MunucreperBo o6pasoBanus u Hayku PD
(henepanbHOe rocyapcTBeHHOE GIODKETHOE 0GPa30BATENIBHOE YUpPEKICHHE
BBICIIIETO 00pa3oBaHud
«banruiickuit rocynapcTeHHbIN TexHUYeckuit yausepcuter «BOEHMEX» um. J1.®.
Yerunosay

YTBEPX/IAIO

C.A. MartBeeB
2016 .
ITPOI'PAMMA
KAHANJIATCKOI'O SK3AMEHA
NOArOTOBKH aCIIHPAHTOB
1O HANMPABJICHHU IO 24.06.01 ABHALHOHHAN H PAKETHO-KOCMHYECKasi TeXHHKA
HanpaB/JIeHHOCTH 05.07.02 INpoekTHpPOBAHHE, KOHCTPYKIIHS H

HPOHM3BOJACTBO JICTATE/LHLIX ANINAPATOB

®opma o0yueHUs:

Ounag/3aounas

CAHKT-IIETEPEYPI
2016 .



[Iporpamma sk3ameHa cocTaBiieHa B COOTBETCTBMM C MACHOPTOM CHELMATBHOCTH HaY4HBIX
paborHukos 05.07.02 TIpoeKTHpoBaHHE., KOHCTPYKLMS M MPOM3BOACTBO JIETATENbHbIX annaparos,
NMpOrpamMMO¥i - MHHHMYM KaHMIATCKOro K3aMeHa, yTBepxKaeHHOM npukazom Ne 274 ot 08.10.2007 r.
MunucrepctBom  oOpasoahus Poccun M cooTBetcTByeT paboueli nporpamMme  AMCLMILIMHbI

((HDOCKTHDOB&HHG. KOHCTPYKIIUA MW MNPOU3BOJACTBO JIETATE/bHbIX aMnapaToBy yHGSHOFO InjiaHa
ACMHUPaHTYPbI.

1. Obmee NpoeKTHPOBAHME JETATEILHBIX ANNAPATOB

1.1. Ilpouecc coszpanus neratensHoro annapara (JI1A). Paspaborka JIA — MHOroaranusiit npouecc. Posib
¥ MECTO NpOCKTHPOBaHHs B npouecce pazpabotku JIA. JleratenbHslii annapart kak oObeKT
NPOEKTHPOBAHHS, NPOH3BOACTBA W sKerutyaTawuu. Knaccudukaims JIA; TpeGosanus, npeabapisemsie K
JIA. Kparkuii ucropuueckuii 063op paseutus JIA. O6was XapakrepucTika JIA pa3nuyHOro Ha3HaYeHHUs;
ABHTATEIIH, BU/bI TPAEKTOPHH, OCOOEHHOCTH CHCTEM YNPABICHUs U HABEAEHHS, HAPOJAHOXO3AHCTBEHHOE
n 6oeBoe npumenenue. [lepcneKTHBHbIE HAMPABICHUS, MYTH M CIOCOOLI coBeplLUeHCTBOBaHUs JIA,
BOMPOCHI KOHBEPCHH, CHCTEMBI ABOMHOIO NMPUMEHEHMHH.

Onpenenenne W 3a1a41 NPOEKTHPOBaHHUS. DTanbl NPOSKTHPOBAHH, coliep KaHue 3a/1a4, peliaeMbIX Ha
OTACIBHBIX 3Tanax: pa3paboTka TEXHHYECKOTO 3aJaHNs, TEXHUYECKOE TPELTOKEHHE, ICKU3HBIH NpPOEKT,
pabouuii npoexr.

OGuMe 1 YaCTHbIE KPUTEPUH OLIEHKH MPOEKTHO-KOHCTPYKTOPCKHUX pelueHuit. ConepikaHne U MeTo/ibl
pa3paboTku TeXHHUECKOro 3a1aHus Ha npoekt JIA. [TpoekTHoe MOJEIHPOBAHHE, BECOBOH M
Gannucruueckuii ananus JIA, Mosenu ouenku 3¢heKTHBHOCTH 1 3arpat Ha co3aaHue. Bribop ocHOBHBIX
MPOEKTHbIX napameTpos. OOuMil N0AX0 K ONTUMHU3ALIMHU IPOEKTHbIX napameTpoB JIA (npoekTHbIX
PelIeHNH): 3a1a4a, KPUTEPHH, MOJIENTH, MaTeMaTH4eckas (hOpMyJIMPOBKA MOCTAHOBOK 3312y
NPOCKTHPOBAHHA, METO/1bI ONTHMH3ALNH. OCODEHHOCTH NPOEKTHO-KOHCTPYKTOPCKHX 3a/1a4 —
MHOTOKPUTEPHANIbHbIH, MHOTONapaMeTpU4eCKHuit, IMHAMMUYECKHIA, CTOXACTHYECKHH XapaKTep, OCHOBHbIE
METO/lbl OMCKA PEICHHIA. AJITOPUTM PeLUeHUs NPOSKTHBIX 3a1ay. Tp1 COCTaBAAIOLIMX NpoLecca
NPOEKTHPOBAHMUS: H300PETATELCTBO, MHKEHEPHbIN aHAJIM3, IPUHATHE PELICHHII.

JKuzHeHHbIH LMK W3aeMHi, cTaauu pa3paboTku U cozaanus JIA.

Buzbl npoektHoit nokymenTaunu. HopMaTHBHbIE JOKYMEHTBI, periamMeHTUpYIOLIKE npoLece pazpaboTku
JIA (AIL, OTT BBC, I'OCTsi, OCThi).

OcobenHocTn npoekTHpoBanus coBpeMenHbIX JIA. Posib HayuHO-TEXHHYECKOrO 3a/ena H COBPEMEHHbIX
MH(OPMALIMOHHBIX TEXHOJIOTHIi B COBEPLICHCTBOBAHNH NPOEKTHPOBAHMS.

1.2. CuctemHbIff N01X0 — OCHOBA COBPEMEHHOI METOA0OrMHM NPOEKTUPOBAHUA. DBOJIOLMS 3a/1a4,
METO/IOB W CPE/CTB MPOEKTHPOBAHMS.

CraTucTHyeCKHE M aHATHTHYECKHE METO/Ibl ONIPEIENICHHS IPOSKTHBIX napameTpoB. Pazeutie MeTon0s
ONTHMAJILHOrO NPOEKTHPOBaHKS. MaTemaThueckas NocTaHOBKaA 3a1a4 ONTUMATLHOIO NMPOEKTHPOBAHHS U
METO/Ibl €€ PeLIEeHHA.

Heobx0a1uMoCTh MCNoNnb30BaHMs CHCTEMHOrO MOAX0AA B NPOEKTHPOBAHHH. JIA Kak 5MeMeHT KoMIIeKca.
CrpykTypHO-yHKUHOHANBHBIE 2eMenTsl JIA: naHep, CHIOBas YCTAHOBKA, CHCTEMA VIpaBlleHHs,
GopToBbie cucTeMbl M 0GOPYa0OBaHHe, LeneBas (Goesas K KOMMepueckas) Harpyska. Murerpauus
anemeHToB JIA. OCHOBHbIE MOIOKEHHS METONONOTMH W CHCTEMOTEXHUKH.

[Tpobaembr nekomnosuumm o6bekTa M 3a1a4 npoekTupoBanus. [pobiemsi MOJEIMPOBAHUS B
NpOeKTHPOBaHWK. CTPYKTypa M THIIbI IPOEKTHbIX MOesel. COOTHOLLIEHHE U POJTb YHCIIEHHOTO M
(u3uyeckoro MoseMpoBaHus B NpoeKTHpoBaHuK. [IpuHLMnLl onTuMabHOCTH. OBLIMe M YaCTHbIE



KPUTEPHH OLEHKH 5(PEKTHBHOCTH NPOCKTHO-KOHCTPYKTOPCKMX PeLleHHi.

Ilpoexruposanue — TBOpueckuii npouecc. TpH ero cOCTABAAIOLLME; CHHTE3, AHAH3 H MPHHATHE
pewenuii. CooTHoleHHe Gopmanusyembix u HeOPMATbHBIX Mpoueayp npowuecca MPOEKTHPOBAHUS U
MyTH UX 00beauHeHHs. Busyanusaums kak cnocof pewenns 3aaay u CpeAcTBO 0OMeHa HH(popmauuei B
npouecce NpoeKTHPOBaHHs, POJib MALUMHHOM rpaduKH.

OcoBeHHOCTH TeXHOMOrHK ABTOMATH3UPOBAHHOTO npoekTupoBaHus. Posib yenoseka B CATIIP.

1.3. Mcxoambie nanHble 1S NPOEKTHPOBAHMs. Y CIOBHA U CBA3M, Gopmupyrome obnacts
cyliecTBoBaHus npoekra. Texuuueckoe 3ananue (T3) Ha npoekTupoBanne. Meroauka pa3paboTKu.
Crpyktypa T3. KonuentyansHoe npoekTupoBate. Paspaborka rexuuieckoro npemnoskenus. Llens 1
3afa4n. Cnocobbl naeHTHMKaLmu npoexra. Knaccudukaims NEPEMEHHBIX: NapaMeTpbl H OrPaHHUYEHHU,
KpuTepru. Buael napameTpoB (AMCKpETHbIE W HENPEPBIBHEIE, OTHOCHTE/BHbIE 1 abconoTHbIE), HX
HOMEHKJ1aTypa.

Cas3u Mexy napameTpamu W xapakrepuctikamu JIA. OcHOBHbIe yCIOBHsA (CBA3K), Onpeaensolue
06nacThb CyliecTBOBaHUs NpoeKTa. YpaBHeHUs cyluecTBoBaHus JIA.

Orpanuyenus Ha obnacTs cyuiecTBoBaHus NpoekTa. OrpaHHYeHHs, BbITEKAIOIHE H3 YCJIOBHUi
peann3alny 3aaaHHOro npoguns nonera. OrpaHHueHus no yucay M, CKOPOCTHOMY HAMOPY, PacCHeTHOI
neperpyske. MuHuManbHbie ckopocT nosieta. OrpaHuyeHns, HaKkaabIBaeMbie TpeGoBaHMAMH
NPOH3BOACTBEHHOM M SKCTTYaTaLIWOHHOH TEXHOIOIMYHOCTH.

1.4. Ananus u BeiGOp cxembl. OnpenencHHbie cxeMHble. CXeMbl npusHaku. OcobeHHOCTH U 061acTH
NPUMEHEHUS PA3/IUUHBIX CXEM.

KoncrpykrusHo-komnoHoBounas cxema (KKC).

[IporHosupoBane onpeaesOUKMX NapaMeTpoB — KOIPPHLHEHTBI MACCOBBIX, CTOMMOCTHBIX H ap.
OcHosHnas 3anaya npoektuposanus JIA B coctaBe KOMILUIEKCa. MnoroypoBHeBas onTumuzanms,
COrJIacOBaHWE H CXOAMMOCTD PeLICHHH raBHbIX 3a1a4. DddekTHBHOE YTOUHEHHE peleHus.
O6wmii anroput™ BeIGOpa cXxembl. MaTpHLia NPH3HAKOB KOMIIOHOBOYHBIX CXEM KaK OCHOBA
ABTOMATU3HUPOBAHHOTO BLIGOpa cxembl JIA.

1.5. Onpesenenne 0CHOBHBIX MPOEKTHbIX NapameTpos JIA. HrepaunonnocTs onpeaenenus napameTpos.
Bo3MoxHbIE cXeMBI aNIrOPHTMOB OMpPe/IEICHHA MPOSKTHBIX napametpos. OnpeaeneHue napaMeTpos
HauanbHOro npubmwikeHns. CorsiacoBaHue NapamMeTpoB NiaHepa ¥ CHIOBOM YCTAHOBKH.
[NapameTpuueckuii aHanu3. ONTUMU3ALMA IPOEKTHBIX NapamMeTpoB NPH 3aaHHbIX TPeOOBAHUAX H
orpaHuyeHuax. HacThbie u o6luKMe KpUTepuH OLIEHKH KayecTBa NPOEKTa: MpsiMble SKCIUTyaTalMOHHbIE
pacxojel, TorunueHas s dektusHocTs. [Tokasarenu sddexrusHocTn MHOrOUENEBOrO JIA. CkansipHas u
BEKTOPHAas ONTHMH3ALHS.

briok-cxema anropurma onpesienenus napamerpos JIA B cHcTeMe aBTOMATH3MPOBAHHOTO
NPOEKTHPOBAHHUS.

1.6. Metozbi pacueta maccei JIA u ee cocrasnsiowmx. Knaccudukauus mace JIA. HUrepaunonsocts
npouecca onpefesieHus maccel JIA. Onpepenenne maccel JIA W ee COCTaBISIOUIMX HA PA3THYHBIX ITANax
npoektuposanus. M3menenune macenl B mpoliecce npoekTUpoBaHus. 3aKoH «KkBajapara-kyba» u ero
BiUsHKE Ha Maccy JIA. MeToa BecoBbIX SKBUBANICHTOB. JINMHUTbLI Macchl M UX posib B npouecce
MPOEKTHPOBAHHS.

1.7. KomnoHoeka u uentposka JIA. TpoiicTBEHHOCTB NPOLIECCa KOMMOHOBKM: a’poJMHaMuuecKas,
00BEMHO-MACCOBAs U KOHCTPYKTHBHO-CHIIOBAs KOMIOHOBKA. [lenrposka JIA. OcoGeHHOCTH KOMNOHOBKH
W LICHTPOBKH pa3auuHbIX THIOB JIA. CBs3b LIEHTPOBKH, YCTOMYHBOCTH M YNIPaBJISEMOCTH.
ABTOMAaTHYECKHE CHCTEMBI /IS ONPE/IeIeHHs LIEHTPOBOK M Beca JIA. CHeTeMbl YTpaBJieHus M0J0KEeHHEM
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ueHTpa Tskectd JIA B nonere. [Npasuno naowaneii. O6ume Buasi JIA. KOMNOHOBOYHBIIH YepTex.
Teoperuyeckue ueprexu. Metomsl nocTpoenns 0680108 JIA. CucTeMBI FeOMETPHYECKOr0
MOJENUPOBaHKUs. ABTOMATH3ALIMS NPOLIECCA KOMITOHOBKH,

1: 2. IIpoeKTHpOBaHHE M KOHCTPYKIHH JIETATEIbHBIX ANnapaToB H HX arPeraToB

2.1. OBuue Bonpocsl KOHCTPyHpoBanus JIA 1 ux arperaros. [IpuHumnel koHcTpyuposanus JIA.
OBOMIOLIMA KOMIOHOBOK KOHCTPYKLHiA JIA., ®akTOp NpeeMCTBEHHOCTH KOHCTPYKLHIA. ITporHozuposanue
Pa3sBUTHA KOHCTPYKLMiA. MeToabl (PopMHPOBaHHS KOHCTPYKTHBHO-CHIIOBOI CXEMBL. Kpurepuu kauecrsa
u akTopsl, ero onpenensoLHMe. KoHcTpykumnoHHbie cnoco6bl obecrneyenus kauecTpa: MPOYHOCTh
KOHCTPYKLIHH, YCTONYHBOCTb, FePMETHYHOCTD, J0JIFOBEYHOCTD, HAAEKHOCTD.

Hopwmbi npounoctu. Koadduument 6ezonacHocTty. Hopmbl npounocTy u1st pasnuuHeix ciyuaes
HarpyxeHus.

A3poiMHaMHYeCKHe, JMHAMMYECKHE U TEMJIOBbIE Harpy3kH Ha JIA. Bansuue Temnepatypsbi Ha Hecylyio
CrOCOGHOCTb KOHCTPYKLMH.

Pacuerhbie ciyuan. Msmenenne Harpy3ok Ha pasiuuHbIx sTanax aKcrutyaTauuu JIA.

[IpoekTupoBanme onTHMANBHBIX KOHCTPYKLW] brosensiia, KOpryca, KpblibeB H TOMIHBHBIX GAKOB.
Hecyiuue u nonsecusie Gaku, hopmbl TonmHBHbIX 6akoB. OBeyaiiki TOMTHBHbIX 0akoB: rnaakue,
Ba(e/IbHbIE, CTPHHIEPHO-LUNAHTOYTHbIE, COTORBIE, ro)pupoBaHHsble.

MeToabl BeIGOPa OCHOBHBIX KOHCTPYKIHOHHBIX, TEMI03aIHTHBIX U TEMJIOM30JIIIMOHHBIX MaTEPHAsIOB.
[Ipouece npoextupoBanus uacreii JIA. OcHoBHbIe rapamerpsl yacteii JIA.

Metoap! onucaunus nosepxHocTeit arperatos JIA. BausHHue HHTEHCHBHOCTH BU/AA OeHCTBYIOLIEH
HAarpy3KH Ha KOHCTpyKLUHio JIA. HaaeKHOCT W pecype KOHCTPYKLIHH. BriGop KOHCTPYKTHBHO-CHITOBOI
cxembl. [TpuMeHeHHe METO1a KOHEUHBIX 3/IEMEHTOB (MK?3) npu npoeKTHpOBaHMH paLHOHATbHbIX
KOHCTPYKTHBHO-CHJIOBBIX CXEM.

Boifop matepuanos snemeHTOB KOHCTPYKLUH ¢ YY€TOM YCNIOBHH NPOU3BOACTBA, IKCIIYaTaLHMH,
MPOUHOCTH, JKECTKOCTH H J0JIFOBEHHOCTH.

2.2. TlpoexTupoBaHHe Kpblia, ONepeHus u opraHoB ynpasieHHs. OCHOBHbIE BECOBBIE U
45pOIHHAMUYCCKHE XapaKTEPHCTHKH KpbUIa. A3poAMHAMHUYECKas KOMIIOHOBKA KPbisia, THITbI npogunei
Kpblia, a3poJAMHAMHYeCKas U reOMeTpUYecKas KpyTKa.

[IpoekTupoBaHne MexaHH3aLMK U OPraHOB yrpaBieHus. Henocpeactsentoe ynpasnenue noabsemMHoii
CHJIOH. AZIaTITUBHBIE KPbLIb.

OcHoBHble XapakTepucTuky onepenus. Turmbt onepeHus. PacnosnoskeHne BEPTUKAILHOTO U
FOPH3OHTAILHOTO onepenust Ha JIA pasnuunoro HasHadenus. OnpeeneHHe OCHOBHbBIX napameTpoR u
XapaKkTepucTHK onepexns. BbiGop napameTpos opraHos ynpasnenus. AHanus u BbIOOP KOHCTPYKTHBHO-
CHIJIOBOH CXeMbl OnepeHust U pysieil. KOHCTpyKiMs nepecTaBHbIX U yNpaBiaseMbiX CTaOHIU3aTOPOB.

2.3. KoHcTpykums M npoekTpoBanue hrosenska (xoprnyca) u cunoBoi ycranosku. THribl 1
XapaKTePUCTHKH (ro3eisika: adpoMHaMHyYeckas KOMIMOHOBKA JIA pasiuyHOro HasHaueHus. «Hecyuiumii
(ro3ensi». AHaNM3 1 BLIGOP KOHCTPYKTHBHO-CHIOBOM CXEMbI ¢rosensa. Cunoas yssiska (rosensxa c
KPBLIOM, ONepeHHEM, ABHraTeIIMH. OCOOEHHOCTH KOHCTPYKTHBHO-CHIIOBBIX CXeM (ro3enskeii
coBpemeHHbIX JIA. KOHCTPYKTHBHBIE MEPONPUATHS 110 NOBBILLIEHHIO HKUBYUYECTH U pecypca (rosessukei.
Bnusnne repmMokabuH Ha KOHCTPYKTUBHO-CHIIOBYIO CXeMy (hro3ensKa.

TpeGoBaHus k CUII0BOI YCTAHOBKE, THITBI H XapaKTEPHUCTHKM ABUALIMOHHBIX 1 PakeTHbIX JABHraTesiei.
Jloruyeckas 610k-cxeMa NPOEKTHPOBAHMS CHIIOBOI YCTAHOBKM. YCTaHOBKa aBUraTesel Ha JIA.
Pasmelienne TonuBHbIX 6aKOB Ha 103BYKOBBIX U cBepx3ByKoBbIX JIA, TonsimBHble oTCcekH B
KOHCTPYKLMHK KOpriyca. 3alluTa KOpryca OT KHHETMYECKOro Harpesa. MeponpusTis no 3auure CHa0BOH



YCTaHOBKH H TOIUIMBHBIX DaKkoB oT MoKapa H B3pbiBa B [10JIETE.

2.4. Cuctemsl ynipasienus JIA. TpeGoanus Kk cucTeMe ynpasiieHus JIA pasinyHOro HasHayeHus.
3aj1auu NPOEKTUPOBAHMSA CHCTEM ynpaeienus, crabunmsaunu u Hasenenus JIA. Baxueiimue
XapaKTEPUCTHKH yNpPaB/IsIEMOCTH H HX CBSA3H ¢ mapamerpamu JIA. Bosmyiuarowme ¢axropsr. Cnocobs
YNpaB/ICHUA ¥ HaBEACHUs. ABTOHOMHbIE CHCTEMBI YIIPABIECHHS, CHCTEMbI TeJICYNPaBICHHUA, CUCTEMBI
CaMOHaBe/ICHHS.

Mcexonmbie nanmbie 115 npoekTuposakus 1 BLIGOP NapaMeTpoB pas/IM4YHLIX KAHAIOB YIPaB/EHHS.
KomaHzHbIe pbiuaru: THIIbI M KOHCTPYKLIMS, Pa3MeLlleHHe KOMAHIHBIX pbiyaroB Tunsl npoBoaok
YNPaBJICHUA, XapaKTEPUCTHKH HArPYIKEHUS, KOHCTPYKLMH. DIEKTPOANCTALMOHHBIE CHCTEMbI
ynpaBlieHHA. HpHHLlHI'lbI MOAKIHHYECHHSA UCTIOJHHUTEIbHbIX MEXaHHU3MOB, ruapaBjiH4yecKkHe YCHITHTEIH.
Obecneuenne TpeGoBanuii GezonacHOCTH nonera MpH NMPOEKTHPOBAHHH CHCTEM YTIPaB/ICHHUS.

Pe3sepsupoBanue cucrem. Ucnonesosanue cuctem ynpasieHus JIA ans ynydiiueHus ero neTHuix
XapaKTepHCTHK.

2.5. HanexHocTs, pecype u Ge3onacHocts noneta JIA. OCHOBHbIE MOHSTHS | MOKa3aTe/Iv HAIEKHOCTH.
CoBpeMeHHBI ypOBeHbL HANEKHOCTH ABUALIMOHHON 1 PAaKETHO-KOCMHYECKOW TEXHHKH, HaxonsLuecs B
IKCIUIyaTalMu. JKCIUyaTaUMOHHas TeXHONOrHuHocTh JTA. B3auMoCBS3b HAeKHOCTH H
IKCIUTyaTallHOHHOM TeXHOMOruYHOCTH JIA M ero cucTeMm.

TpeGoeanusa JIA no 6e3onackoctu nonera. OGocHoBaHue TpeboBaHHit N0 HAEKHOCTH U Ge30MacHOCTH
NIOJIETOB 1711 BHOBB NPOEKTHPYEMBIX JIA HX cHCTEM.

[Topsinok paGoT Mo KONHYECTBEHHOMY aHANH3Y CXEMHO HAEKHOCTH CHCTEM. Monenu u Mmetozp
KOJIMYECTBEHHOrO aHanM3a CXeMoii HaaesxkHocTH JIA B LIEJIOM M ero cucTem.

HanexnocTs, skuBydects, pecype u cpok ity k0bl KOHCTPYKLMK nnanepa JIA.

Harpysku, neficteyioiuue Ha JIA B nonere, UX LMKAMUHOCTD. M3MeHeHHe cOCTOSHMS KOHCTpyKLMu JIA B
YCNOBHSX SKCrUTyaTaunn. OCHOBBI OTPe/Ie/IeHHs Pecypea KOHCTPYKLIMM. DaKTOpbl, BAHAIOLIME HA
pecypc. Mcnbitanusa KOHCTpyKumK Ha pecype. [TyTH noseienus YCTanoCTHOM U KOPPO3HOHHOM

MPOYHOCTH KOHCTPYKUMH. Binsnue ycnoBuii skennyaraumu Ha Haae:kHOCTb, pecypc u Ge3zonacHocTs
nosera.

3. IIpou3BoACTBO JleTATEILHBIX ANNAPATOB

3.1. OcroBbl TexHOMOrMM Mpou3BoacTBa JIA. OCHOBHBIE IOHATHS TeXHOTOMHH npoussoacTea JIA.
[TpousBoncTBeHHbIH NpoLiece M ero cocTasioLIMe. KoHCTpyKTOpCKHE M TEXHONIOrHYECKHE METOIbI
obecrieyenns kauectBa. TeXHONOrHYECKHE METOIbI CO3AAHMS BbLICOKOHA/IEXKHBIX W JI0JITOBEYHBIX
KOHCTpyKumi JIA. CocTosiHHE MOBEPXHOCTHOrO CJIOS AETa/H, OCTATOYHBIE HaMnpsHKeHKs B HEM M HX
BJIHAHHE HA pecypc 3Toi Jetanu. OGLume NpUHIKIBI 06ecTieYeHHs TOYHOCTH U3rOTOBICHHS AeTaleli B
AT. TIoHATHE O TOYHOCTH M TIPOU3BOACTBEHHBIX NorpeiHocTaX. Merobl KOHTPOJIS TOYHOCTH U
YCTOHYMBOCTH TEXHOJIOrMYECKUX NpoLieccoB. OCHOBHbIE CBECHMS O 5a3ax. [1paBuna Gasuposanus npu
M3rOTOBJICHHUH aeTanel u cOopke.

Metoabl obecnieuenus B3aUMO3aMEHIEMOCTH B npoussoacTse JIA. TToHsTHE O B3aHMO3aMEHIEMOCTH 1
YBS3KEe pa3MepoB Aetaneid.

XapaKTepucTHKa M1a30Bo-1a6I0HHONO METOA U3rOTOBJIEHHS JeTalel 1 cbopku JIA. Teoperuueckue
T1a3bkl M OCHOBHBIE 1a0/I0HbI. MeTo/Ibl yBA3KH pa3MepoB 1EMEHTOB H3/eHs ¢ OMOLIbI0 DBM.
Obuwe u yacTHele TpeGoBaHus TeXHONOrMUHOCTH. [TOKA3aTeH TEXHONOrMYHOCTH. ITocnenorarensHocTs
ofecneyeH!s TEXHOMOrHYHOCTH KOHCTPYKLIH MPH NPOEKTHPORAHHMH.

[Tokasarenu skoHOMHUueCKo# dpekTHBHOCTH. TexHOMOrHYecK e METO/1bl MOBLILLEHHS
NPOU3BOAHTENILHOCTH Tpy/ia. TexHonoruueckas ce6ecTONMOCTE, CTPYKTYpa 1 MYTH €€ CHWKEHUSI



TEXHOJIOrHYECKHMH METOaMU.

3.2. Ilpouecchl u3roTosaenus aeraneii JIA. TenaeHuuu B Pa3BHTHH COBPEMEHHOTO Npou3BoacTea JIA.
Knaccudukauus neraneit, 3arorosok u noJ1y(pabpHUKaTOB M3 METAIOB U KOMIO3HLIHOHHbIX MaTepHaoB.
[Ipouecchbl packpos 3aroTook u nonyabpuKaToB.

Hsrotosnenue neraneii JIA usruGom. AHanuTHYECKHE METOIbI pacuera ynpyroro Bo3Bpara, npeesbHoii
creneHu AedopManuu 1 yeunus npu u3rube. Buap MPOLECCOB rHOKH JIMCTOBBIX U MPOGHILHBIX
3arOTOBOK.

Hsrotosnenue neraneii JIA o6TsKKOIN.

Knaccndukaums neranei, u3rotonsemsix 06THKKOM, 1 NPOLECCOB, MPUMEHAEMBIX MPH ITOM.
Hanpskenno-nedopmuposantoe coctosnue 3arotoBku. TeXHOTOrMYHOCTE JeTaneii, U3roToBISEMbIX
OOTHKKOM.

Msrorosnenne netaneii JIA BbiTskkoil u hopMoBKO# pesunoi. Knaccudukauus aeraneii u Buaos
npoueccos. THroBo# aHanu3 HanpsKeHHO-AeHOPMUPOBAHHOTO COCTOAHMS 3aTOTOBKH.
BbICOKOCKOPOCTHBIE, BLICOKOIHEPreTHYECKHE npoueccel H3rotoeneHus JIA. @usnueckas cyuHoCTh
PacCMaTpUBACMBIX TEXHOIOTHYECKHX MPOLIECCOB. [TepcreKTHBhI NPUMEHEHHS YKA3aHHBIX [POLIECCOB.
[Ipoueccel coznanns 3anaHHbIX CBOHCTE MOBEPXHOCTHBIX cJ10eB AeTaneid. KoMnnekcHas
(opmoobpasyrowmas 1 ynpounsiomas o6paborka KpynHorabapuTHbIX aetanei. Orpaborka
TEXHOJIOTHYHOCTH JieTalel, NoiBepraemMbiX YNpoOuHEHHIO,

[Tpoueccer usrotosnenns aeraneii JIA yaanenuem NpHIYyCKa U X0I0HBIM AehopMUpOBaHHEM.
Hsrotosnenue neraneii anekrpodmsnueckumu u EKTPOXHMHYECKUMH METOaMH.

TexHosornyeckue npoueccs TepMHYECKOi 06paGOTKH M CO3IAHMS 3ALHTHBIX NOKPBITHIA.

OcHoBHbIe JTalbl M MOCIEI0BATENBHOCT MPOEKTHPOBAHHA TEXHOJOTHYECKHX MPOLIECCOB H3rOTOBJIEHMS
Aetanei. Menonb3oBanue METOIOB THNM3ALMK H IPYTINOBOIA 06paboTkH.

3.3. Tpouecchi cGopku y31108  arperatos. O6bem, coaepkaHHe U ycnoBus cOopoyHbix pabor B
npousoacTse JIA. OcHOBHBIE CHCTEMBI Ga3upoBaHKs, IPUMEHSEMbIE npu cbopke Kopryca 06beKToB
PAKETHO-KOCMHMU€ECKOH TeXHHKH W M1aHepa camoseTa. BapuanTsl 6a3upoBanus sneMeHToB niaaHepa ¢
MOMOLIBIO yCTAHOBOYHbIX (PUKCHPYIOLLMX OTBEPCTHIT. BapuanThl GasupoBaHms 51eMeHTOB, BHIXOAALLMX
Ha BHEIIHHWH KOHTYp.

XapakTepUCTHKa NPOLECCOB coeanHenHii. Knaccudukatms MPOLECCOB BBIMOTHEHHA COEAMHEHH.
OcratouHble HanpsykeHHs, BOIHUKAIOIIHE PH cBOpKe. [Ipr4nHBI BOSHHKHOBEHUS M 3HAYEHHE
OCTAaTOYHbIX HaNpsKkeHHH. OCTATOUHbIC HANPIKEHHUS B KOHCTPYKLIMAX M3 KOMIO3HIIHOHHBIX
MaTepHasoB.

OcHoBHble nonoxkeHns GOPMUPOBAHHS TEXHONOTHYECKOTO WieHEHHUS. Crpykrypa cbopouHoi eauHuLbI 1
€€ TeXHOIOrHYHOCTL NpH cOopke. O dopme cOOpoUHbIX eauHmLL. Y caopus popmupoBaHus rpauuil
COOPOYHBIX €UHULI.

[IpoekrupoBanue npoueccoB cGopkHM y3110B 1 arperaTos.

XapaKkTepucTHKa y3oB Kak 06beKToB cGOPKH. Crpykrypa c6opouHoro yana. BuiGop ycraHoBounbIx 623
Asist COOPKH. AHanM3 TOUHOCTH COOPKHM. XapakTeprCTHKA CoeAMHEH I, BO3MOMKHOCTH MeXaHHU3aLHH
MPOLIECCOB WX BBIMOIIHEHHS.

Yeaosus nocrasku Aetaneii Ha c60pky. Yuer jkecTkocTH netaseil rnpu cbopke. [Tpumeps cGopkH y3110B ¢
COCAMHEHHAMM TJIaBIEHHEM, HA OCHOBE a/ire3MH M C MEXaHHYECKUMM COEIMHEHHAMM.

C6opka y310B U3 KOMIO3ULMOHHbIX MAaTEPHATIOB.

Crioco6bl hopmMooGpasoBaHms Y3108 U3 KOMIO3MLMOHHBIX maTepuaios. Beibop ocHacTku ass npoueccos
cbopku u otBepikaeHHs. OGecrneyeHHe TOYHOCTH Y3710B M3 KOMMO3HLHOHHbIX MaTepHanoB. OcobeHHOCTH
MEXaHHUYECKHUX COCJAMHEHHH AeTaNel U3 KOMMO3HLIMOHHBIX MaTEPHANIOB.

XapakTeprcTHKa arperatoB Kak 00beKToB CGOPKH.

CtpykTypa arperatoB kak cGOpPOUHON eIUHHLBL. AHATH3 BO3MOKHOIO WICHEHHUS. Bei6op yctaHoBouHbIX



6a3 s noacGOpoK. AHANIN3 TOYHOCTH cOopKy.

XapaKTepHcTHKa COEAMHEHHH, AHATN3 BO3MOMKHOCTH MEXaHW3aLUMH KX BbINOJIHEHHs. Beibop BapuanTa
TEXHOJIOTMYECKOro YIEHEHHS. YC/0BUs NOCTAHOBKY AETalNel H Y3/10B Ha cbopky arperara. OcoGeHHOCTH
cOopkH repmeTHuHBIX arperaToB. Ucnbitanue repMeTH4YHbIX 0TcekoB. ObecneyeHne
B3aHMO3aMEHACMOCTH OTCEKOB H arperatos Mo CThIKAM C APyTMMM arperatam.

3.4. Tlpouecchbl okoHYaTENbHOM CHOPKH, MOHTAXKA M HCTBITAHHS cHeTeM JIA. [IpenBapurenshas
CThIKOBKA arperatoB. TpeGoBanusa k arperatam, NOCTYNaroLINM Ha OKOHYaTeNbHYO cOopky. Bnusnue
KOHCTPYKLHH CTbIKa Ha TPYJAOEMKOCTb CTHIKOBOUYHBIX paboT.

MowTax u ucnbiTanus cucrem. Iogroroeka arperartos rnjaHepa Ui MoHTaka o6opyaoBaHus. MoHTaxk
Tpybonposoaos. Buasl ucnbitanuii cuctem obopynoeanus JIA.

[Tpouecce! ucnbiTanmii y3nos, arperatos u JIA B uenoM. Busl 1 0CHOBHbIE 3ana4u uensiranuid (FOCT
16504-81): npuemocaarounsie (IICH), KOHCTpYKTOpCKO-10BoI04HbIE (KJIH), KOHTPO/bHO-BEIGOPOUHBIE
(KBH), nepuoanueckue (ITH). Knaccudukauus u obias XapakTepPHCTHKA UCOBITAHUH 1O
BO3ICHCTBYIOLUMM (hakTOopaM. HUcrbiTanus Ha UHeiHbIe neperpysku, BUOpOAMHAMHYECKHE,
TEPMOBAKYYMHbIC, KIUMATH4YECKHE. XapaKTepPHCTHKA MPOLIECCOB THEBMO- M THAPOHCTILITAHMIA. ITpouecc
H CpeNCTBA UCTILITAHUH KOHCTPYKLMI Ha repMeTH4HOCTD. [ToHsTHe repmeTHYHOCTH, KOHTPOJILHOTO H
MpOGHOro BeLecTBa, 1ETEKTOPa TeYEMCKaHMS, 1y BCTBUTENbHOCTH HCTIbITAHHIH, CrIOCOOBI OLIEHKH CTENeHH
HerepMeTHYHOCTH. O0Lias XapaKTepPHCTHKA METOI0B M CIOCOBOB MCTILITAHMH M 0612CTh HX NPHMEHEHHS.
Buael uenbirannii JIA u ero cuctem B npouecce I'C. Onpenenenne reomeTpuuecknx napametpos JIA u
ero arperatos. FOcTHpoBKa NoCaso4HbIX MECT 15 YCTAHOBKH npubopos. OnpeseneHre noaoKeH s
BEKTOpa TATH ABUTaTeNbHOM ycTaHOBKH. Onpe/iesieHne NoNoKeHHs LIEHTPa Mace, CTaTHYecKas 1
AvHaMu4eckas GanaHcupoBKa.

3.5. TexHonornyeckas noAroToBKa cepuHHOro npouseoacTBa. OCHOBHBIE 3a1a4H TEXHONOMHYECKOM
NOArOTOBKH cepuitHoro npoussozctea JIA. OrpaGorka KOHCTPYKUMH JIA Ha TEeXHONOrMYHOCTE
[poekrupoBanme, MOHTaX 1 yBA3KA CEOPOUYHON OCHACTKH. [IpoekTupoBanue cGopounbix
npHcnocobeHnit. MonTask c60pouHbIX npHcnocobeHmii. Pa3mepnas yBsizka c60pouHbix
npUcnocobneHHH.

3.6. YnpasneHue pa3paboTKoii, aBTOMATH3ALIHS MPOEKTUPOBaHMA, KOHCTPYHPOBAHUS W MPOM3BOICTBA.
MHoroypoBHeBoe nporpamMmHo-LeneBoe ynpasienue pa3paboTkoid. 3aaaun MakponpoeKTUPOBaHHS.
[locranoBKa 3aaa4um onTUMU3ALIAK ynpaenenus pa3paborkoid. Jlekomnosuums obiei 3aaaun. Buap
HEOTPE/IENICHHOCTH W MX y4eT. MeTOabl ONTUMH3ALIMKM PelieHH i C y4eTOM KOMIPOMUCCHOTO Xapakrepa
3ajla‘iv, AMHAMHUKH U HEOTIPE/Ie/ICHHOCTel . MeTo/Ibi MaTeMaTHYeCKOro MporpaMMHpOBAHHS.
CratucTHuecK it METO MHOTOYPOBHEBO# COracOBAHHOIN ONTUMH3ALHHK MPOEKTHBIX pelLleHHH.
MeToauk peleHus NPOEKTHBIX 3a]a4 ¢ YYETOM PHCKa 1 KOMIpomMHcca, MeToauka KOMIIeKCHOM
ONTHMH3ALIMH KOHCTPYKTOPCKO-TEXHONOrMYECKHX MapaMeTPOB W3/EIHi.

[lytn popmanusaumm npouecca npoekruposanus, He(opmanuzyemble yciosus. Posib coBpeMeHHbIX
BBIYMCIMTEBHBIX CpecTB. MaTtematnueckas GopmyaupoBka 3aaau npoekTupoBanus. JIMHAMHuYeCK e
METO/1bl ONTHMH3ALIMH. BO3MOKHOCTH MallIMHHON KOMIMOHOBKH.

[IpuHumMnbl Opranmsaumu u cTpykTypa crcrem aBTOMATH3HPOBAHHOIO NPOEKTHPOBAHMSA W
konctpyuposanus (CAIIP). Kommnieke Texnuueckux cpencts, MaTeMatuueckoe obecrieuenue, GaHku
AaHHBIX, NAKEThl NPUKIAAHBIX nporpaMM. Posib uenoreka 8 CATIP,

[TpuHLKMnbL pa3paboTkK U CTPYKTYpPa MaKeTOB NPUKIAAHBIX nporpamm. Moy abHbli npuHLMN
noctpoexus dyHkunoHansHbix 610ko CAIIP. Vripasnenue npoueccamu paspaborku npoekra. brok-
CXEMa HEKOTOPbIX TUITMHYHBIX KOMIUIEKCHBIX NNPOrpaMM MPOEKTHOrO aHanu3a U cuHTe3a JIA u ero
MOJACHUCTEM.

MexaHu3alus ¥ aBTOMATH3ALMUA TEXHONOMMUECKHX npoueccos. Tpebopanus k KoHCTpyKuuH JIA,



obecneyuBaroLIMe BO3MOKHOCTD dBTOMATH3aLIMK €r0 U3rOTOB/ICHUS. ABTOMATH3MPOBAHHbIE CHCTEMb]
MPOCKTHPOBAHHMA TEXHOJIOTHYECKHX NPOLIECCOB (ACTITII).
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