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TEOPETHYECKHE OCHOBBI ITPOEKTHOM AESATEJHbHOCTH
TpeOGoBanus, MpeabSIBISIEMbIE K TEXHUYECKUM 00BEKTaM

[Ipu pa3paboTke TEXHUUYECKOTO O0BEKTa HEOOXOIMMO YUYUTHIBATH TPEOOBAHMSI,
KOTOPBIM JIOJDKEH YIIOBJIETBOPSATH MIPOCKTUPYEMBIN OOBEKT.

B 1950 r. nemenkuii urxenep ®. KeccenbpuHr npeanpuHsII MOMBITKY cOOpaTh
BCe TpeOOBaHUs, KOTOPHIE CTABAT MEpel COO0H KOHCTPYKTOPBI, C TEM, YTOOBI B KAUECTBE
JEKOMIO3UIIUK TMPOIECCa MPOCKTUPOBAHUS, T.€. Pa3ACICHUSI CIOKHOW 3a/lauyd Ha Psij
0oJiee TPOCTHIX, NPEBpPaTUTh MPOCKTUPOBAHHE B TMPOLECC MOCIEAOBATEIHLHOIO
YAOBJIETBOPEHUSI OAHOTO TpPEOOBaHUSI 3a JPYTUM - MOJIOOHO IIKOJBHOM 3ajaue B
HECKOJIbKUX JICUCTBUIX.

Cnucok ®. Keccenbpunra Bitouan 0osnee 700 TpeboBaHuid. ITO ObLIT HEMOJHBIN
CITMCOK, CerojHs n3BecTHO Oosiee 2500 TpeboBaHMiA.

KeccenbpuHry He yAalloCh PEIIMTh MOCTABICHHYIO 337ady, MOCKOJIbKY MHOTHE
TpeOOBaHMs MPOTUBOpPEUAT ApPYT Apyry. Hampumep, TpeOoBaHHe MOBBIIIEHUS YPOBHS
ABTOMATHU3ALMM TEXHUYECKOr0 OO0bEKTa MPOTUBOpEYaT TpPEeOOBAHUIO BCEMEPHOTO
YIPOILEHHS KOHCTPYKIIMH U T.[I.

Takum o00pa3zom, B KaKIOM CilIy4ya€ KOHCTPYKTOp [OJDKEH pellarbh, Kakoe
TpeOOBaHUE CIEAYET yAOBIECTBOPSTh, @ KAKUM CIIEAYET MPeHEOpeyb.

Tem He MeHee, CyIIECTBOBAaHUE CIHCKAa TPEOOBAaHUN M €ro IONOJIHEHHE
Ype3BbIYAMHO TOJIE3HO, MOCKOJBKY 3aCTaBiIsSIeT OOpaTUTh BHHUMAHHUE Ha TE€ CTOPOHBI
00BEKTa, KOTOPBIE MOAYAC KaXyTCs OaHATbHBIMMU, a Ha JIEJI€ YIIyCKAatOTCs.

Huxe npuBeaeHbl HEKOTOPbIE TPUMEPHI TPEOOBAHMUIA:

- MOJYMHATh KOHCTPYMPOBAHUE 33]a4€ YBEIMUYEHUSI SKOHOMHUYECKOTo 3ddekra,
OINpEESIEMOr0 B MEPBYIO OUEPEIb MOJE3HON OTAaueil MallluHbl, €€ JOJITOBEYHOCThIO U
CTOMMOCTBIO 3KCILTyaTallMOHHBIX PACXOJ0B 32 BECH MIEPUO UCIIOJIB30BAHUS MAILIUHBIL;

- ,Z[O6I/IBaTBC$I MaKCHMaJIbHOT'O MOBBIIICHUS MOJIC3HOU OTJa4uu IMYTEM YBCIIMYCHUA
IMPONU3BOAUTCIBHOCTH MAIIMHLBI U 00BbEeMa BBIIOIHIEMBIX €HO onepam/lﬁ;

- )IO6I/IBaTBC$[ BCCMCPHOI'0O CHHIKCHHA PACXOJ0B Ha OJKCIIyaTaluio MalllhuH
YMCHBIICHHUEM 3HepFOHOTp€6HeHI/IH, CTONMMOCTHU O6CJ]y}KI/IBaHI/I$I H PEMOHTA,

- yBENWYMBATh CTENEHb AaBTOMATH3AllMM MAIIWH C IICJIBI0  YBEIMYCHUS
IPOU3BOJAUTEIILHOCTH, TOBBIIICHUS KayecTBa MPOAYKIIMU W COKpAIEHUs 3aTpaTr Ha
pabouyro cuiy;

- YBCIINYUTH JOJITOBCYHOCTH MAIlINH,



- obecreynBaTh JUIMTEIBHBIA MOPAIBHBIN CPOK CIYXKObI, 3aKIa/bIBasi B MAITHHBI
BBICOKME MCXOJHBIC IIApAMETPBI M NpPEAyCMAaTpUBas pE3EPBbl  Pa3BUTUSA U
COBEPUIEHCTBOBAHUS MAIllVH;

- 3aKJIaAbIBaTb B MallMHBI IMMPCAINOCBIIKH I/IHTCHCI/I(i)I/IKaHI/II/I HUX HCIIOJB30BaHUA
IMOBBIICHNEM YHUBCPCAIIBbHOCTH N HAACIKHOCTH,

- nopeaycMarpuBartb  BO3MOKHOCTL  CO3JaHUA  NPOU3BOAHBLIX  MallWH C
MaKCHUMAaJIbHBIM HCITIOJIb30BAHUCM KOHCTPYKTHUBHBIX 3JICMCHTOB 0a3oBoit MallIuHBbI;

- CTPECMHUTHCS K COKPAIICHUIO YMUCJIa TUIIOPA3SMCPOB MAIlIWH;

- CTPEMHUTHCS K YCTPAHEHHUIO KAMMTAIBHBIX PEMOHTOB 3a CUET HAJIWYHUS CMEHHBIX
4acTei;

- IIOCJICOOBATCIIbHO BBIACPKUBATD IIPUHIUII aIrperaTHOCTH,

- HCKJIIOYAaTh HEOOXOIUMOCTh IMOJ0Opa M MPUTOHKHM JieTajeil mpu cOopke,
oOecrieunBasi UX B3aMMO3aMEHAEMOCTb;

- UCKJIIOYWUTH OIICpallMM BBIBEPKH, PETYJMPOBKHU ACTaJCh U Yy3JI0B IO MECTY;
npeaycMaTpuBaTh B KOHCTPYKIIUMHU, (DUKCHUPYIOIIME JJIEMEHTHI, O0O0eCTeUnBAIONIUE
PABUWIHHYIO YCTAHOBKY JIETaIeH U y3JI0B TIPH COOPKE;

- oOecrieunBaTh Bac OKYIO TIPOYHOCTh JeTalied 3a CYeT NpPHIAHUS WM
parMoHAIBHBIX (OPM, TPUMEHEHUSI MAaTEPUAIOB IMOBBIIIICHHOW MPOYHOCTH, BBEICHUS
yIpouHsitolei 00paboTKu;

- B MAaIllUHBI, Y3JIbl WU MEXaHU3Mbl, paloTaromme NpU UKIUYECKUX U
JMHAMMYECKUX HaArpy3kax, BBOIHUTH YINPYTHUE€ 3JIEMEHTHI, CMsrvarouie KosieOaHus
Harpys3Ky;

- JienaTh MAaIIMHbl HENPUXOTIMBBIMU K YyXOAY, YCTPaHATH HEO0OXOIUMOCTH
NEPUOANYECKON PETYIUPOBKH U T.J.;

- OpeAynpeXaaTh BO3MOKHOCTh NMEPECHANPSIKEHUS MAIIUHBI, JJISI YETO BBOIAUTH
ABTOMATUYECKHUE PETYJSATOPBI, IPEIOXPAHUTEIBHBIE W TMPEACIbHBIE YCTPOWCTBA,
VCKJTIOYAIOIIHAE BO3MOKHOCTb 3KCILTyaTallid MallMHbl HA OMMACHBIX PEKUMAX;

- HCKJIIOYaTh BO3MOXKHOCTh HEMPAaBWIBHON COOpKHM JeTaledl H  y3IO0B,
HYK/IAIOUIMXCS B TOYHON B3aUMHOW KOOPAWHAIIUU, BBEJICHUEM OJIOKUPOBKHU;

- 3aMEHATH NEPUOIUUECKYIO CMA3Ky HEMMPEPHIBHON aBTOMATUYECKOM;

- u30erarthb OTKPBITBIX MCXaHHU3MOB U IICPCAAY,



- o0ecne4nTs HaJIC)KHYI0 CTPaxOBKY pe3b00BBIX COEIMHEHHI
OT CaMOOTBOPAYMBAHHS;

- IpeAYyNpPEXIATh KOPPO3UIO AETaJICH;
- CTPEMUTHCA K MUHUMAJIbHOMY BECY MAalllMH U MUHUMAaJIbHON METaIJI0EMKOCTH.

Ha sTom myHKTE CTOMT OCTaHOBUTHCS 0c000. Llemblii pan pakToB roBOPUT O TOM,
YTO B YaCTH METAJUIOEMKOCTH KOHCTPYKIMHU MBI €€ CUJIBHO OTCTAaeM B psiJIe OTpaciieit
MaIlIMHOCTPOEHUS OT PA3BUTHIX KAITUTATUCTUUECKUX CTPAH.

Tak, maTepuanoeMkocTh 3kckaBatopa D0-6121 Ha 9 TOHH BbIIE HKCKaBaTOpa
¢bupmel [lokneiin (OPI), Gamennsiii kpan Kb-405-2 wa 26 TOHH TspKenee aHaiora,
BbIyckaeMoro (¢upmoii Peitnep (PPI), metamnoemkocts Tpaktopa T-130M  Bbile
amepukanckoro ananora /[-7P ma 730 xr. ¥V "Kamaza" Ha | T rpy3omoapeMHOCTH
npuxoauTtcst 877 Kr coOCTBEHHOTO Beca, a y "Marupyca" (OPI') - 557 xr/ 1 1.

Ha nepeBo3ky n30bITka coocTBeHHOTr0 Beca "Kamas" nepepacxonyet Ha 1 mamuny
3 T/ron.

Jlanee nepexoium K CIETYIOUIUM:
- BCEMEPHO yIPOIaTh KOHCTPYKIIUIO MAIIWH;

- 3aMCHATHb, I'A€ O5TO BO3MOXHO, MCXaHU3MBbI C HpSIMOJII/IHefIHI)IM BO3BpPATHO-
IMOCTYIIATCIIbHBIM ABHKCHUCM MCXAaHN3MAaMHU C BPaIlaTCIIbHBIM JIBHIKCHHUCM

- obecrieunuBaTh MAaKCHUMAJIbHYIO TCXHOJIOTUYIHOCTD ,Z[eTaJIeﬁ H y3JIOB,

- COKpalaTth 00bEM MEXaHWYECKOM 00padOTKH, MpeaycMaTpuBasi U3TOTOBIICHUE
3aroTOBOK ¢ (pOpMOM, MPUOIHKAIOIICHCS K OKOHUATEIIbHOU (popMe U3eus;

- OCYIIECTBJIATh MaKCUMaJbHYI0 YHH(UKAIMIO JJIEMEHTOB B MPUMEHEHUE
HOPMAaJIM30BAHHBIX JICTAJIEH;

- OKOHOMUTDB JOPOTOCTOAIIC U )IG(I)I/IIII/ITHBIC MaTCpUalbl,

- MpuAaBaTh MAaIIMHE MPOCTbIE W TJaJKWE BHEUIHUE (POpPMBI, OOseryaroume
COJZIEp’KaHME MAIIUHBI B OIIPSITHOM COCTOSIHUH;

- co0m01aTh TpeOOBAHUS TEXHUYECKON ICTETUKHU;

- JenaTh JNOCTYMHBIMH M YyJOOHBIMH IS OCMOTpa Y3/bl, HYXTAIOIIHECS B
MEPUOIUYECKON TTPOBEPKE;

- obecrieunBaTh 0€30MIACHOCTD IKCILTyaTalluU arperara;



- HEINPEpPHIBHO COBEPILICHCTBOBATh KOHCTPYKLHUIO MAIIUH, HAaXOIALIUXCSA B
CEpUMHOM IIPOU3BOLICTBE;

- IIPY IPOEKTUPOBAHUH HOBBIX KOHCTPYKLHUU IIPOBEPATH BCE JIEMEHTHI HOBU3HBI
JKCIIEPUMEHTOB;

- IIMPE HUCHOJIb30BATH OMNBIT UCIIOJHEHHBIX KOHCTPYKLMMH, ONBIT CMEXHBIX, a B
HY’KHBIX CITy4asX U OTAAJEHHBIX M0 NPO(UITI0 OTpaciell MaIMHOCTPOEHUS.

PasymHoe coderanue TpeOOBaHUI JOCTUTaeTcs ONTUMHU3AIMEN KOHCTpYKIuu. B
HEKOTOPBIX CIy4YasX 3aJa4d ONTHMM3ALHMM PEHIAIOTCS JTOCTAaTOYHO NMPOCTO. B npyrux
CIIy4asX pEeUICHUEM TAKUX 3a/1a4 MPUXOJUTCS 3aHUMATHCS LENBIMU HHCTUTYTAMHU.

N3noxxenHbie TpeOOBAHUS HE SIBJISIIOTCS PA3pO3HEHHBIMU, HUKAK HE CBA3aHHBIMU
Ipyr C JpYrom cily4ailHbIMH pekomeHJanusMu. OHHM  SABJISIOTCS  OTpaKEHUEM
Bo3neicTBust coBpemenHod HTP na texuuky. B pabore "HTP u npeunmyniecta
cormanusma', [Meicib, 1975] ormeuaercs: "O06o001eHre TEHACHIIUN PA3BUTHS TEXHUKU
U Hay4YHBIX pa3pabOTOK JacT BO3MOXKHOCTh OTMETHUTBH CIIEIYIOIIHNE OCOOEHHOCTU
CO3/1aBacMbIX pabOYHMX MAIIIHMH:

A. B o0nactu uCnosib30BaHUs CWJI NPUPOABI - BCE OOJIBLIEE MCIOIb30BaHUE
(¢u3nyecKux, XUMHUYECKHUX, OHOJIOTMYECKUX MPOILECCOB, MEPEXO] K KOMIUIEKCHOU
TE€XHOJIOTUH, HOBBIA BHUJAM JABWKEHUS MATEpUHU, BBICOKMX W HHU3KMX MOTECHLIHAJIOB
(aBiEeHUM, TEMIIEPATYP U T.IL.).

b. B o0nactT KOHCTPYKIIMOHHBIX M OPTaHU3AIMOHHO-TEXHUYECKHX (GOpM -
MOBBIIICHUE EIWHUYHOM MOIIHOCTH, MHTErpanus MPOLECCOB B OJHOM OpraHe, pocCT
IPOYHOCTU  CBsI3eH, oOecneyeHue JUHAMUYHOCTH  KOHCTPYKIMH,  IIHPOKOE
UCIIOIb30BaHUE HCKYCCTBEHHBIX MAaTEpHaOB, MHTErpalisi MAllMH BO BCE OOJIbIINE
CHUCTEMBI-JIMHUM, YYaCTKH, y3JIbl, KOMIUIEKChI. Pa3BUTHE NTUHAMUYHOCTH JOCTUTAETCS

TIOBBITIICHHEM CTaHJIapTH3AIIHH, YHUPHUKAIUH,
YHHUBEpCATU3aIH, OJIOYHOCTH M arperaTUpOBaHusl. JTa JUHAMHYHOCTh OTPaKaeT
MHOT000pasue byHKIMA TEXHUKHU. [Iporpecc xe
CTaHJapTU3AINH, arPETaTUPOBAHUS XapaKTEPU3yeT €MHCTBO TEXHUKA Ha

€CTECTBEHHOHAY4YHOU OCHOBE.

B. B obnacti mpuUHIMIIOB BO3ACWUCTBHS HA TPEAMET TpyJa - MaKCUMaIbHO
BO3MOXHOE, TMPSIMOE HCIOJb30BAHUE CHJI MPUPOJABI, TEHACHUUS K H3MEHEHHIO
(GyHIaMEHTAIbHBIX OCHOB IepepadaThIBa€MbIX BEIIECTB W MOJYyYEHHE KOHEYHOIO
MPOAYKTA.

Mexanusmut u ux Kraccugpukayusn



MexaHu3Mbl, NPUMEHSIEMbIE B COBPEMEHHBIX MallMHAaX M CHCTEMax, BEChbMa
MHOT000pa3Hbl U KJIACCU(DULHUPYIOTCS 110 MHOTUM MTPU3HAKAM.

1. Ilo o0nacTh npuMeHeHHs U PYHKIMOHAIIbBHOMY Ha3HAYEHUIO:
- MEXaHU3MBbI JIETATEIbHbBIX allapaToB;

- MEXaHU3MBbI CTAHKOB;

- MEXaHU3MbI Ky3HEUHBIX MAIIUH U IPECCOB;

- MEXaHU3MBbI IBUTaTENe BHYTPEHHETO CrOPaHUs;

- MEXaHU3MbI IPOMBILUIEHHBIX POOOTOB (MaHUITYJISITOPBI);

- MEXaHNU3MBblI KOMIIPECCOPOB;

- MEXaHU3MbI HACOCOB U T.[.

2. Ilo Buay nepenarouHoit GyHKIIMN HA MEXaHU3MBI:

- C IOCTOSIHHOM MepeaToOuHOl QyHKINEH;

- C IEpEMEHHON NepeaTOuHON (PyHKIINEH:

- C HEperyaupyeMon (CHHYCHbIE, TAHT€HCHBIE);

- C pEryJIMpyEMON:

- CO CTYTIEHYATHIM PETyJIUpPOBaHUEM (KOPOOKH mepeay);

- ¢ OeCcCTyNneHYaThIM PETyJIUpOBaHNEM (BapuaTOPHhI).

3. [To Buay npeobpa3zoBaHus ABUKEHUS:

- BpalllaTeJIbHOE BO BpallaTeIbHOE (PEIyKTOPhI, MYJbTUILUIUKATOPBI, My(PTHI)
- BpalaTeIbHOE B MOCTYNATENbHOE;

- IOCTYNAaTeJIbHOE BO BPAIlATEIbHOE;

- IOCTYIATENbHOE B MOCTYIATEIBHOE.

4. TTo ABMXKEHUIO U PACIIOJIOKEHHUIO 3BEHBEB B MPOCTPAHCTBE:
- IPOCTPAHCTBEHHBIE;

- IJIOCKUE;

- chepudeckue.

5. Ilo u3MeHAEMOCTH CTPYKTYPBl MEXaHU3MA HA MEXAHU3MBI:



- C HEU3MEHSEMOU CTPYKTYpOHU;

- C UBMEHSIEMOU CTPYKTYPOH.

6. 1o yncy NOABMIKHOCTEN MEXaHU3Ma:

- C OJJHOM MOJBMKHOCTRIO W =1;

- C HECKOJILKUMU TOABMKHOCTAMU W > 1:

- CyMMHUpYIOUIUE (MHTETpaAJIbHbIE);

- pazaensitomue (nuddepeHnanbHbIe).

7. ITo Buny kunemaruueckux nap (KII):

- ¢ am3mumH KIT ( Bce KIT mexanusma Husmue );

- ¢ BeicuuMu KII ( xots 6b1 ogna KII Beiciias );

- wapHupHble (Bce KII mexanns3ma BpamarenbHble — IapHUPHI).
8. I1o cocoOy nepenayuu u mpeoOpa3oBaHUsl MOTOKA YHEPTUH:
- ppuKITMOHHBIC (CICTUICHHS ),

- 3aLEIUICHUEM;

- BOJIHOBBIC (CO3/IaHKE BOJTHOBOM JedopmaIun);

- UMITYJIbCHBIE.

9. I1o popMe, KOHCTPYKTUBHOMY UCTIOJTHEHUIO U ABUKEHUIO 3BEHBEB:
- PBIYQXKHBIC;

- 3y0uarhie;

- KYJIAYKOBBIE;

- (ppUKIIMOHHBIE;

- BUHTOBBIC;

- YEPBSUHBIE;

- IUIAaHETapHBbIC;

- MAHUITYJISITOPBIL;

- MEXaHU3MBI C THOKUMH 3BEHBSIMH.



Kpome Toro, cymectByer OOJBIIIOE YHCIO pPa3IUYHBIX COCTaBHBIX WM
KOMOMHUPOBAHHBIX MEXaHU3MOB, MPEICTABIAIONIUX COOON T€ WM WHBIE COYETAHUS
MEXaHU3MOB MEPEUNCIEHHBIX BbIIIE BUIOB.

Opnako g (GyHIAMEHTANbHOTO TMOHMMAaHUS (QPYHKIUMOHUPOBAHUS MAILWH
0a30BbIM  KJIACCU(PMKALMOHHBIM IPU3HAKOM SIBIIETCS CHIPYKMYPA MEXAHU3MOE —
COBOKYITHOCTb U B3aMMOOTHOIIEHUS BXOJAIIUX B CUCTEMY JIEMEHTOB.

W3y4ast mimocKue pbluakKHbIe MEXaHU3MBbI C HU3IIUMHU KHHEMAaTHIECKIMHU ITapamH,
npodeccop IlerepOyprckoro ynuBepcutera JI.B.Accyp B 1914 r. oOHapyxui, 4TO
10001 caMblil CIOKHBIA MEXaHWU3M (DAKTUYECKH COCTOMT HE MPOCTO U3 OTIEIBHBIX
3BEHbEB, @ W3 MPOCTEHIIUX CTPYKTYpPHBIX TIpyII, OOpa3oBaHHBIX 3BEHbSIMH U
KMHEMaTHYEeCKUMH TapaMH — HEOOJBIIMX OTKPBITHIX KHHEeMaTtudeckux uemneil. OH
IPEIOKIIT OPUTUHATIBHYIO CIMPYKMYPHYIO Klaccugurayuro, B KOTOPOH BCE MEXaHU3MBI
COCTOSIT W3 TMEPBUYHBIX MEXAHU3MOB M CTPYKTYpHBIX Tpymnm (Tpynm HyJEBOM
NOJIBM>KHOCTH WM "rpynn Accypa").

B 1937 r. coBerckuii akagemuk W.M. ApToOoneBCKHIl YyCOBEPIIEHCTBOBAI H
JOTOJHWI 3Ty KiacCU(UKALMIO, PAaCOPOCTPAaHUB €€ BIUIOTh A0 MPOCTPAHCTBEHHBIX
MEXaHU3MOB C OCTYINATEIbHBIMU KHHEMAaTUYECKUMHU ITapaMHU.

CylHOCTh CTPYKTYpPHOUM KiacCU(PUKalMM COCTOUT B MCHOJb30BAHUM TOHSITHUS
CTPYKTYPHOU IPYIIIbI, U3 KOTOPBIX COCTOSIT BCE MEXAHU3MBI.

3Hnauenue nepedamouHvIX MEXAHUIMOE 8 MAUUHOCMPOCHUU
OcHOBHBIMU (PYHKITUSIMH MEPeAATOYHBIX MEXAHU3MOB SIBIISIOTCS:
- mepeqava u npeoOpa3oBaHue IBUXKEHUS,

- U3MEHECHUE U PETYJIUPOBAHUE CKOPOCTH;

- pacnupcaciIicHuc MOTOKOB MOIMHOCTH MCKAY Pa3JIMYHbIMHA HCIIOJIHHUTCIIbHBIMU
OpraHaMu I[aHHOﬁ MAaIllluHBbI;

- IICK, OCTAHOB Y PEBEPCHUPOBAHUE ABUKECHUS.

Ot (YyHKOUHM JOJDKHBI BBITOJTHATHCS OC€30TKAa3HO C 3aJlaHHBIMU CTETICHBIO
TOYHOCTH M TPOU3BOJAUTEIIBHOCTBIO B TEUYEHHE OMNPEAECICHHOTO MPOMEKYTKA
BpeMeHHU. [Ipu 3ToM MexaHu3M JOJKEH UMETh MUHHUMAaJIbHbIE TaOapUTHBIE pa3Mephl,
OBITh PKOHOMUYHBIM U 0€30MacHBIM B 3KCILTyaTanuu. B psje ciydaeB kK mepeaaTouyHbIM
MeXaHU3MaM MOTYT ObITh MPEAbSBICHBI U JpPyrue TpeOOBaHUs: HaJle)KHas padboTa B
3arpsI3HEHHOU UJIM arpECCUBHOM CPEJIE, ITPU BBICOKUX WJIM BECbMa HU3KUX TEMIIEPATYpaxX
U T. 1. Y TOBJIETBOPEHUE BCEM ATUM TpeOOBaHUSM MPEACTABISAECT COOOM CIOKHYIO 3a7auy



U TpeOyeT OT MPOEKTUPOBIIMKA YMEHHSI XOPOILIO OPUEHTUPOBATHCS B MHOI0O00Opa3uu
COBPEMEHHBIX MEXAaHHU3MOB, 3HaHUS COBPEMEHHBIX KOHCTPYKLUMOHHBIX MAaTEpHaJIOB,
HOBEUILIMX METOJOB pacyeTa JAECTaledl M DJIEMEHTOB MAIWH, 3HAKOMCTBA C BIHMSHUEM
TEXHOJIOTUU U3TOTOBIICHHUS IE€TAJIEU HA UX JOJITOBEYHOCTh, DKOHOMUYHOCTD U T. II.

Opnoit u3 3amau kypca «J/letanu mammH» U SBIAsSETCS OOyYE€HHE METOoJaM
IPOEKTUPOBAHUS ITEPEJATOUHBIX MEXAHU3MOB O0IIET0 Ha3HAYEHUSI.

BoNbIIMHCTBO COBPEMEHHBIX MAIIIUH U MTPUOOPOB CO3JAETCS M0 CXEME JIBUTaTEIb
— nepeaava — pabouunii opra (UCTOJHUTENbHBIA MeXaHnu3M). HeoOXo1MMOoCTh BBEICHUS
neperayu Kak MPOMEXYTOYHOIO 3BEHA MEX]y IBUTaTelieM M padodyrMH OpraHaMu
MAaIllMHbI CBSI3aHA C PELICHUEM psijia 3a1a4.

Hampumep, B aBTOMOOWJISIX W JAPYTHMX TPAHCHOPTHBIX MallWHAX Tpedyercs
U3MCHSATh BEJIUYMHY CKOPOCTH W HaIpaBJCHWE JBIKCHHS, a Ha TNOJbeMax U
IIPU TPOTAHUM ¢ MECTa HEOOXOIMMO B HECKOJIPKO pa3 YBEIMYHUTH BPAIIAIONIANA MOMEHT
Ha Beaymux koisiecax. CaM aBTOMOOWIIBHBIM JBUTATEIb HE MOXKET BBITIONHATH JTH
TpeOOBaHMsI, TAK KaK OH pabOTaeT yCTOMYMBO TOJHKO B Y3KOM AHANa30HE W3MEHEHUS
BEJIMYHMHBI BPAIAIONIEr0 MOMEHTA M YIJIOBOU CKOpocTH. [Ipu BBIXOE 3a TIPEIeIbl 3TOTO
Jyaria3oHa JIBUTraTelib ocTaHaBiIuBaeTcs. [10400HO aBTOMOOMILHOMY JIBUTATEIO Cl1a0o
PETYIUPYIOTCSI MHOTHE APYTHE IBUTATEIH, B TOM YUCIIE OOJIBIIMHCTBO AJICKTPHUCCKUX.

B HEKOTOpBIX Ciy4yasxX  pEryJupoOBaHUE  JBHUraTreiid  BO3MOXHO, HO
HEILEJIeCO00pa3sHO MO SKOHOMMUYECKHM COOOpakKeHMsAM, TaK KakK 3a IpelenaMu
HOMMHaJIbHOTO pexxuma padotsl KI1/] nBurateneii cynecTBEHHO MOHMKAETCS.

Macca ¥ CTOMMOCThH JBUTATENsl MPU OJAMHAKOBOW MOIITHOCTH YMEHBIIAIOTCS C
YBEIIMYEHUEM YIJIOBOM CKOpPOCTM €ro Baja. lIpuMeHeHMe TakuxX JBUTAaTeled C
repeaaye, NOHWKAKMIEH YIIIOBYI0 CKOPOCTh, BMECTO JBUTATEICH C MAJIOW YTJIOBOM
CKOPOCTBIO 0€3 mepeiaun 5KOHOMHUYECKH 0oJiee 1eecoo0pasHo.

B cBA3M C MHPOKHM pPacnpOCTPAHEHHEM KOMIUICKCHOM MEXaHU3alluu U
aBTOMAaTH3allM¥  TMPOW3BOJACTBA  3HAYCHHWE TIiepeJad B MalllMHAX eme Oolee
yBenuuuBaeTcs. TpeOyeTcs pa3BeTBIICHHE ITIOTOKOB SHEPTUH U OTHOBPEMEHHAs Iiepeaada
JBWKEHHUS C PA3JIMYHBIMUA [MApAMETPAMH K HECKOJIBKMUM HCIOJHUTENBHBIM  OpraHaM
OT OJTHOTO UCTOYHUKA — ABUraTeNs. Bece 3To Aenaer mepenadyn OJHUM U3 CyHIECTBEHHBIX
3JIEMEHTOB OOJIBIIIMHCTBA COBPEMEHHBIX MAIIMH U YCTAaHOBOK.

Knaccuguxkayua oemaneii mawiun

He cymecTtByeT abCOMIOTHOM, MOJHON W 3aBEPIICHHOW KiIacCHU(PUKAIUA BCEX
CYILIECTBYIOIIMX JeTajeil MalluH, T.K. KOHCTPYKIIMM UX MHOTOOOpPa3HbI U, K TOMY XK€,
NOCTOSIHHO pa3pabaThIBatOTCsl HOBBIE.



B 3aBHCUMOCTH oT CJIO)KHOCTH W3TOTOBJICHUS AeTau
JIENATCS Ha MPOCThIE U CJI0KHBIe. [[pocThie neTanu Uit CBOETo U3rOTOBICHUS TPEOYIOT
HEOOJIBIIIOTO YKCIa YKE U3BECTHBIX U XOPOIIO OCBOCHHBIX TEXHOJIOTHUECKUX OTepalliii
¥ M3TOTaBJIMBAIOTCS MIPU MAacCOBOM IPOM3BOJICTBE Ha CTaHKAaX-aBTOMAaTax (Hampumep,
KpETeXHbIE HM3AENUs - OONThI, BUHTHI, TaiiKW, MAaiObl, IIIUHTHI; 3yO4arble KoJjeca
HeOONbIINX pa3MepoB U T.1.). CiOXHBIE AeTald HUMEIOT Yalle BCEro J0CTaTOYHO
CJIOKHYIO KOH(PUTYPALINIO, & TPU UX U3TOTOBJICHUN PUMEHSIOTCS TOCTATOYHO CIIOKHBIE
TEXHOJIOTHYECKHE OTIEPAINH U UCIIONb3yeTCS 3HAYUTENbHbIN 00beM pyYHOTO Tpya, s
BBITMIOJTHEHHSI KOTOPOTO B TIOCTIEAHHUE TOJIBI BCE Yallle MPUMEHSIFOTCS poOOTHI (Hampumep,
npu cOOpKe-CBapKe Ky30BOB JIETKOBBIX aBTOMOOMIIEH).

[lo ¢yHKIMOHATPHOMY  HA3HAYEHUIO y37Ibl M JCTalu  JeNATca Ha
TUIIOBBIE TPYIIBI IO XapaAKTEPY UX UCIOJIb30BAHUS.

- NIEPEJAYM nipenna3HayeHbl Uil Mepeladyd U MpeoOpa3oBaHUsSl JIBUKEHUS,
SHEpPruM B MallIMHax. VX pa3nesitoT Ha nepe/ladn 3aleIIeHUEM, IEPEIarolne SHEPTUI0
IOCPEJICTBOM B3aUMHOIO 3aleIjieHus 3yObeB (3yOuarble, YEpBSIUHbIE U IIEMHBIE), U
nepegayu TPEHHEM, IMEPENarolIue dHEPTUI0 MOCPEACTBOM CHUJI TPEHUS, BBI3BIBAEMBIX
HaYaJIbHBIM HATSKEHUEM pEeMHsI (DEMEHHBIE Mepeaun ) WK MPUKATUEM OJTHOTO KaTKa K
npyromy (GpUKIUOHHBIE TTEpEIauHn).

- BAJIBI u OCM. Banbl ciyxar jyisi niepeiadyd Bpallaroliero MOMEHTa BOJIb
CBOCH OCH W JUIs TOJJICp)KaHMs BpaIlaloluXcs JeTalield repenay (3yodarsie Koiéca,
IIKUBBI 3BE3JI0YKH), YCTaHABIMBAeMbIX Ha Basiax. Ocu ciyxkaT I MOJJIEepKaHUs
BpaIIaroNINXcs, IeTanei 0e3 mepeaadyn moJe3HbIX BPAMIAOIIUX MOMEHTOB.

- OIIOPBI ciyxat 11 ycTaHOBKHY BajOB U OCEH.

- MOAUIUITHUKM. TlpennazHaueHbl JJIs 3aKpeIUICHUs] BaJIOB M OCEH B
npocTtpancTBe. OCTABIAIOT BajaM M OCSM TOJBKO OJIHY CTEICHb CBOOOJBI - BpaIllCHHUE
BOKPYT COOCTBEHHOM OCH. [ToIMUITHUKY IeTATCS Ha IBE TPYIIIBI B 3aBUCUMOCTH OT BH/Ia
TPEHUS B HUX: &) Ka4eHUs; O) CKOJbXKEHHUS.

- MY®TDbI npenna3HayeHsl LIS IEpeIadu KPyTSIIIEro MOMEHTA C OJTHOTO Bajia Ha
npyroii. My(dTsl ObIBalOT MOCTOSIHHBIMU, HE JOMYCKAIOIINE Pa3beIUHEHUS BaJOB MpU
paboTe MalIvH U CLIENHbIE, JOMYCKAIOIINE CLETNIEHUE U PACIIETUICHHE BAJIOB.

- COEAUHUTEJIBHBIE JETAJIN (COEAUHEHMUS) coenquusior aeramu
MEXy COOOH.

OHu OBIBAIOT ABYX BHJIOB:

a) pa3beMHBIE - HX MOXHO pa3obparb 0Oe3 paspymieHus. K HUM oTHoOCSTCS
pe3b00OBBIC, IITU(TOBBIC, IIMOHOYHEIE, IITUIIEBBIC, KIEMMOBBIC;,



0) Hepa3beMHbBIC - Pa3bEeIUHEHUE JeTalleil HEBO3MOXKHO 0€3 UX pa3pylICHUs WIN
CBA3aHO C ONACHOCTBbIO MX MoOBpexkAeHUs. K HUM OTHOCATCA CBapoO4yHOE, KIIEEBOE,
3aKJIEIIOYHOE, IPECCOBOE COCUHEHMS.

- YIIPYI'ME DJIEMEHTDBI. X npuMeHSoT: @) Juisl 3aluThl OT BUOpanuil u
yAapoB; 6) 1151 COBEPILIEHUS B TEUEHUE JUTUTEIbHOIO BPEMEHH T0JI€3HON padOThI MyTEM
IPEIBAPUTEIBLHOTO AaKKyMYyJUPOBAHHUS WM HAKOIUIEHHS OHepruum (IpyXHUHBI B
yacax); 6) JUIsl CO3JaHMs HaTsra, OCYILIECTBJIEHHUS OOPATHOTO XOJa B KYJIAayKOBBIX U
OPYrUX MEXaHu3Max ! T.J.

- AHEPIIUOHHBIE JETAJIM W JJIEMEHTDI npeanazHauensl s
pEAOTBPAIICHUS HIIH OCIa0JIeHus KoyieOaHuii (B TMHEHHOM WJIM BPAIIaTeIbHOM JIBHIKE-
HUSIX) 3@ CYET HAKOTUICHHUS U MOCJIEAYIONIEH OTaul KHHETUYECKOU SHEPTUM (MaXOBUKH,
IPOTHUBOBECHI, MAsITHUKH, 0a0BI, TITA00THI).

-3AIUTHBIE AETAJINA U YIVIOTHEHWS npeana3sHadyeHbl AJIs1 3alIUThI
BHYTPEHHHUX MOJIOCTEH Y3JIOB M arperaroB OT JAECWCTBUS HEOJAromnpHsITHBIX (HaKTOPOB
BHELIHEHN CPe/bl U OT BBITEKAHUS! CMA30YHbBIX MAaTEPUAIIOB U3 3TUX MOJOCTEN (ITbUIEBHKH,
CaJIbHUKU, KPBIIIKH, pyOalliKy  T.I1.).

- KOPIIYCHBIE JETAJIMN npenHa3sHaueHHbl JUIsl pasMelieHuss UM (pukcauuu
NOJBW)KHBIX JETallel MEXaHu3Ma, U1 HMX 3allUThl OT JEUCTBUS HEOJIaronpUsTHBIX
(akTOpOB BHEUIHEH CpeJbl, a TAKXKE JJIs KPEIUIEHUs MEXaHW3MOB B COCTaBe MAalIUH U
arperaroB. Yacto, Kpome TOrO, KOPIIyCHBIE IETald HCIHOIb3YIOTCA [JIs XpaHEHUs
JKCILTyaTallMOHHOIO 3araca CMa304HbIX MaTepUasoB.

- AETAJIN 4| Y3JIbl PET'YJIUMPOBAHUS "
YIIPABJIEHUS nipeHazHavueHBbI 7151 BO3ACHCTBUS HA arperatbl U MEXaHU3MBI C 1IEJIbIO
U3MEHEHHUsSI UX peKrMMa pabOThl WIIM €Tro TMOJJICPKAaHUs HAa ONITUMAJIbHOM YPOBHE (TSTH,
pbIYaru, TPOChl U T.I1.).

- AETAJIN CHHEHUO®UYECKHUE. K HUM MOXXHO OTHECTH YCTPOWCTBA IS
3aIUTHI OT 3arps3HEHUM, 11 CMa3bIBAHUS U T.I.

PaMku ydyeOHOro Kypca He TO3BOJISIIOT M3YYUTh BCE Pa3HOBUIAHOCTH JCTalICh
MaIllMH U BCE HIOAHCHI MpoeKkTupoBaHus. OJHAKO 3HAHHUE, [0 KPaHEH Mepe, THIIOBBIX
neTajged U oOMUX MPUHIIUIIOB KOHCTPYMPOBAHMS MAIluH Aa€T MHXKEHEPY HaAEKHBIN
(GyHIaMEHT W MOIIHBIA WHCTPYMEHT JJIsl BHITIOJHEHUS MTPOCKTHBIX pa0OT MPaKTHIECKU
JFOOO0M CJIOKHOCTH.

B cnenyrommx riiaBax Mbl paCCMOTPUM IPUEMBI pacyéTa U NPOCKTHPOBAHHUS
TUMOBBIX JETAJIEH MAIUH.



Knaccudukauus neraneit Maiis
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OcHoeHble npunruunsl U Imansl pa3pa60ml<u U npoeKmupoeanuil Mauiun

[Tponecc pa3paboOTKK MaIIMH UMEET CIOXKHYIO, Pa3BETBIEHHYIO HEOJHO3HAUHYIO
CTPYKTYpY M OOBIYHO HA3bIBAE€TCS LIMPOKUM TEPMHUHOM HPOEKMUposanue — CO3JaHHE
npoobOpasa 00bEeKTa, IPEICTABISAIONIETO B OOUIMX YEPTaX €ro OCHOBHBIE MTapaMeETPBhI.

Ilpoexmuposanue (no I'OCT 22487-77) — mpoliecC COCTaBICHUSI OIMHCAHUS,
HEOOXOJMMOI0 JUIsl CO3/IaHMsl €Ill€ HECYUIECTBYIOIIETO0 O0BbeKTa (alroputMa €ero
(GYyHKUMOHUPOBAHUS WM alrOpUTMa IMpolecca), MyTeM NpeoOdpa3zoBaHUs MEPBUUYHOTO
OMHCAaHMS, ONTUMM3ALMU 3aJaHHBIX XaAPAKTEPUCTUK OOBEKTa (MM aJIrOpuTMa €ro
(GYyHKUMOHUPOBAHUS), YCTPAHEHHUS HEKOPPEKTHOCTH TNEPBUYHOTO OMUCAHUS H
HOCJIEI0BATENBHOIO MpeJCTaBlIeHus (IpU HEOOXOIMMOCTH) ONMUCAHUN Ha Pa3IUYHbIX
a3bIKax. B ycrnoBusix yueOHOro 3aBefieHus (110 CPAaBHEHUIO C YCIOBHUIMH IPEITPUSITHIA)
9TH CTAINH MPOCKTUPOBAHUSI HECKOJIBKO YIPOIIAIOTCS.

IlIpoexm (0T nat. projectus — OpOIIEHHBIN BIIEpE]) — COBOKYIMHOCTh IOKYMEHTOB
Y OMHMCAHUW Ha Pa3IMYHBIX SI3bIKaX (TpauueckoM — YEPTEXKH, CXEMBbI, JUarpaMMbl U
rpadMKu; MaTeMaTUHYECKOM — OPMYJIbI U PaCUEThl; HHKEHEPHBIX TEPMUHOB U MTOHSATHIA
— TEKCThl OMHUCAHUMU, MOSICHUTENbHbIC 3aMUCKH), HEOOXOuMasl NIl CO3JaHUsl KaKoro-
00 COOPYKEHUS UITU U3JIEIIHSL.

Huocenepnoe npoekmupoganue — IpoLecc, B KOTOPOM Hay4Hast U TEXHUYECKas
uHpopManusi HCHOJB3YyeTCS JJig CO3JaHUs HOBOW CHCTEMBI, YCTpOWMCTBAa WIIU
MalllMHbI, IPUHOCALINX OOLIECTBY ONPEIEICHHYIO MOJb3Y.



Memoowvt npoekmuposanusn:

- TIpSIMbIE aHATUTUYECKHUE METONbl CHHTE3a (pa3pabdoTaHbl HJs psjia TMPOCTHIX
TUIIOBBIX MEXaHU3MOB);

- 3BPUCTUYECKHE METO/Ibl TPOCKTUPOBAHMS — PEUICHUE 3a/1a4 POEKTUPOBAHUS Ha
ypOBHE U300pEeTEHU (Hampumep, aJropuTM pelIeHUs] U300peTaTeIbCKUX 3a1a4);

- CHHTE3 METOJIaMU aHajiu3a — Mepedop BO3MOXKHBIX PELICHHUM MO onpeaeaeHHON
CTpareruu (Ha mpuMep, ¢ TMOMOIIBI0 TE€HEpaTopa CIy4yalHbIX yucena — MeToJ MoHTe-
Kapno) ¢ mpoBeneHreM CpaBHUTEIBHOIO aHadW3a MO COBOKYMHOCTH KaY€CTBEHHBIX U
AKCIUTyaTallMOHHBIX [OKa3aTesled (Y4acTo HCMONb3YIOTCd METOAbl ONTUMHU3AIUU -
MUHUMU3AUSA CHOPMYITUPOBAHHON pa3pabOTUMKOM L1eJIeBOM (DYHKLIHUU, OPEAETISIOIIEH
COBOKYITHOCTb KaU€CTBEHHBIX XapaKTEPUCTUK U3/IETIH);

- CUCTEMBI aBTOMATU3UPOBaHHOTO npoekTupoBanus win CAIIP — komnberoTepHas
OporpaMMHasi cpefa MOJAEIUPYET OOBEKT MPOEKTUPOBAHMSI U  OINpPEAETSeT €ro
KayeCTBEHHbIE IOKA3aTeNM, MOCJIE MPUHATHS PELICHUs - BbIOOpa MPOEKTHUPOBIIMKOM
napaMeTpoB OOBEKTa, CHUCTEMa B aBTOMAaTHU3WPOBAHHOM DPEKMME BBIAAET MPOEKTHYIO
JOKYMEHTALNIO;

- Ipyrye METO/Ibl TPOESKTHUPOBAHUS.
OcHogHble I3manst npoyecca nPoeKmupo8aHusl.

1. Oco3Hanue 001IeCTBEHHOM MOTPEOHOCTH B pa3padbaTbiBAEMOM U3/IEIIUU.
2. Texuuueckoe 3a/laHle Ha MPOCKTUPOBAHUE (IEPBUYHOE OMUCAHUE).

3. AHanu3 CynIeCTBYIOIINX TEXHUUECKUX PEIICHUI.

4. Pa3zpaboTka QyHKITMOHAIBHON CXEMBI.

5. Pa3zpaboTka CTpYKTypPHOM CXEMBI.

6. MeTpuueckuii CHHTE3 MexaHU3Ma (CUHTE3 KHHEMATUYECKON CXEMBbI).

7. CTaTU4eCKUi CUIIOBOM pacyer.

8. DCKU3HBII POEKT.

9. KunerocraTnueckuil CHJIOBOM pacyeT.

10. CunoBoii pacuer ¢ y4eToM TPEHHUS.

11. Pacuer u KOHCTpyHMpOBaHUE AETaNCH U KHHEMAaTUICCKUX Map (MPOYHOCTHBIC
pacyeTsl, ypaBHOBEIIIMBAaHKE, OaTaHCHPOBKA, BUOPO3aITUTA).

31ech 11e71eco00pa3HO BBIMOJHUTD CIICYIONINE ICUCTBHUS:



- YTOYHHUTH CIy>KeOHOE Ha3HAYeHHE COOPOUHON eTUHUIIB,

- pa3oOpaTh KHHEMAaTHYECKyl0 CcXxemMy y3ia (MexaHu3ma), T. €.
BBIJICJIUTH COCTABIISIONINE 3BE€HbS KMHEMATHUYECKOW IEMH, YTOUHUThH MOCIJIEI0BATEIb-
HOCTb TepeJlaui IHEPTUHM OT HAYAJILHOTO 3B€HA M0 KUHEMATUYECKOU 1eMH K KOHEYHOMY
3BEHY, BBIICJIUTh HEMOIBUKHOE 3BEHO (KOPIYC, CTOMKY U T.I1.), OTHOCUTEIBLHO KOTOPOTO
NEPEMEIIAIOTCSl BCE OCTalbHBIE 3BEHbS, YTOUHHUTH CBSI3M MEX]y 3BEHBSIMHU, T. €. BU]]
KMHEMAaTHYECKHUX TMap, yCTAHOBUTH CIY>KeOHbIE (YHKIIUU HETIOJBUKHOTO 3BEHA U BCEX
MOJIBUKHBIX 3BEHBEB,

- paccuuTaTh BOCHPHUITHUE 3BEHBSIMHU YCHJIMSA, TaK KaK OHU OIPEAEISAIOT TUIl U
pa3MephI COCTABIISIIONIUX UX JIETAJICH,

- HA4aTb KOHCTPYHPOBAHUC y3Jia C HanOo0JIee OTBETCTBEHHOI'O 3BCHA OIIPCACIINTD
€ro THII, BBIACJINTL COCTABJIANOIIHUC CIro 3JICMCHTBI, paCdCTOM MHJIIN KOHCTPYKTHBHO
OIIPCACIINTE OCHOBHBIC PA3MCPLI 3JICMCHTOB KHMHCMATHUUYCCKHUX IIap U 3JICMCHTOB 3BCHA,

- TIOCJIEIOBATEIbHO KOHCTPYHUPOBATh BCE 3BEHBS Y3714, BBITIOIHSS IPOPAOOTKY UX
3JIEMEHTOB,

- 9CKU3HO CKOHCTPYHUPOBATH HCIIOJABHUKHOC 3BCHO y3JIa,
- YTOUHHUTDH Pa3JACJICHUEC KAXKJI0Iro 3B€Ha Ha ACTAJIN,
- pasaCiIMTh KAXKAYIO JACTAJIb Ha COCTABJIATOIINC 3JICMCHTHI,

- YCTAHOBUTH CITYKEOHYI0 QYyHKIHIO ((PYHKIINHN) U HA3HAYCHUE KAXOTO AJIEMEHTa
U €r0 CBSI3U C IPYTUMU AJIIEMEHTaAMH,

- BBIJICTIUTH CONpATaeMble, MPUJICTAIOIIME U CBOOOHbIC MOBEPXHOCTH KAXKJIOTO
3JIEMEHTA JCTalIH,

- YCTAaHOBUTH OKOHYATEIEHO (POPMY KaXK0M MOBEPXHOCTH U €€ TIOJIOKEHHE,

- OKOHYAaTeIbHO O(OPMUTH H300paKEHHME KaXKIAOW JeTand Ha H300paKeHUU
COOPOYHOM ¢TUHUIIEI.

12. TexHu4yecKui MpoeKT.

13. Pabounii mpoekt (pa3paboTka paboyux UYEpPTEKEH JeTalied, TEeXHOJIOTUH
U3TOTOBJICHUS U COOPKH).

14. 3roToBiieHHE OMBITHBIX 00PA3IOB.
15. UcnibiTanust OMBITHBIX 00PA3I0B.

16. TexHonornueckast HOATOTOBKA CEPUHHOTO TPOU3BOACTBA.



17. CepuitHOo€ TPOU3BOACTBO U3JIEIIHS.

B 3aBucuMoCTH OT MOTPEOHOCTH HAPOIHOTO XO3AWMCTBA W3/ENHUS BHITYCKAIOT B
pa3HbIX KosmyecTBax. [I[pon3BOACTBO M3JENMI YCIOBHO MOAPA3AEISAIOT HA eOUHUYHbIe,
MenKoceputiHble, cpeOHecepulinble U Maccosvle IPOU3BOCTBA.

ITon eouruunbImM TOHUMAETCS U3TOTOBJICHUE M3AeIuA 110 3arotoBienHoi HT/I, B
€AMHUYHOM DK3EMIUISIPE U B JAJBHEUIIIEM HE MIOBTOPSETCS.

[IpoexkTpoBaHNE MAIIUH BBIMOIHSAIOT B HECKOJBKO CTaAui, YCTaHOBJIEHHBIX
I'OCT 2.103-68. [lns1 edunuunoeo npou3BOACTBA ITO:

1. PazpaboTka Texauueckoro npenioxxenus mo 'OCT 2.118-73.
2. Pa3pabotka sckuznoro mpoekra mo ['OCT 2.119-73.

3. Pa3pabotka Texuuueckoro npoekra no 'OCT 2.120-73.

4. Pa3zpaboTka TOKyMEHTAIIUH JJISI U3TOTOBJICHUS U3/ICITHS.

5. KoppekTupoBka JOKYMEHTAIMU MO PE3yJbTaTaM M3rOTOBICHUS U UCIIBITAHUS
17K31 (1768

Cramnu TpPOEKTUPOBAHUS TIPU CEPUUHOM TIPOU3BOACTBE TE€ XKE, HO TOJIBKO
KOPPEKTUPOBKY JTOKYMEHTALUU MPUXOAUTCS MOBTOPATH HECKOJBKO pa3: cHadaia JJis
ONBITHOTO JK3EMIUISIpA, 3aT€M Ui OINBITHOM MapTUH, 3aTeEM [0 pPe3yJbTaTaMm
V3TOTOBJICHUS U UCTIBITAHUW MIEPBOU ITPOMBILIICHHOW NAPTHH.

B mo0om citydae, nmpucTynas K KakI0My 3Tally KOHCTPYHPOBaHUS, KaK U BOOOIIIE
K 10001 paboTe, HE0OXOAMMO YETKO 0003HAUUTH TPU MO3UIIUU:

Hcxoonvle oannvie — 1o0b1e 00bEKTHI U HHGOPMAIIUs, OTHOCSIIHECS K ey ('d4To
MBI nuMeeM?").

Ilens — oxugaeMble pe3yiabTaThl, BEIUYUHBI, JTOKYMEHTHI, 00BEKTHl ("'4TO MBI
XOTUM MOTAY4YUTH?").

Cpeocmea oocmudicenua uyeau — METONUKU TPOEKTUPOBAHUSA, PACUYETHBIE
dopMysbl, MHCTPYMEHTaJbHbIE CPEACTBA, MCTOYHUKUA OHHEPrUd U HUHPOPMALNH,
KOHCTPYKTOPCKHE HaBBIKH, OMBIT ("4TO U Kak Aenarh?").

JlesITenbHOCTh  KOHCTPYKTOPA-TIPOSKTUPOBIINKA OOPETaeT CMBICT TOJIBKO TIpH
HAIMYMKM 3aKa3udka — JIMIa WM OPTaHU3alHH, HY)KJAIOMIMXCSA B U3JCIHA U
(buHaHCHUPYIOMIKMX Pa3paboTKy.

TeopCTI/I‘{CCKI/I 3aKa34YMK JOO0JIDKCH COCTaBUThL MW BbIIATb p8.3pa6OTIII/IKy
TexHuueckoe 3a,ZIaHI/I€ — JOKYMCHT, B KOTOPOM I'paMOTHO H yéTKO 0003HAYCHEBI BCE



TEXHUYECKHUE, IKCILTyaTallMOHHbIE U SKOHOMHUUYECKHE MapaMeTpbl OYIyIIEro W3Aeusl.
Ho, x cuactpio, 3TOro HE MPOUCXOJUT, MOCKOJIbKY 3aKa3uuK IMOIJIOMEH CBOUMHU
BEJIOMCTBEHHBIMU 3a/lauaMH, a, T[JaBHOE, HE HMEET JIOCTaTOYHBIX HABBIKOB
NpOeKTHUpoBaHus. Takum 00pa3oM, HHKEHEp He ocTaéTcs 0e3 paboThl.

Pabora HauMHaeTCs ¢ TOro, 4TO 3aKa34UK U UCIIOJIHUTEIb COBMECTHO COCTABIISIFOT
(u moanuceiBaroT) Texnuyeckoe 3adanue. [Ipn 3TOM UCHOIHUTENb JODKEH IOJIYYHUTH
MaKCUMyM HMH(pOpMaLUU O MOTPEOHOCTSX, NOKEIAHUIX, TEXHUUECKUX U (PMHAHCOBBIX
BO3MOKHOCTSIX 3aKa3udKa, O053aTelIbHBIX, MPEINOUYTUTEIBHBIX M IKeJlaTeIbHbIX
CBOMCTBax OynyIIero u3zenus, 0COOEHHOCTSAX €ro 3KCIUTyaTalli, YCIOBUSAX PEMOHTA,
BO3MOXHOM pBIHKE COBITA.

TmarensHbIi aHaTU3 3TOW UHGOPMAIIMH TTO3BOJIUT MPOCKTUPOBIIUKY TPABUIHHO
BBICTPOUTH JIOTMYECKYIO Lenodky '"3amanue — llenp — CpenctBa" M MakCMMAaJIBHO
3¢ ()EKTUBHO BHITIOTHUTH TPOCKT.

Texnuueckoe 3adanue —TiepedcHb TpeOOBaHWM, YCIOBUM, II€JIeH, 3ajad,
MOCTABJICHHBIX 3aKa3YMKOM B NMUCbMEHHOM BHJIE, OKYMEHTAJIbHO O(GOPMIICHHBIX H
BBIJJAHHBIX HCIOJHUTENII0 padOT MPOEKTHO-UCCIEN0BATEIbCKOr0 Xapakrepa. Takoe
3a/laHue OOBIYHO TMPEIIIECTBYET pa3pabOTKE CTPOUTEIbHBIX, KOHCTPYKTOPCKHUX
IPOCKTOB W TMPHU3BAHO OPHEHTHUPOBATh IIPOCKTAHTAa Ha CO3/IaHHE TMPOEKTa,
YAOBJICTBOPSIONIETO  JKEJAaHWSIM  3aKa3uhka M COOTBETCTBYIOIIETO  YCJIOBHUSAM
WCIIOIb30BaHUs, TPUMEHEHUS pa3pabaTbIBAEMOIro TPOEKTa, a TaKXke PECypCHBIM
OTPAaHUYCHHUSIM.

PazpaboTtka Texnuueckoeo Ilpednoscenus HaYMHACTCS C U3y4YeHHs TEXHUYECKOTO
3amanus. BpIICHSIOTCS Ha3HaueHWE, NMPUHIUI YCTPOWCTBA U CIOCOOBI COEAMHEHMS
OCHOBHBIX COOPOYHBIX €IMHUL U AeTasieid. BCE 3T0 conpoBok1aeTcs aHAIM30M Hay4YHO-
TEXHUYECKOM uWH(OpManuum 00 aHAJOTMYHBIX KOHCTPYKLMSAX. BBIIONHAIOTCS
KUHEMAaTUYECKUNU pacy€T, IPOEKTUPOBOYHBIE pacCUE€Tbl HA IPOYHOCTh, KECTKOCTb,
U3HOCOCTOMKOCTb U MO KPUTEPHSIM paboTocriocoOHOCTH. M3 KaTaioros npeaBapuTeIbHO
BBIOMPAIOTCS BCE CTaHAAPTHBIC U3ACNNS — MOAIIUITHUKH, My(ThI U T.1. BBIMOMHAIOTCS
NEPBBIE ACKHU3bI, KOTOPbIE MOCTENEHHO yTouHsIOTCSI. HeoOGxoaumo cTpeMutbest K
MaKCUMaJIbHOW KOMIIAKTHOCTH pPAacMOJOXKEHUs U YJ0OCTBa MOHTaXa-JeMOHTaxa
JeTajen.

Texnuueckoe  npeonosxycenue  (II) —  COBOKYIIHOCTH  KOHCTPYKTOPCKHX
JOKYMEHTOB, KOTOPBIE JIOJDKHBI COAEPKATh TEXHUYECKUE U TEXHUKO-DKOHOMHUYECKHE
000CHOBAHUS 1EIECOO0PA3HOCTH Pa3pabOTKU TOKYMEHTAIIMU W3JIETUs Ha OCHOBAaHUU
aHajau3a TEXHUYECKOTO 3aJaHMs 3aKa3yMKa W PA3jIUYHBIX BAPHUAHTOB BO3MOXKHBIX
pELICHUN WU3JENINM, CPABHUTEIBHONW OLEHKH PELIEHUM C y4E€TOM KOHCTPYKTHUBHBIX U
AKCIUTyaTallMOHHBIX OCOOEHHOCTEH pa3pabaThiBa€MOro M CYIIECTBYIOIIUX HU3JEIUN U
NIATEHTHbIE UCCIIEIOBAHMUS.



Ha cragumn Ockusnoco Ilpoexma BBIIONHAIOTCS yTOYHEHHBIE M IPOBEPOYHBIC
pacué€Thl JAeTayieil, YepTeKU H3JEIUs B OCHOBHBIX MPOEKIUAX, MPOopadaThIBACTCs
KOHCTPYKIIMSL JeTajell C IEIbl0 MX MaKCUMaJIbHOW TEXHOJOTMYHOCTH, BHIOMPAIOTCS
COMpsDKEHUs  JeTanei, mpopadaThiBaeTCs BO3MOXHOCTh  COOPKH-pa30OpKH U
pPEeryJIMPOBKHU Y3JI0B, BBIOMpPAETCS CHUCTEMa CMa3KH M YIJIOTHEHHUS. DCKU3HBIN MPOEKT
JOJKEH OBITh PAacCMOTPEH M YTBEPXKIEH, TOCIE Yero OH CTAaHOBUTCS OCHOBOM st
Texuuueckoro Ilpoekrta. Ilpu HEOOXOAMMOCTH H3TOTaBIUBAIOTCA W HCIBITHIBAIOTCS
MaKEThI U3/ICITUSI.

Ackusnwtii npoekm (3) — COBOKYITHOCTh KOHCTPYKTOPCKUX JJOKYMEHTOB, KOTOPBIE
JOJKHBL COJIEpKaTh MPUHIIUIIMATIBLHBIE KOHCTPYKTHUBHBIC PEIICHUS, JAIOIINe o0Iiee
MpeJCTaBlieHe 00 YCTpOWCTBE WU NPUHIUIE pabOThl U3ACNMS, a TaKKe J[IaHHbBIE,
OTpeNeNAIoNMe Ha3HAYeHHWEe, OCHOBHBIE TapaMeTpbl W TabapuUTHBIE pa3Mepbl
pa3pabaThiBaeMOro U3JIEIusl. DCKU3HBIN MPOEKT MOCJE COTJIacOBaHUS U YTBEPKIACHUS B
YCTaHOBJICHHOM TMOPSAKE CIY>KUT OCHOBaHUEM JUIsl pa3pab0TKH TEXHUYECKOTO MPOEKTa
WK pabouyeil KOHCTPYKTOPCKOU JOKyMEHTAITHSI.

Texnuueckuit IlIpoexkm noikeH 0053aT€IBLHO COJAEPKATh YEPTEK OOIIEro
BUJIA, BEJIOMOCTh TEXHUUYECKOI'O MPOEKTa U MOSICHUTENbHYIO 3anucKy. UepTéx oluiero
Bujga nmo ['OCT 2.119-73 nomkeH naTh CBEIEHUS O KOHCTPYKIIMU, B3aUMOJICHCTBUU
OCHOBHBIX YaCTeW, SKCIUTyaTallMOHHO-TEXHUYECKUX XapaKTEPUCTUKAX W MPUHIUIMAX
pabotsl uznenusa. Begomocts Texauueckoro [poekra u [losicautensHas 3amnucka, Kak u
BCE TEKCTOBBIC JTOKYMEHTHI JOJKHBI COAEPKATh HCUEPHBIBAIONIYI0 HWHPOPMAIUIO O
KOHCTPYKIIUH, U3TOTOBJIECHUHU, SKCIUTyaTalluu U peMoHTe u3aenus. Ouu oopMIIstOTCS B
ctporoM cootBeTcTBUM ¢ HopMamu M npaBuiamu ECKJ[ (T'OCT 2.104-68; 2.105-79;
2.106-68). TexHuueCKUi MPOEKT MOCTIE COTJIACOBAHUS U YTBEP)KICHUS B YCTAHOBIICHHOM
MOPSAJIKE  CIY’)KUT OCHOBaHMEM JJisi  pa3paboTku  pabodeil  KOHCTPYKTOPCKOM
JOKYMEHTALINH.

Takum o00pazoM, MPOEKT TPHOOPETACT OKOHYATENIbHBIA BHUJ — YEpPTEKEH u
MOSICHUTEIbHOU 3aMMUCKU C pacuéramu, HA3bIBAEMBIMU pabouetl
O0oxkymenmayueti, opOPMICHHBIX TaK, YTOOBI IO HUM MOKHO OBLIIO MU3TOTOBUTH M3/ICINE
Y KOHTPOJUPOBATH MX MTPOU3BOACTBO U IKCILTyaTaITHIO.

Pa6ounit npoext (1) — pa3zpaboTka KOHCTPYKTOPCKOM TOKyMEHTALUU OMBITHOTO
o0Opa3sla, M3rOTOBIICHUS, WCIBITAHUS, KOPPEKTHPOBKA IO pPE3yJIbTaTaM HCIbITaHUH.
OkoHUYaTeNbHO Pa3padaTHIBAIOTCS U YTBEPHKAAIOTCS UYEPTEKHU JIETaled U Y3JI0B U JIp.
HOPMATHBHO — TEXHUYECKON JOKYMEHTAI[MU HA W3TOTOBJIEHHE M COOPKY WU3AENUN IS
IPOBEJEHMSI €0 UCIIBITAHUS.

N3roroBnenue, uCbITaHUE, TI0BOJIKA M1 OCBOEHUE OMBITHOTO o0Opasia. PapadoTka
MaKeTHOTO 00pa3iia npudopa.



3aech Takxke TpeOyeTcs 1aTh 0a30BbI€ MOHSITHS.

K  KOHCTpYKTOpPCKHMM JOKYMEHTaM OTHOCST TpapUUYecKue U TEKCTOBBIC
JIOKYMEHTBI, KOTOpPbIE B OTJEJIbHOCTH WJIM B COBOKYIHOCTH OIPEIEISIOT COCTaB U
YCTPOMCTBO M3JIEIAUS U COJEpkKAaT HEOOXOJMMbIE JaHHbIE ISl €ro pa3paboTKH WU
U3TOTOBJICHUS, IPUEMKHU, SKCIUTYyaTallMu U PEMOHTA.

KoHcTpyKTOpCKME JOKYMEHTHI JENATCS HA:

OpllleHaJlbl - NOKYMCHTHI, BBIITOJIHCHHBIC Ha JIF000M MarTrcpuaic u
MMPCAHA3HAYCHHBIC JIJI BBIITOJIHCHUSA 110 HUM IMOJAJIMHHUKOB.

Hoonunnuku - NOKyMEHTHI, OGOPMIICHHBIE TOMJIUHHBIMU YCTaHOBJICHHBIMU
NOJANUCSIMU U BBINOJHEHHBIE Ha JIFOOOM MaTepualie, MO3BOJIAIOIIEM MHOTIOKPAaTHOE
BOCIIPOM3BEACHUE C HUX Komui. Jlomyckaercs B KadecTBE IMOJJIMHHUKA HCIIOJIb30BaTh
OpUTHMHAJL

Jlybnukamoer - KONUU  TOMJMHHHUKOB, 0OECHEUYMBAIONINE  UACHTUYHOCTH
BOCIIPOU3BECHUS TOJJIMHHNKA, BBHITIOJHEHHBIE HA JIIOOOM MaTepualie, MO3BOJISIIOIIEM
CHSTHE C HUX KOITHH.

Konuu - HOKYMCHTEI, BBIITOJIHCHHBIC CHOCO6OM, O6€CH€‘II/IBaIOH_[I/IM nx
HACHTUYHOCTS C IIOAJIMHHUKOM.

Texnuueckoe 3adanue — NTOKYMEHT, COCTaBISIEMBbId COBMECTHO 3aKa34HMKOM U
pa3paboTYUKOM, COAEpKaIUii oO0Iee NpeAcTaBiIeHWEe O Ha3HAYCHHHM, TEXHUUYECKUX
XapaKTEPUCTHKAX U MPUHITUITHATILHOM YCTPOUCTBE OYIyIIEro N3Ieiusl.

Texnuueckoe npednoscenue — NONOIHNUTENBHBIE WM YTOYHEHHBIE TPEOOBAHUS K
U3JIETINI0, KOTOPbIE HE MO ObITh YKa3aHbl B TexHuueckoM 3aaanuu ('OCT 2.118-73).

Teopuecmeo — criennduueckass MaTepuaigbHas WA JAyXOBHAs JESITEIbHOCTD,
MOPOK/IAI0IIAst HEUTO HOBOE MJIM HOBYIO KOMOMHAIINIO U3BECTHOTO.

H3006pemenue — HOBOE pEILICHUE TEXHUYECKOM 3aa4i, JAIOLIEE MOJ0KUTEIbHbBIN

addexr.

Ackuzuposanue — Tpouecc co3gaHus dcku3za (0T  (paHU. ex quisse — U3
Pa3MBIILICHHI ), IPEIBAPUTEILHOTO PUCYHKA WM HAOpOCKa, (GUKCUPYIOIIETO 3aMbICeN
U COJIEprKAIller0 OCHOBHBIE OYEPTAHMS CO3/1aBAEMOr0 OOBEKTA.

Komnonoska — pactonoxeHne OCHOBHBIX JIeTaiel, COOPOYHBIX €TUHUILL, Y3IIOB, U
MopyJiel Oyayiiero oObeKTa.



Pacuém — yucneHHoOe ONpeleieHUEe YCHIWM, HanpsbkeHHd u aedopmanuii B
JETaNIsIX, YCTAaHOBJIEHUE YCJIOBHM WX HOPMaJIbHOW palOOThI; BBINOJHAETCA MO Mepe
HEO0OXOIMMOCTHU Ha Ka)KJJOM 3Tare KOHCTPYUPOBAHHUSL.

Yepmérc — TouHoe rpaduueckoe U300pakeHre 00beKTa, CoAepIKallee MOoIHYIo
uHpopmarto o0 ero Qopme, pazMepax M OCHOBHBIX TEXHUYECKUX YCIOBHUSAX
W3TOTOBJICHHUSL.

Coopounslit uepmedic - JOKYMEHT, COJIepXKalUid U300paxeHue CcOOpOYHOM
€JMHULIBI U IPyTHUE TaHHbIC, HEOOXOAUMBIE )i €€ COOPKHU (M3TOTOBJIEHHUS) U KOHTPOJIS.
K cOopouHbIM depTekaM TakkKe OTHOCAT YEPTEXKH, I10 KOTOPHIM BBITOJIHSIOT
TUJIPOMOHTAK U THEBMOMOHTAXK.

Yepmerrc oduwgeco euoa - TOKYMEHT, ONPEHCISIONINN KOHCTPYKIUIO H3AENus,
B3aMMO/ICHCTBHE €T0 COCTABHBIX YaCTEH U MOSICHSAIOIMUNA MPUHIUT PAOOTHI U3/AEIHA.

Teopemuueckuit yepmesic - JOKYMEHT, ONIPENEISIONINNA TEOMETPUUECKYIO (hopmy
(06BOABI) U3IEHS U KOOPAMHATHI PACTIONIOKEHHS] COCTaBHBIX YaCTEH.

TI'abapummnplit uepmedic - TOKyMEHT, COAEpKAUIUN KOHTYpHOE (YNPOIIEHHOE)
N300pakeHUe Mu3Jenus ¢ TrabapUTHBIMHM, YCTAHOBOYHBIMM M MPHUCOEAUHUTEIbHBIMU
pa3Mepami.

3JleKmp0MOHma.7fCHblﬁ uepmennc - JOKYMCHT, coaepmamnﬁ JaHHBIC,
HCO6XOI[HMI)IC JJIS1 BBIIIOJITHCHUS 3JICKTPUYICCKOI'O MOHTAXKa U3CIINA.

Monmasicnotii yepmedic - JOKYMEHT, COJEpKaIIuii KOHTYpHOE (YIPOILEHHOE)
U300paKeHUE U3JIENHNsI, a TAKXKE JTaHHbIEe, HEOOXOUMBIE JI €r0 YCTAaHOBKH (MOHTaXKa)
Ha MecTe TmnpuMeHeHus. K MOHTaXHBIM 4YepTekam TakXKe OTHOCAT YEePTEXKHU
GbyHIaMEHTOB, CIIEIIUATLHO pa3padaThHIBAEMBbIX ISl YCTAHOBKH H3IICIIHS.

Ynaxoeounwtit uepmesic - 1OKyMeHT, cofiepKalluil JaHHBIC, HEOOXOIUMBIC IS
yYIaKOBBIBAHUS U3CITHS.

Cxema - OJOKYMCHT, Ha KOTOPOM IIOKA3aHbl B BHUIC YCJIIOBHBIX H306pa>K€HHﬁ )41
0003HaYEHUI COCTABHBIEC YaCTH HU3ACINUA U CBA3HW MCIKAY HUMU.

Hoacnumenvnaa 3anucka— TtekcToBeii  gokymeHT (TOCT  2.102-68),
COJZIEp)KAIM OMMCAHUE YCTPOMCTBA W MPUHIMIIA JCHCTBUS M3HECIUS, a TaKKe
TEXHUYECKUE XapaKTEPUCTHUKH, YIKOHOMHUYECKOE O0OOCHOBAaHME, PACUYEThI, YKa3aHHS I10
MOATOTOBKE U3JIECNIHS K SKCILUTYaTalluH.

Cneyuguxayusa — TEKCTOBBIN TaONMYHBINA JTOKYMEHT, ONPEICTSIONUNA COCTaB
coopouHolt exuHUIBI, KoMIiekca niau komruiekra (OCT 2.102-68).



Beoomocmv  cneyugpuxayuii - 1OKyMEHT, COAEpXKAIIUN IEPEUEHb BCEX
cnenupuKanuil COCTaBHBIX YAaCTEH U3ENHS C YKa3aHUEM UX KOJIMYECTBA U BXOJIUMOCTH.

Beoomocme ccvinounvix 00Kymenmoe - HOOKYMCHT, coz[epxcanmﬁ MCPCUCHDb
AOKYMCHTOB, Ha KOTOPBIC UMCIOTCA CCHIIIKKM B KOHCTPYKTOPCKUX JOKYMCHTAX U3JACIIUA.

Beoomocmsb nokynuvix uzdenuii - JTOKyMEHT, COEPK AN NIEPEUCHb MTOKYITHBIX
U3JIEIUI, NPUMEHEHHBIX B pa3padaTbIBa€MOM U3JIETUU.

Beoomocmov paszpewienus npumenenusa RnOKYRHBIX U30eaull - JOKYMEHT,
COAEpkallUi TEPEYCHb IMOKYMNHBIX W3ACIUN, pPa3pelICeHHbIX K MPUMEHCHUIO B
cootBercTBUH ¢ ['OCT 2.124-85.

Beoomocmo Oepicameneit noOIuHHUKOG - TOKYMEHT, COIEpNKALIMNA NEPEUYECHBb
npeanpuATuid  (opraHu3anuii), Ha KOTOPBIX XpaHAT NOJJIMHHUKK JIOKYMEHTOB,
pa3paboTaHHBIX U (WJIHM) MPUMEHEHHBIX JJI JAHHOTO U3/IEIHSI.

Beoomocms mexnuuecxkozo npeOJIOcheHu}l - JOKYMCHT, coz[epxcamuﬁ MCPCUCHDb
AOKYMCHTOB, BXOIOAIINX B TCXHUYCCKOC ITPCAJTIOKCHUC.

Beoomocms  3ckuznozo npoekma - JOKYMCHT, coz[epxcamnﬁ NCPCUCHDb
AOKYMCHTOB, BXOAAIINUX B ACKU3HbBIN ITPOCKT

Beoomocms mexnuueckozo npoekma - J10KYMCHT, co;:[epncamnﬁ ICPpCUCHDb
AOKYMCHTOB, BXOOAIINUX B TEXHUUCCKHUHU ITPOCKT.

Texnuueckoe ycinoeue - TOKYMEHT, COJAEpKalluil TpeOoBaHUs ( COBOKYITHOCTh
BCEX IIOKa3aTelei, HOpM, MPaBWJI M MOJIOKEHUH) K HM3JEIUI0, €r0 H3TOTOBJICHHUIO,
KOHTPOJIIO, MPUEMKE M TOCTaBKEe, KOTOPhIE HEIEIecO00pa3HO YKa3blBaTh B JIPYTHX
KOHCTPYKTOPCKHUX JIOKYMEHTaX.

Ilpozpamma u memoouka ucnvimanuil - JOKYMEHT COJEPXKAILUN, TEXHUYECKUE
JIaHHBIE, TIOIJIeXKAIE TPOBEPKE MPH UCTIBITAHUIX U3JICIIUSI, a TAK)KE MOPSTI0K U METO/IbI
WX KOHTPOJISL.

Tabnuya - NOKYMEHT, COJAEpXalluid B 3aBUCHUMOCTA OT €ro Ha3HAYCHUS
COOTBETCTBYIOIIME JTaHHBIC, CBEJICHHBIE B TaOJIUILY.

Pacuem - 1OKyMEHT, COAEPKAILANA pacyeThl NapaMeTPOB U BEJIUYUH, HAIPUMED,
pacyer pa3MepHbIX LENEeN, pacyeT Ha MMPOYHOCTh U JIp.

Pemonmmnuwie 00KyM8Hmbl - JOKYMCHTBI, COACPKAINEC JaHHBIC JJIsI TIPOBCACHUSA
PEMOHTHBIX pa60T Ha CIICHUAIIU3UPOBAHHBIX IMPCAIIPHUATUAX.

Hucmpykyusa - JOKyMEHT, COJEPKAIMN YKa3aHUs U IPABUIIA, UCIOJIb3YyEMBbIE ITPU
U3rOTOBJIEHUH U3JIenusl (COOpKE, peryJIupoBKe, KOHTPOJIE, IPUEMKE U T.I1.).



IKcnayamayuonHslii. OOKYMEHm - KOHCTPYKTOPCKHM JTOKYMEHT, KOTOpPBIA B
OTZAEJIIBHOCTH WM B COBOKYNHOCTH C JIPYTMMH JOKYMEHTAMH ONPEACIISIET IpaBUIIa
JKCIULYaTalluu M3JEIUs U OTPaXaeT CBEICHHUS, YIOCTOBEPSIOIIME TapaHTHUPOBAHHBIC
M3rOTOBUTENIEM 3HAUEHUSI OCHOBHBIX ITAPAMETPOB U XapaKTEPUCTHUK (CBOMCTB) M3JEIHS,
rapaHTUH U CBEJCHUS 110 €0 SKCIUTyaTallud B TEYEHUE YCTAHOBIEHHOI'O CPOKA CITYKOBbI.

DKCIUTyaTallMOHHbIE JOKYMEHTBI U3/I€NINI, TPEAHA3HAYEHBI [IJIs1 DKCILUTyaTallul |
O3HAKOMJICHUSI C UX KOHCTPYKIIMEH, U3yuyeHHUs MPaBUII HKCILTyaTalluu (MCIIOJIb30BAHUS
0 HA3HAYCHHUIO, TEXHUYECKOTO OOCTY>KMBAaHHS, TEKYIEr0 PEMOHTa, XPaHEHUS U
TPAHCIIOPTUPOBAHUSA), OTPAXKEHUSI CBEJACHUM, YIOCTOBEPSAIOUIUX TapaHTHUPOBAHHBIE
M3TOTOBUTEIIEM 3HAYEHUSI OCHOBHBIX IMAPAMETPOB U XapaKTEPUCTUK W3AECIUS, TApAHTUI
M CBEICHUM MO €ro SKCIUTyaTallid 3a BECh IEPUOJ, a TAKKE CBEACHUM 110 €ro
YTUJIA3ALNH.

Ackusnwtii npoexm — nepBbii dtan npoektupoBanus (I'OCT 2.119-73), xoraa
YCTaHABJIMBAIOTCS MPUHITUITHAIBHBIC KOHCTPYKTUBHBIC U CXEMHBIC PEIICHUS, AAONTUe
oO111e npecTaBieHus: 00 yCTponCcTBE U paboTe U3/IEIHs.

OCKM3HBI TPOEKT pa3paldaThiBalOT OOBIYHO B HECKOJbKMX BapHaHTaX
C 00CTOSITENbHBIM PACYETHBIM aHAIM30M, B pE3yJIbTaTe KOTOPOIro OTOMPAIOT BAPUAHT ISl
HOCIEAYIOLEN pa3paboTKH.

Ha a1o¥i ctaguu npoeKTupoBaHus NPOU3BOIAT KHHEMAaTUYECKUIM pacyeT IPUBOAA,
pacuer nepeaad ¢ 3CKU3HOW KOMIIOHOBKOU MX JETAJIEH, OTPAKAIOLIEN IPUHLIMIINAIIBHBIE
KOHCTPYKTUBHBIE pELIEHUS U Jarolue oOliee NpeacTaBlIeHUe 00 YCTpPONCTBE H
OPUHLKIIE pabOThI MPOEKTHUPYyEMOro u3nenus. M3 n3nokeHHOro cieayeT, YTO pacueThl
HEOOXOJMMO  BBIMOJHATH C  OJHOBPEMEHHBIM  BBIYEPUMBAHUEM  KOHCTPYKIIMH
U3Jenusl, TaK KAk MHOTME pa3Mepbl, HeoOXoauMble [UJIsi pacyera (pacCTOsSHUS
MEXy OIIOpaMH Bajia, MECTa IPUIIOKEHUS HArpy30K U T.I1.), MOKHO MOJTYYUTh TOJIBKO U3
yeprexa. B To ke BpeMs 1odTanHoe BbIYEPUMBAHUE KOHCTPYKLIMU B IIPOLIECCE pacyeTa
SBJIICTCS MIPOBEPKOU ITOTO pacdera. HenmpaBuiibHbBIN pe3ysibTaT pacyeTa MpOsBIIsAETCs B
HapYILICHUU MPONOPLUUOHAIBHOCTH KOHCTPYKIIMU JETalIu IPU BBIIOJHEHUU JCKU3HOU
KOMIIOHOBKH HU3ZEIIHS.

IIepBbie NPOEKTHBIE pacUEThl HA CTAAUH ICKU3HOIO IPOCKTUPOBAHUS BBIIIOJIHSIOT,
KaK MpPaBWJIO, YIPOIIEHHBIMU U MpUOIMKEHHbIMH. OKOHUYATEIbHBIN pacyeT sIBISETCS
IPOBEPOUYHBIM 7151 JaHHOM (YK€ HAMEUEHHOM ) KOHCTPYKIIMH U3IEITU.

MHorue pa3Mepsl 3JIEMEHTOB JIETaIl MPH MPOSKTUPOBAHUN HE PACCUUTHIBAIOT, &
NPUHUMAIOT B COOTBETCTBHHM C ONBITOM MPOEKTHPOBAHUSA MOAOOHBIX KOHCTPYKITUH,
0000IIIEHHBIM B CTaHAApTax M HOPMATHUBHO-CIPABOYHBIX JOKYMEHTaX, Y4eOHUKaX,
CIIpaBOYHHKAX U TIP.



OCKHU3HBIA MPOEKT IMOCNE YTBEPXKICHHUS CIY>KUT OCHOBAHHMEM MJisi pa3paboTKu
TEXHUYECKOT0 MPOEKTa WU paboveil KOHCTPYKTOPCKOM TOKYMEHTalUU.

Texnuueckuit npoexkm — 3aKirounTeNbHbIN 3Tan npoekrtupoanus (I'OCT 2.120-
73), Korjga BBISIBJISIOTCA OKOHYATEJIbHbIE TEXHUYECKUE PELIEHUs, AAIOUIMe TMOJHOE
npeAcTaBiIeHUEe 00 U3IEeTUU.

TexHrueCcKuil MPOEKT MOCIE YTBEPKACHHS CITY>)KUT OCHOBAHHEM ISl pa3paboTKU
paboueil TOKyMEHTaIlUH.

Pazpabomka paboueini OOKymenmayuu - 3aKJIFOYUTEIIbHASA  CTagusd IPOEK-
TUPOBaHUs, HEOOXOaUMAasl JJisl U3TOTOBJIEHUS BCEX HEHOPMAJM30BAHHBIX JETANICH, a
TaKke i opopMIieHUs 3aBKH Ha MPUOOPETEHNUE CTAHAAPTHBIX U3/ICIIUM.

B yueOGHOM 3aBeaeHUM 00beM pabOT Ha 3TOM CTAaAUU MPOEKTUPOBAHUS OOBIYHO
yCTaHaBJIMBAETCs pelieHreM Kadeapbl U yKa3bIBaeTCs B TEXHUYECKOM 3adaHuu. [lpu
pa3paboTke npuBoaa pabodas JOKYMEHTAIUsl OOBIYHO BKIJIFOUAET YEPTEXK €ro OOIIEro
BUJa WIM TraOapUTHBIA 4epTexX, COOPOUHBIN YEPTEXK pPENyKTOpa, pabodyue YepTexRH
OCHOBHBIX JIeTasiell (Bajia, KoJyieca, 3B€3J0UKH WU IIKKWBA U T. 11.)

Pabouuit npoexkm — TOTHBIA KOMIUIEKT pabouell TOKyMEHTAaIluh, TEKCTOBOM U
rpaduyeckoii (TOCT 2.102-68; 2.106-68), B KOTOPOI COASPKUTCS MOJIHASI HHGOPMAITHS
0 KOHCTPYKIUH, U3TOTOBJICHUH

OcHoeHble RPURUUNRDBI KOHCMPDYUposanus

[Tonx koncmpyuposanuem HEKOTOPHIE aBTOPHI MMOHUMAIOT BECh MPOIECC OT UICH
JI0 U3TOTOBJICHHS MAIIIMH, HEKOTOPHIE — JIMIIIb 3aBEPIIAIOIIYIO CTATUIO €ro MOATOTOBKH.
Ho B moboM crnydae yeib u KOHeuHblil pe3yibmam KOHCMPYUPOBAHUS — CO30AHUE
paooueii  ookymenmayuu (FOCT 2.102-68), 1o KoTopoil MOXHO 0e€3 ydacTus
pa3paboTurKa W3rOTaBIMBATh, IKCILUTyaTUPOBATh, KOHTPOJIUPOBATh M PEMOHTHPOBATH
U3JIeNne.

[IpuBenem crienyromiye dTansl 3TOTO Tpolecca:
- popmupoBaHue TPEOOBAHUN U BBIXOAHBIX ITAPAMETPOB;

- BBIOOp MJIM CHHTE3 (COCTaBJICHUE, COCIMHECHUE) CTPYKTYPhI B BUJE OTICIbHBIX
OJI0KOB;

- BBIOOp WJIM CHUHTE3 KOH(MUTYpallUK KaXK10T0 U3 OJIOKOB;

- BBI60p MaTCpUAJIOB U CHHTE3 TCOMCTPHUU OTACIIbHBIX 3JICMCHTOB.



Kaxxnprit u3 ATANOB MPEAnoIaraeT KOMIIOHOBKY o0beKTa u3
COCTABJIAIOIIMX YAaCTEM, MCXOAS W3 JAaHHBIX, COAEPXKAIIMXCA B CHPABOYHOM
JUTEpATYype, NPEANOUYTUTENLHO B JJIEKTPOHHOM BHJE — aBTOMAaTU3UPOBAHHOM
OaHke nmaHHbIX. J[g r000ro ATama HY)XKHO HMMETh aHaJOoTd W TPOTOTHUIIBI, TakK
KaK He3a4eM IIOBTOPATH paboTy, MpoJeiaHHyl JApyruMu. Bce TBopueckue
YCWIMSA CIIEAYET HAlMpaBUTh HA COCTABICHUE W  COIIOCTABJIICHHWE BapUaHTOB
JUIS1 KOHKPETHBIX YCIOBUM, HAPUMEDP, KAKOW MPUBO/T JIyUIIE TOAXOINUT: JICKTPUIECKUM,
TUAPABIMYECKAN WM MMHEBMATHYECKUH, — KaK TepepacrnpeneinceHbl QYHKIHNN MEXITY
MPUBOJIOM, TEPEJATOYHBIM MEXAHU3MOM M CUCTEMOU YIIPaBICHUSA, MEXKIYy HECYyIIeH
Y4acThIO (paMoii) U UCTIOJIHUTEIIBHBIM 3B€HOM H T.II.

IIponecc  KOHCTpyupoBaHHs  MHOrorpaneH. B camom ero  Havaie
HY>KHO TIPEJICTaBIIATh, KaK pa3pabaTbiBaeMblii TEXHUYECKUNA OOBEKT MOKHO U3TOTOBUTH
U KaK OH OyJIeT BBIIJISIETh B KOHIIE MpoIiecca.

KoHCTpykTOp — 3TO XYAOXKHUK, — OTO KOMIIO3UTOpP, — 3TO TMO3T B
cBoeit obnactu. Eciiv oH He 00s1a1aeT TajdaHTOM, OOIIMPHBIMU U NTyOOKMMU 3HAHUSIMU,
IPOCTPAHCTBEHHBIM (MHOTOMEPHBIM) MBIIUIEHUEM, TO CO3JaTh HOBYIO COBEPUICHHYIO
KOHCTPYKL[MIO €My HE IIOMOTYyT HMKakue IpaBuia wid npuHuunel. Co3naBaTh
UCKYCCTBEHHBII MHUpP — 3TO IPEXKJE BCEro UCKYCCTBO, a HayKa, KaK COBOKYITHOCThb
3HAHWM, TOJIBKO MOMOTaeT MHTYWLHUH U TaJaHTy. TeopHsi U KOHCTPYKTOPCKHHA OIBIT
JOJKHBI OBITH cOaTaHCUPOBaHbI. Lleb KOHCTpyrpoBaHUs — HanOoJIee MOJHOE PEIIEHUE
NOCTABJICHHOW (D)YHKIMOHAIBHOM 3amauu. [IpucTynars Kk pa3paboTke MpoekTa HYKHO,
TOJIBKO MOHSAB (PYHKIHIO OYyyIIEero U3AeNus U NPe/ICTABUB B IPOCTPAHCTBE BO3MOXKHOE
pelICHNE WIH ITyTh PELICHMs. 31€Ch UIET PeUb O POCTPAHCTBE HE TOJIBKO TPEXMEPHOM
(reoMeTpu4ecKOM), HO U MHOTOMEPHOM (BpeMsi, ICTOPUUECKHUE TEHACHIINH, MaTEPHUAIIbI
U TexHoyioruu). B arolt cBs3u, ecam Bel oOmamaeTe JMHEHHBIM WM IIIOCKHUM
IpeCTaBICHUEM Belllel, TO KOHCTpyHpoBaHue He Bama chepa nesarenbHOCTH, a €CH Bb
MBICJIEHHO MOKET€ MPEACTABIISITH TEOMETPUIO U3JIETHS, TO TOCTapalTech pa3BUTh Baie
KayeCcTBO 10 MHOTOMEPHOT0 TOHUMAaHUsI UCKYCCTBEHHOI'O MUPA.

s pelIeHus GyHKIIMOHATBHON 3a1a491 OJIMHAKOBO Ba)KHBI
reomeTpudeckas popma (COOCTBEHHO KOHCTPYKIIHS ), MaTEPUAIbl U TEXHOIOTHUS.

DyHKyuoOHabHAA Yeneco00pa3HoCmb — MPUHIINI, 03HAYAIOIINN COOTBETCTBUE
BBEIOPAHHOTO PEIICHUS TOCTABICHHOM 3a1ade. IHBIMU clioBaMu — 3a/1ada J0HKHA ObITh
BBITIOJTHEHA O€3 MPEBBIIICHUS] HEOOXOUMBIX 3aTparT.

QyHKIMOHAIbHAS L[EJIECO00PA3HOCTD IIpeayCMaTPUBAET, B
YaCTHOCTH, 00ECIIEUEHHE MHHHMMAJIBHO JOMYCTUMOM Uil  3aJaHHOM  (QyHKUUU
IIPOYHOCTH, MUHUMAJIbHOM KECTKOCTH U IPYTUX XAPAKTEPUCTHUK, €CIIM UX MOBBILIEHUE
CONPSIKEHO  C  YBEIMYEHMEM  MAcCChl,  YJIOPOXaHUEM  M3TOTOBIECHUS U
HKCIUTyaTallM YCTPOICTBA; BBIIOIHEHUE 3AILMTHBIX KOHCTPYKIMM TOHKOCTEHHBIMU (B



BU/JIE KOXKYXOB) B OTJIMYME OT HECYIIMX KOHCTPYKIUI; 0OecrieueHne BbICOKOM TOUHOCTH
U [ICHTPUPOBAHUS JETANEH TOJBKO B CIIy4asiX, KOrJa 3TO BIMSIET Ha paboTOCIIOCOOHOCTh
YCTPOWCTBA; HCKJIFOYEHUE JIMIITHUX onop JUISL neTanen, KOTOphIe
MOTYT CaMOYCTaHaBJIMBAaThCsl; OOECIEUEHUE BBICOKOI'O KAauyecTBa TOJBKO TPYIIUXCH,
IIOCAJJOYHBIX, & TAK)KE OTKPBITHIX JUIsl 0003pEHUSI M KOHTAKTa IOBEPXHOCTEH.

Beibop cxeM M KOHCTPYKLMH TOJKEH  ObITh  HA  ajlbTEpHATUBHOU
ocHOBe. OCHOBHas ($yHKIMOHAIbHAS 3a1aya pemaercs Onaronaps
BBITMOJIHEHUIO MHOKECTBA YaCTHBIX (DYHKUMH, TaKMX KaK BOCHPUATHE OINPEAEICHHOTO
BUJIa Harpy3KH, U3MEHEHHE OIPENIEIICHHOT O rapamMeTrpa JBUYKEHUS,
nepenada Bpalaronero MOMEHTA, LIEHTPUPOBAHHUE, KOMIIEHCALIHs
ONPEJEICHHON MOIPEIIHOCTH, OTPaHUYEHUE NepeMelleHuid u T.1. M3 MHoroooOpasus
YacTHBIX QYHKUUA M UX KOHCTPYKTHBHBIX PEUICHUN HYXKHO OINPEACIUTh Ty €IUHCT-
BEHHYIO COBOKYITHOCTb, KOTOpasi B IIOJIHOM MEpe COOTBETCTBYET IIOCTABIECHHOM 3a1ayue,
IpUYEM COBMELICHUE (PYHKIMM MO3BOJSET NPUBECTH K YMEHBUICHHIO T'abapUTHBIX
pa3sMepPoOB U MaCCHI.

MHnozonomounocmos nepeoauu anepeuu. OHa u3 OCHOBHBIX
3a/la4y KOHCTPYHUPOBAHUSI — Iepeaadya MEXaHUYeCKON IHEPTruu OT UCTOYHHUKA (TIPUBO/IA)
K HCIBITATEIbHOMY YCTPONCTBY (paboueMy oprany) mamuHbl. [log MHOromoroyHowu
nepegayeil MOHMMAETCA NapajuiellbHOe (B SHEPreTUYECKOM, KHHEMATUYeCKOM WM
CUJIOBOM Harpy304YHOM CMBICJI€) pa3MeElIeHUE HECKOJbKUX KHHEMATHUYECKUX Ilenei
(coenuHeHUM) WIM HECKOJIbKHUX MOJBIXKHBIX coeauHeHui. K Takum cucremam
OTHOCSATCS:

- IUIaHETapHbIE MHOTOCATEJUIUTHBIE TIEPEeaun, B TOM YHCIIE, YACTHBIE BAPUAHTHI C
HETIOJIBIJKHBIMM OCSIMU  KOJIeC, Tepefadyd C MHOTOIMAPHBIM 3yOUaThiM 3allerjieHueM
(Hanpumep, BOJIHOBbIE 3yOuaThlie IMepeaadyn), MHOTOJAMCKOBBIE BapUATOPbI CKOPOCTU U
T.IL.;

- MHOTOXJIEMEHTHbIE (HampuMep, NUIMIIEBOE COCAMHEHUE B CPaBHEHUH CO
IIMOHOYHBIM) M TPYINIOBBIE HEMOABWXHBIE COEIWHEHHUS, B T.4. MHOTO3JIEMEHTHbIE
yIpyrue COeTUHUTENbHbIE My(THI U JIP.;

- MHOTI'OIIOTOYHBIC (SaMKHYTBIC) MCXaHHNYCCKUC nepecaadun JABUKCHMUS
C IMTOCTOAHHBIM IICPCAATOYHBIM OTHOIICHHUCM

- MHOTONOTOYHbIE (3aMKHYTbIE) KOMOMHHpPOBAHHbBIE MEpeayl C HU3MEHSEMbIM
(perynupyembiM) IEpeIaTOYHbIM OTHOIICHUEM U3 MapajiieNIbHbIX BETBEH;

- MHOI'OABUIaTCIbHLIC IMPHUBOAbLI C HCIOABHXHBIM COCIHMHCHHUEM BbIXOJHBIX
3BCHLCB K&)K,ZIOﬁ N3 IapaJlICIIbHBIX BETBEH C O6HII/IM BBIXO/JHBIM 3BCHOM,



- MHOI'OJIBUraTejbHble MPUBOABI C AU(PPEepeHIUANTbHBIM COSAUHEHUEM (Yepes
CYMMUPYIOIIUA MEXaHU3M) BBIXOJIHBIX 3BEHbEB KaXKIOM W3 NapajyIeNbHBIX BETBEH C
0OIIMM BBIXOJIHBIM 3BEHOM;

- MHOTOJIBUTaTeJbHbIE€ MPUBOJLI C JBYMS U 00Jee BBIXOAHBIMU 3BEHBSIMH C
COEIMHEHNEM BETBENU CUCTEMBI qyepes g depeHunanbHbIN
(pa3BeTBIAOLIMI, CYMMUPYIOLIUIT) MEXaHU3M;

- Pa3BCTBJICHHBIC MCXAaHUYCCKUC TPAHCMHUCCHH, ITIPUCOCAUHATIOIITNEC OJTHOBPEMCHHO
501041 BBI60p0‘IHO HECKOJIbKO BBIXOAHBIX 3BCHBCB K O6H_[6My JABUTI'aTCIIIO,

- MHOI'OITOTOYHBIC MHOT'OITIOABHUKHBIC MaHUITYJIMPYIOIIUC MCXaHNU3MBI.

MHOronoTOYHOCTh NIPU  OAMHAKOBOM (YHKIIMM CpPAaBHUBAEMBIX YCTPOWCTB
(xapakTepa BOCTIPOM3BOAMMOTO ABUKEHUSI, HECYIIIEH HArPY304YHOM CTOCOOHOCTH ) UMEET
PAI IPEUMYLIECTB:

- JIpoGneHune >HEPreTHYECKOTO MOTOKA MPUBOIUT K YMEHBIIEHUIO Pa3MEpOB U
MacCChl KaXKJ0TO U3 DJICMEHTOB WM 3BCHBEB MapalIeIbHBIX BETBEH, HO MMPOUCXOAUT 3TO
HE TMPOMOPIMOHAIIBHO YMEHBIIEHUIO HAarpy3kd, a B OOJbIIC Mepe Tak, Kak
«cpabarpiBaeT» MaciTaOHbIH 3(PGheKT — BIUSHUE pa3MepoB 00bEKTa Ha M3MEHEHHE
XapaKTePUCTHK COMTPOTUBIICHHSI YCTAIOCTH, TPCHHUS W M3HAIIMBAHUS U T.I. UeM MeHbIIe
JMAMETP 3arOTOBKH, TEM BBIIIIE JOCTUTaeMble MEXaHUYECKHUE CBOIMCTBA MaTepuasa, TeM
OOJIBIIIE TEXHOJOTUYECKUX BO3MOXXHOCTEH COBEPIICHCTBOBAHUS T€OMETPUICCKOM
dbopMBI W  TOYHOCTH €€  BOCIPOU3BEACHHS, a  TaKKe  yMCHBIICHUS
IIEPOXOBATOCTH. Y MEHBIIICHUE pa3MEPOB TPUBOJAUT K YMCHBIICHUIO JIMHCHHBIX
CKOPOCTEH 3BEHBEB M CKOPOCTEH CKOJIBLKEHUS, YTO IMO3BOJIICT YMEHBIIUTH BUOPOAKTHB-
HOCTh CUCTEMBI, JIETYE perath mpoOaeMbl BUOPO3aIIUThI, CHIKATh MMOTEPH Ha TPEHUE,
BBIOMpaTh 00JIee pallMOHALHBIC PEIICHHUS TIOIIIUITHUKOB U YTUIOTHEHNUH, 00ECTICUnBaTh
TePMETUYHOCTh COCIMHEHU U T.11.

YMeHbIlIeHHe  pa3MepoB  JIETalM  MOXET TPHBECTH K  W3MEHEHHIO
CXEMBI €€ HArpyKEHHUSI U BO3MOKHOCTH U3MEHEHUSI TE€OMETPUUYECKON (POPMBI B CTOPOHY
ee yIpoIIeHUsI — CpaBHHU, HampuMmep, (popmy caTeuiuTa B BHJIE KOJbIA C 3yObSIMHU C
dbopmoil 0OBIYHOTO 3y0UaTOro Kojeca, CoAepkaiiero o001, AUCK U CTYIHUILY.

Yem MeHblIe pa3Mepsl JeTaliel, TeM Jierde OCYyIIEeCTBUTh aBTOMATHU3AIIMIO
00paboTku U cOOpkH. B KOHEUHOM HTOre€ CTOMMOCTH M3TOTOBJICHUSI HECKOJIBKHUX
OJTHOTHITHBIX J€Tajlell WM HJIEMEHTOB MOXET OBbITh YMEHBIIEHAa MO CPaBHEHHUIO CO
CTOMMOCTBIO U3TOTOBJIEHUS OJJHOU KPYIIHON JETAJIHN.

BappupoBanuem KOJIMYECTBA JABUTATENIECH, PEAYKTOPOB, COCAWHEHUN B OJHOUN
CHUCTEME MOXHO JOOWTHCS PAIMOHAIBHOTO HCMOJIb30BaHUS YHUDUIIMPOBAHHBIX, YK€
BBIITYCKAEMBbIX COOPOUHBIX €UHUII, B T.4. UCIIOJIB3YEMBIX B APYTUX CUCTEMAX.



NwmeroTcs u apyrue npeuMymecTsa MHOTOIIOTOYHBIX CUCTEM, HO B TO JK€ BpPEMSI
ciaeayeT MpeAynpeluTh YUTaTEeNs, UYTO JIF0OO€ HaIpaBlICHHE B KOHCTPYHPOBAHUM HE
JMIICHO HEIOCTATKOB, IMO3TOMY B KaXJIOM KOHKPETHOM CIy4a€ MHOTONOTOYHYIO
CHUCTEMY HYXXHO paccMaTpuBaTh KaK albTCpPHATHBHBIM BapwaHT (WM BapHaAHTHI)
OJIHOTIOTOYHOM CHCTEME W BBIOMpaTh M3 HUX HauWOoJiee MOIXOMSIIMN JJis1 pEeIICHUs
IMOCTABJICHHOM 3aJ1auM.

Tpebosanusa kK mexnHonocuyHOCMU U30EIUIL.

OgauM U3 NIaBHBIX  TpeOOBaHUM, OpenbsaBIIeMbIX K npubopam
SIBJIIETCS TEXHOJIOTUYHOCTh KOHCTPYKLMHM, KOTOpBIE TAKXKE SBISAIOTCS TJIABHBIM
(dakTopoM, OT KOTOPOrO B OCHOBHOM 3aBUCAT MHOTHE 3KCIUIyaTallUOHHBIE
XapaKTEpUCTUKHU ITPOCKTUPYEMOIO U3AEIHS.

Texnonocuunocmp u3zodenusn eCTb COBOKYIHOCTh €r0 CBOMCTB, 00€CIeUnBaIOIINX
ONTHUMU3ALMIO 3aTPaT MPU MIPOU3BOJICTBE, IKCIUTYATallUh U PEMOHTE C YYETOM 3aJaHHbBIX
MoKasarelied KadecTBa, OObeMa BBIMMYyCKa M BBITIOJHEHUS YCTPOWUCTB. Paznmuaror
MPOM3BOJCTBEHHYI0,  JKCIUIyaTalMOHHYK) M PEMOHTHYK)  TE€XHOJOTMYHOCTH
KOHCTPYKLIHH.

Hpou330()cm3euua}1 mexnojiocuunocmsp ONPCACIIACTCA 00BEMOM pa60T 1o
TEXHUYECKOM MOATOTOBKEC ITPOU3BOJACTBA, CJIOKHOCTb U3TOTOBJICHUS, CIO’)KHOCTDH C60pKI/I
U HATaAKH.

IKcnayamayuonnaa mexHoa0ZuuHoCmsy onpeaensercs o0beMoM paboT 1o
MOATOTOBKE HM3JENIHS K MCIOJIb30BAHUIO MO HA3HAYEHHIO, SKCIUTyaTallud, PEMOHTY U
YTWIN3ALUHU, a PEMOHMHYI0 MEXHOA02UYHOCb XapaKTePU3yeT CBOMCTBA M3IENIUS MPHU
BCEX BUJAX PEMOHTA U MPOSBISETCS B COKPAIIEHUU CPEJCTB U BPEMEHH Ha BCE BHJIbI
pEMOHTA.

OcHogHble MemoObl 00ecneueHUuss MeXHO102UYHOCHU Koncmpykuuu

- 9TO WUCIIOJB30BaHUE NPOCTOM U 00paOOTaHHOW B MPOU3BOJCTBE 0a30BOM
KOHCTPYKIIUHU pa3padbaTeiBaeMOro mpuodopa:

- BBIOOp GOpPMBI M pa3MepoB KOMIIOHCHTOB JE€Taled W y3JI0B KOHCTPYKIIUU
npuoOpoOB, C YYE€TOM HKOHOMHMYECKOW IIeJeCOO0pa3sHOCTH  CIOCOO0OB  (OPMBI
o0pa3oBaHwsI, yMEHBIIIAIOIINX MaTEPHATIOEMKOCTh MTPHOOpa.

- BbIOOp YHU(DUIIMPOBAHHOW OCHACTKM U CTaHJAPTHOTO 0OOPYyJAOBaHUS
UCIIOJI3yEMOTr0 MPHU pealin3allii TEXH. IPOLIECCOB;

- YMEHbIIIEHNE HOMEHKJIATYpbl UCIOJIb3YEMbIX MATEPUAJIOB U MOy PadbpUKaToB;

- YMCHbBIICHHUC ITPUMCHCHUS I[C(l)I/IHI/ITa N TOKCUYHBIX MAaTCPHUAJIOB, AparoucHHbIX
MCTAJIJIIOB.



- 000CHOBaHHBIN BBIOOP TOYHOCTH HW3TOTOBJICHHS JETANCH W Y3JI0B MPUOOPOB
(kBanIUTETA).

- KOHCTPYKTMBHasg W (PYyHKUMOHAJIbHAs B3aMMO3aMEHSIEMOCTb, MUHHUMH3ALUS
YuCia NOJACTPOCYHBIX U PETYJIMPOBOYHBIX ONEPALIHA.

- KOHTPOJICTIPUTOTHOCTh M MHCTPYMEHTAJIbHAS TOCTYITHOCTh 3JIEMEHTOB JeTalIeh
U y3JI0B, OCOOCHHO NMpW aBTOMATHU3WPOBAHHOM W MEXaHH3UPOBAHHOM IPOHU3BOICTBE
npuodopa;

- TEXHOJIOTMYHOCTh KOHCTPYKIMHM TpHOOpa JOJKHA O0ecreunBaThCS Ha BCEX
ATanax €ro pa3padoTKU WU MPOCKTUPOBaHUs. B TEXHMYECKOM 3alaHUM ONpPEISsSIOT
TpeOOBaHUS K TEXHOJOTMYHOCTH B 1IE€JIOM, YCTAHaBJIMBACTCS CBSI3b MEXKAY
JKCIUIyaTallMOHHBIMHU  [IOKAa3aTeIsIMU  M3JEJIM M TEXHUKO-DKOHOMUYECKUMHU
TpeOOBAHUSIMU C UCTIOIB30BAHUEM HOBBIX MAaTEPUATIOB U TEXHOJIOTHYECKUX MPOIECCOB.

Ha Bcex srtamax pa3paboTKu MU co3faHusi nmpuOopa JOHKEH OBITh YCTaHOBJICH
KECTKUM KOHTPOJIb 32 KAYE€CTBOM pa3padaThIBAEMON KOHCTPYKTOPCKOW TOKYMEHTAIlUU
HAa TEXHOJIOTUYHOCT.

Cucmempul 2occmanoapmos, UCnOb3yemble RPU RPOECKMUPOBAHUU MAUIUH
Toccucmema cmanoapmuzayuu (I'CC) Poccuu

Hacrosimuii ctangapT yCTaHaBIMBAET OOIIME OpPraHU3ALMOHHO-TEXHUYECKHE
npaBujia MPOBEACHHs pabOT MO CTaHAAPTU3ALMH, (POPMBI U METOIbl B3aUMOJEHUCTBUS
NPEANPUATANA U NPEANPUHUMATENEH APYTr € APYTOM, C TOCYJIapCTBEHHBIMU OpraHaMH
yIpaBJIECHUS.

[lonoxxenuss  cTaHAApTOB  TIOCYJAPCTBEHHOM  CHUCTEMBI  CTAHAAPTHU3ALNH
Poccuiickoii @enepannu NIpUMEHSIOT TOCYAapPCTBEHHbIE OpTaHbl yIPaBlIeHUs, CyObEKThI
XO3SIIICTBEHHOH €ATEIbHOCTH, HAYYHO-TEXHUYECKUE, UHKEHEPHbIE 00I1IeCTBA U IpyTue
oO11ecTBeHHbIE O0BEANHEHNUS, B TOM YHCIIE TEXHUYECKNE KOMUTETHI 10 CTaHapTU3ALUH.

Cmanoapmu3ayus - 1JIaHOBAs JIEATEILHOCTh 10 YCTAHOBJIEHUIO 00S3aTEIbHBIX
paBujl, HOPM U TPeOOBAaHUM, BBITIOJIHEHHE KOTOPHIX 00ECIEeYMBAET SKOHOMUYECKU -
ONTHUMAJIbHOE KaYECTBO MPOAYKIINH, TOBIIICHUE TPOU3BOAUTEIILHOCTH OOIIIECTBEHHOTO

Tpyaa.
I'CC Bxmrouaet B ce0sl CJICIYIONINE CUCTEMBI CTaHIAPTOB:

1. Cama I'CC. Kopx 1

2. Enqunas cucrema koncrpykropckoit qokymentanuu (ECK/). Kon 2



3. Enunas cuctema texHonoruueckoit noarotoBku npoussojcrsa (ECTII). Kox 3
4. Cucrema nokazareneit kauectBa npoaykiuu (CIIKIT). Kox 4

5. Enunas cucrema kiaccu(ukanuyu U KOAUPOBAHUS TEXHHUKO-3KOHOMUYECKOU
unpopmaruu (ECTU). Kox 5

6. YaudunuposanHas cucrema nokymentanuu (YCJ). Kox 6

7. Cucrema wunHbpopmaImoHHo-onomorpaduueckoit nokymentanuu (CUBU).
Kon 7

8. N'ocynapcTBeHHas cuctema obdecrieueHus equncta uzmepenuit (I'CH). Kox 8
9. Penporpacdus (Meroas! kKonupoBaHusi JokymeHToB). Koz 13
10. Equnas cuctema texnosnoruu npoussojactsa (ECTIIII). Kox 14

11. Cuctema nmpou3BoJICTBa U MOCTAHOBKU NMPOAYKIKU Ha ripou3Boactso (PCIIII).
Kon 15

12. Equnas cuctema nporpammubix fokymentoB (ECII/). Koa 19

13. ABTOMaTHU3UPOBAHHBIE CUCTEMBI YIIPABIECHUS TEXHOJIOTHUYECKUMH POLieCCaMu
(ACYTII). Kox 21

14. PacueTsl ¥ UCTIBITaHUS Ha TPOYHOCTh. Koy 25

15. Hanexxuocthb B Texuuke. Kong 27

16. Undopmanmonnsie TexHonoruu. Kopa 34

Eounan cucmema koncmpykmopckou ookymenmavyuu (ECKJ/])

MamuHbl, Kak W APYTH€ U3JAENHS, W3TOTaBIMBAIOTCA TOJBKO IO IPOEKTY,
KOTOPBI, B JIIOOOM cily4ae, SBJISIETCS COBOKYIHOCTBbIO TpaUUEeCKUX M TEKCTOBBIX
nokyMeHToB. [lpaBuia u mopsigok pa3paboTku, odopmMieHUS W OOpalieHusi 3THX
JOKYMEHTOB YCTAHABJIMBACTCA KOMIUIEKCOM CTaHAApPTOB — EJWHOW CHUCTEMOU
koHcTpykTOopckoi aokymentauuu (ECKJ]I), pazpaborannoit B 70-¢ roast XX B. Bech
komruieke crangaptoB ECK/ Bkimtouaer B ceOs cBoitie 200 craHaapToOB.

Eounaa cucmema mexnonozuueckou ookymenmayuu (ECT/])

B MammHOCTpo€HMM TrOCyJapCTBEHHBIMHM CTaHAApTaMU YyCTaHOBJIeHa EnuHas
cucremMa  TexHojormueckod — mokyMmeHrarmu  (ECTJ). ECTJl  ompenenser
B3aMMOCBSI3aHHBIC TIpaBUjia M TIOJIOKEHUS O TMOpSAKe pa3pabdoTKu, oQopMieHUs,
KOMITJIEKTAllMK U oOpaiieHus. TexHojgornyeckas JOKyMEHTAIus, pa3padaTbiBaeMoil U
MPUMEHSEMON  BCEMH  MAIIMHOCTPOUTEIBHBIMH M TPHUOOPOCTPOUTEITHHBIMU



npeanpustuaMu. OcHoBHOE HaszHaueHue crannaproB ECTJL — ycraHoBieHue Ha Beex
OPEeANpUATUAX E€AMHBIX TOpaBuil  O(QOpPMIIEHMS M BEACHHUS  TEXHOJIOTMYECKOMN
nokymenTauu. ECT/] obecneunBaer cranmapTu3anuio 0003HAYEHUN U YHU(PUKALMIO
JOKYMEHTalluu Ha pasauuHble Buabl padbor. ECT/] npeagycmaTpuBaeT Takxke
BO3MOXXHOCTb ~ B3aUMOOOMEHa  MEXJy  NPEANpUATUSMU  TEXHOJIOIMYECKHUMHU
JOKyMEeHTaMu 0e3 wux rmnepeodopMyIeHHs, dYTO OOeCreyuBaeT CTaOMIBHOCTH
KOMIUJIEKTHOCTH JOKYMEHTALMH, WCKIIIOYAIOIIYI0 MOBTOPHYIO pa3pabOTKy M BBIMYCK
JOKYMEHTOB Pa3HBbIMU MPEATPUITHIMU.

Eounasa cucmema opzanuzayuu u ynpaeieHus mexXHUUecKoil no020MOoGKOIl
npouszeoocmea (ECTIIII)

ECTIIII - »5TOo ycTraHOBI€HHAs TOCYJAapCTBEHHBIMH CTaHJIapTaMHU CHUCTEMa
OpraHu3allid W YIPABJIEHUS TEXHUYECKOW IMOATOTOBKOM MPOW3BOJICTBA, HEMPEPHIBHO
COBEpIICHCTBYEMass Ha OCHOBE JOCTHKCHUW HAYKM W TEXHHUKH, YIPABISIOMIAS
Pa3BUTHUEM TEXHUUYECKOM IMOJATOTOBKHU MPOW3BOJICTBOM HA YPOBHSX: TOCYJaPCTBEHHOM,
OTpPaci€BOM, OpPraHU3alNH, IPEINPUITUH.

OcHoBnas niens ECTTIIT - oGecnieuenrie HEOOXOAMMBIX YCIOBUM TSl JOCTHKECHUS
MOJIHOM TOTOBHOCTH JIOOOr0 THIMA IPOU3BOJICTBA K BBIMYCKY H3JIENUNA 3aJaHHOTO
KAuecTBa, B ONTHMAaJIbHbIE CPOKM IPU HAUMEHBIIUX TPYAOBBIX, MATEPUAIBHBIX WU
¢bunancoBwix 3aTparax. OcHoBy ECTIIII cocTaBisiOT: CHCTEMHO-CTPYKTYPHBIN aHAIN3
nukia TIII; Tunu3anus u crangapTU3anysi TEXHOJIOTHUECKUX MTPOLECCOB U3TOTOBJICHHUS
151 KOHTPOJIS; CTaHIApTU3ALUS TEXHOJIOTUYECKON OCHACTKH 151
WHCTPYMEHTA; arperaTupoBaHrue 000pyJ0BaHUS u3 CTaHIAPTHBIX AJIEMEHTOB
KOHCTPYKLIMH. ECTIII YCTaHaBJIUBAECT TpHU CTauu padboThI HaJl
JOKYMEHTAILIMEN M0 TEXHUYECKON MOATOTOBKHU TPOU3BOACTBRA:

- o0cieoBaHrE M aHAIN3 CYLIECTBYIOIIEH Ha peanpudatun cucremsl TIIIT;
- pa3paboTtka Texaudeckoro npoekra TIIII;

- co3gaHue paboyero mpoeKTa.

Cucmema noxkazameneii kauecmea npodykyuu (CIIKII)

KauecTtBo mpoaykiuu - 3To 3epkajio pabOThl MPEANpPUSATHS U B 3TOM 3€pKaje
OOBEKTUBHO  OTPAXaeTCsl ypOBEHb NPUMEHAEMON TEXHHKH, TEXHOJOTMH U
ynpasieHus. KayecTBo mpoayKIuu - BaKHEHIIasd SKOHOMUYECKas KaTeropus U TECHO
CBA3aHA C pAa3IMYHBIMM JPYTMMH DJKOHOMHMYECKMMH II0KA3aTeNIsIMU, TAKUMH Kak
ce0ecTOMMOCTh, NPUOBLIb, peHTabenbHOCTh U apyrue. [loBelmieHne KadecTBa
IPOAYKIMM HAN0 pacCMaTpUBaTh B PA3JIMYHBIX ACIEKTaX, B TOM YHUCJIE HA MAKpO H
MUKPOYPOBHSX.



KauecTBO mpomyKumm - 93TO COBOKYIHOCTh CBOWCTB, OOYCIIaBIHBAIOIIUX
IPUTOAHOCTh MPOAYKIUHU yAOBIETBOPATH ONpeIeIEHHbIE TOTPEOHOCTH B COOTBETCTBUU
C €€ Ha3HAYCHUEM.

[ToBbilIEHNE KaueCcTBA NPOIYKIIUHU [TO3BOJISET:

- YBEJIMYUTH NOBBIIICHUE KAYE€CTBA TOBAPOB U YCIIYT;
- YIIyYIIUTh CTPYKTYPY IKCIOPTA;

- ocymiectBUTh Ha nipaktuke HTII u mp.

Takum 00pa3oM, BBICOKHMH ypOBEHb KadyeCcTBa MPOIYKIMH ISl TOCYJdapCTBa:
yckopenue HTII, yBeiwueHue 3KCIOpTa, MOTYIIECTBO, IPOI[BETAHHE, HOBBIC PBHIHKH
cOpITA.

Paznnuarot ABa IIOHATHA . TEXHUUYECKHUH YPOBCHD ITPOAYKIIHNH U YPOBCHb Ka4CCTBaA
IMPOAYKINH KaK Ooiee MU POKOC ITOHATHC.

Yposenv kauecmea npoodykyuu - OTHOCUTENIbHAS XapaKTEPUCTHKA, OCHOBAHHAS Ha
CONOCTAaBJICHNUH 3HAYECHUM TMOKa3aTelel, XapaKTepU3yIUX TEXHUYECKOE U ICTETUKO-
SPrOHOMHYECKOE COBEPIIEHCTBO KOMIUIEKCHBIX IOKa3aTeled HaJeKHOCTU U
0€30MacHOCTH UCTIOIb30BaHUS OIEHUBAEMOMN MPOTYKIIHH.

Oyenka VpOBHS Kauecmea npoOYKYuu - 3TO
COBOKYMHOCTD OTEpaIlfii BKIIOUAOIIass BEIOOP HOMEHKIATYpHI TMOKa3aTelield KadecTBa
OLICHMBAEMON NPOAYKLHH, OINPEACICHUE 3HAYCHUN ITUX MOKA3aTeJledl NpU OLECHKE
Ka4eCcTBa NPOAYKIIHH.

Texnuueckuii ypogervb NpoOyKyuu - OTHOCUTEIbHAS XapaKTEPUCTHKA KAadecTBa
IpPOAYKIMU. B MeXIyHapOJHBIX CTaHAApTax HET IMOHATHUS '"TEXHUYECKUU YpPOBEHB',
IIO3TOMY B HUX OTCYTCTBYET OIPEAEICHUE ITOTO OHATHSI.

Cucmema pazpabomku u nocmanoeku npooykuyuu na npouszeoocmeo. (CPIIII)

CPIIIT - xoMmIUIeKC B3aMMOCBSI3aHHBIX OCHOBOTMOJIATAIONIMX OPraHU3allMOHHO-
METOJUYECKUX U OOIMIETEXHUYECKUX TOCYIapCTBEHHBIX CTAHAAPTOB, YCTAHABINBAIOIINX
OCHOBHBIC TIOJIOKEHHUSI, TpaBuiaa W TpeOOBaHUS (Jajiee B TEKCTE€ - IOJIOKEHHUS),
obecreurBaroIIe TEXHUYECKOE U OPTaHU3AIIMOHHOE €IMHCTBO BHITIOTHSEMBIX paboT Ha
CTaJUAX )KU3HEHHOTO IUKJIA TPOIYKIIMHU, BKIIOYAOIIUX UCCIICIOBAaHUE U 00OOCHOBAHHUE
pa3paboTku, pa3paboTKy, MPOU3BOJCTBO, SKCIUIyaTaruioo (IMIPUMEHEHUE, XPaHCHHE)
OPOAYKIMA W PEMOHT (IJI1 PEMOHTHPYEMOM MPOIYKIHMH), a TaKKE B3aUMOJICUCTBUE
3aMHTEPECOBAHHBIX CTOPOH.

LHens CPIII - ¢dopmupoBanre OpraHu3almOHHO-METOANYECKOM OCHOBBI
o0Oecrie4eHus BBICOKOTO TEXHHUYECKOTO YpPOBHS, KauecTBA MU KOHKYPEHTOCIOCOOHOCTH



IPOAYKIIMH B MHTEpEcax Hauboee MOJTHOTO YIOBIETBOPEHUS MOTPEOHOCTEN HACETICHHS,
HApOJHOT'O XO3SICTBA U DKCIIOPTA.

OcHosable 3agaun CPIIII - ycraHOBIEHNE TTONOKEHNM, HAIIPABICHHBIX Ha!

- BCECTOPOHHEE TEXHHKO-3KOHOMHMYECKOE OOOCHOBAaHHE BO3MOXHOCTU U
1eaecoo0pa3sHOCTH pa3paboTKu (MOAEPHU3ALMHU, MOAUDUIIMPOBAHUS ) TPOIYKIINH;

- pa3paboTKy, MPOU3BOJCTBO MPOAYKIIMH BBICOKOTO TEXHMYECKOTO YpPOBHS U
Ka4yecTBa, OTBEYAIOLIEH COBPEMEHHBIM JOCTUKEHUSAM HAYYHO-TEXHUYECKOIO Iporpecca
C Y4ETOM HOBBIX TE€XHOJOTHUW, O€30MaCHOCTH ISl KU3HHU U 310POBbS JIIOJIEH, OXPaHbI
OKpY>Karolleid  cpefpl, COBMECTMMOCTH M  B3aMMO3aMEHSEMOCTH, HKOHOMHUU
MaTepHUAIbHO-TEXHUUECKUX, SHEPTE€TUYECKUX PECYPCOB;

- COKpalllEHUE CPOKOB M 3aTpaT Ha pa3pabOTKy, IPOU3BOJICTBO U PEMOHT, a TAKKE
3aTpar Ha SKCIUTyaTaluo (MpUMEHEHUEe, XpaHEeHNe) TPOAYKITUH;

- 00OCHOBaHHME COCTaBa KOJMYECTBEHHBIX M KayECTBEHHBIX IOKa3aTeleil Mo
CTaHJApPTU3ALUU TPOYKIUH;

- obecrmedyeHre CTAaOMIBHOCTH IIOKAa3aTelICll KadecTBa HM3TOTaBIMBAEMOI,
PEMOHTHPYEMOU TIPOTYKITUH;

- TIOBBILLIEHUE OTBETCTBEHHOCTU HMCHIOJHUTENEH paboT 3a KauecTBO pa3pabOTKH,
W3TOTOBJICHUS U 00ECTIEUCHUS IKCIUTyaTallii B PEMOHTA POAYKIIUH;

- CBOEBpPEMEHHOE OOHOBJIEHUE yCTAPEBIIEH TPOYKLINH;

- o0ecredyeHre IPOM3BOJICTBEHHBIX BO3MOXKHOCTCH I MOOHMIM3AIMOHHON
TOTOBHOCTH MPOMBIIIJICHHOCTH;

- opMuUpOBaHUE PABUII U MPOLIETYp 0OecTeueHs KauecTBa MPOAYKIINH, a TAKKE
HOpMaTUBHOW 0a3pl cepTuUKAIMKU TPOAYKIMH, CHCTEM KayecTBa MU MPOU3BOJCTB,
rapMOHU3UPOBAHHBIX C MEKIYHAPOJHBIMU (PErMOHAJIBHBIMU) CTaHIapTaMU, HOPMaMH,
IIPaBUJIAMH.

Eounan cucmema npozpammuuix 0oxymenmoes (ECILN)

Ennnas cucremMa MIPOrpaMMHOMN JIOKYMEHTALIUU (ECILIO) —
KOMIUIEKC TOCCTaHJapTOB, YCTAaHABIMBAIOIIMX B3aWMOCBS3b MpaBWJI Pa3pabOTKH,
oopMiieHUsI U OOpalleHus1 MPOorpaMM M MPOrpaMMHOIN JAOKyMeHTauuu. B crtangaprax
ECIIA YCTaHaBIUBAIOT TpeOOBaHMsI, pErNIAMEHTHPYIOLIUN pa3paboTKy,
COMPOBOXKJICHHE, W3TOTOBJIEHHE M OKCIUTyaTallMi0 MpOrpaMM, 4YTO OOecrneyruBaeT
BO3MO>KHOCTb!



-yHU(UKAUKA TPOTPAMMHBIX U3JEIUNA 1711 B3aUMHOTO OOMEHa mporpaMMamMu U
OpUMEHEHUS paHee pa3padOTaHHBIX MPOrPaMM B HOBBIX pa3padOTKax;

-YHU(UKAUUK OPOrpaMMHBIX W3JEIUN I B3aMMHOI0 OOMEHa MporpaMMamH U
IpUM paHee pa3pabdOTaHHBIX MPOTPAMM B HOBBIX pa3padoTKax;

-aBTOMAaTU3allMH U3TOTOBJICHUS U XPAHEHUS IPOTPAMMHOMN TOKYMEHTAIIUH.
T'ocyoapcmeennan cucmema obecneuenusn eourncmea usmepenuii (I'CH)

['ocynapcTBeHHass cuctemMa OOEcleueHUs €IMHCTBA HU3MEPEHHM - KOMILUIEKC
HOPMATHBHBIX JOKYMEHTOB MEXPETHOHAJIBHOIO W  MEKOTPACIEBOIO YpPOBHEH,
yCTaHaBIMBAIOIUX IpaBUja, HOPMbI, TPeOOBaHMs, HAIlpaBJICHHbIE HA JTOCTH)KEHUE U
NOJJIEp)KAaHUE €IUHCTBA HW3MEPEHHd B cTpaHe (mpu TpeOyeMoill TOYHOCTH),
yTBEpKJ1aeMbIX [ '0CCTaHIapTOM CTpaHBbI.

I'ocyaapcTBeHHas cucteMa 00ecrieueH sl EAMHCTBA U3MEPEHUI - TOCY 1apCTBEHHAS
CUCTEMA YINpaBJIEHUSA CyObEKTaMU, HOPMaMH, CPEJICTBAMHU U BUJAMH JEATEIbHOCTH I10
oOecreueHuo 3aJaHHOTO YPOBHS eIMHCTBA u3MepeHuil B Poccuiickoit @enepanuu.

Hughopmayuonnvie mexnonozuu

Hnpopmayuonnvie mexunonocuu - COBOKYIHOCTb METOOB, OTHOCSIIHUXCS K
TEXHOJIOTUSM YINpaBJIeHUs M OOpaOOTKM JaHHBIX, B TOM 4YHUCJIE, C NPUMEHEHUEM
BBIUMCIUTEIBHON TEeXHUKU. B  HacTosmiee Bpems NoJa HHPOPMALMOHHBIMU
TEXHOJOTUSMHM  Yallle  BCEro IOHMMAIOT  KOMIBIOTEPHBIE  TEXHOJOruu. B
yacTHOCTH, UT UMEIOT Jeno C HCMIOJIb30BAHUEM KOMIBIOTEPOB M MPOTPAMMHOTO
oOecnieueHus AJI1 XpaHEHMs, NpeoOpa3oBaHusA, 3aIIMTHI, 0OpabOTKH, Mepedadud U
nonyueHuss uHpopManuu. UT — 3T0 KOMIUIEKC B3aUMOCBSI3aHHBIX, HAay4YHBIX,
TEXHOJIOTMUECKUX, WHXEHEPHBIX JUCUUIUIMH, M3YYaloUIMX MeTOoAbl 3(PQPEKTUBHOI
OpraHu3allMi TpyJAa JIOJEH, 3aHATBIX OOpabOTKOW M XpaHEHHEM HWH(POpPMALIHH;
BBIYHMCIUTEIbHYI0 TEXHUKY M METOJIbl OpraHU3alllyd W B3aUMOJEUCTBUS C JIOABMHU U
IPOU3BOICTBEHHBIM 000pyaoBaHueM. MHPpOpMallMOHHbIE TEXHOJIOIMH MPETHA3ZHAUEHbI
JUTSI CHHDKEHUSI TPYA0EMKOCTHU MPOLIECCOB UCTIOIb30BaHUSI HHPOPMALIMOHHBIX PECYPCOB.

CALS-mexnonozuu, CAIIP, ACYII

CALS-mexnono2uu - COBpEMEHHBIN MOAXO0J K MPOESKTUPOBAHUIO U NMPOU3BOICTBY
BBICOKOTEXHOJIOTHYHON U HAYKOEMKOW MPOTyKIINH, 3aKII0YAIOIINICS UCIIOIb30BAHNN B
KOMIBIOTEPHOH TEXHUKH M COBPEMEHHBIX HH(OPMAIIMOHHBIX TEXHOJOTHUH Ha BCEX
CTaIusAX >KU3HEHHOTO IMKJIA W3JAeNHs, 00eCTIeUnBarolias e AMHOOOPa3HbIE CIIOCOOBI
ynpasieHus: npoueccamu. Ilpumenenne CALS-TeXHOJIOTHI MO3BOJISET CYIIECTBEHHO
COKpaTUTh 00BEMBI MPOEKTHBIX padOT, TaK KaK OMHMCAHHS MHOTMX COCTaBHBIX 4YacTel
o0Opy/sOBaHUs, MalIMH U CHUCTEM, MPOEKTUPOBABIIUXCS paHee, XpaHSITCS B
YHH(PHUIIMPOBAHHBIX (opMaTax JaHHBIX CETEBBIX CEPBEPOB, AOCTYMHBIX JTIOOOMY



nosib3oBatento TexHonaorud CALS. Pazsurue CALS-TexHOIOTHI TOMKHO MPUBECTH K
NOSIBJICHUIO TaK Ha3bIBAEMBIX BUPTYAJIbHBIX TPOU3BOCTB, B KOTOPBIX IPOLIECC CO3AAHUS
cnenupukanuil ¢ uHGOpMaLMER AJid NPOrPAMMHO YNPABISAEMOI0 TEXHOJIOTHYECKOTO
000pyI0BaHUsl, JOCTATOYHOM ISl U3TOTOBJICHUS U3JIETIHS, MOKET OBITh pacIpeiesieH BO
BPEMEHUM M MPOCTPAHCTBE MEKJIY MHOTHMMHU OpraHU3alMOHHO-aBTOHOMHBIMU
MPOEKTHBIMHU CTyausIMU. Cpear HeCOMHEHHBIX HocTkeHnil CALS-TexHomnoruii cinenayer
OTMETHUTb JIETKOCTh PACIPOCTPAHEHUS MEPETOBBIX TPOEKTHBIX PEUIEHUH, BO3MOKHOCTh
MHOTOKPaTHOTO BOCIIPOU3BEAECHUS YaCTEH MPOEKTa B HOBBIX pa3paboTKax U Ap.

Cucmema asmomamusuposannoco npoexkmupoganusi (CAIIP) - nporpaMMHBIN
IIAKeT, NPEAHA3HAYECHHBIM I  CO3JAHUs 4YEepPTEKEH, KOHCTPYKTOPCKOW WIIH
TEXHOJIOTUYECKOW  JoKyMeHTammu # 3D mogxeneii. COBpEMEHHBIE  CHCTEMBI
ABTOMATU3MPOBAHHOTO IMPOEKTUPOBAHHUS OOBIYHO HCIOJNB3YIOTCA COBMECTHO C
CUCTEMaMHU aBTOMAaTU3AlMY WHKCHEPHBIX PACUE€TOB U aHAJIU3A.

Aemomamu3zuposanusie cucmemsl ynpaenenus npeonpusmuem (ACVII) - 310
CHUCTEMbI, ABTOMATH3UPYIOIIUE OCHOBHBIC (WJIM OTJEIbHBIE) aCHeKThl yIpaBICHUS
npeanpusitueM. CootBercTBeHHO co3fgaHue ACYII kak cucteMbl ynpaBieHUs - 3TO HE
IPOCTO pa3pabOTKa MPOrpamMm JJisi KOMIIbIOTEPA, 3TO KOMIUIEKC paOOT OXBaThIBAIOIIUNA:

1. opmanuzaiuo oprauu3alioHHON CTPYKTYyphl komnanun ACVYII;
2. OnTUMHU3AIKIO, PU HEOOXOAUMOCTH, OPraHU3AIMOHHON CTPYKTYPBHI;

3. dopmanuzanuio, aHaau3 U ONTUMM3ALMI0 aBTOMATU3UPYEMbBIX OH3HEC-
IPOLIECCOB;

4. 3amuty oT HecaHKImoHupoBaHHoro noctyna (HCJI);
5. IlporpammupoBanue ACVYII;

6. Buenpenune ACVYII;

7. llonnepxky u pazputue ACVYIL

Eounasa cucmema knaccugpukayuu u KoOupoeanus mexHuKo-IKOHOMU4ecKou u
coyuanvnou ungpopmayuu (ECKK TICH)

OCHOBHOM 11€JIbIO, SIBJISUIACH CTaHJAPTU3AIMS WH(POPMAIIMOHHOTO 0OecTeYeHUs
MPOIIECCOB  yMNpPABJICHUS XO3AMCTBOM CTpaHbl Ha OCHOBE TMPUMEHEHUS CPEJCTB
BBIYUCIIUTEILHON TEXHUKU W HOBBIX MH(POPMAITMOHHBIX TEXHOJIOTHU MyTEM CO3JaHUS
€AMHOTO s3bIKa (HOPMAJIM30BAHHOI'O ONMCAHMS JaHHBIX.

OO6mue mpuHIUINBl (GYHKIIMOHUPOBAHUS €IWHOW CHUCTEMbl KJIacCU(UKAIUU U
KOJMPOBAHMS TEXHUKO- JKOHOMHYECKOM U  COIMAIbHOW WHGOpPMAIMU: —  y4eT
COLMAIIBHO-3KOHOMHYECKUX U3MEHECHUH B CTPAHE;



— OTKPBITOCTh U OOLIEAOCTYTHOCTh CUCTEMBI KOAUPOBAHUS JJI MOJb30BaTENEH B
TOU YaCTH, KOTOpasl HE COAEPIKUT CBEACHUM, COCTABIIAIOIINX I'OCYJapPCTBEHHYIO TaliHY;

— aBTOMaTHU3alMs mpoiecca 00pabOTKH TEXHUKO-IKOHOMUYECKON U COLIMaIbHOMI
uH(popmaImy;

— o0ecleuyeHrue METOJIMYECKOTO M OPraHu3allMOHHOTO €IMHCTBA CHCTEMBI
KOJIUPOBAHMS;

— KOMIUIEKCHOCTb CUCTEMbI KOAUPOBAHUS,
— noctosiHHas akryanu3zanus TOCH;

— 00513aTeIHbHOCTh IPUMEHEHUS CHCTEMBEI KOJAMPOBAHMUS npu
dbopMupoBaHUU TOC HHPOPMAITMOHHBIX CUCTEM U PECYPCOB;

— COBMCCTHUMOCTDb CUCTCMbI KOOIUPOBAHUA,

— rapMoHu3alusa CUCTCMbI KOAWPOBAHWA C MCXKAYHAPOIAHBIMU U PCTUOHAIIBHBIMHU
KHaCCI/I(l)I/IKaHI/IHMI/I H CTaHOapTaMHU.

eontouus npoyeccos KOHCMPYUPOBAHUA

IlepBoHauanbHO OpyAus NOPOU3BOJACTBA H3TOTOBISUIUCH PEMECICHHUKAMU.
KonctpyupoBanne kak mnpodeccusi MOsSBWIOCH JIUIb IMOCIAE TOTO, KaK TEXHUYECKHE
00BEKTHI CTAJIN I0OCTATOYHO OOJBIIUMHU U CIIOKHBIMHU.

[ToaTOMY 3BONIIOLIMIO TTPOLIECCA CO3/IaHMSI HOBOM TEXHUKH HYKHO paccMaTpUBaTh,
Ha4YMHas C PEMECIECHHOT O IIPOU3BOJCTBA.

Cpenu crapbIx KycTapeld U pEMECICHHUKOB PEAKO BCTpeyajgach TakKHe, KOTOPbIE
noMUMO o0nafanuss NpoecCUOHAIbHBIM MAacTEpCTBOM, OBLUIM €Ile W TPaMOTHBI.
[loaToMy  OrpOMHYH0  LEHHOCTh  MpEACTAaBIsIET KHHUra OJHOTO M3  HHX
- Jlxopxka Crapra "KonecHas wmacrtepckass', B KOTOPOM JaH OYEPK TEJIEHKHOTO
npou3BojictBa XIX B. JIoOCTaTOYHO HECKOJIBKHUX ITUTAT, YTOOBI IMOHSATH TE€ CKPBITHIC
IPUYMHBI ¥ IIPOLIECCHI, KOTOPBIE YIIPABISAIOT IEUCTBUAMU KycTaps. Haunem ¢ onvcanus
TOYHOM NOJATOHKHU (POPM K YCIOBUSAM 3KCIUTyaTaluu. "... Mbl yIUBUTEIBHO TOYHO 3HAIU
0cOo0BIe HYX/Ibl HAIIUX cocelell. M3roToissa Tenery win Tauky, BOJOBO3KY WIH IUIYT,
WM YTO-HUOY/b €I1e, Mbl BEIOMpAIN TaKue pa3Mepshl, Takhue (POpPMbI KPUBBIX (2 IOUYTH
KaXJas JepeBsiHHas JieTalb OblUla HW30THYTOM), 4YTOOBI OHU COOTBETCTBOBAIIU
OCOOEHHOCTSIM TOYBBI Ha TOW WM UHOU (epme, KPYyTH3HE TOr0 WM MHOTO XOJMa,
TEMIIEpPAaMEHTy TOT0 WJIM WHOIO KJIMEHTa W JlaXXe ero MpHUCTPacTUsM IpH BbIOOpE
joraaen'.



Hanee CTapT paccykaaeTr O TOM, 3a4€M KOJIECAM TEJIETH NPUAACTCS pa3Bal U
yareoOpaszHas popma.

"Kakoli cmbIcl B pa3Bajie u yaiieoopaszHoctu koisiec? K cThily cBoemy, s T0KEH
MPU3HATHCS, YTO ATOT BOIIPOC MYUHUJI MEHSI MHOTO JIET JIaXKe MOCJE TOro, KaK sl yoeaucs
B MHOTOYMCJICHHBIX MPEUMYIIECTBAX ITOW CTpaHHOUW (HOPMBI U B TOM, YTO Kojieca Oe3
pa3Bajia MOTYT HE IPOUTH U MWJIH. .."

CtapT 00Cy’X/1aeT MHOTO BapUAaHTOB OTBETA HA MOCTABJIEHHBIN BOIPOC.

Bpsan s CTapT OTBICKAT BC€ MPUYMHBI YaIeOOPa3HOCTH KOJIEC, a TaKxKe
MHO>KECTBa MPOYMX M3TMOOB, YT U CKPYIJIEHUH, U3 KOTOPBIX COCTOMUT IMOBO3Ka. J[is
HallMX LeJed JOCTaTOYHO OTMETUTh, 4YTO ¢GopMa KaxAOW JeTaaud B IOBO3KE
ONpEIENsIeTCs HE OAHOW, @ MHOTMMU IPUYMHAMH U YTO M3ZEIIHE B LIEJIOM BO3HHMKAET B
pe3yibTaTe TOHKOM OTJIAJKH LEJIOr0 ¢ ONTHMAJIBHBIM HCIIOIb30BAHUEM KaXKIOU €ro
gacTu. 3aMEeTUM TaKKe, YTO KOTJja KyCTapb BOCIPOU3BOIUT WM U3MEHSET KaKyko-1100
¢opMy, OH enBa JIM TOYHO OTHAET cebe OTYeT, MoYeMy MOCTyHaeT UMEHHO TakK, a He
MHAYEC; OH 3HACT JIMIIb, KAK EMY CICAYET 3TO CAENATh.

[oBopss o0 TOM, TMoOYeMy Kojieca MMEIOT BCerga OJHH H Te K
pasmepsl, CTIPT 3aMeUacT:

"Ilo cytu nena, cama HEOOXOAMMOCTh OMpeaeNuia JIMHAHN TTOBO3KU, KOTOpasi He
JIOJDKHA OBITh HE CIIMIIKOM BBICOKOW, HHM CIUIIKOM HHM3KOW; HE OJHO IOKOJICHHE
(dbepMepoB IKCIIEPUMEHTUPOBATIO, YTOOBI OTHICKATh 3TU HEBUIMMbIC JTUHUU, & KOJIECHUKU
HAayUYWJIMCh 3aCTABIISITh KAXKIYIO TEJIETY KATUTHCSA B COOTBETCTBUM C HUMM.

351ech, KaK B Karuie BOJAbl, OTPA3HINCh BCE T€ YCIOBUS, Oaroaaps KOTOPHIM Tejera
cTaja KpacUBOM - TakoM e KpacuBOM, KaK CKpunka uid Jiogka. HeodxomumocTb
onpeenuiia 3aKOHbl OCTPOSHUS! KaKJIOM JeTald U JeCITKaMu CIocoOOB 3acTaBuiia
NOOUTBHCS COTJIACOBAHHOCTH.

TenexxHuK ObLT BBIHYKAEH BO BCEM COXPaHSTh BEPHOCTb 3TUM 3aKOHAM, BCET]a
3HaTh, KaKUM TPEOOBAHUSIM JIOJDKHBI YJIOBJIETBOPATH KoJjieca, Orjao0Jid, OCHU, Ky30B
TeJeru, Bce ee aetain. Hy)kHO OTMETUTh 0COObIN XapakTep 3THX 3HaHWi. VX He HalTH
HU B oAHOM kHure. OHU He Hay4HBI. S1 He BCTpedal HUKOTO, KTO MOT Obl TOXBACTATh, YTO
3HAET TEJIEKHOE IMPOU3BOJCTBO HE TOJBKO SMIIUPUYECKH. S| caM - TUIIMYHBIA TOMY
npumep. S 3Hai, 4TO 3aAHUE KoJieca JOKHBI ObITh BHICOTOM MATH (PYyTOB M JiBa AOMMA,
a mnepenHue - yeTbipe (yra u nBa aroitMa, 4yTO "OOKOBHHBI" HYKHO pe3aTh U3
YETBIPEXTIOMMOBOM CEP/IIEBUHBI JIYUIIIETO Ay0a U T.J. DTO s 3HAJ, U YeM JajbIle, TeM
YBEpPEHHEM, HO 5 peIKO 3HaJ, mouemy. To jxe 1 OOJIbIIMHCTBO peMECIEeHHUKOB. Bech cBOAI
UX B3HAHUM TIPEACTaBIsT COO0OM TMyTaHHYI0 CETh JIEPEBEHCKUX IMPEAPACCYAKOB,
HEKOTOpPbIE OCHOBAHMUS KOTOPBIX ObUIM M3BECTHBI B OJHOM MECTHOCTH, a JIPYrue - B

JIPYrou U T.J.



B KpecTpHCKOM NIBOpE, B IMBHOM, Ha PBIHKE BCE CHOBA M CHOBA 3aBOJHJICA
pa3roBop O TE€X WJIM UHBIX JIEeTalsX; NPUOOpPETEHHbIE 3HAHUSA CBOJIMUIIUCH BOEIUHO B
JIEPEBEHCKOM KY3HHMIIE WM MAacTepCKo pemecieHHuKa. Bo3uuku, Ky3Helsl, hepMepsl,
KOJIECHUKH - TBHICSYM PEMECIICHHMKOB M3 BEKa B BEK IEpeAaBalli CBOUM JETAM HIIU
OIMAacTEPbIM T€ KPYNHUILbI IOHUMaHMUs, YTO UM yjaaiaoch cobpars. Ho mo Gombieit
YacTW NOHMMaHUE JieTajeil OblI0 BeCbMa TYMAaHHBIM, a BECh CBOJl 3HaHUN ObUI YEM-TO
TaWHCTBEHHBIM, YaCTbI0 HApPOJHOW MYIPOCTH, OH IPHUHAIIEKAT KOJUIEKTUBHO BCEM
JOJSM, HO HA OJiHA OTJEJIbHAs JINYHOCTh HUKOT/1a HE BJIaJesia UM LEIUKoM" .

HpI/IBeI[eHHBIe OUTaTbl IIO3BOJIAIOT OTMCTUTH CIICAYIOIIHUC XapaKTCPHUCTHUKHU
PEMCCIICHHOI'O ITPOU3BOACTBA:

PemecnenHuk He BBIUCPYHNBACT 3CKHU3 CBOCIO M3ACIIHA, - 4 4aCTO U IIPOCTO HC B
COCTOAHNH CHACIATb 3TO W HC MOXCET YIAOBJICTBOPUTCIBHO O6’[>$ICHI/ITI>, mouyceMy OH
IMPUHUMACT TO UJIK MHOC PCIICHUC.

N3menenne QopMBl  KyCTapHOTO H3JEIHS TMPOUCXOJWT B  PE3yJbTare
OEeCUMCIIEHHBIX HEY/1au U YCIIEXOB B IIPOIIECCE MHOTOBEKOBOT'O MTOMCKAa METOJ0M Ipo0 U
OIMKOOK. DTOT MEIJICHHBIA U JOPOTOCTOSIINMI MOCIE0BATEIbHBIA MTOUCK "HEBUIUMBIX
JMHUN" y1auyHOM KOHCTPYKIIMM MOET B KOHEYHOW HUTOre€ MPUBECTU K YJIWBUTEIBHO
TOYHO YPABHOBEUICHHOMY H3JICJINI0, KOTOPOE B OUE€Hb BBICOKOUW CTEIIEHU YIOBJIETBOPSIET
noTpeOuTes.

XpaHwnuileM Bced BaxkHOM MHGOpMAaLMKM, COOpaHHOM B XOAE SBOJIOLUU
poMBbICTa, SIBJISETCS B IEPBYIO ouepelb caMa (opma H3Ienus, KOTopas OCTaeTcs
MOCTOSTHHOW M M3MEHSETCS TOJIbKO ISl MCIPABJICHUS OMIMOOK M MPU BO3HUKHOBEHHUH
HOBBIX TOTPEOHOCTE.

I[pymMM CJI0BaMH, BOIIPOC M3MCHCHHUS KOHCTPYKIHH PCIIAOTCA HC HA YPOBHC
HU3ACJINA B LICJIOM, @ Ha YPOBHC OTAC/IbHBIX KOMIIOHCHTOB 3TOI'O U3ACJIHA.

[TpuHIMNIIATRHAS pa3HUIA MEXKTY IBOJIOIUEH (OPM B KyCTapHBIX MIPOMBICIIAX H
OPUHATBIM CETOAHS CIMOCOOOM pa3paboTku  GOpMbI IS U3  MaITUHHOTO
IPOU3BOJICTBA MIYTEM CO3JIaHHS YEPTEkKEH B OMPEACICHHOM MaciTade 3aKiIIovaeTcs B
TOM, YTO 37€Ch IMOUCK METOJOM MpoO M OmMHOOK OTHAJICH OT MPOU3BOJICTBA, YTO
AKCIIEPUMEHTH U U3MEHEHHS TPOBOJATCS HAa MAacIITAaOHOM 4YepTeke, a He Ha CaMOM
171631 (13178

B pesyinbrare:

Craio BO3MOKHBIM 3aaBaTb pasMCpbl HU3ACITHA OO0 €TI0 HM3rOTOBJICHHA, a4 3TO
IMO3BOJIMJIO pPa3AaC/IMTh TPYyd II0 M3TOTOBJICHHUIO OTACIIBHBIX yacTen HU3JCIIUA MCIKAY
HCCKOJbKHMMMH UCIIOTTHUTCIIAMU.



Bo3Hukiiee ¢ MmosiBIEHMEM MACIITAOHBIX YEPTEKEW pasziesieHue TpyJa Jano
BO3MOXXHOCTh YBEJIIMUUTH pa3Mepbl U3Neauil (HE0OXOIUMOCTh M3TOTOBJICHUS KPYITHBIX
U3JIeTNi, TPEOYIOIMNUX OJHOBPEMEHHOTO TPYJa HECKOJBKUX pabouyuxX, COOCTBEHHO M
IpUBeJia K TIOSBIICHUIO YEPTEKEH B TIEPBYIO OUYEepPEb B CYTOCTPOSHUH U CTPOUTEIILCTBY )
¥ TEMBI UX M3TOTOBIEHUS. JlJI 5TOTO MPHUXOAUTCS 3apaHee 3a/1aBaTh TaKHE Pa3MeEpHI,
KOTOpbIE pEMECIEHHUK He cTan Obl (pukcupoBaTh, oOecrneunBasi ceb€ BO3MOKHOCTh
MaHEBPUPOBAHUS MPU B3aUMHOUN MPUTOHKE U3ICTUS U YacTel, MPU BHECCHUH TOHKUX
U3MEHCHHI B COOTBETCTBHM C KOHKPETHBIMH TOTPEOHOCTSIMH JaHHOTO KJIMEHTA.
[ToaTomy pa3aenenue Tpyaa BiaedeT 3a co00# MOTEPI0 HHAUBUIAYATLHOCTH U3/ICIHA.

EcrecTBeHHO, TEIIEph OCHOBHAS YaCTh TPYIHOCTEH U PaOCTEN TBOPUECTBA YXOAUT
U3 NPOU3BOACTBEHHOM c(epbl U CTAHOBUTCS YIEIOM TE€X, KTO MU3rOTOBIISET YEPTEXKHU.
ITpOeKTHO-KOHCTPYKTOPCKUE PpabOThl BBIICISIIOTCS B 0c00yr0 mpogeccuto. ITOT
IIPOUCXOJMBIIMM HEKOrJa IEepexo] KyCTapHOIO INPOMBICIA K IPOCKTUPOBAHUIO BO
MHOTOM CXOJICH C ITPOUCXOMSIINM HBIHE IIEPEXOAOM OT MPOEKTUPOBAHUS K IPOEKTHBIM
VCCIIEJOBAHUSM.

Korga reoMerpuueckue acmekThl MPOU3BOJCTBA OBLIM CBEIEHBI B UYEPTEK, Y
IPOEKTUPOBIIUKA MOSABWIOCH ropa3io Oojee oOmupHOe "molie MpeACcTaBiIeHUs ", YeM
Obl0 'y pemecneHHUKa. KOHCTpyKTOp MOXKET BHAETh BCE W3JACIHUE IEJTUKOM,
MaHUMYJUPOBATh UM, U HAYTO - HU HEMOJHOTA CBEICHUI, HU OOSI3HBb JOPOTrOCTOAIICH
nepeAesiKd CaMOro M3JACNHS - YK€ HE MEIIAeT €My BHOCHUTh B KOHCTPYKIHIO J1a)Ke
NPUHIUNHATBHBIC U3MEHEHUS.

Takum o0pazom, mosiBUIACh OOBEKTHUBHAS BO3MOXKHOCTH peUIaTh BOMPOCHI
WU3MEHEHNsI KOHCTPYKLMH HE HAa YPOBHE OTJEIBbHBIX KOMIIOHEHTOB H3/ENHs, a HA YPOBHE
U3JIEIHUS B LEJIOM.

Ho npu 5TOM BayKHO OTMETHUTH CIEAYIOLIEE: HAJl YEPTEKOM OJJHOBPEMEHHO MOKET
paboTaTh TOJBKO OJIMH YEJIOBEK, U BCE CUTYyallMd, KOTOPHIM JOJDKHA YIOBJIETBOPSATH
KOHCTPYKIIMS, IPUXOJIUTCS IEPKATh B OJTHOW T'OJIOBE.

N3-3a 3TOr0 Ha paHHUX CTAAUSIX MPOESKTUPOBAHUS YEPTEKHBIM CIIOCOOOM padoTy
BEJIET BCETO OJWH YEJIOBEK, - BEAYIINI KOHCTPYKTOP WM PYKOBOJMTEIND IPYIIIbI.

Tonpko mocne TOro, Kak BeAyLIEMY KOHCTPYKTOPY YAQJIOCh CPOPMYIHPOBATH
KPUTHUYECKUE MOANPOOIEMbl JaHHOM 3a/1a4yd M HaTH (Ha ypoBHE HAOPOCKOB, 3CKU30B)
yAOBJIETBOPUTENILHOE PEUIEHUE 3TUX MOAIPOOIEM, MOKHO paclpeAesIUuTh padoTy MEXIY
HECKOJIbBKUMH HCTIOJIHUTEIISIMU.

B nocnennee BpeMst pa3paboTaH 11EIbI psii HOBBIX METOJIOB, MPEIHA3HAYCHHBIX B
IIEPBYIO OUYepellb KaK pa3 Ui IMIPEOAOJIEHUs TOI0 HEOCTATKA TPAAULMOHHBIX METOJ0B
IIPOEKTUPOBAHUS - HEBO3MOKHOCTHU IIPUBJICUCHUSI MHOTUX YMOB K PEIICHUIO 3a/1a4d Ha
CaMOM Ba)KHOM JTarle NPOEKTUPOBAHHS.



Heo0xoauMocTh MIMPOKOTO PacHpOCTpaHEHUS STHUX HOBBIX METOAOB cTaja
O0COOEHHO aKTyaJIbHOW M HArJISAHOW CETOAHS B CBSI3U C OYpHBIM Pa3BUTHEM TEOPUU
CUCTEM.

[Tox cuctemoi TOHUMaIOT OOBEKTUBHOE €IMHCTBO 3aKOHOMEPHO CBSA3AHHBIX PYT
C JpYyroMm NIpeIMETOB, ABJICHUM, a Takke 3HaHWM o mpupoxae u oduectBe. [logpodHee
BOIIPOCHI CUCTEM U CHCTEMHOT'O TIOIX0/1a pAaCCMAaTPUBAIOTCS B CIEYIOLICH TeMe.

OrpaHu4yuMcs 3/€Ch JIMIIb CICAYIOMUMEU 3aMedaHusiMu. OO0 OOIIHOCTH MOHSITHUS
CUCTEMbl M IIMPOTE MPUMEHEHUS TEOPUM CUCTEM MOXKHO CYIUTh MO CIEIYIOIIEMY
BBICKQ3bIBAHUIO  KPYMHEHIIEro  CHenuajucra B 00JIaCTM  TEOPUM  CUCTEM
npodeccopa Mecaposuua: " He 3HaO, YTO TAKOE CUCTEMA, IIOTOMY YTO HE 3HAK0 HUYETO,
9TO0 HE OBLI0 OBI cHCTEeMOM".

Ha ochHoBe TCOPHUN CUCTEM POJHIICA TaK Ha3bIBA€MbI CHCTEMHbIN moaxoa K
PCHICHUIO PA3JIMIHBIX HpO6J’IGM, B TOM YHUCJIC, K IIPOCKTUPOBAHNIO U CUCTEMHBIN aHaJIU3.

CucTeMHBIN MOAXO0A B MPOEKTUPOBAHUM IPOSBIISETCS B PACIIMPEHUH IPOIECCa
IIPOEKTUPOBAHMS 34 CUET BKIIFOUEHUS B HETO IOMUMO BOIIPOCOB CO3/IAHUS U3ICIIHS TAKKE
Y 33/1a4 MIPOEKTUPOBAHUS CUCTEM (T.€. CBSI3€M U OTHOIIEHUN MEXKy U3JICIIUSIMU ).

Yto06s1 3TO OBUIO MOHSTHEE, PACCMOTPHUM OJIUH TIPUMED.

TpaauimoHHEIM MeTOI0M TToTydeHHs SO2 B MPOU3BOJCTBE CEPHOM KUCIOTHI ObLI
00XHUT cepHOTO KoiuenaHa. I[IpoeKTUpOBaHHWE Ha YPOBHE W3JCIHA IMPUBOAMIO K
MIOCTOSTHHOMY YCOBEPIIIEHCTBOBAHMIO TTeUeH Jij1st 3Toro 00kura. C TOYKH 3pEHUS TOJIBKO
nporecca mnoiaydeHus SO> Kouenan Hawbojee moaxojsmiee chipbe.  OHaKo,
paccmatpuBas mpoOjaemMy Mmupe, B YaCTHOCTH, B paMKaX JKOJOTUYECKON CHUCTEMBI, MBI
CTaJIKUBAEMCsI C BOTIPOCOM YTHJIM3AIIUU OTapKa, KOTOPBIA CETOAHS 3aCOpSET OTPOMHBIE
TEPPUTOPHH BOKPYT CEPHOKHCIOTHBIX 3aBOJIOB. OTCIOJa TOHSTHO, MOYEMY CETOHS
3aBOJIBI IEPEXOIAT Ha MCIOJIB30BaHKE 00JIee JOPOTol cepbl BMECTO CEPHOTO KOJTUC/IaHa,
YTO MPUBOAMT M K MCTIOJIB30BAHUIO COBCEM JAPYTHX THUITOB TICUCH.

Bxirouenue B mpouecc TMPOCKTUPOBAHUA 3adad TIIPOCKTHUPOBAHUA CHUCTEM
IMPUBOOUT K ,Z[O6&BJ'ICHI/IIO K UCPpaApXHU MMPCAMCTOB, OTHOCAIIUXCA K TpaI[HHHOHHOﬁ c<1)epe
ACATCIIbHOCTH ITPOCKTHUPOBIIIUKA, CIIC O,Z[HOﬁ CTYIICHH - YPOBHA CUCTCM.

Ecnu xe eme 6omee pacmupsaTh 00beM MOHATHS "TTPOSKTHUPOBaHUE", BKIIOYUB B
HEro TOJIMTUYECKUE U COLMAJIbHBIE aCMEKThl MOBEACHUS MOTpeOUTENeH, CBA3aHHbIE C
OTHOIICHUSIMA MEXIYy CHUCTEMaMH, OOHAPYKHUTCS HaWYHE €Ile OJHOW, 4YeTBEpTOi
CTYTICHH, - YPOBHS OOIIIECTBEHHBIX TPYTI, UK "'COIUATBLHOMN cdepbl'.

VBenuuenne (C ABYX [0 YETHIPEX) KOJIMYECTBA HEPAPXUUYECKUX CTYICHEM,
OTKPBITBIX JJISI MPOEKTUPOBAHUS, 03HAYAET PE3KOE MOBBIIICHUE €r0 CIOKHOCTU. Takoe



pacuiupenue chepbl TPOCKTUPOBAHUS TTO MEHBIIIEH Mepe PAaBHOLICHHO COBEPIICHHOMY
paHee epexoay OT KyCTapHOTO IPOMBICHIA K UEPTEKHOMY CIIOCOOY MPOEKTUPOBAHUS.

Tenmepp 3amaya TPOEKTHPOBAHUS COCTOMT TIO CYIIECTBY B H3MEHEHUU
OKpyXarolied Hac HUCKyCCTBEHHOW cdepbl. ITo, Oe3ycloBHO, 3aTpardBacT
MOJIUTUYECKYIO cepy.

I'0BOpsI 0 peaNIbHBIX YCIIOBHUSX COBPEMEHHOTO TPOEKTUPOBAHMS, MOKHO OTMETUTD
PA  KOHKDETHBIX JIONOJIHUTEIBHBIX OCJIOKHEHUH, KOTOpbIE HE BCTPEYAINCH
IPOEKTUPOBIIMKAM PaHbLIE

Brewnue ocnoorcnenus:

IlepeHeC TEXHHUYECKMX PpEIICHWM, T.. IUIAHOMEPHBIM IIOMCK B OTHAJICHHBIX
OTpacisX TEXHOJOTUU TAKUX U300PETEHHI U pa3padOTOK, KOTOPbIE MO3BOJISIOT pelaTh
JAHHYIO 3a7a4y POEKTUPOBAHUS.

B03MOXXHOCTh BOBHUKHOBEHUS MOOOYHBIX 3(h(PEKTOB IPU UCIOIB30BAHUH HOBOI'O
pa3pabaTbIBa€MOI0 U3JENNs, KOTOPYIO HEOOXOIMMO TPOrHO3UPOBATh Ha PAHHEN CTaIuu
IPOEKTUPOBAHMUS, KOTJA €Ill€ MOKHO C UX YYETOM M3MEHUTh KOHCTPYKIIUIO U3JETUs U
OpraHM3alMI0 CUCTEMBI (HAIIPUMEp, IIIyM PEaKTUBHBIX CAMOJIETOB).

[IpuMeHeHne eOUHBIX OTPacieBbIX, HAIMOHAIBHBIX U  MEXIYHAPOIHBIX
CTaHAApPTOB JJiA 00€CTeueHrus COBMECTUMOCTHU H3JIEHNM B3aUMOJACHCTBYIOIINX CUCTEM,
(HampuMep, BUJIKU AJIEKTPOIIPUOOPOB).

BHympeHHue OCJIOHCHEHUA.

[TocTosSiHHBIA ~ POCT KaMUTAJIOBIOKEHUM, HEOOXOMUMBIX  JUISI  TOJIyYEHUS
CYIIECTBEHHOTO IKOHOMUYECKOTO 3(QeKkTa OT HOBOM KOHCTPYKIIMH, B pE3yJbTare
KOTOPOTO CTOMMOCTH OIIMOKH MPOEKTHUPOBIIMKA BO3PACTAET HACTOJIBKO, YTO KaXKIbIH
MIPOEKT JOJDKEH OBITh YAAYHBIM C IIEPBOTO pasa.

KpaiiHsis  CHOKHOCTH  ONpEAENEHUS  PALMOHAIBHOM  IMOCIEA0BATEIbHOCTH
OPUHATUS pPElIeHUH, KOr/Ja MOTOK HOBBIX MOTPEOHOCTEH, HOBBIX TEXHOJOTUYECKUX
IPOLIECCOB M HOBBIX MJCH HENPEPBIBHO H3MEHSET CHUCTEMY OTHOILIEHUWA MEXKIY
IapaMeTpaMHy PEIICHUS.

Bce wusnoxkeHnoe ropopur O TOM, YTO COBPCMCHHas CUTyalllA pPaCHIupHIIa
CYIICCTBOBABHICC PAHCC IIOHATUC ITPOCKTHUPOBAHUA.

Bor HCKOTOPBIC N3 COBPCMCHHBIX OHpGﬂGHGHHﬁ:

AsumoB: "lIpoekTMpoBaHHE - 3TO TPUHATHE PELIICHW B  YCIOBHSX
HEOIIPEIETICHHOCTH C TSXKEIBIMU MOCIIEACTBUSAMH B CIyyae OIIMOKH".



bykep: "MonenupoBaHue mpearnongaraeMbiX IACUCTBHM 10 UX OCYIIECTBIICHHS,
MOBTOPSIEMOE JI0 TE€X MOpP, MOKA HE MOSBUTCA MOJIHAS YBEPEHHOCTh B KOHEYHOM
pe3ynbTare".

QunaeH: "TEXHUYECKOE KOHCTPYMPOBAHUE - O3TO HCHOJIB30BAHUE HAYyYHBIX
NPUHIIUAIOB, TEXHUYECKONM uHOOpManMu ¢  BOOOpaXEHUs] IS  OMNpeeeHUs
MEXaHUYECKON CTPYKTYphl MAIIUHBI WM CUCTEMBI MPEJHA3HAYEHHOMN [JIs1 BBIIIOJIHEHUS
3apaHee 3a/IaHHbIX PYHKIUN ¢ HAaMOOJIbIIeH S9KOHOMUYHOCTHIO U 3(HEKTUBHOCTHIO".

PI/ISYI/IKI "TBOp‘I@CKaH ACATCIIbHOCTh, KOTOpAs BBI3BIBACT K JKU3HHW HCUTO HOBOC M
IMOJIC3HOC, YCT'O pAHCC HC CYU.ICCTBOB&JIO".

I'OCT 22487-77: IlpoekTupoBaHUE - 3TO NPOUECC CTAHOBJICHUS OIMHUCAHMS,
HEOOXOAMMOIro [IJIi CO3JaHMsS €Ille He CYIIECTBYIOIIEr0o OO0BEKTa, KOTOPbIN
OCYUIECTBJISIETCS MPEeoOpa30BaHUEM IMEPBUYHOTO OINMUCAHUS (TEXHUYECKOrO 3aJlaHus),
ONTHMH3AlUCH  3aJaHHBIX  XapaKTepUCTUK  O0BEKTa W ajaropurMa  €ro
(GyHKIMOHUPOBAHUS, yCTPAHEHHEM  HEKOPPEKTHOCTH  TEPBUYHOTO  OIMHUCAHMUS
JNETaTu3UpyeMoro OObEeKTa Ha Pa3IUYHBIX SI3bIKaX JJi1  Pa3IUYHBIX OITaroB
MPOCKTUPOBAHMUS.

YroObl MNOKOHYUTH C  ONpEACNICHHEM MPOEKTHUPOBAaHUSA Kak o0iacTu
WHTEJUIEKTYaJbHOM JIEATEIBHOCTH YEJIOBEKA, PAaCCMOTPUM COOTHOLIEHUE MEXIY
IPOEKTUPOBAHUEM, UCKYCCTBOM, HAYKOM B LIEJIOM U MaTEMaTUKOW B YaCTHOCTH.

[TpoexTupoBaHueE - 3TO CIOKHBIN BUI ACATEIBHOCTH, B KOTOPOM YCII€X 3aBUCHT OT
MPABUIIBHOTO COYETAHUS OCTATBHBIX TPEX HA3BaHHBIX CPEJICTB MO3HaHMsI. OCHOBHOE €T0
OTJIMYUE CBSI3aHO C BPEMEHHBIMH OTHOIIECHUSMH. JlesITeIM MCKYCCTBA M HAYKW MMEET
neno ¢ GU3HMYECKUM MHPOM B TOM BHJIE, B KAKOM OH CYIIIECTBYET B HACTOSIICE BPEMSI.
MatemMaTuKu ONepUpyIOT ¢ aOCTPaKTHBIMH OTHOIICHHUSMH, HE 3aBUCSIIAMH OT
KaJleHJapHOT0 BpeMeHH. [IpOeKTHpOBIIMKHY K€ BCET/Ia BHIHYKICHBI pacCMaTpUBAaTh KaK
peanbHOCTh TO, UTO CYIIECTBYET JIUITH B BOOOpaKaeMOM Oy IyIeM.

B sTtoM - pasznmuume. A CXOJACTBO 3akiroyaercss B clenyromieM. [Ipexnae udem
peACKa3bIBaTh OyayIee, pa3paboTyuK JIOHKEH B JOCTATOYHOM MEpe 3HATh HACTOSIIIIEE,
a JJIsl 3TOr0 OH JOJDKEH 001aJaTh CBOMCTBAMHU YYEHOrO: CKENTUIIM3MOM, YMEHUEM
MOCTAaBUTh KCIIEPUMEHT U IPOAHAIU3UPOBATH €T0 PE3YJIbTATHI.

[Toaxon XynoxHHUKa HE0OX0 UM pa3pabOTYMKY HA TOM 3Tane, Korjaa B JIJAOUPUHTE
albTEPHATUB TNPUXOJUTCS OTHICKUBATH TPOMHUHKY, BEAYILIYI0 K HOBOMY H
HEMPOTUBOPEUYMBOMY MTOCTPOCHUIO, KOTOPOE MOTJIO OBl JIeUh B OCHOBY PEIIICHMUSI.

IIpy >TOM HYXHO HMMETh KaKOH-HUOYIb MOAATIIMBBIA MaTepuan WM aHaJor,
KOTOPBIN MO3BOJISLI ObI, MOCIHEBAsl 32 TEYEHUEM MBICIIH, NepeJaBaTth GOpMy pELICHUS.
OOBIYHO TaKUM MaTEepHaIOM CIIyXaT 3CKu3bl. Bce wamie st ObICTpOW MpPOBEPKHU



BapUAHTOB TI'€OMETpUU MNpuUMeHATCS DOBM c¢ nucmiiesMu, paboTarolive B pexUMe
JMaIora ¢ ornepaTopoM-pa3paboTYNKOM.

Meton MareMaThka, MAaHUIYJUPYIOIIEro a0CTPaKTHBIMHU CHUMBOJIAMH, TOJUTCS
JUTS IPOEKTUPOBILMKA JIMIIb HA TOM 3Tane, Korja 3ajada CTabMIn3upoBanachk, KOraa ass
paspenieHus: NpOTUBOPEUUs MEXKIY LEIbI0 U CPEJCTBAMU YK€ HE TpeOyeTcss U3MEHUTD
UCXOJIHBIE TOChUTKU. Ho camast croskHast 4acTh pa3pabO0TKH - 3TO KaK pa3 MOUCK pElIeHUs
nyTeM u3MeHeHus (popmynupoBku 3anaud. [103TOMy MOXKHO CKa3aTh, YTO MaTeMaTHKa
II0JIE3HA B OCHOBHOM TOJIBKO I ONITUMM3ALIMM PELIEHHUs 110CIIe TOT0, KaK 3aja4a yKe
OIIPEIEIINIIACD.

Ecnu 3agauy mnpoekTupoBaHHUS MOXKHO C(HOpMyIMpoBaTh B MaTeMaTHUYSCKHX
CHMBOJIaX, €€ PEIICHUE MOXKET OBITh MOJYYeHO aBTOMaTH4Yecku Ha DBM, 0e3 yuacTus
yenoBeka, T.e. Mmerogamu CAIIP.

31ech HEOOXOIMMO 3aMETHUTh CleyIolee. DKOHOMHYECKHUH A (DEKT, moTydaemMblii
HeiHe OT BHenpeHusi CAIIP, 3HauuTensbHO NPEBHIIAET Ty CYMMY, KOTOPYIO IaeT
YCKOpPEHHE  TPOEKTHPOBAHUS W,  COOTBETCTBEHHO,  COKpAIEHWs  IITaTa
NpOeKTUPOBIIMKOB. OCHOBHYIO J0MI0 3Toro dddexra cocTaBuser pe3yabTaT
ONITUMH3AIUHA KOHCTPYKITUH.

Pemenue KPYIIHBIX HECTPUBUAJIbHBIX IMPOCKTHLIX 3ada4, B TOM YHCJIC HAa YPOBHC
CHCTEM, C HpI/I6J'II/I)KeHI/IeM K OIITHMAJIbHBIM PCHICHUAM - BOT 00J1aCTh IMPUMCHCHUA
HOBBIX METOOOB.

[TosryueHHOE OPUTHHAIIBHOE PELIEHUE MOXKET B JAJIBHEUIIEM CTaTh OCHOBOU JJIA
CAIIP - npu HEOOXOAMMOCTH KCIIOJIb30BaTh AaHAJIIOTUYHBIE KOHCTPYKTUBHBIC PEIICHUS U
METO/IbI pacyeTa B APYTruX U3AEIUsIX.

HoBble B3rsigpl Ha TMPOSKTUPOBAHUE BBIJBUTAIOT W HOBBIE TPEOOBAHUS K
MPOEKTUPOBIIUKY U K OpraHu3aIui padoThl.

HecomMHeHHO, YTO HYXHBI TPOCKTHUPOBIIMKK W OPTraHU3aTOPBI IIUPOKOTO
npoduiis, TBOPYECKOE MBIIUIEHUE KOTOPbIX Oa3upoBaioch OBl Ha TIIyOOKHUX
TEOPETUYECKUX U TMPAKTUYECKUX 3HAHUAX OO0 H3MEHEHHSX Ha BCEX YPOBHSAX, OT
OOIIIECTBEHHBIX JBIKCHUN 0 KOHCTPYKIMHU JeTajeil. TOYyHO Tak )K€ HaM HYXXHBI U
HOBBIE METOJIBI, KOTOpbIE OOecreunBany Obl JOCTATOYHBIM 00beM HH(pOPMAIUN IS
TMPUHSTHUS PEIICHUN Ha KaKIOM U3 ITHUX YPOBHEH.

BoT 00 3TUX HOBBIX METOJIaX M TIOMIET peUb JajbIIIC.

HY)KHO 3aMCTHUTBb, YTO 00OBEKTOM HOBBIX MCTOOAOB ABJIACTCA HC CTOJIBKO
IMIPOCKTHUPOBAHUC B O6HlerI/IH${TOM CMBICJIC DJOTOI'O CJIOBA, CKOJBKO MBICIHUTCIbHAA
ACATCIbHOCTD, IIPCAIICCTBYIOIIAA BBIITIOJTHCHHUIO qepTenceP”I " IIPOCKTOB.



Bce 3t MeTo/bl HallpaBJIeHbl HAa TO, YTOOBI 3aCTaBUTh NPOEKTUPOBUIMKA "1yMaTh
BCIIyX", IO3BOJIUTH APYTUM JIOJISIM O3HAKOMHUTHCS C MPOLECCAMH MBILIJIEHUS, KOTOPBIE
JI0 CHX TOp MPOTEKAJIU y HEro B TOJOBE, 00BEKTUPOBATH MPOLIECC MPOSKTUPOBaHUs. B
OJIHUX CJIy4asX 3TO JJOCTUTAETCs C TOMOILBIO CJIOB, B IPYTUX - B (HOpME MaTEMAaTUYECKUX
CHUMBOJIOB, HO IIOYTH BCEI/la HCIOJIb3YeTCsl Kakas-HUOYyIb CXeMa, I03BOJISIOIIAs
pa3zenuTh 3a1a4y NPOEKTUPOBAHUS HAa YACTU U yKa3aTh B3aUMHBIE CBSI3H MEXIY 3TUMU
YacTsIMHU.

EcTtecTBeHHO, UTO B OCHOBE BCErja JEXKUT CTpEeMJICHHE J0OUTbCA OOJIBLIOrO
KOHTPOJI HaJl MPOILIECCOM MPOEKTUPOBaHUs, OCOOEHHO Ha ypoBHE cucteM. OCHOBHOE
PEUMYIIECTBO TAKOTO OO0AyMBIBaHHS MTPOEKTa "B OTKPHITYIO" 3aKII0YAaETCs B TOM, YTO
JpYTHE J01, HapUMep, IOTPEOUTENN, MOTYT CIEIUTH 3a IPOUCXOASIIUMH COOBITUIMU
U y4acTBOBaThb B HMX, COOOIIAasi MPOEKTUPOBIIMKY TE€ CBEICHUS M OLICHKH, KOTOpPbHIE
BBIXOJAT 3 IIPEAECIIBI €70 3HAHUW U OIIBITA.

OcHoBHasi cnaboCTh JIFOOOr0 METOJIa MPOEKTUPOBAHUS, B TOM YHUCJIE U HOBBIX
METOJIOB, 3aKJIIOUaeTCs B TPYOHOCTH YIIPABJICHUS CTpaTerned TpU pPEUICHUH
HETPUBUAJIbHBIX 3aJau MPOEKTHUPOBAHUS, a TAK)KE B TEX CIy4asX, KOIrJa Haja OJHUM
npoektoM paboraer MHoro mroaen. (Ilapkuncon: "BepOstox - 3TO KOJUIEKTUBHO
CKOHCTPYUPOBAHHAas JIomaas")

Hpulmun bl UHHOBAUUOHHO20 NPOEKMUPOBAHUA

CrnoxxuBHIasicsi B OTEYECTBEHHBIX BYy3aX MPAKTUKAa Y4e€OHOTO MPOEKTUPOBAHUS
TaKoBa, YTO, KaK IPABUJIO, CTYJICHTY IpPEUIaraeTcs 3ajgada ¢ U3BECTHBIM pelleHueM. B
CaMOM Jieje,  IIHUPOKO  IPUMEHAEMBIE  IIpU  KYpCOBOM M JUINIOMHOM
IPOEKTUPOBAHUN PACUETHBIE METOAMKHU TPEACTABISAIOT COOOM MO CYLIECTBY oOOIIMe
pellleHus U3BECTHhIX 3adad. Ecim k 3ToMy A00aBUTh, 4YTO HEPENKO B TaKHUX
IOpOEKTax aHajiu3 NpeodiagaeT Hajg CHHTE30M M YTO BMECTO CHUCTEMHOIO
pPacCCMOTPEHHUSI KyIIbTUBUPYETCA  y3KOCHEUMAJIBHBIA  IOAXOH, TO  CTAHOBHUTCS
OUYEBMJIHBIM 3aBEIOMO PYTUHHBIA, HETBOPYECKUM XapakTep THUIOBBIX YYEOHBIX
IIPOEKTOB.

['maBHas 0cOOEHHOCTh MHHOBAIIMOHHOTO MPOEKTUPOBAHUS COCTOUT B TOM, YTO OHO
BCETJIa OMUPAETCS] HA HOBYIO UJICIO MPOSKTUPYEMOT0 U3JENIUs WU IIpoiiecca — TO, YTO
WHaue TPUHATO Ha3bIBaTh MPOEKTUPOBAHMEM Ha ypoBHE u3o0peteHus. C apyroi
CTOPOHBI, COBPEMEHHbIE KOMITBIOTEPHBIE TEXHOJOTHUHU TMO3BOJISIOT MOYTH TMOJHOCTHIO
aBTOMATU3MPOBATh PYTHHHYIO 4YacTh paloThl. [I03TOMY TBOpUYECKHil MOAXOA 37ECh
HacymHo HeoOxoaum. C 3TUM, B CBOIO OY€peb, CBS3aHA HEOOXOIUMOCTh MOJITOTOBKHU
POEKTUPOBIIMKOB HOBOTO THUIIA.



B wuwHXeHEepHOM COOOIIECTBE MOXHO BBIICIUTH: a) HOBAaTOPOB, KOTOPHIC
BBIJIBUTAIOT HOBBIC WJICH, OMPEACISIONINE B KaKOW-TO MEpe XOJ Pa3BUTHUS JaHHOTO
KJIacca TEXHUYECKUX CUCTEM WJIM JaXKe OTpaciu; 0) pa3paboTuHUKOB, KOTOpbIE OEpyT 3a
OCHOBY TPEIJIOKEHHS HOBATOPOB, IPOAYMBIBAIOT UX IO KOHIIA U TIPeoOpa3yioT B (hopMy,
NPUTOTHYFO JIJISl MPAKTUYECKOM pean3alliu; B) UCIIOJHUTEINCH; T') MHEPTHBIC SJICMEHTHI.
Jannas wHoOpmaIus UMeEeT Ielib HaNpaBUTh CTYJIEHTOB HA TO, YTOOBI OHU OBLIU
CKJIOHHBI TTOTIACTh B TIEPBBIC JIBE KATCTOPHH.

OcHOBHBIE 3Tallbl MpOILECCa MHHOBAILIMOHHOTO IPOEKTHUPOBAHUS HE OCOOEHHO
3aBUCAT OT CTEIEHU CJIOKHOCTU WJIHM BHUJA MPOEKTA (TEXHUYECKHUX, OPraHU3allHOHHBIX,
YIOPABJICHYECKUX, XYIOKECTBEHHBbIX M T.jA.). llpm pemreHnu a000il  3amadu
NPOEKTUPOBAHUSA HEOOXOANMO OMPECIIEHHOE COYETAHNE UHTYHUIIUU U JIOTUKH, HO My TH
TAKOr0 COYETAaHUS MHTYUTUBHOTO C JIOTMYECKHMM HE YCTAaHOBJIEHBI WU BpSA JIM HX
MO>KHO YCTaHOBUTH B OOIIEM BHJE, B OTpPhIBE OT KOHKPETHOM 3ajaud U
KOHKPETHOTO 4esioBeka. OHU 3aBUCST OT TOr0, KaKoe KOJIUYECTBO MH(OpMAIIUU HMEETCS
B PacHopsDKEHUM TNPOEKTHPOBIIMKA, a TakXKe OT €ro TBOPYECKOW KBaU(UKALMHU U
OIIBITA.

HayuHo-TexHWueckuid  mporpecc, KOTOPBIA TMpU3HAH BO BCEM  MHUPE
KaK BaXHEUIINI (PaKTOp SKOHOMUYECKOTO PA3BUTHS, BCE Yallle B HACTOSIIEE BPEMs
CBSI3BIBAIOT C TOHSTHUEM MHHOBAIMOHHOTO Mpoliecca (mpouecca HOBOBBEICHUM),
KOTOPBIN 00BEIUHSIET HAYKY, TEXHUKY, SKOHOMUKY U MEHEI[KMEHT, PACIIPOCTPAHSISICh OT
3apOKICHHSI MJICH JI0 €€ MPAKTHYECKOTO BOILIOMICHHS M KOMMEPUYECKOW pean3alliu.
Ero memb cOCTOMT B CO3MaHMHM TOTO WM HHOTO HOBIIECTBA (M3IETHS WA YCIyTH),
CIIOCOOHOTO  YJOBIIETBOPUTh  KaKyl-THOO  pealbHyr0, OOIISCTBEHHYIO  WIH
VH/IMBUIyaJIbHYI0, TOTPEOHOCTh WM JKeJlaHue. VIHHOBaIlMOHHBIN TPOIECC OPTaHUYHO
BKJIIOYAET Hapsay C COOCTBEHHO MHXKEHEPHBIM TMPOEKTHPOBAHUEM CUCTEM  TaKkKe
U TIPUHSTHE YIIPABICHYECKUX PEUICHUH.

Ilenb mpoeKTUpOBaHUS MOXKET OBITh 3aJjaHa WJIM OHA MOXXET C(hOPMHUPOBATHCS B
KOHTEKCTe ApYyrux pabor. llenr WHHOBAIMOHHOTO mpoekTa ¢GopMmylupyeTcs Ooiee
IIUPOKO, YeM IIPH TPATUIIMOHHOM HHXXCHEPHOM MPOCKTUPOBAHUU. DTO MOXKET OBITH,
HampuMep, pa3paboTka, MPOU3BOJACTBO M PeATH3alldsd HEKOETO HM3CIUs, MOACKa3aHHAsd
OynyImUMH TOTPEOUTENIIMHA UM BBISIBICHHAS MApKCTHHTOBBIMU HCCJICTOBAHHSMMU.
VsicHeHHe  Ienu O3HA4YaeT  TIyOOKOe  OCO3HAHHWE  OXHUIAEMOTOo  pe3yJibTaTra
IIPOCKTUPOBAHHSI.

Ha »srame BbiOOpa MmyTH JOCTHXEHUSI TOCTABJICHHON IeNu JO/KHA OBITh
chopmynupoBaHa KOHKpETHas mpobiiemMa, KoTopasi T10KHA ObITh 171l TOTO pelieHa.

Cnenyrouuii BaKHEHUIIINHN Tall KacaeTcs FeHepUupOBaHUs 1501 (S5
penieHus mpo0iaeMbl, OT KadyecTBa KOTOPOM B 3HAYUTEIBLHOW CTENEHH 3aBHCHUT
Ka4yeCTBO MOKA €II€ HE HAWJIECHHOrO pPEUICHUA. DOJBIIMHCTBO HWIEH, NPUXOISIIUX



B I'OJIOBY HA 3TOM OJTallC, CJ'Ia6BIe, HCKOTOPBIC UACU — IIOJYYIIC, HO MOT'YT IIOABUTBLCA
TAK)K€C  HCCKOJIBKO  II0-HACTOAIICMY  XOPOIIUX I/II[GI\/'I u, BO3MOXHO, OJHa-aABEC
BBIAAKOIIHUCCA.

Brimaromnasics nuaes XapakTepusyeTcs, BO-TIEPBBIX, LIEILHOCTBIO
WJIM 3aKOHYEHHOCTHI0. Tak, eciii 3To ujies MPOAYKTa, TO OHA JI0JKHA OXBAThIBATh TAKKE
€ro PpBIHOK, VYIAKOBKY M pekjiaMmy. Bo-BTopbIxX, Takas wujes OTJIUYaeTCs
OpPUTMHAJIBHOCTBIO, T.€. HOBU3HOW. B-Tperpbux, oHa mpocTa, T.e. JOCTYITHA
JUUIs1 IOHUMAaHMS. J{J1s OIEeHKHU UJIer 110 ATOMY ITOKA3aTeJII0 MOKHO MOMNBITATHCS BHIPA3UTh
ee cHayasma B 50-tu, a 3aTeM B 25-Tu U 12-Tu ciioBax. HakoHer, B-ueTBEpThIX, UAES
JOJKHA OBITH IPUBJICKATEIBLHOM JIJIST TOTPEOUTEINS.

[Inoxue u IMOCPCACTBCHHBIC HACH HC CTOAT I[aJ'II)Hef/'II_HeFO PaCCMOTPCHHUA U
JOJIDKHBI OBITh OTCESHEI.

XOpollIKe XK€ U BhIAAIOIINECS U 3aCIyKHUBAKOT JOMOJHUTEIBHOIO BHUMAaHMS
U JOJDKHBI  OBITh TOJBEPTHYTHI HHKEHEPHOMY aHAJIM3y C IIEJBI0 WX JICTAJIBHOM
npopaOOTKH W ontuMmu3anuu. Ha 3Tom 3Tame omnpenensioT 3ajauyd W IUIAH aHalu3a,
CTPOSIT HEOOXOAUMBIE MOJENH, BBIMOJHAIOT ONTUMU3AIUOHHBIE W Jp. PaCyeThl,
OIICHMBAIOT  aJbTEPHATHUBHBIC pEUIEHUS] U  JEJAI0T OKOHYATEJbHBIA  BBIOOD.
BrInmonHsroT au3and u3aeani.

KonkpeTnzanuss MOJYyYEeHHOrO  pPEIIEHUs O3HA4YaeT €ro InepepaboTKy ¢
Y4€TOM IIPOU3BOACTBEHHBIX BO3MOKHOCTEH JAHHOTO NPEeANpUATHS.
OcyiecTBisieTcs TEXHOJIOrM4ecKast IOAroTOBKa MPOU3BOJICTBA.

Ha »Tane npousBojcTBa pemaroTcss cneuuduueckue 3aJadyd OpraHu3aluu U
MEHEIKMEHTA.

Pacnpenenenne 151 COBIT MPOJyKLIUU TPEOYIOT MIPOBEJECHUS
MapKETUHIOBOW KOMIIAHUHM, B OCHOBY KOTOpPOH OBUIM MOJOXKEHBI MJIEU W3JAEIUN WiIn
YCIIyT, a TAK)KE PEKIAMHBIE HJIEH.

Omnpenenenue u KJaccupukanus TBOPYECKUX 3anay. Haunbonee
oO11ee onpeielieHne TaKoBO, YTO TBOPUYECKOW sBisieTcs Jrobas 3amada (mpoodsiema),
B KOTOPOH COJIEPKUTCS MPOTUBOpeure (KOH(MIUKT, pa3pbiB) MEXAY TEM, UTO JAAHO, U
TEM, 4yero HEOOXO0IUMO JIOCTUYb (HaiTH, JI0Ka3aTh, OOBSICHUTD,
CO3/1aTh, YCOBEPIIEHCTBOBATh, 00pabOTaTh, IEPEMECTUTH U T.1I.).

B »TOoM cMpbIcie Beskas paHee HeW3BecTHas CyOBEKTY 3amada OyaeT IS HEro
TBOPUYECKOM, €CJIM, KOHEYHO, HET OUYEBUIHOM (MJIH JIETKO JIOTUYECKH BBIBOJMMOM) CBSI3U
MEXK1y TaHHBIMU U HEU3BECTHBIM.



TBopueckue 3agauu MOTYyT MMETh (POpMY IPEIMETHBIX (MaTeMaTHKa, PU3HKA U
T.J.), UCCIIEIOBATEIILCKUX B JIFOOOM 00JaCTU HAYKH, a TAKXKe N300peTaTeIbCKUX 3a/1a4 B
00JacT TEXHUKH, YKOHOMHUKH, MEHEP)KMEHTA, MPEANPUHUMATEILCTBA U T.1I.

Pemenne wuccnegoBaTenbckux (M300peTaTenbCKUX) 3a/ady  BEIyT K OTKPHI-
THUSIM SIBJICHHU, 3aKOHOB U, BOOOLIE, BCEMY TOMY, YTO YK€ CYILIECTBOBAJIO, HO HE OBbLIO
U3BECTHO.

N300peTaTenbekue 3a1a4l B TEXHUKE YCIOBHO Pa3AeisIoT Ha MSTh YPOBHEH.

ITepBriit ypoBeHb. Pemienne Takux 3a/1a4 He CBSI3aHO ¢ YCTPAHEHUEM TEXHUYECKUX
MPOTUBOPEUUI M COMTPOBOXKAACTCS MeIbUaliumMu n3oopereHusiMu. CpecTBa perieHus
HaxXoJsITCS B Tpejienax JaHHOW Y3KOW O0OJlacTh TEeXHUKHU. 3ajlaud 3TOTO yPOBHS —
PYTHUHHO-KOHCTPYKTOPCKHE, MaJIO OTHOCSIIIIUECS] K U300PETATENIbCTBY.

Btopoii ypoBeHb. 3a/1aul ¢ TEXHUYECKMMHU IPOTUBOPEUMSIMHU, KOTOPBIE JIETKO
IIPEOI0JIEBAIOTCS € IIOMOILBI0 METO0B, U3BECTHBIX 110 IPUMEHEHUIO B JAHHOU OTPACIIH.
OTBeTHI K 33J1a4aM 3TOr0 YPOBHS — MEJKUE U300PETEHHUS.

Tpetuii ypoBensb. [IpoTuBopeurie U crmoco0 €ro paspelieHus HaxoIATcs
B Ipefenax oOAHOM oOmacTw Hayku. Tak, MexaHMueckas 3ajada pemiaercs
C IPUMEHEHUEM CII0COOO0B, U3BECTHBIX B MEXaHUKE. B utore — cpennee nzoopereHue.

YerBepThili  ypoBeHb. CUHTE3UpYeTCd  HOBas ~ TEXHUYECKas  CHCTEMa
MyTeM pa3pellieHus] TEXHUYECKUX TMPOTUBOPEUM, MPUCYIIUX €€ MPOTOTUIY —
ctapoii cucteme. [IpoTuBopeunst yCTpaHsIIOTCS CpeICTBaMU, MOIYAcC JajJe€KO BBIXOJIS-
IIMMU 3a Mpeaeabl TOM 00JacTU HAyKH, B KOTOPOM OHU OTHOCSTCA (Tak, MEXaHHYeCKast
3a/laya pelraeTcsi ¢ MPUMEHEHUEM CoCO00B, U3BECTHBIX B XUMUM). [IpuHuun necTBus
HCXOJHOM CUCTEMBI MOXKET ObITh U3MEHEH KOPEHHBIM 00pa3oM, HalpuMep, UCII0JIb30BaH
MaJlIOu3BeCTHBIN A PeKT uinu sapieHue. Pesynbrar — KpynHoe u3o0peTeHue.

[Iateiii ypoBeHsb. M300peraTenbckas cUTyalusi MNPEACTaBIsSET COOOM CIIOXKHOE
neperuierenue npoodyieMm. Hepenko 3amaya pemaercst ¢ BbIXOAOM 32 I'paHb MU3BECTHOTO.
[TosToMy CHauyana Hy»HO CIE€JIaTh OTKPBITHE, a MOTOM, OMUPAsCh HAa HOBOE 3HAHWE,
pemiate  M300peTaTenabCKyr0 3amady. Pe3ynbraToMm MOXKET ObITh  KpyHHeiiiee
n300peTeHue.

Oco0eHHOCTh M300pETATENIbCKUX 3a7]a4 BBICOKMX YPOBHEH, a, ClIeJ0OBATEIbHO, U
3a7a4 MHHOBALMOHHOTO IPOCKTUPOBAHUS COCTOUT B TOM, YTO KaXJas HMEET HE
€MHCTBEHHOE, @ MHOXKECTBO IMPUEMIIEMBIX PELICHUN. 3aJJa4l TAKOTO POJia Ha3bIBAIOTCS
JTUBEPTEHTHBIMU U TPEOYIOT TBOPUECKOTO MOIX0/1a K HAXOXK/ICHUIO PEIICHUH.

OOmiasi xapakTepucThKa TIpollecca peIIeHUs KOHCTPYKTOPCKOM (M300pe-
TaTeIhCKOM) 3a/1a4M IO CBUICTEIHLCTBAM Psijia BHIJAIONIUXCS H300peTaTeiei U yUeHbIX U
BKJTFOYAET CIIEAYIOIIHE MSTh OCHOBHBIX ATAIlOB.



Oran 1. [logroroska. @opMynrpoBaHue (IIOCTAHOBKA) 3a7a4yl, OCYIIECTBIIIEMOE,
KaK MpaBWIO, MyTEM aHajdu3a HCXOJHOM NpoOieMHOW cuTyanuu. B xone anammsa
CUTYAIMIO PACUJICHAIOT Ha JaHHOE (M3BECTHOE) U UICKOMOE (HEU3BECTHOE), SIBIISIOIIUECS
IVIABHBIMH JIEMEHTaMH 3aJadd. Ee pelieHue Torjaa COCTOUT B COOTHECEHUH YCIOBUMN
3aJaud ¢ ee TpeOoBaHMSIMM (B pa3pellieHUU MPOTUBOPEYMs] TOIO WJIM HWHOTO BHJA).
Hakomnnenue u Mmobunu3anus 3HaHUN.

Oran 2. KoHIleHTpanusi UHTEIIEKTYalIbHBIX YCHIMNA. YHIOpHAs paboTa ¢ LEJbIo
NOJIYy4yuTh peuieHue. Vcrnosib30BaHKHE 3BPUCTUYECKUX  MPUEMOB, IPEIMETHBIX U
METOAUYECKHX, NI T€HEpUPOBAHUS UJleu peuieHus. [IpuMeHeHue ncuxonoruueckux,
nepedOpHBIX Wi AITOPUTMUYECKUX METOJI0B
aKTUBU3AIMU MbllIUIeHUs. cronb30BaHrEe SMOLIMOHAIBHOTO (haKTopa.

Oran 3. Ilepenpimka (MHKyOarmoHHbIi nepuox). [leproa yMCTBEHHOTO OTABIXA
IIOCPEACTBOM IPEKPALICHUS CO3HATENBHBIX YCHINN MO PEIICHUIO 3aJa4d. BriroueHue
paboThI OJICO3HAHUS JIJIs1 CBOEOOPA3HOIO BHIHAIMBAHUS UJIEU PEILICHHUS.

Oran 4. O3apenue (uHcaiig). BHezanHoe npoABMKEHUE BIEPE] B PEILICHUH 33/1a41
MyTeM HaXOXICHUS HOBOW WJIM BHIOM3MEHEHUS YK€ H3BECTHOU HIICH.

Dtan 5. 3aBepllIeHUE MpoLecca PENICHHUS.

Cneyughuka npoekmnoii oeameibHocmu
[IpoekTHas AEATEILHOCTh UMEET Psi/ CIEIU(DUUESCKUX OCOOCHHOCTEM:

[IpoaykTOM NPOEKTHON NEATETBHOCTH SIBIISIETCA YIOPAIOYECHHAsE COBOKYITHOCTD
CBEJICHUH, CITY’KalllUX 3HAKOBOW MOJENIbI0 00BEKTa, B MOMEHT ITPOCKTUPOBAHUS €IIIE HE
CYILECTBYIOIIETO.

[Tpouenypsl MPOEKTUPOBAHUSL  PEATBLHOIO 00BbEKTA, COOTBETCTBYIOT
peo0pa3oBaHUIO €r0 UCXOAHOTO OMKUCAHUS B HEKOTOPOM KOHEYHOM MTPOCTPAHCTBE.

Crnioco6bl mpeoOpazoBanust HHGOPMAIIMU TPU TPOESKTUPOBAHUU HEJIb3S1 BHIPA3UTh
B BUJE MAaTEMaTUYECKUX COOTHOUIEHWW, TO €CTh HEBO3MOXXHO IOCTPOUTH CTPOTYIO
MaTeMaTHUYECKyI0 MOJIeIb TAKOTo Mpoliecca Npeodpa3oBaHusl.

B ¢Bs131 €O CIIOKHOCTBIO TPOCKTUPYEMBIX 00BEKTOB Ha KaXKJIOM dTare pa3padoTKu
B IIPOLIECC BOBJIEKAKOTCS PAa3JIMYHbIC CHEUUAIMUCTBI, YTO NPUIAAECT IPOECKTUPOBAHUIO
XapakTep KOJUIEKTUBHOMN AEATEIILHOCTH.

[IpoekTrpyeMblii OOBEKT BXOAUT B YIOPSJOUYCHHYIO HEPAPXUI0 OOBEKTOB U, C
OJTHOM CTOPOHBI, BHICTYIIAET KaK AJIEMEHT CUCTEMbI 00JIee BEICOKOTO YPOBHS, a C IPYTroi
- KaK cucteMa 00beKTOB 00J1e€ HU3KOTO YPOBHSI.



B cooTBeTcTBHM € 3THUM MpolecC MPOCKTHPOBAHUS MOXKHO pa3[eNuTh Ha JBa
JTama: BHEHIHETo (00BEKT KaK 3JIEMEHT CUCTEMBI 00Jiee BBICOKOTO paHra) U BHyTPEHHETO
IPOEKTUPOBaHUS (OOBEKT - CUCTEMA 3IEMEHTOB 00Jiee HU3KOI'O PaHTa).

[IpoexTupoBanue, Kak NPaBUIIO, UMEET HUTEPAUUOHHBIA MHOTOBAPUAHTHBIN
Xapakrep.

JUIs TIPOEKTHOrO TBOPYECTBA XapaKTEpHA JEKOMIIO3ULUS - pa3OHeHHe oOuien
3aJ]a4M Ha COCTABHBIE YACTH.

[Ipu pa3paboTke mpoekTa Ha CO3/aHUE HOBOTO HU3/ENHUS OYECHb BAXKHBI TaKHE
METOJIbI, KaK MPOTHO3WPOBAHME, CTPYKTYPHUPOBAHHE CHUHTE3a W TPHHATHS PEIICHUH,
OJTHAKO OHHM HE BCETJa MAIOT JOJDKHOE IIEIOCTHOE MPEACTaBICHHE O TEXHUYECKOM
00BEKTE, KOTOPOro TMmoka HeT. Jlaxke cambple TPUBJICKATENbHBIE TIOIXOIBI K
TeHepaIii BApUaHTOB TEXHUYECKHX OOBEKTOB C MOMOIIBI0 COBPEMEHHON KOMITBIOTEP-
HOM TEXHUKU 1 (0) @1 HE CPaBHUMBI C BO3MOHOCTSIMU CO3HAHUS
BBICOKOKBaNM(UIIMPOBAHHOTO TIpoeccronana.

[lenocTHYIO CTPYKTYpy, KOTOpass MOJAEIHPYET B CO3HAHUM MPOECKTUPOBIIMKA
00BEKT MPECTOSIIEH MPOSKTHON ACSITEIBHOCTH TPYIHO OMUCATH JIaXe BEpOabHO, HE
TOBOPS O MPEJACTABIECHUU YEr0-IN00 MOJOOHOI0 CPEACTBAMU KOMITBIOTEPHOM TEXHHUKH.

ITpodeccronan B JaHHOM BHUJE AEATCIBHOCTH 00JIaaeT 3HAYMTEIIHFHO OOJBITUMHU
BO3MOXHOCTSIMH, HEXEIM BCE KOMIBIOTCPU3HUPOBAHHOE OKPY)KCHHE, BKIIIOYAs
CTIIEIUATMICTOB K HEMY MPUCTABIICHHBIX.

Pannue craanu npoekTHOM NeATeNbHOCTU MOKA HE MOJJIal0TCs aBTOMATHU3allUU U
BHUMAaHUE HYXHO COCPEIOTOYUTh Ha CO3JaHUM OJaronpusiTHON WH(OPMAIIMOHHOM
cpeapl  Juisi  mpodeccuoHana ¢ I[EJNbI0  TOBBIMIEHUS  €ro 3PQGEeKTUBHOCTH
dbyukimonupoBanusa. OObBEKTOM PaCCMOTPEHUS JIOJKHO CTaTh HE BCE KOHCTPYKTOPCKOE
010po, a ero BeayIlue CrelUannucThI.

Llentecoobpa3Ho pemaTh B MEPBYIO OYEPEb CICTYIOIINE 3a1a4H:

- of0ecreyeHue BeIyIIMX CIEHHAIMCTOB peleBaHTHOM (coOupaemoil mon
KOHKPETHYIO 3a/auy) WH(OpMaIHeil Ha OCHOBE KaTETOPHAIbHOTO aHallM3a M TEOPHUH
MO3HAHMsI MPUMEHUTEIHHO K TaHHOU MPEeAMETHOMN 0071acTH,

- ITOCTPOECHUE IIPOTHO30B OTHOCUTEJILHO  TpeOOBaHUMU, KOTOpBIE
OyIlyT IPEAbSIBICHBI K U3/ICTUIO B OYIYIIIEM, U TEXHUYECKUX XapaKTEPUCTUK U3JIETUs Ha
OCHOBE TE€OPHUH IMapPaTUTMBbI, T. €. CACTEMbl OCHOBHBIX HAay4YHBIX JIOCTHXKEHUM (TCOpHUIA,
METOJIOB), M0 00pa3y KOTOPBIX OPraHU3yETCsl MCCIENAO0BATENbCKas MPAaKTUKAa YUYEHBIX B
KOHKPETHOM 00JaCTH 3HAHUI B JAHHBIN IEPHOJ] U pa3padO0TKa METOAOIOTUH TIOIIEPIKKU
JeATETPHOCTH KOHCTPYKTOpa B mporiecce (GopMUpPOBAHUS TUIIOTETUYECKOTO oOpasza
OyIlyliero uzaenus,



- IOMCK MOAXO0/I0B K CTPYKTYPHPOBAHHIO CPEABI EATEIBHOCTH Mpodeccnonana Ha
OCHOBE MOJIEJIEH, MPUEMIIEMBIX JJII pAHHUX CTAJIUN MPOESKTUPOBAHMS,

- IOMCK ITyTeHl MOBbIIIEHUS 3()PEKTUBHOCTU pabOThI MpOdeccCHOHaa B poLecce
Hesenojaranus U NpUHATHS pelIeHU .

IIpy 5TOM O4YEHB BakHA POJb KaTErOPHAIBHOrO aHanm3a. KareropnaibHbIi
aHaJIN3 OIpPENENACTCS KaK YYEHHE O KAaTEeropusxX HMCCIEAYIOIUX MPUPOAY U 00JIacTH
IIPUMEHEHMUS.

[TonsiTue «KaTCTOopHsA» 4aCTO PACIPOCTPAHACTCA HA BCC HCITOCPCACTBCHHO JJaHHBIC
OJICMCHTBI MbIIJICHHA, KOTOPBLIC HEC MOTYT OBITH OIpCACIICHLI, a JINIIb OOBSICHCHBI

(mepuHULIIN).

Jedbunuium BMecTe ¢ KaTeropusaMHu (B y3KOM CMBICIIE) 00pa3yroT KaTeropuaibHbIC
noHATHs. KareropuaabHbBIN aHAIN3 €CTECTBEHHBIM 00pa30M aKIICHTHPYET BHUMAaHUE Ha
BXHEHIITUX MOHATHUSIX KOHKPETHOM 00J1acTH 3HaHMM. B ero ocHOBE JIEKUT CTpeMIIeHUE
MaKCHUMaJIbHO COKPATUTh YHUCIO (QYHIAMEHTHBIX CYIIHOCTEH U T€M CaMbIM JTIOOUTHCS
0003pUMOCTH UCCIIETyEMBIX CTPYKTYP.

Kommueke KaTeropuaabHbIX MTOHSTUI IIPEACTABISACT TS
mpoliecca MPOSKTUPOBAHUS OCOOBIM HMHTEpPEC, TaK KaK HMMEHHO OH COCTaBJIsET
OCHOBY KOTHUTHBHBIX CTPYKTYp MpodeccnoHana-npoeKTUPOBIIMKA, YeMy U OyaeT
NOCBSIIIEHO HAallle BHUMAHKE B MOCIEAYIOIIEH HHPOpMaLUU.

[Ipu peuieHMH NPOEKTHBIX 3aJa4 MOXHO BBIJICIUTH CIHEAYIOIINE HPOEKTHBIE
CUTYyallUu:

[TpoekTrpyeMblii 0OBEKT MOXKET OBITh CKOMIIOHOBAH M3 TOTOBBIX JJIEMEHTOB H
omokoB. Ilpu sToM mMMeroTCsS HauOOJBIITHE BO3MOXKHOCTH INpuMeHeHus OBM s
ABTOMATH3AaLMKU TPOLEAYpP JOKYMEHTHUPOBAHUS, XPAHEHHS apXMBOB, PEIICHUS 3a]ad
KOMITIOHOBKH OOBEKTA M3 T'OTOBBIX DJIEMEHTOB U T.I.

Jlis  mpoeKkThpoBaHUS OOBEKTa HET TOJHOTO Habopa KOMIOHEHTOB, HO
CYHIECTBYIOT aHAJOTUYHBIE, U3 KOTOPBIX W3MEHEHHUEM IAPAMETPOB MOKHO IOJIYYUTh
Henocraromue. B nannom cinyyae 9BM ucnosnb3yercs 71 aHaIn3a U OIIEHKH BApUAHTOB
MOCTPOCHUSI KOMIIOHEHTOB, BBIOOpAa WX ONTUMAIBHBIX HapaMeTpPOB, KOMIIOHOBKH H
NETaTUPOBKH H T.]I.

He cymectByer aHajnorM4HbBIX JJIEMEHTOB, HO U3BECTHbI IPUHLMUIIBI HUX
noctpoeHus. Ilpumenenne OBM B 3TOM cilydyae BO3MOYKHO TIPH HCIOJb30BAaHUU
MaTEeMaTUYECKUX MOJEJIEH, COOTBETCTBYIOIIMX UCIIOIb3YEMBIM IIPUHIUIIAM.

HpI/IHI_II/IHBI INOCTPOCHUA JBJIICMCHTOB 00BbEKTa HE W3BECTHEHL. HpO@KTI/IPOBaHI/IG
OIIUPACTCA Ha  PC3YJbTAaTbl IIPOBOJAHUMBLIX (I)YHI[aMeHTaJIBHBIX U IIPUKIaTHBIX



uccaenoBannii OBM B 3TOM ciydae nmpuMeEHSETCS I MOACIMPOBAHUSA Pa3IMYHBIX
IPOLIECCOB U SIBJIEHUM, 00paOOTKHU JaHHBIX W YNPABIECHUS MOACIBHBIMUA U HAaTYpPHBIMU
UCITIBITAHUSMH U TIP.

Bo3pacranue ClnoX)HOCTH MPOEKTUPYEMBIX 0OBEKTOB MPUBEIO K POPMUPOBAHUIO
KOHUEMUMA M  METOJOJIOTMM  aBTOMATH3allMM  MPOEKTUPOBAHMUS, B  KOTOPBIX
MOJICIMPOBAHUE SIBISETCSI OJHUM M3 OCHOBHBIX METO/J0B OOECIEUEHUS! IMPOEKTHBIX
pabot. Iloatomy MoxxHO cka3aTh, yTo CAIIP ocHOBaHa Ha peryjisipHOM NPUMEHEHUU
COBPEMEHHBIX MATEMAaTHYECKUX METOJOB M CPEACTB BBIYMCIHUTEIBHON TEXHUKH B
npouecce MNPUHATHS NPOEKTHBIX PEIICHW, B OpraHu3aluud W YIPaBICHUU
IPOEKTUPOBAHHUEM.

Coepemennvie memoovl ONMUMAIbHO20 npoeKmuposanus Ha ochoge CAIIP

KoHcTpynpoBanue Kak cOCTaBHasi 4acTh MNPOEKTHUPOBAHUSA — ATO TBOPUYECKUM
npolecc Co3AaHusl M3ACNU B JOKYMEHTax (IJIaBHBIM 0OOpa3oM yepTeka) Ha OCHOBE
TEOPETUUECKUX pacyeTos, KOHCTPYKTOPCKOT0, TEXHOJIOTHYECKOTO u
HKCIUTYaTallMOHHOTO OTbITA U SKCIIEPUMEHTOB.

B Hacrosimee Bpemsi 4pe3BbIYAIHO BO3POCIHN CJIOXKHOCTh U KOMILJIEKCHOCTb
npobsieM, TpeOYIOIMX peuieHust B Tpolrecce npoekTupoBaHus. Co3gaHue MalluH
KayeCTBEHHO HOBOI'O YPOBHS IPEAINOiaraeT MCHOJb30BaHUE BAXKHEHIINX JTOCTUKEHUN
(yHIAMEHTAIbHBIX HAyK, KOHCTPYMPOBAHHUS M TEXHOJIOTMH, MOBBIIICHHYIO 3aIUTY
o0CIy’KMBAIOLIEr0  MepcoHana OT BUOpalMM M IIymMa, Yy4YeT COBPEMEHHBIX
SKOHOMHUYECKHUX, COLIMAIBHBIX U SKOJIOTMYECKUX MpoOsieM. 3ajaua NOBBIILICHUS KaYeCTBa
MallMH pelIaloT Ha CTaJuu  MPOEKTUPOBAHUSA, KOTJa MOXHO BCECTOPOHHE
POaHAIN3UPOBATh KOHCTPYKTHBHBIEC BAPUAHTBI C YUETOM OO0JIBILIOTO YKciia TpeOOBaHUIA.
Tak kaxJIasgs MamMHa [JOJDKHA, [0 BO3MOXXHOCTH, HMMETh MHMHHMMAJIBHYIO Maccy
Y IOCTaTOYHYO HAJEXKHOCTb, BBICOKYIO OBICTPOXOAHOCTh "
MUHUMAJIbHYIO JUHAMUYECKYIO 3arpy’KEHHOCTh, HU3KYI0 CTOMMOCTb U OOJIBLION CPOK
CILyOBI U ap. IIpn KOHCTPYUPOBAaHUU HE00X0AUMO BBIOpATH ee
ONTUMAaJIbHbIE TapaMeTpbl  (CTPYKTYpHbIE,  KHHEMAaTU4YeCKHe,  JAHUHAMHYECKHE,
AKCIUTYyaTallMOHHbIE), HAaWIY4YlIMM OOpa3oM COOTBETCTBYIOILUE MPEABABIIEMbIM
TpeOoBanusiM.  Ilpu  sTomM  ciegyer  yuuThIBaTb ~ KOHKPETHBIE  YCIIOBUS
npuMeHeHus1 MaluHbl. Henb3s1, HanpuMep, MPOU3BOJIBHO YBEJIMUUTD €€ TPOU3BOAUTEIb-
HOCTb, HE YYMTBHIBas IMPOU3BOJUTEIBHOCTH CMEXKHOr0 00O0pynoBaHHUs. B HEKOTOPbHIX
Clly4yasiX MallMHbl C TMOBBIILIEHHON MPOU3BOAUTEIBHOCTBIO MOIYT OKa3aThCs IPHU
JKCIUTyaTallil HEIOIPYKEHHbIMH U OyayT OOJjblle MpOCTauBaTh, 4YeM padoTaTh. ITO
CHUKAET CTENEHb X MCIOJIb30BAHUS U YMEHBIIIAET SKOHOMUYECKYIO 3D PEKTUBHOCTb.



Cxemy MamuHbl OOBIYHO BHIOMPAIOT MyTEM MapajIeIbHOTO aHaTN3a HECKOJIBKHIX
BApUAHTOB, OILICHUBAs MX KOHCTPYKTHUBHYIO II€J1€CO00pPa3HOCTh, COBEPILIEHCTBO
KMHEMAaTHYeCKOM W CHJIOBOM CX€M, CTOMMOCTb M3TOTOBJIEHUS, SHEPTOEMKOCTD,
HAJIEKHOCTD, pa3mepsl, METaJIIOEMKOCTh U Maccy, TE€XHOJIOTUYHOCTb,
CTENEHb arperaTHOCTH, yA00CTBO 00CTY>KUBaHU, COOPKU-PA300PKH, OCMOTpA HAJIA/IKH,
peryJIMpOBaHMUS.

Kak npaBuiio, He CylIeCTBYET MallIMHbI WJIM KOHCTPYKIMHU, ONTUMAJIbLHOM 11O BCEM
KpUTEPUSM OJHOBpPEMEHHO. Il03TOMY pacdeTsl mpPOM3BOAAT I KAXKJIOr0 KPUTEPHS,
CTPOSAT TAOJIUIIBI PE3yJbTATOB PACUETOB M MCIOJIB3YIOT UX JJisi 000OCHOBaHUS BbIOOpa
ONTHUMAJIBHOIO PEIICHUS.

3Hast BO3MOKHOCTY KOHCTPYKIIMH 10 BCEM KPUTEPUSIM, KOHCTPYKTOP COBMECTHO C
3aKa34YMKOM MOKET 0OOCHOBAaHHO HA3HAYUTh HA KaXK/JbIil U3 HUX OrPaHUYEHUs, KOTOPBIE,
C OJHON CTOPOHBI, ObUTH OBl MPAKTUYECKU JOCTHKUMBI, & C JPYroil — yJAOBJIETBOPSIIH
TpeOoBaHMsIM  3aka3zuuka. Jlamee myreM  pacyera  BBISBJISIOT — KOHCTPYKLHH,
YAOBJIETBOPSIOIINE BCEM OTPAHUYEHUSAM OJHOBPEMEHHO.

Takue KOHCTPYKOUN W COCTABJIAIOT JOIIYCTHUMOC MHOXKCCTBO pemeHI/Iﬁ, nus3
KOTOPOI0 KOHCTPYKTOPp COBMCCTHO C 3aKa34YMKOM BI:>I6I/IpaCT ONTUMAJIbHYIO MOAC]Ib.
Ecau Takux KOHCTpYKHI/Iﬁ HC OKa3aJIOCh, TO OIT'PAaHUYCHHA MOT'YT OBITH «OCIJIA0JICHBDY.

U3 BBIIIEH3TI0KEHHOTO CIIeITyeT, 9TO pa3BUTHE TEXHUKU
COTMPOBOXAAETCS YCIO)KHEHHEM  BCEX  CHUCTEM  MallMH M TEXHOJOTHYECKOTO
o0opynoBaHusi. Bo3pactaer TpydoeMKOCTh HMX CO3/IaHUS TMPU  OJHOBPEMEHHOM
MOBBIIIEHUN TPEOOBAHUM K Ka4eCTBY M d(DPEKTUBHOCTA KOHCTPYKIIUHU, YTO HAXOIUTCS
B IPOTUBOPEYMH C HEOOXOAMMOCTBIO  COKpAalleHHsl CpPOKOB €€  pa3paboTku
Y TIPOMBILIUICHHOTO OCBOCHHs. JIMKBUIAIMs YKa3aHHOTO MPOTHBOpEYUS Haubosee
MOJIHO PeaM3yeTCs MPU IHPOKOM BHEIPEHUU B MPOCKTUPOBAHHE BHIYUCIUTEIHHON
texHuku. OCHOBHOE HampaBlIeHUE IPU 3TOM — CO3J]aHHE CHUCTEM aBTOMATH3UPOBAHHOTO
npoektupoBanus (CAIIP).

[lon  aBTOMaru3amMeil  MNPOEKTUPOBAHUS  MOHUMAIOT  TakoW  crmoco0
IPOEKTUPOBAHMUS, IIPU KOTOPOM BCE MPOEKTHBIE ONEPALMU U MPOLEAYPhl UIU UX YacCTh
OCYILIECTBIISIETCS TOCPEACTBOM B3auMoOAEHCTBUS 4venoBeka u OBM. Hcnonb3oBaHue
OBM, no nanueiM A.B. AndepoBa, npu NPpOEKTUPOBAHUU CTAHOUHBIX MPUCITOCOOIECHUN
MOBBIIIAET MPOU3BOJMUTEIBHOCTh TpyAa KOHCTPYKTOpoB B 5-10 pa3. D10 ke
NOATBEPkAat0T JaHHble Pypckoro ynuepcutera (PPI), cornacHo KOTOpbIM MaIlIMHHOE
BBIIIOJIHEHHE paboyvero uepTexa getanu npousBoaurcs B 10 pa3 ObicTpee, 4eM BpyUHYIO,
a CTOUMOCTb pabOThl yMEHbIIAETCA B 2 pasa.

OnTuMu3anms KOHCTPYKTHUBHBIX PELIEHUN B Psijie CIydaeB BOOOIE HEBO3MOKHA
0e3 npuMenenns DBM. JIro6ast mpoeKTHO-KOHCTPYKTOPCKas 3a/1a4ya UMEET, Kak IPAaBUIIO,



MHO>KECTBO PEIIECHUN, OJJHO U3 KOTOPBIX MOKET OKa3aTbCs 00Jiee S3KOHOMHUYHBIM WIIU
3¢ (PEKTUBHBIM IO CPaBHEHUIO CO BCEMHU OCTAJIbHBIMHM PEIIECHUSMH. DTOT BapUaHT U
ABJISIETCS] ONITUMAJIbHBIM, KOTOPBIM MOXKHO MO00paTh TOJBKO ¢ omolbio OBM.

Haunyumieit  ¢opmoit opranuzanuu mpoiiecca MPOSKTUPOBAHUS  SIBJISIETCS
NPUMEHEHHE CHUCTeM aBToMmaTu3upoBaHHoro mpoektupoBanus (CAIIP), To ecTb
KOMIUIEKCA CpPEACTB  aBTOMAaTH3alUMsl [POCKTUPOBAHUs, B3aMMOCBSI3aHHOIO C
IIOAPa3/ICIICHUAMU NPOECKTHOW OPraHU3alyd W BBIIOJHSAIOLIETO aBTOMAaTU3UPOBAHHOE
IIPOEKTUPOBAHUE.

Henamu cozmanust CAIIP kak opraHu3allmOHHO-TEXHUYECKOH (UeTOBEKO-
MAaIllMHHOW) CUCTEMBI SABJISIIOTCSI:

1. IToBbiIEHME KadyecTBa IIPOEKTUPOBAHUS BCJICICTBUE
YBEIMYEHHUSI, aHATTU3UPYEMbIE KOHCTPYKTOPCKUX PEIICHHI U OoJiee NeTalbHOTO aHaIn3a
Kaxaoro u3 Hux. CokpaiieHue Ccpoka pa3pabOTKM KOHCTPYKIMM 32  CYET
aBTOMATH3AIIMM BHIIOJHEHUST YEPTEXKHBIX pabOT M pacyeToB, 0OpabOTKM HMCXOJHOM
Y TIOJly4€HHOU MH(pOpMaInK;

2. YMEHBIIIEHHE CTOMMOCTH TPOCKTHBIX pabOT MyTeM COKpAIICHHS HX YacTH,
BBITIOJTHAEMOM 0€3 UCIoJIb30Banusa DBM.

OTH 1enu TOCTUTAKTCS NPUMEHEHUEM COBEPLIEHHBIX MAaTEMaTUYECKUX METO/IOB
Y BBIYUCIIMTEIHOM TEXHUKH, pa3pabOTKON 3(PPEKTUBHBIX MATEMATHUYECKUX MOJEIEH,
METOJ0B MHOTOBAPMAHTHOIO NPOECKTUPOBAHMS M ONTUMH3ALNM, aBTOMAaTH3ALHEH
IPOBEICHUSI pacyeToB U 0(hopMIIeHHS TpadUUECKON JOKYMEHTALIMH.

Takum o0Opazom, HCIIOJIb30BAHUE CAIIP JaeT KOHCTPYKTOPY
peaIbHyI0 BO3MOXHOCTh 00OCHOBATh MOCTAHOBKY 3aJ]a4d MHOTOKPUTEPUATBHON ONTH-
MU3AIMAd — OJHOBPEMEHHO YYHMTHIBATH MHOXECTBO MPOTHUBOPEUUM TpeOOBAHUIM.
Ucnons3oBanne CAIIP mnpenmonara€T akTHUBHOE YYacTHE 4YEJIOBEKa B aHAJIU3E
BAPUAHTOB, OINTHMH3ALMM W NPHUHATAM pemeHuid. Takoill TBOpYECKUH MOAXOH K
NPOCKTUPOBAHUIO  XapakTepeH © JUIsi  y4eOHOro  MPOEKTUPOBAHMS MPUBOJIOB
TEXHOJIOTMYECKUX MAILIUH, TAK KaK BCE 3aJ]Ja4¥ B HEM MHOTOKPUTEPHUAIBHBIE U COJIEPKAT
MHOKECTBO YITPABIISIEMBIX ITAPAMETPOB.

OnTumanbHOE IMPOCKTUPOBAHUC IIPCAIIOIaracTt CO34aHNC TCXHHUYCCKOI'O 0o0BeKTa
HC TOJIBKO BBIIIOJIHAIOIICTO 3aJaHHBIC (1)YHKI_[I/II/I, HO W OTBCHAIOIIHNEC HCKOTOPLIM 3apaHCe
YCTAHOBJICHHBIM KPHUTCPHAM Ka4uCCTBA.

Camplii HU3KUU YPOBEHb ONTUMAJIBHOTO MIPOEKTUPOBAHUSA
MPEAIOIaracT HaXOXK/ICHUE JIy4lIEero BapUaHTa KOHCTPYKIMH, OCHOBAaHHOE Ha
noA0OpEe HECKOJIbKUX,  BBIMOJIHEHHBIX  0€3  HUCIOJb30BaHUS  BBIUUCIUTEILHOU
TEXHUKH, MAaTEMaTUYECKUX MoJenen " COOTBETCTBYIOIIUX METOJ0B



ONTUMHU3AIMU BapraHTOB. Hampumep, npu NpOEKTUPOBAHUM PEAYKTOpa ISl ABYX-
TPEX BAPUAHTOB pa3OuBKU o011ero MepPEIaTOYHOT O qyucia MEXKITY
OT/ICJIbHBIMU CTYTICHSIMU MOJKHO  BBINIOJHUTH TMPOEKTUPOBOUHBIE PACUEThl, s
Ka)KJIOT0 BapraHTa OL[EHUTh KaKOW-T1M00 KpUTepUil kKauecTBa (Macca, pa3Mephl U T. 11.), U
3aTeM OKOHYATeJIbHO BhIOpaTh HauOoJIee MOAXOASIINNA BapUAHT UCTIOTHEHUS PEyKTOPA.

IIpu 6onee BBICOKOM YPOBHE 3a/1aun ONTUMAJIBLHOTO
IPOEKTUPOBaHUS, CPOPMYIIMPOBAHHBIE B BHJE MAaTEeMaTHUYECKUX MOJIENEH, pelIarTcs
C IPUMEHEHHEM COOTBETCTBYIOIIMX MAaTEMAaTHYECKUX METOJO0B ONTHUMH3AIIMU U Ha 6a3e
OBM. K BbiClIEMY YpOBHIO OTHOCSTCS 3aJayd ONTUMAJIbHOIO IPOECKTUPOBAHUS,
pemaemsbie B pamkax CAIIP.

B CAIIP 3agaum onTtumu3alMM MOTYT pelIaThbCid Ha BCEX 3Tamax Mpolecca
MIPOCKTUPOBAHMSI. Tax, Ha JTane ACKU3HOU IpOpabdOTKU 3azaya
ONTHUMAJIBHOTO MMPOCKTUPOBAHUS MOXKET COCTOSITh B OMNPEIACICHUH PAIlHOHATBHBIX
3HAYCHUN HEOOXOIUMOTO qucia OCHOBHBIX napameTpoB MIPOCKTA,
onpeeNsonuMX OyAynuid 00JIMK TEXHUYECKOTO 00BekTa. Ha sramax TeXHUYECKOTO
U paboy4ero MpOEKTUPOBAHUS 33Ja4d ONTUMHU3ALMH MOTYT HOCHUTH 0oJiee IiyOOKui
XapakTep, OXBATHIBAIOLIUN BOIPOCH! OMPEIEICHUSI ONTUMATbHBIX 3HAYEHUH OCHOBHBIX
nmapamMeTpoB Kak OOBEKTa B IIEJIOM, TaK M OTIEIbHBIX y3J0B M jAeTanieil. B mporecce
paspabotku CAIIP mpoGiema onTuMaIbHOTO MPOSKTUPOBAHUS 3aKIII0YAETCS B PEIICHUN
CJIETYIONUX OCHOBHBIX BOIIPOCOB:

1) onpenenenue ATaIoOB npoiiecca aBTOMATHU3UPOBAHHOTO
MIPOCKTUPOBAHMSI, COMTPOBOKIAEMBIX PEIICHUEM TE€X WJIM HHBIX 3a71a4 ONTHMHU3AINH;

2) TMOCTPOCHHME MaTeMaTUYECKUX MOJENed ONTUMHU3AINK U  pa3paboTka
MalTUHHBIX aJTOPUTMOB;

3) co3maHue WM 3aMMCTBOBAHHE MPOTPAMMHOTO OOECTICUECHHMs PEIICHUS 3a/1a4
ONTUMU3ALNH;

4) pa3paboTKa CHUCTEMBI JHUAIOTOBOTO (DOPMUPOBAHHS M MPOCMOTPA BApPUAHTOB
00BEKTa TMPOCKTUPOBAHUSI C OMNPEACICHHEM 3HAYCHHM TeX WM HHBIX TOKa3aTesei
KauecTBa, a Takxke (OPMUPOBAHUS MATEMATUYECKUX MO/JICTIEH U YIIPABICHUS MPOLIECCOM
pelIeHrs COOTBETCTBYIOIIUX 3a/1au.

CoBeplIeHCTBOBaHUE KOHCTPYKLUMU MPU MPOEKTUPOBAHMHM OOECIIEUMBAETCA €€
ONTUMHU3ALMEN IT0 OJJHOMY WJIM HECKOJIBKMM KpUTEpHUsAM. ISl pa3nuuHbIX MEXaHU3MOB
KpuTepusiMd 3P (OEKTUBHOCTH  KOHCTPYKLMH  MOTYT  OBITb IPUHATHI:  BBICOKAs
HaJEKHOCTh, MUHUMAJIbHOE MEKOCEBOE PACCTOSIHUE WIIM MACCa, Pa3MEpPbl U CTOUMOCTb,
HanOonbmui KIIZ, Beicokas TouHOCTh U T. A. IIpu 3TOM "acTto Kpurepun MOryT OBITH
IPOTUBOPEYHUBBIMH.



IIpy  CTpyKTypHOM  ONTUMH3ALMHA  MOKHO  aHAJIW3UPOBATH  Pa3JIMYHbIC
THUIIBI PELYKTOPOB, HaIpumep, MHOT'OCTYIIEHYaThIN LAJIMHAPUYECKUH,
IIJIAHETapHBIN, BOJTHOBOW, KOMOMHUPOBAHHBIN. Hcxonnbie JIaHHBIE npu
IIPOCKTUPOBAHUM MEXAaHU3MOB B COOTBETCTBUM C TEXHUYECKUM 3aJaHUEM MOTYT
BKJIFOUYATh CJAEAYIOLIUE XapaKTEPUCTUKU: MOIIIHOCTh, CKOPOCTh, PECYPC, PEKUM padOThI,
[UKJIOTpaMMa Harpy>KeHUs U T. I.

IIpu napaMeTpuyecKou ONTUMU3ALNUH, HaIpuMep, 3y04aThIx
MPUBOJIOB YIPABISAIOIIUMHI napaMeTpamu MOTYT OBITH: pacrpeneneHue
NEePEeNaTOYHbIX YUCENT TO CTYMEHsIM, 4Yucia 3yObeB, OTHOCHUTENbHAs IIMPUHA U
Martepual KoJec, TeOMETPHs 3alleTUICHUs], YaCTOTa BpallleHUsl IBUTaTels U JIp.

OrpaHnueHus pa3essIloT Ha KHHEMaTHYecKHe (M0 NepelaTOYHOMY YUCITY OJHOU
napbl, MpPeaeIbHbIM OKPY’KHBIM CKOPOCTSIM), IPOYHOCTH (110 YCJIOBHUSM KOHTAKTHOW U
U3rMOHOM MPOYHOCTH 3yOYaThIX KOJEC), KOHCTPYKTHMBHBIE (110 rabapuram, yCJIOBHIO
PEryJIupOBaHMs JIEMEHTOB, UX B3aUMOJACHCTBUIO U COEAMHEHUIO) U JIP.

[Ipyn onTMHM3aUMK MO OJAHOMY KPUTEPHIO 3a/adya pelaeTrcs HaudoJee MpocTo.
Hamnpumep, perienne MOXHO NOJy4YUTh IEPEOOPOM pa3IMYHBIX BAPUAHTOB KOHCTPYKIIUU
U BBIOOPOM HaWJTy4IlEro.

Pelienrie MHOTOKpUTEpUANIBHBIX 3a7ady Oosiee CIOoXHO. MHOTroKpuTepuaibHas
ONTUMM3AIMA HCIOJIB3YETCs, KOTJa OJHOTO KpPUTEpHUS ISl OLEHKU KauyecTBa
HejgocTaroyHo. Hampumep, Kkoraa CTouT 3ajadya 0OecnedyeHHs] MaKCUMalbHON
HAJECKHOCTU U MUHUMAJIBLHOM MacChl IPU MPOESKTUPOBAHUU PEYKTOPA MIIH OOECTICUEHUS
MAaKCHMAaJbHOW I'Py30I0JbEMHOCTH U MUHHUMAJBHBIX Pa3MEPOB IIPU MPOECKTUPOBAHUU
TPAHCIOPTHOM MAILIVHBI.

B cTporoii maremaTHdeckoil MOCTAaHOBKE BBHIOOP ONTHMAJIbHBIX MapamMeTpOB
MalIllMHbI HE MpocTas 3a7ada. Tak, HanmpuMep, BapbHUpOBAaHUE BCETO IIECTH MapaMeTpOB
(mpu 5% TOYHOCTU pacyeTa) MPUBOJUT K MOHMCKY HA BCEM MHOXECTBE PEIICHUN M3
(1/0,05)°= 64 000 000 BapuantoB. B ycnoBusx passutus CAIIP ¢dopmanusanus
npolecca aBTOMAaTU3MPOBAHHOIO TIOMCKA TEXHUYECKHUX PEIICEHUH M ONTUMHU3AIUS
napamMeTpoB MAaIIMHOCTPOUTENbHBIX Y3JIOB BbI3bIBAET 3HAYUTEIbHBIE TPYAHOCTH U
TpeOyeT NpPUMEHEHHE CIEeIHAIbHBIX 9BPUCTUYECKUX METOJOB MPHUHATUS pPEIICHUH,
YHCIICHHBIX METOJ/IOB ONTUMHU3AIMK U OOJBIIUX PECYpCOB MO BPEMEHU U MOIIHOCTH
OBM.

[Ipy KOHCTPYHMpOBaHMM TPHUBOJOB MAIIUH B CHIY TEXHHUYECKOW IIeNecoo00-
Pa3HOCTH UCHOJIB3YIOTCS B OCHOBHOM JIBa KpUTEpusi: Macca U 00beM. MaccorabapuTHbie
XapaKTepUCTHUKU B 3HAYUTENIBHOM CTENEHU 3aBUCAT OT BbIOOpa Marepualia MU
TepmMooOpaboTku. HemocTaTrouHOCT, Ha HavaJbHOM dTamle HCXOAHOW HHGPOpMaIuu
npeaonpeaessieT MPOBEACHNE KaK MPOEKTUPOBOYHBIX, TaK U MPOBEPOUYHBIX PACUETOB.



HpI/I IOMCKOBOM pPacCHdCTC CHa4YaJIa 3a1at0TCA HCKOTOPBIMU MCXOJHBIMHU IIapaMETpamMu, a
3aTEM — PpPAAOM IOCICAOBATCIIbHBIX HpH6J’IH)K€HPII>i HNX YTOYHAIOT. MexaHn4yecKue
IMPpUBOABI MalIWH MPCACTABIAIOT cobom COBOKYITHOCTb IIOJACHUCTEM IICpC/ad, BaJOB,
OII0p, CBA3AaHHBIX C1a0BIMU CBSI3SIMHU.

K U3JI0)KEHHOTO CJIEIIyET, 4TO KOHCTPYHUPOBAHUE —
MHOroBapuaHTHO. ONTUMaJIbHBIM B O0IIEM cliyyae CJleayeT CUMTaTh BapUaHT,
KOTOpBIM oOecrieunBaeT  HY)KHbIE  IOKa3aTeau  paboThl IpU  MHUHUMAJIbHBIX
3arparax Tpy/ja.

Buowr CAIIP
Paznuuator cnenyromue yerbipe Buga CAIIP.

Yuukanbubie CAIIP, nuMeromuye MexoTpacaeBOM XapakTep M CO31aBAEMBIE JJIsS
pelIeHHs] KPYNHEUIINX HapOJHOXO3AMCTBEHHBIX 33Jad. JTU CBEPXOOJbIINE CUCTEMBI
IPeACTaBIAIOT co00il cet DBM 1 BBIYMCIUTENBHBIX LIEHTPOB. B pamMKkax Takux cuctem
BO3MOXXHO CYILIECTBEHHOE HApAallMBAHUE BBIYMCIUTEIBHBIX MOIIHOCTEH, CO31aHUE
MEXOTpPACIEBBIX OAHKOB JAHHBIX U T.II..

VYuusepcanbHeie CAIIP oTpacneBoro Ha3Hau€HHs C CUCTEMOW KOJUIEKTHBHOTO
M0JIb30BaHUs, 00€CIeUnBAIOIINE MPOESKTUPOBAHUE BCEM HOMEHKIIATYPhl TEXHUYECKUX
m3nenuii  otpaciu. Takwme CAIIP 00bIYHO CTPOATCS MO  JABYXYPOBHEBOMY
UEepapXUUYECKOMY NMPUHIUITY: Ha IEPBOM YPOBHE - MolHasi 9BM ¢ Gonbuimm o0beMoM
mamMsATH H BBICOKHM OBICTpOJICHICTBHEM; Ha BTOpoM - mnepudepuiinpie OBM,
00Cy’KUBaIOUIUE OT/AEIbHbBIE TEPMUHAIIBI, YCTPONCTBA, A0OHEHTCKUE MybThI. ['0/10BOM
00bEeM MPOEKTHOU JOKyMeHTauuu, co3naBaemblii Takoit CAIIP, gocturaer 100 Thicsu
JOKYMEHTOB.

CrneunanusupoBannbie CAIIP npoekTHOM opranu3anuu, IpeICTaBIsomue coo0n
TaK)KE€ CHCTEMbI KOJUIEKTUBHOTO MOJIb30BAHUS, HO OPUEHTUPOBAHHBIE HA BBINOJHECHHE
Han0oJIee MAaCCOBBIX MPOEKTHBIX PA0OT MO KOHKPETHBIM U3JIEIUSIM U peaTM30BaHHbIC Ha
OBM cepuu EC unu CM.

C nomompl TakuX CUCTEM MNPOEKTUPOBUIMK TMOJIYYAeT BO3MOXHOCTH
UCIOJIb30BaTh 3(PPEKTUBHBIE MAaTEMaTUYECKUE MOJENH, METOJIbl MOJECIUPOBAHUA U
ONTHUMH3ALUUA Ha BCEX OCHOBHBIX CTAIUSIX MPOEKTUPOBAHUS 3aJaHHOT0 00bekTa. Huke
B KauecTBe nmpuMmepa OyJeT paccMOTpeHa cTpykrypa ogHoit u3 takux CAIIP.

NunuBunyansusie  CAIIP, peann3oBaHHble HAa MHHU - ¥ MUKpoOBM,
npeAHa3HAUYCHHBIE JUISl BBIMOJHEHUS OTIEIbHBIX BHUJOB HMHXKCHEPHBIX pPACUETOB U
npoekTHbIX paboT. K stomy Bumy CAIIP mMoxHO OTHecTH M ABTOMATH3UPOBAHHbBIC



Paboune Mecta (APMsbI), mnoctpoenHsle Ha MUHU-OBM. Hwuxke B kadecTBe
WUTIOCTpanuu OyAeT naHo kpatkoe onucanue APM "Asrtorpad - 840".

JIrobas cucrema aBTOMATU3UPOBAHHOIO MPOEKTUPOBAHMS IPEACTABISET COOOM
OpraHU3alMOHHO-TEXHUYECKUM KOMIUIEKC, COCTOSIIUNA M3 OOJIBIIOTO KOJUYeCTBa
B3aMMOCBSI3aHHBIX U B3aUMOJICUCTBYIOIMX KOMIIOHEHTOB. OcHOoBHOM (hyHkuueit CAIIP
SBJISIETCS. aBTOMATHU3MPOBAaHHOE IPOEKTUPOBAHME TEXHUUYECKUX OOBEKTOB M HX
COCTAaBHBIX 4YacT€l Ha OCHOBE IPUMEHEHHsS MAaTEMaTUYECKUX M JPYTUX MOJEIEH,
ABTOMATU3UPOBAHHBIX IIPOEKTHBIX IIPOLIEAYP U CPEACTB BEIYMCIUTEIIBHON TEXHUKH.

WnrerpupoBannas CAIIP BbinoiHsSET NPOEKTUPOBAHUE O00OBEKTA OT MEPBUYHOIO
OMHMCAHUS JO BBIJIAYM TMPOEKTA, COACPIKAIIETO BECh HEOOXOAMMBIA KOMIUIEKC
JOKYMEHTALINH.

CAIIP sBnsercst camocTosiTebHOW cucteMod Ha mpeanpustuu (otaen CAIIP,
o1ropo CAIIP). Ho ona MosxeT OBITh CBsSI3aHA C IMOJICHCTEMaMU M OaHKaMU TAaHHBIX IPYTHX
ABTOMATU3UPOBAHHBIX CHUCTEM NPEANPHUATUS HAM [OaXKE JAPYIUX OpraHu3alui u
OpEANPUSTANA: C aBTOMATU3MPOBAHHON cuCTeMOM HayuHbIX uccienoBanuii (ACHU),
obecrnieunBaroIIeii MojJydeHue U 00paboTKy MaTeMaTUYECKUX MOJEIEH I Pa3IuyHbIX
00OBEKTOB U IPOIIECCOB; C AaBTOMATH3UMPOBaHHOW cuctemoit ympasienus (ACY),
OpraHu3yIolel MPOEKTUPOBAHUE U PACIIPECIICHUE PECYPCOB HA MPOEKTHBIE PabOTHI; C
aBTOMATU3MPOBAHHOMN cucTeMol ymnpasienus npousBoactBoM (ACVYII), mist koToporo
NpelIHa3HAYeH TMPOEKTUPYEMBIM OO0BEKT, KaKk NpeAMeT Mpou3BojcTBa. HaydHo-
TexHuueckuit ypopeHb CAIIP BoO MHOTrOM onpeieisieTcsi STUMHU CBA3SIMHU, UX IMOJHOTOU U
WHTEHCUBHOCTHI0. CBSI3M OCYIIECTBIISIIOTCS 1O TeleoHHOMY, KaOeIbHOMY KaHajiam
CBSI3U.

[lepcnekTUBHOM B HacTOSALIEE BpEMS ABIISIETCA pa3pab0OTKa CUCTEMbI CITy THUKOBOM
ceasu  CAIIP, pacnonoXeHHbIX B pa3IMYHBIX PETrMOHAX CTpPaHbl, C MOIIHBIMH
LUEHTPAIM30BaHHBIMU OAHKAMU JIaHHBIX.

CAIIP  cnemyer  paccmarpuBaThb  KaKk  IIOCTOSHHO  Pa3BHUBAIOIIYIOCSH
(PBOJIIOIIMOHHYIO0) CHUCTEMY. 37€Ch HaOJI0JaeTCs ONpEACICHHAsT aHAJIOTUS MEXIy
CJIOKHBIMU TEXHUYECKUMH B OMOJIOTUIECKUMH CHCTEMaMHU.

OIHMM W3 NPOSABIEHUN 3TOTO PAa3BUTHUSA SBIISIETCA NEpeaya ONbITa U UHTYULUH
MPOEKTUPOBIIKUKA MaIIMHHOM cpene. [Ipu aTom B DBM co3naercs onpeneneHHas Moeb
mpoiiecca MPOSKTUPOBAHUSA, a CaM YeJOBEK IMOJ BO3JACUCTBHEM HWH(POPMAIIMOHHO-
nporpamMHoi cpeansl CAIIP noBbIaeT CBOM MHTEIUIEKTYaIbHBIN YPOBEHbD.

B cootBerctBun ¢ I'OCT 23501.0-79 mob6ass CAIIP nomkHa uMeTh ClIeIyIOIINe
BUJIbI  0a30BOrO0  OOECHeYeHHUs: METOJUYECKOoe, TMPOrpaMMHOE, TEXHHUUYECKOE,
WH(POPMAIIMOHHOE U OPTaHU3AIIMOHHOE.



KoMmnoHeHThI 3THX BUAOB 00eCIieueHus TPUBEICHbI B Ta0M. 1.

Taommna 1. OcuoBubie KOMIToHeHTEI CATTP

Buner 0a30BbBIX
. KomnoHeHTsI OCHOBBI TOCTPOECHUS
oOecrieueHu i
Teopun, METOJIBI, IlepcriekTBHBIE
CIOCOOBbI, MaTEMATUYECKUE | METOAbl  MPOECKTUPOBAHUS,
MOJEIH, NropuTMBbl, | 3P(HEKTUBHBIE
TEPMUHOJIOT U, MAaTeMaTUYECKUE  MOJECIH
Meroauueckoe
HOPMAaTHUBBI, IPOEKTUPYEMBIX 0OBEKTOB U
(MaTemMaTH4ecKoe 5
AIrOPUTMUYECKUE U | UX DJIEMEHTOB, IIPUMEHECHHUE
JUHTBUCTHYECKOE)
CIICIMAIIbHBIC SI3bIKH, | METOJIOB
o0ecreunBaroye MHOTOBapUaHTHOT' O
METO0JIOTUIO MPOEKTUPOBAHUS u
npoektupoBanus B CAIIP. | ontumusanun.
AlanTupyeMocTh K
Pa3IMYHBIM
OO1ecucreMHble |
koHpurypanusm 9BM u nx
MPUKJIAJIHBIE TPOTPAaMMBbI U
ONEPAIMOHHBIM  CHCTEMAM,
DKCIUTYaTallHOHHbIE
MOJYJIBHOCTh IIOCTPOEHHS,
[IporpammuoOe JIOKYMEHTHI,
o0ecrnieuyeHus
peaHa3HAYCHHbBIC TUISt .
MYJIbTUIIPOTPAMMHOMN
MOJIyYEHUS MIPOEKTHBIX
. paboThl, pPEXHUM JUaNora,
pELICHUN.
pEKUM pa3zeneHus
BPEMEHH.
YcrpoiicTBa
BBIYUCIIUTEIBHON "
OpPraHU3aIMOHHON .
CepuiiHble CpencTBa
TEXHUKH, cpeacrna .
BBIYUCITUTEILHON TEXHUKH
nepenayu JAHHBIX,
TexHuueckoe oOliero  Ha3HayeHUsT U
U3MEPUTENIbHBIE U JAPYTrUe
. apyrue COBPEMEHHBIE
YCTPOMCTBA,
TEXHUYECKUE CPEACTBA.
o0ecreynBaromye
(byHKUIHOHUPOBaHUE
CAIIP.
ba3pl  nmaHHBIX WU Bo3moxxHOCTB
HHpopmalHoHHOe | cyereny YIPABJIEHHUS | IOTUYECKOM

0azoit  manubix (CYBJ),

CTPYKTYpPHU3aLlMM JAHHBIX 110




oOpa3yromue B KOMILIEKCE | pOpMaNbHBIM  MPHU3HAKaAM,
aBTOMAaTU3UPOBAHHBIE rMOKOCTh OpraHu3aluu U
O0anku gaHHbIX (AB/I). OTKPBITOCTb CTPYKTYPBI,
3alUTa JaHHBIX.

[IpaBuna u npukassl,

peraaMeHTHpYIOIINe
mpaBa, OOS3aHHOCTH U
byHKIIIH YYaCTHUKOB
pa3paboTKu U [IporpeccuBHbIe
JKCILTyaTaluu CAIIP: | meTonsl Opra”u3anuu
IPOEKTUPOBLIUKOB- MPOEKTUPOBAHMS,
OpraHu3aliuoOHHOE | IOJIb30BaTENEN CAIIP, | coBpeMeHHBIE METO/IbI
IPOrPaMMHUCTOB, IUTaHUPOBAHUS U

OIEPaTOpPOB OBM Y | MAaTEpUAIIBHOTO
BHEIIIHUX YCTPOUCTB, | CTUMYJIUPOBAHUS.
oriepaTopoB O0aHKa JTAHHBIX
(Tpymmmbl moAmep KK OaHKa
JTAHHBIX ) u
anmuauctparopa CAIIP.

CAIIP ornuuaercs OT OOBIYHOM CHCTEMbl NMPOEKTUPOBAHUS TEM, UYTO B HEH C
noMo1ibi0 OBM 4acTUYHO WITH MTOJTHOCTHIO aBTOMATH3UPOBAHBI MPOIIETYPHI TOATOTOBKH
u 00paboTku wHGOpPMAIUU, BbIOOpA MPUHIIUIIOB JICUCTBUS TEXHUUYECKUX OOBEKTOB U
NPUHATHUS PEIICHUS, BBITIOJIHEHUS PACUETHO-BBIUUCIUTENBHBIX PA00T, MPOSKTUPOBAHUS
JOKYMEHTAIIH.

Cucrema aBTOMAaTHU3MPOBAHHOIO MPOECKTUPOBAHMS B CPAaBHEHMHM C OOBIYHOMU
XapaKTEpU3yeTCsl PSAOM CBOMCTB, OOYCIIOBIIEHHBIX HIMPOKUM MpuMeHeHneM OBM:
MOIU(PUITUPOBAHHONW OPTaHU3AIMOHHON CTPYKTYPOMH, Crienrann3aiieil pa3padoTInKoB
10 BBHINIOJHSEMBIM BHUJaM padoT (a HE MO TUHaM pa3pabaThbIBaeMBbIX H3AEIUI), TOTHOM
MEXaHM3alel M aBTOMATU3alMEN PYTHUHHBIX ONEpAUM, IMUPOKUM HCIIOIb30BAHUEM
TEXHUYECKUX CpPEJICTB MPOEKTUPOBAHUSA, BBICOKMM NPO(ECCHOHATBHBIM YPOBHEM
IpOeKTUpOBIIMKOB-TIob30Bareneil CAIIP, opuenTanueii Ha Hambojee TBOpPYECKUE
IPOLIEAYPHI TEHEPALIMU BAPUAHTOB PEILICHUS U TUIIOTES.

Imanwvt npoekmuposanusn. Cmpykmypa CAIIP

1. Anzopummor npoekmupoganus



[TocnenoBaTenbHOCTh TpolEcCa TMPOCKTHUPOBAHUS, BOOOIIE TOBOPS, MOXKET
pasnuyaThCsl AaKe JUIsl OJJHOTO M TOTO e Kiacca o0beKToB. [IpuurHamMu 3T0ro Moryr
ObITh: UCTOPUYECKUN OMNBIT M TPAAULMU" CIOKUBIIMECS B MPOEKTHON OpraHU3alINM;
HaJINYME UM OTCYTCTBHE MIPOTOTUIIA; YCTAHOBJICHHBIE CPOKU U (PMHAHCOBBIE PECYPCHI U

Ap.

Ha pI/ICI MNpUBCACHA THUIIOBAA JIOTHYCCKAad CXEMad TPAAUIOUOHHOI'O HC
ABTOMATHU3HUPOBAHHOI'O IIPOCKTUPOBAHMUA.

CylIHOCTb 3a/1a4u MOKET OBITh BhIpaXK€HA B TEXHUYECKOM 3aJJaHUH HEJIOCTATOYHO
yetko. Hampumep, 3aganue "CrnpoeKTUPOBATh YCTAHOBKY JJI OMPECHEHHS] MOPCKOM
BOABI" MOXET OBITh BBINIOJIHEHO C WCIOJIb30BAHUEM MPOIECCOB HCIAPEHUs U
KOHJICHCAIUH, TUOO C MOMOIIBIO BBIMOPAKUBAHUS, JINOO MOCPEICTBOM JICKTPOIUATHA3A.

[ToaToMy HEOOXOAMM OdTal yTOYHEHHWsS 3aJadd, ONPEACICHUS HalpaBICHUS
noucka. CerogHs CymeCTBYeT JOCTATOYHO OOJBIION BBIOOP METOJOB IOMCKA HOBBIX
TeXHUYECKUX pemeHuii. Jlajee B BBIOpAaHHBIX TIEPCIEKTHUBHBIX  HAIPaBICHHSIX
IIPOBOJIUTCS TIOVCK PEIICHHUS.

Ha ocHoBe BBIOpaHHOTO pelIeHUs pa3padaThIBA€TCS 3CKU3HBIM MPOEKT H
IIPOBOAMUTCS MHXXEHEPHBIM AaHalIW3, KOTOPBIM BKJIIOYAECT ONMCAHHE KOHKPETHOIO
TEXHUYECKOTO PpEIIEHUs, MOJEIUPOBAHUE, IMPUMEHEHHE (UIUUECKUX MPUHIIMIIOB,
BBIYMCIIEHUS, TPOBEPKY, OLICHKY, ONITUMU3aLuI0. [1o pe3ynbraTaM OLIEHKH IPUHUMAETCS
pelIeHne 0 pa3pad0TKe TEXHUYECKOIO IPOEKTa Ha OCHOBE BHIOPAHHOIO BapUaHTa WM O
BO3BpAILECHNU K IOMCKY HOBOI'O BapuaHTa PELICHUs. B ciydae MMon0KUTEIbHON OLICHKU
peleHus: BeJeTcsl pa3paboTKa TEXHUYECKOTo MPOEKTa U pabounX YepTekeil OMBITHOIO
WIN TOJNOBHOTO oOpasua. Ilocie m3roroBiaeHust 3Toro o0pasla U €ro CTEHIOBBIX WM
IPOMBIIUIEHHBIX (J1J151 TOJIOBHOTO 00pa3la) UCHBITAHUIN OCYLIECTBIISIIOT KOPPEKTUPOBKY
TEXHUYECKON JOKYMEHTAIMU U €€ YTBEPKACHHUE JUIsl 3allyCKa TEXHUYECKOTO O0BEKTa B
CEpUMHOE TPOU3BOACTBO.
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Puc.1. Jlormyeckass cxema TPAAUIHOHHOI0 HEABTOMATH3UPOBAHHOIO

MPOCKTHUPOBAHUA
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Puc.2. CrpykrypHas cxeMa HUTEPALMOHHOIO AJrOpUTMa Ipolecca

NMPOCKTHUPOBAHUSA IIPHA JCKOMIIO3UIINH ITPOoLECCa 110 YPOBHAM OIIHUCAHUA

B nanHoM ciydae nekoMmno3uius ObliIa IPOBEACHA IO CTAAUSAM MPOSKTUPOBAHUS
(9CKU3HBIN, TEXHUYECKU, pabouunii mpoekT). Ha kaxom 3Tame npoucxoauT yTOUHEHHE
MojeIeH, yrinyOjieHne aHam3a 1, Kak CIeJCTBHE, MPUOIMKEeHHEe 00beKTa K 3aJaHHBIM B
TEXHUYECKOM 3aJaHUHU XapaKTEPUCTHUKAM.

JICKOMITO3HIIHST MOKET MPOU3BOJIUTHCS U 110 YPOBHSIM OTHMCAaHUs. Torma BeIIesIeT
CIIEMYIONIME YPOBHHU JEKOMIIO3WIIMM: CHUCTEMHBIM - HamOoyiee o0OIIee OmnmucaHue
Ha3HAYCHHS 00BEKTA M €r0 CBSI3EH C yU4eTOM TeX M3MEHEHUH, KOTOpPhIe 00BEKT BHECET B
OKPYXXaIoIIlyl0  CpeIy, apXHTEKTYPHBIH - ONHCAHHE CTPYKTYpbl  OOBEKTa;



(YHKIIMOHATBHBIA - ONUCAaHUE 3aKOHOB (YHKIIMOHUPOBAHMS MOJICUCTEM OOBEKTa;
KOHCTPYKTUBHBIH - IETAIBHOE ONMCAHUE BCEX IJIEMEHTOB CUCTEMBI.

[Ipu TakoM Bu€ AEKOMIO3ULUN CTPYKTYpHAsl CXeMa UTEPALIMOHHOIO aJITOPUTMA
npoliecca MPOeKTUPOBAHUS TPUOOPETAET BU/, TOKA3AHHBIA HA PUC.2, HO OAHOTUITHOCTh
U MHBApUAHTHOCTb HCIOJB3YEMBIX MPOLENYp MPOEKTUPOBAHUS  COXPAHSETC.
(MuBapuaHTHOCTh MpOLIEAYPHl - €€ HEeU3MEHHOCTh TMpPU U3MEHEHHH YCJIOBHI
IIPOBEJEHNUS, B IAHHOM CJIy4ae - P U3MEHEHUH aJrOpUTMa POECKTUPOBAHUA).

[Ipy  aBTOMATU3UPOBAHHOM  NPOEKTUPOBAHMM  TEXHOJOTHUA  Ipoliecca

POCKTUPOBAHMSI B 3HAUYUTEIILHOW MeEpe OMpeAesieTcs CTPYKTYpOd M MOUTHOCTHIO
CAIIP.

2. lloocucmemwvr CAIIP

OcHOBHBIMM ~ CTPYKTYypHBIMM  3BeHbAMH CAIIP  gBmArOTCS MOICHCTEMBI.
[Toncucremoii CAIIP Ha3pIBarOT BBIACIEHHYIO 110 HEKOTOPBIM Ipu3Hakam yacte CAIIP,
00€CIeunBaIONIYI0 BBIMOJHEHNE HEKOTOPOW 3aKOHYEHHOW MPOEKTHOM MpOLEIypbl C
IIOJIy4EHHMEM COOTBETCTBYIOIIMX IHPOEKTHBIX DPEIICHUH M IPOEKTHBIX JTOKYMEHTOB.
ba3oBele 3Tambl W NpOLEAYPHl HNPOECKTUPOBAHUS PEATU3YIOTCS  CIECAYHOLIMMHU
nojicucTeMamMu npeoodpazoBanus uHbopmanmu, Bxoasmmmu B coctaB CAIIP mo6oro
Macirtada (puc.3).

| cootmenan
MoHUT I_'
r ANDOXTHBM | o -1
l‘lnﬁhHD!th-ﬂﬂr 1
HE X0 A HbE
AAHHLS 1
— NMoAcHeTeMA ""i
NoOHCKA PoDEHHR
Il e TEXHNY2CKOR 2afaun
r
=
"
:- MogcKcTEMA
: _— HHESHEPHOTD tﬂl.!ll!.
2
B
o
[ =

NogcHCcTEME BEAEHHR
H MAaroTOBAEHMA

AOKYMEHTALME

|_-_ HudopuagRoHHA M

NoOACHCTEMA

-Lf“LF*FL_4




Puc.3. Cxema B3anmoaenicTteusa 0a30BbIx nmoacucreM CAIIP u moan3oBarens

2.1. Hnugpopmayuonnan noocucmema

OcHOBHas 3ajaya STOW MOACHCTEMBI COCTOMT B cOOpE€, XpaHEHUH, IOUCKE,
yHOPsA0YEHUH, TIOTIONIHEHNH, BblJlade BCel HE0OX0IMMOM JiIsl obecrnieueHust mporecca
npoektupoBanus nHGopmaruu. [Ipumenenne 9BM mo3BossieT co3aBaTh 0a3y JaHHBIX
KAK COBOKYNHOCTb YHOPSAJOYEHHBIX KOMIUIEKCHBIX CBEIEHUHW O MPOEKTUPYEMOM
00BEKTE, BKIIFOUAIOIINX: MUPOBOM HAYYHO-TEXHUYECKUI YPOBEHbB, (DUKCUPYEMBIH B BUJIE
nyOnuKaluii, ONUWCAaHUW OTKPBITUH W HW300peTeHuil; (OHJ METONOB TIeHepaluuu
BApUAHTOB PELIEHUs, BKIIIOYAsl CUHTE3 HOBBIX MPHUHIIMIOB JEHCTBUS, ¢ OMOIMOTEKON
¢usnyeckux AQ(GEKTOB; METOJOM NPOEKTUPOBAHMSA, MPEIACTABIAIOIINE COOOM
(opManu30BaHHbBIN KOJUIEKTUBHBIA OMBIT CIELHUAIUCTOB B JAaHHON 00JacTH; ONMHUCAHUSA
napaMeTpoB U XapaKTEPUCTUK MPOEKTUPYEMOro 00BEKTa, €ro MoAeNeH i pa3IuyHbIX
CTaqui NMPOEKTUPOBAHUSA; APXUB, XPAHUIHUIIEC HAKOILUICHHOIO B CUCTEME OIBITA B BHJIE
y>K€ UMEIOIIMXCS PEIICHUI KaK BCEW 3a/1auyl B 1IEJIOM, TaK U €€ OTAEJIbHBIX (PparMeHTOB;
ONMCAHUs TUIOBBIX 2JIEMEHTOB, KOMIUIEKTYIOIIUX U3EIUN, MaTEpUAJIOB; PyKOBOIAIINE
Y CIPaBOYHBIE JAaHHBIE, HOPMATHUBHBI, CTAHAAPTHI, IOJIOKEHHUS W JPYTUE JIAHHBIE,
perIaMeHTHPYIOLIUE TIPOLECC TPOCKTUPOBAHMSL.

NmeeTtcs cuctema yrnpapiieHUs: 02301 JaHHBIX, PETYJIUPYIOIIas MEXaHU3M J0CTyIa
K HUM (3amuch, OObEIMHEHHUE, CTapaHUE WX BblJady MH(POpPMAIIMU) B 3aBUCUMOCTH OT
3aMpoCcoOB M UX MPUOPUTETOB, MAIIIMHHBIX PECYPCOB U T.J.

[TocTpoenue 6a3bl NaHHBIX - CIOXHBIM U TPYIOEMKHI MPOIECC, ONMPEAEIIIONIHMA
BO MHOToM 3(pdexkTuBHOCTh (yHKImonupoBanus Bceir CAIIP. baza ganHbIX co cBoei
CUCTEMOM yrpaBieHusi o0pazyeT OaHK JaHHBIX.

NudopmanmonHas mojacucteMa MOCTOSHHO TMOMOJHAECTCS HOBBIMHU JAHHBIMHU U
OUMILAETCS OT YCTAPEBIIMX. DTHUM 3aHUMAETCS CIElMaibHas TPYyIIa CHEHHUAIHUCTOB,
Ha3bIBaeMasi TPYMITON MOIEPKKN OaHKa JaHHBIX.

Hamuune B CAIIP uH(pOpMaITMOHHOM MMOJACUCTEMBI MO3BOJISAET
UMeTh 0€31U30BITOYHYIO, TOJTHYIO, TOCTATOYHYIO U aKTyaIbHYI0 HH()OPMAIIHUIO O POEKTE.

Baxxnoit xapakrepuctukoit CAIIP sBisieTcst crenens ee MHPOPMAITMOHHOM CBSI3U
c Okpyxaromen cpenoil. Cucrema Ha3bIBA€TCS CTAaTUYECKOM, €ClIM B MpoLecce
MPOCKTUPOBAHUS HE TpeOyeTcst nHpOpMAIUs O TEKYIIeM COCTOSHUM BHEITHEN Cpejibl B
JAHHBI MOMEHT BPEMEHU M JTUHAMHYECKOW, eCiau mpu (PYHKIIMOHUPOBAHUU CHUCTEMA
HEMPEPHIBHO MOTPEOIsieT Takyro HHGOPMAIMIO M3 UCTOYHUKOB, HAXOASIIUXCS BHE
CAIIP.



2.2. Iloocucmema noucka peuteHull mexHu4ecKou 3a0auu

Pa3paboTka BapuaHTOB pelIEHUsT TEXHUYECKOW 3aJayd  COOTBETCTBYET
TBOPYECKOMY 3Tally MPOEKTUPOBAHMS, MPU PEATU3ALMN KOTOPOrO MPOEKTUPOBIIHMK
UCIIOJIb3YET BCE CBOM 3HaHUS U ymMeHue. [loaToMy aBTOMaTH3a1Ms pelieHus 3TOM 3a/1auu
ABJISIETCSl OAHUM W3 BaXKHEMILMX HANpaBlIeHUH B MpoOJieMe HUCKYCCTBEHHOIO
UHTEJUIEKTa. TpyAHOCTh MOIETUPOBAHUS HHTEIUIEKTYJIbHOM JESATEIbHOCTH IOPOIUIN Y
psaa CIenUaluCTOB COMHEHHUS B BO3MOYKHOCTH HCHOJIb30BaHUs OBM Ha HadanbHBIX
TBOPYECKUX 3Tanax NPOEeKTUpOBaHMs. OIHAKO MMEIOLIUICSA ONBIT IOKA3bIBAET, YTO
IpPOrpaMMbl, MOCTPOCHHBIE HAa OCHOBE CYLIECTBYIOUIMX METOJOB IIOMCKAa HOBBIX
TEXHUYECKUX  pEIIeHH  (METOoJ  IBPUCTUYECKHMX  IPUEMOB, JIEPEBO  IIEJIEH,
MOp(hOJIIOTUYECKUN aHATU3 M CHUHTE3 U JAp.) CHOCOOHBI CPOPMHUPOBATH TEXHUUECKUE
pEILIECHUs Ha YPOBHE N300pETEHNH, COBEPLIEHCTBYIOIUX NU3BECTHOE YCTPOICTBO, CIIOCO0
WJIN BEUIECTBO.

[ToncucTemMa momMoraeT NMPOEKTHUPOBIIMKY B PEIIEHWHM ABYX KIACCOB 3a7ady: B
MOUCKE HOBBIX MPUHITUIIOB JIEUCTBUS TEXHUUYECKUX OOBEKTOB M TOHCKE BapUAHTOB
pelLIeHus] IIPYU U3BECTHBIX IPUHLMIIAX AcucTBUA. [lomcucreMa cCONEpKUT pa3iIMuHbIC
METOJMKHA IIOMCKA PELICHUS TEXHUYECKUX 3ajay. MHOrue TBOpPYECKHE 3a1auu He
MOJJIAt0TCS MONMHON (opmanu3anuu. B 3ToM ciyyae pelnieHue MpUHUMAET YEIOBEK B
pe3ynbTaTe 4eIoBEKO-MaIMHHOTO Auanora. [1ogqo0HbIe MeTOABl aBTOMATU3UPOBAHHON
rEeHEpalid pEIICHUN MOBBIIMIAIOT HMHTEJUICKTYyaIbHbIE CIIOCOOHOCTH U TBOPYECKYIO
AKTUBHOCTb NMPOECKTHUPOBIINKOB.

YuuTeiBasg BaXXHOCTh pAacCMaTpPUBAEMOW MOJCHCTEMBI, B OPraHU3allMOHHOU
ctpykrype CAIIP xemarenpbHO mpemycMaTpuBaTh TPYIIY CIEHHUATUCTOB B 00JACTH
OBPUCTHUKHM, TONOJHSKOMEH MOACUCTEMY HOBBIMHM  aITOPUTMaMHM TBOPYECTBA,
YUUTBHIBAIOIIMMH KaK OCOOEHHOCTH XapaKTepa U CTPYKTYpbl pelIaeMbIX 3a]ad, Tak U
0COOEHHOCTH IICUXUYECKON JAESITEIbHOCTH YEJIOBEKA.

2.3. [loocucmema unsceHepHo20 ananu3a

OCHOBHOE Ha3HAYEHUE MTOICUCTEMBI - BBITIOJTHEHUE BCEX BHIYUCIUTENBHBIX PadOT,
CBSI3aHHBIX C JleTaliM3alMeld BBHIOPAHHOTO BapUaHTA PEUICHUS MPOEKTHOW 3ajJauu.
ABTOMAaTH3aIMsl BBIYMCIICHUN TI03BOJISIET HCIIOJIB30BaTh 00Jiee CIIOXKHBIE MOJACIH
00BEKTOB U 00Jie€ MOIIHBIE BEIYUCIUTEIBHBIE METO/IbI, YTO 3HAYUTEIBHO MPUOJIMKAET
MoKaszaTreld MOJEeIM K JCHUCTBUTENBHBIM  TOKa3zaTensiM o0beKkTa. ApceHan
BBIUMCIIUTENBHBIX METOJOB IIOCTOSIHHO ITIOIOJHSETCS, MHOTHE WHXEHEPHBIE 3aJayu
CTUMYJIUPYIOT pPa3pabOTKy HOBBIX TOJIXOJIOB W METOAOB, HOBBIX KPUTEPHEB U
AJITOPUTMOB.



[Tpu BBIOOpE TapamMeTpoB 00BEKTa BO3MOXKHO HMCIIOJIH30BAHUE PA3ITUYHBIX BHUIOB
MOJIEJIEN, K KOTOPBIM OTHOCSITCS:

a - Ananmurhueckue (IJETEPMHUHUPOBAHHBIE - HENPEPBIBHBIE WU JUCKPETHBIE,
CTOXaCTUYECKUE),  IpPUYEM  dTamaM  ACKU3HOTO, TEXHHUYECKOro,  padoyero
IIPOEKTUPOBAHMS COOTBETCTBYIOT CBOM MOJEIH;

nu - lmuranvonHsle, ecid OOBEKT OTJIMYACTCS  HEOMPEACICHHOCTHIO
byHKIIMOHUpOBaHUA. Takue MOJEIU BOCIPOU3BOAAT TMpolecc (PYyHKIIMOHUPOBAHUS
MPOCKTUPYEMOTO O0BEKTa, a OIEHKA pa3JIU4YHBIX BapUAHTOB pEIICHUS MpHU
BapbUPOBAHUM  YIPABISIONIMMU  [EPEMEHHBIMU  I03BOJIIET HAWTH  HaumOoJee
IIPUEMIIEMBIN U3 HUX;

5 - DBpPHUCTUYECKHE W WIPOBBIE MOJEIH, KOTrJa OOBEKT XapaKTepU3yeTCs
HEOIPEICTICHHOCTRI0  (DYHKIIMOHUPOBAHUST W HE YCTAHOBJIGHBI 3HAYCHUS €TO
napaMeTpoB. B 3ToM ciydae MCTONb3yeTcss MHTYUTUBHBINA BHIOOP PEIICHUS B YCIOBUSIX
HEMOJIHOW MH(OPMAIIHH.

B nporiecce npoekTrupoBaHus pacCMOTPEHHBIC MOJICIIH UCITOJIB3YIOTCS B 0OpaTHOM
MOPSAKE: OT CAMBIX OOIINX 0 HAaM0OJIee TOYHBIX.

ITocKoMBKY ~ METOIMKAa  IIPOCKTUPOBAHMS  IOCTOSHHO  YTOYHSETCA U
monudpunupyercs To crpykrypa CAIIP gomkna pomyckaTb BO3MOXXKHOCTh M3MEHEHMSI
OTJIETIbHBIX YacTel CUCTEMbl 0€3 M3MEHEHHUS OCTAJIbHBIX COCTaBIIAIOIIMX WU C UX
MUHUMAJbHBIMU HW3MEHEHUSIMU, S3TUM TpeOOBaHUSAM HauOoJiee TMOJHO OTBEYAIOT
GyHKUMOHANBbHBIE  CTPYKTypbl — uHTerpupoBaHHbix  CAIIP. Takue  cucremsl
XapaKkTepU3ylTCs  MOIAYJIbHBIM  IIPUHIUMIIOM  IIOCTPOEHHEM  MaTEMAaTHYECKOTO
o0ecnieyeHus, HaJIWYMEM BCTPOEHHBIX OIEPAallMOHHBIX CHCTEM M  HabopoMm
aJIbTEPHATUBHBIX MPOCKTHBIX MPOLEAYP U UX OLEHOK Ha PAa3INMYHBIX dTallax Ipolecca
IIPOCKTUPOBAHMUA.

2.4. [lIoocucmema 6edenus u U320mMOo61EeHUL OOKYMEHMaAUUU

[Toncucrema mnpenHasHaueHa IS HW3TOTOBJICHUST U BBIJAYU  MPOEKTHBIX
JOKYMEHTOB  (4epTeKel, TEXHUYECKUX OINHCaHuM, cXeMm, rpadukoB, TaOIHI),
HEOOXOIMMBIX /IS CO3/IaHUA 00BEKTa MPOCKTUPOBAHMS M MO3BOJISIET, TAKUM 00pa3zoM,
aBTOMATU3UPOBATH HAUOO0JIEE TPYAOEMKYIO, OTHOOOPA3HYIO U YTOMUTEIbHYIO PYTUHHYIO
paboTy. ABTOMaTH3aIMsI ATUX MPOIIECCOB MO3BOJIIET PE3KO COKPATUTH 3aTPAThl TPY/Ia U
BPEMEHH, a TAaK)KE CPABHUTEIHHO JIETKO 00ECIIeYUTh BHECEHHE U3MEHEHU BO BCE YACTH
MPOEKTHON JJOKYMEHTAIINH.



ABTOMAaTHYECKOE W3TOTOBJIEHUE JOKYMEHTAMH OCYIIECTBIISIETCS C ITOMOLIBIO
YEpTEKHBIX AaBTOMATOB M TIpadoIroCcTpoUuTene, yCTPOWCTB MHUKPO(DUIbMUPOBAHUSA,
penpoayuMpOBaHuUs U T. 1.

OTON MOJACUCTEMOI OCYILECTBIIAETCS KOMIIOHOBKA JOKYMEHTOB, T.€. pa3OueHue
€ro Ha CTPaHMIIbl CTaHIapTHOTO (hopmaTa, pa3MelieHue rpauuecKux CHMBOJIOB Ha MOJIe
CTpPaHULbl, COEAUHEHUE UX JINHUSAMU.

PaccmoTpenHbie MOJICUCTEMBI COCTaBJISAIOT OCHOBY TEXHOJIOTUU
ABTOMATH3UPOBAHHOTO MPOCKTUPOBAHUS TEXHUYECKUX OOBEKTOB. DTy TEXHOJOTHIO
IPOEKTUPOBAHUS NMPUMEHSET MPOCKTUPOBILIUK, KOTOPOMY JOCTATOYHO 3HATH IMpaBUiIa
3alUCU TEXHUYECKOTO 3a/1aHusl HA MPOEKTUPOBAHUE C MOMOILBIO CIIEUATBHBIX SI3bIKOB
OMHCAaHUS 00BEKTA U JUPEKTUB YIPABIECHUS CUCTEMOM, YTOOBI MHUIIUUPOBATH MPOIIECC
00paboTku n orobpaxenus nHbopmanuu B CAITP. CienmaibHbIe TUaI0TOBBIE CPEACTBA
(mucmuien, APMBbI) IO3BOJISIFOT €My ONEPATUBHO MOJy4YaTh IPOMEKYTOUHBIE PE3YIbTAThI
B IpOIIECCE PEIICHUS 3aJja4yd U MMETh BO3MOXKHOCTh BJIMSTH Ha XOJ| €€ pEelICHUs], He
pepbIBasi BHIYUCIUTEIBHOTO MpoIlecca.

B CAIIP wumerorcs u Jpyrue MOACHCTEMBI, KOTOpble B 0OOILIEM clydae
NOJIpa3ACAOTCA Ha OOBEKTUBHO-OPHEHTHPOBAHHBIE, OCYIIECTBISIONINE Pa3padOTKy
TOTO WJIM WHOTO OOBEKTAa Ha OIpENeJCHHOW cTamuu mnpoektupoBaHus C Hampumep,
KOHCTPYHpPOBaHUS JeTaliei 00beKTa, TEXHOJIOTMYECKOrO MPOCKTHPOBAHUS), H
MHBAapUAHTHBIE WJIH OOBEKTHO-HE3aBUCHUMBIE MOJICUCTEMBI, KOTOPHIE OCYLIECTBIISIOT
dbyHKIMU yrpaBieHus U 00paOoTKM MHGOpPMAIMK, HE 3aBUCAIIAE OT OCOOECHHOCTEM
IPOEKTUPYEMOTO 00BEKTa (IHATOTOBBIX MPOLIETYP, YUCICHHOTO aHAN3a, ONTUMH3AIUH,
UH(GOPMAITMOHHO-TIOMCKOBBIX MIPOLEAYP, BBOJA-BBIBOA rpauuecKoil HHPOPMAIIH).

HexoTopble U3 3THX IMOACUCTEM ONMCAaHBI HUKE IIPU PACCMOTPEHUU IIPUMEPOB
npombinuieHHbIX CAIIP.

IToncuctembl u komnoHeHThl CAIIP coeguHSIOTCS M B3aMMOJECUCTBYIOT APYT C
IpYyroM TOJ  yOpaBJI€HUEM  ONEpPallMOHHOW  MIpOrpaMMbl  IPOCKTUPOBAHUS,
OTOOpaXarolie JOTUYECKYI0 CXeMY TMOCTPOEHUsI TPOEKTa, B COOTBETCTBUU C
OUPEKTUBOM MOJIb30BaTened CcUCTEMBl. lloaBeprasch BO3AEHCTBHIO IPOECKTHBIX
IpOLIEAYP, MOJIENb IPOEKTA Pa3BUBAETCA, HAKAIUIMBAS U CTPYKTYPHUPYS NOCTYNAIOLLYIO
Bce Oosiee ACTaNbHYIO MPOEKTHYH WH(OpMAIMI0 TakuM 00pa3oM, 4TOOBI B JIHOOOM
MOMEHT TIPEJICTABUTh €€ B PACHIOPSIKEHNE KOHCTPYKTOPA UK KaKOW-TMOO0 U3 Iporpamm
cucteMbl. Takol opraHu3alnueil CUCTEMBI IOCTUTAETCA 00ECIeYEeHNE €IMHCTBA MOJIENIU
IPOEKTa Ha BCEX CTaAMsIX Mporecca NpoeKkThpoBaHus. Hamuume oOmiero s Bcex
nporpaMMm o00pa3a MNPOEKTUPYyeMOro oObekTa cymiecTBeHHo oTinuaer CAIIP ot
IpOCTOro OOBEIUHEHUS Pa3pO3HEHHBIX MpOorpamMM, Kaxkaas U3 KOTOPBIX Tpeoyer
cnenu@uuecKoro ONMCcaHus JaHHBIX O MPOEKTE.



3. IIpunyunvt nocmpoenus CAIIP

[Ipu cozmanum u pasButun CAIIP mpumeHsIOTCS OCHOBHBIE OOIIECHCTEMHbBIC
IIPUHLIUIIBL:

- BKJIFOUEHMS, IPEAYCMATPUBAIOIINI COTJIaCOBAaHHUE MAPAMETPOB U BO3MOKHOCTEN
koHkpeTHO# CAIIP ¢ cuctemoii 6osiee BHICOKOTO UEPAPXUIECKOTO YPOBHS;

- CHCTEMHOI'0 eJUHCTBA" 00eCIeYMBAEMbIi TECHBIMU CBSA3SIMU BCEX IOJCHUCTEM
CAIIP;

- pa3BUTHA, NPEIYyCMATPHUBAIOIIMK HapalldBaHUE ¢ COBEPIICHCTBOBAHUE
komrnoHeHTOB CAIIP u cBsizeit Mex1y HUMU;

- KOMILJIEKCHOCTH, OOECIEUYMBAIOIIUN CBSI3HOCTh MPOEKTHUPOBAHUS OTJEIbHBIX
AJIEMEHTOB M BCEro OO0BEKTa B IIEJIOM Ha BCEX CTaaUsAX MPOCKTUPOBAHMUS, T.€.
cBOeoOpa3HbIi KOHBEWEp MPOSKTUPOBAHNS,

- WH(OPMAIMOHHOTO E€IUHCTBA, TPEOYIONIMI HCIOIB30BaHUS B IOJCUCTEMAX
CAIIP  ycCTaHOBJIEHHBIX  COOTBETCTBYIOIIMMH  HOPMATUBHBIMH  JIOKYMEHTaMU
POOJIEMHO-OPHUEHTHPOBAHHBIX ~ BXOJHBIX  SI3BIKOB, SI3BIKOB  MPOTPAMMHUPOBAHUS,
Croco0O0B MpeICcTaBICHUs UHPOpMAIUU, TEPMUHOB, CHMBOJIOB U T.1I.;

- COBMECTHUMOCTH, OOECIEeUMBAIOIIUN COBMECTHOE (PYHKIIMOHHUPOBAHUE BCEX
noacucteM CAIIP npu coxpaHeHHH OTKPBITON CTPYKTYPBI CUCTEMBI B IIEJIOM;

- MHBAPUAHTHOCTH, TpeOytomieit uroonl nmoacucrema u komnonenta CAIIP 6pumn
0 BO3MOXXHOCTH YHHBEPCAJIbHBIMU WM THUIOBBIMHU, T.€. WHBAPUAHTHBIMU K
MPOCKTUPYEMBIM 00BEKTaM U OTPACIEBOM CIleIU(UKE;

- MOpajJbHOM >KUBydYecTH, mnpenanonaratomuii Hamuuue B CAIIP cpencts
HAaCTPOMKHM HAa OTPAaHUYEHHBIN, HO JOCTATOYHO MPEICTABUTEIBHBIN KJIACC TEXHUYECKUX
0a3 NPOEKTUPOBAHUS.

Cucrema J0JKHA JIETKO aAanTupoBaThbes K 3TuM 0azaM. [IpenxycmarpuBaercs Tpu
YPOBHSI HACTPOMKHM CHCTEMBI: CUCTEMHBIM, NPOLIEAYPHBIM M mapameTpudeckunii. Ha
CHUCTEMHOM YPOBHE OCYIIECTBIISIETCSI CMEHa OOIIECHCTEMHBIX MPOTpamMM, Hampumep,
CBSA3aHHBIX C TIEPEXOJOM Ha HOBbIE (U3NYCCKUE TPUHIUIBI  peaU3aluu
npoeKTupyeMoro o0wekTa. IlpolenypHblii ypoBEHb HCIHOJB3YETCS IMPHU MEPEexXoje Ha
HOBBIN KJIacC 0ObEKTOB MPOSKTUPOBAHUS M 00€CTICUMBACT 3aMEHY OT/EIbHBIX OJIOKOB B
OPOrpaMMHBIX MOJYJIIX BXOAHOIO ONHMCAaHUA OOBEKTa, HWH)KEHEPHOrO aHajIu3a,
IoKyMeHTupoBaHus. Ha mapamerpuueckomM ypoBHE MPOU3BOAUTCS HACTPOUKA CUCTEMBbI
BHYTPHU HEKOTOPOTO KJIacca MPOEKTHPYEMBIX OOBEKTOB.



Kapmul mexnuueckozo ypoensn

I'OCT 2.116-84 ycranaBnuBaeT eauHbie (POPMBI KapThl TEXHUYECKOTO YPOBHS U
KauecTBa MPOAYKUHMH ISl BCEX OTpaAciied IKOHOMHUKH, MOPSAJOK €€ COCTaBICHUS U
BEJICHUSI.

Kapty TtexHuueckoro ypoBHs u kadectBa npoaykuuu (KVY) cocraBmstor Ha
KOHKPETHYIO0 MpOAyKLHI0. Pa3paboTka M NOCTaHOBKAa Ha IMPOMU3BOACTBO MPOAYKIUHU
OCYLIECTBJISIETCS B COOTBETCTBUU C TPEOOBAHUSIMU CTaHIAPTOB CHCTEMBI pa3pabOTKU U
NOCTAaHOBKM NPOayKUuU Ha npousBoactso (CPIIIT).

KY sBnsieTcs HEOTHEMIIEMON YACTHIO KOMIUIEKTA TEXHUYECKON NOKYMEHTAlUH U
MPUMEHSIETCA 11 OLIEHKU IIeJIeCOO00pPa3HOCTU pa3pabOTKM U MPOU3BOJCTBA, MPHU
MOJICpPHU3ALINH, aTTECTAUHU U TOCYIAPCTBEHHON PETUCTPALMU TPOAYKIIHH.

B KVY Bximo4aroT HOMEHKIATYpY TMOKas3aTelel KadecTBa NPOAYKIIHH,
npenycMotrperHoit crangapramu CPIIIL, B ciiydae oTCyTCTBUA MOKa3aTeNEH KauecTBa B
crangapte CPIIII yctanaBnuBarOT B cOOTBETCTBHUM C TpeOoBaHusimu P/l 50-64-84.

B cocraB KY BXondT nokasarenu cleyrOInX rPyI:
1. ITokazarenn Ha3HAYEHHUS:

- MoKazaTeNu (PYHKIIMOHATBHBIE U TEXHUYECKOUN (D PEKTUBHOCTH (J1s1 TPOTYKIIUN
MAITMHOCTPOCHUSI TAKUMH TTOKA3aTEIISIMHA SBJISIOTCS TIPOU3BOIUTEIHLHOCTh, MOIIHOCTD,
IPY30II0AbEMHOCTh MaTEPHAJIOB — IMOKA3aTEH MPOYHOCTH, TIIOTHOCTD, TNTACTHYHOCTD U

T.1.);

- TIOKa3aTelld KOHCTPYKTHBHbIE ([JI1 NPOAYKUMH MAIIMHOCTPOCHHS — Macca,
rabapuThl, TPAHCIOPTAOENBHOCTD U T.1.);

- MOKa3aTeNM CcOCTaBa M CTPYKTYpbl (I NPUPOJHOIO ChIPbS W TOIUIMBA,
MaTepHaAJIOB U MPOAYKTOB, MPOLEHTHOE COJIEPKaHUE JIETUPYIOMINX T00aBOK B CTAJIAX,
coJiepKaHue cepbl B KOKCE, KOHIIEHTpalUs IpUMeced B KUCIIOTaxX U T.1.).

2. Ilokazarenu Hage)KHOCTH:

- ToKaszarenu Oe30TKa3HOCTH (BEPOSITHOCTh O€30TKAa3HOW palOThI, CpemaHss
HapaOoOTKa Ha OTKAa3 U Jp.);

- TIOKa3aTelIH JOJITOBEYHOCTU (CpeqHUil pecypc, Ha3HAUECHHBIN pecypc, raMMa —
IPOLIEHTHBIN pecypc U 1p.);

- TIOKAa3aTesId PEMOHTOPUTOHOCTH (BpeMsI BOCCTAHOBJICHHSI pabOTOCIIOCOOHOTO
COCTOSIHUSA U JIp.);



MOKa3aTesd COXPaHsAEMOCTH (CpEeIHUN CPOK COXPAHSIEMOCTH U IP.);

3. Iloka3zaTenu SKOHOMHOTO MCIIOJIB30BAHMUS ChIPbS, MaTEpHaliOB, TOIUIMBA,
SHEPTUH U TPYIOBBIX PECYPCOB:

-yJenbHbIA (HA €IMHHILy OCHOBHOTO IMOKa3aTelid KauyecTBa MPOAYKIUHU.) PacXo]l
OCHOBHBIX BHJIOB CBIPbSl, MaTE€pPUAJIOB, TOIUIMBA M JSHEPIrUM HA HW3FOTOBJICHUE U
DKCIUTYaTalHNIO;

- KO3(Q(ULUHMEHT MCHOJb30BaHUS MaTE€pPUAIbHBIX PECYPCOB — OTHOILIEHHUE
IIOJIE3HOI'O Pacxo/a K pacXxoly Ha IPOU3BOJICTBO €INHMIIBI POAYKIIHAH.

4. Iloka3zaTeny TEXHOJIOTHYHOCTH:

- yaenbHas (Ha eIMHUIy OCHOBHOI'O MOKa3aTessl KauecTBa MPOIYKIIMH.) Macca
V3IENus;

- TPYAOEMKOCTb U3TOTOBJICHUS;
- TPYJOEMKOCTh MOHTaXa;

- yIeTbHas DHEPTOEMKOCTh;

- TPYAOEMKOCTh TEXHUYECKOTO 00CTYKUBAHUSI.

5. DproHoMuyeckue noka3aTenu:

- yno0cTBO 0OCTy>KUBaHUS B Oaljax;

- YpOBEHb 3BYKOBOT'O JIaBJieHUs Ha paboyem mecte B 1bA.

6. IToka3aTenn sKOJIOrMYECKUe U MoKa3aTeNln O€30IMaCHOCTH:

- coziep>KaHNe BPEIHBIX BEIIECTB, BHIOPACKIBAEMBIX B OKPYIKAIOIIYIO CPEy;
- MOKa3aTeny 0e30MacHOCTH B Oailiax.

7. DCTETUYECKHUE TTOKA3ATENHN:

- PalOHAIBHOCTh U COBPEMEHHOCTh 3CTETUYECKOTO PEIICHUs B Oaax;

- KQueCTBO OTAEJIKU B Oaax.

8. [lokazarenu cTaHgapTU3aUMU U YHU(PUKALIUN:

- KO3 PUIMEHT TPUMEHIEMOCTH;

- KO3(pPpUIMEHT NOBTOPSAEMOCTH;

- K09(hPUIMEHT MEKITPOCSKTHOU YHUDUKAITUH.



KY cocraBisitoT Ha 3Tane pa3padOTKH TEXHUYECKOT0 3aJaHUsl Ha IPOYKIHUIO, IPH
NOCTAHOBKE MPOAYKIMU Ha MPOMU3BOACTBO, NPU MOAEPHHU3AUUU M aTTECTAlUU
IPOIYKLHUH.

N3menenus B KY npousBoastcs cornacHo 'OCT 2.503-90. [1pu HeoOxoauMocTu
B KV gnonmyckaercs BK/IIOYaTh TaKWe KayeCTBEHHBIE ITOKa3aTeId, KaK OCHOBHBIC
KOHCTPYKTHBHBIE ~ OCOOCHHOCTH  NPOJIYKIIMH, HNPUHIUI  JICUCTBUSA, YPOBEHH
aBTOMATH3allMM W YIPaBJICHUS C TOMOINBIO 3JEKTPOHHOW TEeXHUKH, (ororpaduu u
CXEMBI.

KY cocraBnser u BCACT UCITOJIHUTCJIb OT p33pa6OTKI/I A0 CHATHA C ITPOU3BOACTBA.

B cootBerctBuu co crannapramu cepun CIIKII (Cucrema nokaszareneil kauectBa
OPOAYKIMHM) K TPOAYKIUHM OOIIEMAIIMHOCTPOUTEIBHOIO MPUMEHEHUS OTHECEHBI
HYKECIIETYOLIHE:!

- KOHBEUEPHI;

- poOOTHI MPOMBIIICHHBIE;

- JINHUXA aBTOMATUYECKUE POTOPHBIE U POTOPHO — KOHBEUEPHBIE;
- PEAYKTOPBI, MOTOP — PEAYKTOPHI U BAPUATOPHI;

- NOJIIUIUITHUKA Ka4eHUS;

- YIUIOTHUTEIN PE3UHOBBIE KOHTAKTHBIE;

- Macjia CMa304HBbIE;

- u3zenus PpUKIUOHHBIE ISl TOPMO3HBIX MEXaHU3MOB;

- MaIIAHBI JICKTPUYECKNE BPALIAFOIIUECS.

Heobxoammo OTMETHTB, YTO MO PEXKUMY pabOThl K OOOPYIOBAaHUIO OOIIEro
MamuHocTpoeHus: pod. CHecapeB I A. U 1p. OTHOCWIM MOABEMHO — TPAHCIIOPTHHIC
MAITMHBI, YCTAHOBKHA HETPEPHIBHOTO ACHCTBUS XUMUUICCKOH, TUIIICBOM, TOPHOPYTHON U
YTOJIBHOM MPOMBIIIJICHHOCTH.

Takum o00pa3oMm, Kak MBI BHAUM, KIACCH(PUKANMS TO PEKUMY pabOThl U
MIOKA3aTeNsIM Ka4eCTBA MAIIMH UMEET CYHIECTBEHHOE Pa3IMiHMeE.

Tpe6oeanuﬂ Kmauwiunam u Kpumepuu ux kauecmea

B pPa3BUTHH MAIIUMHOCTPOCHUA OYCHb Ba’>XHbI CJIICAYIOIIUEC COBPCMCHHBIC
HaIIPaBJICHHUA: YBCINYCHUC MOIIHOCTH u IMPOU3BOAUTCIIBHOCTHU MAaIlllMHBI,



OBICTPOXOAHOCTP W PABHOMEPHOCTHh XOJa; MOBBIIICHHE KO3(PPHUIMEHTa IO0IE3HOTO
JCHCTBHsI; aBTOMAaTH3alus pabodnMx IMKIOB MAIIMH, TOYHOCTh pabOThl MAIlWHBI,
CTaHJApTHU3alMsl U B3aMMO3aMEHSIEMOCTh JIeTallel U Y3JI0B; yA00CTBO U 0€301acHOCTb
00CITyKMBaHUs; KOMIAKTHOCTh; 3CTETUYHOCTD BHEIITHETO BU1a MAIIMHEI. JleTanu u y3isl
MaluH JIOJUKHBI  OBITh  PabOTOCIIOCOOHBIMH, HAAEKHBIMH, TEXHOJIOTUYHBIMH,
HSKOHOMUYHBIMU U 3CTETUYHBIMHU.

HpI/IMepBI pean3alun 3TUxX HaHpaBHCHI/Iﬁ B MallTMHOCTPOCHHUMU.

I. MouHoCTh  OJHOrO 3JEKTpOreHepatopa BoOIXOBCKOM 3JEKTPOCTaHIUH,
noctpoeHHoi B 1927 r., cocrasisieT 8000 kBT, KpacHosipckoit (1967 r.) — 508 000 kBT,
T. €. YBEJIMYEHUE MOITHOCTH B 63 pa3sa.

2. CpaBHHUTE CKOPOCTH CAMOJIETOB COPOKOBBIX T'0OJIOB CO CKOPOCTHIO COBPEMEHHOTO
CBEPX3BYKOBOI'O JIaliHEpa.

3. Ha xene3HOI0pOoKHOM TpaHCIOpTE MmapoBo3bl, umeBimuve Hu3kui KII/I,
3aMEHEHBI TEIJIOBO3aMU U 3JIeKTpoBo3aMu, KIIJ] KOTOphIX BO MHOTO pa3 BhILIE.

4. KowmmuekcHas aBTOMAaTH3allsl CTAHOBUTCS OCHOBOM opraHu3ann BCEX
OTpacneﬁ HapOJHOTO XO3SMCTBA. CO3I[aHI>I 3aBOJbI-aBTOMATbI II0 HM3I'OTOBJICHHUIO
IMOAIIUITHUKOB Ka4YCHHA; KOHTPOJIb TCXHOJIOTHMYCCKUX TIIPOHCCCOB M YIIPABJICHUC
IMPOU3BOACTBOM MCXAHU3UPYIOTCA U ABTOMATU3UPYIOTCA.

HOCKOJII)Ky YCJIIOBCKY CBOMCTBEHHO XOTE€Th BCEro M cpa3y, TO Tp€6OBaHI/I5I K
MalllMHaM MHOFOO6p33HI:I H 4YaCTO IIPOTHUBOPCYHMBBI, OJHAKO HX MOKHO YCIOBHO
Pa3aCiInTb HA OCHOBHBIC B3aUMOCBA3aHHBIC I'DYIIIIbBI:

- TCXHOJIOTI'H4YCCKHUEC Tpe6OBaHI/IH;
- OKOHOMHYCCKHUC Tp€6OBaHI/I}I;
- OKCIINTyaTalMOHHBIC Tpe6OBaHI/I$I.

KauecTtBo Mammubl, T.e. €€ MaKCUMallbHO€ COOTBETCTBUE BCEM TpPEOOBAHUSIM
HEBO3MOKHO 0€3 HEyCTaHHOT'O0 BHUMAaHUs MHKEHEpa Ha BCEX CTAAMIX ">KU3HU'" MAIlIMHBI.

KauecTtBO 3aKJIaAbIBACTCA HA CTAAWH ITPOCKTHPOBAHUS, oOecrieynBaeTcs Ha craguu
IMPpOU3BOACTBA U MOAACPKUBACTCA B ITPOLUECCCEC SKCILTyaTaluu.

Hecmotpst Ha Gosbiioe MHOrooOpasue COBPEMEHHBIX MalllWH, OTIWYAIOIINXCS
JIpYT OT JIpyra HazHAYCHUEM, MPOU3BOIUTEIHHOCTHIO, CKOPOCTHIO IBMIKEHUS pabodmx
OpraHOB M T.XI., YCTaHOBJICHBI OOIIUE TPeOOBaHUS, MPEABIBISICMbIE K KOHCTPYKITUU
caMUX MallliH, a TAaKKe K KX COOPOYHBIM SIUHUIIAM U JAeTaisiM. TakuMu TpeOOBaHUSIMU
K MallliHaM SIBJISTFOTCSI:



- COOTBETCTBHE MMPOU3BOIUTEIBHOCTH 33JaHHBIM 00BEMaM 1 TEMITaM BBITIOJTHEHHUS
padoThI;

- o0ecrieueHUe BBICOKOH HaJACKHOCTH W HOOJIIOBCYHOCTH, a TaAKXE CpPOKa
C.]'Iy>K6BI MallrMHbI, COOTBCTCTBYIOHICTO CPOKY TapaHTHHM B 3aJdHHBIX YCIIOBHUAX
OKCIITyaTalnu,

- MPaBUJIBLHOCTH BBIOOpA MaTepHuaia U paliMOHAIBHBIX CIIOCOO0B 00pabOTKH;
- COOTBETCTBUEC KOHCTPYKITMU MAlTUHBI €€ HA3HAYCHHIO;

- obecrieueHne HAMMEHBINX Ta0apUTHBIX Pa3MEpPOB MAIIMHBI, 3aTpaT TpyJda U
MAaTEPUAIbHO-ICHEKHBIX CPEACTB;

- y100CTBO JOCTABKH K MOTPEOICHUIO;
- IPUBJIEKATEIHOCTH (DOPMBI U OT/ICTIKU BHEIIHETO BUA MAIIIUHBI.

K KOHCTpyKLIMSIM COOpPOUYHBIX €IMHHUIl TPEAbIBISAIOTCS TpeOOBaHUS JETKOU
cOOpKU U pa300pKH, JTETKON 3aMEHBI OTHOCUTEIBHO OBICTPO M3HALIMBAIOLINXCS YacTel U

T. 1.

JleTaii JOJDKHBI UIMETh MUHUMAJIBHYI0 MAacCy NpH JIOCTAaTOYHON MPOYHOCTH H
OBITh HAJIGKHBIMH B DKCIUTyaTaI[lH, TaK KaK MX IMOJIOMKa MOXET IIPUBECTH K aBapUsM B
mammHe. [IpodHOoCTh aeranm oOecriedWBaeTcs BBHIOOPOM MaTepuajga M TMPABUIBHO
pPacCCUMTAHHBIMU pa3MepaMu. Y MEHBIIIEHNE MACCHI JeTalIel TOCTUTACTCs TPUMEHEHUEM
0oJee MPOYHBIX M SKOHOMUYHBIX MaTeprasioB. [ [puMeHeHne Hanboee TOYHBIX METOIOB
pacuera JaeT BO3MOXKHOCTh IMOJYYHTh pPa3Mepbl JeTaneid 0e3 H3NMHUITHUX 3armacoB
NpOYHOCTH. MHOTHE JACTalld JOJDKHBI Takke o0JagaTh JOCTaTOYHOM JKECTKOCTHIO,
T.€. CHIOCOOHOCTBIO COMPOTUBIIATHECA 00Pa30BaHUIO OCTATOUHBIX Jaedopmaruit. Ocodoe
3HAYCHHE 3TO MMEET JJIS TaKWX JIeTalel, Kak Kopiyca, Bajibl, OCH, OMOPHI. JKecTKOCTh
JeTaneil 3aBUCUT OT CBOKMCTB MarepHalia, pa3MepoB U (OPMBI JeTalleld, TOATOMY IPH
KOHCTPYKIIMM MHOTHE JIeTaJd MAaIllMH TOJBEPraloTCs pacieTaM Ha JKECTKOCTh U
CHEIUATBHBIM UCTIHITAHUSM OTBITHBIX 00PA3IIOB.

JleTansaMm moikHA OBITH IPUAaHA TOCTATOYHAS H3HOCOCTOMKOCTh. DTO TpeOOBaHUE
BBITIOJIHSIETCS TPUMEHEHUEM CIICIIUAIbHBIX MaTepHalOoB M Pa3IMYHBIMH CIIOCOOAMU
MMOBEPXHOCTHOTO YIIPOUYHEHHS.

JleTanu m0JKHBI OBITH KaK MOKHO 00Jie€ MPOCTBIME 1O (POpME U SKOHOMUYHBIMA
B M3TOTOBJIECHUU. DTO TpeOOBAaHWUE MOXKET OBITH BBITIOJHEHO MPH YCIOBHUU TECHOTO
COZIPYKECTBA KOHCTPYKTOPOB M TEXHOJIOTOB, 00ECMEYNBAIOIIETO IPUMEHEHHE Hanboee
paIMOHAIBHBIX ~ KOHCTPYKIIMHA, IPOTPECCHBHOM TEXHOJOTHH, Ooyiee  JEIICBBIX
MaTepUaoB U T.1.



OI[HI/IM N3 CYHICCTBCHHBLIX KPUTCPHUCB OLICHKU KOHCTPYKHI/Iﬁ U3a0CI1A ABIACTCA
€ro TCXHOJIOI'MYHOCTh 1 DKOHOMHNYHOCTD.

TEXHOJIOI'MYHOCTD — usrorosnenue u3aenus Npyu MUHUMAaJIbHBIX 3aTpaTax
TPYZa, BPEMEHU U CPEACTB P ITOJTHOM COOTBETCTBUH CBOEMY Ha3HAUEHMIO.

YCIOBHO pas3nuyaroT TEXHOJOTHYHOCTh HW3TOTOBJICHHSI M JKCIUTyaTallHOHHYIO
TEXHOJOTUYHOCTH. K Tocimeiaeit OTHOCSAT pEMOHTONPUTOTHOCTh, BOCCTAHABIINBAEMOCTb,
MPUCIIOCOOJICHHOCTh K YEJIOBEKY, B TOM UHCJIE YI00CTBO M O€30MMaCHOCTh 00CITYKUBaHUS
u TpeOyeMbIii YpOBEHb MOATOTOBKH OOCTY>KMBAIOIIETO MEpCcoHaNa, ACPUIUTHOCTh U
HOPMBI PacXOJJ0BaHUs SKCILUTyaTallMOHHBIX MaT€pPUAJIOB; CTENIEHb BO3CHCTBUS 00bEKTA
Ha OKPYKAIOIIYI0 CPe/y; BO3MOKHOCTH KOHCEPBAIIMH, XPaHEHUS, TPAHCTIOPTUPOBAHUS U

Ap.

TexHOTOrHYHOCTh (M3rOTOBJICHUS) YCIOBHO PA3IeNsiOT Ha TEXHOJOTHYHOCTH
JIETAIU U TEXHOJIOTMYHOCTh COETMHEHUS WIIK COOPOYHON €AMHUIIBI, «yCIOBHOY», IOTOMY
Kak 00a 3TH BHMJAa HaXOAATCS B HEpa3pbIBHOM cBA3M. OOmMI moaxolq K BBIOOPY
KOHCTPYKTHBHBIX PELICHUH, UCXOJS M3 JTaHHOI'O yCIIOBUS, HE3aBUCHUMO OT (YHKLMH,
TEXHOJOTUA M MAaTEepUajoB — 3TO MPOCTOTA T'E€OMETPUUYECKON (HOPMBI, TIJIAaBHbBIE
nepexoAbl OT OJIHOTO  JJIEMEHTa KOHCTPYKLUMH K JpyroMy U yHUUKaIUSA
(TOBTOPSIEMOCTH) PJIEMEHTOB, JieTajiel, COOPOUHBIX €IUMHUIL U arperaTos.

Texnonocuynoii Ha3bIBACTCS KOHCTPYKIMS MAIIMHBI, KOTOpas oOOecreuyrnBacT
3a/IaHHBIC DKCILTyaTallMOHHbIE KadyeCcTBA U TMO3BOJSET TMPU JAHHOW CEPUMHOCTH
U3TOTOBJISITh €€ C HAaMMEHBIIUMH 3aTpaTaMy TpyJla U MaTepuaioB. TeXHOJIOTUYHOCTH
KOHCTPYKIIMM TECHO CBSi3aHa C CEPUUHOCTBIO, OOCCIEUMBAIOIICH €€ COOTBETCTBHE
MacmTa0y BBITYCKAa W YCIOBHUSM IPOM3BOJACTBA. B  3HAaYUTENbHONW  CTENEHU
TEXHOJIOTHYHOCTh KOHCTPYKIIHU obecreunBaeTcs HIUPOKUM BHE/IPEHUEM
CTaHJapTU3allii, HOpMalM3allui U YHUPUKAIIMU, UCTI0JIb30BaHUEM 0Ty (HaOpUKaTOB U
PEKOMEHAYEMbIX MAaTEPUAJIOB, a TaKXe THUIH3AIMed TEXHOJOTUYECKUX IIPOIIECCOB.
OcHoBHBIE yCJIOBUS 00€CTICUEHUSI TEXHOJIOTUYHOCTH CBSI3aHBI CO CITIOCOOAMU MOJTyYEHUS
3arOoTOBKH, MEXaHWYECKOM 00pabOTKH 1 ¢ TOYHOCTHIO U3TOTOBJICHHS ACTalel 1 COOpPKH.

JIuTble neTanu JOJKHBI 00eCreYrBaTh JErkocTb (POPMOBKH, COUETAHUE TOJIIHMH
CTEHOK, IJIABHBIE 3aKPYTJICHUS, TUTEHHBIE YKIOHBI, MPABUILHOE PACIoIOKEeHHe pedep,
ya00CTBO [i71s1 0a3UpOBaHMS U MEXaHUYeCcKo 00paboTku. Jletanu, mojsydyaeMble KOBKOM,
IITAMIIOBKOM, MPOKATKOW, HE JOJDKHBI MMETh OCTPBIX BHYTPEHHUX YIJIOB, PE3KHUX
NepernaaoB TOJIINH CTEHOK, 00ECIIeYuBaTh XOPOIlee «PACTEKaHUE» METAllJIa B IITaMIIe
Y YKJIOHBI, 00€CIIeUMBaIOLIUE yIAJIEHUE AETAIN U3 ILITAMIIA.

MeTonoM IUThs NMOTYYar0T JETaau MPAKTUYECKU HEOIPAHUYEHHOM CIIOKHOCTH, a
NOCPEJICTBOM IITAMITIOBKH U3TOTOBIISIOT JETAIN CPABHUTENBHO MPOCTOM KOH(PUTYpaLUH,



HO C IPUMEHEHHEM CBAapKHU U3 IITAMIIOBAHHBIX 3JIEMEHTOB BBIIIOJIHSIIOT U3/1€]Us BECbMA
CJIOXHOU (POPMBI.

3yObs1, pe3b0y U Apyrue nogoOHbIe SIEMEHTHI TyUIle MOTy4aTh HaKaThIBAHUEM, a
HE HapE3aHUEM.

CooTBeTcTBHE TEXHOJOTMYECKOr0 IpoLecca IMPUHATOMY MaTepHually odecre-
YMBAET BO3MOXHOCTh MOJYYEHHUS 3aJaHHBIX CBOMCTB MaTepHaa.

PanmonanpHasi ~ MOC/IENOBATENBbHOCTh — TEXHOJNOTUYECKHUX  TPOIECCOB |
orepanuii 00yCIOBICHA KaK KOHCTPYKIIMEH U MaTEPHAIIOM H3ENHsI, TAK U BEIOpAHHBIMHU
crocobamu u3rotoBieHus. LlenecooOpa3Ho MpemrycMOTpeTh T€OMETPHUECKYI0 (hopMy,
JUTSI BOCTIPOM3BEICHUSI KOTOPO HEOOXO0MMO MHHIUMAIBHOE KOJTUYECTBO, MUHUMAJILHOE
pa3Hoo0pa3ue MpOIECCOB M ONepalluii, M He JKenaTeJIeH BO3BpaT K MPEIIIeCTBYIOMUM
BugamM oOpabotku. Cremyer, HampuMep, TOMHUTH, YTO TEPMUYECKash WU XUMHUKO-
TepMUYecKass o0paboTka, HAaHECEHHWE Ha TOBEPXHOCTH TMOKPBITHMA, KakK MPaBUio,
MPUBOIAT K CHUXEHUIO TOYHOCTU JETATH W TPEOYIOT JOMOITHUTEIbHONW 00pabOTKu
— nutdOBaHUS, JOBOJIKH H T. T1.

EH_IC OAHO HaIlpaBJICHUC obecrnieueHus TCXHOJIOTHYHOCTH COIIPAKCHO
C MMOABJICHUCM HOBBIX MAaTCPHAJIOB, o611az[a}oumx YHUKAJIbHBIMHU CBOﬁCTBaMH, pe4b NACT
O HCKOTOPBIX BHUAAX IJIACTMACC U KOMITIO3UIIMOHHBIX MAaTCPHUAJIOB.

Haunboniee akTyaiabHBIM BOIPOCOM COBPEMEHHOT'O KOHCTPYHUPOBAHUS SIBIISAETCA
o0OecrieyeHne TEXHOJOTMYHOCTH CcOOpouHOM eauHulbl. COOpKY aBTOMaTU3UPOBATh
TpyJHEE BCEro, MOATOMY CTOMMOCTb PYUYHBIX COOPOYHBIX ONEpalUii 3aHUMAET BCE
OoNpIIYI0 4YacTh W3 o0miel croumoctu wuzaenus. He ciaydailHO TpPOMBIIUIEHHbBIE
KOMIIAHUU CTPEMSTCA Pa3MECTUTh COOPOYHBIC MPEANPUATHS B pailoHax ¢ HaumOoJiee
JeneBor pabodeit cuioil. B 3Tol CBsI3M Ha BCceX 3Tamax KOHCTPYHUPOBAHUS TPOIIECC
cOOPKU T0JKEH MPOAYMBIBATHCSI CAMBIM TILATEIBHBIM 00Pa30M.

OcHOBHBIE IPUCMBI obecreyeHus parMoHaIbHON cOopku —
3TO OJI04HOCMb KOHCTPYKIIMK M TIPOCTOTAa TPACKTOPUHM OTHOCHUTEIBHOTO JIBHIKEHUS
1 OTHOCUTEIBLHOTO OPHUEHTHPOBAHHMS B TMPOILECCE COCAMHEHUS JICTAICH  WIIH
COOpPOYHBIX €TUHHII.

Takum o00pazoM, TOJ TEXHOJIOTHYHOCTHIO KOHCTPYKIIMM W WX JeTaliel
MoApa3yMeBaeTCsl TMPUJIAHHME UM COOTBETCTBYIOIIUX KOHCTPYKTHUBHBIX (OpM U
NPUMEHECHUE  JUJI1 WX  HW3TOTOBJEHHUS  TaKMX  MaTE€pUalioB W MPHUEMOB,
KOTOpBIC 00ECTIEUMBAIOT HAWMEHbBIINE B TpeOyeMbIX TMpeaenaax Maccy U pa3Mephl
KOHCTPYKIIMM, MHWHUMAJIbHBIA PacxoJl MaTepuajgoB, HaUOOJBIIYIO MPOCTOTY U
SKOHOMHMYHOCTb IPOU3BOJACTBA.



IKOHOMUNYHOCTDb — MuHuManbHasi  CTOMMOCTh  MPOU3BOJICTBA U
JKCIUTyaTalluu. JKOHOMUYHOCMb IETalled U Y3JI0B JIOCTUTAeTCsl ONTHUMH3aluend HX
dbopMBl M pa3MEpOB M3 YCIOBUS MUHUMYMa MaTE€pUaIOEMKOCTH, DHEPrOEMKOCTH U
TPYJIOEMKOCTH MPOU3BOJACTBA, 32 CUET MaKCUMAaJbHOTO KO3(UIMEeHTa MOJIEe3HOTO
JEUCTBUS B OJKCIUTyaTalldd IPU BBICOKOW HAJEKHOCTH; BBICOKOW crenuain3anuei
npou3BoJicTBa U T. A. Ilpu OlleHKE HKOHOMHUYHOCTH YYWTBHIBAIOT 3aTpaThl Ha
MPOCKTUPOBAHKE, U3TOTOBJICHUE, SKCILTyaTallUI0 U PEMOHT.

Texnuxo-sxoHOMU4ecKkue pacueTsl HApsAy C TEXHUYECKMMH  BEIMYMHAMU
YUYUTBIBAIOT TAKXKE W DKOHOMUYECKHE KAaTErOpUU — 3aTpaTbl MAaTEpUANIOB, DHEPIUH,
Tpyda u Ipyrux cpeacts. OcoOblil HHTEpEeC MPEACTaBIISET BBIIOJHEHHE TAKHX PACueTOB
Ha IIEPBBIX JTarax KOHCTPYHPOBAaHHS, 0COOEHHOCTBIO KOTOPBIX
SABJISIETCSA MHOTOBAPUAHTHOCTh. CyIIHOCTh TEXHUKO-DKOHOMHYECKOIO TOAXOAA NP
KOHCTPYMPOBAaHUM 3aKJIOYACTCsl B IOMCKaxX HauOosiee palMOHaIbHONW KOHCTPYKLHHU
MAIlIUHBI C Y4ETOM COBOKYITHOCTH BCEX OCOOEHHOCTEH MPOU3BOJCTBA U HKCILTyaTaI[UH.
OKOHOMHYECKHI ekt BO3pACTacT IIPONIOPLIUOHAIIBHO YBEIINYEHUIO
JOJITOBEYHOCTH MAILIMHBI, a TAKXKE 3@ CUET CHWKEHUSI CTOUMOCTH 3aTpat paboyeil CHiIbl
IIPU DKCIUTYaTallMK U MOBBIIICHUS TPOU3BOAUTEIBHOCTH MAIIVHBI.

DKOHOMUYECKOEe O0O0OOCHOBaHME BBIOOpA BapHaHTa KOHCTPYKIIMH CBS3aHO C
OIICHKOM MaTeprUaJIOeMKOCTH, TPYIOEMKOCTH M C€0€CTOMMOCTH M3TOTOBJICHHS MAIIIUHEI.
[Ipu oreHKe pa3IUYHBIX BAPUAHTOB KOHCTPYKIIMH WCIIOJIB3YIOT YIEIbHBIC MTOKA3aTEIH,
NPEICTABISIONINE COO0 OTHOIICHHE MAaCChl M3/ K HanOoliee XapaKTEpHOMY IS
HEro mapameTpy  (MOIIHOCTH, BPAIIAIOIIEMy MOMEHTY, IPOHM3BOAUTEIBHOCTH,
IPy30TI0TBEMHOCTH).

OBIIAA TPYAOEMKOCTD - HopMmupoBaHHass cymMMa 3arpaT Tpyaa (B
€IMHULIaX BPEMEHH) Ha U3TOTOBJICHUE JieTallel, COOPOUHBIX €IMHHULl U MAIIUHBI B LIEJIOM
— B HauOOJIbILIEH CTENEHH ONPEIEIIIET CE0ECTOMMOCTh IPOEKTUPYEMOTO U3AEIIUSI.

Pacuer cebecToMMOCTH MaIWHBI MO CTOMMOCTH CAWHHIIBI MacChl OCHOBAH Ha
npuHnume noaoows. OxHako yaiie u 60yee CTpPOro MPUHIUIT TOT00HS BBIICPKUBACTCS
HE IS MalluHbI B IIEJIOM, a JJIsi OTHIEIBHBIX arperaroB u aeraieil. B cebecrommoctu
COBPEMEHHBIX MAIlIMH OOJBIIYI 4YacTh COCTaBISIOT KOMIUICKTYIOIINUE W3/EIHS.
OxoHoMuuecknii 3PdeKkT yHuUKanuu BBHIPAKACTCS B COKpAIICHUH KOJIMYECTBA
TEXHUYECKOW TOKYMEHTAITUU U TEXHHYECKOW OCHACTKH.

Brei6upas matepuain s Aetaneld KOHCTPYUPYEMON MaIluHbl HapSAILy C APYTHUMH
COOOpaXXKEHUSIMU CIENyeT  yYUTbIBaTb  TPYIHOCTH, BbI3bIBAEMbIE OOJIBIIION
HOMEHKJIATYPOM MCIIOJB3yEMBIX MATEPUAJIOB M IO BO3MOXXHOCTH COKpalaTh €e,
YUHUTBIBasg, 4YTO Ha Ce0ECTOMMOCTb JEeTald OKa3bIBa€T CIOCO0 €€ HM3rOTOBJIEHUS.
CpaBHUTENBHBIN aHAIU3 TTOKA3bIBAET, YTO JETAIHU MPOCTOM (OPMBI U3 MPOKATA TOPOKE
netanei u3 cr.3 B 2—5 pas, nuthie 1 KoBaHble — B 5—10 pa3; 00paboTka Ha CTpOrajibHbIX



U JO0JOEKHBIX CTaHKaxX JOpOXKE TOKapHOW B 2-5 pa3, a Ha pEBOJBBEPHBIX U
ABTOMATHUYECKUX CTaHKax zemiesie B 2—10 pas.

Taxum oOpazom, HIKOHOMHUECKHUE ACTIEKTBI B npoiiecce
KOHCTPYHUPOBAHUS MPOSIBIISIIOTCA ~ NpU  BbIOOpe  Marepuana, TepMOoOpabOTKH,
YIPOUYHSAIONIEH TEXHOJIOTUH, CTIOC00a N3TOTOBJICHHMS.

HAJEKHOCTD — cBoiicTBO 00BEKTa COXPAHATH BO BPEMEHH CIIOCOGHOCTH K
BbINOJIHEHUIO 3aAaHHbIX pyHKuu (OCT 27.002-83).

ICTETUYHOCTD - coBeplIEHCTBO U KpacoTa BHEIIHUX (HOPM JeTalieid, y3I0B
U MAIllUH CYIIECTBEHHO BJIMSIOT Ha OTHOIICHUE K HEW CO CTOPOHBI OOCITYKUBAIOIIETO
nepconana. OdopmiieHHe Y3JI0B U JIeTajleil, ONpeAessioNMX BHEIIHUE OYepTaHUs
MalIUHbl, JOJDKHO OBITh KpAacHBBIM M OTBEYaTh TPEOOBAHUSM XYJIOKECTBEHHOTO
KOHCTpyuUpoBaHus  (nu3aitH). Dopmbl  HapyXHBIX  JeTajgedl Uil  Cco3JaHus
PUBJICKATEIHLHOTO WX BHJA pa3padaThIBAIOT C ydacTUeM au3aiiHepoB. CrenuaibHO
0I0MPArOTCs 1IBETA VISl OKPACKHU.

CymiecTByIOT 001IMe KPUTEPUU KPACOTHI, KOTOPHIE OJUHAKOBO BOCIIPUHUMAET U
NOHUMAET 0001 uenoBek. CpaBHUM JBa aBTOMOOWIIS C OJIMHAKOBBIMH BHEITHUMU
OYEpPTaHUSIMU, HO OJMH U3 HUX UMEET HEPOBHBIE CTHIKU JIEMEHTOB U OOJIBIIIKNE 3a30PbI
MeX 1y HUMU. HUKTO B 3TOM Cilydae HE CTaHET yTBEPkKIATh, YTO OH TAK¥KE KPACUB, KaK U
npyroi. Uto kacaeTcsi ymoOCTBa, TO TIOHMMaHHE OSTOr0 KadecTBa JOCTYITHO
KaXJIOMY, KTO UCIIOJIb3YET KOHKPETHOE u3jenue. [ 1aBHbIe KPUTEPUH KPACOTHI:

- BzaumocootBeTcTBUE (HEpa3pbiBHASL CBA3b) (HOPMBI, (PYHKIUU U COACPIKAHUS
(BHYTPEHHETO CTPOCHHS).

- EI[I/IHCTBO U O€ITOCTHOCTDh KOMIIO3HUIIHMH.

YTOoOBI B MOJHON MEpE yAOBIETBOPATH 3TUM KPUTEPUSIM, HYKHO 1T03a00TUTHCS O
COBEPILIEHCTBE KaK COAEpPKaHUsA, TaK U (POPMBI.

Ecimm kakoe-mubo wu3menwie B JICUCTBUTENBHOCTH CIOCOOHO  BBITIOJNHATH
omnpe/ieliecHHble (PYHKIMU W/UIM €CId OHO O00JIalaeT JOCTAaTOYHOM MPOYHOCTHIO U
YCTOHYHMBOCTBIO, 1 €CIIM OHO CIIOCOOHO JIBHTATHCS C OOJIBIION CKOPOCTHIO U T. 1., TO €T0
dbopMa 0JKHA BHITIISAETH COOTBETCTBEHHO ATUM (DYHKIIHSIM.

Komno3unust — 3T0 CBOETro poaa CTpOeHHe, CTPYKTypa, KOMIIOHOBKA, CUCTEMA
B3aMMOCBSI3€H 2JIeMEHTOB. UeoBeK UyBCTBYET HEYA00CTBO:

- KOTJ]a €My He MOHSITEH 3aMbICEJI TOTO0 CTPOECHMSI, HAIPUMED, KOTJa UMEET MECTO
OeccrucTeMHOE HarPOMOXKIECHUE JIEMEHTOB (Peub UET HE O PU3NYECKUX, a O 3PUTEITBHO
BOCIIPUHUMAEMBIX KaTETOPUsIX);



- KOTJ]a pacCcerBaeTCsl BHUMAHWE, YyYBCTBYETCS MOAYMHEHHOCTH DJIEMEHTOB JIBYM
unn 0oJiee 3aMbICiIaM;

- Koraa K&)I(I[BIﬁ N3 3JICMCHTOB BBITTIIAUT U30JIMPOBAHHBIM, OTOPBAHHBIM OJIMH OT
APyTroro,

- KOoraga HE ACHO KaKoO# M3 3JIEMEHTOB FHaBHBIﬁ, a KaKM¢€ HaxXOos4ATCA B IIOJYUMHCHHUN
N T. Il

UenoBeky HE HpPaBUTCA OTCYTCTBHE JIOTMKM W CHCTEMBI. He Bcerma 3To MOXHO
MOHSATh, a TeM 00Jiee CO3/1aTh CUCTEMY, 3PUTEILHO MOHATYI0O U BOCHPUHUMAEMYIO Kak
enuHoe nenoe. He ciydaitno pabota qu3aiiHepa BBICOKO IIEHUTCS 3a pyOekoM. B To xe
BpeMsi pa3pabaThiBaTh KOHCTPYKIIUIO OTJEIBHO OT ()OPMUPOBAHUSI BHEIIHETO BHUJIA
HEJb351, TAK KaK HUKAKOE YKPAILIATEeJIbCTBO HE UCIPABUT ILUIOXOE COAECPIKAHUE, TAK KE KaK
U CaMOr0 COJICpXKaHUs €IlIe HEJJOCTATOYHO, YTOOBI €ro OJIHO3HAYHO BOCIIPUHUMATDH KaK
KPAaCUBYIO BElllb.

Crenyrouiee oueHb JpeBHEE PABUIIO — 3JIEMEHTHI JOJDKHBI ObITh COU3MEPUMBI U,
B 4YaCTHOCTH, IOAYHMHEHBl ONPEACIICHHOW Iponopuuu. Peyr uAET B OCHOBHOM O
pa3zMepax, HO OTHOCUTCS 3TO TAK)K€ K JPYTUM CPEACTBAM BBIPA3UTEIBHOCTH, HAIPUMED K
reoMeTpudyeckon Qopme, penbedy, IBETYy U Jaxe CBETOTEHU. Bbl HHMKOTIa He
3ayMBIBAINCH, ITOYEMY BBICOTA W IIMPHHA CTPAHMIIBI, KAPTUHBI, OKOHHOI'O MpOoeMa
OUYEHb YaCTO COOTBETCTBYIOT OTHOUIEHUIO 3/2 wiu 2/3, HO MOYTH HUKOTAA HE JENar0T
KBaJIpaTHBIMU. 3/1eCh HE OyJIeM BaBaThCS B PACCYKEHUS, IOYEMY TaKOE COOTHOLLIEHUE,
a €ro Ha3bIBAIOT «30JIOTBIM CEYEHHEM», OYEHb YaCTO UCHOJIB3YHOT. CylHIeCTBYET OYEHD
MHOTO OOBSCHEHUH TaKOro pojia, OTMETHUM TOJIBKO, YTO MMEHHO «30JI0TO€ CEUCHHUE»
II03BOJIAET CO3/1aBaTh IIPEAMETHI BOCIIPUHUMAEMBbIE, KaKk copasMepHsbie. Ero onpenensior
TaKUM O00pa3oM: II€JI0€ @ OTHOCUTCA K 4YacTU b, KAK 4acThb OTHOCUTCS K pa3HOCTH
MEKy LEIBIM U YACTBIO.

«30J10TO€ CEYEHUE» XapaKTEepU3yeTcs cleayomum psaom Bennund: 0,382: 0,618:
1,000: 1,618: 2,618 u T. 1.

BrlmensnokeHHOe HEe HY>KHO BOCIIPUHUMATH KakK JOTMY, TaK Kak B OTIUYHE OT
aApPXUTEKTYPHI 3/IaHUN B MAIIMHAX OYEHb TPYAHO (HOPMY MOAYUHUTH JAHHOMY PSITy, HO
o0ecrneynTh MPONOPUUOHATIBHOCTh (JOPMBI CTOUT B JIFOOOM cllydae.

IPITOHOMMKA —»510 Hayka, BO3HHMKIIASA HA CTBIKE TEXHMYECKHX
HayK, [ICUXOJIOTUH, (PU3UOJOTUH U TUTHEHBI. B HEl MCIONB3YIOTCS JaHHbIE aHATOMUM,
OMOMEXaHUKH, TOKCHKOJOTHUU, AHTPONOMETpHUH, OUO(U3MKU. DProHOMHUKA H3yyaeT
(yHKUIMOHAIbHBIE BO3MOXKHOCTU U OCOOCHHOCTH YeJIOBEKa B TPYJOBBIX MPOLECCAX C
LEJBIO CO3/IaHMs ONTUMAaJIbHBIX yCIJIOBHI, 00€CTIeUNBAIOIINX BBICOKYIO
MPOU3BOJIUTENILHOCTh M  OTKPBIBAIOIIUX BO3MOXXHOCTH JUISl HMHTEJUIEKTYyaJIbHOTO H
(bu3HUEeCcKOro pa3BUTHSL.



DproHoMHUKa 3aHUMAETCS CICAYIOIMMHU MPOOIEMaMHu:
- onTUMU3anuer (GU3NIECKOM cpeibl Ha IPOU3BOJICTBE;

- KOHCTPYMPOBAaHMEM  CpEICTB  HMHAMKaUuu  (CBETOBasi,  LBETOBAaf,
3BYKOBas CUTHAQJIM3allMsA; JIMLEBbIE YacTH NpUOOpOB  HIKalA, CHUMBOJUYECKHUE
M300paKEHUS YIPABISEMbIX OOBEKTOB Ha MAaHENAX, MH(OpManue, HaIpuMep, B BUIE
MHEMOCXEM H T. I.);

- KOHCTPYMPOBAHUEM OPTaHOB YIIPABIICHUS;
- KOMIIOHOBKOM IOCTOB YIIPABJICHUS;
- opranmzanuei pabo4mnx MecrT.

KoHuenrtyanbHO 3proHoMuYeckue TpeOOBaHUS MPU KOHCTPYUPOBAHHH MAIUH
MOXXHO C(OpPMYJIMPOBaTh TaK: MAKCUMYM BHUMAaHHUS K UYEJOBEKY 4epe3 KOHCTPYKIIHIO
TEXHUYECKOTO CPENICTBA U (DOPMUPOBAHHE OKPYKAIOIIEH Cpeibl Ha MPOU3BO/ICTBE.

VY4er sproHoMudeckux TpeOOBaHUM NpU CO3JaHUM TEXHUKHU MO3BOJIIET Haubosee
3p¢peKkTUBHO (YHKUMOHUPOBATH CHUCTEME YEJIOBEK — TEXHUKAa — cpeAa, T.e. IpH
MUHUMAJIbHOM PpacxoJie pecypcoB ueJoBeKa (BpeMs, YPOBEHb (PU3UOJIOTUYECKOTO H
IICUXOJIOTUYECKOIO HAIPSDKEHUS, 3I0POBbE) MOITYyYaTh MAKCUMYM YJIOBJIETBOPEHHOCTH
comepkanueM Tpyaa. Ecnu He oOecreyeHbl HAMIIYYILAE YCJIOBHUS B3aUMOJEUCTBUS
YeloBeKa C TEXHHMKOH, TO BpsAd JIM MOKHO pacCUMThIBaTh Ha JOCTHXKEHUE
skoHOMHUYeckoro s dexra. OnbiT mokazan, uto A0 30% npoekTHOU 3)PEeKTUBHOCTH
TEXHUKUA HE PeajU3yeTcsl B MPOIECCE IKCILTyaTalllu, €Clid MPU CO3/IaHUM MAIIMHBI HE
YUUTBIBaeTCs yA00CTBO pabOTAIOIIEro ¢ HEHl uenoBeka.

Co3nanue HEpALlMOHAIBHBIX ~ W HEYJOOHBIX B YNpaBIE€HUU U
o0CIy’)KMBaHUU MAalllMH W OOOpYJOBaHUSI BJIEUET 3a COOOMl cCephe3HbIe COLUATBHBIE
nociencTBus. Tpyasmumecs, OCOOCHHO  MOJOJIEKb, HEOXOTHO  paboTalT Ha
TPaKTOpPax, CTAHKAaX M APYrMX MalIMHAaX, €CIM HE 00eCleYeHbl HOPMAJIbHBIE YCIOBUS
U1 6€30MacHOr0 U MPUBJIEKATEIBHOTO TPYIA.

I'maBHass 3amada Ha CTaJuMd KOMIIO3WLMOHHO-KOHCTPYKTOPCKOTO CHHTE3a -
pPacKpbITh M NPHUBECTH B JCHCTBUE CBSI3b MEXKIY BCEMHU 3JIEMEHTAMH M IIEJIBIM B
TEXHUYECKOM M ICTETHYECKOM aclekTax. Ha 3ToMm 3Tame mpoucXOoAHuT HENpPEPBIBHOE
UHTErpupoBaHue (OPMBL: CO31AI0T OOBEMHO-IIPOCTPAHCTBEHHBIE (DOPMBI, BBISABIISIIOT
paboune 30HBlI, (byHKUHOHATBHBIE ocH, YUUTBIBAIOT KOHCTPYKTUBHBIE,
TEXHOJIOTUYECKHE, SPrOHOMUYECKHE U OSKOHOMHUYECKHE TpeOoBaHUsS. XYJIOKHUK-
KOHCTPYKTOp TIpauuecKu WM CKYJIbNTYpHO (pukcupyer cBou wuaeu. Ilpu stom
BBISIBIISIETCS TUIACTUYECKasl XapaKTepUCTHKa O0bEKTa, 3ambicel (OPMBI CTAHOBHUTCS
3pUMBIM.



Janee cinenyeT mpoBepka u orpaboTka Gopmbl. Dopma nmpoBepsieTcs YyBCTBOM H
TOYHBIM pacyeToM. Kaxkayro neranb yBS3bIBAIOT C OOIIMM aHCaMOJeM IO MHOTUM
HaAIPaBJICHUSAM: ONpPEACIISIOT MACIITA0OHbIE OTHOLUEHUS, pPUTMUYECKHE XapaKTEePUCTUKHU
00BEKTOB B PA3IMYHBIX PAKYpCax U yAAJICHUSX, BBIPA3UTEIbHOCTh, MH()OPMATUBHbBIC
KauecTBa U T. 1. [IpoBepstoT Takxke 11BeTo(haKTypHbIE PEIICHUS.

[Tocne 1OBOJKYM U UCIIBITAHUS OTIBITHO-IIPOMBIIIJIEHHBIN 00pa3el] yTBepKAaeTCs U
CIIY)HUT OJTAJIOHOM TMPU KOPPEKTUPOBAHUM pabOUMX dYepTexed MJid CEpUHHOTO
IIPOU3BO/ICTBA.

KOPPO3MOHHASI CTOMKOCTD - 1151 peioXpaHeHus OT KOPPO3HH ASTaIH
U3TOTOBIIIOT U3 KOPPO3UOHHO-CTOMKOM CTaJIM, LIBETHBIX METAJJIOB M CIUIABOB HAa WX
OCHOBE, OMMETalJIOB — METAJUIMYECKUX MAaTEepHaliOB, COCTOALIUX H3 JBYX CJIOEB
(Hanmpumep, u3 cTanu " LIBETHOTO MeTaa), a TaKxke
OPUMEHSIOT PA3JIMYHbIE TOKPHITUS (AaHOAUPOBAHHE, HUKEIMPOBAHUE,
XpPOMHUPOBAHUE, JIy)KEHUE, SMATTMPOBAHUE U MOKPHITUE KPACKAMH).

CHUXKXEHHUE MACCHI JAETAJIEHM - B caMOJETOCTPOCHMM M HEKOTOPBIX
JPYTUX OTPACHSX TPOMBIIIEHHOCTH BBINIOJIHEHUE 3TOT0 TPEOOBAHMS ABJISIETCS OTHON U3
IJIABHBIX PaCYETHO-KOHCTPYKTOPCKUX 3a7ad.

HNCITOJIB30BAHUE HEJIEOUIIUTHBIX 4| JEIIEBBIX
MATEPHUAJIOB - 510 ycioBue J0JKHO ObITh IPEAMETOM 0COOOT0 BHUMAHUS BO BCEX
ClydyasiX MpU MPOSKTUPOBAHUU Jeranei MamuH. HeoOXoauMo SKOHOMUTH I[BETHBIC
METAaJLJIbI ¥ CIIJIaBhl HA UX OCHOBE.

YAOBCTBO OKCIUVIYATALMMU - npy  NpPOEKTUPOBAHUM  HEOOXOAUMO
CTPEMUTHCS, YTOOBI OTAEIbHBIE Y3JIbl U JETAIM MOYKHO OBIJIO CHATh WM 3aMEHUTh 0€3
HapyILIEHUs COEAVMHEHUS CMEXHBIX Y3JI0B. Bce cma3ouHble YCTpONCTBA JIOJKHBI
paboTaTh 6€30TKa3HO, a YIUIOTHEHHs — He MPOITycKaTh Macia. J{BIKyIuecs AeTaiu, He
3aKJIIOYEHHBIE B KOPIYC MAIIMHBI, JOJDKHBI MMETh OTPaXACHUS Il O€30MacHOCTH
00CITyKHBAIOIIETO MepCcoHaa.

TPAHCIIOPTABEJIBHOCTh MAIIIMH, Y3JIOB M JETAJIEM -
BO3MOXHOCTb U YJI0OCTBO, UX IEPEHOCKH U NIEpeBO3KU. Hanmpumep, 351eKTpoABUTraTeId U
PEAYKTOPBI JOJKHBI UMETh Ha KOPITyCE PBIM-00JIT, 32 KOTOPBIA MX MOJHUMAIOT MpU
nepemenienn. KpymnHbele jgetanu, Kopiyca TUAPOTYpOMH, CTAaTOpbl KPYMHBIX
TEHEPATOPOB AEKTPUUYECKOTO TOKA HA MECTE U3TOTOBJICHUS BBINOJIHSAIOT U3 OTAEIbHBIX
qacTel, a Ha MECTe YCTaHOBKH COOMPAIOT B OJIHO ILIEJIOE.

CTAHIAPTU3SALMUA - ycranoBieHue oO0sS3aTEIbHBIX HOPM Ha OTJIEJbHbBIC
napaMeTpbl, HOPMAaTUBHO-TEXHUYECKUE XapaKTEpUCTUKU M Tak paiee. OHa uMeer
00JIBIIIOE PKOHOMHYECKOE 3HAYE€HHE, TaK KaKk 00eCIeurBaeT:



1) BO3BMOKHOCTh MAaCCOBOTO MPOM3BOJICTBA CTAHIAPTHBIX JCTAJICH, YTO CHIKACT
X CeOCCTOMMOCTD;

2) BO3MOXHOCTb HCIIOJIb30BAaHUSI CTaHJAPTHOTO PEXKYILEr0o U H3MEPUTEIBHOIO
WHCTPYMEHTA;

3) nerkocTh 3aMEHbI BBIIEAIINX U3 CTPOSI AeTae pU PEMOHTE;
4) 5KOHOMUIO TpyJa IPU KOHCTPYUPOBAHUU

5) noBbIlIEHNE KaueCTBa KOHCTPYKIIUU.

CranaapTu3zanus AeTajied U y3JI0B MpeanoaracT uX YHU(UKAIUIO.

YHUDOUKAIIUS — npuBeneHue wu3neIuid OJUHAKOBOTO (DYHKIIMOHAIBLHOTO
Ha3HAYCHHUS K €IWHOO0Opa3mio, BKIOYAlOIee OOEeCredeHHne MPEEeMCTBEHHOCTH MPH
U3TOTOBIIGHUM W OKcIulyaTanuu. Hampumep, MeXaHW3MBbI TMOAbEMA TEpPEABUKCHUS
KpaHOB, OJIOKM TOBOPOTA, BBIABIKEHUS PYKH, KadeHUs U T. A. [lokazatenem ypoBHs
CTaHAApTH3AIMM U yHHU(PUKANUA  SBIsAETCA  KOADDHUIMEHT  MPUMEHSEMOCTH
TUTIOpa3MepaM JieTajel, ONpeeNsieMblii KaKk OTHOIIEHHWE PAa3HOCTH OOIIEero 4mucia
TUTIOPAa3MEPOB JIeTaliel W YWCiIa THUIOPAa3MEPOB BIEPBBIC pa3paOOTAHHBIX JCTAICH K
o0IIeMy YHCITy TUTIOPa3MEpOB JIeTaNIeH U U3JICIUH.

MOIUPUIIUPOBAHMUE - nepenenka MalivHbL C LEIbIO MPUCTIOCOOUTH €€ K
MHBIM YCIIOBHSIM PaOOThI, ONepanusM U BUJAM MPOAYKIIMU 0€3 U3MEHEHUS] OCHOBHOM
KOHCTPYKILINHU

AT'PET'ATUPOBAHME - meTon KOHCTPYUPOBAHUS MAIlIMH Ha OCHOBE
IPUMEHEHUS YHUDUIUPOBAHHBIX U CTaHJapPTHBIX COCTaBHBIX
yacTeil. ArperaTupoBaHue COKpaIacT TPYAOEMKOCTh KOHCTPYUPOBAHUSA 151
M3TOTOBJICHUS MAILIMH, YIIPOIIAET UX IKCILIYaTALHMIO.

YHUBEPCAJIM3AIIUA -  xapaktepuszyercs  pacluupeHueM  (QyHKIMMA
MAallnH, YBEINYECHUEM auana3zoHa BBITIOJIHSAEMBIX MU OIepaLni,
pacimpeHreM HOMEHKIATypbl 00padaThIBa€MbIX JeTalIeH.

B3AUMO3AMEHSEMOCTD - cBOWCTBO  JcTalici, MO3BOJISIONIEE  Oe3
JOTIOJTHUTEIIBHOW 00paOOTKKM M MOJATOHKH COOMpaTh MX B Y3JIbI, a 3aTEM B MAIIUHBI U
IPUOOPHI.

OOBIYHO pa3Mephl, KOTOPbIE MOJYUYUIIN U3 PACYETOB HA MPOYHOCTD, )KECTKOCTh U
T.1., okpyrisitoT 1o 'OCT 6636-69 "HopMainbHble JIMHEIHBIE pa3MepPbL’ 10 pacuemmubix
- HOMUHAILHBLIX PA3MEPOB, OHU U IPOCTABIISIOTCS HA YepTEXKaX.

[Ipyu M3roToBiEHNH AETalIel MOJHOE COOTBETCTBUE MEXKAY ITUMM pasMepamMu U
JNEUCTBUTEJIbHBIMA TPAKTHYECKHM HEBO3MOXXHO HE TOJBKO H3-3a HEIOCTAaTOYHOU



TOYHOCTU OOpabOTKH, HO HM3-3a PA3IUYHBIX JUHEHHBIX U O0BEMHBIX KOA((UIINEHTOB
TEMIIEpaTypPHBIX PACIIMPEHUN FJIEMEHTOB.

Jlnst obecnieueHust COOpPKU U HOPMAJILHOUM pabOThI JIeTaliel U y3JI0B Ha3HAYAKOTCA
HAuOOJIBIITNE W HAWMEHBIINE MX pPa3Mephbl, KOTOPHIC OMPEACISIOTCS SKOHOMUYECKON
11eJ1eCO00Pa3HOCTHIO MPEACTBHBIX OTKIOHEHHUH TI0 €IUHOM CUCTEME 00NYCKO8 U NOCAOOK.

OCHOBHBIMM KPUTEPUSIMH KAUECTBA MAILIMH CUUTAIOT:
MOIIIHOCTD — ckopocTb npeoOpa3oBaHus SHEPTHH;

MPOU3BOJAUTEJIBHOCTD — 006béM paboTel (mpomykiuu, uHOOpMAIUN),
BBITIOJTHSEMOM B €IUHUILY BPEMEHH;

KOY®P®UIUEHT ITOJE3HOI'O JEMCTBUS — nons mouwemmei o
NOTpeOUTENSI SHEPTUH (MOITHOCTH);

I'ABAPUTDBI — npenenbHbIE pa3Mepsl;

SHEPI'OEMKOCTD - pacxon TOIIMBa WIM JJEKTPUYECTBA OTHECEHHBIN K
00BEMY pabOoTHI (ITPONIEHHOMY PACCTOSIHUIO, TPOU3BEAEHHOM MPOAYKIINH);

MATEPUAJIOEMKOCTD — KOIMYecTBO KOHCTPYKIMOHHOTO — MaTepuana
MAaIIHbI, 0OBIYHO OTHECEHHOTO K €AMHUIIE MOIIHOCTH;

TOYHOCTDb — c¢nocoOHOCTh MaKCUMaJIbHO COOTBETCTBOBATh 3aJJaHHOMY
MOJIOKEHHUIO (CKOPOCTH M T.I1.);

IJIABHOCTb XO/JIA — MUHMMAaJIbHbIE YCKOPEHUS MPHU paboTe MAIIUHBI.

TakoBbI NpUMepHbIE TPEOOBAHUS MO KOHCTPYUPOBAHUIO MALIMH B OTE€UYECTBEHHOM
muteparype. Tenepp paccCMOTPUM PEKOMEHJAIMU MO0 YUYETY HEKOTOPBIX (PaKTOPOB MpHU
KOHCTPYUPOBAaHWHU JIETAJIEM M  Yy3J0B MAalllMH, NPUBOJUMBIX B aMEpPUKAHCKOU
JIATEPATYPE:

1) Bce meranu MammHBI WIM KOHCTPYKIMH JOJDKHBI IepefaBaTh HArpy3Ky H
COBEpIIATh HEOOXOAMMBIC TBUKEHUS Y)PEKTUBHO U YKOHOMHUYHO.

2) Hu OJHa ACTAaJIb HC NOJIDKHA Pa3pylIaTbCA PpaAaHbIIC HCKOTOPOI'O 3aJdHHOT'O CpOKa
OKCILTyaTaluu.

3) Kaxxnas netanb J0JKHA BBITIOHATE MPEIHa3HAYEHHYI0 el (YHKIIMIO, HE Melas
(GYHKIIMOHUPOBAHUIO IPYTUX YACTCH MAIIMHBI.

4) Jleranp mODKHA OBITH TaKOM, 4YTOOBI €€ MOXKHO OBLIO H3TOTOBUTH H
CMOHTHPOBATH B MaIlIUHE.

5) CTouMOCTh TOTOBOM J€Talld JI0JKHA COOTBETCTBOBATh €€ Ha3HAUYCHHIO.



6) Bce neranu u 3aHMMaeMbIi UM 00bEM JOJKHBI COOTBETCTBOBATh HA3HAUCHUIO.

7) domxkHa ObITh 0OecrieueHa BO3MOKHOCTh OOCTY>KUBAHUS U PEMOHTA MAIlIH B
IPOIIECCE BCETO CPOKa IKCILTyaTalnu.

§) MammHa Wi KOHCTPYKLUHS JIOJDKHA HE TOJIBKO —YJIOBJIETBOPUTEIBHO
(yHKIMOHUPOBATh B TEUEHUE 33JaHHOTO BPEMEHHM, HO U OBITh KOHKYPEHTOCIIOCOOHOW 1
IpUOBUIBHOM JJ1s1 U3TOTOBJICHUS.

Pa3paboTky 0000IIEHHOr0 MPUHIMIA KOHCTPYUPOBAaHUS JAETAIEH MAIlUH MBI
OCTaB/IsIEM 3a 4YWTaTeneM, HOO TNPOEKTHPOBAHWE MAIIMH MPEACTaBIsAET CO0Oii
uTepalMoHHbIl  mpouecc. Co3maeT JM  KOHCTPYKTOpP HOBOE YCTPOMCTBO WM
MOJICPHU3UPYET YK€ CYIIECTBYIOILIEE OH JIOJKEH CTPEMHTBHCS CO37aTh ONTHUMAIBHYIO
KOHCTPYKIIHUIO C Y4€TOM OTPAaHUYCHHOCTH BBIJICJICHHBIX €My BPEMEHH U CPECTB.

[TosiBieHME HOBBIX KOHCTPYKIIMOHHBIX MAaT€pUATIOB, HEOOXOIUMOCTh TTOBBIIIICHUS
AKCIUTyaTaIllMOHHBIX MMOKa3aTeJIe, CHUKEHUSI Beca U yMEHbIIIEHHEe 00beMa, CTOMMOCTH,
a TaK)K€ YBEJIMYEHUSI CPOKOB CIY>KObI U JTOCTMXKEHHS IKOJIOTHYECKON COBMECTUMOCTH
BBI3BIBAET HEOOXOIMMOCThH COBEPIIICHCTBOBAHUS METOI0B pacueTa. [Ipu 3ToM BO3ZHUKAET
HEOOXOIMMOCTh U3YYEHHUS] OCOOCHHOCTH HAIPSKEHHO-e(HOPMUPOBAHHOTO COCTOSIHUS
Opu JIUHAMUYECKOM HArPYyKEHUU U  BIUSHUS TIOJIEM OCTATOYHBIX HAIpPSKEHUM,
BO3HUKAIOIMX B Mpouecce U3roroBiaeHus. OCO3HAHHME TOro, YTO BO BCEX PEAIbHBIX
JeTalsIX C CaMOoro Haudaja CyIIECTBYIOT TPEUIMHOMNO00HbIE AEPEKThl 3aCTABUIIO
pa3paboTaTb HOBBIE METOJbI HCCJICJOBaHUS PACIPOCTPAHEHUS TPEUIUH TPHU
UKIIMYECKUX HarpyxeHusix. Hanpumep, mo npuBeAeHHBIM MOCAEAHUM UCCIEI0BAHUIM
B MITY um. H.D. baymana ycraHoBI€HO, YTO MHKPOHEPOBHOCTH Oonee 1 MKm
¥ BOJIOCHHBI ITTUHOM Oosiee 20 MKM SIBIISIFOTCSI MICTOYHUKAMU TPEIIMHOOOPa30BaHMUS.

Takum  oOpa3oM, HEOOXOJUMOCTh KOHTPOJII  KauyecTBa  M3TOTOBJIICHUSA,
TEXHUYECKOT0 YPOBHA M PEMOHTA CTAIM TAKUMHU K€ BAXKHBIMU KPUTEPHUSMH ACTallCH
MAIIH, KaK HaJIeKHOCTh U PaOOTOCTIOCOOHOCTb.

[IpotuBopeuamye TpeOOBaHUSA, KaK YBEIUYEHHE MOUIHOCTH U YMEHBLICHHE
pa3MepoB MallMH MOXHO YJOBJIETBOPUTH JUOO pa3pabaTbiBas HOBBIE MPOYHBIE U
KECTKHE MaTepuayibl, Ju00 H(P(EKTUBHEE MCHOJB3Ysl MPOYHOCTH M KECTKOCTh
UMEIOIIUXCS MarepuaioB. Btopas BO3MOXHOCTb SIBJISIETCS OCHOBHOM 3aJadeu
KOHCTPYKTOPOB.

WNneanbHOM KOHCTpyKIMeW Obula Takas MallMHa, KOTOpas IOJHOCTBIO
pazpylaiach Obl IO HCTEYEHUHU 3apaHee 3a/laHHOTO CPOKa.

Heobxoaumo  OTMETUTH, 4YTO  METOABl  NPEAOTBPALIECHUS  pa3pyLICHUS
KOHCTPYKI[MM TIOCTOSIHHO COBEPIIEHCTBYIOTCSI W H3MEHSIOTCSI. JTO TpedyeT oOT
KOHCTPYKTOpa NOCTOSSHHON pabOThl HAJl HOBEHIIIEH TEXHUYECKON JTUTEPATyPOH.



IIpu BBIOOpE MAIIMHO - TPUOOPOCTPOUTENIBHBIX MAaTEPUATIOB U PA3IHYHBIX
KOHCTPYKIIMH Y3JI0B BBISBIIAETCS OECKOHEYHOE MHOKECTBO (DaKTOPOB.

Tak, HarpumMep, B IpeyiaraeMoM METO/I€ 110 BEIOOPY MaTepUaioB HAMU OMYIIEHbI
YUCTO 4YesioBeueckue (hakTophl, MO KiIacCU(pUKAIUU aMEPUKAHCKOro ydeHoro JIkoHa
JIMKCOHA, COCTOSIINE U3 CIAECAYIOIINX TYHKTOB:

1) DTuka.
2) MHeHue pa3au4HbIX JIUL O BBIOPAHHON BaMU albTEPHATHBE.

3) CompoTtuBieHue mnepemMeHaM, OOsI3Hb HOBOTO M TPHUBBIUKA K CTApOMY Y
HaYaJIbHUKA, KJIUEHTOB | T.]I.

4) Dcretndeckue GaKkTOPHI.

5) IIpecturx U OOIIECTBEHHOE MOJIOKEHUE.

6) JIndaHbIC TPUBA3AaHHOCTH, BKYCHI M TIPETyOCKICHHU.
7) Bamm oTHOIIEHUS B CeMbe, C HAYaJIbHUKOM U T.]I.
8) CocTpananue, it000Bb, HEHABUCTh, CTPax M T.II.

9) Apyrue paktopsl.

Ecnu kputepuun mo BbIOOpY MarepuajoB HaMH pa3OuThl Ha 5 rpymm, To J[)KoH
JINKCOH OrpaHMYMBAETCS TpPEeMs TPYINaMH, TaKUMH, KakK (aKTOpbI, CBA3aHHBIE C
pecypcaMu, TEXHHYECKHE (PAKTOpPhl M YUCTO YeJIOBeUEeCKHE (aKTOPHI, MPUBEICHHBIC
BBIIIIEC.

Ilox pecypcamu NMOHHMMArOT BpPeMs, JEHEKHBIE CPEICTBA U NPOU3BOIACTBEHHBIC
BO3MOKHOCTH. [lox mpOWM3BOACTBEHHBIMM BO3MOKHOCTSMH IIOJAPA3yMEBAKOTCS Kak
HaJIM4YUE MATEPHUAIIOB, IETAIEN, TEXHUUECKHE U HAYYHOE MACTEPCTBO, OPTraHU3aLlMOHHbIE
BO3MOKHOCTH U T.JI. Pecypchl, yuuTbIBaeMbl€ NPU NPUHIATUN UHKEHEPHBIX PEIICHUN:

1. Dunancor.

KakoBbl OynyT 3arpatsl u mpuObuib? Kakyio cyMMy HYXXHO MOJYYHUTb B BHJE
KpPaTKOCPOYHOTO 3aiiMa M KaKylo — B BUJE A0ATOocpoyHOro? MMerorcs i 3tu cpeacTna’?
JUist Kakux JIpyrux MPOEKTOB HEoOXoIuMbl cpeactBa? KakoBbl MEPCHEKTUBBI TAHHOU
OTpaciii IPOMBILIUIEHHOCTH GUpMBbI U oT1ena? KakoBbl KOHKYPEHTHbBIE BOZMOXKHOCTH?

2. ObopyooeaHue u nomeweHus O0Jisi NPOGEOeHUs HAYUHO-UCCIe008aMeNbCKUX U
NPOEKMHBIX pabom u cpedcmaea npou3B00Cmad.

Kakoe oOopynoBaHue, MOMENIEHUS W CpeACcTBa HeoOxoaumbl? Urto mmeercs?
CKoabKO BpeMeHHU NOoTpedyeTcsi, 4TOOBI 1OCTATh €r0, U BO 4TO 3TO 00oHeTCs?



3. Cneyuanucmul 05 HAYYHO-UCCLEO08AMENLCKOU pabOmyl, NPOEKMUPOBAHUSL U
npou3800Ccmaa.

Kakue cnienmanuctel HyxHBI? Kakne nmerotcsi? CKoIbKO BpeMeHH ToTpedyeTcs,
yTOOBI MX HAUTHU U BO 4TO 3TO 00oiimercs?

4. Ucxoouvie mamepuanol.
NmeroTcs i B HaMM4Yuu HeoOXo1uMble MaTepralibl? KakoBa uX CTOMMOCTh?

5. Opeanusayus  HayuHO-uccie008amenvCckux  pabom,  NpoOeKmupo8aHus
npou3z800cmea u cobima.

Kakune BcriomorarensHble oTaenbl HeooxoauMbl? Kakue otaensl umerorcs? Ecnu
WX HET, CKOJIbKO BPEMEHHU MOTpeOyeTcs IJIs UX CO3/IaHMUs M BO YTO 3TO 000k aeTcs?

6. Pecypcwi, césazannvle ¢ npuHamuem peuieHuu.

Bo uto ob6otinercs npunstue penienus? CKoIbKo BpeMeHH 0HO 3aiiMeT? MeroTes
JIM CEeIMAINCThI, 000pyJ0BaHUE U T.I.

JI71s1 MHKEHEPHBIX PEIICHU HEe00X0UMO HE TOJILKO M3YUEHHUE paccMaTpUBaeMon
npoOJieMbl, HO UCCJIeJOBaHUE MHPOPMAIIUU U JOTOJHEHHE PaKTOPAMHU JIJIsl TOJTHOTHI.

K TtexHuueckum (pakTopaM OTHOCSTCS MapameTpbl, CBSI3aHHBIE C MHKEHEPHBIM
aHAJIM30M WJIM BbIPAOOTKOW TpeOOBaHMII K KOHCTPYKLUMH. TexHudyeckue (HakTophl,
YUHUTBIBAEMbIE JUIsl IPUHATHUS MHAKEHEPHBIX pellleHui cnenayomume: 1) ['eomerpuueckue
dakTopsi-radapuTsl 1 popma.

2) Bec — oO1uii ¥ OTAEIBHBIX SJIEMEHTOB.

3) [IpoyHOCTB — KaKO€ 3BEHO SBJSETCS cIadbIM?

4) Jlunamuka-kojieOaHUsl, 9aCTOTa COOCTBEHHBIX KOJICOAHUH.
5) IlepBblii 3aKOH TEPMOJIUHAMUKH.

6) BTopoii 3aK0H TepMOAMHAMUKHI

7) DnexTpudeckue 3PHEKThI.

8) MaruutHblie 3P (EKTHI.

9) Koppo3susi.

10) YcranocTs - TemioBasi MU BbI3bIBa€Masi HAMPSHKEHUEM.
11) ITon3y4ecTs.

12) Tenonepenada — TEMJIOMPOBOIHOCTHIO, KOHBEKIIMEH, N3TyICHUEM.



13) Temmneparypubie 3P PEKTHI.

14) DddekTpl, CBs3aHHBIE C TOTOKOM XHUAKOCTH, - THIPOJIUHAMHYECKOE
COTNIPOTHUBIICHUE, TPEHHE, PACXO/I.

15) KonuyecTBO IBUKEHMUS.
16) U3noc — cma3ka.
17) DHeprust - UCTOYHUK, MOIIIHOCTb.

18) Unepuus.

19) Ipyrue daxTopsl.

Ot1u TexHn4eckue GakTOPhl YACTO OMPEACIISIOT U3 TPEX BUOB OTPAaHUICHHIM.

QOYyHKIMOHAIIbHBIE, OO0JIACTHBIE U SKCTPEMAaJbHBIE, KOTOPbIE HCIOIB3YIOTCS B
TEOPUU ONTUMU3ALINY, IPUHATHUS PELICHUIN U OJIE3HOCTH. TeOopus OJIE3HOCTH SIBISIETCS
MOJIOJION HayKoM U 0Oa3upyercsi Ha TEOpHUSX ONTUMH3ALUM, BEPOSITHOCTEH U
MaTeMaTU4eCKON CTaTUCTHKE.

OnTuMu3arys npeanoaracT onpeeJIeHUe 3HAYCHUH PETyIUPYEMbIX TapaMeTPOB
IPY HEKOTOPBIX OTpaHudYeHUsIX. DYHKINS, BBIpAXKAIONas ONTUMHU3UPYEMBIN ImapaMerp,
Ha3bIBaeTCA IeNIeBOH (yHKIHMEeH. MareMaTHuecKre METOJIbI ONTHUMHU3AIIUN OIMCHIBAOT
NyTH HaXOXXJICHUS IapaMeTPOB, KOTOPbIC MAaKCHMH3UPYIOT WJIH MHUHHUMH3UPYIOT
neneByo ¢ynkmuo. K metomam otHocsaTes nuddepeHnuanbHoe UCYUCIECHHUE, METO
JIBOMCTBEHHBIX MEPEMEHHBIX WM Croco0 3eHepa, METOJ] MHoXuTened Jlarpamxa,
BapUAIIMOHHOE HMCUYHCIICHHE, YHMCISHHBIC METObI ITyTEeM IT00YEPETHOTO OJTHOMEPHOIO
MIOMCKA M JINHEHHOE IPOrpaMMHUPOBaHHE.

CyuiecTBEHHON 4epTOi Ipolecca MNPUHATHS METOJA ONTHUMH3ALUU SBISETCA
BO3MOKHOCTh BbIOOpa albTEPHATUBHBIX JIMHUN MOBEACHMS, C TeM 4YTOOBI MPUAATH
3JIEeMEHTaM MpoLecca IPUHATHUS PEIICHUN OOJIBIITYI0 TOUHOCTh U KOHKPETHOCTb.

Takum 00pa3oM, KOHKpETHas JIMHHS TOBEICHUS WMEET BEPOSITHOCTH ycrexa
HECKOJIbKO MEHbIIE €AUHUIbl. B maHHOM ciiyyae 3aTpaTaMu MOTYT OBITh JEHBI'M U
MHOTHE JIpyrue (DaKToOphl, HAmpUMEp BpeMs, MNPECTHXK, MOTEPS HEBOCIOJIHUMBIX
pecypcoB u T.1. Bece aTu (hakTOphbl U3MEPSIOT MOKa3aTeN! MOJIE3HOCTH.

Cqubl, 0eﬁcmeymu4ue 6 MexXanumax u mauwtunax

Cupl B MeXaHU3Max M MallnHax PasaciIAI0T Ha ICCThb I'PYIIII.



Jeuscywgue cunwl (0suxcyujue momenmaot). OHU IPUIOKEHBI K BXOJHOMY 3BEHY
Mexanu3Mma. Coepiriaemas #WMU paboTa NOpH  JABUKEHUM MAIIUHBI CUUTAETCS
noJIOKUTENbHOU. OHHU 3aBUCAT OT pa3HbIX apamMeTpoB. Tak, 1aBjieHue ra3a B HUJIMHAPE
JIBUTATEJIsI BHYTPEHHET'O CTOpaHUs 3aBUCHUT OT IMEPEMEIICHUS IMOPIIHS, a JIBYKYIIHMA
MOMEHT B  MEXaHWU3Me, HalpuMep, CTPEJIOYHOIO0  MepeBoja  co3madres
3JIEKTPOJIBUTATENIEM U 3aBUCUT OT CKOPOCTH BpaIleHUsI MOTOPA.

Cunvl conpomuenenus, KOTopble MallliHa MPEO0JIeBAET NpU paboTe. ITU CHUJIIBI
BCErJa CTPEMATCS 3aMEJIUTh JABUKEHUE BBIXOJHOTO 3B€HAa. OHU JOCTATOYHO YCIOBHO
NOAPA3AEISIOTCS HA CUTbl NOJIe3H020 conpomusienusi (IpU pe3aHur, NPECCOBAHUM U
T.I.), Ha NPEOAOJEHUE KOTOPBIX 3aTPAauMBAETCS IOJIe3Has padoTa MAllUHBl U CUTb
8pedHo2o conpomusnenus (IOTEPU HA TPEHUE W T.I.), HA MPEOJOJEHUE KOTOPBIX
3aTpaynBaeTcs padoTa TONOJHUTEIBHO, CBEPX Mose3HOM. K BpeqHOMY CONPOTHBICHHUIO
OTHOCSAT KaK CUJIbI B3aUMOJICUCTBHS MEX Y 3BEHbSIMU B KHHEMATUYECKUX Tapax (TpeHue,
yAaphl), TaK U CUIIBI COTPOTUBIICHUS CPEbI (adPO- U TUAPOIMHAMUYECKHE).

Cunvl mascecmu, paBHOJEHCTBYIONIME KOTOPBIX MPUIIOKEHBI B IEHTPaX TAKECTH
3BEHbEB. B 3aBUCHMOCTH OT HallpaBJCHUS JIBHXKEHMSI LIEHTPA TSAKECTH 3BE€HA (BHU3 UIU
BBEpPX) CHJBI TSDKECTH COBEPINAIOT JHOO MOJOXKUTEIbHYIO, JUOO OTpULIATEIbHYIO
paboTy, KOTOpasi, COOTBETCTBEHHO MTOMOTAET MJIM MPENIATCTBYET JBUKEHUIO MAIIIUHBI.

Cunvt unepyuu. JIcicTByIOT Ha BCE€ 3BEHbS MEXaHM3Ma, JABWKYLIUECH C
YCKOPEHUEM — JIMHEWHBIM WJIHM YIJIOBBIM. B COOTBETCTBHM € METOAMU TEOPETUUECKOU
MEXAHUKH BCE CUJIbl MHEPLUU NPUBOJIATCA K ITIABHOMY BEKTOPY M IJIaBHOMY MOMEHTY
cun  wmHeprmu: Fu = —G;-m My =—£-I.rne m —Macca 3BEHa; as— YCKOpEHHE IeHTpa
Macc; € — YIJI0BO€ YCKOPEHHE 3BE€HA; /: — MOMEHT MHEpPLMHU 3B€HA OTHOCUTENBHO LIEHTpa
Macc. 3HaK "MUHyC" OKa3bIBAET, YTO IJIaBHBIA BEKTOP U TJIABHBII MOMEHT CHJI MHEPLIUU
HaIIpaBJICHbI IPOTUBOIIOJIOKHO COOTBETCTBYIOIIUM YCKOPEHHUSIM.

Peaxkmuenvie cuibl UV peakyuu BO3HUKAIOT B KUHEMAaTUYECKUX Mapax B
pe3ysbTaTe AEWCTBUSI BCEX, OMUCAHHBIX BBIIIE CUJI B COOTBETCTBUU C 3-M 3aKOHOM
Hprorona. B ux o0003HaueHMsIX NPUMEHSIOT JBa HWHAEKCA, MEPBBIM M3 KOTOPBIX
YKa3bIBAET, OT KAKOTO 3BEHA, a BTOPOM — HA KAaKOE€ 3BEHO JACHUCTBYET CWia. Peakiuu
HEMOCPEJICTBEHHO HE BIIUSIOT HA XapaKTep JBUKECHUS MEXaHU3MA.

Cunbl mpenua B KAHEMAaTUYECKUX Tapax 3aBUCST OT peakuuil. CUiibl (MOMEHTBI)
TpeHHUS OOBIYHO CYMTAIOT BPEAHBIM CONPOTUBICHHWEM, OHHU BCErJa HaIlpaBJICHBI
IPOTUBOIOJIOXKHO ABM)KEHHUIO U PACCEMBAIOT YacTh SHEPrUM Ha CBOE IPEOJ0JICHHE,
OoTHMMass €€ OT IMOJEe3HOH paboThl U Mmpeodpa3ys €€ B TEemio. OTO BbI3bIBAET
HEe)KeNaTeNbHbI HarpeB netaneid mammH. OpHAKO, KPOME TOTO, CHJIBI TPEHUSA
3¢ (PEeKTUBHO paccenBalOT IHEPTUIO0 KOJIeOaHU, MOHKkKAsl YPOBEHb LIyMa U BUOpaluu
MaIlyH.



PaBHozeiCTBYIOIIAs BCEX CWUJI, MPHJIOXKEHHASI K BXOJIHOMY 3BEHY CO CTOPOHBI
OCTAJIbHBIX 3BEHHEB MEXaHW3Ma Ha3bIBACTCA ypagHogeuusaouel cuioti (MOMEHTOM).
MakcuMarnibHasi BeJIMYMHA YPaBHOBEIIMBAIOIIETO MOMEHTA OMpenesseT TpeOyeMyto
MOIIIHOCTh JABUTATEJIS.

Buowt nazpy3ok, oeiicmeyrowux na oemaiu Mawiun

B mpouecce skcrutyatanuy KaxkJaash MalllMHA MCIBITBIBAET Pa3JIUYHBIE BUIbI
Harpy3ok. [Io3HakOMUMCS ¢ HEKOTOPBIMU U3 HUX.

Paboueint (6newneir) nazpy3koi Ha3bIBalOT CUITy WM MOMEHT BOCIPUHUMAEMBIEC
JIETAJIbIO I Y3JIOM B IPOLIECCE IKCILTyaTalluy U3ENHSL.

Pabouas Harpy3ka MOXET ObITh HOCHOAHHOU UIU NEPEMEHHOI B 3aBUCUMOCTH OT
XapakTepa ee M3MEHEHHUs BO BpeMeHH. K MOCTOSHHBIM MOKHO OTHECTH, HAIpHUMED,
Harpy3Ky OoT COOCTBEHHOI'O Beca.

IIpy skcruryatanyu AeTaJIM MallWH, KaK IPAaBUIIO, UCHBITHIBAIOT IIEPEMEHHBIC
Harpy3KH, XapakTep KOTOPbIX 3aBUCUT OT CUCTEMATHYECKUX UM CIy4YalHbIX (PaKTOpOB,
BBI3BIBAIOIIMX 3TH HArpy3ku. Tak, Mg MalivH, BBITOJHSAIOMIMX B MPOU3BOJACTBEHHOM
npolecce ONpeAesIeHHbIE TEXHOJOTHUeCKHe (QYHKIMH, XapaKTep W3MEHEHUsl Harpy30kK
JUI OJTHOTO TEXHOJOTMYECKOro IUKJIa OCTaeTcsd NPUOIM3UTENIbHO IOCTOSHHbIM. B
HEKOTOPBIX CIIy4asiX, HAapUMED Il TPAHCIIOPTHBIX MAIlMH, Harpy3KH 3aBUCAT OT psla
CIIy4aiiHbIX (PAaKTOPOB (CONMPOTHUBIICHUS MEPEABIKEHUIO, ONPEILIIEMOMY pelbeoM U
COCTOSIHUEM ITyTH, UHEPLIMOHHBIMU ¥ BETPOBBIMU BO3/IEUCTBUSMU U T. [1.).

B 3aBucumoct oOT cmocoba BO3NEWCTBHS Ha Je€Talb HArpy3Kd MOTYT
OBITh camuyecKumu i OUHAMUYECKUMU.

Cmamuueckumu Ha3bIBAIOT HATrPy3KH, 3HA4Y€HHWE, HAINpaBJIeHUE W MECTO
MPUJIOKECHUS KOTOPBIX OCTAIOTCS IIOCTOSHHBIMM HIIM  MEHSIOTCS MEJICHHO W
HE3HAYUTEIBLHO OT HYJS JIO CBOET0 KOHEYHOI'O0 3HAYCHHMS, OCTaBasCh B JaJbHEHIIEM
MPAKTUYECKA TIOCTOSHHBIMU. K 3TOMy By Harpy3oK OTHOCSTCS COOCTBEHHas CHjia
TSOKECTU M3JCNHS, JAaBJICHHE Ta3a WM >KHJIKOCTH B pe3epByapax WM TpyOax, cuia
3aTsDKKA OOJITOB.

unamuyeckumu Ha3pIBalOT  HArpPy3KH,  XapaKTEpU3ylOLIMecs  OBICTPBIM
M3MEHEHHEM BO BPEMEHHM HMX 3HAUYECHMS, HANPABICHUS WJIA MECTa NPHIOKEHUS.
[IpumepoM AMHAMUYECKUX HArpy30K MOTYT CIY>KUTb HArpy3kud Ha pabouue neranu
Ky3HEYHOI'0 MOJIOTA, Ha 3yObs 3B€3/]0YEK LIEMHBIX epeaay U 3yO0uaThIX KOJIEC U T. .

B ACTAIIAX MalllMH, MTOABCPraromuxcsa MIUTCIbHOC BpEMA IMNCPEMCHHBIM
HAIIpSOKCHUAM, IIPOUCXOOUT IIPOHCCC IIOCTCIICHHOI'O HAKOIUICHUSA HOBpG)KIIGHHﬁ,



IPUBOJSILNNA K 00pa30BaHUIO TPEUIUHBI, €€ PA3BUTHIO U OKOHYATEIbHOMY pa3pyIICHHIO
JeTaId. DTOT MPOLECC HA3BIBACTCS ycmanocmuio mamepuanos. 11onpoOHO pacueTsl Ha
yCTalOCTh U3JI0KEHBI B Kypce «CONPOTUBIEHNE MATEPUAIIOB).

B cBa3u ¢ mepeMeHHBIM XapakTepoM pabouuX Harpy3oK BBOJAT MOHSTHUS
0 HOMUHAIbHOU, IKEUBATICHMHOU I pACYEMHOU HATPY3KaX.

[lox HOMuHANBHOT TOHUMAIOT HArPY3Ky, BBIOMPAEMYIO U3 YKCIa AEHCTBYIOLIUX
B YCTaHOBUBIIEMCS pexXHUMe pabouunx Harpysok. B
KayeCTBE HOMUHAJIBHOM MPEANOYTUTEIbHO MPUHUMATh MaKCUMAJIbHYIO WU Haubosee
JUINTEJIBHO JCHCTBYIOUIYIO Harpy3Ky. HoOMHHanbHBIE MOIIHOCTB, MOMEHT, 4acTOTa
BpAIlCHUs, CKOPOCTh U T.JI.

DKeusanenmuoll Ha3pIBACTCA TaKas IOCTOSHHAs Harpy3ka, KOTOPOW MOXHO
3aMCHUTH (DAKTUYECKHE JIEHCTBYIOIIYIO TIEPEMCHHYIO pabO4yr0 Harpys3Ky, CUHMTas ee
PaBHOIICHHON B OTHOIICHUW COOTBETCTBYIOIIUX KPUTEPHUEB HAIACKHOCTH, (Hampumep,
JOJITOBEYHOCTD, MMPOYHOCTh...).

Jliis 3y6uaToit nmepeaadnt Qos=Quom Ko,
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1€ Koore — KOOOUIIMEHT JOJTOBEYHOCTH, 3aBUCAILIMNA OT Tpaduka U3MEHEHUs
paboueli Harpy3KHU U OT TOr0, Kakasi U3 HUX MPUHATA B KAU€CTBE HOMUHAJIbHOM.

[lepemennbie paboune Harpy3ku OOBIYHO 3aJal0T B BHJIE YNOPSIOYEHHBIX
rpadukoB. Ha puc. 3.1 moka3aH B KauecTBe MpUMepa 3aKOH W3MEHEHHs Harpy3ku F u
4acTOTHI BpalleHus 7 (MUH'') paccunThiBaeMOl getanu (Baja, OCH, 3y04aToro Kojeca u
T. JI.) 32 HEKOTOPHIA MOBTOPSAIOIIMICS MEpUO]] BpeMeHH f.=f. UUCIO TakuX NEepHoOI0B
(O7OKOB) 3a MOJHBIM CpPOK CIIykObl 0003HA4arOT Xf.. Harpyskoit Moxer OBbITh
cwia F, uzrubaromuii wim KpyTsammii MoMeHT M u T. 1. [InaBHOe u3MeHeHne Harpy3Ku
MOXXHO 3aMEHUTh BIMCAHHBIMU MPSIMOYTOJIbBHUKAMH CO  CTOpOHamHu Ft;, Foto,
o, Fitiai njty, not2, ..., nt;. MakCUMaapbHYIO0 HArpy3Ky U COOTBETCTBYIOIIYIO €l 4acCTOTY
BpallleHHs] OTMEYaloT MHAEKCOM 1, a Mocienyrolre Harpy3ku B MOpsJIKE yObIBaHUS
0003Hay4awT 2, 3 U T. 1.

PaccmaTpuBaemblii 3aKOH HM3MEHEHHMSI HArpy3Kd MOJKHO TMPEJCTaBUTh B BHJE,
MMOKa3aHHOM Ha puC. 3.2, HA KOTOPOM IO FOPU3OHTAIBHONW OCH OTJIOKEHBI 3HAYCHUS
Yrcell [IMKJIOB U3MEHEHHS HANPsHKEHU Ny, a 0 BEpTUKAIbHON — 3HAUEHHsI HAarpy30K B
nopske yobiBanusa. Ha puc. 3.2 noka3anbl Tpy Harpy3ku, HO pacCMaTpUBAEMbI METOJ]
OTHOCHUTCS K JIF0OOMY UHCITy Harpy3oK.



Uucna UMKIOB W3MEHEHHMs] HANPSUKEHUM IpU JEUCTBUM HArpysok Fy, [, F,
..., Fi onpenenstoT o ¢popmysie Ns = 60 n tz uiiu Ns = 573 wts; 371€ch n — yacToTa Bpaile-
HUS, MUH '} ) — YIJIOBas CKOPOCTb, paji/c; tx — CyMMapHO€e BpeMsl paboThl Nepenaun, d;
JUIT  TUNWAYHBIX  yCJOBUM paboTel  mpuBona tz= TDCt. tae T—CpoK  CIIy»KOBbI
MexaHu3Ma, roi; D —uucno pabounx gHedl B roay; C— 4UCIO  CMEH; fc—
IPOAOKUTEIBHOCTh PA0OTHI 32 CMEHY, Y.
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3aaHHyI0 MEPEMEHHYIO HArpy3Ky MOKHO 3aMEHHUTh MOCTOSIHHOM, PaBHOLIEHHOU
10 OBPEKIAOIIEMY JICCTBHIO HA JIETANIb 3a TOT K€ NEPUOJ BpEMEHU. TaKyro Harpy3Ky
HAa3bIBAIOT PACYECHIHOU.

Pacuemnoii Ha3pIBaeTCA  yCIIOBHAs TIOCTOSIHHAs —HArpy3ka, oOmpejaenseMas
(paboueit Harpy3KOM) ¢ YYETOM €€ XapakTepa Bo3AehcTBUS HAa 00beKT. OHA CIIYKUT JJIst
OTIpeIEIICHHS pa3MEPOB JIETalCH MaIlIUH. Y YUTHIBACT MECTHBIC YCIIOBUSI.

Pa3Mepbl netasiell MamiMH ONPENENSIOT MO PAaCUETHBIM Harpy3kam, KOTOpbIE
3aBUCST HE TOJBKO OT 3HAUEHHUS M XapakTepa U3MEHEHHs pabodeil Harpy3ku, HO U OT
0COOCHHOCTEM ee nepeadu 1o CUIIOBOM IENH: CTETIEHU TUHAMUYHOCTH, PABHOMEPHOCTH
pacupeneneHdss Harpy3Kd IO KOHTaKTHPYIOIIUM TIOBEPXHOCTSIM, OCOOEHHOCTEH
B3aMMOJICUCTBHS TIOCIIETHUX (CIETVICHUEM WA 3alEIVICHHUEM); OHM 3aBHCST TakKe OT
Ha3Ha4yeHus Jaetanu (y3ia) U yCIOBUM 3KCIUTyaTaluu.



Qpacq:anB'KK'K;['Ky

rae Kic— Kkod(ppuiumeHT, y4YUTHIBAIONINN HEPABHOMEPHOCTh paclpeneIeHus
Harpy3Ku M0 KOHTaKTHBIM IIOBEPXHOCTSM;

K:— k03 dunueHT IMHaMHUYIHOCTH,

K, — xo3duniment, 3aBUCSIIIMN OT YyCIOBUW pabOThl M Mepenayd Harpys3ku
(Hampumep, 3a CYET CUJI TPEHUS, CUETIIICHUS U T.1T.).

HpG,IIBapI/ITGJIBHLIG PacuCThbl MOKHO BBIIIOJIHATD, IIPUHUMAA

Qpacq ~ QHOM .

Ycnoeusn nopmanvuoit pabomer demaneii u mawiun

YcnemHas pabota feTaneil W MallMH 3aKII0YaeTCs B 00ECTICUeHUH HAAEKHOCTH
1 paboTOCIIOCOOHOCTH IIPH 3aJIaHHBIX HArPy3Kax.

HAJJEXKHOCTBIO o T'OCT 27.002—89 Ha3bIBalOT CBOICTBO  OOBEKTA
COXpaHATh BO BPEMEHU B YCTAHOBJICHHBIX Ipeleiax 3HAYEHHUS BCEX MapaMeTpoB,
XapaKTEPU3YIOIIMX CHOCOOHOCTh BBINOJHATH TpeOyemble (YHKIMH B 3aJaHHBIX
peXUMax U yCIOBUSIX TPUMEHEHUS, TEXHUYECKOTO OOCITYKUBAHUSI, PEMOHTOB, XpaHEHUS
U TPAHCTIOPTUPOBAHMUSI.

HanexHocTh - 00mass W 4Ype3BbIYAHHO aKTyajbHas CErofgHs MmpodiieMa
MamHocTpoeHusi. OHa 3aKiabIBaeTCs Ha BCeX 3Tamax pa3pabOTKH, U3rOTOBJIEHUS U
AKCIUTyaTalui MauHbl. OMOKY MPU MPOEKTUPOBAHUH, TOTPEUTHOCTD B POU3BO/JICTBE,
HEOPEXKHOCTh TMpPU YMAKOBKE W TPAHCIOPTUPOBKE, OTCTYIJIGHHE OT MPaBUI
DKCIUTyaTallu M3JIeTUs OTPULATENIbHO CKa3blBAIOTCS HAa €ro HaJeKHOCTHU. Teopus
HAJCKHOCTU 0a3upyeTcsi Ha DJIEMEHTaX TEOPUU BEPOSITHOCTH, TEOPHH CIyYalHBIX
IPOLIECCOB, TEOPUU MACCOBOTO 00CITY)KMBaHUS U HA MATEMATUYECKOM CTATHCTHKE.

CoBpemeHHbIE TEXHUYECKHUE CpeAcTBa COCTOSIT u3 MHOXECTBa
B3aMMO/ICHCTBYIOIINX MEXaHU3MOB, alllapaToB U MpuOopoB. Tak, aBTOMaTU3UPOBAHHBII
IPOKATHBIA KOMIUIEKC HACUUTBIBAET OoJiee MUJUTHOHA JeTaneil. COBpeMEHHbIE CHUCTEMBI
paguoynpaBieHUusT pakeTaMd MMEIOT JIECSITKU MUJUIMOHOB 3JIeMEHTOB W T.J. OTka3 B
paboTe XOTs OBl OJHOTO OTBETCTBEHHOTO JJIEMEHTA CJIOKHOW CHCTeMBI 0e3
pe3epBUPOBaHUS MPUBOJUT K OCTAHOBKE Bcel cuctembl. Hampumep, B 1965 rony B CIIIA
pOoU30IILIa KPYIHEeHIasi aBapysi B CHCTEME SHEPrOCHA0KEHUSI, OCTaBUBIIAS OTPOMHYIO
4acTh TEPPUTOPUH CTpaHBI ¢ HaceneHueM B 40 MITH. 4eloBeK B TeueHue 14 gacoB 6e3
anekTposHeprun. [lpuumHON aBapum OBLT BBIXOA W3 CTPOST OJIHOTO pelie Ha
pacnpenenurenbHoM mute Huarapcekou I'9C.



[locnencTBus HU3KOM HANEKHOCTH B  CTPOUTEIBCTBE IPOCTO  yXKACHBI
(3emneTpsicenrie B ApmeHuun B jekabpe 1988 roma). CpaBHUTH € MOCIEACTBUSIMU
3emuierpsicenus B Kanudopuuu B CIIA (1989 r.).

Henocrarounast Hae:)KHOCTh 000PYAOBaHUS MPUBOAUT K OTPOMHBIM 3aTpaTaM Ha
PEMOHT, K TIPOCTOK OOOpYJOBaHMS, K aBapusiM, CBSI3aHHBIM C OOJIBIIUMU
AKOHOMUYECKUMHU MOTEPSIMU, PA3PYLICHUSIMU U YEJIOBEYECKUMHU >KEPTBAMHU.

Ha BoccraHoBieHune paboTOCIOCOOHOCTH OTHAEIBHBIX TPYIMI MAIIMH €XEeroaHO
TpeOyeTcst cpeacTB 00bIlIE CTOUMOCTH BBIITYCKA€MOW UMH MPOAYKIIUH.

Paznuuator Tpu nepuona, OT KOTOPBIX 3aBUCUT HAAEKHOCTh: IMPOEKTUPOBAHME,
IPOU3BOJACTBO, JKcrulyaTanus. [lpu mpoekTupoBaHMM, 3akiajbiBaeTcs (yHIAMEHT
HagexxHocTu. Ilpu mpou3BojacTBe 00€CIeunBaIOTCS BCE CPEACTBA  TMOBBIIICHUS
HAJCKHOCTH, 3AJI0KEHHbIE KOHCTPYKTOPOM. OTKIOHEHUSI OT KOHCTPYKTOPCKOU
JOKYMEHTAIIMU HApyLIAlT HAaAEKHOCTh. [Ipn dKcrutyaranuu u3aenus €ro HaleKHOCTh
peanusyercs. Takue TOHATUS HAIEKHOCTH, Kak O€30TKa3HOCTb M JOJTOBEYHOCTh
IOPOSBIISIIOTCA B Mpouecce padoThl MAIIMHBI U 3aBUCAT OT METOJOB M YCIOBUH €€
AKCIUTyaTallii, CHCTEMbl PEMOHTA, TEXHUYECKOTO O0CTYKUBAHUS.

OCHOBHBIMM MYyTSMU TMOBBIIIEHUS HAACKHOCTH HA CTAaJUU INPOEKTUPOBAHUS
U3JIEIINs, UMEIOIIMMHU Ba)KHOE 3HAYECHME IIPU M3YYEHUHU W peanu3anuu Kypca "Jleramn
MaluH" SBJISIOTCS CIEIYIOUIUE: CIEAYET CTPEMUTHCA MPOEKTUPOBATH 110 BO3MOKHOCTH
IPOCThIE U3/EININS C MEHBIIUM YHCIIOM JIeTalel, peayCcMaTpUuBaTh MPEAOXPAHUTEIIbHbBIE
yCTPOMCTBA, MIMPOKO UCIIOJIb30BATh CTAHAAPTHBIE Y3JIbI U JETAIIH.

Hanexxuocts COCTOUT 3 COYETaHUH CIEAYIOITUX YaCTHBIX
CBOWCTB: O€30MKA3HOCMU, 00]1208€4HOCMU, PEMOHMONPUSOOHOCMU U COXPAHAEMOCHIU.

BE3OTKA3HOCTD (HaaeXHOCTh B Y3KOM CMBICII€) — CIIOCOOHOCTh COXPaHSTh
CBOM OKCIUTyaTal[MOHHBIC TIOKa3aTeId B TEUCHHE 3aJlaHHOM HapaboTku 0e3
BBIHYKJICHHBIX ITEPEPHIBOB. DTO CBOWCTBO OCOOCHHO BaXKHO JIJII MAIlIMH, OTKa3 B paboTe
KOTOPBIX CBSI3aH C OMNACHOCTBIO JUIA JKW3HU JIFOJIEM WA C  OCTAaHOBKOM
ABTOMATHU3WPOBAHHOI'O MPOU3BOJICTBA.

OTKA3 — sBieHHE, CBA3aHHOE C YAaCTUYHOM WJIM TIOJHOM  yTpaTou
paborocnioco6HocTr  m3aenus. [lo cBoel mpupose oOTKa3zbl OBIBAIOT: MOJHBIE U
YaCTUYHbIC; BHE3alHble (Hampumep, TOJIOMKA) W TNOCTENEHHbIE (M3HAIIMBAHKE,
KOppO3Hs); OMNAaCHbIE HJis >KU3HU 4YEJOBEKA; TsDKENbIC U JErKue, YCTPAHUMBIE H
HEyCTpaHuUMbIe. B 3aBUCUMOCTH OT IPUYUH BOZHUKHOBEHUS OTKA3bl MOAPA3ACIISIIOTCS Ha
KOHCTPYKIIMOHHBIE, MIPOU3BOJICTBEHHBIE U AKCIUTyaTallHOHHBIE. Ha
CTaJIM KOHCTPYUPOBAHUS OHU OOYCIIABIMBAIOTCA OIIMOKaMHU KOHCTPYKTOpPa, HECOBEP-
IIEHCTBOM MPUHATHIX METOJIOB pacdyeTa U KOHCTpyupoBaHus. [Ipm u3rotoBieHun —
HapyIICHUEM MPUHATOW TEXHOJOTHH, a TAKKE €€ HECOBEPIICHCTBOM. B skcrutyaTanuu



— HApYIICHUCM IIpaBUJI 3KCIUTyaTallikM, BHCIIHUM BOSHCﬁCTBHCM, HECBOMCTBEHHBIM
HOPMAJIbHBIM YCJIOBUSM 3KCILITyaTalluu.

B cooTBeTCTBUM € TUM OTKa3bl YCTPAHSIOT: 3aMEHOM IETANICH, PETYJIUPOBKON WIH
OYMCTKOM.

[IpnurHaAMM OTKa30B MOT'YT OBITh:

- KOHCTPYKTHUBHBIC OIMMOKM ¥ HEIOCTaTKh (HEAOCTAaTOYHAs TMPOYHOCTb,
HEYYTCHHBIC TEMIIEPATYPHBIC U MEXaHWUYECKHE AedhopMaIliy, IIoxXas 3aiuTa OT BJIard U
MBUTA U T.11.);

- MPOM3BOACTBEHHBIC Ne(EKTHI (PaKOBHHBI, TPEIIWHBI, BKIIOUCHHUS MpUMEcel B
MeTaie);

- HempaBWwIbHas  JKCIUlyaTauuss  u3fenuss  (OTCYTCTBHE  PEryJIMPOBKH
MOJAIIMITHUKOB, CHCTEMATHYECKHUE MEPErPy3KHU U T.11.);

- €CTECTBEHHBIN U3HOC, CTAPEHHE, OTEPS YCTAIIOCTHOW IPOYHOCTH AECTAJIH.

JOJITOBEYHOCTD (PECYPC) — cBOICTBO U3ACHHS JIUTEIHLHO COXPAHSTh
paboTOCTIOCOOHOCTh /10 TPENIETBLHOTO COCTOSIHUAS ¢ HEOOXOAMMBIMH TEpEphIBAMH IS
TEXHUYECKOTO OOCTYKUBaHUS U PeMOHTOB. «lIpenenpHoe coCTOsSTHUEY) XapaKTepU3yeTCs
HEBO3MOKHOCTBIO €r0 JajJbHEUIIeH 3KCIUTyaTallui, CHYKEHUEM 3(P(GEKTUBHOCTH WIH
0e30macHOCTH (BBIOpPAKOBKA KaHaTa, Min peMOHTHBIN pa3Mep IeeK KOJEHBAIA U T.1.).

B  HacTosmee Bpems JenalOTCAd  MOMBITKH — HAXOXKACHUS ONMUMATbHOU
o0oneogeuHocmu, T.€. TaKOH, NPH KOTOPOM ce0eCTOMMOCTh MNPOAYKIUU U3IEIUS
MUHHMAIbHA.

J1oJIrOBEYHOCTS, COOTBETCTBYIOILYIO MUHUMYMY
cebecmoumocmu NPORYKUUH, npeonazarom cuumams onmumanvrou. OQHAKO, B psje
Clly4aeB 11000Hasi TPAKTOBKA CJIIMILIKOM YIIPOLIEHA.

PEMOHTOINPUT'OAHOCTD — MPUCIIOCOOJIEHHOCTD 5631 (S 050 K
NpPEAYNPEKICHUIO, OOHAPYKEHUIO M YCTPAaHEHUIO OTKAa30B M HEUCHPABHOCTEU
MOCPEJICTBOM TEXOOCIyKUBaHUS U PEMOHTA. B KOHCTPYKIIMIO MHOTHX COBPEMEHHBIX
MalllMH 3aKJIaJIbIBAlOT CHUCTEMY JMAarHOCTUKHM HEUCIPABHOCTEHW, HWHA4Ye MallnHa
HEKOHKypeHTocriocoOHa. KojoccanbHoe BHHMAaHHE BOMPOCAM PEMOHTOIPHUTOIHOCTH
yJIeJISU1 B CBOE BPEMSI aBUAKOHCTPYKTOP MIIbIOIINH.

COXPAHSAEMOCTD - CIIOCOOHOCTH COXPaHSTh TpeOyembIe
SKCIUTyaTallMOHHbIE IOKAa3aTelu II0CJE€ YCTAHOBJIEHHOTO CpPOKAa XpaHEHUs U
TpaHcnoptupoBanus. [IpakTuueckass poyib 3TOr0 CBOWCTBA OCOOEHHO BEJIMKA JUIS
BOEHHON TexHUKH U npubopoB. [lo manueiM CIIA oxoso 50% paanosoKalMOHHOTO



000pyI0BaHUs AJI1 apMHUH BBILUIO U3 CTPOsA 3a BpeMsa xpaHeHus (nepuon II mupoBoit
BOMHBI).

Kaxxgoe u3 dYacTHBIX CBOWCTB KOJMYECTBEHHO OIICHMBACTCSA MOKA3aTEISIMU
HajexxHocTh. OHUM U3 OCHOBHBIX TMOKa3aTelel HaJeKHOCTH SIBIISIETCS BEPOSTHOCTD
0€30TKa3HOW paboThl B TEUEHUE 3aIaHHOTO [IEPUO0/1a BPEMEHHU.
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Puc.4. OnTumajnbHasi 10JIrOBEYHOCTH JeTajiei: 1 — MOCTOsIHHBbIE 3aTPATHI,
KOTOPbIE He 3aBUCSAT OT CPOKA IKCILIyaTaluM (IHEPIusi, MATEPHUAJIbI, 3aPILIATA);

2 — aMopTH3alMOHHBbIE PacXoAbl, 00PATHO NPONOPUHOHAIbHbIE BpPeMEHU
JIKCILIyaTAlMU; 3 — TOA0BbIE IKCILIYyTAMOHHbIE PACX0/bI (PEMOHT, T.0. H T.J.)

Ilokazamenu naoesxxcnocmu. /luazpamma pazéumus omKa3oe
JIJ1st OLIEHKH HAZIE)KHOCTH UCTOJIB3YIOT XapaKTEPUCTHUKHU.

Bepoamnocmo 6e3omka3znoit paoomut (P(t)) —BEpOATHOCTH TOTO, YTO B IIpEETIax
3a/IaHHOM HapabOTKU OTKa3 HE BO3HUKAET, T.e. 0< P(¢) <I1,0.
BepositHOCTh 0€30TKa3HOM paOOThI (ITPU UCHBITAHUAX ) MOKHO OIPEEIHTD:

N(t) Np—n(f)
Ny, N,

P(t) =

rne Ny — oOliee YuCiIo UCTIBITAHHBIX H3ACTUH;
N(t) — unucno ucnpaBHO OTPaOOTABIINX U3ACIUH;
A(t) — 9UCIIO BBILIEAIINX U3 CTPOS U3JIEIHN 3a MEPHO]] UCTIBITAaHHI.

BepostHocTh  0€30TKazHOM  pabOThI  MEXaHW3Ma paBHA  IPOU3BEICHUIO
noKazaTesiel HaJeKHOCTH JeTajeh MexaHu3Ma, padoTaroIUX TOCIIeI0BATEIIBHO,

P(t) = P, () - Py () - " B (2).



[TosTOMy HaIEKHOCTh CHUCTEM C OOJIBIIMM KOJIMYECTBOM BXOMSIIMX B HEE
3JIEMEHTOB Tody4daeTca Hu3kou. Tak mpu yucne snemeHToB n = 10 ¢ oamHakoBOU
BEPOSITHOCTHIO 0€30TKa3HOM paboThl Pi(?) = 0,9 BEpOSITHOCTH CUCTEMBI COCTABUT

P(t) = [B(H)]" = [09]° = 0.35.

Uem Oonblle B CIOKHOM CHCTEME 3JIEMEHTOB, TEM MEHBIIE BEPOSTHOCTH €€
0€30TKa3HOW paboThl. DTO CJeAyeT MOMHUTh W YYUTHIBATH MPU TMPOCKTUPOBAHUHU.
BeposiTHOCTh 0€30TKa3HONW pabOThI CUCTEMBI B pa3HbI€ MEPUOABI €€ CPOKa CIIyk Obl
paznmuuHa. OOBIYHO C YBEJIWYEHHUEM CpOKa CIyxkObl (WiM, Hampumep, mnpoodera)
BEPOSITHOCTh 0€30TKa3HOU paboThl yMeHbInaeTcs. [Ipu 3ToM 3aKkoHBI pacnpeneracHus
BEPOSITHOCTA 0€30TKa3HOM paboThl MOTyT OBITh pa3IWYHBIMHU: TOKa3aTeNbHOMH,
HOPMAJILHOM, JIOTapu(MHUUECKU-HOPMATBHOU U JIP.

Oco0OeHHOCTBIO TPOOJIEeMbl HAJECKHOCTH SBISIETCS €€ CBSI3b CO BCEMHU
KU3HCHHBIMU IUKJIAMUA MalIUHBI U WX JIeTajeil, HauuHas ¢ MOMEHTa (pOpMUPOBaHUS
3asIBKM Ha pa3paboTKy M 3aKaHuuBas ee crucanueM. Kaxaplid U3 KU3HEHHBIX ITUKIIOB
BHOCHUT CBOIO JICTITY B PELICHUE HAJIE)KHOCTU mepenayn. OdecreueHrue HaJle:)KHOCTH Ha
CTaJIUM TPOCKTUPOBAHWS W H3TOTOBJCHHS HEMOCPEJICTBEHHO CKa3bIBA€TCS Ha
AKCIUTyaTallMOHHBIX U TEXHUKO-D)KOHOMUYECKUX MOKA3aTENAX MaIlIHH.

HanexxHocTh u3nenus 3akiafblBae€TCAd Ha CTaIUM WX MpoekTupoBanus. OHa
3aBUCUT OT TMPHUMEHEHUS COBPEMEHHBIX METOJIOB pacueTa U MPOCKTUPOBAHUS,
OCHOBAHHBIX Ha T€OPUU BEPOSITHOCTH U MATEMATHUYECKOW CTATUCTUKHU C TPUMEHEHHEM
OBM u CAIIP, KOHCTPYKIIMM COCTaBHBIX YacTeW Mepeiayd, MaTepuajoB JE€Tajled U
METOJIOB MX YIPOUYHEHHUS, CIIOCOOOB 3alUThI OT BHEIIHEH Cpenbl, CUCTEMbI CMa3KH,
PUCTIOCOOJICHHOCTH K COXPAaHHOCTH U mpoBeeHuto TO.

HanexxHocTh 00ecreunBaioT B MpOIecce N3TOTOBJICHHS eTalleld M uX cOOpKH 3a
CYET JOCTI)KCHHS HEOoOXOJMMOW TOYHOCTH PAa3MEpOB, NMPUMEHEHHsS MPOTPECCHUBHBIX
YOPOYHSIONIUX TEXHOJOTUH U TEXHOJOTUYECKUX MEPOINPHUATUN, HAMpPaBICHHBIX Ha
oOecrieueHns TEXHUIECKUX TPEOOBaHUM.

HanexxHocTh peanusyercs B IpoLecce SKCILTyaTalluyd U 3aBUCUT OT CKOPOCTHBIX U
Harpy304HbIX PEXUMOB pPaOOThI, CUCTEMbI TEXHHYECKOIO OOCIYKHBAHHUS W JIPYTUX
AKCIUTYaTallMOHHBIX (pakTopoB. Han&KHOCTh TPYIHO paccuuTaTh KOJIMYECTBEHHO, OHA
O0OBIYHO OLICHUBAETCS KaK BEPOATHOCTh O€30TKa3HOU pabOThl HA OCHOBAaHUM CTATUCTUKHU
JKCIUTYaTallMy TPYIIIbl UAEHTUYHBIX MAIIUH.

Hnmencuenocms omka3o6 A(t) — 3T0 OTHOLIEHHUE CPETHETO YMCIIA OTKA3ABIINX B

€AMHUIY BPEMEHH 00BEKTOB K YUCITY 00BEKTOB, OCTABIIMXCSI pa00TOCIIOCOOHBIMHU:

_n(t)
T ON(E)AE

A(t)



OTOT mokaszarens 0oJjiee YyBCTBUTENICH, Y€M BEPOATHOCTh OE30TKAa3HOW pabOTHI,
0COOEHHO JJIsl U3/IETIUN BHICOKOM HAJIEXKHOCTH.

Texnuueckuit pecypc (pecypc) — HapaOOTKa U3EIusl C Haualla SKCIUTyaTaluu J10
IpeeNbHOTr0 cocTOsTHUS. Pecypc 0ObIYHO BhIpakaeTcs B 4acax.

TI'amma-npoyenmuutii pecypc — 310 pecypc, KOTOPbI UMEIOT WU MPEBBILIAIOT B
cpeaHeM oOycioBiIeHHOE uwucio (y) mpoueHToB wuzaenuid. OH  XapakTepusyer
JIOJITOBEYHOCTh U3AEIUN IIPU 3aJaHHON BEPOATHOCTH.

Tak 1151 NOANIMITHUKOB KaueHUs: Haubosee 4acTo ucnoias3yroT 90% pecypc, ams
BECbMa OTBETCTBEHHBIX MOJIUIMITHUKOB Y PECYPC BBIOUPAIOT B pazmepe 95% u BhILLIE.

[Ipn KOJMYECTBEHHON OIIEHKE HAACKHOCTH HCIOJIB3YIOT PA3JIUYHbIC 3aKOHBI
pacrpeniesieHuss ~ 4acTOThl ~ OTKa30B,  HAIpPUMEP, IKCHOHEeHYudalbHbll, Beiibyna,
HOPMAJIbHBLIL.

JIIst sxcnonenyuanbHoeo 3aKkoHa pacnpeoenenust
Mt)=ho=const
P(t)=exp(-x),

rue x = At.
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Puc.5. 3akoHbl pacnipenesieHus: a — IKCNOHEHUNAJIBHBIN, 0 — Beitdy1a

DTOT 3aKOH CIPABEJINB JIJIs1 OMMCAHUS TOTOKA OTKA30B C MHTEHCUBHOCTBIO, KOT1a
BpeMsl TIOSIBJICHHSI OTKa3a HE CBSI3aHO C MpEAbIAyIield HapaOOTKOW H3aenus. DTOMY
3aKOHY NOJYHHSIOTCS OTKA3bl 10 NPUUUHAM YCMALOCHHO20 PA3DYUIEHUSL.

Pacnpeoenenue Beiibynna ncnonp3yoT TUTS CTaTUCTUYECKUX (01 (S (17
HaJIe)KHOCTH B 105038078 Mepuo/I AKCILTyaTalluH,
KOTJIa 803MOMNCHbL NPUPAOOMOYHbIE OMKA3bL.

Pty =e ",

HopmanvHolii 3akoH pacnpedeneHus NIPUMEHSIOT, KOT/a OTKa3bl 00YCIOBIICHBI
TJIaBHBIM 00Pa30M UZHOCOM Oemaiil.
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Puc.6. HopmanbHbIil 3aK0H pacnpeaeeHust

Beibop BepoOATHOCTHONW MOAENM MOXET ObITh MNPOU3BENEH TOJBKO Ha
OCHOBAHUU CIMAMUCMUYECKO20 AHANU3A SKCNLYamayuy u30eauii WA UX ACHbITAHUN U
HE MOKET ObITh 000OCHOBAH MATEMATHUYECKUMU BbIKJIAAKAMHU.

B memom, 3a BpeMst HOpMabHOM dKCIUTyaTalluy U3C/IAS HHTCHCUBHOCTh OTKa30B
HE OCTAaeTCs MOCTOSHHOM, a u3MeHseTcs (puc. 7).

A

0, t; #5 ¢

Puc.7. 3aBUCHMOCTH MHTEHCMBHOCTH OTKA30B OT BpeMeHHU HapadoTKH

dusnueckas npupojaa npupabomounsix omrkazos (ydyactok 0 —¢;) 3axirodaercs
B HEUJICATHPHOCTH TEXHOJOTUHA W3TOTOBJICHUS JeTanei, COOpPKM y3JI0OB W arperaros.
OcraBmuecss MMocjie MEXaHHUYeCKOW 0OpaOOTKM HEPOBHOCTH B Pe3yJbTaTe B3aUMHOTO
BHEJIPEHUSI WJIM 3alellyieHus] MO0 Cpe3aroTcs, MO0 IMiIacTUUecku AehOpMUPYIOTCA.
[TpupaboTka mpogokaeTcs A0 TeX MOp, MOKa MHpPUHA O0pa3yeMbIX IUIOMIAIOK He
NPEBBICUT IIUPHUHY BIIAJIMH B 30HE KOHTAKTa AeTalieil. B amom nepuoo unmeHcugHocmy
OMKA308 YMEHbULAEMCA.

Buezanuble OTKa3bl  (YYacTOK #; —f2) CUMTAIOTCS HEYCTPAHUMBIMU  TIpHU
npupabOTKE U BOBMOXKHBIMH IPH dKCIUTyaTanuu. [IpuurHa Takux 0TKa30B 3aKIH0YAETCS
B TOM, 4YTO IpPU DSKCIUTyaTallud CYUIECTBYET BEpPOSATHOCTb IMOSBJICHUS BHE3AIHOU
KOHLICHTPALINU HArpy3KHU.

M3HoCcOBBIE OTKa3bl  (Y4acTOK > f2) OTpakalOT E€CTECTBEHHBIE  IPOLIECCHI
paspenieHusi OOBEKTOB IMPU WX HArpy>KEHUM U B3aUMOJEHCTBUU cO cpenoit. Jlms
MEXaHUYECKUX OOBEKTOB U3HOCOBBIE OTKA3bl OCHOBBIBAIOTCS  HA HEOOCMAMOYHOU
onumenvHocmu 00bEMHOU U NOBEPXHOCMHOU NPOYHOCMU. DTU TPOLECCHI IO CKOPOCTH
pa3pylieHHus] MOTYT OBIThb OBICTPOTEKYIIMMH (HampuMep, MOJIOMKa 3y0a HIECTEPHH),
CpellHEel CKOpPOCTH (HalpuMep, MOCTENEHHOE CHIXKEHHE MPOYHOCTU OT TEMIIepaTypbl



WM YMEHbBIIICHUE CEUCHUS BCIEACTBUE U3HOCA), MEUICHHO TEKyIlue (HarpuMep, OTKa3
OT yCTaJOCTH, KOPPO3UHU, TTOJI3yUECTH MeTaiia). B MexaHndeckux o0beKTax 00BbEMHOE
U TIOBEPXHOCTHOE pa3pylleHWe HUMEEeT HauOoJjbllee 3HAYCHUE, SBJISISICH MPUUYUHOU
80...85% oTKa30B.

3ajaya KOHCTPYKTOPA NP CO3JIAHNUN U3ACIIUS — UCKTIOUUMb 8 NPe0enax 3a0aHH020
pecypca NosiBIIEHNE 0TKa30B 000CHOBAHHBIM BEIOOPOM COOTBETCTBYIOIIMX MAaTEpPUAJIOB,
CMa3KH, METOJIOB YIIPOUYHEHHUSI, y4E€TOM B METOJIMKE pacyeTa BceX (PaKTOpoB, BIAUSIOMINX
Ha HAJIEKHOCTb.

bonpiioe BaMsSHUME HA MOBBIIICHUE HaACKHOCTH HM3ACINA HNMCCT BBI60p
PpaduOHAJIbHBIX TCXHOJIOTHYCCKUX ITPOLCCCOB U3IOTOBJICHUA.

Oobugue HanpaseneHus NOGLIUIEHUA HAOEHCHOCMU

HeBo3moxxHo I[O6I/ITBC$I BBICOKOM HAaACKHOCTH MaIlMH C OTCTaJIbIM pa60‘-II/IM
mpoueccom u HCCOBCPIICHHBIM MCXAaHHU3MOM. HOSTOMy, nepesvim
HanpasjieHuem MOBBIIICHUA HAaACKHOCTH  ABJISACTCA oOecrieueHue HCO6XOI[I/IMOFO
TCXHUYCCKOI'O YPOBHA U3ACIINA.

Mexannyeckuii criocod GpopmMupoBaHus M300pakeHUs B TEIEBU30pPE, TEJEra u3
CTEKJIOIUIACTUKA, 3€pHOOYNCTUTEIbHBIE MaIlIHHBI, UCIOJIB3YIOLINE
OPUHLIUI TPOXOYEHHUS.

Jlyuwe: 3neKTpOHHAs pa3BepTKa B TV; 36pHOOUYMCTKA HA IPUHLIUIIE a3palliH.

Bmopwim nanpaenenuem aBnsieTcsi pa3pab0TKa TaKOW KOHCTPYKLMH U3JETHS,
KOTOpas Obl MCKJIIOYMIIA MOSIBIEHUE O0TKa30B. Hampumep, npuMeHeHrne ObICTPOXOIHBIX
WIM TUXOXOJHBIX arperaTon 0e3 MEXaHMYeCKHUX mepeaay.

beamydToBeiii npuBoag  mpeccoB.  CaMocMa3bIBAIOIIMECS — y37bl  TPEHUS,
VICKJIIOYAKOIIAE CUCTEMY CMa3KU B MAIlIMHE.

Tpemove HanpasieHue — UCITOJIb30BaHUE
CaMOYCTaHaBJIMBAOUIUXCSI, CAMOIIPUPAOATHIBAIOIIMUXCS Y3JI0B U CAMOHACTPAUBAIOLIIUXCS
CHCTEM.

Yemeepmoe HnanpasieHue — TEPEXOJ Ha HU3rOTOBJIECHHWE MAIIUH IO KECTKO
pErIaMEHTUPOBAHHOW TEXHOJIOTMH, CHWIKAIOIIEH pacceMBaHHE pecypca 3a CYET
YMEHBIIIEHUSI KOJIeOaHUN pa3MepoB B Ipejeliax MoJisl Aomycka. MammHbl, cOOpaHHbIE
poboTamMu Ha TEPMETUYHOCTH HE MTPOBEPSIFOTCA.

O0Oecrnieuenne wHagexHoctd JIA. Bricokume mnokasarenu HagexHoctu JIA
00€eCIIeUnBaroT:



- p€3€pBUPOBAHUE DIIEMEHTOB U CUCTEM;
- DKCIUTyaTallueN «I10 COCTOSIHUIO» U JTUATrHOCTUKOM;
- YOPOYHEHUEM JIETAJIEH.

Pezepsuposanue — npuMeHEeHHE IyONHMPYIOMIMX CPEICTB U CHCTEM C MEJIbI0
COXpaHeHHs PabOTOCIIOCOOHOCTH.

PCBGpBI/IpOBaHI/IG HMCIOT: TOIUIMBHAA CHUCTEMA, CUCTCMA VIIPABJICHUA IIOJICTOM,
CUCTEMaA BBIITYCKA IIaCCH, YIIPABJICHUA 3aKPBIJIKAMHA U CTa6I/IJII/I3aTOp0M.

Ikenyamayus  «no  COCMOSIHUIO» — TIPOTPECCUBHBIM  METOJ  ITOBBILIECHUS
HAJCKHOCTU. 3€Ch 3aKIIOYEHHE O HEOOXOAMMOCTH PEMOHTAa WM 3aMeHe y37a
IPOU3ZBOAUTCS 1O (AKTHUYECKOMY COCTOSHHIO, O KOTOPOM CYHSAT, UCIOJb3Ys
JTMArHOCTUKY (CpaBHUBAsI C MOMOIILI0 DBM curHanisl OT y3i1a ¢ 3TaJJOHHBIMU CUTHAJIAMH,
xpansuuMucs B namsitu OBM). Takue cuctembl aBTOMaTU3UPOBAHHOTO KOHTPOJIS
MapaMeTPOB PE3KO MOBBIIAOT CKOPOCTh BBISIBIICHUS Y3JIOB, /1€ BO3MOXHBI OTKA3bI.

Coueranue PE3CPBUPOBAHUA C GBICTpI)IM BBIAIBJICHUCM OTKa3aBIIUX J3JICMCHTOB,
OCYIICCTBIIACMBIM C IMOMOOIbKO BCTPOCHHBIX dBTOMATU3HWPOBAHHBIX CHCTEM KOHTPOJIA,
IMPAaKTUYCCKH UCKIIIOYacCT BHE3AIIHBIM 0TKA3 CUCTEMBI.

anqueHue — OJHH U3 OCHOBHBIX METOAOB IMOBBIIICHUA AJOJITOBCYHOCTHU IleTaJICﬁI

- TEpMOILIACTHYECKOE yIpouHeHue (tonatku Typoun). Harpes 1o 500...700 C u
pe3koe oxJnaxkaeHue (cranb). Ha moBepXHOCTH BO3HUKAIOT IJIaCTHUECKUE JehopMalny,
OPUBOJAIINE K TMOSIBICHHUIO HAa TOBEPXHOCTH JETalnM HampsbkeHud ckatus. [lpenen
BBIHOCIIMBOCTHU BO3pacTtaeT B 1,3 pa3a;

- miactudeckoe  neOopMUPOBAHWE  TIOBEPXHOCTH  CTAIBHBIMH WA
cTeKJISTHHBIMU MUKpoiapukamu (50...200 mxm). [Ipeaen BBIHOCIMBOCTH BO3pPACTAET B
1,5 paza;

- YBEJIIMYEHHE peCcypca 3aK/IIOUYECHHBIX COCIMHEHHMM 3a CUET rapaHTUPOBAHHOIO
paauanbHOro Hatsra 2,5...3,5%. Jlns yero pa3paboTaHbl CTEPKHEBBIE U YHUBEPCAIbHbBIE
3aKJIENIKH, 00ECTIEUNBAIOLIUE PECYPC COEANHEHNUS B 2...4 pa3a OOJIbIINN 110 CPABHEHUIO
C OOBIYHBIMHU 3aKJIETIKAMU;

- HUCIOJIb30BAaHUE HOBBIX MaTEPHAJIOB: TUTAHOBBIC CILUIABBI, CTEKJIOIIACTHKU,
Gepuinii (1,85 /M ¥ BBICOKas TEMIOIPOBOAHOCTB) ISl KOJIECHBIX TOPMO30B.

Kpumepuu pabomocnocoonocmu



HanexxHOCTh XapakTepu3yeTcsl CIEAYIOIUMHU COCTOSHUAMU: pabOTOCIOCOOHOE,
UCIIPaBHOE U HEHUCITIPABHOE.

PABOTOCITIOCOBHOCTD — 310 cocrosinre 00beKTa, MPU KOTOPOM 3HAYEHHUE
BCEX MMapaMETPOB BBIMOJHIEMbIX (PYHKIIMH, COOTBETCTBYIOT TPEOOBAHUSIM HOPMATHUBHO-
TEXHUYECKOW WJIM KOHCTPYKTOPCKOM AoKymMeHTanuu. OIEeHOYHBIMU KaueCTBEHHBIMU
MOKa3zareassMu  pabOTOCIOCOOHOCTU  SIBJISIIOTCA: IPOYHOCTb, KECTKOCTh, M3HOCO-
KOPPO3HOHHAs CTOMKOCTh, TEIIO-XJ1aJ0-BHOPOYCTONYHBOCTD, CTOMKOCTh K CTaPEHHUIO.

MHMPOYHOCTD — 510 criocOOHOCTH JieTaneil MallluH BBIMOIHATh CBOM (PYHKIIUHU B
npeenax npeayCMOTPEHHBIX Harpy30k 0€3 MIacTUUeCKUX Ae(opMaluy U pa3pylieHus.

JKECTKOCTD — crioco6HOCTb JeTalN COMPOTHBISTHCS M000i JehopManuy;

U3HOCOCTOMUKOCTD — crnoco6HOCTh COXPAaHATh HEpPBOHAYANBHYIO (GOPMY
CBOEH MOBEPXHOCTH, COMPOTUBIISASICH U3HOCY;

TEILJIOCTOMKOCTD — cioco6HOCTE COXPaHATh CBOU CBOHCTBA HPH AEHCTBHH
BBICOKUX TEMIIEpaTyp;

BUBPOYCTOMUYUBOCTD — croco6HOCTs paboTaTh B HY)KHOM JHMAIa30HE
PEXKUMOB 0€3 HEIOMYCTUMBIX KOJIEOaHUI.

[Ipu pacuere ¥ NMPOEKTUPOBAHUU J€Tajell OOBIYHO MCHOJIb3YIOT OJWH WIH JBa
KPUTEPHsI, & OCTAIbHBIE KPUTEPUM YIOBJIETBOPSIOTCS ABTOMATHYECKH WA HE MMEIOT
NPAKTUYECKOTO 3HAYEHUS ISl JAHHBIX JIETAJICH.

IIpn Bcell 3HAYMMOCTH BCEX OINHMCAHHBIX KPUTEPHUEB, HETPYAHO 3aMETHUThH,
yto IIPOYHOCTb ABJIIAETCA BAKHEHIITHM KPUTEPUEM
PABOTOCIIOCOFHOCTH H HAJITEXKHOCT.

HeBrpinmonHenue YCJIOBUA HNPOYHOCTH aBTOMATHYCCKH ICJIacT 0eCCMBICIICHHBIMHU
BCC IpyTuec Tp€6OBaHI/I$I U KPUTCPHUHU Ka4eCTBA MalllH.

JIENCTBUTENBHO, HEMHOIOTO CTOWUT TEXHOJOTHYHAS, KECTKas, W3HOCOCTOMKAs,
TEIUIOCTOUKA, BUOpOycCTOIUMBas, JereBas B
AKCIUTyaTallui, PEMOHTOIIPUTOIHAsI KOHCTPYKLMS CaMOI0 MEPENOBOro JAM3anHA, €CIU
OHA pa3pyILIWIACh IIPU IEPBOM ke Harpys3ke!

Oobwue npunyunbvl NPOYHOCMHBIX PACUEMOE

Bce sranbel NmpoeKTUpOBaHUSA, KAXKIBIA IIar KOHCTPYKTOPA CONPOBOXKIAAETCS
pacyéraMu. OTO €CTECTBEHHO, T.K. TPAMOTHO BBITIOJIHEHHBINA PACYET HAMHOTO IPOILIE U B
COTHM pa3 JECUIEBJIE DKCIEPUMEHTAJIbHBIX UCIIBITAHUN.



Yarie Bcero KOHCTPYKTOP UMEET JIEJI0 C pacuy€TaMu Ha MPOYHOCTh. [IpoyHoCTh —
TJIaBHBIA KpUTEpUN pabOTOCIOCOOHOCTH OOJBIIMHCTBA ACTaleH, XapaKTepU3yIOLIUN
JUIMTEJIbHYIO U HAJIEKHYI0 pab0OTy MalluH. DTUM KPUTEPUEM OIIEHUBAIOT CIIOCOOHOCTh
JETaId CONPOTHUBIIATHCS Pa3pyLICHUIO WM IJIACTUYECKOMY A€POPMHUPOBAHUIO TOJ
JeMCTBUEM MTPUIIOKEHHBIX K Hell Harpy30k. OCHOBBI pacu€TOB Ha IPOYHOCTh U3YYAOT B
Kkypce «CompoTuBieHue marepuanoB». B kypce «/leranu mamumu» oOIIMe 3aKOHBI
pacyeToB Ha NPOYHOCTh PACCMATPUBAIOT NPUMEHUTEIBHO K KOHKPETHOM JAeTanu U
OPUIAIOT UM BUJ HHKEHEPHBIX PACUETOB.

Paznmuuaior 00bEeMHYI0 M TOBEPXHOCTHYHIO (KOHTAKTHYIO) MPOYHOCTh. [lpwm
HEJOCTAaTOYHOW OOBEMHOW MPOYHOCTH JETalb pa3pylIaeTcsl MO BCEMY CEUYCHHIO,
(monmoMka Baja, pa3pblB  00JITa), TPH HEIOCTATOYHONW KOHTAKTHOW MPOYHOCTH
IPOUCXOANT paszpyuieHue (8vikpawiusarue) HOBEPXHOCMU
kowmaxma (BbIKpallliBaHUE TTOBEPXHOCTH 3yba y 3yOuaroro koisieca, paboueit
TIOBEPXHOCTH KOJISI[ Y TTOAITUITHIKOB Ka4CeHUS).

Paznmnuarot Takxke pa3pyuieHue o1 1eHCTBHEM OJTHOKPATHOTO HATPY>KCHUS U TIPH
JNCHCTBUM TIEPEMEHHBIX HArpy3ok. B 1mociemHeM ciyyae niasHoe —usmeneHue
Hazpysku Q 3a BpEMs IIUKJIa HarpyXeHUs (Harpy>keHue 3yoa KOCO03y0O0ro
KOHYCa) 0ObIYHO 3AMEHAIOM CMYNeH4amsim, ITyTeM BIIUCBHIBAaHUS MPSIMOYTOJIBHUKOB CO
ctopoHamu Q;; ti. (puc.8,a).
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Puc.8. IlepeMeHHOE HATpPY:KEHUE JeTAJICH:

a — IefiCTBUTEJIbHOE; 0 — IKBHBAJIEHTHOE HATPYKEeHHUE

IIpu pacuerax Ha IIPOYHOCTH 3a1aHHYIO0 [IEPEMEHHY IO
Harpy3ky Q1, O>...0; OOBIYHO 3aMEHSIOT MOCTOSTHHOW (Jp, PABHOIICHHOM 1O €€ BIUSHHUIO
Ha npoyHocTh jeramd. C  3TOM  LENbI0  HAXOAAT OSKBUBAJIEHTHOE  YHCIIO
UUKIJIOB HarpyxeHus Ne < Ny, ipu KoTopoMm O, = (J; OKa3bIBa€TCA PAaBHOLICHHOM IO €€
BIMSHUIO Ha TPOYHOCTh 3aJJaHHOM TepeMeHHOM Harpyske. [Ipu sTom HeoOxoaumo
NI0JIb30BATHCS YPABHEHUEM KPUBOU YCTAJIOCTH C HEKOTOPBIMU YTOUHEHUSIMH:

Q' Nz = QI N;

F=



rne m//=m/v,m—  TOKa3aTellb  KPUBOM  yCTaJlOCTU, V—  YTOUYHSIOUIHIA
K03 PULIHEHT.

[Ipu pacyeTe Ha KOHTAKTHYIO IPOYHOCTD V = 2, MIPU pacyeTe Ha U3rud, KpyueHue,
pactsoxenue, cxarue v =1,0.

Torna

k

.

N = a~t (E) Nyl
i=1 I?p

rje k — 9ucio cTyneHei pa3oueHus;

a — OTMPABOYHBIN KO3 (ULIUEHT.

&

Puc.9. Kpusas ycranocru

Ilox BausAHMEM LMKIMYECKUX HANPSDKEHUM paspylIeHUE HOCUT YCTaIOCTHBIN
Xapakrep, XapaKTepU3yeMblil ROCHEeNneHHbIM HaKoNneHuem
nospescoenuii. COpoOTUBIICHNE YCTAJIOCTH 3HAYMTEIBHO CHUKACTCA INPU HAINYUU
Pa3IMYHBIX KOHLEHTPATOB HANPSKEHUN (rayiTenel, IpOTOYEK, IITOHOYHBIX KaHABOK U

T.J.).

OneHka TPOYHOCTH 3JIEMEHTOB KOHCTPYKIIMM HAayMHAETCS C BbIOOpa MOeNu
(pacuetHOl cxeMbl). MOJEnbl0 Ha3bIBAIOT COBOKYMHOCTh IPEJICTABICHUMN, YCIOBUM U
3aBHCHMOCTEH, OMMCHIBAIOIMX OOBEKT pacdera. llpu BeIOOpe MoOJenM YUUTHIBAIOT
HambOosee 3HAUYMMble M OTOpPACHIBAIOT HECYIIECTBEHHBIE (DAKTOPHI, KOTOPHIE HE
OKa3bIBAIOT JOCTATOYHO 3aMETHOTO BIUSHUS HA YCIOBUS (YHKIIMOHUPOBAHUSA dJIEMEHTA
KOHCTPYKIUU.

JInst omqHOM M TOM K€ JeTaju MOXKET OBbITh MPEISIOKEHO HECKOJIBKO MOjelei
pacuera, KOTopble OyAyT OTIWYaTbCsl TUIYyOMHOW OINMCAHUS PEalbHOr0 OOBEKTa U
yCIIOBUM €ro padoThI.

B pacuerax npo4HOCTH MaTepua Je€Taau NPeACTABISIOT OJHOPOIHOMN CIUIOUTHOM
CpelloH, UTO TMO3BOJIAET paccMaTpHUBaTh TEJIO KaK HEMPEPHIBHYIO CpeAy W NPHUMEHSTh
METOJbl MATEMATUYECKOTO aHAJIN3a.



Ilon 00HOpoOHOCMBIO TOHNUMAOT HE3aBUCUMOCTH €r0 CBOWCTB OT pPa3MEpOB
BelEsieMOro oObema. Takass cxeMmaru3alnus OCHOBaHa Ha OCPEIHEHMM CBOWCTB
MaTepualia B 00beME€ U MOATBEP)KJIE€HA MHOIOYMCIEHHBIMH HKCIIEPUMEHTAIbHBIMU
UCCIICZIOBAHUSIMH.

B pacduertax Ha IMMPOYHOCTb M IKCCTKOCTb PACCMATPUBAIOTCA HU3O0TPOITHLIC
MaTtepuajibl, TO CCTb MAaATCpPHUAJIbI, O6H3,ZL8.IOHII/IC B PAa3IMUHBIX HAIIPaBJICHHUAX
OAHMHAKOBBIMHA CBOMCTBaMH.

Pacuernas Mozjens mMarepuana HaJenseTcsl TakKUMU (U3NYECKUMU CBOMCTBaMH,
KaK yIpyrocTh, INIACTUYHOCTh U MOJI3YYECTh.

Ynpyzocmuro Ha3zpiBaloT CBOMCTBO Tella BOCCTaHABIMBATH CBOIO (hOpMy TmocIie
CHSITUSI BHEILIHEW HArpy3KH.

Ilhacmuunocmpio Ha3bIBAIOT CBOMCTBO TeJa COXPaHATh IIOCIIE€ HAarpys3Ku
HOJTHOCTBIO MJIM YACTHUYHO Jie(hopMalnio, MOJIyYEHHYIO IPU HAarpy>KEHUU.

Ilon3yuecmoio HA3BIBAIOT  CBOMCTBO  TE€Jla  YBEJIMYUMBATH CO  BPEMEHEM
nedopMaluio o IeMCTBUEM MOCTOSIHHBIX BHEIITHUX CHIL.

Paznuuaror npoexmupogounvie U npogepounvie pacu€Thl.

Ilpoexmuposounwiii pacuém BBIIOIHAECTCS, KOTA M0 OKUAAEMBIM Harpyskam, ¢
y4€TOM CBOMCTB MaTepuaa ONpPEeNIIOTCS TEOMETPUUECKHE ITapaMeTphl JeTalIeH.

Ilpoeepounwlit pacuém BHITIOIHAIOT, KOT/IAa U3BECTHA BCS 'TE€OMETPUS' AETald U
MAaKCHUMaJbHbIE HArpy3KH, a C Y4E€TOM CBOWCTB Marepuana OIPEACISIIOTCS
MaKCUMaJIbHbIC HAMIPSKEHUS, KOTOPBIC IOJKHBI OBITH MEHBIIIE JI0ITYCKAEMBbIX.

Hecmotps Ha Takue "mpoBOKalMOHHBIE" Ha3BaHMS, CIEIYyET MOMHUTH, 4TO 00a
3TUX BHUJA PACUETOB BCETa COMYTCTBYIOT JPYr JAPYTY W BBINOJHSIOTCS HA CTaauU
MPOEKTUPOBAHUS JICTAICH U MAILIMH.

OCHOBHOW METO/]I pacyeTa AeTalieil Ha MPOYHOCTh — 3TO PACUET 10 ONACHOW TOYKE,
HA3bIBAEMbIH TaKKE pacuemom no 0onycKkaemvim Hanpaxcenuam. HanoMuum, 4yTo npu
pacueTe IO ONACHOMW TOYKE HApPYIICHWEM YCJIOBUS  MPOYHOCTH  CUUTAIOT
JOCTI)KEHUE PACUETHBIM HANpsHKEHWEM TNPENeTbHOTO 3HA4YeHUs XOTS Obl B OJHOU
TOYKE KOHCTPYKIIHH.

Marematuyeckas (HopMyJIUpOBKAa YCIOBHS MPOYHOCTH JIFOOOW JeTadu OYEHb
pocCTa:

o<[c] unu t<[1],



IJie 0, T— pacyeTHble HOpPMAaJbHbIE M KAacaTelIbHbIE HAMPSIKEHUS B OMACHOM
CEUCHMHU JeTalu; [o], [t] — HoMyCcKaeMble HaNPSIKEHUS.

OTn pacyerbl OPOCTbl M YOOOHBI, M HMMH TOJB3YIOTCS HPU NPOEKMHbBIX
pacyemax JJid ONpeNeNeHnuss HEOOXOJUMBIX pa3MepoB JeTaleid, MOCKOJIbKY Ha 3TOM
CTaJIMM MPOEKTUPOBAHUS HEBO3MOXKHO YUYECTh BC€ (PAKTOPBI, BIUSIOLIME HA TPOYHOCTh
JeTalIu.

[Tocme  mpoekTHOro  pacdera  HEOOXOAMMO  BBINOJHUTDH HPOBEPOYHDBILLL
pacuem CKOHCTPYHPOBAHHOM JIeTall Ha OCHOBE €€ pabovero ueprexa.

[IpoBepouHBIii pacdyeT PEKOMEHAYETCS BBINOJIHATh IIyTEM COIMOCTABJICHUS
KO3(D(PUIIUEHTOB 3aM1acoB MPOYHOCTH:

n=>[n].

Ha3znauenue tpeOyeMoro koadduimenta 3amaca MPOYHOCTH WM, YTO
MPAKTUYECKA TO KE CaMoOe, BBIOOpP JOIMYCTUMOTO HAMPSOKCHHS TPEACTABISIET COOOM
OYCHb OTBETCTBCHHYI0 W CIIO)KHYIO 3a/ady, NPaBWIBHOE pEIIeHHE KOTOPOH B
3HAYMTEIBLHON CTEMEHU OIpPEACNIIeT BO3MOXKHOCTh IMOJIYUCHHS IMPH MPOCKTUPOBAHUHU
HAJIGKHBIX M B TO JXK€ BpEeMs JIETKHX M SKOHOMHYHBIX KOHCTpPYKIui. TpeOyembrii
(momyctumplif) ko3 UIMEHT 3amaca TPOYHOCTU [n] 3aBUCHT OT psiaa (HaKTOPOB,
OCHOBHBIC M3 KOTOPBIX CJCAYIOIINE: TOYHOCTh NMPHUMEHSEMBIX METOJOB pacuera u
PacCYETHBIX CXEM, MPAaBWIILHOCTh yUeTa JEHCTBYIONMUX Ha JIETallb HArPy30K M XapaKTepa
WX TIPWIOKEHUS (CTaTUYECKUE, yAApHBIE U T. I1.), TOYHOCTh JAHHBIX O KOHIICHTPAITUU
HaANPSDKCHUS, CTETICHb OTBETCTBEHHOCTH JICTAJIH, CTETICHh OJTHOPOTHOCTH IPHUMEHSIEMOTO
MaTepuana, U3y4eHHOCTh €T0 CBOWCTB.

Bcerna, Be3zne, npu J1I00bIX 0OCTOSTENbCTBAX KOHCTPYKTOP O0s3aH YUUTHIBATh U
o0OecrieuynBaTh TakWe yCIOBUsI pabOThI, YTOObI HANpPSIKEHUS B MaTepualie AeTalield He
IPEBBIIIATN IOy CKAEMBbIX.

B kadecTBe JOIyCKAaeMbIX Helb3s HA3HAYaTh MpEAeSbHbIE HANpsDKeHUs, MpU
KOTOPBIX HACTyMAeT pa3pylLIeHUE MaTepHraa.

Pa3zHuma Mexay IOIyCKaeMbIMU U TIPEICIIbHBIMU HANPSKEHUSMHU II0X0XKA Ha
Pa3HUILY MEXTY KpaeM I1aTGopMbl METPO U «Oeoi JIUHKUEH, TPOBEAEHHON TPUMEPHO
B moJiymMeTpe mepea kpaem. I[lepexos uepe3 «Oenyro JMHUIO» TPO3UT 3aMEUYaHUEM OT
JEKYPHOTO, a CTOSTHHE Ha Kpato — THOEJIBIO.

"

I[OHYCKaeMBIG HarpsKCHUA CICAYCT IIPUHHMATb MCHBIIC IIPCACIbHEBIX, C

3amacom':

Tlim

=T



Tlim

=T

(7]

IJI€ Glim ¥ Tiim - IPEIEIbHbIC HANPSOKEHUs; [7] - KO3 (ULIHUEHT 3araca NpOYHOCTH
(06wruno 1,2 [1[n] [12,5).

B kauectBe MNpCaACJIbHOIO HAIIPAKCHUSA IIPUHUMAIOT OAHY H3 CICAYIOIIUX
MCXAaHHNYCCKHUX XAPAKTCPUCTHUK MaTCpHaJIa.

- mpemen  Tekydectd  (pusumyeckuii  WiIM  YCIOBHBIM) —  TpH
CTaTUYECKOM HarpyXEHUU JeTaau u3 MJIACTUYHOTO
WM XPYIKOIUIACTUYHOTO MaTepuaa;

- BPEMEHHOE COMPOTUBIECHUE — TPHU CTATHUYECKOM HATPY>KEHUU JETAIH U3
XPYIKOTO MaTepuana,;

- HOpeacili BBIHOCIIMBOCTH — IIPpU BO3HUMKHOBCHHMHU B ACTAIU HaHpH}KGHHﬁ,
IMCPCMCHHBIX BO BPCMCHH.

I[JIH HGTaHCfI MallluH MMHUPOKO PACIPOCTPAaHCHBI PACUYCTBI HC IIO0 JOIIYCKACMBbIM
HAIIPSKCHUAM, a 110 KOB(l)(bI/IHI/IeHTaM 3aliaca IIPOYHOCTH. Bzamen YCJIOBHUA IMPOYHOCTHU
HCIIOJIB3YIOT TOXKACCTBCHHBIC CMY YCJIOBHUA:

Clim

=— = ;
n=—"2z[
Tlim
=— = .
n=——2z[n]
rae n — JNEUCTBUTEIIbHBIN (pacueTHbIN) Ko3(ppunreHT 3amaca

IIPOYHOCTH, 0, T — PACUCTHBIC HOPMAJIBHOC 1 KaCaTCJIbHOC HAIIPAKCHUSI.

B pasnbix obcrosiTenbcTBax Kod(PUIMEHT 3amaca MOXKeT ObITh OO 3aaaH
3aKa34YuKOM, JIMOO BHIOpAaH M3 CIPABOYHBIX HOPMATHUBOB, JTUOO BBIYHCIEH C YUETOM
TOYHOCTH OIPECICHUS] HArpy30K, OJHOPOAHOCTH MaTepHalia W CHEIU(UUSCKHX
TpeOOBaHUM K HAJEKHOCTU MAIIUH.

Jl1st BBIOOpa JOMYyCKaeMBbIX HANPSXKEHUA U KO3 (PUIIMEHTOB 3amaca IPOYHOCTH B
MaIIMHOCTPOCHUH MPUHUMAIOT CJIETYIOUIUE IBa METOIA:

- TaOJIMYHBIN - TOIyCKaeMble HANPSKEHUS U KO3(DPUIMEHTHI 3anaca NpOYHOCTH
BBIOMPAIOT TI0 CIICHHAIBHBIM Ta0auIaM (CM., HarpuMep, Tadi. 2). DTOT METO] MEHee
TOYEH, TaK KaK HE YYMTHIBAETCA OTBETCTBEHHOCTb JETali, TOYHOCTh ONpEleTCHUs
Harpy3o0K M Ipyrue BaKHbI€ (PaKTOPBI, HO OH YA00EH JUIsl MPAKTUYECKOTO MOJIb30BaHMS;

- muppepeHMAIBHBIA - JIONMyCKaeMoe HalpsDKeHWE WM - JOIYyCKAaeMbIH
Ko2(ppHUIIMEHT 3amaca MPOYHOCTH OMPEIEIISIOT 0 COOTBETCTBYIOIICH popMyIie, KoTopas
YYUTHIBACT Pa3INUHbIC (PAKTOPHI, BIMSIONINE Ha TPOYHOCTh PACCUYUTHIBAEMOM JISTaIIH.



Tabnuma 2. OpueHTUPOBOYHBIE 3HAUCHUS JOMMYCKaeMbIX KO3 (UIIMESHTOB 3araca
POYHOCTH [n]

IIp Bpem
enen CHHOE [Ipenen BeH
Marepuar TEKY4YEeCT |CONPOTUB- [OCIMBOCTH

)41 JICHUC
O-1

Om Oz

[TnacTuunble cTanu (yraepoaucTbie U

JICTUPOBAHHLIC _ 1.3-1.5

MIpU BBICOKOW TEMIIEpaType OTIYCKa)

BricokonpouHnbie CTalld c
ITOHMKEHHBIMH IJIaCTUYECKUMU

CBOMCTBAMU 1.5—1
5-2,2 3,5 L7
(HM3KOM TemIepaTrypod OTIyCcKa) U

BBICOKOIIPOYHBIE YyT'yHbI

’ — 1,7-2.2
CrajbHbIe OTIUBKH 6-2.5 ,1-2,

UyryHbl (cepbie u 3,0-
MOIU(UITMPOBAHHBIC) 3,5

HBGTHBIG CIIJIaBbI (MGI[HLIG, aJIro

MHUHUEBBIC, MAarHUEBBIC) o 1.5-2.0
2 2

5-2,0

— KOBAHbIC U TPOKATHBIC

[{BeTHBIE CIUIaBbI (JIUTHE) 0-2.5 3.0 2,0-2,5

Oco00 XpyIKHe MaTepHuabl
(mopuctblie 3,0-

XPYIKHUC OTJIMBKH, ITOPOIIKOBBIC 6’0

MaTepualbl)

3,0-
1 — ’ —
JJAaCTMACCBhI g ,0




Ilpumeuanue. Menbie 3HaueHUs [n] OTHOCAT K pacdyeTamM C BECbMa TOYHBIMU
napaMeTpaMu Harpy >XKeHusl.

JI71s1 OTBETCTBEHHBIX JETAJIEH, BBIXOJ U3 CTPOS KOTOPBIX CBA3AH C CEPbE3HBIMU
aBapusiMu, TaOJIMUHbIC 3HAUEHUS clieayeT yBeanuuTh Ha 30-50 %.

Tax, Hanpumep, AomMycKaeMbld KO3PGUIIUEHT 3amaca MPOYHOCTH OMPENETSIOT TI0
bopmyie

[n] = [n]y[n]z[n]a.

rae [n]i — xoaddUIMeHT, OTpakarolil BIUSHUE TOYHOCTH OTPEICIICHUs Acil-
CTBYIOIIUX HA JIETaJIb HATPY30K, IOCTOBEPHOCTh HAWIEHHBIX PACUETOM BHYTPEHHUX CHJI
U MOMEHTOB W T. 1. (IpH NPUMEHEHUU OCTATOYHO TOYHBIX METOJIOB pacuera [n]; =
1...1,5; mpu MeHee TOUHBIX pacuerax [n]; = 2...3 u 6omee);

[n] — xodddummeHT, oTpakarmuii OAHOPOJHOCTH MaTepHalia, YyBCTBH-
TEIBHOCTh €r0 K HEJIOCTaTKaM MEXaHWYECKOHW 00pabOTKH, OTKIOHEHUS MEXaHUYECKHUX
CBOMCTB MaTephajlia OT HOPMAaTUBHBIX B pe3yjbTaTe€ HaPYIICHUS TEXHOJIOTUH
HW3rOTOBJICHUS JICTaIn (st IIACTUYHOTO Marepuana [n] =1,2...2,2;
JUISL XpyTKomiacTuaHoro [n]z = 1,6...2,5; nis xpynkoro [n]x = 2...6);

[n]s — ko3¢ dunment, oOecrneynBaOMNA MOBBIMICHHYI0 HAJSKHOCTh 0C000
OTBETCTBEHHBIX U JIoporocTosux aeraneu ([n]3 =1...1,5).

KoaddumumenT 3anaca mpouHOCTH 3aBUCUT OT MEXaHWUYECKHUX CBOMCTB MaTepHaa;
TaK ISl XpynKux MaTepuaioB Kod(pQHUIMEHT 3amaca MPOYHOCTH [N] MO OTHOIIEHHUIO K
npeaeiry NPOYHOCTH (Gp ) BEIOMPAIOT JOBOJIBLHO OOJIBIINM [72] >3. DTO BBI3BAHO TEM, YTO
Jake OJTHOKPATHOE TPEBHIIICHNE G BEI3BIBACT Y XPYNKUX MAaTEPHUATIOB pa3pyIlieHHE.

JI1st IIacTUYHBIX MaTepuaioB K03 UITMEHT 3amaca MPOYHOCTH 1O OTHOIICHHIO K
npeneny TeKydecTH (O7) BbIOMpaeTcs MUHUMAJIbHBIM. JIJIsi TOYHBIX pacyeToB C
AKCTIIEPUMEHTAIILHON MPOBEpKoi o0bekTa [n] = 1,2...1,5.

[Ipu pacyeTe Ha BBIHOCIUBOCTh KO3 (HUIIMEHT 3armaca MPOYHOCTHU 110 OTHOIICHUIO
K TIpeAeiTy BBIHOCIMBOCTH (O3), HECMOTPS Ha OIACHBIM XapakTep paspylieHus,
BBIOMPAIOT OTHOCUTENIBHO HeOobuMu [n] = 1,3...2,5.3T0 BBI3BAHO TEM, YTO
€IMHUYHBIC TIEPErPy3KH HE MPUBOJAT K PA3PYILLICHUSM.

B HekoTophIx ciydasix (Ipu pacdeTre OTBETCTBEHHBIX Jeraineit JIA) pacueTs mo
HOMHUHAJIbHBIM HANpPsDKEHUSAM MOTYT JIOMOJHATHCS WIM 3aMEHSTHCS pacyemamu no
npeoebHbIM HAZPY3KAM.

Fp<Fpap wm G6p<Gpasp,



rie F, 1 op— pacdeTHbIC HAarpy3Ka U HaIpsDKEHUE, onpenessieMble o Gopmyiam:
F=F,f wm o,=0,f,
riue F>1 65— 3KCIUTyTAlIHOHHBIC HATPYy3Ka U HATPSDKEHUE,

f—xoapdunreHT 6€30macHOCTH COTJIaCHO HOPMaM MPOYHOCTH (7151 JIeTaTeIbHBIX
arnmapatoB f=1,3...2).

Benuuunbl paspymaronieii Harpy3ku OOBIYHO TOJNYYAOT KCIEPUMEHTATbHBIM
nyTeM, TU0O0 PACCUUTHIBAIOT MPU MUHUMAIILHOM 3arace MPOYHOCTH:

Fpa3p:0B : Spa6'K,

rjae S — mwionaaer padodero ceueHust; K — koaphuuneHT ociaabieHus: ceueHus, s
nerarenbHbIX anmnaparoB K = 0,85..0,95.

Ha npakTuke npuMeHsIOT Kak UG dpepeHInanbHblid, TaK U TAOJIHYHBIIA METOIBI.

Brinonnenne Bcex BUAOB MPOYHOCTHBIX PACUETOB ISl KaXIAOM AETany 3aiMET
O4YeHb MHOro BpeMmeHHu. I[lodToMy HHXKEHEp JOJKEH CcHadajla W3YYUTh OMBIT
AKCIUTyaTaluu MOJO0OHBIX M3ACIHN. ITO O0COOCHHO yAOOHO JJIsi TUIIOBBIX JeTalield U
MamH. CrneayeT oOpaTuTh BHUMAaHHE HAa TO, KAKOW BHUJ] MOJOMOK BCTPEYAECTCS Yallle
Bcero. IMEHHO 1Mo 3TOMY BUJYy MOJIOMOK, TOYHEE MO BBI3BIBAIOIIMM WX HAMPSIKECHUSIM,
CJIEyEeT BBIMOJIHATH MPEABAPUTEIBHO MPOCKTUPOBOUHBIN pacy€T. [1o ero pesynbratam
cTpouTcs (Gopma AeTanM, a MPOBEPOUYHBIN PacUYET BBIMOJHACTCS IO HANPSHKCHUSM,
BBI3BIBAIOIIIMUM MEHEE OMacHbIE Ae(EKTHI.

B pacuérax He cnemyer rHaThcs 3a "aOCOMIOTHON'" TOYHOCTBHIO M HCIIOJIH30BAThH
CIOXHBIE "MHOTO3TaKHbIE" (Gopmysbl. OOMUPHBIA OMBIT WHKEHEPOB-PACUETINKOB
MOKAa3bIBAET, YTO YCI0KHEHUE METOJIUK pacuéTa He Ta€T HOBBIX PE3YIbTATOB.

KpynHenmmii COBETCKMH CHEUUAIMCT IO IMPOYHOCTHBIM pacué€ram JeTaliei
MammH WM.A. buprep 3amerni, 4ro B TEXHMUYECKUX pacu€rax "6cé HyocHoe sA6a1emcs
NPOCMbIM, A 6CE CNLOJICHOE — HEeHYJCHbIM'". BripoueM, MOX0Xkasi MbICIb BBICKA3bIBAJIACh
y>Ke B OMONEMCKUX TEeKCTaxX, XOTs U HE 110 OBOJ1Y MAIlIMH.

B pacuérax HeoOXOANMMO CTPEMUTHCS K KOPPEKTHBIM YIPOIICHHSIM.

IIpouHOCTH neTasiel MallMH 3aBUCUT OT psAZla KOHCTPYKTUBHO-TEXHOJIOTUYECKUX
¢dakropoB. K unciy BaxXHEHIIMX OTHOCUTCSI KOH(PUTYpauus JETaIH.

ChopmynupyemM OCHOBHBIE NPHHIIMIBI O0pa30BaHUsA KOHCTPYKTHBHBIX (opM
JeTajael MallvH.

1. IIpu KOHCTpYHUpPOBAHUHU J€TaJei HE CleNyeT JOMYCKaTh PE3KUX MEPEXO0B, T.
€. pe3KUX u3MeHeHu (HopMBbI coceTHUX MoBepXxHOCTEH. COOIIIOICHHE ITOTO TTOJIOKCHUS



OUYEHb BYKHO, TaK KaK MPHU PE3KHX MEPEX0/1aX B 30HE CONMPSDKEHUS CEYCHHUI HaOII0qaeTcs
3HAQUUTENbHAS KOHLEHTPALMS HANpPSDKEHUN, CHWXKAIOWIAS MPOYHOCTh JETald HpH
JEHCTBUH B €€ CEUCHHUSX, KAK CTATUYECKHUX TAaK U IIEPEMEHHBIX HAIIPSKEHUM.

2. KoHctpykTuBHBIE  (OpMBI  J€Tanud  JODKHBL  OOECHeYuTh IO
BO3MOKHOCTH PaBHOIIPOYHOCTb BCEX €€ CEUECHUM.

3. KoucrpyktuBHble (OpMBI JAeTanu JOJDKHBI OOecreyuBaTh OJIM3KOE K
PAaBHOMEPHOMY pAaCIpEAEICHUE HAINPSIKEHUM IO ceyeHuto naetaid. C 3TOH LEmbio
MPUMEHSIIOT TOHKOCTEHHBIE MPOKAaTHBbIE U TMPECCOBaHHbIE NpoduiIu, TPyObl U T.1.
bonpmmMHCTBO AeTanield MallMH MOABEPKEHO M3rHMOy M KPYUEHHIO, MPU KOTOPBIX
MAaKCHMAaJbHbIE HANpPSIKEHUS BO3HMKAIOT B NOBEPXHOCTHBIX CJIOAX Jeraine. Ha
IIOBEPXHOCTH PACHOJIOKEHBI OCHOBHBIE HCTOYHMKHM KOHLICHTPALUW HAaNpPsSIKCHUH,
MIOATOMY pa3pylICHUE JETaled, KakK IPaBUI0, HAYMHAECTCA C IOBEPXHOCTH. [ns
MOBBIIICHUS KOHCTPYKIMOHHOW NPOYHOCTH JAETajeid MAallMH [MHPOKO IPUMEHSIOT
pa3JIMuHbIE CIIOCOOBI MOBEPXHOCTHOIO YIIPOYHEHHUSI.

/Kecmkocmpio Ha3pIBalOT CIOCOOHOCTH JETANM CONPOTHUBIIATHCS W3MEHEHUIO
dbopMbI ¥ pa3MepoB Mo HArpy3koul. J[Jis HEKOTOPBIX JeTajel )KeCTKOCTh — OCHOBHOM
KpUTEPUIA TPU ONIPEACIICHUH UX pa3MepoB. Hanpumep, pazMepsl JUIMHHBIX BaJIOB TOYHBIX
3y04aThIX nepeaad onpeesioTCsS PacueToM Ha KEeCTKOCTh, TaK KaK 3HAUMTENbHBIN UX
nporu® BO BpeMsi pabOThl M3MEHHUT MEXOCEBOE PACCTOSHUE Mepefadyd U HapylIuT
NPaBWIBHOCTD 3aneruieHus. Mnm crannHa mmmdoBaIbHOTO CTaHKA HCIBITHIBACT
HEOOJBIITNE HATPY3KH, HO OHA JTOJDKHA OBITH KECTKOU, 4TOOBI HE e OPMHUPOBATHCS O]
JICHCTBMEM BHEIIHHUX CHJI, YTOOBI MCKIIOYUTH BUOparuio mpu padote. [losTomy ee
pa3Mepsbl OMPEAEISIOTCS U3 YCIOBUS dKECTKOCTH, a HE MPOYHOCTH. MHorue neranu (ocw,
BaJIbl, phlUaru, pecCcophbl, NPY>KUHBI U T.J.) PACCUUTHIBAIOT HE TOJILKO Ha TPOYHOCTb, HO
U Ha J)KECTKOCTb.

HopMmbl KecTKOCTH yCTaHABIMBAIOT HA OCHOBE OOOOIICHUS OMbITA SKCILTyaTalluu
MalliH. DT HOPMbI IPUBOJISATCS B CIIPABOYHOM JiuTeparype. [lockonbKy COBEpIIIEHCTBO
Marepuaga HUAET MO IOBBIIICHUIO MPOYHOCTH, a MOAYJb YIPYrOCTH OCTaeTcs 0Oe3
W3MEHEHUM, TIOBBIIIEHUE >KECTKOCTH JOCTUraeTcsl yaydiieHueM ¢GopM H pa3MepoB
JIeTajcH.

Paznuuator coocmeennyio yscecmrxocme neranu (aepopmaiivsi OCHOBHOr0 00beMa
MaTepualia) ¥ KOHmMAaKmuylo cecmkocms (nepopmaiys TOBEPXHOCTHBIX CIIOEB
Marepuana JeTain).

IIpu OILIEHKE COOCMEEHHOU JHrcecmrocmu TIOJIB3YIOTCS KO duyuenmom
arcecmkocmu (OTHOIIIEHHE CUJIOBOTO (pakTopa (CWja WJIM MOMEHT) K BBI3BIBAEMOW UM

nedopmanum.



Tak, koagpuyuenmom orcecmxkocmu CTEPKHA HOCTOSIHHOTO CEUEHUs «F» U
JUTMHOU «/», pacTATUBAEMOTO CUIION «p»:
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Benmnunny, 00patHyr0 KOd(POHUIMEHTY >KECTKOCTH Ha3bIBAIOT KO huyuenmom
nOOAMAUBOCIIUL:

5 1
=z

W3 npuBeA€HHBIX 3aBUCUMOCTEN BUJIHO, YTO YBEJIMUUTH KECTKOCTh JIETATU MOKHO
BBIOOPOM COOTBETCTBYIOIIEro marepuana (£, G) U CleayoluMd KOHCTPYKTUBHBIMHU
CpEIACTBaMU:

- YMCHBLIICHUCM ILJICY I/I3I‘I/I6aIOH_II/IX N CKPYYHBAIOINX MOMCHTOB;,
- BBCACHUCM AOIIOJIHHUTCIIBHBIX OIIOP,

- YMEHBIIECHUEM JJIMHBI PACTSITUBAEMbBIX JCTAICH M YBEIWYCHUEM IUIOMIAAN
MONEPEYHBIX CCUEHHM.

Ha xonmaxmmnyto orcecmxocms pacCUMTHIBAIOTCS JIE€TANIM, UMEIOIIUE TOYECUHBIN
WIM  JIMHEWHBIA  KOHTaKT  (IIApUKOMOAIIMIHUKK  —  TOYEYHBIA  KOHTAaKT,
POJIMKOMOAIIMITHUKY U 3yOuaThle Kojeca — JuHeWHbl). [loBblllleHHE KOHTAaKTHOM
KECTKOCTH MOXKHO JIOOUTHCS:

- YIy4IIeHUEM KauyecTBa 00padOTKH KOHTAKTUPYIOIINX MOBEPXHOCTEH;

- BBEJICHHEM COOpPKH COCIMHEHHH W Y3JIOB C TPEIBAPUTEIHHBIM HATATOM U C
MIPEIBAPUTEIBHON 3aTSHKKOW;

- YMCHBIICHUCM YHCJIa CTBIKOB,
- BBCACHHUCM MACJIIHOTO CJI0A MCKAY KOHTAKTHUPYIOIUMHA ITIOBCPXHOCTAMU.

B pacyerax Ha KECTKOCTh OTpaHMUYMBAIOT JMOO mnepemenieHust Al, y, mu6o
yroia 6, o0ycnoBieHHOro nedopmanusMu, B peeliax A0MyCKaeMbIX 3HAUCHHI:

Al = [AlL y=[y]. @=I[d]



H3noco-koppo3uonnaa cmoOuKocms — 3TO CBOWCTBO MaTepuana, OKa3bIBaTh
CONPOTHUBJICHUE U3HAIIMBAHUIO U KOPPO3UH.

Ilonx usnawueanuem NOHUMAIOT MPOLECC PA3PYLICHHUS MOBEPXHOCTHBIX CIIOEB
IIpU TPEHUU, IPUBOJIAIINN K TOCTEIEHHOMY U3MEHEHUIO pa3MepoB, GOPMbI U COCTOSIHUS
MOBEPXHOCTH JeTanu. Ilpy 5TOM yBEIMYMBAKOTCS 3a30pbl B MOMAIIMIIHUKAX, B
HaIPaBJIAIONIUX, B 3y04YaThIX 3allCIUICHHUAX, B IWJIMHIAPAX MOPIIHEBBIX MAIIUH U T. II.
VBenuueHne 3a30pOB CHUKAET KAUYECTBEHHBIE XapaKTEPUCTUKH MEXAHU3MOB —
morHocTh, KIT/I, HaaekHOCTh, TOYHOCTH | Mp. JleTain, u3HOMIEHHBIC OOJIBIIIE HOPMBI,
OpaKkyIOT U 3aMEHSIOT IIPH peMoHTe. HecBoOeBpeMEeHHBIM PEMOHT IPUBOJIUT K MTOJIOMKE
MAIlIMHBI, @ B HEKOTOPBIX CIIy4YasX U K aBapuHu.

VY cTaHOBIIEHO, YTO TP COBPEMEHHOM ypOBHE TEXHUKHU 85—90% MalvH BHIXOAUT
U3 CTpPOsl B pe3yJibTare H3HAIIMBaHUS M ToJbKkO 10-15% no npyrum npudyuHam.
W3HammBaHue yBEIWYMBAET CTOMMOCTH 3KCIUTyaTalldd, BBI3bIBas HEOOXOJIMMOCTh
IPOBEICHUS JOPOTMX PEMOHTHBIX padoT. Tak croumocth TO U peMOHTa MpPEBBIIAET
CTOMMOCTb HM3TOTOBJICHHSI aBTOMOOWJISI 32 BECh MEPUOJ €ro 3KCIulyaTauuud 10 6 pas.
Bricokas cTOMMOCTh pEeMOHTa OOYCJIOBJIEHA 3HAYMTENbHBIMU 3aTpaTaMd PYYHOTO
BBICOKOKBAIM(DUIIMPOBAHHOTO  TPYyJla, KOTOPBIA  TPYJIHO  MEXaHU3UPOBaTh U
aBTOMAaTU3HPOBATb.

321,[[3‘13 MAaIIMHOCTPOCHUA — BBIIIYCKATh MAallMHBI, HC Tpe6y1-OHII/I€ KaIIluTaJIbHOI'O
PEMOHTA 3a BCCh IICPUO OKCILTyaTallhH. TGKYHII/IG PEMOHTHI JOJIKHBI OBITH IMIPOCTBIMH U
HCTPYAOCMKHUMU. OTUM 00BICHICTCS OOJIBIIOE BHHUMAHHC, KOTOPOC YIACIAIOT B
HAaCTOAIICC BPpEMA TpI/I6OHI/IKC — HayKC O TPpCHUH, CMA3KE U NU3HAIIIMBAHNH MCXaHU3MOB.

N3HOCOCTOUKOCTH OIICHUBAIOT BEITUYMHON, 0OpaTHOM CKOPOCTH WIIA
WHTEHCUBHOCTH W3HAIINBAHUSL.

[Ipu pacuere aeraneld Ha W3HOC JUOO OMPENEISIOT YCIOBUSA, 00ECIEYNBAIOIINE
KUJAKOCTHOE TpEHWE IS HUX, MO0 HA3HAYAIOT IS TPYIIMXCA MOBEPXHOCTEH
COOTBETCTBYIOIIUE JOITYCKAEMbIC JABJICHHUSI.

N3HOC perameid MOXKHO  yMEHBIIUTH  CICAYIOIIMMU  KOHCTPYKTHUBHBIMH,
TEXHOJIOTMYECKUMH U IKCIUTYaTAlHOHHBIMU MEPAMU:

- €03/1aTh NPH NMPOCKTUPOBAHUU JECTAJIEN YCIOBUS, TAPAHTUPYIOIIUE KUIKOCTHOE
TPEHHUE;

- BBIOpaTh COOTBETCTBYIOIINE MAaTEPUAIBI JJISI CONPSKEHHOM Taph;
- HAHOCUTb Ha JE€TAJIU OKPBITHUSI;

- cOOJTI0/1aTh PEKMMBI CMA3KHU M 3aIlUTHI TPYIIKUXCS IOBEPXHOCTEN OT abpa3uUBHBIX
YacCTHLL;



- COOTFOATh TEXHOJIOTUYECKUE TPEOOBAHUS MTPU U3TOTOBIICHUH JCTANICH.
N3HOCOCTOMKOCTD IeTanel CYIECTBEHHO YMEHBIIAETCS PU KOPPO3UH.

Koppo3usa — niporiecc MOCTOSIHHOTO pa3pyLIEHUs OBEPXHOCTHBIX CIIOEB METAJLIa
B pe3yibrare okuciaeHus. Kopposus SBISETCS NPUYMHON MPEKIEBPEMEHHOTO
paspylleHnss MHOTHX KOHCTpyKuui. M3-3a xoppos3um exeromno tepserca no 10%
BBIILIABIsIEMOro Merauia. Koppo3uss 0COOEHHO omacHa Ul MOBEPXHOCTEW TPEHMS U
JeTanei, paboTalolMX MNpU MNEPEMEHHbIX HampskeHusX. [lpu 3TOM CylecTBEeHHO
COKpAIIalTCsl U3HOCOCTOMKOCTh U COIIPOTUBIIEHUE YCTAIOCTH.

JIis 3aIuThl OT KOPPO3MHM MPUMEHSIOT AHTHKOPPO3WOHHBIC TOKPBITHS WM
U3TOTOBJISIIOT JICTAIM U3  CICHUAIbHBIX KOPPO3MOHHO-YCTOWYUBBIX MAaTEPHAJIOB,
HAIIPUMEP HEPIKABEIOIIMX cTajiei u miactMacc. Ocoboe BHUMaHHUE yICIACTCS ICTasIM,
paboTaIKUM B MPUCYTCTBUU BOJBI, MMapa, KUCIOT, IMICIOYCH M JPYTUX arpeCCHBHBIX
cpenax.

PacueToB Ha 10ATOBEYHOCTH MO KOPPO3UH HET. OJTHAKO, MOCKOJIBKY 3TOT MPOLIECC
MPOTEKaeT BO BPEMEHU, OHU MOTYT OBITh pa3paboTaHbl. MHOXKECTBO CIIy4alHBIX
(bakTOpOB, CBSI3aHHBIX C YCIOBHUSAMH IKCILTyaTaINH, 3aTPYIHSIIOT TAKHE PACUETHI.

Bubpoycmoiiuueocmuro Ha3pIBalOT CIOCOOHOCTh KOHCTPYKIIMM paboTaTh B
HY>KHOM JIana3oHe PeKMMOB, TOCTaTOUHO JAJIEKUX OT 001acTu pe3oHaHcoB. Bubparuu
CHWXAIOT KauecTBO pabOThl MAlllMH, BBI3BIBAIOT IEPEMEHHBIE HANPSIKEHUS B JAECTAIAX,
YTO MOJKET MPUBECTH K MX YCTaJOCTHOMY pa3pylIeHHI0. B HEKOTOpBIX cilydasx
BUOpaIlMM  CHIJKAIOT KadyecTBO paboTel MammH. Hampumep, BuOpanuii B
METAJNIOPEKYIIMX CTAHKAX CHIXKAIOT TOYHOCTh OOpabOTKM M YXYHAIIAIOT KauyecTBO
MOBEPXHOCTH 00padaTkiBaeMbIX AeTasieil. OCOOEHHO OMacHbl PE30HAHCHBIE KoJieOaHus,
KOorja coOCTBEHHasi 4acToTa fz coBmajaeT WM OJIM3Ka K 4YacTOTE /2 BBIHYXICHHBIX
kosnebanwmii. [loaTomMy pacder Ha BUOPOYCTOMYUBOCTD BEIYT MO YCIOBUIO HECOBMAACHUS
4aCTOT COOCTBEHHBIX U BBIHYKJICHHBIX KOJICOaHMI:

i # k-

[ToBpllIEHNE aMIUIMTY KOJ€OaHUN MOJ JEHCTBUEM BO3MYLIAIOIIEH CHUIIBI MOXKET
BBI3BAaTh Ha YacCTOTax, OJM3KUX K PE30HAHCHBIM, HAIPSDKEHUS, IPEBBIIIAIOIINE TIPEe
IIPOYHOCTH (BBIHOCIMBOCTH) JUIS IeTajed U UX MOJOMKY. bosnee toro, pacxonyemas Ha
KOoJeOaHMUsl SHEpPrus CHIDKAET nepedaBaeMyto MomHocTe W KIIJ[ koHcTpyknuu.
BuOpanus neraneii mnepenau (3y04aTblx KOJIEC, BaJlOB, MOAIIMITHUKOBBIX Y3JIOB)
SABJISIETCS] IPUYMHOMN CHYXKEHHSI TOYHOCTH MAILIMHBI M MOSBIICHUS IIyMa.

HpI/I 9KCILTyaTalunuu arperaroB Malll1H, nux Y3J10B u z[eTaneﬁ
Han0oJIee BO3MOKHBIMU ABJIAKOTCA BBIHYKICHHBIC KoaeOaHus u
aBTOKOJIcOaHMS. BbIHy)I(I[CHHBIG KoeOaHMs BBI3BIBAIOTCS BHEIIHUMU NEPUOANICCKNMU



BO3MYIICHUSMH H3-3d HEYPAaBHOBELICHHOCTH BPAIIAOLIUXCS JETajJeH, MOIPEIIHOCTEN
u3rotoBiieHus U T. A. IIpu pacuerax Ha BUOPOYCTOMYMBOCTB JJISl MPEAYNPEKIACHUS
BO3HUKHOBEHUS PE30HAHCA JIOJKHO OBITh YCTAHOBIIEHO COOTHOIIEHUE MEXIY YaCTOTaMH1
COOCTBEHHBIX KOJIEOaHUM ¥ BO3MYILAIOIIEH CHUIIBI.

ABTOKOJIEOAHMS, SBJISTFOLIAECS CaMOBO30YKIaOIIIUMUCS, BO3HUKAIOT
IIPY PABEHCTBE SHEPIruil aemMndupoBaHus U BO3OYXKIEHUS, UTO SBISICTCS, HAIPUMED,
OpUYUHOM  (PUKUMOHHBIX  aBTOKoieOanmii. [lpm  OmacHOCTH BO3HMKHOBEHUS
aBTOKOJICOAHUI MPOU3BOJUTCS pacueT JMHAMUYECKON YCTONYMBOCTH.

Bpennoe BiusHME BHOpaIuii MpOSBISICTCS TAaKKEe W B YBCIMYCHUU IITYMOBBIX
XapaKTepUCTHK MEXaHU3MOB. B CBSI3M C TOBBIIIEHUEM CKOPOCTEH IBHMIKCHHS MAIIIMH
OTIaCHOCTh BHOpAIMii BO3pacTaeT, MOATOMY pacyeThl Ha KOJICOAHHUS MPUOOPETAIOT BCE
OoJIpllIee 3HAUECHHE.

Tennocmoiikocmop1o Ha3bIBAIOT CIOCOOHOCTH KOHCTPYKIIMU paboTaTh B Mpeeaax
3alaHHBIX TEMIEpaTyp B TEYEHHE 3aJaHHOTO Ccpoka ciyxObl. TemioBbaeleHuE,
CBA3aHHOE C paboyuMM MpPOLIECCOM, HMEET MECTO B TEIUIOBBIX JBUIaTelX,
ANEKTPUYECKUX MAIMHAX, JUTEHHBIX MAalIMHAX U B MallMHAX JUJIS TOpsiueil oOpaboTKu
MaTepuasioB. OCOOEHHO OOJBIIOE TEIUIOBBIACICHUE HAOMIJAeTCs Yy  TEIUIOBBIX
neurarenei (JABC, JIJIA, pakerbl), 2JIEKTPUYECKUX MAIIWH, MAIIUH I TOpsYei
00paboTKK MaTepuayioB (MOJIOTHI, IITaMIIbl Ky3HEUHbIE, TPOKaTHbIE cTaHbl). [leperpen
neTajnei Bo Bpemsi paboThl — SIBJIEHUE BPEAHOE U OMACHOE, TaK KaK IMPU 3TOM CHUKAIOTCS
UX MPOYHOCTh U KECTKOCTh, YXYAIIAOTCS CBOWCTBA CMa3KH, & YMEHBILIEHHUE 3a30POB B
HOJIBM>KHBIX COEIMHEHUSX MPUBOJUT K 3aKJIMHUBAHUIO U ITOJIOMKE.

HarpeB zLeTaneﬁ MallluH MOKCT BbI3BATH CJICAYIOIHEC BPCIHBIC IIOCICACTBHUA:

— CHIDKEHME HECYILEH CIIOCOOHOCTH JE€Taleil U IOSBJICHUE SBIECHHS MOJI3y4eCTH
npu Temmeparype 300...400Cu Bbume (mermpoBanHas cranb), 150...200°C
(QJIFOMUHUEBBIE CIUIABBI M IJIACTMACChI). IIpUMEHEHHE KapONPOYHBIX CILIABOB THTAaHA
MOBBIIAET 3TH Temreparypsl 10 250..300°C u Gonee, a y KapONPOYHBIX CTaled — J10
1000°C u Gouee;

— IOHWKEHHE 3aLIUTHON CHOCOOHOCTH MACHISHOIO CIIOS, YTO IPUBOIUT K
YBEIMYEHHIO W3HOCA M ONACHOCTU 3aciaHus. [IpuBoAsIIee K 3a€NAaHUIO MOBBILICHHE
TeMIlepaTypbl Pab0OYMX MOBEPXHOCTEH 3yOUaThIX KOJIEC JUIS 3aKAJEHHBIX CTalei JIKUT
B ipezenax 200...350°C;

— U3MEHEHHE CBOWCTB TPYIIMXCA IOBEPXHOCTEH, HANpHUMEp, YMEHbIICHHUE
ko3 duLrieHTa TpEeHUsI B TOpMO3axX U (PPUKLIMOHHBIX My(dTax;

— U3MEHEHME 3a30POB B y3JIaX MAIIWH (TOAIIUITHUKHA, POTOP TYPOUHBI U KOPITYC),
MOTYIIee MPUBECTHU K 3aKJIMHUBAHUIO y3J1a;



— CHWKEHHME TOYHOCTU MAIIUHBI, IpUOopa.

- Ui JeTaned, paboTalolMX B YCIOBUSX MHOTOKPAaTHOIO IUKIUYECKOTO
W3MEHEHHsS] TEMIIEpAaTyphl, MOTYT BO3HUKHYTb M DPa3BUTbCA MHUKPOTPEIIVHBI,
IPUBOJAIIME B OTAEIBHBIX CIIy4asx K pa3pyLICHUIO IETAJIEH.

Jis  obecriedeHUsT HOPMAJIBHOTO TEIUIOBOTO peXHMa padOThl KOHCTPYKLIHH
NPOU3BOJAT TEIUIOBBIE pacyeThl (pacyeThl UEPBSYHBIX IMepenay, MNOAIIUITHUKA
CKOJIBXKCHHUSI U Jp.) M NpPU HEOOXOJUMOCTH BHOCAT KOHCTPYKTHBHBIE H3MEHEHUS
(Hanmpumep, TPUMEHSIOT OXJIAXKJeHHe). PacyetaM Ha MPOYHOCTH MPU TMOBBIIMICHHBIX
TeMIlepaTypax M pacyeTax TeMIepaTypHbIX AehopMaluii TOJDKHBI MPEaIIeCTBOBAThH
COOCTBEHHO TEIUIOBBIC PAacUeThl — OMPEICTICHUE PACUETHBIX TEMIIEPATYP U CPABHEHUE
UX C JIONYCKaeMbIMHU.

To<[T].

Cpennue ycTaHOBUBILKECS TEMIIEPATYPhl OIIPEAEIISIOTCS 110 YpaBHEHHIO OaaHca:
TEIUJIOBBIJICIICHUE 32 €AMHUILY BPEMEHU MIPUPABHUBAETCS TEIIOOTIaYe.

CoOmtofieHre  yKa3aHHBIX  KPUTEPUEB  pabOTOCIOCOOHOCTH  OOECIeunBaEeT
HAQ/IGKHOCTh KOHCTPYKIIMM B TEUYCHHWE 3aJaHHOTO CpOKa CiyxObl. Pasputme
COBPEMEHHOTO  MAIIMHOCTPOCHHSI  CBSA3aHO C  NPUMEHEHHEM  MHOXECTBa
B3aUMOJICHCTBYIOLIUX Y3JIOB U aBTOMATHUYECKUX YCTPOMCTB, MOTOMY OTKa3 B padoTe
XOTs Obl OAHOW JeTanu WIM COCIWHEHHUS MPUBOAUT K HApyIIEHHIO PabOTHl BCeEil
KOHCTPYKIMU. Hage:XKHOCTh 3aBHCHT OT KadecTBa M3TOTOBJICHHS] KOHCTPYKLIHUUA H OT
COOJIIO/IEHUS HOPM 3KCIUTyaTalUH.

Cmoitkocmbs K cmapenuto — COCOOHOCTh JAETalled MAIlMH CONPOTHUBIIATHCS
MOBPEXJICHUIO MaTepHalla B CBA3M M3MEHEHUEM CTPYKTYpPbhl M CBOMCTB, MOSIBJICHUEM
xpynkoctd. OObEMHOE cTapeHue — paspylleHue, aAepopMalusi, U3MEHEHHE CBOMCTB,
IIOBEPXHOCTHOE CTapeHHE — Iporap, TpeIMHoo0pa3oBaHUe, U3MEHEHHE IIEPOXOBATOCTH,
TBEPJIOCTH, OTPAXKATEIbHOU CIIOCOOHOCTH, HANPSKEHHOE COCTOSTHUE.

Kpome oObIYHBIX BUJIOB pa3pyllieHus JieTaiei (0J0MOK), HaOMI0al0TCs Cilydau,
KOrJa MoJ IEHCTBUEM HArpy30K, MIPMKUMAIOIIUX JIBE JETAIU OJHY K IPYTrOi, BOSHUKAIOT
MECTHBIE HamnpspDkeHus W jaepopMauuu. PaspymieHuss peraneii B 3TOM  ciyyae
BBI3bIBAIOT KOHMAaKmHvle HanpaiceHus. KOHTaKTHbIE HANpsDKEHHWS BO3HUKAIOT IIPU
B3aMMHOM HA)KaTHU JIBYX COINPHUKACAOIIMXCS TN, KOI/la UX NMEPBOHAYAIBHBIA KOHTAKT
ObLI B TOYKE WM MO JHUHUM (CKaTUe ABYX IIAPOB, ABYX UWIMHAPOB U T.IL.). DTH
HANpPsDKEHUS] UMEIOT MECTHBIM XapakTep U BeCbMa ObICTPO yOBIBAIOT MO MEpE YIaICHUS
OT 30HBI CONPUKOCHOBEHHUSI TEJI, IOATOMY OHH HE BJIUAIOT HA OOIIYI0 TPOYHOCTh. OHAKO
HAJECXKHOCTh psifa JAeTajieid, HampuMep MOIIIUIHUKOB, 3y04aThlX KOJIEC, JJIEMEHTOB
KyJIauKOBBIX MEXaHU3MOB, OIpEENsieTCs, KaK MpaBuio, He O0IIe UX MPOYHOCTHIO, a
IPOYHOCTBHIO pabounx TmoBepxHOocTed. Eciam BenmnymHa KOHTAaKTHBIX HAIPSIKEHUN



00JIbIIIe AOMyCKAaeMOW, TO Ha MOBEPXHOCTH JETalIel MOSABISAIOTCS BMATHUHBI, OOPO3/KH,
TPEIIUHbI, MEJIKUE pakoBUHBL. [10100HBIE MOBpexACHUS HAOMIOIAIOTCS, HAPUMED, Y
(PUKLUMOHHBIX, 3yOUaThIX, YEPBSIYHBIX U LEMHBIX MEpeaay, a TakKe B MOIIIMITHUKAX
KAuEHMUs.

-l :..JF
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Puc. 10. PacyeTrHas cxeMa 1JIs onipeesIeHHMs] KOHTAKTHOI'0 HANIPSIZKEHU S

KoHTakTHBIE HaAIpPSIKEHHsI OINPENEISAIOT METOJaMHM TEOPUU YHOPYTOCTH IpPH
CIICAYIOIINUX JONYIICHUSAX: a) B 30HEC KOHTAaKTa BO3HUKAIOT TOJBKO YIPYTHE
nehopmaiui; 0) JMHEHHBIC pa3Mephbl IUIOMIAAKH KOHTAKTa Mallbl 10 CPaBHCHHIO C
pagdycaMd KpPHUBHM3HBI COINPHKACAIONIMXCS IOBEPXHOCTEH; B) CHJIBI JIaBIICHUS,
PacCinpCaACICHHBIC 110 ITOBCPXHOCTH KOHTAKTAa, HOPMAJIbHBI K 3THUM ITOBCPXHOCTAM. HpH
ATUX JOMYIICHUSIX KOHTYP MOBEPXHOCTH KOHTAKTa B OOIIIEM CITydae MpeACTaBIsieT COO0M
QJUUIMIIC, JABJICHUA IIO INIOHIAAKE KOHTAKTA PACIIPCACIAIOTCA IO 3aKOHY IMOBCPXHOCTH
JJJINIICON 14, a MAKCUMAJIbBHOEC JaBJICHUC I[CP'ICTByeT B ICHTPC INIOIIAAKH KOHTAKTa (pI/IC
10, a).

Ecnu MBICTIEHHO BBIACINUTH OECKOHEYHO MaJblid MapaJljIeNICHIe B OKPECTHOCTH
HEKOTOPOM TOUYKHM, Kak IOKa3aHo Ha puc.10,6, TO 3aMeTUM, 4YTO HaBJICHUE p,
JEeUCTBYIOIIEE HA BEPXHIOIO IpaHb Mapajuiesienunesia, J0JIKHO BbI3BaTh JedopMaluu BO
Bcex HampamieHusix. Ho 3stum  nedopmarusM  mpensiTCTByeT MaTepuan — Teda,
OKPY>KaIOIIMKA MBICIICHHO BBIJICTICHHBIN MapajieNenune]], U, clel0oBaTeIbHO, HA €ro
TpaHsSX BO3HUKAIOT HANPSDKCHHS CXKaTHA, T.€. BBIJCICHHBIA JJIEMEHT HAXOJIUTCS B



COCTOSIHUM TpexocHoro cxkatusi. Haubonbiiee (1o aOCOMIOTHONW BETWYUHE) TJIABHOE
HaIPsDKEHHUE 63 PABHO MAKCUMAJIbHOMY KOHTAKTHOMY JIaBJICHHIO p.

IToCKOJIBKY OLIEHKY IIPOYHOCTH BEIYT IO 3TOMY HAIPSIKEHUIO, TO €r0 IPUHSITO
Ha3bIBaTb KOHMAKMHbIM Hanpsdcenuem 1 0003Ha4aTh GH, (OCHOBOIIOJIOXKHUKOM TEOPUU
KOHTaKTHBbIX HampspkeHuil ssisgercs H. Herz, B 4yecTh KOTOpPOro IIpUIIMCBHIBAIOT
UH/1EKC / KOHTAKTHBIM HAIIPSIKEHUSIM).

[IpuBenem Oe3 BbIBOAA pacueTHble (QOPMYINbI JJIsl ONpPEAeNeHUs KOHTAKTHBIX
HanpsDKeHU, 0ObIYHO Ha3biBaeMmble (opmynamu ['epuna. B cinydae mepBoHauasbHOTO
KOHTAKTa 110 JIMHUU (J1Ba HMJIMHJIpA C NapaJUIeIbHBIMU OCSIMH, LIUIMH/IP U MJIOCKOCTB)
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rae Enp U pup — NPUBEACHHBIE MOYJIb YIPYTOCTU U paAuyC KPpUBU3HBIL, £, ) —
MOAYJIA YIPYTOCTH LWIMHAPOB; P1, P2 — PaAUyChl KPUBU3HBI B TOUYKax KOHTakTa. [Ipu
KOHTAKTe LMJIMHIPA C IUIOCKOCTBIO pr=00. 3HAK MHUHYC B (opmyiie (3) NpUHUMAIOT B
ClIy4ae, KOr/ia IOBEpXHOCTh OJJHOTO W3 IIWJIMHIPOB BOTHYTasl (BHYTPEHHUM KOHTAaKT). B
CJly4yae NepBOHAYAIBHOIO KOHTAKTa B TOYKE (J1Ba IIapa, Map U INIOCKOCTH)
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rae Enp U pup — MPUBEIECHHBIE MOJYJIb YIIPYTOCTH U PAINYyC KPUBU3HBI, KOTOPHIE
COOTBETCTBEHHO ompeneistoTcs mo (2) u (3).

Ha ocHoBanuu QopMyn uisi oOmnpeaeseHus GH HETPYAHO YCTAHOBHUTh, YTO
KOHTaKTHbIC HANPSDKCHUS HE SIBISIOTCSA JTMHEHHOW (QyHKIMENH Harpy3Ku, C pOCTOM CHJI
OHM BO3PACTalOT BCE MEJJICHHEE. DTO OOBSACHAETCS TEM, UTO C YBEIMUYECHUEM HArpy3Ku
YBEIIMYMBAETCS U IJIOIIA/IKA KOHTAKTA.

TpeHII/IHLI, KaK IIpaBWJIO, HAYHUHAKOTCA C IIOBCPXHOCTH, IIO3TOMY OICHKY
KOHTaKTHOM IMPOYHOCTHU BCAYT 11O MAKCHUMAJIbHBIM KOHTAKTHBIM HAIIPAXKCHUAM

GH<[G]H=GHP. (5)

I[OHYCKaeMOC KOHTAKTHOC HaIps’KCHUEC YCTaHaBJINBAIOT Ha OCHOBC
OKCIICPUMCHTAJIbHBIX I/ICCJICILOBaHI/Iﬁ KOHTaKTHOM IMPOYHOCTH M OIIbITa JKCILTyaTallkuHu



MallMH U CcOoopyxeHuM. JlonmyckaeMoe KOHTaKTHOE HalpspDKeHUE, 0003HayaemMoe I10
MEXTYHapOIHOMY CTaHAAPTY Onp B OCHOBHOM 3aBUCHUT OT TBEPIOCTH
COIIPMKACAIOLIMXCS IOBEPXHOCTEHM M OT XapakTepa H3MEHEHMM KOHTAaKTHBIX
HanpspDkeHUi Bo BpeMmeHu. [lpu BpamieHMM TuIMHAPOB (MM IIApOB) O] HArpy3KOM
OTZEJIbHBIE TOYKM HUX IOBEPXHOCTEN MEPUOAUYECKH HArPY>KaKOTCS, & KOHTAKTHbBIC
HaIPSKEHUS B TUX TOUKAX U3MEHSIIOTCS IO OTHYJIeBoMYy LUK (puc.11). Kaxxnas Touka
Harpy>kaeTcsi TOJBKO B IMEPUOJ NPOXOKIAEHUS 30HbI KOHTAaKTa W CBOOOAHA OT
HaMnpsHKEHU B OCTANIbHOE BpeMsi 000poTa IIIIIMHAPA.

IlepeMeHHbIE KOHTAaKTHBIE HANPSIKEHHS BBI3BIBAIOT YCTAJIIOCTh IOBEPXHOCTHBIX
CJIOEB JeTanen. Ha ITOBEPXHOCTH o0Opa3yroTcs MHUKPOTPEILINHBI c
NOCJIEYOUIMM BBIKpAIIMBAaHUEM MEJIKUX 4YacTUL Merauia. Ecim neranu pabortaroT B
MacJe, OHO IPOHUKAET B MUKpoTpeluHbl (puc.13, a). [lonagas B 30Hy B 30HYy KOHTaKTa
(puc.13, 6), TpenrHa 3aKpbIBACTCSI, HAXOASILIASACA BHYTPU TPEILIMHBI MAcJIO CKUMAETCS B
3aMKHYTOM IIPOCTPAHCTBE, U B HEM CO3J1a€TCs BBICOKOE JIaBJICHHUE, PACIIHPAIOLIEE CTCHKU
TpewuHbl.  [Ipy MOBTOPHBIX HATPY’KEHUSX TPEIllMHA Bce Oojiee  yBEIUYUBAETCH,
OTJeNsIeMasl €10 YacTHIla METajula OTKaJbIBA€TCA OT MOBEPXHOCTH, 00paszysi pakOBUHY
(puc.13, ). DxcniepuMeHTaIbHBIE KPUBBIC, XapaKTePU3YIOIIUEe CTOMKOCTh MaTepuasa B
OTHOLIEHUH YCTaJOCTHOI'O BBIKpAIIMBaHUA, OCTPOCHHBIE B KOOpAMHATAX KOHTAKTHOE
HaIpsDKEHUE — YHCIIO LUKIIOB HAarpyx’eHuu (cMm. puc.12), mogoOHbl 0OBIYHBIM KPUBBIM
BBIHOCJIMBOCTHU Bénepa.

Sy

Puc.11. U3MeHeHNEe KOHTAKTHOIO HANIPSIZKEHUS P BPallleHU U
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Puc.12. KpuBasi BbiHOCIMBOCTH Besiepa



Puc.13. O6pa3oBaHue pakoBHHBI

bazoBoMy wuymciny 1UUMKIOB NHiim COOTBETCTBYET IIPEIE] BBIHOCIMBOCTH GHlim,
BEJIMYMHA KOTOPOrO B OCHOBHOM 3aBHUCUT OT TBepAocTu Marepuana. [lo mpenemy
BBIHOCIIMBOCTH ONpEAEIAIOT  JAOIyCKaeMoe HalpsKEHUe, UCKJIIOYarolee
YCTAJIOCTHOE BBIKPAILIMBAHKE PA0OUUX TTOBEPXHOCTEH.

IIpy OTCYyTCTBMM CMa3Ku XapakTep pa3pyLICHUS ITOBEPXHOCTHBIX CIIOEB
WU3MEHSETCS: TPELMHBI HE YCIIEBAIOT PA3BUTHCS B PAKOBUHY, TOCKOJIbKY ITOBEPXHOCTHBIN
CJIOM, B KOTOPOM BO3HUKAIOT IIEPBUYHBIE TPELLUHBI, HCTUPACTCS PAHBILIE.

Tpenue U U3nauwiueanue 6 mamlunax

Harm mpuBbIaHbI MUp, HaIl 00MX0/1, UCTIOJIB30BaHKE BEIICH U paboTa MaIIuH BO
MHOT'OM OOYCJIOBJICHBI TAKUM  (DU3UYECKUM (PEHOMEHOM, KakK TpEHHUe, KOTOpPOe
MPOSIBIISIETCS] B CONPOTUBJICHUU JBUXKEHUIO TEJ.

C TpeHueMm cBsi3aHa OJIHA M3 CaMbIX OCTPBIX MPOOJIEM COBPEMEHHOCTHU
— W3HAIIMBAaHWE MallMH W  MeXaHu3MoB. Pacxoapl Ha  BOCCTAHOBIICHHE
MaIlliH OTPOMHBI, TPUYEM €XKEroJlHO OHHU YBEIMYMBAIOTCA. Y UIMHEHHUE CpOKa
CIY>KOBbI MalllMH M 00OpYJOBaHUS Jaxe B HEOOJBIIONW CTENEHH PaBHOCHIBHO
BBO/Iy 3HAUUTEJIbHBIX HOBBIX MPOU3BOJICTBEHHBIX MOIITHOCTEM.

BonpmmuacTBO MammuH (85-90%) BBIXOIUT U3 CTPOS U3-3a U3HAIIIMBAHUS ICTAJICH.
3arpaThl Ha PEMOHT M TEXHUYECKOE OOCIYyXKMBaHHE MAIIMHBI B HECKOJBKO pa3



IPEBBIILIAIOT €€ CTOMMOCTb JUIsl aBTOMOOWIIEH B 6 pas, IUisd cCaMOJIETOB 110 5 pas, Ui
CTaHKOB 10 § pas3.

Coznanue y3JI0B c MUHUMAaJIbHBIMU nOTEPSIMU Ha TpeHue
PaBHOCHJIBHO BBICBOOOK/ICHUIO OTPOMHBIX PECYpPCOB paboueil CUJIbI M Pa3IMYHbBIX
MaTepuajbHbIX 3aTpaT, B TOM YHCJIE PEMOHTHBIX MPEINPUATHI, KOTOphIE ceiyac B
cpeaHeM o MAIIMHOCTPOEHUIO COCTAaBJISIFOT HE MEHee 60—-80%
OCHOBHOT'O IPOU3BOICTBA.

Ha 06a3e Hayku O TpeHMM W W3HAIIMBAHUU (TPUOOTEXHUKH) B HACTOSIIIEE BpEMS
pelIaroTcs MPUKIIAIHbIE HHKEHEPHbIE (TPUOOTEXHUYECKHE) 3a/1aud B 00JIaCTH TPEHUS,
dbopmoobOpazoBanust  neraneil,  0o0pabOTKM  MaTepuajoB pa3pylIalONUMU |
neOpPMHUPYIOMUMH  CITIOCO0aMH, BO3MOXKHOCTH JOCTKEHUS TPEOYEeMbIX CBOMCTB
MIOBEPXHOCTEN TPEHUS, Yy3JI0B M JETaled 3a CYET yIPOUHSIOUIMX BO3ACHCTBUUA H
HAHECEHUSI CIEeINANbHBIX MOKPBITUN U T. II.

s obecrieueHus MaJIOU CHJIbI TpEeHUS u MUHHMAaJIbHOTO
W3HAIIMBaHUS HEOOXO0UMO obecrieunBaTh MOJI0KUTEIbHBIN IrPaguEHT
MEXaHUYECKUX CBOMCTB, IPU KOTOPOM MPOYHOCTh BOSHUKAIOIIUX MOJICKYJISIPHBIX CBS3EH
Ha TTOBEPXHOCTH MEHBIIIE MPOYHOCTU HUBJIEKAUIMX CJI0EB. DTO YCIOBHE COOIIOAETCS
IIPY BBEJICHUM KUJKOTO WX IJIACTUYHOTO CMA304YHOI0 MaTepuania, Tak Kak IPOYHOCTh
IIPU CABUIE CMA30YHOI0 MaTepHalia 3HAYUTEIbHO HUXKE, YEM METaslla, HA KOTOPbIA OH
HaHeceH. B mape TpeHust Takoil rpagueHT MOXET ObITh JOCTUTHYT HAHECEHUEM TUICHKU
(MeTa/mIM4ecKol, HEMETAIUINYECKOWN ), MPUMEHEHUEM CaMOCMAa3bIBAIOIIErOCSI MOHOJIHT-
HOTO MaTepuaia, KOTOPbI B MPOIECCe TPEHUSI TaKkKe 00eCIeUnBAET MOJIO0KUTEIIbHBIN
rPaJUEeHT MEXAHUYECKUX CBOMCTB 34 CYET AKTUBHOTO HAIIOJHUTEIIS WIIM ITyTEM BBEICHUS
CMa304HOr0 MaTepuaia B 30Hy TPEHUSL.

OCHOBHBIE TTOHSTHSI, CBSI3aHHBIE C TPEHUEM U COMYTCTBYIOIIMMH €MY SIBICHUSIMU
onpenenensl B rocyaapcreeHHoM cranaapte (I'OCT 23002-78).

Tpubomexnuka — HaykKa O KOHTAKTHOM B3aMMOJEUCTBUM TBEPIBIX TEJ IIPU UX
OTHOCUTENBHOM JIBUKEHHH, OCBEIIAKOIIAs BECh KOMIUIEKC BOIIPOCOB TPEHHS,
W3HAILMBAHUS M CMa3blBaHUS. PsJ TEpMUHOB, OTHOCAIIMXCS K TPUOOTEXHHKE,
craHjapTu3oBaH. IIpuBeneM B COKpalicHHOM BHUJI€ HEKOTOPBIC U3 HUX.

H3nawueanue — npouecc paspylieHus U OTAEIECHNUS MaTepuaa ¢ IOBEPXHOCTH
TBEPAOTrO TeJa, MPOSBISAIONICHCS B MOCTEIEHHOM U3MEHEHUHU pa3MepoB U (W) GopMbl
Tena.

H3nococmoitkocmov — CBOVICTBO Marepuaia OKa3bIBaTh
CONPOTHUBJICHUE U3HAILIMBAHUIO B ONPEJCICHHBIX YCIOBUSAX TPECHHUSL.



Cmazounviit mamepuan — Matepuas, BBOJUMBIA HAa MOBEPXHOCTU TPEHUS IS
YMEHBIIEHUS CUJIbI TPEHUS U (MJTM) MHTEHCUBHOCTH M3HAIIMBAHUS.

Cmaska — neiicTBHE CMA304HOIO MaTepuana, B PE3yJIbTaTe KOTOPOro MEXIy
JIBYMSl TOBEPXHOCTSMHM YMEHbIIAETCA CHJa TpeHus U (W) MHTEHCUBHOCTH
M3HAILMBaHUS.

Cma3zvieanue — MOoABCACHUC CMA309HOTO MAaTCpHajia K TIOBCPXHOCTU TPCHHUA.

Tpenue (eueumee mpeuue) — COINPOTHUBJIICHHUC OTHOCUTCIBbHOMY IICPCMCIICHUILO,
BO3HHUKAOIMCS MCKAY ABYMsA TCIaMHU B 30HC COIIPHKOCHOBCHMUA HOBerHOCTeﬁ 10
KacaTeJIbHOM K HUM U COIIPOBOKAAECMOC PACCCAHUEM SHCPIUH.

Tpenue NOKOoA — TPCHUC ABYX TCJI IIPHW MHUKPOIICPCMCIICHUAX 10 IICPCXOJia K
OTHOCHUTCIIbHOMY ABWKCHUIO.

Tpenue 08UIICEHUA — TPEHUE JIBYX TEll, HAXOIAIINXCS B
OTHOCHUTEJILHOM JIBUYKECHUH.

Tpenue 6e3 cmazounozo mamepuana — TPeHUE IBYX TENl MPH OTCYTCTBUH Ha
MOBEPXHOCTH TPEHHS BBEIEHHOT'O CMa304HOI0 MaTrepuaia Jr0oro BUaa.

Tpenue  ckonviceHus — TpEHUE  JBWKCHUS  JBYX  CONPHUKACAIOIIUXCS
TBEPJBIX TEJI, IPU KOTOPOM MX CKOPOCTH B TOYKAX KAacaHWs Pa3JIMYHBI IO 3HAYCHHIO
HaIPaBJICHUIO.

Tpenue Kaueénusa — TpCHUC JBMXCHHA JABYX TBCPAbIX TCJI, IIPH KOTOPOM
HNX CKOPOCTH B TOYKAX KaCaHUA OJWHAKOBLI 110 3HAYCHWIO 1 HAIIPABJICHUIO.

Cuna mpenua — cuna CONPOTHUBIICHUSA pu OTHOCHUTEIIBHOM
IIEPEMEILICHUH OJTHOTO Tela II0 IOBEPXHOCTH JAPYroro IOJ JECWCTBUEM BHEIIHEU
CHWJIbI, HAIIPABJICHHOM IO KacaTeIbHOM K OOLIEH rpaHuLe MEXAY STUMHU TEIaMH.

Ckopocmpb  CcKOMbIHCEHUA — PA3HOCTh CKOPOCTEW TeN B TOYKaX KAaCaHUs
MIPU CKOJIbXKEHUH.

Koaghdpuyuenm mpenun — oTHOUIEHUE CUIIBI TPEHUS ABYX T K HOPMalIbHOMN
cuJjie, MPWKUMAKOIIEN 3TH TeJla OJHO K JIPYyTOMY.

Koaghdpuyuenm cuennenus — OTHOILICHHE HETIOTHON CUIIBI TPEHUS MOKOS JIBYX
T€Jl K HOPMaJIbHOM COCTABJIAIOLIEN MOBEPXHOCTEW TPEHHUs CHUIIC, IPMKMMAIOLIEH Tena
OJIHO K JAPYTroMy.

TpeHI/Ie HC ABJCTCA OAHO3HAYHO BPCIAHBIM HIIM ITIOJIC3HBIM. OTO 3aBUCHUT OT
OOCTOSITEILCTB €ro BO3HUKHOBEHUS M IMPUMCHCHUA. TpCHI/Ie B MCXaHH3Max 4Yalic
IMPUHATO OTHOCHUTH K BPCAHBIM COIIPOTUBJIICHUAM H3-3d CO3AABACMBIX UM MCXAHUYCCKUX



noTepb, HarpeBa u wu3Hoca jetaneld. llomcuurano, uyto okono 33% MUPOBBIX
SHEPropecypcoB TpaTUTCS Ha NpeogoieHue TpeHus. OTHAKO BCEM OYEBHJIHA U OTPOMHAs
10J1b3a TPEHUS, HAPUMED, PU TOPMOKEHUHU MAIIWH, TAllICHUW ONACHON BUOpaIlUU UITH
IPOryJiKax Mo royojiaémy, 0coOEHHO B ropax.

Cuna mpenusn KOJIMYECTBEHHO XapaKTEPHU3yeT TPEHHE KOHTAKTUPYIOIIMX TeJl.
Cuna TpeHusa, KaKk M BCAKas CWIa — BEKTOp M TMpU JBWXKCHUHM HallpaBjcHa
POTHBOIIOJIOAKHO CKOPOCTH TAHT€HIIMAIILHO K 00Iel TpaHulIe.

[To xapakTepy OTHOCHUTEIBHOTO [BFDKCHHS pPa3U4arOT TpPEeHHUEe TOKos (70
nepexoja K OTHOCHUTEIBHOMY IBHKCHHIO) W TPEHHUE IBMKCHHS — CKOJBKCHHUS WIH
KaueHus (puc.14).
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Puc.14. Cunbl TpeHHsI: @ — CKOJIbKEHHS, 0 — KAaUeHHs

IIpu TpeHNM CKONMBXKEHUS CKOPOCTH TEJI B TOUKE KACAHUSI PA3JIMYHbI, & IIPU TPEHUH
Ka4€HUs — OJINHAKOBBI.

Paznuuator TpeHue BHeNIHee (MEXIy TeJIaMu) U BHYTPEHHEe (MEXAy 4acTUIaMU
TBEPJIBIX TEJI, & TAKXKE B Ta3ax U KUJIKOCTSX).

Cuibel TpeHHS CHWIIBHO OTJIMYAKOTCS IPU OTCYTCTBUU WM HAIMYUU MEXKIY TeJIaMU
CMa304YHOTO MarepHajsa — JUO0 BS3KOW >KUIKOCTH, IMPEIBAPUTEIBHO IMOMEIIEHHOM
MEXIy TeaaMmu, 100 rasa, moJAaBaeMoro B 30Hy KOHTAKTa Mo/ AaBiieHueM. CMazounbiii
Mamepuas TPOU3BOJNUT CMA3KY — NEUCTBUE, COCTOAILIECE B YMEHBIIEHUH CUJIbI TPEHUS U
W3HOCA 34 CYET pa3aeIeHUs IOBEPXHOCTEN TPEHUS.

Puc.15. Buabl TpeHusi: a — cyxoe, & — €0 CMa3KoM



Cusbl BHENIHETO TPEHHS TaKXe CHJIBHO 3aBUCAT OT '"penbeda" — BBICOTHI
MUKPOHEPOBHOCTEN KOHTAKTHPYIOLIUX IMOBEpXHOCTEN (pHcC. 15, a).

Cma3zouHbIil MaTepuan pa3eisieT KOHTAaKTUPYIOIIUE MOBEpXHOCTH (puc. 15, 6).

JlelicTBHE CMa304HOI'O0 MaTepuayia, COCTOSIIECE B YMEHBIICHUU CHUJIbI TPEHUS U
W3HOCA HA3BIBAIOT CMA3KOM.

Ecnn moBepXHOCTH pa3feneHbl CMa304HbIM MAaTEPUAJIOM ITOJHOCTBIO, TO CHUILY
TPEHUs BBIUUCIAIOT 110 Gpopmyne Herotona Fr=pAv/h, rae p — tuHamMuyeckas BI3KOCTb
CMa304YHOr0 Marepuana; 4 — IIOmMaab NOBEPXHOCTH CKOJIBKEHUS; U — OTHOCUTEIbHAS
CKOPOCTb CKOJIBXKEHHS TeJl; i — TOJILMHA CJIOS CMA304HOro Marepuaina. Takoe TpeHue
Ha3bIBAIOT BSI3KUM WJIN KUJKOCTHBIM.

Cuily Ccyxoro TpEHUsSI CKOJBXKEHUS HaxXOAST 1O  3aKOHY AMOHTOHA-
Kynona: Fr=f-Fx, rae f — koagduiueHT TpeHusi, Fyv — cuiia HOpMajabHOTO JIaBJICHHUS.

Tpenue kaueHus1, XOTS U CYIIECTBEHHO HIKE, HO BCE e CYIIECTBYET, TOTOMY, YTO
peanbHBIC Tela He a0COMIOTHO TBEPIBIC, a ACPOPMUPYIOTCS W BO3HHUKAET HE TOYKA, a
momaaka koHtakra (puc. 14, 6). B sToii muomaake — 30HE KOHTAKTa BO3HHUKAET
PCaKTUBHBIM MOMEHT, IPEISITCTBYFOIINI KaUCHUIO.

Jlna xkayeHuss KaTka Hy»XHAa JBWXKylas cuial,. Touyka NpuinoxeHus
peakiuu F;»> cMenieHa BIepél, B CTOPOHY KadyeHHUs Ha PaCCTOSHHE k7, KOTOPYIO H
Ha3bIBalOT KOX(PUIIMEHTOM TpeHus KadeHus. HeTpyaHo pmoramarbcsi, 4YTO ITOT
K0d(h(DUIIHEHT UMEET Pa3MEPHOCTH JJIUHBI.

W3 ypaBHEHHs] paBHOBECHS MOMEHTOB BCEX CHJ OTHOCHTEIBHO '"TOUKH
KoHTakTa" B cnenyet, uto Fo'R = Fi2-kr, a MOMEHT cui Tpenus kauenust Mr = Firkr.

Benuuuna koadurrenTa TpEeHUs KayeHus bakTHuecku
XapakTepu3yeT 1eopMUupyeMocThb Kojleca U OMOPHON MOBEPXHOCTH.

JIns HaTJISIAHOCTH aHAJIN3a JABUKECHUS CUCTEM C TPEHUEM BBOJSITCS NOHATUS Veld
MpeHus U KOH)ca mpeHus.




Puc. 16. Yroj, KOHyc U Kpyr TpeHUs!

ITon pelictBueM BHEIIHEH JBKyIIEed cuitbl Fy teno 2 (puc. 16, a) Oyxaer
JBUTaTbCS OTHOCHUTEJIBHO TeJa / TOJIBKO, €CIM TOPU30HTAJIbHAS NPOEKLMS BHELIHEH
cuiibl OyzieT GosbIle CHilbl TpeHus =57 = Fr rie o — yroa MexIy BEKTOPOM BHEIIHEH
CHJIBI 1 HOPMAJIBIO K ITIOBEPXHOCTH TPEHHUSL.

Ilonnas peakuus F;> HAXOOUTCA, KakK BEKTOpHAas CyMMa CWIbl TpeHus ['ru
HOPMaJIbHOM peakuuu F";2. OTa mojiHasg peakuus F7200pa3yer ¢ HOpMalbl yroi o,
KOTOPBIN Ha3bIBAIOT y2i0M mpeHusa. Eciy BpamaTh BEKTOp IIOJHONM PEaKLMM BOKPYT
HOpMaJIH, TO 00pa3yeTcst KOHyc mpeHus.

Puc.16,a HarnsqHO MOKa3bIBAET, UYTO BHEIIHSIS CHUJIA MOXKET CABUHYTh TEJIO TOJBKO
€CJIM HaXOJJUTCS BHE KOHYyca TpeHus. | Ha000poT — HUKaKas cuia, IpUIoKeHHasi BHYTPU
KOHYCa TPEHHUS HE CMOXKET MPEO0JI0JIETh CUIIy TPEHUS U CIBUHYTH TEJIO.

AHQJIOTMYHO BBITJIAIUT CUTYALUs MIPU BPALLIEHUH KPYTJION AETalu TUIIA Baja WIH
nandgsl B OTBEPCTUH (BpallaTesibHas KHHEMaTHYecKas napa V-ro kjiacca nepBoro BUia),
nokazaHHas Ha puc.16,0. Ilpu Hanmuuuy TpeHus MoiHas peakuus F> HarpaBiieHa HE 10
HOPMaJIM K ITIOBEPXHOCTH /, a 110 KacaTeJIbHOW K HEKOTOPOW OKPY’KHOCTH paauyca. Kpyr
BHYTPHM OTOM OKPYKHOCTM HAa3bIBA€TC Kpyrom TpeHusa. Pammyc Kpyra TpeHus
paBeH #r =f 'R rnef — mnpuBen€HHbI KOIPPHUIMCHT TPEHUs, YUUTHIBAIOIIUI
U CKOJIbXKCHHE U KaueHue, R — paguyc nangsl.

311ech Tak JKe: HEBO3MOXKHO IMPOBEPHYTH HAnQy, €Cau BHEIIHSS CHIIa MPUIOKEHA
BHYTPH Kpyra TPEeHHUSL.

[ToMmuMO TpeHHSI B KOHTAKTE€ MOBEPXHOCTEH, CYIIECTBYET €II€ U TPECHUE B
Marepualne jAeTaneil, 00yClIOBIC€HHOE KOHTAKTOM YacTuIl U MojeKkya martepuana. [lpu
ATOM TaKKe pacxoAyeTcsi paboTa BHEIIHUX CHJI U BBIIEIAETCS TEIIOTA.

Y KOHCTPYKIIMOHHBIX METAJIJIOB BHYTPEHHEE TPEHHUE OYEHb MAJIO U MPU pacuére
METAUIMYECKUX JeTajJed €ero He Y4YuThIBalOT. OOHAKO y BBICOKOMOJEKYISPHBIX
MaTepHalioB (pE3UHbI, IJIACTMACC) BHYTPEHHEE TPEHHE MOYTH HA JBa MOPSAKA BBILIE,
IIO3TOMY OHO JOJDKHO YYUTBIBAThCS IIPU UX pacuére. BHyTpeHHee TpeHUE B MaTepualie
JIeTaJIel UCTIOIb3YEeTCSl, B OCHOBHOM, JIJISl CHUKEHUS IITYMOB U BUOpaIMU MTyTEM 3aMEHbI
METAUIMYECKUX JIETAJeH IUIACTMACCOBBIMU M KOMIIO3UTHBIMHU, TJ€ BEJIMKO TpPEHUE
MEXK/ly YaCTULIaMH CTPYKTYpPbI MaTtepuaa.

B mnponecce skcrulyaTanud MeXaHW3Ma, MalIMHBI WM NpuOopa HEU30€KHO
MIPOUCXOIUT U3HAWUBAHUE DIIEMEHTOB €r0 KHHEMAaTHUYECKHX IIap — pas3pylLICHUE U
OTAEJEHUE MaTepuajga C IOBEPXHOCTH C MOCTEIIEHHBIM HW3MEHEHUEM pPa3MEpoOB U
GbopMbl. DTO CHUXAET MPOYHOCThH JeTajeid U TOYHOCTh MEXaHU3Ma, YTO OCOOECHHO



BAXKHO JIJISI MEXaTPOHHBIX MOJIYJIEW M CUCTEM, KPOME TOrO, IMOBBIMIAKOTCS HArpys3Ku,
pacTét BUOpaius U 1yM BCIIECTBUE 3a30pOB B KHHEMATHUECKUX Napax. B nenpHeiem
V3HAIIMBAHUE MOXKET IPUBECTH K MOJOMKE JETajled W BBIXOJAY MAIIUHBI U3 CTPOS.
KonmnuecTBeHHass olneHKa pe3yibTaTa W3HAIIMBAHUSA — UBHOC, ONPEAEISIEMBIA B
YCTaHOBJICHHBIX €IMHUILIAX.

H3noc — PE3YIIbTAT USHAUUBAHUAL, BBIpﬁ)KCHHBIﬁ B CMHHNIAX TJINHBI, 00BEMa HITH
MAacCCHhlI.

Jlonycmumbtii uznoc He Hapy1aeT padoTOCIOCOOHOCTb JETaNH.

Ilpedenvnulii u3zHOC COOTBETCTBYET NPENETBHOMY COCTOSHUIO M3ZENHS, KOrja
JajabHENIas ero HKCITyaTalus HEBO3MOXKHA.

HpI/I TPECHHUH CO CMA309YHbIM MATCPHUAJIOM, KOraa €ro TOJIKWHA MEKAY ACTAIAMU
0O0JIbIIIE BBEICOTHI HCpOBHOCTeﬁ — U3HOC OYCHb HC3HAYUTCIICH.

H3nococmoiikocms — CBOMCTBO MaTepuana CONPOTHUBIATHCA HW3HAIIMBAHHUIO.
31ech MMEIOT 3HAYEHUE TBEPAOCTh MaTepHualia, PeKUM padOThl, BHEUIHUE YCIOBUS,
KOHCTPYKIIMS y3I1a TPEHUS. Jns HOBBIIICHUS M3HOCOCTOMKOCTH
IIPUMEHSIOT YyeMeHmayuio, a3omuposanue, TaIbBAHUYECKUE IIOKPBITUSA  JCTANIEH,
IIOBEPXHOCTHYK)  3aKajlKy Ta30BbIM  IUIAMEHEM, BBICOKOYACTOTHYIO  3aKAJIKY,
iactuyeckoe  aepopmupoBaHue  (oOKaTbIBaHHE, pacKaTblBaHWE, MPOILIMBAHUE,
KanuOpoBaHue). PeMOHT ympomaercss ¥ yJIEUIEBISETCS, €CIM HM3HOIICHHAs JIeTajb
IpocTa U JIETKO 3aMeHsieTcss 0e3 pa30opku Bceil mamuHbl. MHOrAa Oosee BbIrOgHA HE
3aM€Ha, a PEMOHT U3HOLIEHHOW JeTAJIM ITyTEM HapalliBaHUs U3HOLIEHHOUN IOBEPXHOCTHU
HaIUJIABKOM WJIM HalIbUICHUEM.

B nocnennee Bpems BCE yallle IPUMEHSIOT MaTepUalibl HA OCHOBE MOJUMEPOB,
CIOCOOHBIX paboTaTh 6€3 CMa3Ku 3a CYET OTIEICHUS JJIMHHBIX MOJEKYJ, OXO0XKHUX IO
CBOMM CBOICTBaM Ha CMa304YHbIC MaTEpHUAIIbl; YIiaerpadUTHBIX U METAITIOKEPAMUYECKUX
MaTepHalioB, MEpPBbIe M3 KOTOPHIX BBIACIAIOT B KAu€CTBE CMAa3KW MSTKHE YTOJIbHbBIC
YaCTHIIbI, & BTOpbIE 00JaJa0T YPE3BBIUANHO BEICOKOUW TBEPIOCTHIO.

M3HammBaHue I[CTaJleﬁ MOXHO YMCHBIIHNTL CJICAYIOIIMMHU KOHCTPYKTHUBHBLIMH,
TCXHOJOTMYCCKUMH U 3KCINNTYAaTAIMOHHBIMHA MCPpAMU:

- CO31aThb IIpU IMPOCKTHPOBAHUU ,ZIGTaJ'IGI‘/'I YCI0BUA, T'apaHTHPYIOIIUE TPCHUC CO
CMAa309YHbIM MATCPHUAJIOM;

- BBIOpATh COOTBETCTBYIOIIUE MaTEpHAIIbI JJIsl COMPSIKEHHOMN TIaphl;
- COOJII0/1aTh TEXHOJOTHYECKHE TPEOOBAHUSI MPU U3TOTOBJICHUH JCTaNCH;

- HAHOCHUTD Ha JACTAJIU IOKPBITUS,



- coOMIoAaTh PEXUMBbl CMAa3blBaHUS W 3aIUUTHl TPYIIUXCS MOBEPXHOCTEH OT
aOpa3uBHBIX YaCTHI] (IPUMEHEHHE YIUIOTHSAIOIIMNX YCTPONCTB).

N3yuyenue npoOsaemM M3HAIIMBAHMS NPUOOPETAET MEPBOCTENEHHOE 3HAYEHUE TIPH
IIPOEKTUPOBAHUU MEXAHUYECKUX U MEXATPOHHBIX CUCTEM.

B 3aBUCHMMOCTH OT XapakTepa IPOUCXOASIIUX MPOLUECCOB PAa3IMYaAOT CIAEAYIOIINE
BUJIbI M3HAIITMBAHUS:

- MexaHuuecKoe — SBISIETCS Pe3yIbTaTOM MEXaHUYECKUX MPOLECCOB — CPE3aHUE
U actTudyeckoe  AeOpMUpPOBAHUE  MUKPOHEPOBHOCTEH  (IIEpOXOBATOCTEN),
MOBPEXKCHUE TMOBEPXHOCTEH aOpa3sMBHBIMM YAaCTHUI[AMU, MOBPEKJCHHUE B PE3yJbTaTe
YCTaJOCTHBIX TPEIIUH;

- abpa3uenoe —  PE3ylbTaT  PEKYUIETO u LaparnaroIIero JIeHCTBUS
TBEPABIX YACTHUIl, HAXOASAUIMXCS B 30HE KOHTAKTa Jeraner. PacmpocTpaHeHHBI BUJ
MOBPEXK/ICHUS TOBEPXHOCTEW TPAHCIIOPTHBIX, CEIbCKOXO3AMCTBEHHBIX, TOPHBIX U
JPYTUX MaIluH, paOOTalIMMNX B TEXHOJOTHYECKUX CpeaaxX, COACpKaIMuX aOpa3uBHBIC
JacTUIIbl. AOpa3suBHOE U3HAIIIMBAHKE SIBIISCTCS PE3YITATOM CPE3aHUsI U TIIACTHISCKOTO
neOopMUPOBAHUS MHUKPOHEPOBHOCTEH TBEPIALIMU TIOCTOPOHHUMH 4YaCTHUIIAMHU TIPH
OTHOCHUTEIIBHOM MEPEMEIICHUN CONMPSKEHHBIX MOBEpXHOCTEN. OTAENEHNE YacTUll IPU
V3HAIIMBAHUM MPOUCXOAUT IMPU OJHOKPATHOM WJIM MHOTOKPAaTHOM BO3JICHCTBUU
aObpa3uBHOTO Tena. B pe3yibTaTe uzHawUeaHue uoem 8 ¢opme
npoyecca MuKpopesaus, 100 B BUJIE YCTATOCTHOTO MOBPEKACHUS.

AOpa3uBHOE  M3HAIMBAaHME W  IUIACTHYECKoe  JAedOpMHpOBaHHE B
30HE COMPSHKEHMS JIeTae mpe0TBpallaeTCsl 10 BO3MOXKHOCTU: TOYHBIM ONIPEIeIEHUEM
NEHCTBYIOIMX HAarpy30K; y4eTOM CBOWCTB MaTepuaia, BIMSHUS NOTPEIIHOCTEH U
nepopManuii Ha pacupeleNeHne JaBICHUH B 30HE KOHTAKTa; 3alllMTa 30H TPEHUS OT
HOoMaJaHusl yacTHll adpa3uBa ClEUUATbHBIMU YIUIOTHEHUSIMU; 3alllUTa 30H TPEHUS OT
OPOAYKTOB HM3HAIIMBaHUS (TIPU KUJIKOM CMa3Ke) — OYMCTKA CMa3KH CHEIHabHBIMU
(uIbTpaMM; NOBBILIEHUE MOBEPXHOCTHOM TBEPAOCTH MaTepUajoB JAeTaled (3akalika,
HaIpaBJIeHUE MOPOILIKOB KapOuaa u T. 1.).

- IPOo3UuoOnrnO€e — PC3yJibTaT BO3HCﬁCTBHﬂ IIOTOKOB KUJIKOCTH H ra3a,

- 2UOPOIPO3UOHHOE (2A30IPO3UOHHOE) — PE3YyIbTaT BO3JACUCTBUA  KHUIAKOCTH
(raza);

- 2uopoadpaszugnoe (2azoabpazuenoe) — Pe3yabTaT BO3JACUCTBUU  TBEPJBIX
YaCTHUII, B3BEIICHHBIX B )KUJIKOCTH (Ta3e);

- KOpPO3UOHHO-MeXaHUuveckoe — HAONIOAaeTCsl B MallMHAX W amnmaparax, B
KOTOpPBIX TpPYIIMECS JETald BCTYNAOT B XUMHYECKOE B3aUMOJCHUCTBHUE CO



cpenoi. [IoBEpXHOCTh TpeHUs TaKMX JACTAlIEW paspyllaeTcs II0J IEHUCTBHEM JABYX
OJTHOBPEMEHHO NPOTEKAOIIMX IMPOLECCOB: KOPPO3UU U MEXaHUYECKOTO N3HAIIMBAHHUS.

[Ipn BuOpanusax B YCJIOBHSX KOHTakTa MeETajula C BO3AYXOM KOpPPO3UHHO-
MEXaHW4Yeckoe u3HamuBaHue mnporekaeT B ¢opme °C (0T  aHIIUMHCKOTO fret —
NOJTa4unBaTh). B pe3ynpraTe HEOOMBIINX TUKINUYECKUX OTHOCUTENBHBIX TepEeMEICHHIA
JeTasiell pa3pylalTcs TOHKUE OKUCICHHbIE TOBEPXHOCTHBIE CIIOU METalla, KOTOPhIE HE
yAAISAIOTCS M3 30HBI TPEHHsS] M TMPEBpaIaloTCs B aOpa3vBHBIM YEpPHBIM MOPOIIOK.
[TockonpKy mpoILECC OKHUCIACHUS Ha BO3JyXE HENpPEpBIBEH, TO pa3pyLIEHUE HOCUT
IPOTrPECCUPYIOUINI XapaKTep.

- ycmanocmmuoe — NposIBISeTCS. B OTCIIAMBAHUU OTIENBHBIX YacTULl MeTajja ¢
YBEJIIMYCHUEM YHUCJIa LMKIOB Harpy>KeHUM U TpOsIBIIETCS B HauOoJblIed Mmepe Ha
OTCTAIOIICH MOBEPXHOCTU (HOXKKa 3y0a B 3y0OdaTtoi nepeaade, JOPOKKA KaueHHS
BHYTPEHHETO KOJIbI[a MOIIUITHAKA Ka4eHHs ) ¥ IPEACTABISAET 3HAUUTEIbHYIO OMTAaCHOCTD
IpU MTOBEPXHOCTHOM YNMPOUYHEHUHU (a30THPOBAHHUE, IIEMEHTALUA M ApP.), TTOCKOJIBKY B
pe3ylbTaTe pa3BUTHsS TPEIIMH TOJ YMPOYHEHHBIM CJOEM C TIOBEPXHOCTH TPEHUS
OTIEISIOTCS KPYITHBIE YaCTHIIBI mertasuia. J{is
HpPEAOTBPALICHUS YCTATOCTHOTO BHIKPAIIMBAHUS POBOAUTCS PACUET C IIENIBI0 OLICHKH
BEJIMYMHBI KOHTAKTHBIX HANPsKEHUH (OLEHKA KOHTAKTHOW MPOYHOCTH).

- KagUmMayuoHHoe — TUIPOIPO3UOHHOE IIPU JIBUIKECHUU TEJIA B )KUIAKOCTH, KOTIa
My3bIPbKU Ta3a 3aXJIOMBIBAIOTCS BOJU3M TOBEPXHOCTH C MECTHBIM IOBBIIIICHUEM
JABJICHUS U TEMIIEPATYPBHI;

- MOJICKYNIAPHO-MEXAHUYECKOe U3HAWIUEAHN e TIPOSBIAECTCS IIPU  pa3spylICHUH
3AIIUTHBIX IUICHOK HAa KOHTAaKTUPYIOLIMX MOBEPXHOCTSX, YTO BBI3BIBAET JECUCTBUE CHUII
MOJIEKYJIIPHOTO CLEIJIEHUSI B 30HE KOHTAaKTa HMX MHUKPOHEPOBHOCTEH (sIBIECHUE
CXBaThIBaHMs), CIEACTBUEM YEro SBJISETCS NPOLIECC BOSHUKHOBEHUS W Pa3BUTHS
IIOBPEKICHUN IIOBEPXHOCTEU TPEHUS — 3acaHue.

- npu 3ae0aHuu — NPEUMYILECTBEHHO HAOIIOJAETCS IIPU BBICOKMX CKOPOCTAX U
JABJICHUSX C BBIAABIMBAHUEM pa3belalolleld TPYIIHECs HOBEPXHOCTH MACISTHOM TJICHKH.
B pesynbTaTte Temiao He ycrneBaeT OTBOJAUTHCS, M MPOUCXOJUT CXBAThIBaHME (CBapKa)
YaCTUI METaJla KOHTAKTUPYIOIIMUX IOBEPXHOCTEN C JAJIbHEUIIIMM OTPHIBOM UX OT OoJee
MSITKOM MOBEPXHOCTU M IPOYHBIM COEAMHEHHMEM ¢ Oosee TBepaoi. OOpa3zoBaBLIMECS
HEPOBHOCTHU LiapanaroT paboyue MOBEPXHOCTH JIeTaiel ¢ 6oiee MATKOM MOBEPXHOCTHIO,
YTO IPUBOJUT K BBIXOAY MX U3 cTpos. OnacHoi (hopmoi 3aenaHus sBISIETCS 3a0up —
NOBPEXKJEHUE  30Hbl  KOHTaKTa IPH BBICOKOM  TBEPJOCTH  KOHTAKTHUPYIOLLIUX
noBepXHOCTEN B BUAE Oopozn riyouHoi no 100200 MKM B HampaBlIEeHHH BEKTOpa
CKOPOCTH OTHOCHUTEJIBHOT'O JIBU)KEHHSA. Y MEHbBILIEHUE CXBAaTbIBAHWUS MMEET MECTO IS
NIOBEPXHOCTEH TpeHUsI Npu OONBLION pa3HULE HUX TBEPAOCTU (CTaIbHOW 4YEpPBAK HU
OpOH30BBIN BEHEL] YEPBAYHOI'O Kojeca, cTajbHas IlIelka Baja U OpOH30BBIE



WJIN JIATYHHBIC BTYJIKW B IIOAIIMITHUKAX CKOJ'IB)KGHI/IH), d TaKIKC I[P IPUMCHCHHUU CMA30K
C aHTU3aJUPHBIMH IIpUCaAJIKaMHU, YMCHBIICHUCM CKOPOCTHU CKOJIb)KCHHUSA W KOHTAKTHBIX
HaHpH)KCHI/II\/'I. OI[HI/IM us3 KpUTCPHUCB OLICHKHU BO3MOXHOCTHU IIPOABJIICHUS
3acaHusd ABJIACTCA TCMIICPATYPad B 30HC KOHTAKTA, CpaBHHUBACMaA € HOHYCK&GMOﬁ.

- OKUcIumenvHoe —  AHAIOTHYHO KOPPO3UOHHO-MEXAHUYEeCKOMY,  HO  TIOX
OCHOBHBIM BJIMSIHUEM XUMHUYECKHX PEaKIUi C KHCIOPOJOM WIIM OKHCISIONICH Cpemoi
(Y3J1BI TIUILEBOTO, HEQTEXUMHUECKOTO 000PYI0BaHMUS);

- ppemmunz-xoppo3us — TpU  MaNbIX  OTHOCUTEIBHBIX  KOJEOATEIbHBIX
KOHTAKTHUPYIOIINX MOBEPXHOCTEH. DTOT BHJ W3HANIMBAHWS, HAPYIIAIOUINH MPOYHOCTD
COCIMHEHMSI, XapaKTepEeH IS 3aKJICTIOYHBIX, IMMOHOYHBIX W IMUIMIEBBIX COCTUHEHUH,
COCIMHEHHM C HATATOM, 3yOuaTbix MydT, peccop. st 3ammTel 0T GPETTUHT-KOPPO3UU
WCTIOJIB3YIOT Pa3IUYHBIC METO/IbI TOBEPXHOCTHOTO YIPOYHEHUS 30H KOHTAKTa, HAHOCST
MSTKHAE TaThbBAHUICCKUE TTOKPBITHSI, HAMBUISIOT TE()IOHOBBIC U PE3NHOBBIC IICHKH.

- 9J1eKMPOIPO3UOHHOE — B PE3YIIbTATE BO3ACUCTBHUS Pa3psA0B IPU MPOXOKICHUU
AIIEKTPUYECKOIO TOKA.

B O0OBIUHBIX YCIOBUSIX COYETAIOTCS pa3Hble BHUJAbI W3HAIIMBAHUS, YTO OYEHb
3aTpyJHSAET aHalu3 YCIOBUU paboThl MaimuH. [lpu Ha3HAUYEHUM CPOKOB CIIYXKOBI
KMHEMATUYECKUX Map MPUHUMAIOT BO BHUMAHUE ONBIT SKCIUTyaTallud MAllMH B PA3HbBIX
YCIOBUSIX.

[Ipu TpeHUH 1 M3HAIIMBAHUM HAOJIOIA0TCSI HEKOTOPHIE SIBICHMUS:

- cxéambvléanue — MECTHOE COCAMHEHME TBEPABIX TEI MOJ JCUCTBUEM
MOJIEKYJISIPHBIX CHIT;

- 6bIKpawiueanue — OTJETICHWE YacTUIl Marepuaja NpU  YCTAJIOCTHOM
M3HAIIMBAaHUM C OOpa30BaHHEM SIMOK Ha MOBEPXHOCTH TpPEeHUSI (OCOOEHHO 4YacToO Y
BBICIIUX KUHEMATUYECKUX Tap);

- 3aedanue — PE3yJIbTaT CXBATHIBAaHUS, TIYOMHHOTO BBIPBHIBAHUS MaTepHala,
HepeHoca ero ¢ OJJHOMU JIeTAIN Ha IPYTYIO

- npupadomkKa — U3MEHEHHE T€OMETPUHN U CBOMCTB MOBEPXHOCTEN B HayalbHbBIN
MEPUOJI, TPU TMOCTOSIHHBIX BHEIIHUX YCJIOBUAX C YMEHBIICHUEM CHJIbl TPEHUS,
TEMIEPaTypbl U UHTCHCUBHOCTY U3HAIIMBAHUSL.

[Ipu ckombXeHHHM TIepe] MHKPOHEPOBHOCTHIO BO3HHUKACT JI0OOBOW BajHMK
nedopmupyemoro martepuana (puc.l7,a), KOTOpbld HAXOAWUTCS MOJA BO3JICUCTBHUEM
CKHUMAIONTUX HaNpsOKCHWH. 3a MUKPOHEPOBHOCTBIO BCJICACTBUE CHIJI TPEHHUS MaTepra
pactsaruBaercsa.  CrenoBaTellbHO, MaTepHall  MUKPOHEPOBHOCTEH  MCIBITHIBACT
3HaKOIIEPEMEHHOE HarpyKeHUE, KOTOPOE MPUBOJIUT K OT/ICIICHUIO YaCTHI] MaTepHaa.
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Puc. 17. ®usnyeckass MoJae/b U3HAIIMBAHHUS IOBEPXHOCTH

Marepuan paszpyIiaercsi He cpasy, a Mocjae HEKOTOPOro YKCIa [IUKIOB PaOdOTHI 71y.
OOBIYHO W3HAITMBAHUE TPOXOAUT ABE cTaauu (puc. 17, 6):

1. IlpupaboTka MOBEPXHOCTEN TPEHHUS;

2. HopManbHbIi 3KCIUTyaTallMOHHBIN U3HOC, HE MPEBBIIAIOIINN JOTYCTUMBIM.

Ha mepBoil cTaguy UCXOMHBIM TEXHOJOTHUECKUU MHKpoOpesbed, IMOTyUYeHHBIN
IIPU M3TOTOBJICHUH (BhICOTa HEpoBHOCTEH 00bIdHO 70 100...200 MKM), IpeBpaIaeTcs B
Hekuit penbed ¢ meHsbIneit mepoxoaTocthio (0,05...0,1 MKkM), KOTOpas B HajdbHEHIIEM,
Ha BTOPOU CTaJNM CYIIECTBEHHO HE MEHSIETCHI.

JIJisi yMeHbIIIeHHsI BpeMEHU MPUPaOOTKH ClIeyeT Ha3Ha4yaTh MPU U3TOTOBJICHUH
JeTaId TaKoW BUJ 0O0paOOTKH MOBEPXHOCTH, KOTOpas OJMKE BCETO K PAaBHOBECHOM
IEPOXOBATOCTH.

Haxkonen, paHo win mo3aHO, HACTYIIAET MPEAETbHBIA U3HOC, COOTBETCTBYIOIINI
MPEICILHOMY COCTOSHUIO naeTtanu. [Ipum 3ToM pedb HAET yXKE€ HE O IMOJUPOBKE
MUKPOHEPOBHOCTEM, a 0 KaTacTpo(huueckoM HU3MEHEHUU pa3MepoB U (POpPMBI AeTaiu,
NPUBOASAIIEMY K TMPEACIbHOMY COCTOSIHMIO, KOrJa JajbHeHInas SKCILTyaTalus
HEBO3MOJKHA.

Bonbioe yncino ¢hakTopoB, BAUSIONIMX HA W3HAIIMBAHUE, 3aTPYJIHSAET CO3JaHUE
000CHOBaHHBIX METOJIOB pacueTa M3HOCOCTOMKOCTH Jeraied mamuH. [IpubnmxeHHo
COINPOTUBJICHUE U3HAIIMBAHUIO OLICHUBAIOT, B YACTHOCTH, COMOCTABJIECHUEM PACUETHBIX
JABJICHUHM C JOIYCKAEMbIMU 3HAYCHUAMH, YCTAHOBJICHHBIMA HAa OCHOBE OIIbITA
AKCIUTyaTallil KOHCTPYKIHUH. bojiee TOYHBIC pacyeThl MPOM3BOAATCA IO (GopMyliam,
npeanoxenusiM FO.H. JIpo3aoBeim.

I/IH}KGI-IepHBIG paC‘-IéTBI II0 H3HOCY KHHCMATHYCCKHX IIap BBIIOIHAIOT IIO
HHTCIPAJIbHBIM XaPAKTCPUCTUKAM: CKOPOCTHU U MHTCHCHUBHOCTHU HM3HAIIIMBAHUAA.



CKOpOCmb UsHauwiueanusn — OTHOLICHUC HM3HOCA KO BPCMCHH, 3a KOTOPOC OH
BO3HHK

¥ = dHy fdt = AH, /A (s /=)

Humencusnocms uzHauwiueanus — OTHOIIICHUE U3HOCA K MpoOery, HapaboTKe UiTu
00BEMY BBIMOTHEHHOW paboThl. Pa3nuvaroT wW3HOC NWHEWHBIN M), MaccoBbIil U, n
00BbEMHBIN /,. OTHOIIEHHE H3HOCA K IIyTH TPEHHs L7, HA KOTOPOM HPOU30LIEN 3TOT
U3HOC, XapaKTEPU3YET UHMEHCUBHOCHb USHAUUBAHUS, COOTBETCTBEHHO:

- nuHelnyo I = Up/Lr (MKM/KM);
- MaccoBYIO Iy = Uu/Lr (T/kM);
- 00béMRYI0 I, = U, /L1 (MM*/KM).

JIuHeitHasT WMHTEHCHUBHOCTb W3HAIIMBAHUSA HM3MEHSAETCS B LIMPOKHUX Mpeaenax
1073...10713. KoHKpeTHBIE 3HAUEHUS I PA3HBIX YCIOBHUI TOIyYaroOT SKCIIEPUMEHTAIBHO.

OtHoleHue 00BEMa H3HOIICHHOI'O MaTcpuaia K pa60Te CHJI
TPCHUA FrHa3piBaroT 9Hepzemuqec1<0ﬁ UHMEHCUGHOCMDbBIO U3HAWUBAHUA.

PacueTsl neraneil Ha W3HOC 3aKjOYaeTcss JUMOO B OINpPEACNIEHUH YCIOBHA,
00ecneunBaIIUX HUX JKUJIKOCTHOE TpEHUEe, JUO0 B ONpPENEIeHUH JOCTaTOYHOU
JOJITOBEYHOCTH MX IyTeM Ha3HAUYCHHWs Il TPYLIMXCSI MMOBEPXHOCTEH NMaBiieHHU ¥ He
Oomee momycKaeMbIX [p]

p<[p].

N3HOIIEHHBIE TOBEPXHOCTH HMEKOT PA3JIUYHBIM BHUJl, KOTOPBIM YKa3bIBacT
VHXKEHEPY-3KCIUTyaTAllMOHHUKY HA TOT WJIM MHOW BUJl U3HAIIMBAHU:

- abpa3uBHOE — IapanuHbl, KAHABKH, MMOJIOCHI,

- YCTaJIOCTHOE — TPEUIUHBI, BIKPAILIUBAHNUE;

- QAT€3MOHHOE — YECIIYWKH, BBICTYTIbI, BEIKPAIINBAHUE;

- KOPPO3HUOHHO-MEXAHUYECKOE — MJIEHKHU, YACTULIbI, IPOILYKThI PEAKIIUH.

Pacuér wu3HOCa peramei MalmlMH IPU  YIOPYIOM, INIACTUYECKOM KOHTAKTE
Y MUKPOPE3aHNUH MOBEPXHOCTEW TPEHHUS JOKEH YUUTHIBATH JABJIICHUE HA MIOBEPXHOCTHU
TPEHUS, OTHOCUTEBHYIO CKOPOCTh M BpeMs pabOThI y37a.

Obuue 3a0auu coz30anus 001208€4HbIX Y3106 MPEHUS



Pa3paboTka KOHCTPYKIIMU PAa3IMYHBIX y3JI0B TPEHUSI BHAUAJIE [IJIa HE3aBUCUMO OT
pa3BUTUS HAayku. B COBpEMEHHBIX  YCIOBHUSIX  OJHOBPEMEHHOE  pPa3BUTHE
byHIaMEHTAIbHBIX HAyK, TEXHUYECKUX JTUCUUIUIMH W TPUOOJOTUM TO3BOJUIIO Ha
IPAKTUKE CO3/1aBaTh y3Jbl TPEHUS BHICOYAMIIIETO KayecTBa, pabOTalolMe HE TOJBKO B
OOBIYHBIX TPAHCTIOPTHBIX, TEXHOJIOTMYECKUX U IPYTUX MAITUHAX, HO ¥ B OKCTPEMAIbHBIX
peXumax, MpPU BBICOKMX M HHM3KUX TEMIleparypax, B BaKyyMe, NpU pagualvu, B
XMMHUYECKHU arpeCCUBHBIX CPENAX HA 3EMJIC U B KOCMUYECKUX YCIOBHUSIX.

OnHako W CEerojiHs pelIeHUss MHOTHX MpoOJeM CO3JaHMsl ONTHUMAJbHBIX IO
XapaKTEPUCTUKAM Y3JIOB TPEHHS M HAy4YHbBIE JIOCTHKEHHUS B OTOW O0JACTH JAIEKU OT
COBEpPULICHCTBA TAK €, KaK Yy3Jbl TPEHMs, CO3JAaHHBIE HWHXXECHEPAMH, JAJEKH IO
COBEPULIECHCTBY OT TBOPEHUI ITPUPOJIBI.

[Ipo6nema obGecrieuennst BBICOKOI paboTOCIIOCOOHOCTH Y37I0B TPEHHS OXBATHIBACT
CUCTEMHYIO IPYIILY 3a7a4, KaXAbli 3JIEMEHT KOTOPOU JTOJKEH MOJYyYUTh ONTUMAJIBHOE
pa3zpeuieHue. OCHOBHbIE TpeOOBaHUS K KOHCTPYKUUHU Y3JOB TPEHHSI HM3JI0KEHBI B
JUTEPATYPE.

Kpyr OCHOBHBIX JIeHCTBHIA KOHCTPYKTOpA MPHU CO3JAAHHUH y3JIOB TPEHUS M CMa3KH
nokaszaH Ha cxeMme (puc.18).

IIpuBeneHHas cxema MO-pasHOMY PEANTU3YETCA B CTPYKTypaxX KOHCTPYKTOPCKHX
nojapaszeneHuii. Ha KpymHbIX NOpeanpusTUSX CYIIECTBYET paslieJieHue Ciayxo,
pa3pabaThIBalOUIMX HOBBIE U3JIETUS U COMPOBOXKAAIOIIMX BBIMYCK U3/1ETUMI, TepeJaHHbIX
B CepUHOE MPOM3BOACTBO. Hanpumep, pa3paboTKy HOBBIX Mojeel aBTomoomieit BA3
OCYIIECTBIISICT ACMAapTaMEHT Pa3BUTHsI, BKIIOYAIOMINNA B ce0sl HAYYHBIN LIEHTP, CUCTEMY
nabopaTopuii, OMBITHBIX TPOU3BOJCTB, HUCHBITATENBHBIX 0a3 (BKJIOYas TPEKU U
NOJUTOHBl  JOPOKHBIX  WCIBITAaHWN), adpOJWHAMHYECKYI0O TpyOy ©  Jpyrue
NoJIpa3/ieJIeHUsl, UMEIOIINE HEOOXOJMMBIE CpeAcTBa I pa3pabOTKH, HCCIEIOBaHUS,
UCIIBITAaHUS U IOBOJKH Y3JIOB TPEHHS.

OnpeneneHne Ha3HAYEHUS y3J1a TPEHUS

Pa3zpaboTka TeXHUYECKOTO 3ajaHusl HA TPOCKTUPOBAHNE

PazpaboTrka koHCTpyKIuH y3ia. Mcrons30BaHNE TPOTOTUIIOB M AaHAJIOTOB
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KUHE IIPOTH TemMIepary JMHA S
MaTUYECKU 03a pPHOU MHUYECKOMN HKOJIOT MY
X yCTONYUBO yCTOMYUBO CCKUX
pabor
XapaKkTepuc CTH CTH TpeOoBaH
0CIIOCOOHOC .
TUK 14051
TH
Br16op Br16op Br16op Opranuzanu
CMa304YHBIX TEXHOJIOTHYEC 5T y3JI0OBBIX,
KOHCTPYKIU
MaTepragoB KHX METOJIOB CTEHIOBBIX 17|
OHHBIX
DKCILTYaTallMOHHbI
XapaKTEPUCTUK u U3rOTOB .
X UCIIBITAHUI
IPOCKTUPOBAHUE TIEHUS
CUCTEMBI u
CMa3KH cOOpKHU

Pa3paboTtka cucreMsl odecrieueHust kauectsa coryacuo ISO - 9000

[PCHOBAIIUU

Pa3paboTka TEXHOJOTMHM PEMOHTa U

Pemenne BOmpocoB yTWIM3alUMU OTPAOOTAaHHBIX Y3JI0B TPEHUS U
CMa3Ku

Puc. 18. O0masi cxema 0CHOBHBIX 3JIEMEHTOB CO3aHMA KOHCTPYKLMH, Y3JI0B

TPEHUA U CMa3KH

B cepuifHOM mpoOM3BOJCTBE, KPOME CIIyk O TEXHHMUECKOTO KOHTPOJS, TaKKe
UMEIOTCS 1TA00OpaTOPUU U JIPYTHE CIIY>KObI, BXOJAIINE B CXeMY 00eCrieUeHuUsl KaUeCcTBa U

HaOaCXKHOCTHU.



PecypcHble XapaKTepHUCTUKHU Y3JI0B TPEHUSI PETIaMEHTUPOBAHBI B HAIICH CTpaHE
KJIacCaMH H3HOCOCTOMKOCTH (Tabi. 3). 3HayeHUs H3HOCOCTOMKOCTH V KOJIECOIIOTCS B
IMpOoKKX npepenax: 103-101.

B Tab6n. 4 npeacTaBieHbl JaHHBIC O KJIACCaX M3HOCOCTOMKOCTH Psiia y3JI0B TPCHUS
ABTOMOOMJIEH.

[IpuBenem nmpuMep BHIYUCIEHUS JTMHEMHOTO U3HOCA B KOHIIE SKCILTyaTallMOHHOIO
CpOKa B apax TPEHUsI KKOPEHHOW MOAIIMITHUK-BKIIAJIBII U «OpHIEHb-IMIUHAPY. [Ipu
nyteBoM pecypce B 100000 kM u cpennHeit ckopoctu 60 KM/4 BpeMEHHON pecypc
coctasisietr 2000 u. [Ipumem yacToTy BparieHus koyieaBaiga n=6000 06/MUH U TUaMETP
meiikn Baia 60 MM, TorAa JMHEHHAsh CKOPOCTh cocTaBuT V=rndn/60=2,0 m/c. IlyTh
tpenns L=V-t=14,4-10° m. Ina 7-ro kmacca usnococtoiikocts v=10"...10% a Benuuuna
nuHeltHoro uzHoca Ah=L-1=14,4-10%x10%=14,4-102=0,14 mm.

JIns mapel «IOPIIEHb-UWIMHAPY TMPH 3KCLHEHTPUCUTETE KOJICHBAJIA 75 MM IYTh
nopurHs 3a onuH 000poT cocTaBuT L1=4-75=300 mm. Cxopocts V = 180 m/mun. I1yTs 32
2000 u — L=3,6-10* M. Benuunna JUHEHHOrO M3HOCA K KOHIy CPOKA DKCILIyaTalluu
nocturHetr Ah= 0,036 mMm. Kak BuaHO, pacueTbl AalOT BIOJIHE pPEaJIbHbIC 3HAYEHUS
U3HOCA.

Tabnuua 3. Kitaccel M3HOCOCTOMKOCTHA

Knacc U Knacc U

3 103-104 8 108-109

4 104-105 9 109-
1010

5 105-106 10 1010-
1011

6 106-107 11 1011-
1012

7 107-108 12 1012-
1013

Tabnuna 4. U3HOCOCTONKOCTh HEKOTOPHIX Y3JIOB TPEHHUSI



VY3en tpenus Kinacc
[wimBapo-nopIIHeBas rpynmna 11-12
Kononounslii TopMO3 6-7
JIucKOBBIN TOPMO3 6-10
[ToqmMNHUKN CKOJIBKEHNSI KOPEHHBIE, JIATYHHbBIE 11-12
3yOuaTelie nepeaauu 5-8
IIpn CO3/IaHUU y3JI0B TPEHUs pemaercs pan

XapaKTEPHBIX TPUOOTEXHUUYECKHX 3aJ1ad, Ha KOTOpPbIE HEOOXOauMO oOpamaTh 0codoe
BHHMAaHUE.

Beibop Tuma NOANIMIIHUKOB SABISETCS OJHUM M3 OCHOBHBIX BOIPOCOB
KOHCTPYUPOBAHHS Y3JI0B TPEHMUS.

B kauecTtBe KpuTepus TNPENBAPUTEITHLHOTO BBHIOOpAa THUIA TMOIITUITHUKOB
MCIIONB3YIOT MOKA3aTeNb - IIPOM3BEAECHHUE CKOPOCTH BparieHus n (¢) u narpysku P (H),
JNEUCTBYIOIIEN Ha y3ell TpeHus. B 3aBUCHMOCTHM OT BEIWYMHBI 3TOTO MPOWU3BEICHUSA
BBIOWPAOT THIT MTOIIAITHHAKA.

OG6muMii qUana3oH peantbHbIX 3HaueHui n'P cocrasnger 102-107 H-c'l.

st ynoOcTBa M OBICTPOTHI PENICHWN HA OCHOBE MPAKTUKH KOHCTPYKTOPCKOM
paboThl CO37aHBI HOMOTPAMMBI, MO KOTOPHIM MPEABAPUTEIHLHO BBIOUPAIOT THII
NOAIIMITHUKA, - IS paaralibHBIX (puc. 19) u aist oceBbiX ynopHsix (puc. 20).

HomorpamMmbl OpueHTHPYIOT Ha BBIOOP THIOB MOJIIMITHUKOB: CKOJBXKEHUS U
KAUeHMS: CKOJbXEHUS 0e3 CMa3Ku, THUIPOJUHAMUYECKUX, THUJIPOCTATUUYECKUX,
MOPUCTHIX, U3 CAMOCMA3bIBAIOIINXCS MATEPUATIOB U JIP.

Ilpumep. CpenHsisi HOMMHAIBHASI CKOPOCTh BpAILIEHUs # KosieH4YaToro Bajia - 2000
06/muH nu 33,3 ¢,

Pacuernas narpyska P Ha kopeHHoi noamunauk - 3000 H.

Huametp Baina - 70 Mmm.
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Puc.19. ObmacTn npuMeHeHUs1 Pa3IHIHbIXITHIPOIMHAMUYECKHE  ITOJLIMIIHY
THIIOB KU CKOJIBKCHUS

PAaAHAIBHBIX NOAIIMITHUKOB

IMOAIIUITHUKHA CKOJBXKEHus 0e3
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Puc. 20. Ob6sacTu npuMeHeHHs Pa3IMYHbIX THIIOB YIIOPHBIX NOAIIUITHHKOB

ITo HOMOrpamme 17151 Haliero npumMepa (cM. puc. 19) HaxoauM nepecevueHue Tpex
xapakrepuctuk: P (H), n (mur') mn (c!). Ono ykasbBaer, 4T0 pPaccMaTpUBAEMBIH
Cly4yail OTHOCUTCA K 00J1aCTU MPUMEHEHUS MOITUITHUKOB CKOJIbXKECHHUS.



[Ipy oOKOHYATENHPHOM BBIOOpPE THMA TMOAIIMITHUKOB TINATEILHO H3Yy4YaloT
POTOTUIIBI MPOEKTUPYEMBIX Y3JIOB TPEHHS, OMBIT UX DKCILTyaTallid U OCOOCHHOCTH
koHCcTpykiuu. [locne BeiOOpa 0a30BOil cxeMbl €€ J0pabaThiBalOT MO YCJIOBUSIM
TEXHUYECKOTO 3aaHMs.

B 1enom KOHCTPYKTOPBI IPUAECPAKUBAIOTCS psAZia OOLIUX MPABUI OTPAOOTKH Y3JI0B
Tpenus. Tak, oHUM M3 OOLIUX MPABHJI MPOCKTUPOBAHUS Y3J0B TPEHUA-CKOJIBKCHUS
SIBIIIETCS MPABUJIO BHIOOpAa MaTepHaNIOB Mapbl U CTPYKTYpbl. OHO COAEPKUT, B CBOIO
ouepeib, MPAaBUIIO BEIOOPA TBEPIOCTH M MPABUIIO PA3IUYUS CTPYKTYPHI.

Ilpasuno necoenadenus meepoocmu wiuna u NOOWUNHUKA

Jljist 61aronpusITHOTO COYETaHMSI MaTeprall OJHOM JeTanu JOJIKEH ObITh TBEPKE
JPYTOH. [Ipunsito, 00OBIYHO, iz BaJIOB U3TrOTaBJINBATh
U3 TepMOOOPabOTaHHBIX KOHCTPYKIIMOHHBIX CTajlei, HEPEIKO C MOKPHITHEM (HapUuMep,
TBEP/IbIN XpOM), UMEIOIINX BbICOKYIO TBepaocTh HRC = 40...60. BTynku nin BKIaIbIIIH
HOJIIMITHUKA U3rOTAaBIMBAIOT U3 CIUIABOB I[BETHBIX METAIIOB (OpoH3a, 1aTyHb, 06a00UT
u ap.) ¢ Hu3koi TBeprocteio (HB = 20...30 - qyia 6a66uToB, HB = 40...120 - q1st OpoHs,
JaTyHeW U JPYruX METAJUIMYECKUX MATepUasoB).

DTO NpPaBWIO YYUTHIBAET MPAKTUYECKHAUN OMBIT, 3AKIIOYAIOLIMICA B TOM, YTO B
TaKOW mape MOBEPXHOCTH IIWIA MPAKTUUYECKU HE M3HAIIMBACTCS, MOCKOJIBKY SIBISETCS
BBICOKOIIPOYHOM U TBEPJOMU, KacaTelibHbIe AedopMaliii OT TPEHUS JIJIsi HEE HE OMAaCHHBI,
a TOBEPXHOCTh BTYJKHU (BKJajblia) ruiacTudHa. OHa He OOUTCA TIUIACTUYECKOU
nedopMainm, MOCKOJbKY JIETKO ee peanusyer. Kpome Toro, B IaCTUYHBIX MeTajliax
HEMPEpPhIBHO paboTaeT MEXaHWU3M peJlakcallud, ''3alleYrMBaroOIIni" BO3HUKAIOIINE
MOBPEKICHUS.

[Tapsel, y koTOpbIX Baj uMeeT 00mbinyt0 TBEpAOCTh (Haana > H noxw)), Ha3bIBaOT
npsiMbIMH, @ TIApbl TPH Heana< Huomu. - 0OpaTHBIMAU.

Ilpasuno maxcumanvbHo20 paznuuus paimepos CMPYKmMypHuIX COCMAGIAIOULUX
mMamepuana

B mpsimoii mape «cTanbHOM mum — OPOH30Bast BTYJIKA», CTPYKTYPHBIC DJIEMEHTHI
crany (6JI0KM MO3aWKH) UMEIOT pa3Mepsl B 108X MukpomeTpa (10 mm), y 6ponssl - 10°

4 MM.

[Ipu momoOHOM moAOOpe Pa3HOPOJHOCTh CBOMCTB M Pa3MEpPOB CTPYKTYPHBIX
COCTAaBJISIFOIIMX MPEIOTBpAIIACT UM CHIKAET JICUCTBUE IIABHOTO OWYa MOAIIUITHIKOB
CKOJIBKCHHUS - CXBAThIBAHUSA U 33JIUPOB.

Hpaeuﬂo CHUJICCHUA KOHUenmpauyuu KOHmMaKmHblX Hanpﬂafcenuﬁ



Hedopmariust y310B TpeHUS MO HArpy3KOW NMPHU ASHCTBUM pabouuX TeMIeparyp,
HETOYHOCTH (HOPMBI, Pa3MEPOB U OTHOCHUTEIBHOI'O PACIOJIOKEHUS BCETAAa CO3JAI0T
KOHLEHTPAIMI0 KOHTAKTHBIX HAIpPSKEHUN Ha 3yObsx mectepeH (puc.21), Ha munax u
BTYJIKaX IOJIIMITHUKOB CKOJIbXCHUS, KAUEHUS, IPSMOJIUHENHBIX HAIIPABJIAIOMNX U T.I1.

PacueTHpiMM MeTOAAaMM W TMPOBEPKOM TNPU  UCHBITAHUSX  BbIOMpAIOT
KOHCTPYKTUBHBIE PEILIECHUS AJIs JOCTUKEHMSI YCIOBUS G—min.

HpI/IHI_[I/IHI/IaJ'IBHO AJIs1 OTOTO0 UMCIOTCA JBa IMYyTHU: IMYyTh MOBBIICHWA TOYHOCTHU U
JKCCTKOCTHU MJIM IIYTh MPUMCHCHUA 3az[aBaeM017I IMoAaTIMBOCTH y3Jia.

Ha puc. 22 npuBeaeHo pelieHue, KOrja BBEICHUE JOMOJHUTEILHOW OMOphl 3
CHU3WIO Jepopmanuio 3y04aToro kosjieca MoJ Harpy3Koil, TEM CaMbIM YMEHbIINJIACh
KOHIIEHTpAIUsl HaNpsDKeHWM B TSITHE KOHTAKTAa IIIWIA, MOAIIMIHUKA M Ha 3yObsx
HIECTEPHHU.

[Ipumep npuMeHeHus MIaBaoIIe Onopsl (MOAIIMITHUK 2) ULTIOCTPUPYET CIIOCO0
KOMITCHCAIIUM TEeIJIOBOHM jaedopmariuy (Baja HarpeBaeTcs OoJibllie, 4YeM KOpImyc), (puc.
23). Bo3MOXHBI Apyrue KOHCTPYKTHMBHBIE PEIICHHS 110 YMEHBIICHUIO BIIHUSHUSA
TETJIOBBIX JI€OpPMAIIUIA.

Hampumep, ycrpoiicTBo TemmoBodt pgamObl Ha mnopmHe (puc. 24). B
(GbOopCcUpPOBAaHHBIX JBUTATENSIX BHYTPEHHETO CrOpaHUS W HEOXJIAXIACMBIX MOPITHIX
OCHOBHBIM ITPOBOJIHUKOM TEIJIOTHI SIBJISIFOTCS MOPIIHEBBIE KOJbIA. B Takux JBUraTemnsax
JIBa BEPXHUX MOPIIHEBBIX KOJbIA MOTYT MEPETPEBATHCHL.
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Puc. 21. Cxembl aedpopMannu BaJoB (a, 0), mepexkoca 3yObeB HIeCTEPeH H
oOpa3oBaHus

KOHLEHTPAUMH HATPY3KH ( 10 MUPHUHe 3y0a (B, T, 1)
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Puc. 22. KoHco/ibHOe (2) M HEKOHCOJIbHOE (0) pacnoJiokeHue KOHMYECKOro
KoJieca, CHHKaouee

nepopManMio Bajla M HEPABHOMEPHOCTb HArpy3ku (A, Az - nmepemMenieHus
BaJIa COOTBETCTBEHHO HA onopax 1 u 2)

KanaBka wnM BcTaBka o0ecnedyrBaroT OOJBIIYI0 PaBHOMEPHOCTh HarpeBa
BEPXHET0 U HIXKHETO KOJIEll.

B nBurarensix JErKoBBIX M TPY30BBIX aBTOMOOWIICH HCHOJB3YIOT MOPIIHU W3
ATIOMUHHUEBBIX CIUIABOB C JKECTKOM T'OJIOBKOW M pa3pe3HbIMHU HWIHHIPUYECKUMH WIIH
OBaJIbHBIMH 100KaMu (puc. 25). T'onoBka mNOpIIHSA ABYMS JUIMHHBIMUA MPOPE3SIMU
OTJeJIEHA OT I00KH, a MOCIEAHSSI Ha OJJHOW U3 OOKOBBIX CTOPOH UMEET KOCOM pa3pe3 Mo
Bcell nnuHe. Takas KOHCTPYKLHs MpHAAeT 00Ke MOPIIHS YHOPYrocTh M CIIOCOOHOCTH
1e(pOpMUPOBATHCS HE3ABUCUMO OT €r0 I'OJIOBKU. DTO MO3BOJSIET IPU XOJAO0BOM MOCA/IKe
NOpIIHS M30€XkaTh 3aefaHMs NPHU TeperpeBax. YKa3zaHHBIE IMPOpPE3U, KPOME TOTo,
o0jer4aroT OTBOJ B KapTep Macja, CHHMAaeMOro CO CTEHOK UWIMHIpa
MacJIoCOpachIBAIOIIMMU KOJIbLIAaMU TOPIIHSA TpU ero mpsiMoM xoxae. llomepeunsie
NPOpE3N YMEHBIIAIOT OTBOJ| TEIJIOTHI OT T'OJOBKM MOPIIHSA K €ro F0OKE U YIydIIaroT
ycioBusi cMa3biBaHus. Kocoil mpooapHbIi a3 npenynpexaaet oopa3oBanue rpeOHs B
BEpPXHEH YacTH 3epKajla LMIMHApA, BbI3bIBaeMoe u3HOcoM. IIponmonbubie T- u II-
oOpa3HbIe MMa3bl F0OKW TOPIIHS HE JOBOJATCS JI0 HIDKHETO e¢ oOpe3a. Bo m3bexaHue
3aeJaHUsl  HEPa3pe3aHHOr0  HWXKHEro  mosfca 00Ky  MOPUIHS  BBIMOJHSIOT
AITUTICOUANBHOM, C MEHBIICH OChI0 B HANpaBICHUH OCH MOpIIHEBOro maibia. I[lo
00JIbIIEH OCH IITUIICA XOJOIHBIM MOPIIEHh 00pa3yeT ¢ HMIMHAPOM MOCAIKY C 3a30pOM,
IpU HArpeBe ero 00Ka pacIupsAeTcs B HAPaBIEHUU OCH TOPIIHEBOTO KOJbIIA.



IIpoBenem eme aBa mpuMepa peanu3anuu
HaIpsKEHUN KOHCTPYKTUBHBIMU METOJAMH.

Puc. 23. OnmnopHbiii y3ea ¢
HAPUKONOAIINITHUKAMM:

1 - 3axkpemjieHHas omnopa; 2 -
IUIABAKOIIAS

onopa

ImpaBujia CHMXCHHA KOHTAKTHBIX

0)

Puc.24. TemjioBbie aaMOBbI
MOPIIHEH:

a - B Bujae npope3u; 0 - B
BU/E

ayCTEHUTHOM NMPOCTABKHU (B
AJIIOMMHHEBOM IOPIIHE)
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Puc. 25. lleabHOoaIIOMUHUEBbIE IOPIIHU:
a - ¢ MUJIMHAPHUYECKOIl pa3pe3Hoi I00K0i; 0 - ¢ 0BAJILHOM

100Kkoii u T-06pa3HbIM pa3pe3oM; B - ¢ 0BaJILHOI 100Kk0i1 1 [1-06pa3HbIM

pa3pe3om
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Puc.26. Pasrpy3ounas kanaska 1 Ha Puc. 27. PosukoBasi onopa
TOPLEBOMH IS
pa3rpys3Ku

HanpaBJIsA0Iux:

MOBEPXHOCTHU NOANATHHKA

IEeCTEPECHHOI0 Hacoca.



A — mojgoctb BcacbiBaHusi; b — 1 - cToa; 2 - ocHOBaHHUe; 3 -
M0JI0CTh HATHETAHUSA POJINK; 4 - CTAHUHA

CTaHKa; S - pa3rpy:xawiuas
NPY:KUHA

T'uopopasepyska. Ha puc. 26 npuBeleH NpuMep pasrpy3Kd NOANSTHUKA
HIECTEPEHHOTIO HAcoca IyTEeM YCTPOMCTBA pa3rpy304YHOM KaHaBKU |, coenuHSIOLIEH
3aMKHYTYO MOJIOCTh C KAMEPOM HAarHETaHUsI.

Mexanuueckaa pazepyska. Ha puc. 27 npuBeleH MNOpuMep pasrpy3Ku
IPSMOJIMHEMHOW POJIMKOBOW Hampasisonied. BemnunHa pasrpy3ku Onpenesnsercs
3aJaHHOW XapAKTEPUCTUKOUN MPYKUHBI.

[Ipeononenre cuia TPEHUS M YMEHBIIICHHS N3HAIITMBAHHMS, TIPEXKC BCETO, CBA3aHO
C MPpUMEHEHUEM CMa3Ku. B COBpeMEHHBIX MaIlMHax TpeHHue 0e3 CMa3Ku MPaKTHYCCKH
uckitoueHo. KoHCTpYKTOpCKHE 3a/1aqu OpraHu3aIiii CMa3Kyd CBOJSTCS K OMPECTICHUIO
¥ BBIOOPY THIA CMa30YHOTO MaTepuajia (Macio, MIaCTUYHAs cMa3Ka, TBEpAas cCMa3Ka),
croco0a JIOCTaBKM CMa309HOT'0 MaTepHaia B 30Hy TPEHHUS, YCTPONCTBA MACIIOCHCTEMBI
(BKJIIOYash OYHUCTKY, TS PMOCTAOMIIM3AIMI0, HACOCHOE XO3SHMCTBO, TPYOOIIPOBOIHI,
(bOopCyHKH IS aJIpECHOM T10/1aYu Macjia WM IIPU CMa3blBaHUH ""MACIISTHBIM TyMaHOM" |
cydaepsl I 0TCoca Macia Ha BbIX0JIe U3 pabodeii 30HbI).

B nmoammnHarkax KaueHHs] MPUMEHSIOT 3aKJIaIHYI0 CMa3Ky, PACCUMTAHHYIO JTUOO
Ha BECh pecypc pabOThl MOIIMITHUKA, JTUOO HA TMEPUOIUYECKYIO0 3aMEHY, KaK 3TO
MNPUHATO MIPU IKCIUTyaTAlUH 3JIEKTPOIBUTATEIICH.

BaxHOil KOHCTPYKTOPCKOHM 3amaveld ISl MOAIIUITHUKOB CKOJBKEHUS SIBISCTCS
YCTPONCTBO MACIISIHBIX KAHABOK U KAPMAHOB Ha TIOBEPXHOCTH TpeHHs. OTHO U3 peleHni
MPUBEJICHO HA pUC.28.

Puc.28. IlpuMep HCHOJIHEHHSI KAHABKHM HA BKJAJbIIIEe MOJIIMITHUKA
CKOJIbKEHMSI



Hanee OyaeT mokazaHo 0J1aroTBOPHOE BO3JACHCTBUE HA MPEOJIOICHHUE ""MACIISTHOTO
roJiofaHus" peryJsipHbIX pelbeoB pa3IMYHOU TPABIOPHI, TUI KOTOPOM BBIOHMpaeTCs
UCXoasi U3 ocoOeHHOocTed paboThl  moAmMnHUKa. Tak, B  NOAIIMIHUKAX
TUAPOANHAMUYECKOTO TUIIA YCTPOUCTBO CETKM KaHABOK IIPOTHMBOIIOKA3aHO, TAK KaK OHU
OPUBOJSAT K CHUKEHUIO JIaBJICHHSI B CMA30YHOM KIIMHE. 371ech 3P deKTUBHA cUCTeMa He
CBSI3aHHBIX MEXKIYy cO00M yrimyOnenuii, cofepsxamux "pesepBayto" cMazky. OqHaKo Bce
pELICHUsI MO KOHCTPYKLHH y3JIOB TPEHHUS PUHUMAIOTCS MOCJIE€ TIIATEIbHBIX PACUETOB,
a xputepreM dS(PGEKTHBHOCTH TPUHATHIX PEHICHUN SBISIOTCS TOJIOXKHUTEIbHBIC
pe3yabTaThl UCIILITAHUN.

B oOmactn MexaHUKH TpEHMs IOJIYy4YaeT pPa3BUTHE SIBJIEHUE H30MpaTEeIbHOIO
IIEPEHOCA, IO3BOJLIIOLIEE CO3[aBaTh IMPAKTUYECKU OE3BI3HOCHBIE TPYLIMECS Hapbl C
MasbIM Ko3(ppuuuentom Tpenus u Boicokum KIT/I.

H3oupamenvhotii nepenoc — GU3AKO-XUMUYECKUA TPOIIECC, TPOUCXOMAIINNA B
cpezie MOBEPXHOCTEHW TPEHUS U CMa3KH, B Pe3yJIbTaTe KOTOPOTO HA MOBEPXHOCTU TPEHUS
oOpa3yeTcsi 3alMTHasE MeETayIMyeckas IUIeHKa. JTa IUieHKa oOJjagaer 0co0oi
CTPYKTYpPOU U PE3KO CHUKAET XapaKTEPUCTUKU TPEHUS U U3HOCA.

O6pazoBaHue METAUIMYECKON 3alllUTHON TUICHKH MOKET MPOUCXOJUTH 3a CUET
MaTepualia, CoJiep)Kallerocss B CMa3ke M caMHX Tpyuuxcs napax. Hanpumep, B
nape crajb+Mellb UK €€ CIulaBbl (OpoH3a, JIaTyHb) MIEHKOOOPA3yIOIIUM MaTepHalioM
oynet menb. [nenkooOpa3zyroleit mprucaakoi cMa3Ky JUIsl apbl CTalb+CTalb WK YyTYH
MOJKET OBITh, HAIPUMEP, MEIHBIN TOPOIIOK, ToOaBisiemMbiid B cMa3ky [ITUA-TUM-201.

N306upatenpHbIid IEpeHOC 00J1a1aeT CBOWCTBOM aBTOKOMIIEHCAIIMU U3HOCA, T. €.
3alllUTHAsl TUIEHKAa XOTS W M3HAIMBAETCA (CPAaBHUTEIBHO Majio), HO HEMPEPHIBHO
BoccTaHaBnuBaeTcs. JlocTmxkeHuss B 00dacTd HM30MPATENBHOTO TMEpPEeHOCa MOIYUYHIH
IPUMEHEHUE B TEPBYIO O4YEpEe/lb B y3JaX TPEHUSs, padOTaloOUX B SKCTPEMalIbHBIX
YCJIOBUSIX — B BAKYYM€ Ha KOCMUUYECKHUX allapaTrax, B arpeCCUBHBIX CPe/laX XUMHUUECKOU
MPOMBIIIJIEHHOCTH W JIp. MaccoBOro NMpUMEHEHUs B MAlIMHOCTPOCHUM OHM IOKAa HE
noiyunsid. Bo Bcex cilydyasx MOBEPXHOCTHM TpPEHUS HEOOXOAMMO 3aluiiaTh OT
3arpssHeHus. IIpu 3arps3HeHHH BCE€ pPACCMOTPEHHBIE METOABI 3aLIUTHI OT HM3HOCA
CTaHOBSATCS Maj0d3(EeKTUBHBIMH.

Ha coBpemMeHHOM 3Tale pacueThl Ha W3HAIIMBAaHUE OTCTAIOT OT PAaCcyYETOB TIO
JIPYTUM KPUTEPHUSAM (IIPOYHOCTH, KECTKOCTH, BHOPOYCTOMUYUBOCTH M TEIJIOCTOMKOCTH).
DTO OOBSACHACTCS TEM, UYTO M3HAIIMBAHHE SBIACTCS 00JIee CIIOXKHBIM IporeccoM. OHO
3aBUCHUT OT MHOTHX (DAKTOPOB, B TOM YHCIIE MAJIO ONPEACICHHBIX, HATPUMED TaKUX, KaK
OKpY’Karomas cpejia, KaueCTBO U CBOEBPEMEHHOCTh OOCTY>KUBAHUS y3JI0B TPCHUS U TIP.
JIJIsl ICKITFOUEHHMS CITy9aiiHOTO (PaKTOpa B CUCTEME CMa3KH MPUMEHSIIOT aBTOMaTHICCKUE
CMa304HBIC CHCTEMBI, KOTOPBIC OOCTY)KMBAIOT MAIIMHBI 1O 33JaHHOH Mporpamme 0e3
y4acTHsI YEIOBCKA.



MOM{HOC'mb MAauiuH u eé npeoﬁpas’oeauue 6 mMexanumax

UYenoBedecTBO 0 CUX MOp €II€ HE HAYUUIIOCh CO3/1aBaTh dHEpruto. Bes sHeprus,
ucrnoyib3yemas fgaxe cambiMu tniepenoBbiMu muBuin3anusmu (CILLA, Smonus) mo6sita
BCEr0 JIMIIbL MPUMUTUBHBIM TI'pabeKoM Yy MpupoAbl. B 3TOM cMbICiIe COBPEMEHHBIM
YeJIOBEK HE MPOJBUHYJICA KAYECTBEHHO JIaJbIlIe JUKAps C OXAIMKOM BETOK JIJIsl KOCTpa.

Bces, tak HaspiBaemas '"sHeprerwka', a Takke BCE MAIWHbI, MEXAHWU3MBI, BCS
HU3KAasi U BBICOKAs TEXHOJIOTHSI — 3aHSThI BCETO JIUIIb NepepadoTKOM, mpeoOpa3zoBaHuEM
U, TJIaBHOE, TPATOM SHEPruu, CO3JaHHOW MPHUPOAON (M3JIydeHUE COJHIA, sAepHas
SHEPrusi, UCKOMAeMbI€ YHEPTOHOCUTEU, KHHETUYECKAsi PHEPTUSI BETPa U BOJIBI).

Ommokoit ObLI0 OBl JyMaTh, YTO KaKON-IMOO MEXaHU3M B IMPHUHIMUIE CIOCOOEH
POU3BO/IUTH, YBETUUUBATH WIH XOTS Obl COXPaHSATh SHEPTHUIO.

[TocKOJNbKY JI0JIM ¥ UX MAIIMHBI CYIIECTBYIOT B PEKUME PEATBLHOTO BPEMEHU, TO
0oJiee TTPAKTUYHOM U HArJISAHON BEIMYMHOM SIBJSETCS MOIIHOCTh — MPOU3BOJHAS OT
coBepIIaeMoi paboThl IO BPEMEHH, KOTOPYIO MOKHO (DAKTHUYECKH Ha3BaTh "'CKOPOCTHIO
coBeplIieHUs paboThl" WM '"CKOPOCTBIO TpeoOpa3oBaHusi HSHepruu". MoOIIHOCTH
(ucuucnsieMas B JIOWIAQJAMHBIX CHJIaX WJIM BaTTax) SBIAETCS TJIaBHEHIIEH
XapakTepUCTHUKOM  BCE€X  MallMH, OT CTapUHHBIX  MapOBBIX  KOTJIOB  JO
CJIIO’KHEUMIINX MEXaTPOHHBIX CUCTEM. B miiane 3aKkOHOB ()M3UKH, 3aKOHOB COXPaHEHUS,
MOHATUS MOWHOCMU Y JHEP2UYU MOTYT CUUTAThCS MpakThUuecku cuHoHuMamu. Korma
TepSETCS SHEPTHUS, CHIXKACTCS U MOITHOCT.

MoniHoCTh, OJHAKO, HE SBJISIETCS MAapaMeTpoM, €€ HEBO3MOXKHO H3MEPHUTH
HenocpeacTBeHHOo. B gunocoduu ectp nmonsitua "cymHocts" U "sBinenue". Tak BOT,
MOIIIHOCTb 3TO CYUJHOCMb TIPOLIECCOB JIBUKEHUS MAILUH, a s6/5emcs OHA HaM B BUJIE
CWIbl U CKOPOCTH, WJIM B BHUJE BpPAILAIOIIETO MOMEHTa M YTJIOBOW CKOPOCTH. OTH
napameTpbl (cuia F, MOMEHT M, CKOpOCTh V' WM yrioBasi CKOPOCTb ®) MOAJAIOTCS
M3MEPEHUIO, 2 COOTBETCTBEHHO MOKET OBITh BHIYMCIICHA U MOIITHOCTH V.

B Hecnoxubix ¢dopmynax (MaTeMaTHYECKUX MOJIEISAX) MOIIMHOCTH TpHU
MOCTYNATEIbHOM ABWXEHUY N=FV U npu BpamareabHOM IBUXKEHUU N=M-® BUIHO,
YTO COMHOXHUTEIN MOTYT U3MEHATHCS B Pa3HbIE CTOPOHBI, a TPOU3BEACHUE OCTABATHCS
TeM jxe. Tak oJHa W Ta >X€ MOIIHOCTh MOXET ObITb peain30BaHa JIMOO BBICOKOM
CKOPOCTBIO U MaJIOM CHUJIOM (BBICOKOCKOPOCTHBIC MAIMHBI U MEXaHU3MbI), JHOO
OOJIBIIION CUJION HA MaJIbIX CKOPOCTSIX (TMXOXOJHbIC BHICOKOHATPYKEHHBIE MAIlUHbI U
MEXaHU3MBI).

MexaHuueckasi MOIIIHOCTh nepedaémcs MEXaHu3MaMu OT JABUTATeNsl (BXOJHOIO
3B€HA) K MOTPeOUTEII0 (BBIXOJHOMY 3BEHY) U Ha 3TOM IYTU MOHCEN MOJIbKO YObleanv



3a cuém nomepv HA mMpeHue TIIaBHbIM O00pa30oM B KMHEMATHYECKUX Iapax, a TaKKe
KOHTAaKTe JieTajel ¢ OKpy KaroIlei cpefoit (cmaska, Bo3ayX u T.1.). [loTepu Ha TpeHue
B MEXaHHU3MaXx Y4YuThbIBaroTcs kKodpduuuentom nosneznoro naercraus (KI1/), koTopsrit
IIOKa3bIBa€T, CKOJIBKO IPOLIEHTOB COCTAaBJISIET NOIE3HASL MOWHOCMb (TIOJTy4eHHAs
NOTPEOUTEIEM Yepe3 BBIXOJAHOE 3BEHO) OT 3aTPAueHHON MOIIHOCTU (IIOJy4E€HHOMU
BXOJHBIM 3BeHOM OT aBurarens). KIIJ[ ¢akTuuecku yuynuThIBaeT 6ce MOTEPU Ha TPEHUE.

Tak, MOIITHOCTB, AOXOAAIIAs 10 BBIXOJHOI'O 3B€HA M IOJy4yaeMas IOTpeOuTenem
6YHeT paBHa Now = Nog " e ,

rae Nos — MOIHOCTh, pa3BUBAaE€Masl IBUTaTeIEM Ha BXOIHOM 3BCHE;
Muex — KO (OULIMEHT MOJE3HOTO ACHCTBUS BCETO MEXaHU3MA.

B MHoOrocryneH4arblx MeEXaHHW3MaX C MHOTO3BEHHbIMH KHHEMATUYECKUMHU
LENsIMU C TIOCJIEIOBATENbHBIM coeuHEeHueM (puc.29) o0iume noTepu y4HUTHIBAIOTCS
npousBenenueM KIIJ[ Bcex 1 cTyneHel KuHEeMaTUYeCKOM LIeTH.
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Puc.29. MexaHN3M C MOCJIEI0BATEJIbHBIM COeIUHEHHEM 3BEHbEB

Tak, i1 MHOrOCTYIIEHYaTOr0 MEXaHW3Ma MOIIHOCTb Hai-M  3BEHE
KUHEMAaTUYeCKOM  1enu Ni=Ngmi'm2:...Mi-i, a  MOIIHOCT  Ha  BBIXOJHOM
3BEHE Npux=Nye'N1'12"... Ni*... N, TAE N1, M2, N3,.... N4 — cooTBeTCTBeHHO KIIJI 1-11, 2-14, 3-
U U T.J. BCEX CTYIIEHEW MEXaHU3Ma.

B MHoOroctymeH4atpix MeXaHU3Max NapauieibHOW CTpykTypbl (puc.30)
KOHCTPYKTOPOM Ha3HAYAETCs pacIpe/IeICHHe MOIIHOCTEH
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Puc.30. PacnpegejieHne MOIIHOCTH TMPH MNAPAJIEJbHOM COeIMHEHHUH
MEeXaHU3MOB

Ny =BiNgpe Ny =N, weo Ny =8Ny, oo Ny = BN,



riae i JoneBble  KOO(PQPUIMEHTHl  paclpeieNieHUs]  MOIIHOCTH,  KOTOpOE
NOAYMHSIOTCS yCIIOBUIO Bi+Po+...+Bit...+Br=1.

quTI)IBaﬂ, qTo N6blx: N@blx]+ Ngb1x2+ e + Ngblxi+ cee + Ngblxn, KHﬂ TaKOﬁ CXEMBI
BBIUNCJIIMM KaK
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B wactHOM ciaydae, eciad MOIMHOCTh OT JBUraTeNs pacnpenensercs I10
mexanuzmam nopoBHy u ux KIIJ[ paBHBI, TO #=#i/n, TIe n — 4YHUCIO MapaIeIbHO
COCIMHEHHBIX MEXaHU3MOB.

CKOpOCTH U YIJI0BBIE CKOPOCTH 3BEHBEB B KAXKJI0M KHUHEMATUUECKOU Mape KECTKO
periiaMeHTUpPOBaHbl KMHEMAaTUKOW MexaHu3ma. OHM BBIUHCISAIOTCS 1O (opmyliam
KUHEMAaTUKH JUIS KaXJ0T0 KOHKPETHOTO BU/1a KHHEMATUYECKOU Iapbl, KaK 3TO JIEJIACTCS
B KHHEMAaTUYECKOM aHaJIM3€ MEXaHU3Ma.

[TonyynB U3 KMHEMATHYECKOTO aHalIM3a JIMHEHWHBIE U YTJIOBBIE CKOPOCTH BCEX
3BEHBEB MEXaHU3Ma, a TaKXe IMOJCUYUTaB MOUIHOCTH, IIE€pPelIaBacMble 3BEHBSIMU,
HETPYJHO BBIUUCIUTH CUJIbl (IIOCTYNATEIbHOE [BU)KEHUE) W BPAIIAIOIIUE MOMEHTBI
(BpalatenbHOE IBUKEHNE) HAa BCEX 3BEHbSIX MEXaHU3Ma

:_::__ =1?|~i‘“.f1_.f_.; fl.-fizﬁril.lrﬁdi.

3Has OTH CBOMCTBa HpCO6pa3OBaHI/IH MOITHOCTH, 4YaCTOTbI BpallCHUA U
Bpalaromero MOMCHTAa B MCXAaHHU3MCE, MOKXHO OLCHHTHL PACIIPCACIICHHC HAI'Py30K IIO
3BCHBAM U TCM CAMBIM ITIOJIYUHTH IIPCABAPUTCIBHBIC UCXOAHBIC NAHHBIC IJIA pacqéTa Ha
IMPOYHOCTb I(CT&JIGIZ MalllnHHEI.

Bonpocwt ona camonposepxu
- KakoBbI MeCTO 1 poJib MallIMH B COBPEMEHHOM OOIIECTBE ?

- Ilo =xapaktepy pabGodero mpolecca W HA3HAYCHHIO, K KaKOMY KJaccy
MO>KHO OTHECTH TaKHe€ MAIIHHBI, KaK KOMIIPECCOP, JIEKTPOIBUTATEINb, TIpece ?

- Kakue y4eOHBIE MUCHMIUIMHBI HEMOCPEACTBEHHO CIIy>KaT 0a3od M Kypca
"JleTanu MalllvH U OCHOBBI KOHCTPYHUPOBaHUs" ?

- Kakue paznuuune Mexay MEXaHU3MOM U MalIMHOM ?

- Ha kakue Kiracchl ACNATCS MAIIMHBI B 3aBHCUMOCTH OT MX (YHKIIMOHAIHHOTO
Ha3HaueHUA?



- I[aﬁTe OmnpcACICHUC OCHOBHBIM BUAaM I/IBI[GJII/Iﬁ MalIuHOCTPOCHUA.

- YUro crmemyeT MOHMMATh IIOJ JeTalbi0 MamuHBI? Kakue merann Ha3pIBarOT
0o0111ero HazHaueHus?

- Uto Takoe aetainb, y3en, arperar (0JI0K), KOMIIJIEKT, MallliHa , KOMILIEKC?
- Kakue ocHoBHBIE TpeOOBaHUS IPEABABISIOT K MallIUHAM U UX JIeTalsiM?
- KakoBo paznuune Mexay MEXaHU3MOM U MAITUHOMN?

- B yeM paznuuns Mexay nepenaTtouyHbIM, UCTIOJTHUTEIbHBIM U pab0o4YrM OpraHaMu
MAIITHUHBI?

- Uro cneayer MmMoHWMATh IO JETalbi0 MalmmHBI? Kakue aeraqd OTHOCIT K
JeTaasiM 00IIlero Ha3HAYEeHUA?

- Kakue neranu mamuH 00111ero Ha3HaueHs Bbl 3HaeTe?

- UTto mpenycMaTpruBaeT TBOPUECKUN MPOLIECC MPOEKTUPOBAHUSA?

- Kakas pa3zHuia MexJ1y IpOYHOCTBIO U )KECTKOCTBIO JeTaen?

- Kakue ocHoBHBIE TpeOOBaHMSI IPEABABISAIOT K MAIIMHAM U UX JI€TaNIsIM?

- HazoBure o0mue TpeOoBaHus K MalIMHaM, COOPOYHBIM €AVMHUIIAM U JAETAJISAM.
- B uem cyTh noHATHA «3KOHOMUYECKAs! 3PPEKTUBHOCTHY ?

- Kakue pemenus odecredynBaeT TEXHOIOTUYHOCTh KOHCTPYKIIMH?

- Kak Bnmser BpIOOp MaTepuana W cHoco0 IMOJy4YEHUS 3aroTOBKHM Ha
SKOHOMHYHOCTH MAIIUHBI?

- B kakux ciaydasx KOHCTPYKTOp IOJDKEH AyMaTb O KaTE€rOpHUsaX «KpacoTa» M
«ynobctBo»? TloscHUTE 3TO HA MPUMEPE 3HAKOMOM BaM TEXHHKH.

- B uem cyTp Kareropum «KOMITO3ULusD ?

- Kak BbI NOHMMAaETE NPUHILINI «30JI0TOE CEUEHUE» ?

- B ueM cyTh 3)proHOMHMKHM IPY KOHCTPYUPOBAHUY MAIIUH?

- JlaiTe onpeesieHue OCHOBHBIM KPUTEPUSAM HAJEC)KHOCTH MAILIVH.

- Kakue BHIbl H3HAIIMBAaHWS JOETAJIEW MAIIMH CYIIECTBYIOT M KaK HX
PENOTBPATUTH?

- B kakux ciayyasx KaTeropusi «BHOpPOYCTOMYHMBOCTBY» HMMEET 0C000 Ba)XHOE
3HaueHue?



- Packpoiite nonsTHe «TpUOOTEXHUKA.

- Kakumu criocobamu pelarTCcs
PO0IeMBI TPHOOTEXHUIECKUX 33729 BCOBEPIIICHHOM MAITMHOCTPOCHUH?

- Uto cieayeT MOHMMATH IMOJ HAJEKHOCTHIO MalllMH U WX AeTtanei? Kakumwu
CBOMCTBaMH, COCTOSIHUSIMM M COOBITHSIMM XapakTepu3yeTcs HaJexHocTh? KakoBo
pa3zinuue MEXJIy PecypcoM U cpokoM ciyxObl? [lo kakuMm mokazareyisiM OLICHUBAIOT
HaJIC)KHOCTH?

- JlaiiTe onpeneneHne KaTeropuy «HaIeKHOCTD.

- PackpoiiTe CyTh riiaBHEUILIETO KPUTEPHUS HATEHKHOCTH

- Kakue kpurepuun obecrneunBaroT 6€30TKa3HOe (YHKIIMOHUPOBAHUE MAIIIHH?

- KakoBbl OCHOBHBIE KpUTEPHUH pabOTOCIIOCOOHOCTH M pacyeTa JeTajneil MaliuH?

- Kputepun paboTOCIOCOOHOCTH — TNEPEUUCTUTE W MPUBEIUTE MPUMEPHI
KOHCTPYKIIUH, TJI€ TOT WM UHON KPUTEPUI ABIISIETCS IJ1aBHBIM?

- OOBsACHUTE MOHATUE HOMUHAIBHOW U PACUETHOM HArpy3Kku?

- KoHCcTpyKIIMOHHBIE MaTepuaibl — (AaKTOPbl, KOTOPBIE YUYUTHIBAIOT MPU BHIOOpE
Marepuana’?

- O0BscauTe noHATHE HaAeKHOCTH? CII0COOBI MOBBIIIEHUA HAAECKHOCTH?

- Kakumu Metomamu ocyiecTBisieTcss onTuMu3anus KoHcTpykuuii? Ilpusegure
IpUMEPHI?

- KakoBo paznuune Mexay NpoeKTUPOBOYHBIM U MTPOBEPOUYHBIM pacuyeTaMu?

- YUto Takoe paboTOCIIOCOOHOCTH, TPOYHOCThH, YKECTKOCTh, H3HOCO-TEIII0-BHOPO-
KOPPO3UOHHAs YCTOMYUBOCTb, CTOMKOCTh K CTAPEHUIO?

- B uém 3akmrouaercs pazHuLa MeXAy MPOCKTUPOBAHUEM U KOHCTPYUPOBAHUEM?
- B ueMm cyTh niponiecca MpoeKTUPOBAHUS ?

- Kakue craguu u KkakoBa Mocjae10BaTeIbHOCTh IPOLIEcca MPOSKTUPOBAHUS ?

- JlaiiTe onpenenenne KaTeropun KOHCTPYUPOBAHHUE.

- Ha3oBuTe OCHOBHBIE IPUHLIMIIBI KOHCTPYHPOBAHU.

- UTo CIIyKUT OCHOBON KOHCTPYUPOBaHUSA?

- B uem CyThb IIpUHOUIIA «MHOTI'OIIOTOYHOCTD IICPCaAauIn BHCpFHI/I)>?



- Kak Bbl moHnMaere CyTh TEpMUHA «ONITUMAIBHOE IPOEKTUPOBAHUE ?
- Yrto naet B mpoekTHOM AesrenbHocTH CAIIP?

- Kak Bbl mnoHumMaere CyTh TEPMHUHOB «CTPYKTYpHAas ONTUMHU3ALMUD» W
«mapameTpudecKasi OnTUMHU3ALUS» ?

- Kakme mnpaBuna u HOpMmbl pernameHTupytorcss Enmnoit  Cucremon
Konctpykropckoit JlokymenTauuu ?

- Kem dpopmynupyercs u cocranisiercss Texuuueckoe 3aganue ?

- Kakue noKyMeHTHI SBIISIFOTCS pe3yJIbTATOM KOHCTPYUPOBaHUs ?

- Kakue rpynmnsl TpeOOBaHUN MPEIBIBISIIOTCS K MalllUHAM ?

- KakoBbl ocHOBHBIE TpeOOBaHUA K I€TAIsIM U MalIuHaM ?

- KakoBbI OCHOBHBIE KPUTEPUU KauecTBa AeTaneil 1 MaliuH ?

- Uto Takoe paboTOCTIOCOOHOCTh U KAaKOBHI €€ KpUTepuu ?

- Uto Takoe HaJEXKHOCTh U KaKOBBI €€ KPUTEPHUH ?

- Uro siBNisieTCs rIaBHEHIIIMM KPUTEPUEM pabOTOCIIOCOOHOCTH M HAJIEKHOCTH ?
- B uém 3axmmrouaercs oOlee yciaoBUe MPOUYHOCTH JieTalel MalliuH ?

- B uém pazHuIa Mex 1y NPOEKTUPOBOYHBIM U POBEPOYHBIM pacuéraMu ?

-qTO TAaKOC I/I3HOC? YKa)KI/ITe HYTI/I YMGHBIHCHI/IH HN3HallIuBaHUS Tp}IH_II/IXCﬁ Je-
Tane?

- UTo npou3oifieT ¢ AeTaibio, €CiU B poliecce padoThl TeMneparypa OyIeT BbILIe
IIPEAEIBHO TOIYCTUMON?

- [IpuBenuTe npumep yXyAleHUs paboThl MAILIMH MPY BUOpaLIUU.

- KakoBbl OCHOBHBIE IpyNIIbl J€TaE MallliH OOIIEro Ha3HAYEHUS ?
- Uto n3yvaeT nMHaMUKa MalluH?

- Kakue cuibl 1edCTBYIOT B MEXaHU3MAaX U MallluHaXx?

- Kakue BuzbI TpeHUS CyIECTBYIOT B MEXaHW3MaxX U MalluHax?

- KakoBa posib cMa304HOr0 MaTepuana npu TPEHUU aeTaieii?

- Kak BBIUHCIISIOT CUJIBI TPCHUA IIPU CKOJIB)KCHUU U KaueHUH?



- JlaiiTe ompeneneHUE TAKUM IOHSATHUSM TPUOOTEXHUKH, KaK BHEIIHEE TPCHHUE,
TpEeHHUE TTOKOs U TpeHUe BKeHus? Kakue BUIbl M3HAIIMBAHUS XapaKTEPHbI JJIsI TPEHUS
MoKoA?

- KakoBo noBezieHrne cMa3Ku Ha TPYILLUXCS MOBEPXHOCTAX AETaJed MallrH?

- KakoBbl (hyHKIIMM CMA3KH 110 CHUKEHUIO U MOBBIIICHUIO KO3 (DULIMEHTA TPEHUS
MEXAY CONPSraeMbIMU JETAISMU; TJ€ 3TO UCIIONIb3YETCS?

- KakoBa «mexaHnKa» BO3HUKHOBEHHUS TUTTUHTA y eTanen?

- KakoBa poJib TpeHUsI IOBEPXHOCTEN U CMa3KU B MUTTUHTE?

- JIJ1 yero UCHoJib3yI0T YroJl U KOHYC TPEHHUS?

- Kak 1 mouemy npoucxoauT U3HaIIMBaHUE JETaIeh?

- Kakue mepbl npuMEHSFOTCS 111 HOBBIIEHHS] U3HOCOCTOMKOCTH?

- Kakue cymecTByrOT BUAbl U3HAIIMBAHUS U IPU KAKUX YCIIOBUSX ?

- Kakue ctaguu n3HammBanus HaOMIOJAl0TCS B IETASAX MaIlUH?

- Kak K0IM4eCTBEHHO OLIEHUBAETCS MHTEHCUBHOCTh M3HAIIMBAHUS?

- Kak 1o Buly NOBEpXHOCTH paclio3HaTh BUJI N3HALIMBAHUS ?

- Kakue MalmHbl OTHOCSTCS K YCTAaHOBKAM IIUKJIMYECKOTO AEHCTBUSA?
- UTo xapaKTepu3yeT U KaK ONPEAEIISIETCA NPOIOTIKUATEIIbHOCTD BKIIFOUEHHUS ?
- Kakue MaimHbl OTHOCSITCS K YCTAHOBKAM HEMPEPHIBHOTO ACHCTBUS?

- IlpaBunbHO 15U y4uTHIBaeTCS KOAGOUIIMEHT BHEIIHEH JUHAMUKHA TIpU
OIIPENEIICHNU MOIITHOCTH AJIEKTPOABUATATENS B MAILIMHAX HENPEPBIBHOTO AercTBUA? Ecin
IPaBHIBHO, TO YEM 3TO OOBIICHIETCS?

- IlyTn noBeIlIEHHs] KAYECTBEHHBIX MTOKa3aTesled pabo0TOCIOCOOHOCTH

- Uto cieayeT MOHUMMATH MOJ HAJAEKHOCTHIO MalllMH U UX AeTtanei? Kakumwu
CBOMCTBAMU XapaKTEPU3YyETCs HACKHOCTh?

- Uto Takoe ctangapTU3aus U yHU(PUKAIKS B MAITTHOCTPOCHUH ?
- Kak Bbrancisiror ko3hGuireHTsl TOBTOPSIEMOCTH U TPUMEHSIEMOCTH?

- Kaxkwue II0Ka3aTcIn BXOIAT K OKCIITyaTallMOHHBIM Tp€6OBaHI/I5{M,
IMPOU3BOACTBCHHBIM BO3MOKHOCTAM, 3KOHOMHWYCCKHUM (baKTOpaM, MCXaHHYCCKHM H
TEXHOJIOTHYSCKHM CBOMCTBAM?



- Kakne u3 KoHCTpyKIuil monydarorcs Oosee >KeCTKHMH, pabOTalomuMU Ha
cKaTHe, pacTsKeHue, U3rud uim kpydenue? /laiite aHanu3 KaxxqoMy KpUTEPHIO.

- Ilouemy pacueTbl 1O BEpPOSTHOCTH O€30TKa3HOW padoThl (husmuecku Ooiiee
JIOTUYHBI, YEM pacyeThl 10 K03 HUIHeHTy 6e30nacHOCTU?

- KakoBbl cranmapTHbIe (U3UKO-MEXAaHHMYECKUE XapaKTEPUCTHUKH MaTEpPHAIOB
Hanboyee BaXXHBIX s JAeTajeil, paboTarommMxX Ha MPOYHOCTh, KECTKOCTh, M3HOC,
TEMJIOCTOMKOCT, W BUOpocTOMKOCTh?  KakmomMy — KadeCTBEHHOMY — KPUTEPHIO
pabotocnocobHocTr JIM aaiiTe ncuepnbIBalOIINE OTBETHI.

- N3 kakux 371€MEHTOB F€OMETPUYECKUX (POPM MPEUMYIIIECTBEHHO COCTABJISIOTCS
JE€TAJId MAlllMH U Io4Yemy?

- CoctaBbTe TpEOOBAHUE MO0 KOHCTPYUPOBAHUIO, COTJIACHO TEXHUYECKOTO 3aJaHus
BallleMy MPOEKTY.

- Kakne mammHbl OTHOCSTCA K YCTAHOBKAM LUKJINYECKOTO 1EMCTBUSA?
- Yto xapaKTepHu3yeT U KaK ONPEeAeISICTCS MPOI0IKUTEIHLHOCTD BKIFOUEHUS ?

- Kakue MaimHbl OTHOCSITCS K YCTAaHOBKAM HEMPEPBHIBHOTO ACHCTBUS?
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