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Onsoéz

ileri teknoloji kullanilan sektérlerde, calisan hatalarindan kaynaklanan
iskarta Grin orani bazen sirketler igin tehdit olusturacak dizeylere
ulasabilmektedir. Sektdrde iskarta oranlarini dnemli dlglide etkileyen ve
eksiklik hissedilen egitimlerin énemli bir ylzdesini ileri diizeyde Teknik
Resim okuma becerisi olusturmaktadir. Bu eksiklik gerek meslek lisesi,
meslek yuksekokulu, mihendislik fakultelerinde verilen egitimlerin pratik
uygulamalar ile desteklenememesinden ve gerekse standartlarin ¢ok hizli
bicimde guincelleniyor olmasindan kaynaklanmaktadir.

“Uretim igin tasarimda sanal ve artirimis gergeklik” projesi ile bu ihtiyaca
cevap verebilmek lzere ve 6ncelikle Teknik Resim derslerinde kullaniimak
Uzere Sanal ve Artinlirmis Gergeklik (S/AG) aplikasyonlari gelistirilmistir.
Proje ile savunma sanayi, makine, kalip ve imalat sektdrinde kullanilan
teknik resim ve standart kavramlarinda eksikligi en ¢ok hissedilen konularin
(S/AG) ortamina aktarilip, mihendislik ile mesleki egitim 6grenci ve sektor
calisanlarin egitimlerinin, G¢ boyutlu ortamda daha verimli ve kolay bir
sekilde yapilabilmesi amaglanmistir.

Bu kullanici kitabinda; S/AG destekli teknik resim egitimi icin gelistirilen
icerikler, animasyonlar, WEB sitesi ve S/AG aplikasyonlarinin gerek bireysel
kullanicilar ve gerekse egitimciler tarafindan nasil kullanilacagina dair
detaylar verilmektedir.
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Giris
Bu kitapta verilen ve Teknik Resim konularindan olusan modiller, metin
tabanli 6gretim ydntemlerinin yani sira, animasyon ve simulasyon araglarinin
desteqi ile gelistirilen distk maliyetli mobil Sanal ve Artirlimis Gergeklik (S/
AG) araclarinin kullanimina yoneliktir. Bu moddiller, imalat ve miihendislikte
kullanilan temel, ileri standartlar ve ilkeler kavramlarinin 6gretiimesinde

eksik olan konu alanlarini belirlemek igin gergeklestirilen uluslararasi bir
ihtiyac analizi sonucunda Uretilmis ve gelistirilmistir.

Bu modiler program gelistirme c¢alismasinin amaci, akademik ve
endustriyel ortaklarla birlikte yetkinlik tabanli ve hedefe ydnelik bir Teknik
Resim egitim programi geligtirmekti. Bu nedenle, Teknik Resim egitimde
sadece geleneksel 6gretim yontemleri kullaniimasinin yerine, gliincel S/IAG
uygulamalarinin kullanimi ile desteklenmesi hedeflenmistir.

S/AG teknolojilerinin kullaniimasinin, bu ileri ¢alismalar sirasinda gorsel
hafiza i¢in beceri kazanmasina yardimci olacagi, dgrenicilerin 6grenme
performansina énemli katki saglayacagdi 6ngoérilmektedir.



S/AG Uygulamalari Nasil Kullanilir?

Animasyonlarin Kullanimi:

Kullanicilar, konularin temelini anlamak icin 6nce ilgili videoyu veya
animasyonu / gorsellestirmeyi izler.

AG uygulamalarinin kullanimi:

Uygulama calistirildiginda ilgili konuya ait sanal bir nesne, bir mobil cihazin
kamerasindaki canli bir video beslemesinin Ustiine konur ve kullanici ilgili
obje Uzerinden verilen kavramlari dégrenir. Bu uygulamayi ¢alistirmak igin
gerekli olan ARCore yazilimi sadece (Android 7.0+) olan yeni cep telefonlari
ile calisabilir.

SG uygulamalarinin kullanimi:

SG uygulamalari igin 6grenci / 6gretmenin gereksinimleri, HTC VIVE Sanal
Gergeklik Sistemi veya Sanal Gergeklik g6zIugu olacaktir.

VRinDesign 6zel cardboard lirtinlerinin kullanimi:

VRinDesign uygulamasi, bir kartona yerlestiriimis bir cep telefonunda
kullanihir. Ardindan TD konulari mentden segilir ve ilgili talimatlara goére
o0grenme faaliyeti gerceklestirilir.

Bu animasyon ve S/AG uygulamalari http://vrindesign.org/ proje web
sitesinde bulunabilir ve Ucretsiz indirilebilir.
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Modiil Kodu

TR1

Baslhk CiziMm TEKNIKLERI VE OLGULENDIRME

Girig: Resim kagitlar. Cizim sablonlari, antet, birimler, kisaltmalar, dikdértgen
koordinat, kutupsal koordinatlar. izdiisiim yéntemleri, goriiniis gikarma.
Olgiilendirme: Olgiilendirme cizgileri, oklari ve rakamlar. Kilavuz gizgileri ve
dzel isaretler. Olciilendirme sistemleri ve cesitleri (Paralel, acisal, zincirleme,
kademeli, koordinat kullanarak, gizelge yardimiyla, birlesik) imalat ve montaj
resimlerinde dlgllerin yerlestirimesi. Ozel dlgliler, yardimei 6lgii, mutlak Slgii

Ders vb. Olgekler, gesitleri ve Slgeklendirme kurallari

Igerigi
Tolerans: Toleransi gerektiren sebepler, imalatta makine ve avadanliklarin
hatalari, 6l aletleri, isi-1sik, kisisel hatalar. Tolerans, sapma ve alistirma
sembolleri. Tolerans okuma ve resimde gosterme yontemleri. Tolerans sinirlari
ve alistirmalar: Toleransin tanimi ve Onemi, toleranslarin siniflandiriimasi;
boyut toleranslari (TS 1845, TS 450, TS 1980, TS 1506), sekil ve konum
toleranslari (TS 1304, TS 1498), ISO 1101) ingiliz (BS) ve ISO toleranslari.

1.1 Ogrenciler: Resim kagitlarini, antet ve koordinatlari, birimleri
ve temel dlgiilendirme yontemlerini bilir. Olglilendirme gizgileri,
oklari ve rakamlari ile kilavuz gizgileri ve 6zel isaretleri bilir. ISO-A
ve ISO-E izdisum metotlarini ayirt eder, resimlerde revizyon
sembolleri ve anlamlarini bilir.

1.2 Olgiilendirme sistemleri ve gesitlerini (Paralel, agisal, zincirleme,
kademeli, koordinat kullanarak, cizelge yardimiyla, birlesik) bilir.

Ogrenme imalat ve montaj resimlerinde 6lciileri yerlestirebilir. Ozel élciiler,
Giktilar yardimci 6lgl ve mutlak 6lglyu bilir ve resimdeki detaylar anlar.
Olgekleri okuyabilir ve temel dlgeklendirme kurallarini bilir.

1.3 Toleransi gerektiren sebepleri  bilir, imalatta makine ve
avadanliklarin hatalari, 6lgtu aletleri, isi-igik, kisisel hatalarin
etkilerini ve tolerans iligkisini kavrar. Tolerans, sapma ve alistirma
sembollerini tanir, okuyabilir ve resimde gosterebilir.

1.4 Tolerans sinirlart ve alistirma kavramlarini  bilir.  Tolerans
hatalarinin Uretimdeki 1skarta oraniyla iligkisini ve énemini anlar.
Boyut, mil-delik, kdse kirma ve sekil ve konum toleranslarini bilir,
ayirt edebilir ve kullanim gerekliliklerini kavrar.

Ders Saati 45 dk.
Video / Animasyon
SIAS; Mobil AG Uygulamalar
Igerigi

HTC Vive uygulamalari ile birlikte SG
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Ogrenme
Yontemleri

Egiticiler icin 6nerilen yontemler:

Bu uygulamalar ve animasyonlar, ders igerigini 6gretmek icin egiticiler
tarafindan teorik ders sirasinda destekleyici materyal olarak kullaniimaldir.

Teorik igerigi 0gretmek igin genel PowerPoint slaytlarini kullanin,

ilgili konu sunumunun gérsellestirmek tizere egitim portalinda verilen
ilgili video veya animasyonu gdsterin,

Eger mumkiinse 6grenciler kendi telefonlarindaki AG uygulamalarini
kullanabilirler (ARCore kullanimi yalnizca Android 7.0+ olan yeni cep
telefonlariyla galisabilir),

Veya o6grencilere ayrintilari gostermek igin AG uygulamalarini
projeksiyon vasitasiyla ekrana yada perdeye yansitarak kullanin,

Ogrenciler, SG gézliiklerini kullanarak bu konulari 3D ortami olarak
olusturmak Uzere ilgili SG uygulamalarini gérmek igin kendi mobil
cihazlarini kullanabilirler

Veya egitmenler, ilgili konuyu 3B ortami olarak anlamak igin SG
uygulamalarini HTC VIVE SG sistemi Gzerinden dgrencilerle birlikte
kullanabilirler.

Bireysel kullanicilar igin 6grenme yontemleri

Oncelikle ilgili video veya animasyonlari izleyin ve konularin temelini
anlayin.

Bu uygulamalari 3B ortamda canlandirmak icin AG uygulamalarinizi
kullanin

iigili SG uygulamalarini gérmek igin mobil cihazinizi SG gozliikleri
ile birlikte kullanin

Bu animasyon ve S/AG uygulamalari http://vrindesign.org/ web sitesinde
bulunabilir ve Ucretsiz indirilebilir.

1"

Cizim Teknikleri ve Olgiilendirme
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Modiil Kodu
Baslik

TR2
KESITLER, iZDUSUMLER VE PERSPEKTIF

Ders
icerigi

Kesitler: Kesit alma yontemleri; Tam ( tek dizlemli tam kesit, paralel
kademeli tam kesit, acili diizlemle tam kesit, profil kesit), yarim, bolgesel ve
oOzel kesitler. Kesit gosterim kurallari (tarama, oklar, semboller, bakis yonu).
Makine pargalarinin t¢ goriinus ya da perspektif resimlerinden kesit gizime
gegcis. Temel kesit cizme elemanlari; kesit dizlemi, kesit yizeyi.

Goriiniigler ve Perspektif: Goriinls ¢ikarma metotlari, Gg goriinis ve alti
gorunus. Perspekitif cizimlere genel bakis. Perspektif cesitleri; aksonometrik
perspektif (Izometrik perspektif, dimetrik perspektif), egik perspektif (kavaliyer
ve kabinet perspektif), kus bakisi (planometrik) perspektif, merkezi (konik)
perspekiif.

Perspektif gizimlerine ait farkli standartlar (BSI, DIN, ANSI ve JIS) ve
uygulamalari. Parga gérinusleri kullanilarak perspektif ciziminde kullanilan
yontemler

21 Ogrenciler: Kesit alma yéntemlerini bilir. Hangi tip resimlerde
hangi kesit alma yonteminin daha uygun oldugunu bilir. Kapsamli
resimlerde kesitleri ydntemine goére tanir okuyabilir. Makine
pargalarinin ¢ gorinlus ya da perspektif resimlerinden kesit
cizime geciste kesilen parcayi kafasinda canlandirabilir.

Ogrenme

2.2 Ornek olarak verilen ve montaji tamamlanmis bisiklet icin; gévde,
aglar, jantlar, baglanti elemanlari, saftlar ve kama oluklarinin kesit
gérunusleri icin uygun teknikleri gdsterin

Ciktilari

23 Farkli pargalarda kesit dizlemi c¢izgilerini dogru bicimde
gbsterebilir. Kesit gorinuslerdeki tarama gizgilerinin kullanimi ile
diger detaylari bilir.

24 Resim 7.18 de verilen pargalar igin uygun kesit dizlemini belirleyip
dlzlem cizgisini ve sembollerini kullanir.

2.5 a) ISO-E ve ISO-A metotlarina gére gérunus cikartmay! ya da
gérinusleri standardina gére okumayi bilir. BSI, DIN, ANSI ve JIS
standartlarina gére goriinus gizimleri arasindaki farki bilir

b) AG uygulamalarini kullanarak izometrik ve egik perspektifi
anlar.

¢) Goriinus ¢ikarma yontemlerinde kullanilan ¢gizgi teknigi turlerini
bilir
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Ders
k.
Saati 80d
Video / Animasyon
SIAE; Mobil AG Uygulamalar
Igerigi
HTC Vive uygulamalari ile birlikte SG
Egiticiler icin onerilen yontemler:
Bu uygulamalar ve animasyonlar, ders igerigini 6dretmek icin egiticiler
tarafindan teorik ders sirasinda destekleyici materyal olarak kullaniimahdir.
 Teorik icerigi 6gretmek icin genel PowerPoint slaytlarini kullanin,

+ llgili konu sunumunun gérsellestirmek lizere egitim portalinda verilen
ilgili video veya animasyonu gosterin,

» Egder mumkiinse 6grenciler kendi telefonlarindaki AG uygulamalarini
kullanabilirler (ARCore kullanimi yalnizca Android 7.0+ olan yeni cep
telefonlariyla galigabilir),

* Veya Ogrencilere ayrintilari gostermek icin AG uygulamalarini
projeksiyon vasitasiyla ekrana yada perdeye yansitarak kullanin,

Ogrenme + Ogrenciler, SG gézliiklerini kullanarak bu konulari 3D ortami olarak
Yontemleri

olusturmak Uzere ilgili SG uygulamalarini gérmek igin kendi mobil
cihazlarini kullanabilirler

Veya egitmenler, ilgili konuyu 3B ortami olarak anlamak icin SG
uygulamalarini HTC VIVE SG sistemi Gzerinden 6grencilerle birlikte
kullanabilirler.

Bireysel kullanicilar i¢in 6grenme yontemleri

Oncelikle ilgili video veya animasyonlari izleyin ve konularin temelini
anlayin.

Bu uygulamalari 3B ortamda canlandirmak icin AG uygulamalarinizi
kullanin

ilgili SG uygulamalarini gérmek igin mobil cihazinizi SG gozliikleri
ile birlikte kullanin

Bu animasyon ve S/AG uygulamalari http://vrindesign.org/ web sitesinde
bulunabilir ve Ucretsiz indirilebilir.

Kesitler, Izdugtimler ve Perspektif
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Modiil Kodu
Baslik

TR3

BOYUT, MiL VE DELIK TOLERANSLARI

Ders
ierigi

Boyut toleranslari: Teknik resimlerde kullanilan dogrusal ve acisal boyutlar
icin toleranslarin gésterim sekilleri. Imalat tipine gére boyut toleranslarinin
ilgili standartlar kullanilarak secimi.

Kose kirma toleranslari: Kése kirma toleranslarinin gésterim metadolojisi.
Kose kirma toleransi ile pah ve radius kavramlarinin farki.

Mil ve delik toleranslari: Mil ve delik toleranslar ile bu tolerans gurubunda
kullanilan alistirma toleranslari.  Toleranslarda gegmeler ve alistirma
sistemleri. Anma ol¢list, En blyuk 6lgl, En kiiguk Olgl, asadi olgu farki,
yukari Olgl farki, en biylk 0lcli ve en kiglk ol kavramlari. Tolerans
tablolarin okunmasi, tablodan kullanim yerine gére uygun tolerans segme.

3.1

Ogrenciler: Teknik resimlerde kullanilan dogrusal ve acisal
boyutlar icin toleranslarin gosterir ve okuyabilir.

3.2

imalat tipine gére boyut toleranslarinin ilgili standartlar kullanilarak
secimini yapar ya da var olan toleransin gurubunu standarttan
bulabilir.

3.3

Kose kirma toleranslarinin gdsterim metadolojisini bilir. Kose
kirma toleransi ile pah ve radius kavramlarini ayristirabilir.

Ogrenme
Ciktilani

34

Mil ve delik toleranslar ile bu tolerans gurubunda kullanilan
alistirma toleranslarini kavramini bilir. Toleranslarda gegmeler ve
alistirma sistemlerini bilir.

3.5

Mil ve delik toleranslarina ait ISO standardi tolerans tablolarini
okur, tablodan ilgili pargalarin kullanim sekline gére uygun tolerans
seger.

Ders Saati

60 dk.

S/AG
ierigi

Video / Animasyon

Mobil AG Uygulamalari

HTC Vive uygulamalari ile birlikte SG
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Ogrenme
Yontemleri

Egiticiler icin 6nerilen yontemler:

Bu uygulamalar ve animasyonlar, ders igerigini 6gretmek icin egiticiler
tarafindan teorik ders sirasinda destekleyici materyal olarak kullaniimaldir.

Teorik igerigi 0gretmek igin genel PowerPoint slaytlarini kullanin,

ilgili konu sunumunun gérsellestirmek tizere egitim portalinda verilen
ilgili video veya animasyonu gdsterin,

Eger mumkiinse 6grenciler kendi telefonlarindaki AG uygulamalarini
kullanabilirler (ARCore kullanimi yalnizca Android 7.0+ olan yeni cep
telefonlariyla galisabilir),

Veya o6grencilere ayrintilari gostermek igin AG uygulamalarini
projeksiyon vasitasiyla ekrana yada perdeye yansitarak kullanin,

Ogrenciler, SG gézliiklerini kullanarak bu konulari 3D ortami olarak
olusturmak Uzere ilgili SG uygulamalarini gérmek igin kendi mobil
cihazlarini kullanabilirler

Veya egitmenler, ilgili konuyu 3B ortami olarak anlamak igin SG
uygulamalarini HTC VIVE SG sistemi Gzerinden dgrencilerle birlikte
kullanabilirler.

Bireysel kullanicilar igin 6grenme yontemleri

Oncelikle ilgili video veya animasyonlari izleyin ve konularin temelini
anlayin.

Bu uygulamalari 3B ortamda canlandirmak icin AG uygulamalarinizi
kullanin

iigili SG uygulamalarini gérmek igin mobil cihazinizi SG gozliikleri
ile birlikte kullanin

Bu animasyon ve S/AG uygulamalari http://vrindesign.org/ web sitesinde
bulunabilir ve Ucretsiz indirilebilir.

15

Boyut, Mil ve Delik Toleranslari
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Modiil Kodu

TR4

Baslhk GEOMETRIK OLCULENDIRME VE TOLERANSLAR
Geometrik toleranslandirma prensipleri: boyutsal tolerans uygulamalari
ve ilgili BS ve ISO standartlarini kullanarak bilesenlerin, alt gruplarin imalat
ve montaj elemanlarinin boyutlandirimasi. Geometrik toleranslandirmanin
gosteriminde kullanilan metodoloji, toleranslandirilan eleman kavrami ve
tolerans bélgelerinin olusumu.

Sekil/form ve konum toleranslari: $ekil ya da form ve konum toleranslarinin
.Derf. diger tolerans gurubundan farki, teknik iletisim ve normlarin dogru
Igerigi okunmasi/anlasiimasi, gereklilikleri, toleranslandirma kavrami ve geometrik
toleranlandirmanin elemanlari, boyutsal ve geometrik toleranslandirmada
Olcme ve degerlendirme kriterleri.
Ogrenciler: Geometrik toleranslandirmanin gosterimi,
41 toleranslandirilan eleman kavrami ve tolerans bodlgelerinin
olusumunu bilir.
Dogrusallik, dairesellik, dizlemsellik, silindiriklik kavramlarini bilir.
4.2 Formu olan bir gizgi, bir ylizey ve formdan sapma kavrami ile sekil
toleranslarinin dlgme ve onay prensiplerini bilir ve uygular.
Egiklik, paralellik, diklik kavramlarini bilir ve yon toleranslarinda
4.3 sapma, 6lcme ve onay prensiplerini kavrar ve uygular.
Konum toleranslandirmasi, pozisyon, es merkezlilik, es eksenlilik,
Ogrenme 4.4 simetriklik kavramlarini ve yer belileme toleranslarinda sapma,
Ciktilan olgme ve onay prensiplerini bilir ve uygular.
Salgi ve yalpalama toleranslarini bilir. Radyal ve aksiyal basit
4.5 salgl ile radyal ve aksiyal toplam salginin farkini bilir. Salg
toleranslarinda sapma, dlgme ve onay prensiplerini kavrar.
Konumlandirma, konum elemani ve konum &lglist kavramlarini
bilir, bir elemanin ya da eleman gurubunun konumlandiriimasini
4.6 P . R
bilir. Bir elemanlar grubunun, bir baska elemanlar grubuna gére
konumlandiriimasini bilir.
Pozisyon ve esmerkezlilik toleranslarinda kullanilan en ¢ok
malzeme prensibini, kullanim alanlarini ve ihtiyag gerekliliklerini
bilir. En ¢ok malzeme grafiklerinin olusturulmasini, en g¢ok
4.7

malzemede sifir tolerans bdlgesi kavrami ve kullanim amacini, en
¢ok malzeme prensibinin toleranslandiriimis elemanda kullanimi
ve en ¢ok malzeme prensibinin referanslarda kullanimini bilir. En
az malzeme sarti ve uygulama alanlarini bilir.
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Ders
k.
Saati 60d
Video / Animasyon
S/AG Mobil AG Uygulamalari
Igerigi
HTC Vive uygulamalari ile birlikte SG
Egiticiler icin onerilen yontemler:
Bu uygulamalar ve animasyonlar, ders igerigini 6dretmek icin egiticiler
tarafindan teorik ders sirasinda destekleyici materyal olarak kullaniimahdir.
 Teorik icerigi 6gretmek icin genel PowerPoint slaytlarini kullanin,

+ llgili konu sunumunun gérsellestirmek lizere egitim portalinda verilen
ilgili video veya animasyonu gosterin,

» Egder mumkiinse 6grenciler kendi telefonlarindaki AG uygulamalarini
kullanabilirler (ARCore kullanimi yalnizca Android 7.0+ olan yeni cep
telefonlariyla galigabilir),

* Veya Ogrencilere ayrintilari gostermek icin AG uygulamalarini
projeksiyon vasitasiyla ekrana yada perdeye yansitarak kullanin,

Ogrenme + Ogrenciler, SG gézliiklerini kullanarak bu konulari 3D ortami olarak
Yontemleri

olusturmak Uzere ilgili SG uygulamalarini gérmek igin kendi mobil
cihazlarini kullanabilirler

Veya egitmenler, ilgili konuyu 3B ortami olarak anlamak icin SG
uygulamalarini HTC VIVE SG sistemi Gzerinden 6grencilerle birlikte
kullanabilirler.

Bireysel kullanicilar i¢in 6grenme yontemleri

Oncelikle ilgili video veya animasyonlari izleyin ve konularin temelini
anlayin.

Bu uygulamalari 3B ortamda canlandirmak icin AG uygulamalarinizi
kullanin

ilgili SG uygulamalarini gérmek igin mobil cihazinizi SG gozliikleri
ile birlikte kullanin

Bu animasyon ve S/AG uygulamalari http://vrindesign.org/ web sitesinde
bulunabilir ve Ucretsiz indirilebilir.

Geometrik Olgiilendirme ve Toleranslar

17
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Modiil Kodu
Baslik

TR5
YUZEY PURUZLULUGU

Ders
icerigi

Yiizey Igleme: imalatta yiizeylerde olusan piiriizligiin nedenleri ve
sinirlandirma gerekgeleri. Parganin goérevine uygun ylzey isleme igareti
koyma geregi. Ylzey isleme isaretleri (Sembol) ve gesitleri. Yizey isleme
isaretlerinde grafik sembollere eklenen bilgiler. Ylzey isleme isaretleri ( Ra,
Rz, Rmax, Pt ve digerleri ile farkl standartlarda verilen Rzmax, Rz1max gibi
farkl purGzlulik degerleri. Parca resmi Uzerinde ylizey isleme isaretlerinin
gosterilmesi.

Yiizey Piirtizliligi: Yizey purtzltligune ait degerler ve purtzlGlik sinif
numaralari. Teknik resimlerde ylzey purizlGligunin gosterilme sekilleri ve
imalat metodunun belirtimesi. Esas Uzunluk ve Dalgaliigin Belirtimesi,
Yuzey isleme izleri ve imalat yontemlerine ait &zelliklerin gosterilmesi,
yuzey isleme paylarinin gosterilmesi, 6zel islem gérmus yuzeylerin resimde
gosteriimesi. Talas kaldirilan yada kaldirlmayan ylizey sembolu farki

Ogrenciler:imalatta yiizeylerde olusan piiriizliigiin nedenleri ve
sinirlandirma gerekgeleri ile imalat resimlerinde parcanin gorevine
uygun yiuzey isleme isareti koyma geregini bilir.

5.1

Yizey igsleme isaretleri ( Ra, Rz, Rmax, Pt ve digerleri ile farkli
standartlarda verilen Rzmax, Rzimax gibi farkh purizlGlik
degerlerini tanir, okur veya resimde uygun yerine koyabilir. Talag
kaldirilan yada kaldirimayan yiizey semboll farkini anlar ve
uygular.

5.2

Ogrenme
Ciktilan

Yuzey purizltliglne ait dederler ve purizlilik sinif numaralarini
5.3 bilir veya tablodan bulabilir. Teknik resimlerde yiizey piiriizIligi
isaretinden imalat metodunu (isleme seklini) anlar.

Esas Uzunluk ve Dalgalilik gibi detaylari bilir, ylzey isleme
5.4 paylarini okur ve 0zel islem gérmus yuzeyleri isaretten okuyup
yorumlayabilir.

Ders Saati

60 dk.

S/AG
igerigi

Video / Animasyon
Mobil AG Uygulamalari
HTC Vive uygulamalari ile birlikte SG




AR/VR IN DESIGN
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Ogrenme
Yontemleri

Egiticiler icin 6nerilen yontemler:

Bu uygulamalar ve animasyonlar, ders igerigini 6gretmek icin egiticiler
tarafindan teorik ders sirasinda destekleyici materyal olarak kullaniimaldir.

Teorik igerigi 0gretmek igin genel PowerPoint slaytlarini kullanin,

ilgili konu sunumunun gérsellestirmek tizere egitim portalinda verilen
ilgili video veya animasyonu gdsterin,

Eger mumkiinse 6grenciler kendi telefonlarindaki AG uygulamalarini
kullanabilirler (ARCore kullanimi yalnizca Android 7.0+ olan yeni cep
telefonlariyla galisabilir),

Veya o6grencilere ayrintilari gostermek igin AG uygulamalarini
projeksiyon vasitasiyla ekrana yada perdeye yansitarak kullanin,

Ogrenciler, SG gézliiklerini kullanarak bu konulari 3D ortami olarak
olusturmak Uzere ilgili SG uygulamalarini gérmek igin kendi mobil
cihazlarini kullanabilirler

Veya egitmenler, ilgili konuyu 3B ortami olarak anlamak igin SG
uygulamalarini HTC VIVE SG sistemi Gzerinden dgrencilerle birlikte
kullanabilirler.

Bireysel kullanicilar igin 6grenme yontemleri

Oncelikle ilgili video veya animasyonlari izleyin ve konularin temelini
anlayin.

Bu uygulamalari 3B ortamda canlandirmak icin AG uygulamalarinizi
kullanin

iigili SG uygulamalarini gérmek igin mobil cihazinizi SG gozliikleri
ile birlikte kullanin

Bu animasyon ve S/AG uygulamalari http://vrindesign.org/ web sitesinde
bulunabilir ve Ucretsiz indirilebilir.
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Modiil Kodu
Baslik

TR6
MONTAJ RESIMLERI

Ders
icerigi

imalat Resimleri: Imalat resminin yapisal ézellikleri ile imalat ve montaj
resmini ayirt edebilme yontemleri. Kesitler, toleranslar, kontrol élguleri, yizey
islem isaretleri ve ihtiyaca gore ek liste veya tablolar ile imalat yontem ve
standartlarinin resim kagidinda gosteriimesi. imalat resimlerinde antet
hazirlama ve okuma. Baglanti elemanlari ve bazi 6zel makine ekipmanlarinin
( digli carklar, yaylar, civata somun ya da kaynakl birlestirme gibi)gizim
gosterim teknikleri.

Montaj Resimleri: Montaj resmi nedir, nasil ayirt edilir ve kullanildigi yerler
hakkinda temel bilgiler. Montaj resminin gesitleri, 6zellikleri, kagida yerlesimi
ve Olcekler. Montaj resimlerinde gorlinUsler, kesitler ve olgller. Perspektif ve
sematik olarak cizilmis sistemlerin montaj resimleri. Birlestiriimis parcalarin
numaralandiriimasi ve numaralandirma yoéntemleri (montaj sirasina-parca
buyukligune-imalat yontemine gore).

Ogrenciler: imalat resminin yapisal ézelliklerini bilir ve resme
baktiginda kesit tipleri, tolerans ve ylzey isaretleri gibi temel
bilgilerden hareketle imalat ve montaj resmini ayirt edebilir.

6.1

Ogrenme
Ciktilan

imalat resimlerinde antet hazirlama ve okuma. Baglanti elemanlari
ve bazi 6zel makine ekipmanlarinin ( digli ¢arklar, yaylar, civata
somun ya da kaynakli birlestirme gibi)cizim gosterim tekniklerini
bilir ve resim Gizerinde bunlara ait sembol ya da 6zel isaretlemeleri
(M12 gibi) okuyabilir.

6.2

Birlestirilmis pargalarin numaralandiriimasi ve numaralandirma
yontemleri (montaj sirasina-parga buyUkliglne-imalat yontemine
gore) bilir. Birlestirme elemanlarini tanir. Monte edilmis ve
dagitilmis (patlatilmig) resimleri okuyabilir.

6.3

Ders Saati
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Ogrenme
Yontemleri

User Guide
=
Egiticiler icin 6nerilen yontemler: 2
Bu uygulamalar ve animasyonlar, ders igerigini 6gretmek icin egiticiler g
tarafindan teorik ders sirasinda destekleyici materyal olarak kullaniimaldir. 8
« Teorik igerigi 6gretmek icin genel PowerPoint slaytlarini kullanin, 14
"—
+ lIgili konu sunumunun gérsellestirmek (izere egitim portalinda verilen E
ilgili video veya animasyonu gdsterin, g
» Eger mumkinse 6grenciler kendi telefonlarindaki AG uygulamalarini E

kullanabilirler (ARCore kullanimi yalnizca Android 7.0+ olan yeni cep
telefonlariyla galisabilir),

Veya o6grencilere ayrintilari gostermek igin AG uygulamalarini
projeksiyon vasitasiyla ekrana yada perdeye yansitarak kullanin,

Ogrenciler, SG gézliiklerini kullanarak bu konulari 3D ortami olarak
olusturmak Uzere ilgili SG uygulamalarini gérmek igin kendi mobil
cihazlarini kullanabilirler

Veya egitmenler, ilgili konuyu 3B ortami olarak anlamak igin SG
uygulamalarini HTC VIVE SG sistemi Gzerinden dgrencilerle birlikte
kullanabilirler.

Bireysel kullanicilar igin 6grenme yontemleri

Oncelikle ilgili video veya animasyonlari izleyin ve konularin temelini
anlayin.

Bu uygulamalari 3B ortamda canlandirmak icin AG uygulamalarinizi
kullanin

iigili SG uygulamalarini gérmek igin mobil cihazinizi SG gozliikleri
ile birlikte kullanin

Bu animasyon ve S/AG uygulamalari http://vrindesign.org/ web sitesinde
bulunabilir ve Ucretsiz indirilebilir.
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Preface

The rate of scrap products resulting from employee errors may threat
companies that utilize high technology. An important percentage of the
trainings, which significantly affect scrap rate in the sector and is believed to
be deficient, is about advanced level Technical Drawing reading skills. This
deficiency stems from the fact that the education given in vocational high
schools, vocational schools and engineering faculties cannot be supported
by practical applications and that the standards are updated very quickly.
This deficiency of the training stems from either the fact that the education
provided at schools including vocational high schools, vocational schools,
and engineering faculties does not include practical applications or the
standards for these skills are updated very often.

In order to respond to this need and close the skill gap due to lack of
education, “Virtualand Augmented Reality (V&AR)in Design for Manufacture”
project has been started to develop Virtual and Augmented Reality (V/AR)
applications that would be used in Technical Drawing courses. With the
project, it is aimed to train engineering and vocational education students
as well as workers effectively about the topics, whose deficiency felt the
most, related to technical drawings and standards used in defence industry,
machinery, die/mould, and manufacturing sector in 3D environment by
transferring these topics into V/AR environment.

You can find detailed users guide for both personal users and instructors
regarding the content, animations, WEB site and V/AR applications that
were developed for V/AR supported Technical Drawings training in this
user’'s manual.



AR/VR IN DESIGN
User Guide

Introduction

The following modules were prepared to guide the users to utilize the
low cost mobile Virtual and Augmented Reality (V/AR) tools developed
with the support of animation and simulation tools alongside text based
teaching methods. These modules were produced by taking into account
an international needs analysis report of Technical Drawings training
requirements conducted to determine the subject areas lacking in teaching
of basic and advanced standards as well as principles used in manufacturing
and engineering.

The main purpose of this project was to develop a modular competency-
based and target-oriented Technical Drawings training curriculum by
collaborating with academic and industrial partners. That's why it was
planned to use contemporary V/AR and animation technologies to improve
the quality of the TD training instead of traditional methods that might have
led to incompetent workforce.

It is envisaged that the use of V/AR technologies would help the trainees
gain required skills for visual memory during these advanced studies and it
would also contribute significantly to the learning outcomes.

25
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How to Use

Use of Animations:

Before using the AR app, users should watch video or animation/visualization
that is related to work to understand basis of the topics.

Use of AR apps:

Avirtual object would be superimposed over a live video feed from a camera
of a mobile device. The ARCore app used to develop this application can
only work with new mobile phones that run Android 7.0+ or higher operating
systems.

Use of VR apps:

The requirements for students/teachers for VR apps would be the HTC
VIVE Virtual Reality System or VR Glasses.

Use of VRinDesign with cardboards:

VRinDesign application is run on a mobile phone which is inserted into
a cardboard. Then choose your TD subject from menu and follow the
instructions.

The animations and V/AR applications can be found at the project web site
and downloaded for free at http://vrindesign.org/



AR/ VR IN DESIGN
User Guide

MODULES / CONTENT

TEACHING & LEARNING
METHODS OF
VR IN DESIGN
PRODUCTS

27
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Module Code
Title

TD1
SKETCHING AND DIMENSIONING

Sketching: Drawing papers. Drawing templates, title block, units, abbreviations,
rectangular coordinates, polar coordinates, line types, scale. Projection methods,
views.
Dimensioning: Dimensioning lines, arrows and numbers. Guide lines and special
marks. Dimensioning systems and types (parallel, angular, chained, offset, using
coordinates, combined with the help of charts). Placement of dimensions in
manufacturing and assembly drawings. Special dimensions, auxiliary dimensions,
Course absolute dimensions etc.
Content ) )
Scales, types and scaling standards. Reasons for tolerance, faults of machines
and tools in manufacturing, measuring instruments. Tolerance reading and
visualization methods. Tolerance boundaries and fittings: Definition of tolerance
and its importance, classification of tolerances; dimensional tolerances (TS 1845,
TS 450, TS 1980, TS 1506), shape and position tolerances (TS 1304, TS 1498),
ISO 1101), British (BS) and ISO tolerances.
11 Learners are able to, Be aware of drawing papers, letterhead and
coordinates, units and basic methods of dimensioning; recognise
dimensioning lines, arrows and numbers, guide lines and special
signs; distinguish ISO-A and ISO-E projection methods, know revision
symbols and meanings in the technical drawings.
1.2 Learners are able to, know dimensioning systems and types (parallel,
angular, chained, offset, using coordinates, combined with chart);
Learning place dimensions in manufacturing and assembly drawings; know the
special dimensions as auxiliary dimension and absolute dimension and

Outcomes S ) )
understands the details in the drawings; read scales and recognise
basic scaling standards.

13 Learners are able to, Comprehend the reasons for tolerance, the fault
of machines and tools in manufacturing, the effects of measuring tools,
heat-light, personal mistakes and tolerance; recognise tolerance,
deviation and practice; read and display symbols.

1.4 Learners are able to, Know tolerance limits and fittings; understand the
relationship and importance of tolerance faults with production waste
rate; know size, punch-hole, corner break and shape and position
tolerances; distinguish and comprehend usage requirements.

Course 45 min

Hours
Video / Animation
V/AR ) o

Content Mobile AR Application

VR with HTC Vive app




AR/VR IN DESIGN

Teaching
Learning
Methods

User Guide

o

Teaching Methods for Trainers E
c

These applications and animations should be used as supporting materials (o)
during theoretical lecture to teach the course content. Suggested methods tT)
are: c
o

» Present the content via PowerPoint or other presentation tools, E

Play / show video or animation wherever a visualization opportunity
is emerged while presenting the content,

Learners can use their own AR apps to create these subjects as 3D
environment where possible,

Or demonstrate how to use AR apps in detail via projector ,

Learners can use their own mobile device to see related VR apps
to create these subjects as 3D environment via using VR glasses,

Or trainers can use VR apps via HTC vive with the learners to
understand related subject in 3D environment

Learning Methods for Individual Users

First watch related video or animation / visualization and understand
basis of the subjects.

Use your AR apps to see these subjects in 3D environment

Use your mobile device to see related VR apps to practice these
subjects in 3D environment via using VR glasses,

Bu animasyon ve S/AG uygulamalari http://vrindesign.org/ web sitesinde
bulunabilir ve lcretsiz indirilebilir.

29

Sketching and D



30

Module Code
Title

TD2
SECTIONING, PROJECTIONS AND PERSPECTIVES

Course
Content

Sections:

Sectioning Methods; Full (single plane full section, full section with parallel
offset, full section with angle plane, profile section), half, broken-out and
special sections. Cross-section display rules (scan, arrows, symbols, view
direction). Cross-section diagram transition from three views or perspective
drawings of machine parts. Basic section drawing elements; section plane,
section planes.

Projections and Perspectives:

Views extraction methods, orthographic projections, first and third angle
projections. An overview of perspective drawings. Perspective types;
axonometric perspective (isometric perspective, dimetric perspective),
oblique perspective. Different standards of perspective drawings (BSI, DIN,
ANSI and JIS) and their applications. Methods used in perspective drawing
by using part views.

21 Learners are able to,

Know the sectioning methods; select appropriate type of drawing
that suits section type; read sectioning in accord with the method
used in complex drawing; visualize in their mind section views
from three views or perspective drawings of machine parts.

Learning
Outcomes

2.2 Show suitable techniques regarding section views of the body,
nets, rims, fasteners, shafts and keyway grooves on assembly
part of a bicycle, for instance.

2.3 Show the cutting plane line correctly and know the rules for lines in
section views in different parts.

24 Determine the appropriate cutting plane line and use the
appropriate symbols for the given parts in the drawings.

25 a) Generate views according to ISO-E and ISO-A methods and
read the views according to the standards; differentiate drawing
views based on BSI, DIN, ANSI and JIS standards.

b) Comprehend isometric and oblique perspective using AR
applications.

c) Know the types of line techniques used in section views
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User Guide
o
Course 80 min S
Hours =}
(8]
Q
Video / Animation o
()
VIAR Mobile AR Application 5
Content o
VR with HTC Vive app
©
c
. . ©
Teaching Methods for Trainers n
These applications and animations should be used as supporting materials to g
teach the course content in lecture. Suggested methods are: ]
(8]
» Use general PowerPoint slides to teach the content, ()
"—
» Use /show related videos or animations where the related subject 2
presentation to visualization can be shown, o
» Learners can use their own AR apps to create these subjects as 3D g
environment if possible, E
» Oruse AR apps via projections to show the details to the learners, 9
il
» Learners can use their own mobile devices to run related VR apps to 8
see these subjects in 3D environment via VR glasses (7]
Teaching
Learning » Or trainers can use VR apps via HTC vive to show the learners to
Methods understand related subject in 3D environment

Learning Methods for Individual Users

-First watch related video or animation / visualization and understand
basis of the subjects.

-Use your AR apps to see these subjects in 3D environment

-Use your mobile device to see related VR apps to practice these
subjects as 3D environment via using VR glasses

31
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Module Code
Title

TD3
DIMENSIONAL, SHAFT AND HOLE TOLERANCES

Course
Content

Dimensional Tolerances

Types of the tolerances for linear and angular dimensions used in technical
drawings. Selection of dimensional tolerances according to manufacturing
type using relevant standards.

Edge Tolerances
Symbols and display methodology of edge tolerances. Edge tolerance and
difference of chamfer and radius concepts.

Shaft and Hole Tolerances

Shaft and hole tolerances and fitting tolerances used in this tolerance group.
Nominal size, Maximum size, Smallest size, Down size difference, Up size
difference, Maximum and minimum size. Reading the tolerance tables,
choosing the appropriate tolerance according to ISO tolerance table.

Learners are able to, Show and read tolerances for linear and

31
angular dimensions used in technical drawings.

Select dimension tolerances using the relevant standards or the
3.2 group of tolerances can be found from the standard depending on
the type of manufacturing method.

Display the methodology of the edge tolerances; differentiate

3.3 edge tolerance and chamfer or radius concepts.

Learning
Outcomes

Know shaft and hole tolerances and tolerances used in this
3.4 tolerance group; know the clearance fit guide & descriptions and
select the appropriate clearance fit from the ISO standard table.

Read the ISO standard for shaft and hole tolerances using
35 tolerance tables; select the appropriate shaft and hole tolerance
according to the related part usage type.

Course
Hours

60 min

V/AR
Content

Video / Animation
Mobile AR Application
VR with HTC Vive app
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Teaching
Learning
Methods

Teaching Methods for Trainers

These applications and animations should be used as supporting materials
during the lecture to teach the course content. Suggested methods are:

Use PowerPoint slides in lecture to teach the content,

Use /show related video or animation while lecturing wherever an
opportunity can be emerged for a visual about the subject related to
the presentation,

Learners can use their own AR apps to create these subjects as 3D
environment if possible,

Or use AR apps via projections to show the details to the learners,

Learners can use their own mobile device to see related VR apps
to create these subjects as 3D environment via using VR glasses,

Or trainers can use VR apps via HTC vive with the learners to
understand related subject as 3D environment,

Learning Methods for Individual Users

First watch related video or animation / visualization and understand
basis of the subjects.

Use your AR apps to see these subjects in 3D environment,

Use your mobile device to see related VR apps to practice these
subjects as 3D environment via using VR glasses

33
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Module Code
Title

TD4

GEOMETRIC DIMENSIONING AND TOLERANCE

Geometric tolerance principles

Dimensional tolerance applications and sizing of components, subgroups
of manufacturing and assembly elements using the relevant BS and ISO
standards. The methodology used in the presentation of geometric tolerance,
the concept of tolerant element and the formation of tolerance zones.

Course
Content Form and position tolerances
Differences of form and position tolerances from other tolerance groups,
correct reading / understanding of technical communication and norms,
requirements of tolerance concept and elements of geometric tolerance,
measurement and evaluation criteria in dimensional and geometric tolerance.
Learners are able to;

41 Learn the concept of the geometric tolerance, the concept of
tolerance and the formation of tolerance zones.

Know the concepts of straightness, flatness, circularity or

4.2 roundness circularity, cylindricality. Know and apply the principles
of measuring and recognizing form tolerances by means of a line,
a surface and deviation from the form.

43 Know the concepts of perpendicularity, parallelism and the
principles of deviation, measurement and approval in directional
tolerances.

Learning
Outcomes Know and apply the concepts of position tolerance, position,

4.4 concentricity, coaxiality, symmetry and deviations, measurement
and approvals in positioning tolerances.

Know the Circular runout, total runout tolerances. Know the

4.5 deviations, measurement and approval principles in runout
tolerances.

Know the concepts of position, position element and position
dimension. Know the position of an element or group of elements.

4.6 Comprehend a group of elements can be positioned according to
another group of elements.

47 Know the maximum material principles, usage areas and

requirements used in position and concentricity tolerances. Know
the minimum material conditions and application areas.
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Course
Hours

60 min

V/AR
Content

Video / Animation

Mobile AR Application

VR with HTC Vive app

Teaching
Learning
Methods

Teaching Methods for Trainers

These applications and animations should be used as supporting materials
during the lecture to teach the course content. Suggested methods are:

Use PowerPoint slides in lecture to teach the content,

Use/show related video or animation while lecturing wherever an
opportunity can be emerged for a visual about the subject related to
the presentation,

Learners can use their own AR apps to create these subjects as 3D
environment where possible,

Or use AR apps via projections to show the details to the learners,

Learners can use their own mobile device to see related VR apps to
create these subjects as 3D environment via using VR glasses

Or trainers can use VR apps via HTC vive to show the learners to
understand related subject in 3D environment

Learning Methods for Individual Users

- First watch related video or animation / visualization and
understand basis of the subjects.

- Use your AR apps to see these subjects in 3D environment

- Use your mobile device to see related VR apps to practice these
subjects as 3D environment via using VR glasses

35
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Module Code
Title

TD5
SURFACE ROUGHNESS

Course
Content

Surface Roughness

Reasons and limitations of roughness on the surface in manufacturing.
Surface roughness symbols and types. Using appropriate symbols of the
surface according to working type of the part. Information added to symbols
in surface treatment marks. Different roughness values such as Rzmax,
Rz1max given in different standards with surface treatment marks (Ra, Rz,
Rmax, Pt and others.)

Surface roughness values and roughness class numbers. Specification
of surface roughness in the technical drawings and specification of the
manufacturing method. Specification of Main Length and roughness, Surface
treatment traces and properties of manufacturing methods, Display of surface
treatment allowances, Display of special treated surfaces in the drawings.

Learners are able to;

5.1 Know the reason for the roughness that occurs in the manufacturing
surfaces and the reasons for the restriction and the manufacturing
surface are required to indicate the appropriate surface treatment
marking to the part’s task.

Can recognize, read, or write different roughness values such
as Rzmax, Rz1max given in different standards with surface
markings (Ra, Rz, Rmax, Pt and others)

5.2

Learning
Outcomes

5.3 Know or find the surface roughness values and the roughness
class numbers on the table. Understands in the drawings the
manufacturing method from the surface roughness mark.

Know the details such as Main Length and roughness, read the
5.4 surface treatments and read specially treated surfaces from the
mark.

Course
Hours

60 min

V/AR
Content

Video / Animation
Mobile AR Application
VR with HTC Vive app
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Teaching
Learning
Methods

Teaching Methods for Trainers

These applications and animations should be used as supporting materials
during the lecture to teach the course content. Suggested methods are:

Use PowerPoint slides in lecture to teach the content,

Use/show related video or animation while lecturing whenever an
opportunity can be emerged for a visual about the subject related
presentation,

Learners can use their own AR apps to create these subjects in 3D
environment if possible,

Or use AR apps via projections to show the details to the learners,

Learners can use their own mobile device to see related VR apps to
create these subjects as 3D environment via using VR glasses

Or trainers can use VR apps via HTC vive to show the learners to
understand related subject in 3D environment

Learning Methods for Individual Users

Firstly watch related video or animation / visualization and understand
basis of the subjects.

Use your AR apps to create these subjects in 3D environment

Use your mobile device to see related VR apps to practice these
subjects as 3D environment via using VR glasses.

37
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Module Code
Title

TD6
ASSEMBLY DRAWINGS

Course
Content

Assembly Drawings

Definition of assembly drawings, distinguishing assembly drawings from
other drawings, and place and situation of use. Types, features, layout and
scales of the assembly drawing. Views, cross-sections and measurements
in assembly drawings. Assembly drawings of perspective and schematically
drawn systems. Balloon operations and part listing tables.

Methods of distinguishing the structural characteristics of manufacturing
from assembly drawings (manufacturing and assembly processes that
are meant to be a step in the manufacture of the image in the assembly
drawing). Display of sections, tolerances, control measures, surface
roughness symbols and additional lists or tables according to need, as well
as manufacturing methods and standards in the drawing paper. Preparing
and reading title block in manufacturing drawings. Drawing demonstration
techniques of fasteners and some special machine equipment (such as
gears, springs, bolt-nut welded joints).

Learners are able to;

6.1 Know the structural features of manufacturing drawing and
distinguish manufacturing from assembly drawings with basic
information such as cross-sectional view, tolerance and surface
marks.

Learning
Outcomes

Prepare and read title blocks in manufacturing drawings. Know the
6.2 drawing techniques The joint elements and some special machine
tools (such as gears, springs, bolts or welded joints) and read
their symbols or special markings (such as M12) on the technical
drawings.

6.3 Recognize numbering and the numbering methods of
the assembled parts (according to the assembly-by-part-
manufacturing method). Recognize joining elements. Read
assembly and exploded parts from technical drawings.

Course
Hours

60 min

V/AR
Content

Video / Animation
Mobile AR Application
VR with HTC Vive app
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Ogrenme
Yontemleri

Teaching Methods for Trainers

These applications and animations should be used as supporting materials
during the lecture to teach the course content. Suggested methods are:

Use PowerPoint slides in lecture to teach the content,

Use/show related video or animation while lecturing wherever an
opportunity can be emerged for a visual about the subject related to
the presentation,

Learners can use their own AR apps to create these subjects as 3D
environment if possible,

Or use AR apps via projections to show the details to the learners,

Learners can use their own mobile device to see related VR apps to
create these subjects as 3D environment via using VR glasses

Or trainers can use VR apps via HTC vive to show the learners to
understand related subject in 3D environment

Learning Methods for Individual Users

Firstly watch related video or animation / visualization and understand
basis of the subjects.

Use your AR apps to create these subjects in 3D environment

Use your mobile device to see related VR apps to practice these
subjects as 3D environment via using VR glasses
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lIpedzoeop

B cektopuTe wu3nonsBaliM  HanpegHanM  TEXHOMOTMWM  MPOLEHTBLT
Ha npoaykTUTe 3a cKpan, MPUYMHEHW OT TFPEeLUKM Ha CryXuTenute,
NOHAKOra MOXe a AOOCTUrHe HuBa, KOUTO npencrtaBnAaBaTt 3aniliaxa 3a
KoMnaHunTe. BaxeH MpPOUEHT KOMTO M3KMHYUTENHO BRMSIE 3a CTeneHTa
Ha ckapn B cekTopa ca 0by4eHusTa, KOUTO Ce CMATAT 3a HEQOCTaTbYHU, U
HecrnocobHOCTTa fia Ce YeTe TEXHUYECKN YepTeX Ha HanpegHano H1Bo. To3n
HegocTaTbk NPoM3TUYa oT hakTa, Ye obpasoBaHMETO B NpodecnoHanHmTe
rMMHa3suK, npodgecrmoHanHuTe GakanaBapckm 1 UHXEHEPHU hakynTeTn He
€ NnogKkpeneHo C npakTn4eckn npunoxXeHma u ot Toea, 4Ye CtaHgapTuTe ce
aKTyanuampart MHOro 6bp30.

B oTroBop Ha Te3u Hy>Xam 1 NPEANMHO C LieN M3MNOM3BaHETO UM B YacOBETE
Mo TEXHMYECKO YepTaHe ¢ npoekTa “3a no-4obpo Npon3BOACTBO BUPTYyanHa
N paswmpeHa peanHocTt” ca pa3paboTeHu MpunoXeHuaTa 3a BUpTyanHa
N pawwunpeHa peanHocTt (B/PP). MNpoekTbT € npegHasHavyeH M MMa 3a
uen, oa ce npexebpnsaTt B (B/PP) oeduuntbT Ha TEXHUYECKUTE YepTexu
n3non3eaHy B OTOpaHWTenHaTa MPOMWLLIIEHOCT, MalUMHUTE, MaTpuuuTe
N NPOU3BOACTBEHMS CEKTOP a CbLiO Taka M HaW-4YecTo CcpellaHuTe
HegocTaTbUM B CTAHAAPTHUTE KOHLEMUMU 1 C Ta3n NomoLy, CTyAeHTUTE OT
WHXXEHepPHO 1 NpodecrnoHanHo obpasoBaHme Aa morat Aa 6baaT obyyaBaHu
Nno-eheKTMBHO M NIECHO B TPMU3MEPHa cpeaa.
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BweedeHue

Te3an moaynu ca npegHasHadyeHu 3a M3Mon3BaHe Ha eBTUHU MOGUMHM
WHCTPYMEHTM 3a BUPTYyarHa 1 paswnpeHa peanHocT (B / PP), paspaboTeHu ¢
nogkpenara Ha MHCTPYMEHTU 3a aHMMaunAa n cuMmynauma, Kakto 1 TeKCTOBO-
Ga3npaHM MeTogu Ha npenopaBaHe. Te3n 3BeHa Osixa mpou3BedeHu B
pe3ynTaTt Ha MexayHapoaeH aHanu3 Ha HY)XXAMTe Ha ycrnoBusiTa 3a 0byyeHne
No TEXHUYECKN YEePTEeXKn, KOUTO Osxa nposeneHn 3a I/ILI,eHTI/I(i)I/ILI,VIpaHe Ha
npegMeTHUTEe 06nacTu, KOUTO NUMCBAT NPW NpernogaBaHETO Ha OCHOBHUTE,
YCbBbPLUEHCTBAHWN CTAHAAPTU U NMPUHLIMMIK, U3MON3BaHM B NPOU3BOACTBOTO
N NHXEeHEePCTBOTO.

OcHoBHaTa uen Ha Ta3uM paspaboTka nNo nporpamaTta bGewe pa ce
pa3paboTn GasnpaHa Ha KOMNETEHTHOCT NporpaMa HacoyeHa 3a o0y4yeHune
MO TEXHWYECKN YEPTEXUN C akafeMUYHU U MHAYCTpUanHu naptTHebopu. Bbe
Bpb3ka C TOBa Ce CTUrHa L0 3aKMiOYeHWEeTo, Ye He camMo HacTosuTe
METOAM Ha NpenofaBaHe, HO W fiMncaTa Ha KadecTBO Ha 00yyeHue no
TEXHNYECKO YepTaHe MOXe Aa NOMOrHe 3a nogodpsiBaHe Ha M3MNON3BaHETO
Ha cbBpeMeHHunTe B / PP 1 aHMMauUMOHHN TEXHONOIUMN.

MpegoBmkoa ce wu3non3eaHeto Ha B/PP TexHonormnM ga nomorHe 3a
npugobvBaHe Ha yMeHWs 3a BM3yanHa MaMeT W Mo Bpeme Ha Te3n
HanpegHanu npoy4YBaHus e AOoNpUHece 3HaYMTEenHO 3a oby4YeHMeTo Ha
obyvaBalyuTe ce.
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Kak ce usnon3ea:

MN3non3BaHe HAa aHUMaLUMK:

MoTpebutenute NbPBO rnMegaT CbOTBETHOTO BUAEO UMM aHUMauusa /
BM3yanusauusi, 3a ga pasbepaT OCHOBUTE Ha TeMUTE.

MU3nonaBaHe Ha PP npunoxeHus:

BupTyaneH o6ekT ce nocTaes BbpXy BUAEO EMUCKSI HA XKMBO HA KaMepaTa Ha
MOBMHO yCTPONCTBO. M3non3eaHus 3a nogobpsiBaHe Ha ToBa NPUNOXEHNE
ARCore, moxe ga pabotn camo ¢ HOBM MOBUNHKU TenedoHU, KOUTO ca C
(Android 7.0+).

MU3non3BaHe Ha BP npunoxeHus:

HyxgaTta Ha ctygeHTuTe/npenogaBsaTtenuTte 3a BP npunoxeHusaTta we ce
CbCTOAT caMO OT cucTema 3a BupTyanHa peanHoct HTC VIVE uwnu BP
oyunara.

U3nonseaHe Ha VRinDesign ¢ (cardboards):

Mpunoxexneto VRinDesign ce n3nonssa ¢ MobuneH TenedgoH, noctaBeH
B kapToH. Cnen toBa m3bepeTe Bawata TemMa OT MEHKOTO WM crnegsaTe
NHCTPYyKLMUTE.

Tesn npunoxeHuss 3a aHumauus n B/PP morat ga 6bgoar HamepeHu
Ha yebcalTa Ha npoekta M MoraT ga 6bpat maTerneHn 6e3nnaTHoO oOT
http://vrindesign.org/.
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Mo4yiin / CbAbPXXAHUE

VAR INDESIGN NPOOYKTHU
METOA 3A NPENOAABAHE U YHYEHUE
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Kog Ha mogyn TD1

3arnasue OPA3MEPABAHE Y OOMYCKN HA PASMEPUTE
BbBepeHue: YeptexHa xaptus. LLlabnoHu 3a pucyBaHe, GnaHkv, eavHuUM,
CbKpaLleHus, NpaBOBbIbIIHA KOOPAWMHATW, MOMSipHW KoopauHaTtu. Metogu Ha
npoekuun, narneau.
Opa3smepsiBaHe: Opa3vepsiBaHe Ha NUHUK, CTPENKK U Yucna. Hanpasnsisawm
TIMHAM 1 cneumanHn otmeTkn. OpasmepuTenHu cuctemu U BuaoBe (yCrnopeanu,
BIINOBU, BEPWXKHKM, BGanaHcvpallyn, M3nonsBaHe Ha KOOPAWMHATW, KOMOWHVpaHu
C nomMowta Ha Tabnuuu) MocTaBsHe Ha M3MepBaHWS B MPOW3BOACTBEHU U

CbabpXKaHUe |  nvoHTaxHM YepTexu. Crieumaniu pasvepy, croMaratenHu pasmepy, abconioTHI
pasmepu U T.H. BesHu, BuaoBe 1 ctaHaapTv 3a mallabvpaHe.
TonepaHc: [NpyynHM 3a TorepaHca, rpeLlkn B MPOU3BOACTBOTO HA MalLUUHU
N WHCTPYMEHTU, U3MEpBATeNHW ypeau, TOMMUHHA CBETIMHA, NMUYHW TPEeLUKU.
TonepaHc, OTKMOHEHWE W npakTu4yeckn cumsonu. Metoau 3a pasunTeHe ©
BM3yanusaumus Ha ToreaHca. [paHuum Ha TonepaHc u duTuHrn: Onpeaenexne
N 3Ha4YeHVWe Ha TonepaHca, Knacudukauusi Ha [ONYCTUMUTE OTKIOHEHWS;
Jonyctumm oTknoHeHus (TS 1845, TS 450, TS 1980, TS 1506), gonyctumu
OTKMOHeHUs oT chopmata v nosuumsaTa (TS 1304, TS 1498), ISO 1101) aHrnumncku
(BS) n ISO ponycku.

1.1 OOyuaBalymTe ce: 4YepTasT Ha XapTus, GnaHkum K KoopaMHaTw,
©[IMH1LY 1 NO3HaBaT OCHOBHUTE METOaM 3a opa3MepsiBaHe. OnosHasaT
pasMepHUTE NIMHUK, CTPENKU U Udppu, BOAELLW NMHWUW U cneuyanHn
3Haun. PasrpaHuyaBaT MetoguTe 3a npoxekTupaHe Ha ISO-A wu
ISO-E, ono3HaBaWikyn peBU3NOHHWUTE CUMBOMMN U TEXHUTE 3HAYEHUs B
TEXHWUYECKUTE YEPTEXM.

1.2 OnosHaBaT cucTeEMUTE U TUMOBETE 3a OpasMepsiBaHe (ycriopenHw,
BIMIOBY, BEpWKHW, OGanaHcupaluy, W3nonssavikyu KoopauHat, C

Pesynratu rpacvka). YMesT [a MocTaBAT pasmepuTe Ha NpOW3BOACTBEHUTE U
MOHTaXHWTe YepTexu. [No3HaBaT creumanyu pasmepu, croMarartenHu
pasvepu 1 abcomoTHU pasmepu W pasbupaHe Ha [eTannute B
YepTexuTe. PasuiTar CTOMHOCTUTE W OMo3HaBaHe Ha OCHOBHWTE
CTaHZapTy 3a malyabupaHe

13 3HasaT NpUYMHWUTE 3a TOMepaHca, [FpelkUTe Ha  MalUHUTE U
MHCTPYMEHTUTE NpY NPOU3BOACTBOTO, edpekTUTe Ha n3MepBaTernHmTe
WHCTPYMEHTW,  TOMMWMHHATA  CBETNMHA,  JIMYHUTE  Tpewwkn
TonepaHTHOCTTa. Moxe Aa pasno3HaBa TOofiepaHC, OTKIOHEHVE U Ha
npaktuka. Morart ja pasumtar 1 Bu3yanvaupar cymBonv

1.4 3HaaT rpaHMuMTe Ha TonepaHC M Bpb3ku. PasbepeT BaxHOCTTa
N Bpb3KaTa MeXOy TrpellkuTe Ha TorepaHca W CTeneHTa Ha
NpPOV3BOACTBEHN OTNadbLM. 3HaAT pasmepuTe, nNpobuBaHeTo Ha
OTBOPW, OTKIMOHEHUSITa Ha bBIMWUTE W JonyckuTe Ha dopmara u
no3vLMsATa, pasno3Hasat 1 pasbupar n3nckeaHusTa 3a yrnorpeba.

YyebeH yac 45 dk.
B/PP Buaeo / Avnmauus
CubabpkaHue  MoGUIHM npunoxetne PP
BP ¢ npunoxenusi c HTC Vive
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OO6yyeHue
YyeHue
MeTtoaun

MpenopbyaHu MeToam:

Teaun NpunoxeHns 1 aHUMauuM TpsioBa Aa ce M3NOoN3BaT KaTto MoaKpensiLy
mMatepuan Mo BpemMe Ha TeOpeTUdHWs Kypc 3a npenojaBaHe Ha
cbabpXaHWETo Ha kypca. [MpeanaraHu metoau:

M3non3eante obwwm cnangose PowerPoint, 3a aa npenogasare
TEOPETUYHO ChAbpXaHue,

M3non3eaiTe/noKkaxxete CbOTBETHOTO BUAEO UMM aHUMaLS, KbAETO
MOXe [a Ce HanpaBu Bu3yanusauusi Ha CbOTBETHATa TemMaTudHa
npeseHTaLys,

3a pga morat cTygeHTUTe Aa Cb3gagar Bb3MOXHO Han -3D 3a
npeaMeTUTe MoraT Aa M3nonaeat cBom cobcteeHn PP npunoxeHust.

Wnu ce nonssat PP NpUNoXxeHna 4Ypes Npoekumn, 3a fa ce nokaxkar
I'IO,EI,pOGHOCTVITe Ha CTyaeHTuTe.

CTyoeHTUTe MoraT fda u3nonssar MOOUIHUTE Cu YCTPOWCTBa 3a
npernen Ha cBbp3aHn BP npunoxeHus 1 ga cb3gagat Tesn Temu
kato 3D cpepna ¢ nomowita Ha BP ouuna

Mnu npenogaeartenute morat Aa usnonssat BP npunoxenus c HTC
vive, 3a oa pasbepart cvoTBeTHaTa Tema B 3D cpena.

MeToau Ha OGy‘IeHMe Ha eAUHUYHU I'IOTpeGVITeﬂM

M3rmepante mbpBO BMOEOTO UMM aHUMaUMsATa/ BU3yanusauusita u
pasbepeTe OCHOBUTE Ha TEMUTE.

M3nonaeante ceoute PP npunoxeHus, 3a Aa cb3gaeare Te3v Temu
B 3D

M3nonsBainte MOBUIIHOTO CU YCTPOWCTBO, 3a Aa BUAWUTE CBbP3aHu
BP npunoxenus, 3a ga npaktvkysarte Te3v Temn B 3D cpepa c
nomoluTta Ha BP ounnara.
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Koa Ha mopgyn TD2

3arnaBsue

CEKUWU, NPOEKLIMU N MEPCNEKTUBU

CbabpxaHue

Cekuun: Metoam Ha HanpeyHo cevexue; [MbneH (eanHYHa paBHUHA MbiHA
CEeKUMS, MbITHa CEeKLUMS C napareriHa KOMneHcaums, MbiHa CeKUMs C brroBa
paBHWHA, NpodunHa cekuusl), NOroBUH, parMeHTMpaHn U crneumnaneHu
cekuvu. MpaBuna 3a nokassaHe Ha CeKUuMK (CKaHupaHe, CTPErku, CUMBOMMY,
nocoka Ha rmepaHe). [inarpamMa Ha HanpeyHOTO CeyeHve Ha Tpu marnega
Ha npexoja WM NEPCreKTVBHU YepTexu Ha MalumMHHU YacTu. OCHOBHM
ernemMeHTN Ha YepTeX B HAMPEYHO CeYeHne; PaBHMHA Ha HaNPEYHo CeYeHve.

Mpoekuuun 1 nepcnekTusm: lNokassa MeToam 3a U3BnNMYaHe, optorpadpckm
NPoeKLMW, MbPBU U TPETW brbi npoekumn. pernen Ha MEPCNeKTUBHU
YepTexu. BuooBe  nepcnekTviBM;  aKCOHOMETpPWYHA  MepcreKkTvBa
(M3omeTpuyHa nepcnekTMBa, AVMETPUYHA NepCreKkTVBa), Koca NepenekTuaa.
Pasnuunu crangapTtv Ha nepcnektvBHu Yeptexu (BSI, DIN, ANSI n JIS) n
TeXHUTE MpunoxeHns. Metoawn, U3non3eaHN B NEPCNEKTUBEH YepTEX, KaTo
ce V3nonaeart u3rmeam Ha YacTu.

Pesyntatn

2.1 O6yyvaBalwuuTe ce:

[Mo3HaBaT MeToaWTe Ha HanpeyHOTO ceyeHue. 3HasT KoW Tvn
YepTex e Han-noaxoasll 3a CboTBeTHaTa Tvn cekuusi. MorsT aa
yeTaT Cekuun criopes MeToAa B CIIOXHUS YepTex. Te Morat aa
BM3yanuavpaT MepCrnekTUBHN YEpTEXM Ha MalUMHHW 4YacTu oT
TPY M3rneaa Unn nepcrnekTUBHU YepTeXn B TEXHUTE HamnpeyHu
ceyeHust.

2.2 MoraT ga AeMOHCTpupaT noaxoasiin TeXHUKU Harnpumep 3a
MOHTaX Ha Befiocunen, orneg Ha HanpeyHoTo cevYeHue Ha
TANOTO, MPEXWU, IPKaHTU, KpenexHn enemMeHTn, Banose U LLUMOHKU
B MOHTa)XHaTa 4acT.

2.3 MoraT oa nokaseaT NpaBUIHO NMHUATA Ha ps3aHe U nosHasaT
npasunara 3a nMHu1Te B U3rme Ha pasgena B pasrmimyHu CeKUunmn.

2.4 Morat Aa onpedensaT nogxodsllata paBHUHHA NUHUA U Oa
M3MOM3BaT CYMBOSIM 3@ YacTUTe, IafieHN Ha YepTexuTe.

2.5 Morat pa:

a) uspassasaTt MHeHus criopeq metogute ISO-E n ISO-A v ga m
pasuutat cnopen cranpgaptute. [lo3HaBaT pasnukute Mexay
narnegHuTe Yeptexu cnopen ctaHgaptute BSI, DIN, ANSI n JIS.
0) Pasbupat Ha N30MeTpuyHaTa " HakrnoHeHa
nepcrektmea C nomowTa Ha npunoxenuss 3a PP
B) [losHaBaT BWMOOBETE TEXHUKM HA IMHWW, W3MON3BaHW B
n3rneguTe Ha cekumnTe.
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YyebeH yac

80 MVH.

B/PP
CbabpxaHue

Buneo/Annmanms
Mo6wunHu PP npunoxenus
BP ¢ npunoxexus ¢ HTC Vive

O6y4eHue
YyeHue
MeTtoau

MeToau 3a npenogaBsaHe:

Tean npunoxeHns 1 aHUMauum TpsibBa fa ce M3Non3BaT KaTto MoaKpensiLy
mMatepuan Mo BpeMe Ha TEeOpeTUYHWs Kypc 3a npenojaBaHe Ha
CbabpXKaHUETO Ha Kypca. MpenopbyaHn MeToau:

*  Wanonaeante obwwm cnangose PowerPoint, 3a na npenogasate
TEOPETUYHO CbAbpXKaHue,

* W3nona3sarite/nokaxeTte CbOTBETHOTO BUAEO U aHUMaLWS, KbAETO
MOXe Ja Ce Hanpasu Bu3yann3auuAa Ha CbOTBETHaTa TeMaTtudHa
npeseHTauua,

» 3a pa moraT CTydeHTWTe Aa cb3gagaTr Bb3MOXHO Han -3D 3a
npeaMeTUTe MoraT Aa M3rnonaeat cBou cobecteeHn PP npunoxeHus.

* Vnu ce nonseat PP npunoxeHus Ypes npoekumu, 3a fia ce nokaxar
nogpobHOCTUTE Ha CTyAeHTUTe

« CTygeHTMTe MoraT Aa uaronssat MOGMIHUTE CM YCTPOICTBA 3a
npernes Ha cebp3aHn BP npunoxenus 1 aa cb3ganat Tesv TemMu
kato 3D cpepaa c nomoLyta Ha BP ounna

* Vinu npenogaeatenute morat Aa uanonseat BP npunoxerus c HTC
vive, 3a aa pa3bepar cboTeeTHaTa Tema B 3D cpepa.

MeToau Ha oGy4eHne Ha eAUHUYHU NoTpebuTenu

* Warnepaiite MbpBo BUOEOTO UMW aHUMaUmMsTa/ BU3yanusaumsta u
pasbepere OCHOBUTE Ha TEMUTE.

* W3nonaeawTte ceomTe PP npunoxeHus, 3a ga cb3gasarte Tesn Temun
B 3D

* V3non3eante MOBUNHOTO CU YCTPOWCTBO, 3a Aa BUAWTE CBbp3aHu
BP npunoxenusi, 3a ga npaktukysate Tean Temu B 3D cpega €
nomoLuTta Ha BP ounnara
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Kog Ha mogyn TR3

3arnaBue

AOonyCTtuMn OTKIOHEHWUA, AOMNMYCKU HA BITIUTE,
TOJNNIEPAHCU HA BAJIA U OTBOPU

CbabpxaHue

OdonyctumMu OTKIOHeHMsi: ByaoBe TonmepaHC 3a NUHEVHWM W BITOBU
pa3mMepu, M3Mon3BaHW B TexHUYeckuTe yepTexu. M3bop Ha ponyctumu
OTKMOHEHWs1 B 3aBWUCMMOCT OT TWNa MPOM3BOACTBO, KaTto Ce MU3nonasart
CbOTBETHUTE CTaHOAPTW.

CVMBOMM Ha OTKIIOHEHWATA Ha brana u MeTOAOoNorMs Ha Be3yanusnpaHe.
[oHoCMMOCT Ha brana n pasnuka B KoHUenumMnTe 3a KaHana n paguyca.

[onycTumm OTKIMOHEHUs Ha Bana u oTBopuTe: [JonycTUMU OTKIMOHEHUS!
Ha Barna v OTBOpUTE U [OMYyCTUMUTE OTKITOHEHWS!, U3MOM3BaHW B Tasu rpyna
OTKIMOHeHnsl. HomuHaneH pasmep, MakcumaneH pasvep, MuHumaneH
pasvep, [onHa pasnuka B pa3Mepa, Pasvep Ha ronemuHa Harope,
MakcumaneH u MuHUManeH pasmep. MpoyeTeTe TabnuuuTe 3a Tonepatc,
n3bepeTe NoAxoAsALIMA JOMYCK CbIMacHo Tabnuuata 3a TonepaHTHOCT Mo
ISO.MpTonepu nsbepaHe Ha NoAXoAALMSA OOMYCK CbIMacHo Tabnuuata 3a
TonepaHTHocT no 1ISO

PesynTtatu

O6y4yaBawure ce: Morar ga veTtar M nokasBaT OOMycku 3a
NNHEAHN W BIMOBU pasmMepu, KU3NON3BaHN B TEXHUYECKNTe
YepTexu.

3.1

Morat ga n3bpart, 4onyCTUMMTE OTKIOHEHNS 32 U3MEPEHNE KaTo
3.2 ce U3ron3BaT CbOTBETHUTE CTaHAApTV WNy Morat Ja HamepsiT
rpyna oOT TonepaHcu OT CTaHaapTa B 3aBUMCMMOCT OT Buaa
MPOV3BOACTBO.

e morat ga: AeMOHCTpuUpaTr MEeTodosiormata Ha rpaHuvyHuTe
OTKINOHeHWsA. MoraT 1 ca HasiCHO ¢ pasnukara Mexay rpaHuuara
Ha TofepaHca Ha brrba 1 KOHUEeNumMnTe Ha KaHana unm paguyca.

33

3HasT OTKMOHEHUsITa W JOMYCTUMUTE OTKIOHEHUS! Ha Bana u
34 OTBOPUTE, U3MOM3BaHW B Ta3n rpyna Ha TonepaHc. Te 3HasT, ye
OTroBapsAT Ha PbKOBOACTBOTO 3a MPONyKUTE U TAXHOTO OnMcaHue
1 v n3bupar ot Tabnuuara Ha ISO craHpapra.

Pazuutat ISO cTaHgapTa 3a OTKIIOHEHMS1 Ha Bana U OTBOpPUTE,
3.5 KaKTO M 13rnonaeare Tabnuum 3a Tonepaxc. M3bupat nogxogsiumsi
[onycKk Ha Bana 1 OTBOpa B 3aBUCMMOCT OT BuAa Ha ynotpeba

Yye6eH yac

60 MUH.

B/PP
CbAabpxkaHue

Buaeo/Annmaums
Mo6unxn PP npunoxeHust
BP ¢ npunoxenusi c HTC Vive
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MeToau 3a npenoaasaHe:

Teaun NpunoxeHns 1 aHUMauuM TpsioBa Aa ce M3NOoN3BaT KaTto MoaKpensiLy
mMatepuan Mo BpemMe Ha TeOpeTUdHWs Kypc 3a npenojaBaHe Ha
CbabpXaHWETO Ha Kypca. [MpenopbyaHn MeToau:

» Vanonseante obwwm cnangose PowerPoint, 3a ga npenogasate
TEOPETUYHO CbbpXaHue,

* M3nonseawTe/nokaxete CbOTBETHOTO BUAEO UMW aHUMaLMS, KbAETO
MOXe [a Ce HanpaBu Bu3yanusauusi Ha CbOTBETHATa TemMaTudHa
npeseHTaLys,

+ 3a pa moraTt cTygeHTWTe da cb3fgafaT Bb3MOXHO Han -3D 3a
npeaMeTUTe MoraT Aa u3nonaeat cBou cobecteeHn PP npunoxeHust.

* Vnu ce nonseat PP NpUNoXxeHna 4Ypes Npoekumn, 3a fa ce nokaxkar
I'IO,EI,pOGHOCTVITe Ha CTyaeHTtute

O6yueHue » CTygeHTMTE MoraT da m3nonssar MOOUMHWTE CU YCTpOWCTBa 3a
YyeHue npernen Ha cBbp3aHn BP npunoxeHus 1 ga cb3gagat Tesn Temu
Metoau kato 3D cpepna ¢ nomowita Ha BP ouuna

* Vnu npenogaeatenute morat Aa usnonseat BP npunoxerus c HTC
vive, 3a Aa pasbepat cboTBeTHaTa Tema B 3D cpena.

MeToau Ha oﬁyHeHMe Ha eAUHUYHU I'IOTpeGVITeﬂM

* V3mepanTe MbpBO BMOEOTO UMM aHUMaumMsATa/ BU3yanusauusita u
pasbepeTe OCHOBUTE Ha TEMUTE.

HdonycTUMu OTKINOHeHUSA, AONYCKU Ha bInuTe,

* V3nonaeante ceoute PP npunoxeHus, 3a Aa cb3gaeare Te3v Temu
B 3D

* W3nonssarite MOBUMHOTO CY YCTPOICTBO, 3a Aa BUAWUTE CBbp3aHu
BP npunoxenus, 3a ga npaktvkysarte Te3v Temn B 3D cpepa c
nomoluTta Ha BP ounnara.
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Kopn Ha mogyn TD4

3arnaBue F’EOMETPUYHO USMEPBAHE U TONEPAHLIUA
MpuHUMNKM Ha reoMeTpUYHa TorepaHTHOCT: [lpunoxeHus 3a TonepaH
Ha opasmepsiBaHe W Opa3mepsiBaHe Ha KOMMOHEHTW, MPOW3BOACTBO Ha
NOATPYNM U MOHTaXHW €MeMEHTU, W3Mon3Bavikn cboTBeTHUTE BS 1 ISO
cTaHaapTv. Metogvkara, nsnomnasaHa npv NnpeacTaBAaHETo Ha reomeTpuyHaTa
TONepPaHTHOCT, KOHLENUyMsiTa 3a ToNepaHTHUTE enieMeHTV 1 obpasyBaHeTo
Ha 30HM Ha TonepaHc.

CbabpkaHue
[donyctummn oTKnoHeHuss Ha chopmata M nos3uuusaTa: Pasnvkun BbB
dopmata M [ONYCTUMUTE OTKIIOHEHUS OT ApyrM TPy Ha TonepaHc,
TeXHMYecKka KOMyHUKaLWs U NpaBUITHO YeTeHe / pa3bvpaHe Ha HopmwuTe,
M3VCKBaHWSA Ha KOHLIENLMSATa 3a TONEePaHTHOCT 1 eNeMeHTN Ha reoMeTpuYHa
TONEpPaHTHOCT, KpUTEpUM 3a M3MepBaHe W OueHKa Mpu u3MepsaHe W
reomMeTpyyHa TONIePaHTHOCT.

ObyyaBawmte ce: Morar pa: Hayyar koHuenuusTa 3a

41 reomMeTpuyHa TOMEpaHTHOCT, KouenuusaTa 3a TONepaHTHOCT W
hOpMMPaHETO Ha 30HM Ha TONEPaHTHOCT.
3HAT NOHATVATA 3@ TOYHOCT, MIIOCKOCT, KPbroBa U LIMPKYMSPHOCT,

4.2 LUMINWUHAPWYHOCT. 3HaAT 1 npunarart NPpUHLMNUTE 3a M3MepBaHe 1
pasnosHaBaHe Ha OTKIIOHEHWATa Ha dopmarta C OTKIMOHEHWE OT
NUHWSI, NOBBPXHOCT M dhopma.

4.3 [MosHaBaT MOHATMATA 32 OPTOrOHaNHOCT W Mapanenv3bM K
no3HaBaT NPYHLMNWTE Ha OTKITOHEHWE, M3MepBaHe 1 BanuanpaHe

PesynTati Ha AOMYCTUMUTE OTKIIOHEHMS B MOCOKaTa.

4.4 3HasaT 1 Npynarat KoHUenuumTe 3a TONIepaHTHOCT Ha No3unumsTa,
MOMOXEHNEe, KOHLEHTPUYHOCT, KOaKCMariHOCT, CUMETpUS 1
OTKIOHEHWs, W3MepBaHe W ofobpeHue Ha  JonyctumuTe
OTKITOHEHMS.

45 3HanAT obLMTE AONYCKN HA M3HOCBAHE U LIMPKYNSPHO M3HOCBaHe.
lMo3HaBaT  OTKIMOHEHVETO Ha  [OMYCTUMWTE  OTKIOHEHWS,
NpYHLMNNUTE Ha n3MepBaHe 1 opobpeHue.

46 Mo3HaBaT MOHATWSATA MO3ULMS, €eNeMEeHT Ha nosuumsita u
n3MepeHne Ha nosvumaTa. 3Hae no3vumsATa Ha enemeHT unu
rpyna oT enemeHTW. ToBa, Ye efHa rpyna enemeHTn Moxe Aa
6bAe pasnonoxeHa CrpsaMo Apyra rpyna efieMeHTy.

47 3HaAT MakcvmanHuTe  MatepuanHvi  npuHUMnM,  obnactu

Ha wu3non3eaHe W WU3NCKBAHWUA, W3MON3BaHM B nosnundaTa un
KOHUEHTPU4YHUTE [ONYCKA. 3HaaAT MUHUMANHUTE mMarepuarnHm
ycnosua n obractu Ha NPUNoXeHneTo M.




AR/VR IN DESIGN
User Guide

YyebeH yac 60 MVH.
Buneo/Annmanus
B/PP
CuaLpXaHme Mo6wunHu PP npunoxeHus
P BP ¢ npunoxexus ¢ HTC Vive
MpenopbyaHn metoam:
Te3n NpunoxeHuss n aHMMmaummn Tpsbea Aa ce M3non3eaT KaTo MOAKPensiLLy
Matepuan no BpeMe Ha TEOpeTMYHWMS KypCc 3a npenofaBaHe Ha
CbAbpXaHWETO Ha Kypca. [peanaraHu metoau:
Manonaeante obwy cnangose PowerPoint, 3a ga npenogasate
TEOPETUYHO CbAbpXKaHue,
M3nonsBainTe/nokaxete CbOTBETHOTO BUAEO UMW aHUMaLMS!, KbAETO
MOXe [a Ce HampaBu Bu3yanusauusi Ha CbOTBETHaTa TemaTudHa
npeseHTauus,
O6y4eHue P H
YueHue 3a ga morar CTygeHTUTe Aa cb3gagaTr Bb3MOXHO Ham -3D 3a
Metoau npeaMeTUTe MoraT Aa M3rnonaeat cBou cobecteeHn PP npunoxeHus.

Wnu ce nonseat PP npunoxeHus upes npoekumu, 3a fa ce nokaxar
nogpobHOCTUTE Ha CTyAEHTUTE.

CTyneHTUTEe MoraT da M3nonasat MoGWIIHUTEe cU yCTpolcTBa 3a
npernes Ha cebp3aHn BP npunoxenus u ga cb3ganat Tesv TeMu
kato 3D cpepaa c nomoLyta Ha BP ounna

Mnu npenogaeatenuTte morat Aa usnonssat BP npunoxerus c HTC
vive, 3a oa pa3bepar cboTeeTHaTa Tema B 3D cpepa.

MeToau Ha oGy4eHne Ha eAUHUYHU NoTpebuTenu

* V3rmepanTe MbpBoO BMOEOTO UMK aHumauusTa/ BU3yanunsauundata u

pasbepere OCHOBUTE Ha TEMUTE.

* W3nonaeawTte ceomTe PP npunoxeHus, 3a ga cb3gasarte Tesn Temun

B 3D

* V3non3eante MOBUNHOTO CU YCTPOWCTBO, 3a Aa BUAWTE CBbp3aHu

BP npunoxenusi, 3a ga npaktukysate Tean Temu B 3D cpega €
nomoLuTta Ha BP ounnara
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3arnaBsue

NOBBPXHOCTHA NPAINMABOCT

CbabpkaHue

MoBBbpXxHOCTHA rpanaBocT: [pyYnHK 1 OrpaHNYEHNST Ha rpanaBocTTa Ha
MOBbPXHOCTTA NpWU NPOM3BOACTBOTO. 3non3eaHe Ha NOAXOASALM CUMBOSN
Ha noBbpxHOCTTa. CMMBOMM M BWAOBE rpanaBOCT Ha MOBbLPXHOCTTA.
WHopmaupsiTa ce fo6aBs KbM CYUMBOSIMTE B MapKMPOBKU 32 MOBbPXHOCTHA
obpabotka Pa3nuuHM CTOMHOCTM Ha rpanaBocT kato Rzmax, Rzimax,
[afleHU B pasfnMyHM CTaHaapTyi C MapKUPOBKM 3a MOBbPXHOCTHa obpaboTka
(Ra, Rz, Rmax, Pt u gpyrn)

CTOMHOCTM Ha MOBbPXHOCTHAaTa rpanaBoCcT M HoOMepa Ha knaca Ha
rpanasocTta Cneuudmkaums Ha rpanaBocTTa Ha MOBbPXHOCTTA B
TEXHUYECKUTE YepTEeXU U cneumdukaumsl Ha MeToaa Ha MPOM3BOACTBO.
Cneundukaums Ha rmaBHU ObMKMHU U rpanaBoCT, Noka3BaHe Ha KBOTU 3a
obpaboTka Ha MOBBbPXHOCTW, MOKa3BaHe Ha CreuuarnHu NMoBbpPXHOCTY 3a
obpabotka Ha yepTexuTe.Cizimlerde 6zel islem gérmus ylzeylerin gdsterimi.

Pesynratu

O6yyvaBawmTe ce: 3HasT npuuMHaTa 3a rpanasocTTa U
5.1 NPUYMHUTE 3@ OrPaHNYEHNETO U U 3HASIT, Ye Ha MPOU3BOACTBEHATa
MOBBLPXHOCT Ha YACTUTE ce u3uckBa Aa Obhae obosHaveHna
MapkvpoBkaTa 3a 06paboTka Ha MOBLPXHOCTTA, CbOTBETCTBALLA
Ha 3apayara.

MoraT fa pa3nosHaBear, YeTaT Unm 3anvMceart pasnuyH1 CTOMHOCTM
5.2 Ha rpanaBocTTa kato Rzmax, Rz1max, AageHn B pasivuHm
CTaHaapTy ¢ NoBbPXHOCTHU Mapku (Ra, Rz, Rmax, Pt n gpyri)

3HaAT unM  OTKpMBaT CTOMHOCTUTE Ha rpanaBocTTa Ha
5.3 MOBBLPXHOCTTA W HOMepaTa Ha KrnacoBeTe 3a rpanaBocT B
Tabnuuara. Pa3bvipa 3Haka 3a rpanaBoCT Ha MOBLPXHOCTTa Ha
Yeprexure.

5.4 3HasT [eTainu Kkato [MaBHa ObfKMHA M rpanasocT, Jerar
obpaboTkaTa Ha NOBLPXHOCTTA M YeTaT creumanHo obpaboteHn
NMOBbPXHOCTY OT MapKMpaHe.

Yye6eH yac

60 MUH.

B/PP
CbabpxaHue

Buaeo/Annmanums
Mo6unHu PP npunoxeHust
BP ¢ npunoxenusi c HTC Vive
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OO6yy4eHue
YyeHue
MeTtoan

MpenopbyaHu MeToam:

Teaun NpunoxeHns 1 aHUMauuM TpsioBa Aa ce M3NOoN3BaT KaTto MoaKpensiLy
mMatepuan Mo BpemMe Ha TeOpeTUdHWs Kypc 3a npenojaBaHe Ha
cbabpXaHWETo Ha kypca. [MpeanaraHu metoau:

M3non3eante obwwm cnangose PowerPoint, 3a aa npenogasare
TEOPETUYHO ChAbpXaHue,

M3non3eaiTe/noKkaxxete CbOTBETHOTO BUAEO UMM aHUMaLS, KbAETO
MOXe [a Ce HanpaBu Bu3yanusauusi Ha CbOTBETHATa TemMaTudHa
npeseHTaLys,

3a pga morat cTygeHTUTe Aa Cb3gagar Bb3MOXHO Han -3D 3a
npeaMeTUTe MoraT Aa M3nonaeat cBom cobcteeHn PP npunoxeHust.

Wnu ce nonssat PP NpUNoXxeHna 4Ypes Npoekumn, 3a fa ce nokaxkar
Oﬂ,pOﬁHOCTVITe Ha CTyAeHTuTe.

CTyoeHTUTe MoraT fda u3nonssar MOOUIHUTE Cu YCTPOWCTBa 3a
npernen Ha cBbp3aHn BP npunoxeHus 1 ga cb3gagat Tesn Temu
kato 3D cpepna ¢ nomowita Ha BP ouuna

Mnu npenogaeartenute morat Aa usnonssat BP npunoxenus c HTC
vive, 3a oa pasbepart cvoTBeTHaTa Tema B 3D cpena.

MeToau Ha OGy‘IeHMe Ha eAUHUYHU I'IOTpeGVITeﬂM

M3rmepante mbpBO BMOEOTO UMM aHUMaUMsATa/ BU3yanusauusita u
pasbepeTe OCHOBUTE Ha TEMUTE.

M3nonaeante ceoute PP npunoxeHus, 3a Aa cb3gaeare Te3v Temu
B 3D

M3nonsBainte MOBUIIHOTO CU YCTPOWCTBO, 3a Aa BUAWUTE CBbP3aHu
BP npunoxenus, 3a ga npaktvkysarte Te3v Temn B 3D cpepa c
nomolita Ha BP ounnata
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Modiil Kodu TD6
3arnaBue MOHTAXXHU YEPTEXWU
MoOHTaXXHN 4YepTexu: KakBo € MOHTaXeH YepTex, Kak da pasrpaHuyvm
N Kbde ha ro wusnonssame? BuooBe MOHTaXeH uepTex, yHKUUK,
CuAbpKaHue |  ohopvnenne 1 mawwabu. Vismenm, pasaeni v UsMepsaHins B MOHTEXHN
YepTexn. MOHTaXHN YepTeXM Ha NMepPCrnekTUBHU U CXEMAaTUYHO M3YepTaHu
cuctemu. BanoHu 3a onepauym 1 Tabnmum ¢ CCHK Ha YacTu.
Ob6yyaBaluuTe ce: 3HaAT U Morart Aa ce pa3nuyaBat OT OCHOBHaTa
6.1 MHpOPMALMS  CTPYKTYPHUTE OCOBEHOCTM Ha u3paboTka Ha
MOHTaXHW YepTEXM, U3ITeS Ha HanpeyHo ceveHue, ToriepaHc u
crieav OT MOBbPXHOCTTA.
ST MoaroTeaT u pasuvTaT 3arnaBHU GrOKOBE B MPOU3BOACTBEHM
Giktilan YepTexu. No3HaBaT TEXHUKUTE 3a YepTaHe KpenexHUTe eriemMeHTr
6.2 1 HSIKOW Crieupanty MallvHHN UHCTPYMEHTM (KaTo 3b0OHM Konena,
NpY>XUHK, GONTOBE UNKN 3aBapeHn CbeaVHEHUs) U MoraT [ia yeTar
CMMBOMW UK CNeumanHn MapkupoBskm (kato M12) B TexHnyeckuTe
YepTexu.
63 3HaAT MeToaM 3a HoMepvpaHe U HOMepupaHe Ha criobeHuTe
. YacTu (cropeq metoda Ha crnobsisaHe Ha YacTu). PasnosHasar
NPUCHEAVHUTENHUTE €NEMEHTU. YeTbT MOHTaxa U U3KpUBEHUTE
YacTun OT TEXHUYECKUTE YEPTEXN.
YyebeH yac 60 MUH.
B/PP B/PP CvabpxaHne Bugeo/AHumaums
ChabpkaHue|  \o6unHu PP npunoxeHus
BP ¢ npunoxenusi c HTC Vive
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OGyueHue
YyeHue
MeTtoan

User Guide
=
MpenopbyaHn metoam: §
Tesn NpunoxeHnst 1 aHMMaumm TpsibBa Aa ce M3Non3BaT KaTo MoaKpensiLy '5_
MaTepuan no BpeMe Ha TEOpPETUYHUSI KypC 3a MpenofaBaHe Ha Q
CbAbpXaHWeTo Ha Kypca. [peanaraHu metoau: J
) =
* Wsnonseante obwwm cnangose PowerPoint, 3a na npenoaasate T
TEOPETUYHO ChbPXKaHe, x
©
* V3nonaeanTe/nokaxxere CbOTBETHOTO BUAEO UMM aHUMALMS, KbAETO E
MOXe [a Ce HanpaBu Bu3yanusauusi Ha CbOTBETHATa TemMaTudHa o
npeseHTaums, E

3a pga morat cTygeHTUTe Aa Cb3gagar Bb3MOXHO Han -3D 3a
npeaMeTUTe MoraT Aa M3nonaeat cBom cobcteeHn PP npunoxeHust.

Wnu ce nonssat PP NpUNoXxeHna 4Ypes Npoekumn, 3a fa ce nokaxkar
I'IO,EI,pOGHOCTVITe Ha CTyaeHTuTe.

CTyoeHTUTe MoraT fda u3nonssar MOOUIHUTE Cu YCTPOWCTBa 3a
npernen Ha cBbp3aHn BP npunoxeHus 1 ga cb3gagat Tesn Temu
kato 3D cpepna ¢ nomowita Ha BP ouuna

Mnu npenogaeartenute morat Aa usnonssat BP npunoxenus c HTC
vive, 3a oa pasbepart cvoTBeTHaTa Tema B 3D cpena.

MeToau Ha OGy‘IeHMe Ha eAUHUYHU I'IOTpeGVITeﬂM

M3rmepante mbpBO BMOEOTO UMM aHUMaUMsATa/ BU3yanusauusita u
pasbepeTe OCHOBUTE Ha TEMUTE.

M3nonaeante ceoute PP npunoxeHus, 3a Aa cb3gaeare Te3v Temu
B 3D

M3nonsBante mobunHoTo cu yCTpOVICTBO, 3a fa BmamnTe CBbp3aHun

BP npunoxeHusi, 3a Ja npakTukysate Teau Temu B 3D cpega c

nomoluTa Ha BP ounnara,
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