b Npy BCTaske B chopky:
[rlepeuemaa ']
Crmcok: [Basanmx v] [Penacrmoaa‘rb...
2 [ BribpaTs Bce ] [ WHBEpTUPOBaTL ]
BrewHsa [ 3HaueHUA KOHHEKTOPA. ..
CrpbiTas OunbTp:  |>=|_min &&|<=|_max
Cloymaa  Ueer: [
CBOICTBO AOKYMEHTa: [ [ OK ] [ OtmenuTs ]

Pucynox 5.38. Ceoticmea napamempa |
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p
MapameTpsl nepemeHHoON ) Buibop 13 6asbl AaHHbIX

Wessi: I1 Vs Basbl aaHHb: | EEelEl
©) BewecrseHHas TekcTosas >
— BoibupaTh us nons: 11
BolpaxeHue: 1 -~
- MokasbiBaTh Nons:
11
3HaueHue: 1 @

KomMeHTapwit: OGpa'rHaﬂ ANVHa CTYNULLI

Mpynna: Vlii;anefp OTBEPCTUA U CTYNULA v

CBsi3b Npu BCTaBKe B chopky:

[I‘Iepenemaﬂ v] ALL

Crmcox: [Basa AaHHBIX v] [Penam‘uposa‘rb. o J [ e ] [ T ]
BrewHas [ 3HaYeHUA KOHHEKTOPA. .. ]

[T crpeitas OunbTp: 11 <=11_max

CBOICTBO AOKYMEHTa! [ v]

Pucynok 5.39. Ceoiicmea napamempa |_1

r B
MapameTpsl NepaMeHHoR M

Wnma: 11_max
(@) BewecTeeHHan TewkcTosan
BrIpaweHIe: I-b
SHaYEHWE: 3
KoMMEHTapHIA:
Mpynna: [AvameTp 0TBEPCTHA M CTYIMLA -

CEA3L MpW BCTEBKE B chopry:

[I'IepeMEHHaq v]
Crmcok: [He-r v] ’PE..D.EK‘I’MDOEaTh... ]
BHewHAA ’ 3HAYEHHA KOHHEKTOPE. .\ ]
D CrpbiTas
oy Ueem: [ -
CEORCTED AOKYMEHTA: [ v]

o ][ omen |

Pucynox 5.40. Ceoticmea napamempa 11_max

[Tocnenuss rpymnmna nepeMeHHbIX, KOTOPYI0 HEOOXOAUMO PacCMOTPETh, 3TO

rpynmna [loctpoenue nmpoduis.
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5.4. llepemeHHbIE 3BOJIbBEHTHOI' O 3anenJieHus "
NMOCTPOeHuenpoPuisi 3y04aToro Kojaeca

[lepeuenr mnepeMeHHbIX, BxoAsmmx B rpynny Iloctpoenue mnpoduis,
YCTAaHOBJICHHBIE JJII HMX BbIUMCICHUA GOPMYJIbl M MOJIYYEHHBIE 3HAUYCHUS

MpECTaBIICHbI HA pUCYHKE 5.41.

[E alpha 20 20 ¥ron rnaeHoro npodwuas
E betta 0 0 ¥Yron HaknoHa 2ybbes
E ¢ 0.25 0.25 KoaddwmumenT paguansHoro 2azop:
[E |delta_y 0 0 K-T ypaBHWTENEHONO CMELLLEHWA
E  ha 1 1 KoaddrureHT BLICOTE FTOAOBKH
E rof 0.384 0.384  K-T pagMyca KPUBIM2HLI NepexoiHe
B |x 0 0 K-T cvelleHA MCXoAHOro KOHTYPa
z Zrow==17z_1z2 50 “ucno 2ybLee
alpha_t atan(tan(alpha/180%pi)/cos(betta/180%pi))/pi* 180 20 Yron npodmng
d m*z/cos(betta/180%pi) 40 JennTensHelA grameTp
da d+2*m*(ha+x+delta_y) 41.6 JwnameTp eeplinH 3ybees
db d*cos(alpha_t) 38.042... nameTp OCHOBHOR OKPYMHOCTA
df da-2*m*(2*ha+c-delta_y) 38 OwameTp BnagvH (cNpasoYHo)
r_skr rof*m 0.3072 Pagwyc ckpyraeHWA
s m*pi/2 1.2566... |TonwmHa 2yBa No gennTensHoR ok

Pucynox 5.41. I'pynna nepemennvix Ilocmpoenue npoguis

PaccmoTpum 3T mapameTpsl B KOHTEKCTE IMOCTPOCHUSI MPOUIS OTHOTO
3y0a u co3nanus mpoduiist 3yd4aToro Kojaeca Ha OCHOBE KPyrOBOTO MacCHBa.

OTmMeTuM, YTO TEXHOJIOTHS, JieXkalass B OCHOBE TNIPAKTUYECKH BCEX
coBpemeHHbIx CAD-cuctem, a UMEHHO: MOCTPOCHHE ICKU3a M CO3JaHHE Ha €ro
OCHOBE «TBEpOTO» Tena, — il oOecrieuenus mapamerpusamuu B T-FLEX CAD wHe
paboraet. Dckus, co3naBaeMsblii B T-FLEX CAD, no onpeneneHuto He MOXKET ObITh
napamerpuueckuM [32]. [TapameTrpuzanuio odecreunBaeT TOJIbKO OazoBast s |-
FLEx CAD TexHomOTHsI CO3/MaHMsI YepTeka HA OCHOBE BCIIOMOTATEIhHBIX
noctpoeHuil. MmMenHo et Mbl u Oyaem crienoBaTh. Ho 1ONMOTHUTENBHBIMU
CpEe/ICTBaMHM, CBSI3aHHBIMH C 3CKM3aMHU — YCTAHOBJICHHE CBSI3€M W OrpaHUYCHUM
(CUMMETpUH JIMHUI ) — BOCIIOIb3YEMCSI.

Wtak, Be1OEpEeM TIIOCKOCTD (B CIIEPE/IM) U CO3AaJUM B LIEHTpe €€ (T.e. B
Hayajie KOOPJAMHAT) CUCTEMY KOOpAuHAT U 3adukcupyem obe ocu. Iloctpoum c
IIEHTPOM B Hadajie KOOPJHHAT TPH OKPYKHOCTH: JEIMTEIbHYI0 nuamerpa d

(mokazaHo Ha pucyHke 5.42a, 6: B okHe [[APAMETPAI OKPY)KHOCTH HEOO0XOJIUMO
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KiIaBuiieil TAB mepeBecTH (HOKyC OT paauyca K JUaMeTpy U BMECTO 3HAUYCHUS
BBECTH uicHTHU(UKATOp napamerpa d), OKpy>KHOCTh BEpIIUH 3yObeB auamerpa dl1

Y OKPY>KHOCTh BIIaJIUH 3yObeB quamerpa 02.

- '''''' - 'Adz
TMapamMeTphl OKPY>XHOCTM 3% ‘,‘AdZ
Paguyc: | 23 ‘ : \ 5 e y
V| fuameTp: d = ;‘l "\‘
: \\f
.................................... rers om e e e w e e e mowe varmEen =
\
\\
~~~~~~~~ ‘
B) TPpHU OK HOCTU: BEPIINH
a) auaMeTp - nmapametp d 0) nenuTenbHasi OKPYKHOCTD ) TP Py P

3yObeB, AeNUTENbHAS U BIIAJANH
Pucynox 5.42. Ilocmpoenue ocho8Hbix OKpYICHOCHEN

Hanee OyneM cnemoBaTh METOAMKE NPUOIMKEHHOTO TIpaduyeckoro
MOCTPOCHUS TPOGUIIS SBOJBBEHTHOTO 3y0UaToro koseca, u3oxxeHHou B [33]. [1pu
3TOM OyAE€M CChUIAThCS Ha W3JI0KEHHBIE U MPOWILTIOCTPUPOBAHHBIE B METOIUKE
JIENCTBUS, BCSIKUN pa3 MPUBOAS pe3yibTaThl noctpoenus npoduis B T-FLEX CAD.
Ha wumoctpamusx u3 Metoauku [33] amenutenbHas OKPYKHOCTh ITOKa3aHa
KpPacHBIM I[BETOM, OKPYKHOCTb BEPILIUH — 3€JIEHBIM, BIIAJJUH — FOJyObIM, OCHOBHAs
— CUHUM.

Crenyromuii 3Tam COCTOMT B IIOCTPOCHUM KacaTelbHOW MNPSIMOM K
JETUTEIbHON OKPYKHOCTM B BEpXHEW €€ TOYKE, a 3aTeM — 4Yepe3 3Ty TOUKY
npsimoit mox yriom alpha k moctpoenHol kacatenbHOW. Hakower, w3 1eHTpa
CTPOMM €lI€ OJHY OKPYXHOCTb, KacaTelbHYI0 K IMOCIEIHEW npsmMoil. ITo —
OCHOBHAsI OKPY>KHOCTb, JITUaMETP KOTOpo# paBeH d3 (Takum oOpazom, BenuunHa d3
10 CYTH SIBJIIETCSA CIPABOYHOM, TaK KaK €€ 3HaUeHHE ONPEIEISIETCS IOCTPOCHUEM,

CM. PUCYHOK 5.43).
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Pucynox 5.43. Ilocmpoerue npsamoii HaKioHa npoghuisi U OCHOBHOU OKPYHCHOCU

OrMeTnM TOYKY 4 Ha JETUTEIBbHOM OKPYKHOCTH, TOUKY B — Ha OCHOBHOWU
(oOpaTtuM BHHMMaHUE, YTO B HAllleM MPUMEPE, B OTIMYHUE OT METOIAUKHU, Ouamemp

OCHOBHOU OKPYICHOCMU MeHblle Ouamempa enaout, PACYHoK 5.44),

[ — R e

Pucynox 5.44. Ilocmpoenue mouxu C

1
Jnst moctpoenust toukn C, TaKOM, dYTO AC:EAB, BOCTIOJIb3Y EMCs

MHCTPYMEHTOM «IIPOIOPIMOHANIbHAA MpsAMas» (pUCyHOK 45). [l 3TOro HyXHO
BbIOpaTh B MHCTpyMeHTE [IPSIMAS COOTBETCTBYIOIIMN pexuM (Ha pucyHke 5.45
BBIJICJIEH KPACHBIM KPY>KKOM), IIENKHYTh MO TOYKE A, 3aT€M 0 B U B CBOWCTBaX
npsiMoi BBecTU 3HaYeHue 1/3 (cM. pucyHok 5.45).

UYepes Touky C npoBenEM MPSAMYH0, KaCaTEIbHYI0 K OCHOBHOM OKPYHOCTH.

Touky kacanust o6o3HaunM uepe3 D u Ha orpeske CD nmoctpoum touky E, Takyto,
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1
yto DE =_CD. JI1s mOCTpOE€HUs TOUKU £ TakXKe BOCIOJIb3YEMCS MHCTPYMEHTOM

TIPOIIOPITHOHAJIBHAA ITPAMASA (prCyHOK 5.46).

1
-
|

|2 76 /a ©h &

Napawerps npsmoii

Y| Kosddwawerr: [E

0.333333

M3 noxymenTa

\\\\\

A

o

i%

r\
p— s
I
Tonuwra 3400 1S
I
0
- - W

Pucynox 5.47. [locmpoenue okpyacrnocmu ¢ yenmpom 6 mouxe E u paouycom EC. Onpeodenenue
noaoxcenus mouku H na oenumensvrnou oxpysrcnocmu
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N3 Touku E pagnycom EC npoBOIUM OKPYKHOCTh (pUCYHOK 5.47). Touky
IEPECEUEHUS] 3TOM OKPYKHOCTU C JEIUTENIbHOHN (BblAEIEHA IIBETOM) 0003HAUUM
yepe3 H. /lyra Mexay OKpyKHOCTSIMU BEPIUIMH U BHAAWH (BBbIIEIECHA I[BETOM) —
ATO TIpaBas 4yacTh Ipoduiis 3yoa.

Ha pucynke 5.48 mnoka3aHO MOCTpPOEHHME Ha JEIUTENIBHON OKpPYKHOCTH
Touku F, cumMMeTpuuHOil Touke H 1 HaxondIecss Ha TPOTUBOMNOJIOKHOW CTOPOHE
3y0a. PaccTosiHne Mexay TOYKaMy paBHO ILIAry 3alleTUICHUs: B METOAHMKE — S, B
paccmatpuBaeMoM Ipoekre — St, FH=St. VYka3aHHble TOYKM CHUMMETPUYHBI
OTHOCUTENBHO Ocu 3y0a. Och cMMMETpHH (BBIJEJIECHA LIBETOM) B HAILEM CIy4yae
CTpouTcsi Kak [IPOIIOPIJUOHAJIBHAA TIIPAMAS Mexny Ttoukamu F um H ¢

ko3 dunmeraTom 0.5.

Pucynox 5.48. Ilocmpoenue mouxu F na npomueononosicrnou cmopone 3yoa

Takum 00pa3om, oJHa U3 TOYEK MPOTHBOIIOJIOXKHON YacTh mpoduis 3yda
(F) moctpoena. [ToctpoeHa Takxe U 0Ch ciMMeTpuu 3yba. Ciie10BaTeIbHO, MOYKHO
MOCTPOUTH €€ JABE TOYKU, CUMMETPHYHBIE TOYKaM MPO(uIis, HA OKPYKHOCTU
BEpIIMH M HAa OKPY)KHOCTH BIAauH. J[yra OKpy>XHOCTH, TPOXOJISAIIEH Yepe3 ITH
Tpu Touku (K, F 1 L) u 3axntouéHHas Mexay OKpY>KHOCTSIMU BEpUIMH M BIAAMH,

SIBJIIETCSI BTOPOU 4acThio npoduiis 3yda (pucyHok 5.49, BeienieHa IIBETOM).
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[Ipy mocTpoeHUU OKPYKHOCTH HCIOJB3YeTCS WHCTPYMEHT OKPY)KHOCTb
YEPE3 V3JIbl (BBIBPATH V3EJ, YEPE3 KOTOPBIH I[TPOXOJUT OKPY)XKHOCTH,
pucynok 5.50). IIpu ucmonp30BaHUM 3TOTO MHCTPYMEHTA HAJ0 MOCIEI0BATEIHLHO
mEnkHyTh 1Mo ToukaM (y3nam) L, F u K. Hamomaum, 4TO uepes3 Tpu TOYKHU, HE

JeXKalllue Ha OTHOM IPSIMOM, MOKHO MTOCTPOUTDE €OUHCMBEHHYIO OKPYIHCHOCD.

Pucynok 5.49. Ilocmpoenue cummempuunoii uacmu npoguis 3yo6a

\“-'~‘ ’4"_ ‘\
2 3y

@bﬁparb Y3/, YEPES KOTOPBIil NPOXOANT OKPYXHOCTL <T> |

Pucynok 5.50. Boibop uncmpymenma 05t NOCMpPOEHUsE OKPYHCHOCMU Yepe3 V3/ibl
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Jliist 3aBepIieHust mpoiiecca mocTpoeHust mpodust 3yda HeoOX0IUMO y4eCTbh,
4YTO IHar 3aleruieHust St ompenenseT MOJOKEeHHE TOoYeK mnpoduiield coceqHux
3yObeB MO ACIUTENHbHON OKpYXHOCTU. TakuMm oO6pa3om, eciau OT ToUku F BieBo, a
oT TOYkH H BOpaBO NOCTPOUTH YT OKPYKHOCTEM paguycom St, TO Ha
NEPEeCEUeHUH MX C JEIUTEIbHOW OKPYKHOCTBIO TIOJyYUM TOYKH 3YyObeB,
HaXOJsIIMEcs COOTBETCTBEHHO CJieBa M CIpaBa OT CTPOALIETOcs Mpous
(pucynok 5.51, touku M u N). Jlaniee, mocTpouB npsimpie cummeTpuu 1uist nap MF
u HN, mosyyuMm JeByr0 ¥ mpaByio rpaHuiibl npoduis 3yoa. [locneauuii mrpux —
3TO CKpYIJIeHHE 3y0a paamycoMm I y OKpykHOcTH BhaauH. OOBeAEHHAs 4acTh

(pucyHok 5.51) u ects mpouiib 0THOTO 3y0a.

MpsAMbie, orpaHMuuBaloLIe KOHTYP npoduns 3y6a

Pucynox 5.51. Ilocmpoennviii konmyp npoghunis 3y6a

Jlyis 3aBepiieHus MOCTPOCHHs 3y0a HEOOXOAUMO MPOIJIUTH OCHOBAHHE TIO
okpykHoctd BrmaguH d2. KoHeunas reomeTpusi 3yba 3yOuyaToro KoJjeca

MpEeACTaBIICHA HA PUCYHKE 5.52.
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Pucynok 5.52. Koneunas reomerpust 3y0a

JlanpHeIee TMOCTPOCHUE BBINOJHEHO C MCIIOJIBb30BAHUEM OIEpAIUU
Buvimankusanue, koropoe OyJ€T pacCMOTPEHO B CIEAYIOIIEM pa3Jiee.

CymiecTByeT BO3MOYKHOCTH CO3[1aTh TE€OMETPHIO BCEro BEHIA, KAaK Ha
pucyske 5.53, a. [IpoGiema Takoro mojaxojia 3aKJIf04aeTcsi B CKPHIBAIOIICHCS JTyTe
JUHUHA BOaguHbl (pucyHok 5.53, 6, oTmeueHo Kkpacoil pamkoii). Ecmu Oymyt
noJ00paHbl MapamMeTpbl 3y04aToro Kojieca TakKUM 00pa3oM, UTO OKPYXHOCTH
CKpYyTJICHUSI 3y0a CONPUKOCHYTCS (3HadeHHe ayru Oyaer okpyriaeHHo mo 0O
rpajycoB), TO JAaHHAas JIMHUS TPOMAJET, UTO TMOBJEYET 3a COOON MOSBJICHUE
omnOku. [aHHyI0 OIMMOKY MOKHO OOOWTH MyTEM IMOCTPOEHUS MHOXKECTBA Tell U

00BEINHEHUHN B OHO.

a)

Pucynox 5.53. Anomepnamuenwiii sapuanm sckusa 3K
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5.5. IlocTpoenne NPOCTPAHCTBEHHOM MO/IeJIM BEHIA 3y04aToro

KoJI€Ca M €ro CTylmibl

[Toctpom OOOBIIIKY C TOJY4YeHHBIM TipoduieM 3yoa.

st atoro

UCIIOJI3YEeM OIepalui0 Boimankusanue, apaMeTpbl KOTOPOW MpeACTaBiIeHbl Ha

pUCYHKE 5.54.

Pucynox 5.54. TlapameTtps! onepanuu Beimanxkueanue npoduist 3yoa

EriTankmeanwve

v &
| %] OcroBrHBIE NapameTp

KouTyp: @ Mpodmne_1

HanpagneHwe: | |

MPAMOE HAMNPAENEHUE:
¥ ABTOMETHYECKM
AnmHa: |b
[ ] ¥knon: 3
OSpaTHOE HanNpaBneHHe:
HeT
[ ] ¥knon: 3
[ | ¥pocTHTE reaMeTpuio
|| TonkocTennmi 3nemenT
[] NapameTpwl craaxmBanns
[ ] Onuwnmn
WMnonb30BaTh MEHMNYNATOPE

WMons30BaTe METKK
JMHEMUUECKMI NpOCMOTP

+[+

B mnepemenHywo /{iuma ycraHaBIMBaecM 3HAYCHUE TONIIMHBI 3yb6a h. B

pe3yibTare nosydaeMm Teno 1, KoTopoe SBIsIeTcst OJHUM 3y0oM (prcyHOK 5.55).
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Pucynok 5.55. Teno 1 onun 3y6

JIist mocTpoeHusi KpPyroBoro MaccuBa 3yObeB HEOOXOJIMMO MOCTPOUTH
HWINHAP, KOTOPBIM OYyJEeT SIBISATHCS BHYTPEHHEW dYacThio BeHua. [loctpoum Ha
IJIOCKOCTH 3y0a JBE KOHIICHTPUYECKHE OKPYKHOCTH C IICHTPOM B Hadaie
KoopauHaT U paguycamu df/2 (nuamerp BmamumH 3y0uaroro koseca) (PUCYHOK

5.55) u dy/2 (nmameTp ocaouHOTO OTBEPCTHS) (PUCYHOK 5.56).

MapameTpel OKPYXHOCTK o>

Pagnye: | dff2=13

HuameTp: 38

SHaqeHWe: | 19 E

Pucynox 5.55. Okpyoscnocms 6naoun 3youamozo xoeca u ee napamempuol
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I'Iapavlembl OKPY>KHOCTH 4 x
F'.au.my-:: | dyf2=1

OuameTp: v,

A k|| 4k

Ak

SHa4eHHe! | 1

Pucynox 5.56. Oxpyarcnocms nocadounozo omeepcmus u ee napamempul

ITocne OIIpCACICHUA JCKH3a BBIIIOJIHACM OIICpAalrIO Buwioasnusanue ¢

BBICOTOM paBHOM ToJIIMHE 3y0a b (pucyHok 5.57).

BuiTankmeaHwne X
4 @] b4

|#| OcnoBHbIE NapameTph

KonTyp: @ Mpodune_2 |E|

HanpasneHue:

MpAMoE HaNpaBReHE:

2 ABTOMaTHUYECKM

AmHa: |b = %
Y,
[ ] ¥knon: 3 ﬂt
SR s]
OBpaTHOE HANPABNEHWE: H
Het i
[ ] ¥knon: 3

[ ] ¥npocTuTh reomeTpuio
TonkocTeHHBIN 3NEMERT
MapameTpsl CrAaXMEaHNA
Onumn

Wmone30BaTe MAHWNYNATOPEI

MNonb30BaTE METKM
JIMHEMMYECKMI NPOCHMOTP

Pucynox 5.57. Ilapamempor u npoghuns onepayuu Bvioasnusanue

[Tomy4yennsie Tena (pucyHoK 5.58) moka He UMEIOT CBSA3M MEXITy COO0H. DTO
JIBa OTAENBHBIX Tena. Kpome Toro, moka co3fmaH ToJbKo oAuH 3y0 komeca. 1 mms

IMOJYYCHHUA IIO0JIHOIO BCHIIA Tpe6yeTc;1 Ha OCHOBC CO3JaHHOIO 3}763 IMOCTPOUTD
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Kpyeosou maccug. YcranoBuM nBa 3D-yzrna st manbHEWINEro MOCTPOCHUSI OCH

BpaIlCHHS. Y3JIbl YCTAHABIUBAIOTCS MO0 KPOMKE OKPYKHOCTH (pUCYHOK 5.59).

—

Pucynoxk 5.58. [Tony4yennsle Tena Pucynok 5.59. IToctpoenue 3D-y31a

[lo mnosydeHHBIM Yy37aM BBINOJHUM MOCTpOEHUE Tpacchl. g 3Toro

BbIOEpeM aieMeHT Tpacca w nBa 3D-y3na (pucynok 5.60).

[NapameTphl Tpaccel px

lv] [B8] [X]

L<

(NS

m

|| Kacanue B Havane: | 0

||| ¢

|:| KataHne 8 KoHue: | o

[[] oBipatHoe Hanpasnetme kKpuBoit

|| Crenets cinaiiva: | 1 > ‘

Panuyc ckpyrneHna: |0 E”
Criewermne: 0 o |

|:| CrpAMneHWe No xopae
OrknoHerve: [o.01 o
[Touka 1 [

B4 B [8# ]

Pucynox 5.60. Ilocmpoenue Tpaccot no osym 3D-y3nam u ee napamempoi
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Tenmepp MOXHO BOCHONB30BaThCs Kpyeogvim maccuéom  3IEMEHTOB
(pucynok 5.61). B objacTu KONMMpyeMBIX JJIEMEHTOB MAacCHBa BBIOCpEM TeJO
OJIHOTO 3y0a, B KauecTBE OCH BpAIllEHUS BBHIOEPEM IMOCTPOEHHYIO och Tpaccy 1,
MIPUCBOUB mapameTpy KOIlki (uMeeTcsl B BUAY MX KOJIMYECTBO) 3HAUCHHE YHCIIA
3yObeB Z. B kauecTBe mapamMeTpoB MaccHBa B BINAAAIONIEM CIIUCKE BhIOEpEM
«Konuuecmeo konuti u obwuti yeony. YToa OCTaBlsieM CTaHAAPTHBIM U PaBHBIM
360°.

[Tocne BbINOMHEHUS AaHHBIX ONEpalfili CO3/1aeTCs MOJIelb, MPeCTaBlIEHHAs
Ha pucyHke 5.62 cneBa. Kak ormeuanoces panee, mojenb coctouT u3 JABYX Temn,
HE HUMEINIMX CBI3M MeEXIy co0oi. J[lnsg oObenuHeHuss Ten HEoOXOAUMO

MPUMEHUTH Ollepaluio byneso croocenue.

Kpyrosoi maccue o x
v & X
OcHOBHbIE NapaMmeTphl ’
& 0@ /-
@ BbITankmeaHWe _1 | ~ £
=i &
X
OchfNepean Touka: H_; Tpacca_1

HaqansHas ToYKa BPalleHHa: ||

KoHe4HanA ToqKa BpalleHna:

CxemMa pasMeLLeHHs:

Mosopor (crpokm)
MapaMeTpel: | KonWdyecTEo Komuia 1 obiwdii yron
Konmit |2 -

Llar 7.2

NMNIRIE
P

¥ron |360 o
["] NapannensHeii nepeHoc \\ ;
[] Cagur va nonwara :
B oBpaTHOM HaNpaEneHMK
CHMMETPHYHD

@ Papwanbhoe nepemeutenmne (cronbuybi)

MapaMeTphl: | KonuyecTso Konwid 1 war n

- =[x
Komaii |1 | | ¥

Pucynox 5.61. Ilocmpoernue kpyzoo2o maccusa 3y0ves
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Pucynok 5.62. Hmozcosas mooensb 0o u nocie evinoinenus onepayuu byneso cnocenus

+ [l Teno_2 + [ Teno 2
4 @BblTank:msaHme_E a @EblTa_nb:nEaHHE_E
B @ Mpodwae_ 2 2 @ Mpodwae_2
warb = 1.5 [BeicoTta 3K] varb = 1.5 [BeicoTa 3K]
+ 2= Teno_3 - Kpyrosoii maccue_] + & Bynesa_1
+ 2= Kpyrosoii maccne_1 F] @BblTa_nh:MEaHMEj
[ @BblTa.nk:uEaHHE_'l [ @ Mpodwrne_1
B ____;Tpacca_'l warb = 1.5 [Bricora 3K]
warZ ("Z_row==17z_T:z. 2" = 5... 4 &% Kpyrosoii maccue_l

[= H}Tpacca_'l
var? ('zT_row==17z_Tiz_2...
Pucynox 5.63. byneso cnoocernue men

Jlyis BBIIONTHEHUS omnepanuu bynego ciodcenue MOXXHO BOCIIOIH30BATHCS
JIBYMsI METOJaMH: TIpU IIOCTPOCHHH BTOPOrO Teja, K TPHUMEPY, METOJIOM
Buvioasnueanue B cBOWCTBaX 00BEKTa BBIOpaTh MYHKT «(CrnooweHue meny, IU00
npuMeHuTh Meton Drug-and-drop. Bocnonbs3yemcst BTopbiM crioco6oM. Jliist 3Toro
HEOOXOMMMO TMIENKHYTh JieBoM kKHomkod wmbimu (JIKM) mo crtpoke 7Teno 3 —
Kpyeosou maccus 1 n, e ornyckas JIKM, mepeBectn ykaszaTenb Ha CTPOKY
Teno_2. Pe3ynbrar 00bEICHUS JIBYX TENl B OJJHO MPOWJUTIOCTPUPOBAH HA PUCYHKE

5.62, a mpeoOpazoBanue ApeBa MPOEKTa — HA pUCYHKE 5.63.
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CrnaxueaHue pébep x

« || 8|8 || X

[#] Ocnoenbie napamerpet

R [ <l

PEGpa | BepwmHbl | MpaHuuel | Ofpeska

InemMeHT Paguyc || ™
@ Pebpo_7 : Bynesa_1 [0.24] || ==
@ Pefpo_8 : Bynesa_1 | [0.24] || =

OBwme ceoiicTBa
Crewenve 1: |0.3"m=0.24

IS

Crewenve 2: |0.3"m=0.24

I:‘ PazsopoT

MPOACTKMTE N0 KSCATENLHOM

[ cHauana sorvyToie
¥OanaTk INEMEHTLI

HenpepLIBHOCTE N0 KPUBMHE

[2] O6paboTia nepexpriTHi
[2] Onymm

Wnonb308aTh MEHMNYNATOPE

Mnons308aTh METKKM
AWHEMAHECKMIA NPOCMOTP

Pucynoxk 5.64. [locmpoenue gpacku na ocHosHom meie 3y64amo2o Kojeca

Ha mnomyueHHOM Tene HEOOXOOUMO TMOCTPOUTH (acKy BHYTPEHHETO
oTBepcTusa (MO OCh KoJieca). YKa3aHHOE MOCTPOEHHE HEOOXOIUMO, TaK KakK B
Hcnonnenuu 1 HET CTYNUIBI, U €CIM BBIMOTHUTH (PACKy TOJBKO Ha CTYMHIIE,
IOCTPOEHUE KOTOPOM OyleT paccCMOTPEHO jAajiee, TO MPH OTOOpPaXKECHUH MEPBOTO
UCTIONTHEHUsT oOHa mpomnaner. Pa3smep ¢dacku yctanaBmmuBaem paBHbiM 0.3mM.
YkazaHHBIN MPOIIECC MPOUILTIOCTPUPOBAH HA PUCYHKE 5.64.

Peanmuzanuio ucromHeHH 3yO04UaTOro Kojieca HadyHEM C JO0OaBICHHS JIBYX
BCIIOMoOraTeNbHbIX nepeMeHHbIXx K1 (pucynok 5.65) u k2 (pucynok 5.66) —
«k03((PUIIMEHTOB HCHIOJIHEHUsD» 3yOuaToro kojeca. Kaxmoil mnepeMeHHOM

700aBUM CIHUCOK CO 3HAUEHUSMHU, MPECTABICHHBIMH HA YKa3aHHBIX PUCYHKAX.
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A Cnncok sHadenwii nepementoii k1" O MapameTpel nepenentiof x
Bo o T %] Mma: | ki
=" =
& IEI . BewecTeeHHan TekcTosan
] BoipaweHue: i
o]
1| ELERH | 1 |
KoMmenT apui: | KT MCNONHEHMA CT YLl NepeaHei |
Ipynna: | WcxoaHele aaHHEIE w |
EanHmua
W3MEPEHMA: | He zanaHa |
o]
oy
Oa ) £
CBA3b NPK BCTEBKE B chopky:
Crmcok: TewcT ~ | | PEAGKTHMPOBETE...
BHewWwHAs SHAYEHNA KOHHEKTOPA. ..
|:| CrpbITan
e o Ueer: | - |
CEOiCTED AOKYMEHTE: ~
Pucynox 5.65. Cozoanue nepemennoti kil
Mapametpel nepemerHoi X
A Cnncok sHadennii nepemenrtoii k2" O > Vi [k2
BewecTeeHHan TekcToBan
4= E: % ﬁl' a i ﬁ BripaeHme: t
g -
0.1 3HaqeHne: | 1 |
1| KoMMeHT aphi: | K-T MCMIONHEHMA 3a0HMIA CTYNHUE! |
Tpynna: | McxoaHble gaHHbe
EanHiua
M3MEPEHMA: | He sanata

0
[ ponyox: ;
(

CEA3b NPW BCTaske B chopky:

v
|
+
MepeMeHHaa ~ l:l

Crncok: TexcT ~ | | PELEKTHPOBATE. ..
BHewHaa 3HEYEHWA KOHHEKTOPE. . .
D CrpbiTas

CBOICTEO AOKYMEHTA! w

OmmesuTe

Pucynox 5.66. Cozoanue nepemennoii k2

[Tocme onpenenenns mnepeMmenHbix k1 m K2 moctpouM B IIIOCKOCTH,
NEePIEHANKYJIIPHON TUIOCKOCTH TpoduiIs 3y0a, 3CKU3 CTYMHUIbI (ITPEACTABIACT

co00i mpsiMOYTrobHUK). [locTpouM JBE BEpTHUKAIbHBIE JUHUU C pa3MepaMH OT
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IEeHTpadbHOW BepTukambHOW ocu dy/2 w dyl/2, pucynmkm 5.67 u 5.68

COOTBCTCTBCHHO.

+=
X

[NapameTpbl NPAMOA

PaccTosHMe: dyf2=1

SHAYEHKE: 1

LI LEIE N

Tl

Pucynox 5.67. Ilocmpoenue nepsoti gepmuxanu

[MapameTpbl NPAMOA X
[] PaccTosHue: dy1/2=2.25 = R
3HaueHme: 2,25 -
{11 Tay1/22.25
i
...... AN . .

Pucynox 5.68. Ilocmpoernue émopoti éepmuxanu

Jlajiee MOCTpPOMM JIBe TOPU3OHTAbHBIC JUHHUH. IlepBas TOpU3OHTaIbHAs
auHMS (pUCYHOK 5.69) cTpouTcs OT HEeHTpalbHOW ocu co cmernenueM -11-K1.

Bropas (pucynok 5.70) — cMmelieHreM OT MepBOH FOPU3OHTANBHOM JnHuK Ha |-k2-
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11-k1. JlanHbIe ypaBHEHHS MTO3BOJIIOT BEIOMPATh UCTIOJIHEHUE 3y04YaToro KoJjeca u

YOPaBIATH BUAOM U pa3MEpPaMHU CTYIIHLIBL.

[MapameTpel NpAMON 4 X i
PaccTosHWe: J1%1=-1 e . e oo
3HAUEHME:! -1 =

Jl i

Pucynoxk 5.69. ITocTpoenune nepBoii ropu30HTAIH

[MapameTpbl NPAMOIA L ox
Ll ]
PaccToaHue: [#241%1=7 - = |
SHaqeHWe: 7 2
I"k2-11*k1[7]
N i *5’ T

Pucynoxk 5.70. IToctpoenne BTOpoOii TOpU30HTAIH
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Crynuma co3zaercsi Kak TeJO BpallleHHs OJHOMMEHHOW —omepainuen

(pucyHok 5.71). B kadecTBe ocu BpallleHus ycTaHaBnuBaeTcs Ipacca_l.

Bpallexue o x
v'* o] X

HouTyp: |@ Mpodune_4 (][]l
Oce: L__; Tpacca_1 |
Yron: |36CI E|
HadaneHelH yron; |IIJ E|
¥NpOCTMTE FEOMETDMID

apameTphl CrAaXMBaHMA

[ | Crnammsarme & Hauane

2 5 .

| Crnammearme B KoHue

IS5 .

[ ] crnaswmeanme Boxoesix pébep

Paguyc: 5 -

P

MnNonb30BaTE MAHMMYNATODEI

MCNonNk30BaTE METKM

JMHEMAYECKIIA MpOCMOTP

Pucynoxk 5.71. IloctpoeHue CTynuilbl METOIOM BpauyeHus 1 ero mapameTpbl

JloGaBuM ¢acku Ha moJlyueHHOe Teno. [[ias 3Toro BbIOEpEeM 3JIEMEHT
Cenaoicusanue pebdep W BBIICIAM YEThIpe KPOMKH (pucyHOK 5.72). B obnactu

Cmewenue 1 u Cuewenue 2 BBenem popmyiry 0.3*m.
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Crnaxweanve pebep o

PALNEYNES
I ukeire
4
P&fpa |BEpLL|HHI:|I I IpaHuLB IOSpez,Ka |
SneMeHT Paawyc
@ Pefipo_2 : BpaweHue_1 [0.24] ~
@ Pefipo_3 ! BpaweHue_1 [0.24]
@ Pefpo_4 : Bpawenue_1 [0.24]
(7 Pebipo_6 : Bpawerme_1 | .24 )
Ofwme ceolicTea \ |\ .{4‘ 0.3m|0.24
CreweHne 1: |0.3‘m=l].2+ / P2y
y 3 <[0.3m|
c 2 [0.3%m=0.24 s ren “gi
MeweHe 2 |0, 3 m=0. \ b
v . [Tosnfo]
|:| PassopoT
MPOACTHHTE NO KACATENEHORA
[] cHauana sorHyToie

YRanATh 3NeMEHTbI
HenpepbIBHOCTL NO KPHBMSHE

Mnonb30BaTh MBHWNYNATOPGI

MCNoNb30BaTE METKM
[MHEMAYECKMIA MPOCMOTP

Pucynok 5.72. Co3nganue Gpacok 1 uX XapaKTepUCTUKH

Ha pucynke 5.73 mpowsumroCTpupoBaH MpoIecc OOBEAMHEHUS NBYX Tel

(TEs10_2 w TE/O_4), a Ha pucyHKe 5.74 — uTOroBas Mojelb 3y04aToro KoJjeca

(mectepHm).
+ [ Teno.2 + [ Teno_2
P @EblTanmsaHme_Z F @BblTanmsaHme_E
b @ Npodwne_2 b @ Mpoduns_2
var b = 1.5 [BricoTa 3K] warb = 1.5 [BricoTa 3K]
+ [ Bynesa_1 + [ Bynesa_1
[ @EblTanKmsaHmej [+ @EblTanKnEaHne_‘l
b & Kpyrosoii maccue_1 b = Kpyroeoii maccne_1
4 @ CrnasmneaHne_2 F @ CrnasueaHune_2
b [ Pebpo_7: Bynesa_T b () Pebpo_7: Bynesa_l
b [ Pebpo_8: Bynesa_l b (J)Pebpo_8 : Bynesa_l
war '0.3*m" = 0.24 war"0.3*m" = 0.24
+ [ Tenc 4 + B Bynesa_2
[ Eﬁ Bpawerune_1 b G Epauenne_1
[ @ CrnaxumeaHune_1 [+ @ CrnaxueaHune_1

Pucynox 5.73. Obveounenue men

159



Pucynok 5.74. Hmoeosas 3D-modens

5.6. Co3manue 1MajioroBoro OKHa

JlnanoroBoe CIy>KUT JJI YIIPOIIEHUS pabOThI ¢ TTapaMeTpaMu JIeTaau W/Uiu
coopku. PaccmoTpum MeTon coO3maHUS  AMAIOTOBOTO OKHA JUIsi  OBICTPOTO
peIaKTUPOBAHUSl YK€ CO3[IaHHBIX HaMHU TEpPEMEHHBIX. B maHHOM cliydae 3To
O0COOCHHO Ba)KHO, TMOCKOJIbKY CO3/IaHHAsi MOJENh UMEET HEeCKOIbKO MCTIOTHEHHMH,
CBs3aHa ¢ 0a3aMM JTaHHBIX, BKIIOYACT JIOBOJHHO OOJIBIIOE YMCIIO MapamMeTpoB, H,
OYEBHUIHO, YAOOHO, UYTOOBI BCE MapaMeTpbl OBLIN CKOHIIEHTPUPOBAHBI B OJTHOM
auanore, IO 3aBEpIICHHH KOTOPOro (OpMHUPYETCs MOJENIb IIECTEPHU C
3aIaHHBIMU TTapameTpamu. Kak yka3bIBajgoch BBINIE, €CIM C MOJICTBIO CBSI3aH U

YEPTECIK, TO OH TAKIKC UBMCHUTCA B COOTBCTCTBHUU C COS,Z[aHHOI\/’I MOJICIIBIO.

B nepBom npubiavkeHUH 3HAKOMCTBO C CO3JaHHEM JHAOra pacCMOTPEHO
BBIIIE. 371e6Ch OCTAaHOBUMCS OoJjiee MOJPOOHO HA OCHOBHBIX OMEpPAIUAX CO3JAaHUS

Auajiora, €ro paiuoHaJbHOIO BUJd U AP.
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HepBBIﬁ mar — CO3JaHruc HOBOI'O OKHa JOKYMCHTA B ACTAJIH. I[J'ISI 9TOI0O Ha

BKiasike Buo (pucyHok 5.75) Heobxoaumo BbeIOpaTh Hoseoe oxkHO Ookymenma W

NOATBEPIUTH BIOOP (KHOMKA OK): CO3/1aHO MyCTOM JOKYMEHT.

Paqmuun—unm_’;m VR yry
Y [

> | AktueHa B nnockoctu Hogoe okH Hoeoe Mepenectue  Okwa -
3KpaHa ® AOKYMEHTA| rNaBHOE OKHO FN3BHOE OKHO ™ e N =

OxkHo

= O 8845S

MnockocTe 0Bpezku

YERE- F7 OLL 000008 0

........

PasmeLleHne Ma0e

- = | O

‘2D Bua vrf O \

a \

[naBHOe OKHO: ;T-FIV.EXVCf\Di 17 -C:\Use@ User \D‘afktop\T-Flex\TF 37 v

o

[Jro ymonyaruo ans HoBbIx 0KoH

Pucynox 5.75. Cozoanue noeoeo dokymenma

B sTtom pokymenTte co3ma€rcs HOBOe OKHO juanora. K ero cosmaHuro

MPUBOAUT TOCJIEAOBATENLHOCTh ACHCTBUN, MPOUJUTIOCTPUPOBAHHAS HA PUCYHKE

5.76, a pesynbrar — Jluanor 1 — Ha pucynke 5.77.
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Pucynok 5.76. Coznanue HOBOro anaiora

[Ilemyox mpaBoi KHOMKOW MBIIIK IO BKJIANKe /[UAJOI 1 1a€T BO3MOKHOCTh
neperMeHoBaTh NOKyMeHT (pyHkuus Ilepeumenosams). Beibepem e€ u 3aMeHUM

Ha3BaHue /[MA/IOr 1 Ha HACTPOHKA ITAPAMETPOB 3K.
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Pucynok 5.77. [lepenMeHOBaHKE TUAIOTOBOTO OKHA

Kak npaBusno, quanor oopamisieTcst NpsMOYroJbHOM paMKOHM (CM. PUCYHOK
5.78), xoTopass mpuaéT eMmy 3aKOHYEHHBIM BUJ. MHCTpYMEHT CO3/1aHus PAMKHU
BBI3BIBAECTCA C OOKOBOW MAHENIM M CTPOUTCS Ha JIMCTE JMAjora MyTeM yCTaHOBKHU

JIBYX €€ KpalHUX TOYEK: JICBOM BEPXHEHN U IIPABOU HUIKHEM.

. L

Pucynok 5.78. Co3nanue paMKy TUaIOrOBOr0 OKHA

[TpakTHka mokas3biBaeT, YTo 3PGEKTUBHOCTH JUAIOTOB CYIIIECTBEHHO BBILIE,
€CJIM UCIIOJb3YEMbIE B HUX NAapaMETpbl pa3fei€Hbl HA TPYIbI, U KaXaas IpyIa
UMeeT HAMMEHOBaHUE, CBSI3aHHOE C (PYHKIIMOHATBHBIM Ha3HAYCHHEM BKIFOYCHHBIX

B He€ mapameTpoB. s opraHuzanuu rpymn napaMeTpoB UCIHOJIb3YETCs DJIEMEHT
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I'pynna (pucynok 5.79). JlaHHBII SJI€MEHT yCTaHABIMBACTCS M PENAKTUPYETCS
aHAJIOTUYHO WMHCTPYMEHTY Pamka. EMUHCTBEHHOE OTIMYHME COCTOUT B TOM, UTO

IMOCJIC IMOCTPOCHUA PAMKH IMOABJIACTCSA AUAJIOTOBOC OKHO, B KOTOPOM HAaa0 BBCCTU

Ha3BaHUC.
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- [= PenakTposaHke {[lnA koMGMHMpoBaHHoro dIMCKE)
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- Tonbko 4TeHue

A58

2 — CTune

E

:--*—- ¥poBeHs: |0 5| Cnoii: |O|:HDBH0171 v|
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Pucynok 5.79. Coznianue rpynisl B JuaJoroBOM OKHE

Taxke & HAraAgHOCTH Yy TOJEH, CBS3aHHBIX C BBOJOM H (WJIH)
pPEIaKTUPOBAHUEM 3HAYCHHWH, y BBINAJAIOIINX CIIMCKOB TaKXe pa3MelaroTCs
HaamucH. J{is aToro Bocmosb3yercs 3eMeHT CTaTHYeCKHH TEKCT (CM. PHUCYHOK
5.80). OmpeneiacHre €ro  MECTOMOJOXCHHS W J00aBICHHE  Ha3BaHHS

OCYILIECTBJISIETCS aHAJIOTUYHO [ pynne.
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MoKasslEaTh BbipakeHE

Tonbko YTeHue
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v
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PI/ICYHOK 5.80. COS,[[aHI/Ie CTaTHUYCCKOI'O TCKCTAa B JHMAJIOTOBOM OKHEC

Bbibop 3HaueHUs MEPEMEHHOM, CcojAepralleil BEeKTOp uucen (MaccuB),

OCYIIECTBIISIETCS C MOMOIIBIO Buinaoarouezo cnucka (pucyHok 5.81). JleiicTBus ¢

ATUM 3JIEMEHTOM B pabouei 00J1aCTH OCYIIECTBIISIOTCS aHAJOTUYHO MPEIbIAYIIUM

anemeHTaM. Ilocie pasMCIICHMA TAKOIr'o 3JICMCHTA Ha JIMCTC AMaJiora OTKPBIBACTCS

OKHO, B KOTOPOM HEOOXOMMO BHIOPATh H3MEHSIEMYIO ITEPEMEHHYIO.

v

0

=

MapameTpbl 3K

Moayne

Yucno aybees

TonuwuHa

Xr+ERABReRELS

TonwwuHa 10 w
B KoHCTpyKTop BhIpasKeHna X
Mna KommenTapui 3HaueHne )
ha KoadupuUmMeHT BEICOTEI reNoBKKM 1
c Koadupuument paguaneroroe sasopa 0.25
rof K-1 pagnyca kpnenzHel nepexcgro.. 0.384
m Moayne 3auennequs 1
betta ¥ron HaknoHa 3yGeee 0
b Bricota 3K 10
A Bnrnemnuii nuanietn nacans gan A ¢
i fARESRERLe)
BripameHme: | b|
TonkKo BHELWHWE TeKCToBbIE I
BewecTeeHHbIE |:| C L
Ommerus

Pucynox 5.81. Co3nanue BeInaaroiero Ciucka B TMajJoroBOM OKHE
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Bri6epem, k mpumMepy, BBITIAJAIOMNNA CITUCOK JJISI YCTAHOBJICHHS BETHYUHBI
napamerpa b Tomwuna 3y6a. B obnacts Bwipaswcenue BBeaeM mepeMeHHY0 b.
Torpa B paboraroiieM Avaliore MpU Ha)XaTUU HAa KHOIIKY CO CTPENKOW BHU3 B
cTpoke TOJII[MHA OTKPBIBAETCSI CHUCOK JIOMYCTUMBIX B YCTAHOBJICHHBIX YCIIOBUSX
3HAYEHUN TOJIIUHBI 3y0a, U3 KOTOPBIX HY>KHO BBIOpaTh TO, KOTOPOE SBIISIETCS
OmmKadmmM  OONBIIMM K pPacueTHOMY 3HadeHHto. [losicHMM, dYTO 3HAYCHHE
TONIIMHBI 3y0a TMOJlydaeTcss U3 MPOYHOCTHOTO pacyera, T.. OINpeAeseTcs
YCIIOBUSIMU Harpykenust 3yOuatoro kosneca. B cBoro ouepenp, B ['OCT
COJICPKUTCSI PSAJl TaK HA3bIBAEMBIX HOPMAJIbHBIX TOJIIUH 3y0a, MOJ KOTOPHIC
pa3pabaThIBacTCsl M BBIYCKAETCS COOTBETCTBYIOIMIUNM MHCTpyMeHT. C JIpyrumu
TOJNIIMHAMHU 3y0YaThle KoJieca HE HW3TOTaBIMBAIOTCSA. Tak Kak MOpoeKTupyemas
HIECTEPHS JIOJKHA YJIOBJIETBOPATH YCIOBUSM MPOYHOCTH, TO 3HAYECHUE TOJIIUHBI
3yba ycranaBmuBaeTcsi u3 ['OCT paBHbIM OmipkaifieMmy OoOJbIIEMY IO

OTHOILIEHHUIO K PACYETHOMY.

Jns peanu3anuy UCHOJHEHUSI 3y04aTOro KOJeca MOKHO BOCHOJIb30BAaThCS
pPa3IMYHBIMU KOMOWHAIMSAMU 3JIeMEHTOB. [10CKOJIbKY MCIOTHEHUN BCETrO TPH, TO
€CTh CYIIECTBEHHO OrPAaHMYEHHOE YHWCIO0, YIOOHO pealn30BaTh BBIOOD
KOHKPETHOTO HCIIOJIHEHUsT 4epe3 3ieMeHT Kunonxa (pucyHok 5.82). Ilpu sTom
OTMETHM, YTO YKa3aHHbIM KHOIKaM [MpPOrpaMMHO NPUIAHBl  CBOWMCTBA
«PaMOKHOTIOK», KOTJ]a MOXKET OBITh «Ha)kaTa» TOJbKO OJHA W3 TPYIIIIHIL.
[TocnenoBaTenbHOCT, M PE3YJABTAThl JACUCTBUM IO CO3JAHUIO  YKa3aHHBIX
AJIEMEHTOB TOKa3aHbI CTpesikaMu Ha pucyHke 5.82. [locie pazMereHnus snemMeHTa
B OKHE JHajiora (CMHUI MpsIMOYTOJbHUK) B OTKPBIBIIEMCS OKHE YCTaHABJIMBAEM
HA3BAHME: 1, 2 uan 3 B 3aBUCUMOCTH OT ucnoaHenus. Ilocne BBoga Ha3BaHus
KaXIOW KHOIKH, NpU Haxkatuu Ha OK aKTUBU3UPYETCS OKHO /[EHCTBHA, B
KOTOPOM 3aIUCBIBAIOTCA MOCJICA0BATEIBHO KOMAH/bI, CBA3aHHBIE C 3TOW KHOIKOMN
(I1prucBOMTH MEPEMEHHOH 3HAYEHHME W np.). Hanpumep, miast MCIIOJHEHNHA 1

YCTaHOBJICHA CIICAYIOIIasd Mmocjaca0BaTCJIbHOCTL KOMAaHO:
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k1=0
k2 =1/1*b

Ilepecuém 3D mooenu

YkazaHHbIE KOMaH/Ibl PEATU3YIOT HIECTEPHIO N0 MCIIOJTHEHHUIO 1 n cpa3y xe
nepectpauBatoT U 3D Mozenb, 1 TOCTPOCHHBIA 1711 HEE 4epTEx. OTMETUM, YTO

KOMaH/bl, CBA3aHHBIC C KHOHKOﬁ, BBIITOJIHAIOTCSA ITOCIICAOBATCIIBHO.

whEl eicTens X
MapameTpel 3nEMEHTa yNpaBneHNA x
O k1=0
k2=0.3
Aa
MNepecyéT 30 moaenm
ab
[xv]
PasHoe E
HassaHue:
Thn pamiu:
@ PepaxTiposarie (na
MHOrOCTpOuHEI peaakTo A . PRKTUBM3MPOBATE CTPaHILY M
—
MokasbIBaTh BoIPEKEHME AKTUBM3MPOBATL CTPaHULY
TonbKo YTEHME MapaMeTpt MoKa3aTe Ananor
Eg IpMCBOUTL Nepemes
3anyCcTuTh MAKpoC
Nepecuwtate 3D Mogens OTMeHa
IE OTKPbITE AOKYMEHT
A PenakTuposaTs nepemerrsie hparmeHTa
Lp"'* 3anycTuTh KoMaHay
L ” MaxaMusHpoBaTL usobpaxerne

D Mo yMonYaHo

' |

Pucynok 5.82. Coz0anue kHonku 6 0uano2o80m oxHe

YtoObl 3agaTh CcBOOOJHOE 3HAYEHHWE TMEPEeMEHHOM (B paccMaTpuBaEcMOM
cillydae WX JIBa: Yrojl HakJioHa 3yObeB W YroJl TJIABHOTO Mpodusis) HEoOX0AUMO
UCIIOJIB30BaTh AeMeHT Pedakmop (pucyHok 5.83). Bwi3oB, ycTaHOBKa M BBIOOD
3HAYCHUHN aHaJOTu4eH Buinadarowemy cnucky, ¢ TON JIUIb Pa3HULICH, YTO MOXKHO
BBIOPATh TOJBKO MEPEMEHHBIE CO CBOOOJHBIM BBOJOM (0e3 (opMys WM CIHCKa,
TOJIBKO OJTHO 3HaueHue). OTMETHM, 4TO IS IPSMO3yOOH 3BOJILBEHTHOM IEepeIavn
yroj HakjoHa 3yObeB paBeH 0, yron npodwist — 20°. Takum o6pa3oM, B JaHHOM

cllydae 3TO TOJbKO WJUTIOCTpALMs paboThl C 3JIeMEHTOM Penaktop.

Jlns m3MeHeHus pasmepa OoTOOpa)kaeMOro AMajioroBOro OKHa ImepeineM B
IpaByl0 OOKOBYIO MAHEIb U HaOXKMEM Ha UKOHKY Pasmepvi cmpanuybl (PUCYHOK
5.84 cnpaga). Ilocne KOppEKTUPOBKH paMKH HaKMEeM Ha MKOHKY [Ipumenumsv B

JIeBOM BepXHEH yacTu pabouero mpoCcTpaHCTBA.
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Pucynok 5.83. Co3znanue penakTopa B JUajaoroBOM OKHE
Hns  OGonee yaoOHOTO TMO3UIIMOHUPOBAHUSI JJIEMEHTOB Ha paboueM

o] [ omesn

MPOCTPAHCTBE MBI MOXEM YMEHBIIUTH (WM YBEIUYUTh) pa3Mep Ilara CETKH.
HNKkoHKa yMEHBILIEHHS IlIara CeTKu pacnoiiaraercs B pazaene Cemxa... B TIpaBOil

NaHEeI UHCTPYMEHTOB (pUCYHOK 5.84 cneBa).

S
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L ) ) +
# Cerxa. Alt+F6 ¥
e I
A
E'L\\S Mpuenaska k cetke  Ctrl+G
MNapametpel 3K BapuHaT ncnonHeHus
v
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:I YBENMYNTL LUAr CETKM oame =) 2] 5]
g = Yucno aybees 4 -
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— TonwmHa m -
20
i Mepecuutate
. [ L]

Pucynok 5.84. YMeHbIIeHHE CETKH B IMATOTOBOM OKHE M H3MEHEHHE 0TOOpakaeMoro OKHa

HTaK, C HCIOJB30BAHHUEM PACCMOTPCHHBLIX HHCTPYMCHTOB CO3aHO

JIAAJIOTOBOE OKHO, MPEICTABIICHHOE HA PUCYHKE 5.85.

B ykazaHHOM OKHe:
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B I'pynne Mooynv Buinaoarowuii cnucox Bvibop psioa nMeeT epeMeHHYIO
M_row, Betnaoarowuti cnucox Psio 1 —m_1, Beinaoarowuii cnucox Psio 2 —m_2.

B I'pynne Mooyne Buinadarowuii cnucox Yucno 3y6be6 nMeeT IEPEMEHHYIO
Z_row, Beinaoarowuti cnucox Pso 1 —2_1, Beinaoarowuii cnucox Pso 2 —2_2.

Mapamemper 3K

Modyne

Bribop prda |1 -
Yucno 3ybees

Boifop prda |1 -

Mapamempst ¢mynuLb!

Prd 1 |08

Prg 2 |07

o el o

Pad 1 |50

Pad 2 |29

4

AnuHa cmynuie
Bbixod cmynuisl

MocadouHoe omeepcmue

Pad 1 |2
Boibop pAda |1 -

Pad 2 |2.2

Jul e

b
o
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BHewHUD duaMemp Cm ynu il

iy

HiN

Bricoma 3yba
Yeon HaknoHa 3ybree
Yeon enaeHo2o npog uny

BapuHam ucnofHeHus

I_. ;

2 ‘ 3

MepecuynTaTs

PI/ICYHOK 5.85. Utorosoe MNpEACTaBICHHUEC JUAJIOTOBOI'O OKHA

B I'pynne Ilapamempvr cmynuyvl Buinaoarowuii cnucox [nuna cmynuybi
umeeT nepeMennyio |, Botnadarowuii cnucox Boixoo cmynuyet — |1, Beinadarowuii
cnucox Buewnuti ouamemp cmynuyer — dyl.

B Ipynne Ilapamempwv, B mon-Ipynne Ilocadounoe omeepcmue
Boinaoaowuii cnucox Bwibop psida umeer nepemeHHyio d_row, Beinadarowuii
cnucox Pso 1 —dy_1, Beinaoarowuii cnucox Pso 2 —dy 2.

B I'pynne Ilapamempwvr 3K Bwinadarowuti cnucox Bwicoma 3y6a wnmeer
nepeMennyio b, Pedakmop Yeon mnaxnona 3yoves — betta, Pedaxmop Yeon
enasrnozo npoghunsi — alpha.
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B I'pynne Bapuanmor ucnonnenus knonka 1 uMeet cieayromiye IedCTBUS:
IIpuceoumv nepemennoii snawenue K1 = 0; Ilpuceoumsv nepemennoini snauenue K2
= 0.1; Ilepecuumams 3D mooens.

B I'pynne Bapuanmor ucnonmenuss KHonka 2 AMEET CICAYIOIINE JTEHCTBUS:
IIpuceoumv nepemennoii snauwenue K1 = 0; Ilpuceoumsv nepemennoinl snauenue K2
= 1; Ilepecuumamo 3D mooens.

B I'pynne Bapuanmol ucnoninenus kHonka 3 MUMEET CIEIYIONTNE EHCTBUS:
Ipuceoums nepemennoii 3nauenue K1 = 1; Ilpuceoumv nepemennon snauenue K2
= 1; lepecuumamwv 3D mooeno.

B numanoroBom okHe knonka Ilepecuumams UMEET CIECAYIOIINE ICUCTBUS:
Iepecuumamuv 3D moodenw.

Hactpoiika napametpos 3K X

MNapametpel 3K
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Yron HaknoHa 3ybbes
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AsToobHoBneHe OK OTtrMeHa

PI/ICYHOI( 5.86. BEI30B M UCIIOIb30BaHUE JAUaJIOroBOro OKHa
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Ipuaoxenue 5.1. llepemennsie rpynnbl «MAcXoaHbIe TaHHBIE

alpha
b

? b_max

T TN

? lb_min
betta
c
d_row
delta_y
dy
dy1

? |dy1_max

T TTTT

=2

dy1_min
dy_1
dy 2
dy_p
finder_b

T T T

finder_dy
ha

k1

k2

|

I

? 1 _max

TTTTT

7 _max

7 Lmin

m_1
m_row

rof

]

z1
z 2

z_row

TTT TTTTT

20

1.5
val(finder_b.base_b_min_max.bmax)
val{finder_b,base_b_min_max.bmin)
0

0.25

1

0

d_row==17%dy_1:dy_2

4.5
val(finder_dy.base_dy_min_max.dy1_max)

val(finder_dy.base_dy_min_max.dy1_min)

ra
ra

@ | ra

rec(base_b_min_max.m_par==m)
rec(base_dy_min_max.dy==dy)

1
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I-b
val(finder_dy.base_dy_min_max.|_max)
val(finder_dy.base_dy_min_max|_min)
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¥Yron rnaeHoro npodwas

Bricota 3K

MaKCUMansHaA WKPKHA BEHUA
MWHMMAaNEHAA LWMPWHA BeHUA
Yron HaknoHa 3yOwes
KoaddwuweHT pagmwansHoro 2azof
LnameTp oTERPTCUR NOA OCh

K-T ypaBHWTENBHOMD CMELLLEHMA
Awametp oteepcTud (bakTnyeckui
BHewHWA gnameTtp crynmusl 3K
MakCcUManbHOe 2HAYEHHWE JWAMET
MWHWUMANEHOE 3HAYEHME AWAMETE
3HaYeHWA AMameTpa oTEepcTUA 1
3HaYEeHWA AWAMETPa OTEEPCTMA 2

BHYTpeHHWA guameTp Nacagky ea.

KoadduuweHT BRICOTEI FONOEKK
K-T ncnonHeHna crynuusl nepeaH:
K-T ucnonHeHuWs 3agHui crynuubl
Ofwan anrHa crynuuesl 3K
Brixog anwHel crynnuesl 3K

MakcuManeHoe 3HadeHWe ANKHBI
MunmaneHoe 3HaYeHre AAWMHBI CT
Mogyne zauenaeHuns

Mogynes, 1 pag (npeanouTUTeNbHE
Moayne, 2 pag
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K-T paawnyca KpWBMIHbLI MepexoaH:
K-T cMmelLeHnA MCXoAHOro KOHTY[:
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Konvuecteo ayBees, 2 pRa

Mepekntouatens pAaa

IIpusio:xkenne 5.2. Mepemennsie rpynnsl «Pe3yabTaThl pacyeray

=
alpha_t

da
db
df

r_skr

atan(tan(alpha/180%pi)/cos(betta/180%pi))/pi*180

m*z/cos(betta/180%pi)
d+2*m*(ha+x+delta_y)
d*cos(alpha_t)
da-2*m*(2*ha+c-delta_y)
rof*m

m*pif2

20

40

41.6
38.042..
38
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1.2566..

Yron npodwas

JeanTensHesIi Anametp
AwameTp eepwnH 2yOLes
AWameTp 0OCHOBHOM OKPYXHOCTK
AwameTp BNaaWH (CNpaBsodYHo)
Paguyc ckpyrneHma

ToawmHa 2yba no AeAnTensHOR 0
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