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1. Ileau u 3aHa9u AUCHUILIHMHBI

- IOATOTOBKA OakanaBpa K npodecCHOHAIbHOM IeSITEIbHOCTH B
00JIaCTH MTPOTHO3UPOBAHUS U 00ECTICUCHUS HAJIEKHOCTH U
TEXHUYECKOW JTUArHOCTUKU DJIEMEHTOB M CUCTEM Ha HTarax
MIPOCKTUPOBAHUS, U3TOTOBJICHUS U SKCILTyaTallu.
3auatm AUCIHHUIIJINHBI

~ (¢opMupoBaHHE 3HAHWM W YMEHUM B TEOPUU HAACKHOCTH U B

MaTEMaTHYECKUXMETOAaX, UCIOIb3YEeMbIX BTEOPUHN HAJACKHOCTH;

~ JIaTh TEOPETHYECKHE 3HAHUS M MPAKTUYCCKUE HABBIKU 10 BHIOOPY H

000CHOBAaHHMIO KOJIMYECTBEHHBIX IIOKa3aTeled HAJIEKHOCTH; TIO

METO/JaM pacyeTa TeXHHYECKMX CHUCTEM Ha HaJCKHOCTh; MO0 METOJaM

UCTIBITAaHUI AJIEMEHTOB U CUCTEM Ha HaJC)KHOCTb.

2.  MecTo TUCHHMILUIMHBI B CTPYKTYpe 00pa30BaTeibHON MPOrpaMMbl

JUist yCIIEIHOIO0 M3YYE€HUs IUCLHUIUIMHBI «HaneXKHOCTh M JIMarHoCTUKa
TEXHOJIOTMYECKUX CHCTEM» CTYICHTBl JOJDKHBI OBbITh 3HAKOMBI C OCHOBHBIMHU
IIOJIOKEHUSAMHU ~ BBICIIEM MAaTeMAaTUKHM M TEOPUM  BEPOSTHOCTEH, KYypCOB
TEOPETUYECKOW MEXAHUKU U COIPOTUBJICHUS MaTEpHaloB, OCBOUTb MaTepHall
OOIIEUHKEHEPHBIX IUCHUIUIMH «TEXHONOrusl KOHCTPYKIMOHHBIX MaTepUajioBy,
«Mertposorusi» U NpoUIUPYIOMUX JUCHUILUIMH «Teopus pe3aHus U pexyliue
MHCTPYMEHTB», «MeTamiopexymue CTaHKu» W MNPOUTH TEXHOJOTHYECKYIO
IIPAKTUKY HA MAIIMHOCTPOUTEIBLHOM IIPEATIPUATHU.

3. Ilepedyenb MJIAHUPYEMBIX Pe3YyJbTATOB O0YUYEeHHUsI MO JTUCIUIJIMHE

(MOayJIl0),  COOTHECEHHBIX €  HMHAUKATOPAMH  JOCTHKECHUS

KOMIIeTEeH UM
3. Taoauua 1l

Kon mo ®I'OC NuaukaTopbl J0CTHKEHUS ILnanupyemsle pe3yabTarThl
o0y4yeHMsT MO  JUCHHUILIMHE
3YB)

OomenpodeccuoHaIbHbIE

[1K-4 [1K 4.1. BeisiBiissieT npUUUHBI 3HATh!

Crnocoben Opaka B IPOU3BOJCTBE U3ACTUI — OCHOBBI MATEMaTUYECKOU U

00ecneunTh Ka4eCTBO | MAaIIMHOCTPOEHHS HU3KON (bH3MYECKON TEOPUH HAJIEKHOCTH

U3JIENNi CIIOKHOCTH U pa3paboTka DJIEMEHTOB TEXHOJIOTHYECKHUX

MexaHoc60pquoro peKOMeHJIaHHI)'I 1o €ro CHCTEM;

MIPOU3BOJICTBA peayIpexIeHUIO. — METOJUYECKHI MOJAX0a U
MpoLeaypy, HEOOXOAUMBIE /ISt
pa3pabOTKH CUCTEM JUATHOCTUKH
TEXHOJIOTHYECKUX CUCTEM;
Ymern:

— paccUUTHIBaTh OCHOBHBIE
KOJIMYECTBEHHBIE MIOKA3aTeNIN




HaJC)KHOCTH TEXHOJIOTHYECKUX
CHCTEM U UX DIEMEHTOB;

— BBINOJIHATH UCCIIEIOBAHNUS,
HEO0OXOAMMBIE IS pa3paboTKH
CHCTEM IMATHOCTUKH, COCTAaBUTD
AITOPUTMBI TUATHOCTUPOBAHUS
COCTOSIHUSI DJIIEMEHTOB
TEXHOJIOTHYECKHX CHCTEM;
Baagers:
- HaBBIKAMH pacuera
KOJIMUECTBEHHBIX MMOKa3aTeie
HaJEKHOCTH TEXHOJOIMUECKUX
CHCTEM U UX DIEMEHTOB;

— HaBBIKaAMU Pa3pabOTKH CHCTEM
IAATrHOCTHKH TEXHOIOTHIECKUX
CHCTEM M UX DJIEMEHTOB;

4. O0beM TMCUMILIMHBI M BUAbI Y4eOHOIl padoThl

Tabumuna 1
Bceero CemecTpsl
Bup yueOHoii padoThl yacos/ 3a4. eJl. 7 6
10010 390 101010 390
KonrakTHasi padora (Bcero) 34 8 34 8
B ToM uucne:
Jlekuun 17 4 17 4
IIpakTHueckue 3aHATHS 17 4 17 4
CeMuHapsl
JlabopaTopHbie pabOThI
CamocrositenbHas padora (Bcero) 74 100 74 100
B Tom unce:
KypcoBas pabota (poekr)
PacueTHo-rpaduueckue paboThl
TP
Pedepatsl
Jlokmnasasl
ITpesenTannmn
U (unu) opyeue 6udvl camocmosmenbHol pabomal:
[ToaroroBka K 1abopaTopHBIM paboTaM
[ToAroToBKa K MPaKTUYECKUM 3aHITHSIM 50 70 50 70
[ToaroToBka K 3auery 24 30 24 30
[ToaroToBka K s5K3aMeHy
Buja oTyeTHOCTH 3ayer 3a4yeT | 3a4er 3ayer
OBHIas TPYI0EMKOCTS BCETI'O B yacax 108 108 108 108
BCEI'O B 3au.
AUCHUILIMHBI 3 3 3 3
eIMHUIAX




5.Conepxanne TUCHUILITHHBI

5.1.Pa3aeanl IMCHUIIMHBI H BUABI 3AHATHH

5.Conepxanne TUCHUILTAHBI

Tabmura 2

HaumenoBanue
pazaena
JIMCITATIIMHEI I10
ceMecTpaMm

Jlexkm.
3aHATUSA
qacel

IIpakr.
3aHATUA
4acsl

Jlao.
paboThI
Jachl

CemMuH.
3aH.
4achl

Bcero
4acoB

OcHOBHEBIE
onpe/eiIeHus B
obnacTu
HaJeKHOCTHU
TEXHOJIOTHYECKHX
CHCTEM

2

2

MATEMATHUUYECKHU
1 ATITIAPAT
TEOPUU
HAJIEXXKHOCTU

PACYET
IIOKA3ATEJIEM
HAJIEXKHOCTU

5 (0)
CTATUCTUYECKHU
M JAHHbBIM

Jwnarnocruka
TEXHOJIOTHYECKUX
CHCTEM Ha dTarax
JOCTHKEHUS
TOYHOCTH
M3TOTABINBAEMBIX
JeTanen

Pacuetni

mokasareiei

HaJEeKHOCTH

BOCCTAaHABJIMBAEMBI
X 00BEKTOB

Hanexunocts
CIIOKHBIX CUCTEM

MeTtop!
MMOBBIIICHHS
HaJCKHOCTH
TEXHUUYECKHX
YCTPOWCTB

Bri6op u
000CHOBaHHE
OITHUMAaJBbHBIX
3HAYCHUH
nokaszaresei
HaJC)KHOCTH.

Hroro:

17

17

34




5.2.JIeKIInOHHEBIE 3aHATUA

TaOmuma 3
Ne HaumeHnoBanue pa3jaesia Conep:xkanue padorbl
n/n JUCHUILIMHBI
1 OCHOBHBIE OmnpeeseHus B CBONCTBA HAJIEXKHOCTHUITIOKA3ATEJIN

HAJJEXKHOCTUBPEMEHHBIE ITOHATUAKITACCUOUKAIIN A

00J1aCTH HAAESKHOCTHA
OTKA3OBKPATKAS NCTOPUYECKAS CITPABKA

TEXHOJIOTHYECKNX CUCTEM

2 MATEMATUYECKMI AIIIAPAT | CIVUAMHASI BEJIMYMHA
TEOPUU HAJAEXHOCTHU XAPAKTEPUCTUKU CJIYYHAMHBIX BEJIMYMH
3aKOHBI pacHpeleleHNs BEPOSITHOCTEHN ClIydalHbIX
BEIIMYHH
HopmalibHbIN 3aK0H paclpeneseHust
3 PACUET ITOKA3ATEJIEU OmnpeeieHre moKasareiei 0€30TKa3HOCTH
HAJIEXXHOCTU
110 CTATUCTUYECKMM JTAHHbBIM
4 JlmarHocTUKa TEXHOJIOTHYECKUX | Tpu dTama HaCTPOHKH TEXHOJIOTMYECKON CHCTEMBbI Ha
CHCTEM Ha dTalax HOCTIKCHHUS | TOYHOCTh
TOYHOCTH
HM3rOTaBIIMBACMbIX JAeTalch
5 Pacuersl mokazareseit [TOKA3ATEJIM PEMOHTOITPUT'OJHOCTU
HAJIEKHOCTH IIOKA3ATEJIM COXPAHSIEMOCTU
KOMITJIEKCHBIE ITOKA3ATEJIM HAAEXXHOCTHU
BOCCTaHABIIMBAEMBIX 00BEKTOB
6 | HagexHOCTh CIIOKHBIX CUCTEM YacTHble cinydail pacuera HaJeKHOCTH.
7 | MeToabl MOBBIIICHUS Meponpustusi, 00eCIICUHBAIONINE TTOBBIIICHUE
HaJCKHOCTH TEXHUYCCKUX HAJC)KHOCTH 000PYAOBAHHSI IIPU
YCTPOCTB €ro IIPOU3BOJICTBE
VYrpaneHus HaJIeKHOCTHIO HA ATAIE IKCIUTyaTalluu
o0opynoBaHus
8. BLI60p U 000CHOBaHUE METOHHqECKHE YKA3AHUS [TO OBOCHOBAHUNIO
OIITHMAJIBHBIX 3HAUCHUMI SHAYEHNN
(HOPM) 3AIABAEMBIX ITH.

Moka3aTeliell HaJeKHOCTH.

OnTtumanbHas QyHKIMS "HaJe)KHOCTh - CTOUMOCTB"

5.3. JIaboparopHbie pabOThI HE IPEAYCMOTPEHBI.
5.4.IlpakTuyeckue 3aHsATHS (CEMUHAPHI)

Tabnuua 4
Ne HanmenoBanue pasnena Tema npakTudeckoi paboThI
n/n JICIUTLTHHEI
1 OcHosHble onpeaenenus B | [Ipaktuyeckoe 3anstue Nel
001ACTH HATEKHOCTH TIAPAMETPbI HAJTEXXHOCTH
TEXHOJOTUYECKUX CHCTEM
2 PACYET ITOKA3ATEJIEN [pakTrueckoe 3ansTre Ne 2
HAJIEXXHOCTH PACYET EJJMHUYHBIX
0 CTATUCTUYECKUM MTOKA3ATEJIEN HAJIEXKHOCTH DJIEMEHTOB MAIINH
JIAHHBIM
ITpakTueckoe 3ansaTue Ne 3
PACYET KOMIUIEKCHBIX ITOKA3ATEJIEN HAJIEXXHOCTH
3 HanexHOCTh CII0KHBIX [TpakTuueckoe 3austue Ne 4
CHCTEM AHAJIU3 HAJTEXKHOCTU MAILIMH HA CTAJIUA UX
ITPOEKTHPOBAHUSI




4 MeTobI NOBBIIIIECHUS [IpakTuueckoe 3austue Ne 5
HAIEKHOCTU TeXHMYeckux | OPECIIEUEHNE HAJIEXXHOCTH MAIIWH MPY UX

YCTpoﬁCTB N3IrOTOBJIEHNU B ITPOLECCE OKCIUTYATAIITM

6.CamocrTosiTesqibHasi padoTa CTYJAEHTOB 0 AUCIUILINHE

Heabio caMocTosATEIbHON PadoOThI SBISIOTCS (OPMUPOBAHUE JIMYHOCTH
CTYZCHTa, Pa3BUTHE €ro CIOCOOHOCTH K CaMOOOYYEHHUIO W TMOBBIIICHUIO CBOETO
PO eCcCUOHATIEHOTO YPOBHS.

CamocrosiTenbHas padoTa 3aKI0YaETCs B U3YUEHUU COJIEPKAHUSA TEM Kypca
0 KOHCIEKTaM, y4eOHHMKaM M JIOMOJHUTEIbHOM JHUTEepaType, MOJArOTOBKE K
71a00paTOPHBIM U MPAKTUYECKUM 3aHATUSAM, 0(QOPMIICHUH JIaDOpaTOPHBIX padoT, K
pyOEXKHBIM KOHTPOJISIM, K 3K3aMeHy, odopmiieHun jabopaTopHbix padoT. OHa
MOJKET BKJIIOYaTh B ce€0sl MPAaKTUKYy IOATOTOBKHM pedepaTroB, Mpe3eHTaluuid U
JOKJIaIoB 1Mo HUM. TemaTtuka pedepaToB AOMKHA HMETh MPOOJEMHBIN U
po(EeCCUOHANIEHO OPUEHTUPOBAHHBIN XapakTep, TPEOYIOIIUNA CaMOCTOATEIbHON
TBOPYECKOH pabOThI CTyIEHTA.

Bonpocsl k camocTosTEIbHOM padoTe:

1. IlapamerpuueckuenPuznuecKueMeTOIbIANarHOCTUPOBAHUS

2. BuemmHuitocMOTpCTaHKa, TPOBEPKAKOMIIIICKTAIIUN
WIMAaCIOPTHBIX JaHHBIX

3.Y cTaHOBKAaCTaHKOBHAIPEIIPUITUN

4.VcubplTaHHE CTAaHKOB HA XOJIOCTOM X0y, IPOBEPKA pabOThIMEXaHU3MOB
5. [IpoBepkaBcexopraHOBYIPaBICHUS

6. [IpoBepkapabounxckopocTeit

7 IlpoBepkareMIiepaTypbIIOIIIMITHUKOB

8.IIpoBepkamMexaHU3MOBCTaHKa

9.IIpoBepkaypoBHsillIlyMa UBUOpaIIMUCTaHKA
10.ITpoBepkacTaHKaHAYCKOPEHHBIXTIEPEMEIICHUSX ULIUKIIAX
11.ITpoBepkaopraHOBpY4YHOTOYIIPaBICHUS

12 .ITpoBepKacKOpOCTEHTIIaBHOTO/IBUKEHHUSI
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13.IIpoBepkaBenMuuHIIOAY

14.UcnibITaHECTaHKOBBPAOOTENOAHATPY3KOW UIPOU3BOIUTEIBHOCTH
15.IIpoBepkaTOYHOCTH 1€ TN, N3TOTOBIICHHBIXHACTAHKE

16.ITpoBepkamMexaHN3MOBCTaHKaBPAOOTEIOTHATPY3KOM
17.1TpoBepKacKOpOCTUTIIaBHOTO/IBU>KCHUSICTAHKA
18.McnbITanre CTaHKOB Ha MPOU3BOAUTEIHHOCTh

19.ITIpoBepka cTaHKOB Ha T€OMETPUUECKYIO TOYHOCTh, YUCTOTY 00pabOTKH U
TOYHOCTH 00pabaThIBaEMOM JIeTaIn

20.ITpumepHble yCcIOBUS MPOBEACHUS UCTIBITAHUNA Ha YUCTOBBIX PEKUMAaX
JIJISl CTAHKOB

21.VicnipiTaHNe CTaHKOB Ha YUCTOTY 00pabOTKU

22 IlpoBepka reOMEeTpUYECKO TOUHOCTH CTaHKa 0€3 Harpy3Ku
(TECTOBBIM METON)

23.IIpumMepsl TPOBEPOK T€OMETPUIECKON TOUHOCTH CTAHKOB

24.Cxema ITPOBCPKHU FGOMGTpH‘lGCKOﬁ TOYHOCTH TOKApPHOI'O CTaHKa
25.CxeMbl KOHTPOJIA FGOMeTpI/I‘-IGCKOﬁ TOYHOCTH CBCPIIMJIIBHOI'O CTaAHKaA

26.CxeMbl KOHTPOJISI TEOMETPUYECKON TOUHOCTH BEPTUKAIBHOTO KOHCOJIBHO-
(dbpe3epHoro cTaHka

27 IlpoBepka MI0CKOCTHOCTU paboyeil MOBEpXHOCTH CTOA

28.IIpoBepka napayieIbHOCTH paboyeil IOBEPXHOCTH CTOJA
HAIPaBJICHUIO €ro MepeMEIICHHS
29.KunemaTtnyeckasi TOUHOCTh CTAHKOB
30.Meton onpenesieHus: TOYHOCTH 3y0000padaThIBaIOIIUX CTAHKOB
31.Metonpb! onpeeneHusi TOUHOCTH Pe3b0000padaThIBAIOIINX CTAHKOB
32.McrnibITaHue )KECTKOCTHBIX XapaKTePUCTHK Y3JIOB CTaHKa
33.TecToBBI METO] OTIPEICICHHS JKECTKOCTH
34.becKOHTaKTHBIN METOJT U3MEPEHUS KECTKOCTH

35.Meton n3mepeHus JKECTKOCTH IINUHIAEIBHOTO y3JIa BEpTUKAIBHO-
(dbpe3epHoro cTaHka

36.HopMbl %KECTKOCTH CTAaHKOB (TIpUMEpHI)

37.1IpoBepka KECTKOCTH CTaHKAa METOJIOM (PYHKIIMOHATBHON AUArHOCTUKH
38.MeToabI OBBIIIECHUS JKECTKOCTH

39.0cob6ennoctu norpeurHoctel crankoB ¢ UITY 1 MeTopl UX n3MepeHust
40.ITpuurHBI BOSHUKHOBEHHUS MOTPEITHOCTEN B cTankax ¢ UITY

41.Metoauky MPOBEPKU TOYHOCTH cTaHKOB ¢ UITY
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42 IIpoBepka TOYHOCTH MO3UIIMOHUPOBAHUS 17151 CTaHKOB ¢ UITY
43 .KoHTponb 0TpabOTKH CUCTEMOM MPUBOJIAa IOJ1a4 CTAaHKA €IUHUYHBIX
UMITYJIbCOB

44 . KoHTpoJIh OTPaOOTKH CHCTEMOM TTPUBO/IA MTOaY U BBISBICHUE
MOrpemHocTer B cankax ¢ UIlY

45.1IpoBepka Ha 6€30TKa3HOCTH CTaHKOB ¢ UITY
46.VcnpiTaHust Ha BUOPOYCTOMYMBOCTD
47.MeTozpbl UCTIBITAHUI CTAHKOB HA BUOPOYCTOMYHUBOCTh

48 . Meton omnpeneneHusi BAOPOYCTOMYUBOCTH 10 aMILTUTYIHO-(ha30BOM
YaCTOTHOM XapaKTEPUCTUKE

49.Mertop ompezesieHuss BAOPOYCTOMYMBOCTH MpU paboTe CTaHKA Ha
XOJIOCTOM X011y

50.MeTton onpeeneHus: BUOPOYCTOMUHUBOCTH UCCIIEIOBAHUEM
MJIABHOCTH MEJJICHHBIX MEPEMEIIICHHI y3J10B CTaHKA

51.Meton onepaTUBHON OLEHKH BUOPOYCTOMYUBOCTH 3JIEMEHTOB
TEXHOJIOTUYECKOU CUCTEMBI

52 . I1puunHbl BUOpAIIMU B TEXHOJOTUYECKON CUCTEME

Tewmbl pedepaToB:

1.HennockoCTHOCTh U HEMPSMOJIMHENHOCTh TOBEPXHOCTH
2.HenpsiMOMMHENHOCTD TPAEKTOPHUH TMEPEMEIICHHUS
3.HemapanienbHOCTh 371eMEHTOB U TIEpEeMEIICHHIA

4 HeneprieHIUKYJISIPHOCTh OTHOCUTEIIBHOTO TIOJIOKEHUSI DJIEMEHTOB
5.HecoocHocTh Basos

6.PagnansHOE 1 0oceBOe OMeHUE

7/.MeTtoapl TPOBEPKH T€OMETPUIECKON TOYHOCTU CTAaHKOB
8.IToBepounbIe THUHEIKH

9.IToBepouHbIE YTOJIBHUKA

10.1Tyrer
11.0npaBku

12 InaukaTopbl 1 MUKPOKATOPHI
13.IToBepoyHbIie YpOBHH
14.TIpoBepouHbIE MOCTHKHU
15.0nTrueckue npubops! (KOJTUMATOPHI)

16./luHaMoMeTpHI
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17.CoBpemMeHHbIe MPUOOPHI U anmaparypHO-IPOrpaMMHBIE
KOMIUIEKCBI JJI1 U3MEPEHUS T€OMETPUUECKON TOUHOCTH

18.becmipoBonas cucrema QC20-Whallbar

19. ABTOKOITUMATOP ITU(PPOBOM IBYXKOOPAMHATHBIN
OIITPO-AK-014(Dual AxisDitgital Autocollimator)

20.KunemaTtomep
21.JTazepHas u3MepuTenbHas HHPOPMAITMOHHAS CUCTEMA

JluTepaTypa JiJIs1 CaMOCTOATEIIBHOM pabOThI:
OBbC «KoHCYIbTaHT CTYJEHTa»

1. Texnonocuueckas ochacmkalepnaxos B.1. Asropsl M. Akagemus 2003- 280 c.
2. Uncmpymenmanvras ocnacmka cmankos ¢ 4I1Y: Cnpasounux
ABtopsI I'puropses C.H., Koxomckuit M.B., Macios A.P. U3natenscTBo MammnHocrpoenue o n3manamns2006

3. Texnonocuueckas ocnacmka: 60NpPOCHL U OMmMeenivbl.
Astopsl Kocos H.IT., Ucaes A.H., Cxupmianze A.I'.M31atenscTBO Mammuocrpoenuel o1 nznanus2007

4, COGpeMeHHCl}Z mexHoJlocuvecCKas ocHacmkKa
ABTOpHI Paxumsnos X.M.M3natensctBo HI'TYI o1 n3nanus2013

5. Texnonocuueckas ocHacmka
ABstopsl C.D. 3asucrosckuitll3natensctBo PUIIOI o n3nanusn2015

7.@OHAbI OLIEHOYHBIX CPEACTB

OneHoYHbIE CPECTBA /LIS TEKYIIEro KOHTPOJIsl YCIIEBAEMOCTH

a) pellieHue 3a7a4 Mo u3y4aeMon TeMe Ha MPaKTUUECKUX 3aHATUSX;
0) OTYET IO BBHINOJHEHHBIM JIA0OPATOPHBIM padboTaM;

B) JIETYYHUM YCTHBIA WM MUCbMEHHBINA OMPOC CTYJEHTOB BO BPEMS JIEKLIMH MO
M3y4aeMOMY MaTepHaly.

OIIeHO‘IHl)Ie cpeacrBa JaJadd H]Z)OMC)KVTO‘IHOﬁ arTreCranmm CTYACHTOB 110

HTOIraM O0CBOCHMA TMCHMIIJIMHBI:

- BOIIPOCHI K aTTCCTAlINAM

Bonpocs! k mepBoii py0exHoii aTTecTauu
Teopust HAAEKHOCTH

Hanexnoctb

be3oTka3zHOCTh

J10ArOBE€YHOCTH

PeMOHTOIIPUTOHOCTH
CoxpaHseMOCTb

HcnpaBHOE cocTossHUE

HeucnpaBnoe cocTosiHue

N TR
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9. PaboTocnocoOHOE COCTOSTHHE
10.HepaboTocniocoOHOE COCTOSIHUE
11.TIpenensHOE COCTOSTHUE

12.01Kka3oM

13.Co0ObITHEM

14. ledext

15.PeMoHT

16.BoccraHoBiienue

17.11oka3aTens HaACKHOCTH

18.EquHnyHbIil moKa3aTeils HaIle)KHOCTH
19.KoMIIeKCHBIN ITOKa3aTeIbh HAAC)KHOCTH
20.PacuerHbll mOKa3aTenb HAIEKHOCTH
21.DxcrniepuMEeHTANIbHBIN MOKa3aTeNb HaIe)KHOCTU
22.9KCITyaTallMOHHBIN MOKa3aTelb HAJCKHOCTH
23.9KCTparnoJUpOBaHHBIN IMOKA3aTENIb HAJIC)KHOCTH
24.HapaboTtka

Bonpocsl K0 BTOpoi py0e:KHOH aTTecTaluu
1. Bpems BoccTaHOBIEHUS

Pecypc

Cpoxk cityx0bl

Cpok coxpaHsieMOCTH
OcratouHslil pecypc
Ha3znauenHsili pecypc
Ha3naueHHbIH CPOK CITyKObI
Ha3naueHHbII CPOK XpaHEHUs

©ooN Ok WD

. Knaccudukanus otkazon

10.Cnyuaiinoe coObITHE

11.CobbiTHE

12.Co0bITUs SIBASIOTCS HECOBMECTHBIMU
13.HenpepbIBHOM CiTy4aitHOW BEIMUMHOMN SBISIETCS

14 .TlousiTre 3aKOHApACTIPEACIICHHUS.

15.3akoHOM pacnpeneneHus

16.3akoH pacrpeaeneHust BEpOITHOCTEH
17.T110THOCTBIO pactpeneNieHus: KpUBOW pacipeieseHus
18.3akoHbI pactpeneneHus: BEPOSITHOCTEH CITydYaiiHbIX BEJIMUNH
19.HopmainbHbIi 3aKOH pacipeneneHus

20.HopmanbHblii 3aK0H pacnpesenenus (3akoH ["aycca)
21.be30TKa3HOCTh

22.BeposaTHOCTh 6€30TKa3HOW PabOThI
23.BeposaTHOCTh OTKa3a



Bonpocsl k 3ayery:

TeopusaHageKHOCTH

Hanexnoctb

be3oTka3HoCTb

J10JITOBEYHOCTH

PemoHTONIPUrOAHOCTH

CoxpaHsieMOCTb

HcnpaBHOE cocTOsTHUE

HewucnpaBHoe cocTosiHue

. PaboTocmocoOHOe cocTOsIHIE
10.HepaboTocriocoOHOE COCTOSIHUE
11.TIpenensHOE COCTOSTHUE

12.01Kka3oM

13.CoObITHEM

14. lepexr

15.PemonT

16.BoccranoBiienue

17.I1loxa3aTens HaJEKHOCTH

18.EquHnyHbIil moKa3aTellh Hale)KHOCTH

19. KoMIuiekCHBIN OKa3aTenb HaAeKHOCTHA
20.PacueTHbIii MoKa3aTeab HAACKHOCTH
21.9KcnepuMeHTaNIbHBIN MMOKa3aTeNlh HAAC)KHOCTH
22.9KCITyaTalMOHHBIN TTOKa3aTelb HAJACKHOCTH
23.9KCTpanoJUpOBaHHBIN IMOKA3aTENIb HAJIC)KHOCTH
24.HapaboTtka

25.Bpems BoccTaHOBIICHUS

26.Pecypc
27.CpoK CityKOBbI

wCoNRWNE

28.CpoK COXpaHIEMOCTH
29.0cTaTo4HbBINA pecypc
30.HasnaueHHsI# pecypc
31.Ha3naueHHBIH CPOK CITYKOBI
32.Ha3naueHHBIN CPOK XpaHECHUS
33.Kimaccudukanmst 0Tka3zoB
34.CnyvaitHoe coOBITHE

35.Co0bITHE

36.Co0bITHS SBIISIIOTCS HECOBMECTHBIMU
37.HenpepbiBHOM clTydyallHON BETUYMHON SIBJIICTCS
38.11onsATHe 3aK0HA pacTIpeICIICHHUS.



39.3aK0HOM pacnpeeneHus

40.3aKkoH pacnpeaesieHUs] BEpOsSTHOCTEN

41.T11oTHOCTBIO pacnpeeeHus] KpuBopacnpeaeaeHus
42.3aKOHbI pacnpeeieHHs] BEPOATHOCTEN CIIy4yalHbIX BETMYUH
43.HopmanpHbIl 3aKOH pacrpeaeieHus

44 . HopmanbHBIN 3aK0H pacnpeaesieHus (3akoH ["aycca)
45.be30TKa3HOCTh

46.BeposTHOCTD 0€30TKa3HOM pabOThI
47.BeposTHOCTh OTKa3a

IIpumep OnJieTa k nepBoii pyOesKHOM aTTeCcTAllUN

I'POSHEHCKHUU I'OCYJAPCTBEHHBIN HED®TSHOM
TEXHUYECKUUN YHUBEPCUTET
uM. akagemuka M.Jl. MMIJINOHIINKOBA

BUJIET Nelk nepBoii pyOexHOi aTTecTanuu
Jucuumimna Haodexcnocmsb u OuazHoCmuKka mexHoao2udeckux cucmem
NHCTUTYT SHEpreTKH cennanbHOCTh_TM cemecTp
1. TeopusHaaEKHOCTH
2. HanexxHOCTB
3. be3oTkazHocTh
4. JIonroBEYHOCTh

YTBEPXAIO:
«_» 2020 3as. kagheopori « TM» /M.P.Hcaesa/

IIpumep Ousera Ko BTOpON pyde:kHOI aTTecTannu

T'POSHEHCKHNM I'OCYJIAPCTBEHHBIV HED®TSHOM
TEXHUYECKUUN YHUBEPCUTET
uM. akagemuka M.J[. MWIIIMOHIIIUKOBA

BUJIET Ne5 ko BTOpoii pyOexHO# aTTecTaiuu
Hucuunnvaa Haodesrcnocmo u OuazHocmuka mexHoa02udecKux cucmem
NHCTUTYT DHEPTETUKHU ClIEUAIIBHOCTh_ M ceMecTp
1. BpeMsBOCCTaHOBIIEHUS

2. Pecypc
3. Cpokcityx0bl
4. Cpok COXpaHsieMOCTH

YTBEPXIAIO:



« _» 2020 3as. kageopou « TM» /M.P.Ucaesa/

IIpumep Onsera k 3auery

T'PO3SHEHCKHN T'OCYJAPCTBEHHBIM HE®TSIHOM
TEXHUYECKW YHUBEPCUTET
uM. akagemuka M.Jl. MULIHOHIIIMKOBA

BUJIET Nel k 3auety
Hucuunnuna Haodexcnocme u OuazHocmuka mexnoao02uiecKux cucmem
WNHCTUTYT SHEPTeTUKH CIIeUaIbHOCTh M ceMecTp
1. HopwmanbHsbIii3akoHpactpeaenenus(3akonl aycca)

2. be3oTka3zHOCTb
3. BepositHOCTh O€30TKa3HON PabOTHI
4. BeposTHOCTH OTKa3a

YTBEPXK/JAIO:
«_» 2020 3as. kagheopori « TM» /M.P.Ucaesa/







7.4. Onucanue moxasarenen u KPUTCPUECB OLICHNBAHUA KOMIICTCHLIMI Ha Pa3JIMYHBIX dTalax ux q)OpMI/IpOBaHI/Iﬂ, OIIMCAaHHUC NIKaJIbl OLICHUBAHUA.

(HeyA0BJIETBOPUTEJIBLHO)

(Y10BJIETBOPUTEIbHO)

(xopoo)

(OTIUYHO)

6.Tadauma 7
Inanupyembie pe3yJbTaThl 0CBOCHUS Kputepuu oueHnBaHus pe3yjbTaToB 00y4eHUSs HaunMmeHoBanue
KOMIIeTeH MU OLIEHOYHOI'0
MeHee 41 6a10B 41-60 6asL10B 61-80 0a1s10B 81-100 6as10B
cpeacTaa

OIIK-5. CriocoOeH HuCIOIb30BaTh OCHOBHBIE 3aKOHOMEPHOCTH, JIEHCTBYIOIIHE B

IIPpOoIeCCe N3roTOBJICHUA MAIIMHOCTPOUTCIIbHBIX I/I3I[CJ'II/II71

yMeTh: 3((GEKTUBHO HCIIOIB30BaTh MaTCPHAIBL,
000py/IOBaHUsI, HHCTPYMEHTBI, TEXHOJIOIMYECKON
OCHACTKHU, CPEACTB aBTOMAaTHU3allUM U IpOorpamMm
BbIOOpa u pacyeToB napameTpoB
T€XHOJIOTHUECKHX MIPOLIECCOB;

OIIINOKH

Tp€6yeMOFO KaucCTBA, 3aJaHHOI'0 KOJIMYCCTBA IIPU HAMMCHBIIMX 3aTpaTax O6HIGCTBCHHOFO Tpyada.
3HaTh: OCHOBHBIE 3aKOHOMEPHOCTH,(DparMeHTapHbIe 3HAHUS Henomnnsle 3HaHMA CdopMupOBaHHEIE, HO ChopmupoBaHHbIe
JICHCTIBYIOLIMC B HPOLCCCE  USTOTOBICHHA coJiepsKalye OTAEIbHBIE CHCTEMAaTHYECKHE
MAlIMHOCTPOUTENBHBIX — HM3JEIMi  TpeOdyeMoro

i po0ebl 3HaHUSA 3HAHMA
Ka4eCTBa;
YacTuuHble yMEHUS Henonnble ymeHus VMeHuUs [OJTHEIE, CdopmupoBaHHbIe
JIOITyCKAIOTCsI HEOOIIBIIIIE YMeHHs

Bomnpock! k

aTTeCTaIUSIM,

BJIAJI€Th: HAaBbIKaMH HCIIOJIb30BAaHHUs OCHOBHBIX
BaKOHOMepHOCTGﬁ, HGﬁCTBymmHX B mponecce
M3rOTOBJICHUSA MAIIUHOCTPOUTEIbHBIX I/IB,Z[CJ'II/Iﬁ
Tp€6y€MOl"O Ka4yeCTBa, 3aJaHHOI'o0 KOJIHNYCCTBa

[Py HaMMCHBIIIUX 3aTpaTax O6HI€CTBCHHOF0

Tpyaa.

YactuyHoe BajieHue HaBbIKAaMHU

Hecucrematuueckoe TIPUMECHCHUE

HaBBIKOB

B cucrematnaeckom
TIPUMCHCHNN HABBIKOB

JIOIYCKAIOTCS POOEIIbI

VYcemeniHoe U cucteMaTu4eckoe

TIPUMCHCHUEC HAaBBIKOB

pedepaTsl. BOIPOCH K
3a4eTy U K 9K3aMeHy,
OTYECTHI 110
1abopaTOPHBIM U
[IPAKTHYECKUM
3aaHUSIM




7.5.Kputepuu onieHMBaHUS TEKYIICH, pyOS)KHONU U MMPOMEKYTOYHON aTTECTaIlUN

IIpumep npakTHYeckoil padoThI
o mucunnimne «Haoexcnocmo u ouaznocmuxka mexnoa02udecKux cucmem

Tema: Iloka3zaTen kayecTBa M TEXHUYECKOT0 YPOBHS MAIIIMH
Onpenenurs:
1.Ilokazamenu Haoéxcnocmu Mauiun
2.0cnogHble hakmopbl uzuneckoco cmapeHus MauluH
3.M3nawusanue oemaneii u y3108 MAuuH
4.1Ipounocmuule Xapaxmepucmuku Mamepuanios 0emaei u 2J1eMeHmos
MAUUHD
Xoxa paboTsl:

[Ipu BBIOOpE MallIMH JUIsl ONIPEAEIIEHHOTO BUJ1a paboT (3EMIISTHBIX,
JIOPOXKHBIX, ITYTEBBIX U JP.), IPU pa3pabOTKe UK MOJEPHU3AIMN CEPUNHON
KOHCTPYKIIUH, IIPU ONPEICTICHUH KOHKYPEHTOCITOCOOHOCTH
MaIIMHOCTPOUTEIHLHON MPOAYKIIUU HEOOXOJUMO UMETh MPE/ICTABICHUS O €€
Ka4yecTBe, O €€ TEXHUYECKOM U IKCIUTyaTallMOHHOM ypoBHE. KadecTBO MalinHbI
XapaKTepU3yeTcs MIMPOKUM CIIEKTPOM CBOMCTB, KOTOpPbIE 00YCIaBIUBAIOT €€
IIPUTOJIHOCTD YAOBJICTBOPATH TPEOOBAHUSIM MOTPEOUTEIISI B COOTBETCTBUH C
MOKa3aTeysiMi. B 3TOM COBOKYITHOCTH CBOMCTB UMEIOTCSI KaK €IMHUYHBIC
XapaKTEPUCTHUKH, TTO3BOJISIONINE CYAUTh TOJIBKO 00 OJHOM IapamMeTpe MallruHBI,
TaK ¥ KOMILJIEKCHBIE , KOTOPbIE OXBAThIBAIOT HECKOJBKO MTApaMETPOB MAIIIMHBI.

B o0miem ciydae i1 OLEeHKH YPOBHS TPOIYKIIMU MAIIMHOCTPOCHUS, B TOM
YHUCJIE IOTPY30YHO-PA3TPY30UHbBIX, TYTEBBIX, TOPOKHO-CTPOUTEIIBHBIX MAIIUH U
000pyI0BaHusl, UCTIONB3YIOT EMUMHYI0 cCHCTEMY KOHCTPYKTOPCKOM
nokymenTaru (ECKJ]), cocraBmsis kapTy ee TEXHUUECKOTO YPOBHS M KAUeCTBa.
[TokazaTenu, onpenenstonye KauecTBo U 3P(HEKTUBHOCTH MAIIIMH MOYKHO
YCJIOBHO Pa3feiauTh Ha CIAEAYIOLINE TPYIIIbI:

1) TEXHUKO-?KOHOMHUYECKHE TTOKa3aTe U, XapakTepu3yromue 3pHEeKTUBHOCTh
MAIIMH 10 OCHOBHBIM TEXHUYECKUM TapaMeTpaM (MOIIHOCTb,
MIPOU3BOAUTEIILHOCTD, DHEPTO - U MATEPHUAIIOEMKOCTb, BEIPAOOTKA U Jp.);

2) KoHCTpyKTHBHBIE TTOKA3aTeNM, KOTOPhIE XapaKTepU3YIOT KaueCTBO U
CBOMCTBA KOHCTPYKIIMU MAIIMHBI (HAAEKHOCTh, YHU(UKALMS U CTAHIapTU3ALINS
AJIEMEHTOB KOHCTPYKLIMH U . );



3) DkcrutyaTalldOHHBIE MOKA3aTeNu, XapaKTepu3yolre padoTy MallIluHbI B
IPOU3BOJICTBEHHBIX YCIOBUSAX (TUIIOPA3MEPHOCTH, MOOMIBHOCTb,
IPOXOJIUMOCTb, YHUBEPCAIIBHOCTD U JIp.);

4) TexHOJIOTHYECKHE MOKA3aTEIN, KOTOPBIE XapaKTEPUIYIOT TPYAOEMKOCTh
M3TOTOBJICHHUS JIETaNIel U Y3JI0B, a TaK)Ke COOPKHU U pa300pKU MaIIUHBI.

N3 Bcex mokaszarenei XxapakTEPU3YIOIIMX Ka4eCTBO U TEXHUKO-
YKOHOMHUYECKYO 2((HEKTUBHOCTH MAITMH HanO0JIee 3HAYMMBIMHE SIBIISTFOTCS
«TmoKa3aTeau Hajae)kHoCcTH». B padore [1] mpodeccop B. U. bamosHes ¢
KOJIJIEraMu OIIEHUJI 3HaUuuMocTh 0osiee 30 rnmokazaresield MaliiH 1Mo
K02 (D PUITMEHTY X BECOMOCTH Ha 0a3e IKCIIEPUMEHTAIBHBIX JTAaHHBIX.
HaunGonpmmii ko PuimeHT BecoMocT UMeeT HaEKHOCTh, YTO
CBUJIETEIILCTBYET O €€ posIu B 00ecriedeHur paboTOCIOCOOHOCTH MallliH
Pa3IMYHOTO Ha3HAYCHUSI.

PabdoTocnmocoOHOCTH MALIIMH
IToka3zaresn HAXEKHOCTH MAIIIMH

Haoéxcnocms — 310 CBOMCTBO MAIlIMHBI COXPAHSATh BO BPEMEHU B
YCTaHOBJIEHHBIX IpeJIeilax 3HAYCHUS BCEX MapaMETPOB, XapaKTEPUYIOLIUX €€
CIIOCOOHOCTH BBIMOJIHATH TpeOyeMble (PYHKIIUU B 3aJIaHHBIX PEeKUMAX U
YCJIOBUSX MMPUMEHEHUS, TEXHUYECKOTO OOCTYKMBAaHUS, XPAaHCHUS U
TPaHCTIOPTUPOBAHUSL.

HanéxHoCTh SIBIETCA KOMIUIEKCHBIM CBOMCTBOM, KOTOPOE OLIEHUBAIOT 10
YEeThIPEM TTOKA3ATENsIM — O€30TKA3HOCTH, JOJITOBEUYHOCTH,
PEMOHTOINPUTOTHOCTH U COXPAHSIEMOCTH (MJIM IO COUYETAHUIO 3TUX CBOMCTB).

bezomxaznocms — 3T0 CBOMCTBO MAIIMHBI COXPaHATh pabOTOCTIOCOOHOCTh
HEMPEPHIBHO B TEUCHUE HEKOTOPOTO BPEMEHH UITM HEKOTOPO HapaOOTKHU.

Jlonzoeeunocms — 3TO CBOMCTBO MAIIMHBI HENPEPBHIBHO COXPAHSATH
paboTOCTIOCOOHOE COCTOSTHUE JI0 HACTYIUICHUSI IPEJEIHHOTO COCTOSTHUS TIPH
YCTaHOBJICHHOW CUCTEME TEXHHUUECKOTO OOCITYKUBAHUS U PEMOHTA.

(IIpedenvhoe cocmosinue — COCTOSTHUE MAILIMHBI, TPH KOTOPOM €€
JajgbHEeNIast SKCITyaTalys HeI0MyCTHMAa WK Helleecoo0pasHa, 1ubo
BOCCTAHOBJICHHE €€ PabOTOCITIOCOOHOTO COCTOSHUS HEBO3MOKHO HIIH
HeIIeJIeco00pa3Ho).

B oTnnune ot 6€30TKa3HOCTH JOJITOBEYHOCTh XapaKTEPU3yeTCs
POJIOKUTEILHOCTBIO pa00ThI MAIIMHBI IO CYMMapHOU HapaOoTKe,



pepbIBaeMOM MEPUOIAMHU JIJIsi BOCCTAHOBJIEHUS €€ pab0TOCIIOCOOHOCTH B
IUTAHOBBIX M HETJIAHOBBIX PEMOHTAX U MIPU TEXHUYECKOM 00CITYKMBaHUU.
OTMeTuM, 4TO ISl HEBOCCTAHABIMBAEMBIX U3JIETUH, TOHATUS IOJITOBEYHOCTH U
0€30TKa3HOCTU MPAKTUYECKH COBIIA/IA0T.

Pemonmonpuzoonocms — 310 TpUCnocoOJIEHHOCTh MAIlIMHBI K
MPEAYTIPEKICHUIO U OOHAPYKEHUIO MPUINH BO3HUKHOBEHHSI OTKA30B U
TIOBPEXICHUH, a TAKKe MOIIEPIKAHUIO U BOCCTAHOBJICHHIO Pab0OTOCIIOCOOHOCTH
MyTEM MPOBEJCHUSI TEXHUUECKOTO 00CITYyKUBaHUS U peMOHTa. OTMETHUM, YTO C
YCIIO’)KHEHHUEM TEXHUYECKUX CUCTEM, BCE TpyHEE HAUTH IPUYUHBI OTKA30B (B
CJIOKHBIX CHCTEMax Bpemsi oucka 3anumaet oosiee 50 % oOuiero BpemMeHu
BOCCTAHOBJICHHSI pab0OTOCIIOCOOHOCTH). BaXKHOCTB 3TOTO TIOKa3aTels
OTIpEIEISICTCSl OTPOMHBIMU 3aTpaTaMy HAa PEMOHT MalllUH.

Coxpansiemocms — 3TO CBOMCTBO MAIIMHBI COXPAaHATh OKA3aTEIN
0€30TKa3HOCTHU, JOJTOBEUYHOCTH U PEMOHTOIIPUTOHOCTH TOCJIE XPAaHCHHS U
TpaHcnopTUpoBaHMs. OTMETHUM CYIIIECTBEHHBIC 3HAYCHUS ATOTO MOKA3aTeNs JJIs
JeTalIel, Y3J10B 1 MEXaHW3MOB, HAXOISIIIUXCS Ha XPAHEHUH B KOMILJIEKTE
3amyacTei.

OOBeKThI (MallIUHbBI) TOAPA3CISIOT HA:
— HEBOCCTaHaBJINBAEMBIE;
— BOCCTaHaBJIMBAEMBIE.

HanéxHOCTh MAaITUHBI XapaKTEPU3YETCS CIACTYIONIMME COCTOSTHHUSIMH:
UCIIPaBHOE, HEUCTIPABHOE, pab0TOCIIOCOOHOE U HEPAOOTOCTIOCOOHOE.

Hcnpasnoe cocmosinue — COCTOSHUE MAIIIMHBI, IPU KOTOPOM OHA
COOTBETCTBYET BCEM TPEOOBAHUSIM HOPMATUBHO-TEXHUYECKOMN U (HJITH)
KOHCTPYKTOPCKOW JOKYMEHTAIIUH.

Heucnpasnoe cocmosinue — COCTOSTHUE MAIIUHBI, ITIPU KOTOPOM OHA HE
COOTBETCTBYET XOTs ObI OJJHOMY U3 TPEOOBaHUI HOPMATUBHO-TEXHUYECKOU U
(MIM) KOHCTPYKTOPCKOM JOKYMEHTALINH.

Pabomocnocobroe cocmosnue — COCTOSIHUE MAIIMHBI, TP KOTOPOM OHA
CrocoOHa BBIMOJIHSTH 3aJIaHHbIC (PYHKIIUM, COOTBETCTBYIOIIUE TPEOOBAHUSIM
HOPMAaTHUBHO-TEXHUYECKON U KOHCTPYKTOPCKOU IOKYMEHTAIUU (HOpMamueHo-
mexHuyeckas 0OKymMeHmayusi — CTaHAapThl, TEXHUYECKUE YCIOBUSI M TTPOYast
JOKYMEHTAIUS).



Takum 06pazom, HEpabOTOCTIOCOOHOE COCTOSTHUE SIBIIETCS HEMPEMEHHO
HeucnpaBHbIM. Ho HeucnpaBHoe cocTosiHuE HE 0053aTeNIbHO
HepaboToCIOCOOHOE (HAapUMEp, MOBPEXKICHHUE KaroTa Uiu KpbLiia
aBroMoOuJIsl). PaznuyaroT HeMcnpaBHOCTH, HE IPUBOJISIINE K OTKa3aM, U
HEUCITPABHOCTH, BEIYIIHE K OTKA3aM.

ITokazarenn HaEKHOCTH PA3LEIISIOT B COOTBETCTBUU C YIOMSHYTBIMU
CBOMCTBaMM Ha MOKAa3aTENN: 0€30TKAa3HOCTH, JOITOBEYHOCTH,
PEMOHTOIIPUTOTHOCTU U COXPAHAEMOCTH.

[Toka3zaTenu HaIEKHOCTH MOTYT OBITh €IMHUYHBIMH (T.€.
XapaKTEPU3YIOIMIMMH OJTHO CBOMCTB, COCTABIIIOIINX HAAEKHOCTD) U
KOMIUIEKCHBIMHU, OTHOCSIIIIUXCS] K HECKOJIBKUM CBOMCTBaM OOBEKTA.

K CANMHUYHBIM ITOKA3aTCIAM OTHOCATCA II0KAa3aTCIIN 6e3OTKa3HOCTI/I,
AOJITOBCYHOCTH, pCMOHTOIIPUTOAHOCTHU U COXPAHACMOCTH.

K xoMmmiekcHbIM MokazaTesnsiM HaJEKHOCTH MAIlIMH OTHOCSITCS
K03 ULIMEHTHI TOTOBHOCTH, TEXHUYECKOTO UCIIOIB30BAHMS, 4 TAKXKE YCIbHbIC
cyMMapHble TpynoémMkocTu peMonTa win T.0. Kak npaBuiio, OHu OTHOCSTCA K
CJI0KHBIM CHCTEMAM M aBTOMAaTHYECKUM KOMILJIEKCAM.

Kosgppuyuenm mexnuuecxkoeo ucnonvzosanus (K ) — 3TO OTHOILICHHE
MaTeMaTUYECKOTO OKUJIaHUSI BPEMEHH pab0TOCIIOCOOHOTO COCTOSIHUS Ha
HEKOTOPBIN TIEPHO/T IKCITyaTallMi K CYMME MaTeMaTHICCKUX OXHUIaHUI
BPEMEHH pab0OTOCIIOCOOHOTO COCTOSIHUS M BCEX MOCTOEB JJIsl PEMOHTOB U
TEXHUYECKOTO OOCTY)KUBAHMSI.
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rae T — cymmapHoe BpeMsi TpeObIBaHUs B paOOTOCIIOCOOHOM COCTOSIHUM;

T, — BpeMs peMOHTa;

T o — BpeMsi TEXOOCITyKUBAHUS.



Koagpgpuyuenm comosnocmu (K;) — BEpOSITHOCTb TOT0, YTO O0BEKT
OKaXeTCsi B pab0TOCIIOCOOHOM COCTOSIHUH B ITPOM3BOJIbHBI MOMEHT BPEMEHH,
KPOME MEPUOJIOB, B KOTOPBIX IKCILIyaTallds HE MPEIyCMaTPUBACTCSI.
KoaddurpeHT onpenenstor, Kak OTHOIICHHE MATEMATHIECKUX OXKHIAHHN
BPEMECHH HaXO0X/ICHHS B paOOTOCIIOCOOHOM COCTOSIHUM K MaTeMaTHIECKUM
OXKHMJIAaHUSIM CYMMBI 3TOT'O BPEMEHH M BPEMEHH BHEIIAHOBBIX PEMOHTOB.

I
K =

r

m
Z BHI
=l
raic — cyMMapHoe BpeMH BHCIIJIAHOBOI'O BOCCTAHOBJICHUA.

K 0CHOBHBIM ITOHATHSM B TCOPpHUH HaJICKHOCTHU OTHOCHUTCS OTKA3.

Omxka3z — 3T0 COOBITHE, KOTOPOE 3aKIF0YACTCS B HAPYIIICHUN
PaboTOCIOCOOHOCTH MAIIIUHBI.

Hapabomka — 370 IpoAOIKUTENBHOCTD (WK 00HEM) pabOTHI MAIIUHBI.

Hapa6oTka MalmmHbl OT Hayaia 3KCIUTyaTaluu 0 MPEAEIbHOIO COCTOSIHUS
Ha3bIBAETCS peCcypcom.

B otnuuume ot pecypcea cpok cyorchsbr — 3TO KalleHJapHast
MPOJAOJIKUTEILHOCTD IKCIUTYaTallMi MAllIMHbBI OT HavaJia SKCIUTyaTaluu A0
HACTYIUJICHUSI MPEJICIbHOTO COCTOSIHHUS.

[Tonx mpeneabHBIM COCTOSTHUEM MMOHUMAIOT COCTOSTHIE MAIHHbI, IPU
KOTOPOM JabHEHIIIas SKCIUTyaTalusl JOJKHA ObITh MPEeKpalieHa (BCIeACTBUE
M3MEHEHUS 3aJJaHHBIX IMapaMEeTPOB HIKE YCTAaHOBJICHHBIX MPEIEIIOB,
HapyuieHus: TpeOOBaHM 0€30MaCHOCTH U JIp.).

Kak yxe ormeuanocs, nmokasarenab HaIEKHOCTH — 3TO KOJIMYECTBEHHAs
XapaKTEPUCTUKA OJHOTO UJIM HECKOJIBKUX CBOMCTB, ONPEACIISIONINX
HaJAEKHOCTb MAIlIUHEI.



B xauecTBe OCHOBHBIX MOKa3aTeJIeH Haﬂé)KHOCTI/I AOPOKHBIX MAalllMH 1 UX
Y3J10B HUCIIOJIB3YIOT CIACAYIOIHNEC XaPAKTCPUCTUKH!

— raMMa-IIPOLEHTHBIN peCypc

— CpEJIHU pecypc A0 KamUuTaIbHOIO PEMOHTA

(MM 10 CIICaHust );
— KO3 PUIIHUCHT TEXHUICCKOTO UCTONIb30BaHus Ky, U TOTOBHOCTHU K .
B cBOI0 ouepenb 3TH MoKa3aTesy CBI3aHbI C APYTHMHU XapaKTePUCTUKAMHU:

1) BeposiTHOCTBIO O€30TKa3HOM paboThI P(?) — BEpOATHOCTH TOTO, YTO B
npesenax 3agaHHol HapaOooTku (t) 0Tka3 He BOSHUKHET;

2) HapabOTKOM Ha OTKA3 ly;

3) HapabOTKOM 0 OTKa3a SJIEMEHTOB .



Hapabomka 0o omxaza — maTeMaTu4ecKkoe 0XKuJaHue HapabOTKHU 710
O0TKa3a HEBOCCTAHABINBAEMOIO U3AEIHS.

Cpeouss napabomka Ha 0mKa3 — OTHOIIEHHE HAPAOOTKHU
BOCCTaHABJIMBAEMOI'0 0OBEKTA K MATEMAaTUYECKOMY OKUJAHUIO YUCIIA €r0
OTKAa30B B TEYEHUU ITOU HapaOOTKH.

Humencusnocmos omkazoe

NS,

MOKa3aTellb HaAE)KHOCTH HEBOCCTAHABIIMBACMBIX H3I[CJ'IHI>1, paBHBIP'I OTHOIICHUIO

CPEIHEeTro Yrcia OTKa3aBIINX B €AMHUILY BPEMEHH OOBEKTOB K YHCITY OOBEKTOB,
OCTaBILUXCS Pa0OTOCTIOCOOHBIMU (ITOT MOKa3aTeNb 00Je€ YyBCTBUTEIICH, YEM
BEPOSITHOCTh 0€30TKa3HOM pabOThI, 0COOCHHO /IS M3/ BEICOKOM
HAJIEXKHOCTH).

t) =n\t)/\N\t)At

rac O ) n

No — o0111e€e YnCIIo JIIEMEHTOB;

N — 91CJIO OTKA3aBUINX DJICMCHTOB.



l'amma-npoyenmusiii pecypc — HapabOTKa, B TEUEHUU KOTOPOM OOBEKT HE
JIOCTUTHET MPEAECIBLHOIO COCTOSIHUS C 3aJaHHOU

BEPOSITHOCTHIO (%).

["amMa-TIpOLIEHTHBIN pecypce ONPEeAeIIOT U3 BEIPAKEHUS
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rac — BCPOATHOCTH TOTO,

YTO 3a pecypc



0OBEKT HE AJOCTUTHET NPCACIIBHOI'O COCTOAHMUA,

— BEPOSITHOCTD
JOCTHKEHHUS PEAEIBHOTO COCTOSIHUS.

OcHoBHBIE paKTOPBI PU3NIECKOT0 CTAPECHUS MAIITHH

B mporiecce akcrutyaTanuyu ManiiHbl CO BpEMEHEM I0]] ISHCTBUEM
pa3zHoOOpa3HBIX (HAKTOPOB MPOUCXOAUT YXYyAIICHUE €€ (QYHKITMOHATBHBIX U
JPYTUX CBOUCTB (T.€. CTapeHHE MAIIMHBI) BIIOTH O MOMEHTA, KOTJ[a OHa
CTAaHOBHTCSI HEMIPUTOTHOM JUTSI TATBHEUIIIETO MCIIOTh30BAHMS 110 HA3HAYCHHUIO.

Paznuuarot nBe popmbl cTapeHus:

1) MopasibHOE CTapeHHe, KOTOPOE COCTOUT B TOM, UTO CO BPEMEHEM TEXHUKO-
AKOHOMHUYECKNE XapaKTEPUCTUKU MAIINHBI CTAHOBATCA XYK€ UCXOJIHBIX,
KOTOPBIMU OHA pacrosaraia Ha MOMEHT OCTYIUIEHUsI TOTPEOUTENIO;

2) ¢pusndeckoe crapeHue, KOTOpoe SIBJIACTCS pe3yJIbTaTOM BO3JICUCTBUS HA
MaIIuHy 1 € AIEeMEHTBI TEMITEPaTyPhl, OKPYKAFOIICH Cpe/Ibl, MEXaHUICCKUX
HArpy30K U paJHarium.

OCHOBHOW NPUYUHOW MOPAJILHOTO CTAPEHHUS SBIIIETCS MOSIBJIICHUE HA
PBIHKE 00JIe€ COBEPILIEHHBIX MAILIMH, 00ECIIEYUBAIOIINX MOBBIIIEHUE TEXHUKO-
DKOHOMMYECKHUX U APYrUX nokasareneil. Ciaeayer OTMETUTh, YTO MOPAJIbHOE
CTapeHHEe HE BbI3bIBAECT OTKA3a MAIIMHBI B OTJIMUKE OT PU3NYECKOTO CTAPEHUSI.

HmeHnHO (pusnueckoe ctapeHue, 00yCiI0BIEHHOE BO3IEHCTBUEM Ha
MalIMHYy YIOMSHYTBIX (PaKTOPOB, ABJISIETCS IPUYUHOM OTKA30B, T.€. IEPEXO0B
MaIlIMHbI B HEpaOOTOCIIOCOOHOE COCTOSIHUE.



Quszuueckoe cmapernue (OC) ABIIETCS PE3yIHTATOM BO3ICHUCTBUS
BPEMEHH, OKPYKAIOIIEH Cpebl U MEXAaHUYECKUX HArpy30K, paaualuu 1 Jp.

Bceneacrsue @C nabmoaercst yXyaIeHHEe TEXHUUECKUX XapaKTePUCTHK
(TouHOCTH, OBICTPOICHCTBUS, SKOHOMUYHOCTH, Oe3omacHoCTH). Kputepuem
(U3NYECKOTO CTapeHHUsI SIBIIETCS, KaK MPaBUIIO, MOKa3aTeNlb TEXHUYECKOTO
COCTOSIHHUSL, MTOAIAIOIIMICS KOHTPOJISI, HAIIPUMED, PACXO0/1 TOIUIMBA B €AMHUILY
BpPEMEHHM, YPOBEHB IlIyMa U BUOpAILIMU, COCTAaB BEIOPACHIBAEMBIX B aTMOC(eEpy
BPEIHBIX BEUIECTB U JP.

Hmenno usndeckoe crapeHne cnoco0CTBOBAIO BOZHUKHOBEHHUIO
peMoHTHOTO npou3BoAcTBa. OHo (PC) crepKuUBaETCS COBPEMEHHBIMU
TEXHUYECKUM OOCITY’)KHBAaHUEM H PEMOHTOM.

Hapymenue paboTocnocoOHOCTH MaIlIMHbBI U €€ 3JIEMEHTOB
PETIaMEHTUPYIOTCS HOPMATUBHO-TEXHUYECKON JOKyMeHTauen. [[puanns
HapyleHus paboTOCIOCOOHOCTH U MEPEX0/1a MAIIMHBI B HEPAOOTOCIIOCOOHOE
COCTOSIHHE MOTYT OBITh CAMBIMU Pa3HBIMU. {7151 BBISIBICHUS TPUYUH
BO3HMKHOBEHHS OTKA30B M UX BIMUSHUA HA HAJAEKHOCTD MAIIIMH, OTKAa3bl
11es1eco00pa3HO KIACCUPUIMPOBATH MO Py OCHOBHBIX MTPU3HAKOB.

[To xpuTepHIo OTKa3bl pa3AeiAOT Ha PYHKIMOHAIbHBIE U
napameTrpuueckue. Omkas ¢hyHKYuoHupoeaHnus NPUBOAUT K HACTUHUHOMY WIIU
MOJIHOMY MPEKPAIEHUIO BBIMOJHEHUS (DYHKIIMI 3JIEMEHTOB WJIM MAILIUHBI B
uenaoM. OueHb 4acTo 0TKa3 PyHKIMOHUPOBAHMS CBSI3aH C MMOJIOMKaMU JeTallen
WJIM Y3JI0B MALIUHBI.

llapamempuueckuii omxa3 TPUBOAUT K BBIXOy 3HAUCHUH MapaMeTpOB WIIN
XapaKTePUCTHK MAIlIMHBI WU €€ DJIEMEHTOB 3a J0yckaembie peaensl. Kak
MIPaBUIIO, TO00HBIE OTKA3bl HE OTPAHUYUBAIOT BO3MOYKHOCTH
(YHKIIMOHUPOBAHUS MAIIMHBI, HO UCXO/IS, U3 TPeOOBaHUI HOPMAaTHUBHO-
TEXHUYECKON TOKYMEHTAllMM MallliHa CUUTAETCS, HEPAOOTOCIIOCOOHOI.

[To nprurMHaM BO3HUKHOBEHHUS OTKA3bl Pa3JIEsAiOT Ha KOHCTPYKIIMOHHBIE,
TEXHOJIOTMUECKHE U IKCIUTyaTallMOHHBIE. KOHCMPYKYUOHHbIe OMKA3bl MOTYT
OBITH 00YCJIOBJICHBI OIIMOKAMH Ha 3Tare KOHCTpyupoBaHus. K HUM oTHOCSTCS
HenpoaymMaHHas (HeyJayHasi) KOHCTPYKIMsI COOPOYHOM eIMHUIIbI, HEBEPHO
no100paHHast MOCaJKa B MOJABUKHBIX U HEMOJABM)KHBIX COCTUHEHUSX,
OIIMOOYHO BbIOPAHHBIN MaTepuall, HECOOTBETCTBHE PACUETHBIX JAHHBIX MO
IPOYHOCTH U U3HOCOCTOMKOCTH JIeTajiedl U Y3JI0B MalllMHbI HArPY30YHbBIM
pekruMaM IpH dKCILTyaTal|u.



Texnonocuueckue omkasvl CBI3aHbl C HAPYIICHUSIMU TPeOOBaHUIM
TEXHOJIOTUU Ha ATarne U3roToBJIeHUs: MaluHbl. K HUIM MOKHO OTHECTH JAe(eKThl
B MaTepuase Jetaieil, HeoOHapyKE€HHbIE KOHTPOJIEM HAPYIICHUS
LEHTPUPOBAHUS U COOCHOCTH, MAPAJIJICIIBHOCTU U NIEPICHAUKYISIPHOCTH OCer
IpU MeXaHU4YecKor o0paboTKe aeTaneil; HecoOI0IeHUE YCIOBUM XUMHUKO-
TEPMUYECKOM, TEPMUYECKON U APYrod oOpabOTKH JieTaaeil; OTCTYIUICHUS OT
TEXHUYECKUX YCIOBHUI COOPKU COOPOUHBIX €TMHUIl U MAIITMHBI B LIEJIOM H JIp.

IKenayamayuoHuvle 0mKa3zvl MOTYT ObITh 00YCIIOBIICHBI HAPYIICHUEM
PEXKUMOB pabOTHI WIIM MPABUII SKCILTyaTallMy MAIIMHBL. DTO MOTYT OBbITh
IPOSIBJIICHUSI HATPY30K, MPEBBIIAIONINX YCTAHOBICHHBIE MPEJIEIbl, HEBBICOKUI
YPOBEHb TEXHUYECKOTO 00CITyKMBaHUSs, OIIMOOYHBIN BIOOD roproye-
CMa304HbIX MAaTE€pPUAJIOB, HU3KOE KAUE€CTBO 3aMACHBIX YacCTEH U Jp.

KoHCTpyKIIMOHHBIE U TEXHOJIOTUYECKHUE OTKA3bI BHISABIISIIOTCS B OCHOBHOM
B IIpUpad0TOUHBIi nepuoa. OO0 ATOM CBUAETENLCTBYET IpadUK 3aBUCUMOCTH
MOTOKA OTKA30B (CpeHEero yncia 0Tka3oB A(t) 3a eMHUILY BPEMEHH) OT
BpEMEHU HapaOOTKH, IPEACTABICHHBIN Ha prcyHKe 2.1. BuaHo, 4to B nepuos
npUpabOTKX MOTOK OTKA30B JOCTATOYHO BBICOK, 3aTE€M Ha y4acTKe,
COOTBETCTBYIOIIEM MEPUOTY HOPMAJIBHOM IKCIUTyaTallui, OH MPAKTHUYECKH HE
MEHSETC, a 3aTeM MPH t > tyeny MOTOK PE3KO BO3PACTACT U3-32 PE3KOTO
YBEJIMUEHUS M3HOCA JIeTajiel B y3/1aX TPEHUSI MAIIMHbI, YTO JeJIaeT e
AKCIUTyaTaIlio HEPAIMOHAILHOM.

IIo YCIOBHAM BO3HUKHOBCHUA U PA3BUTHUA OTKA3bI PA3ACIIAIOT
Ha 6He3anHvlie U nocmenerHsle.

Hawnbonee onacHbIMU JJ1s1 MAILIMHBI SIBJISIIOTCS 8HE3ANHbLE OMKA3bL,
KOTOPBIE XapaKTePU3YIOTCS PE3KUM (CKaYKOOOpa3HbIM) YXYAIICHUEM OJTHOTO
WJIM HECKOJIBKUX MapaMeTpoB MalllMHbl. Kak MpaBuiio, OHU BOZHUKAIOT B
pe3ynbTaTe CIy4aifHOrO0 BHE3AITHOTO BO3/IEHCTBHSI BHEIIHUX (DAKTOPOB,
MIPEBBIMIAIONINUX JOMYCTUMBIE HOPMBI, WM TPYObIX HAPYIIEHUN yCIIOBUM
AKCIUTyaTanuu (yaapoB, IEPErPy30K, MOJIOMOK U mpouee). BeaeacTeue 3toro
AJIEMEHTHI MAIITUHBI TEPSIOT CBOU CBOWCTBA, HEOOXOAMMBIE ISl HOPMAJIbHOM
AKCIUTyaTallMy MaIlWHbI, UM K€ pa3pyILIatoTCs.

Ilocmenennvie omkaszwl XapaKTCPU3YHOTCS IMOCTCTICHHBIM YXYAIICHUCM
OJHOTI'0 NI HCCKOJIBKHX ITapaMCTPOB MAIIIWMHBI, O6YCJ'IOBJ'ICHHOFO mponecccaMu
CTapCHUA z[eTaneﬁ, Y3JI0B U 3JICMCHTOB MAllIMHBI. Kaxk IIpaBUJI0, PAa3BUTHC
IMOCTCIICHHBIX OTKA30B MOHO NPCAYIPCAUTH C MIOMOIIbIO CUCTCMBI
TCXHHUYCCKOI'O 06CJ'Iy>I(I/IBaHI/I}I U PCMOHTA MAallIWHEI.



ITo nannsiM npodeccopa Kapakynesa A. B. B cpefiHel 110 CII0AKHOCTH
OTEUECTBEHHOW MalllMHE O0TKa3 MosiBisieTcs yepes 15...20 nuei skcrtyaramms,
JUTsL yCTpaHeHus: KoToporo Tpedyetcst B cpeanem 50...70 yen-yac. Tpyaa
KBTU(PUITUPOBAHHBIX CHCIIHAIUCTOB.

B ocHoBe Hapymienuii paboTOCIIOCOOHOCTH MaIlTiH, B OCHOBE UX
(bu3HYeCcKOro cTapeHus JeKaT MPOIeCChl M3HAUBAHMS TIOBEPXHOCTEH eTaneit
M Y3JIOB MAIlliH, a TaK)Ke TIPOIECCHl M3MEHEHUSI CBOMCTB MaTEepPHAJIOB JIeTaJICH,
KOHCTPYKITUHU ¥ Y3JIOB MAIIIMH TPY UX IKCILTyaTaIuu.

M3nawueanue demaneti u y3108 MAUlUH

HM3nawmueanue (M3HOC) — 3TO MPOLIECC MOCTEIEHHOTO U3MEHEHHUS
r€OMETPUUYECKUX PA3MEPOB U (POPMBI JIEMEHTOB MalIMHbI (PabOYMX OPraHoB,
X0JIOBOTO 000PYOBaHUS, CONPSIKEHHBIX JETANEH U JIp.) IPU TPEHUHU.

TpeHne 1 U3HOC OKa3bIBAIOT CYIIECTBEHHOE BIMSHUE HAa HAJIEKHOCTD
MamuHbl. C IOTEpSIMU HA TPEHHE CBSI3aHO 3HAYUTEIBHOE MOBBIIIEHUE
ASHEProEMKOCTHU 3eMIIIHBIX pa0doT MpH pa3zpaboTKe rpyHTa 3eMJIEPOMHBIMU U
3eMJIEPOITHO-TPAaHCIIOPTHBIMHU MAIIMHAMM, & TAK)KE CYIIECTBEHHOE YXYIIICHUE
AHEPreTUYECKUX XapaKTEPUCTUK PA3IMYHBIX TPAHCHOPTUPYIOMMX MatuH. [Tpu
AKCIUTyaTallMy OTKa3bl MAIllMH, CBSI3aHHBIE C U3HAIIIMBAHUEM €€ JIeTalIeH U
AJIEMEHTOB, 00JIE€ YaCThl, YEM OTKa3bl, 00YCIOBICHHBIE TOTEPEN MPOYHOCTH.
Bo MHOTrOM 3T0 CBSI3aHO CO CrIEU(PUKON TPOESKTUPOBAHUS OTEYECTBEHHBIX
MalllMH: KaK PaBUJIO, OTBETCTBEHHBIE JIETAIN MAIIMH 00513aT€IbHO
PAcCCUUTHIBAIOT HA MPOYHOCTh, HO HU OJHO MOABUKHOE COMPSHKEHUE HE
MIPOBEPSIIOT HA U3HOCOCTOMKOCTh. B mmyumiem cimyyae BO3MOXKHOCTb BIUSIHUS
M3HOCA Ha TPOYHOCTH U JIOJITOBEYHOCTh COMPSTaeMbIX JAeTaJIel 3aKiIa bIBACTCS
Ha CTaJuM MPOEKTUPOBAHUS B BUAE KO3(D(DUIIMEHTOB, YBEINYUBAIOLIUX 3a11ac
UX IPOYHOCTH.

Takoii moaxo/1 00BSICHAETCS CI0KHOCThIO MEXaHUUECKUX, (PU3UYECKUX U
XUMUYECKUX SIBJICHUM MPU TPEHUU, U OTCYTCTBUEM YETKUX (MaTeMaTUYECKU
BBIBEPEHHBIX ) 3aBUCUMOCTEHN XapaKTEPUCTUK TPEHUS U U3HOCA OT Pa3IMYHBIX
(bakTOpOB (TEXHOJIOTUYECKUX, KOHCTPYKTUBHBIX, MATEPUATIOBETUECKUX,
AKCIUTYaTallMOHHBIX).

BwmecTe ¢ Tem, mpobiiema TpeHHS ¥ M3HAIITMBAHUS SBJISICTCS] OJTHOM U3
BEIYIIUX B MAalTMHOCTpOCHUH. Eif ynensercs 0oyplioe BHUMaHNE, KaK Ha
HCCJIeIOBATEILCKOM YPOBHE, TaK M Ha MpakTUKe. MHOTHE mapaMeTphbl TPEHUS
cTaHmapTu3upoBansl enié B coBerckue Bpemena ('OCT 27674 — 88).
PaznuuaroT TpeHne CKOIRKCHUS, TPEHUE KaUCHUS U TPEHUE KaueHUS C



npockanb3biBaHueM. K OCHOBHBIM XapakTEpUCTUKAM TPEHUS OTHOCSTCSA

KO3 DULIMEHT TPEHUSI U CKOPOCTh CKOJIbKEHUS (Pa3HOCTh CKOPOCTEH AeTaliell B
TOYKaX UX KacaHUs B MOJBUKHOM compsikeHun). K oCHOBHBIM
XapaKTEepPUCTUKAM M3HAIIMBAHUS OTHOCSTCS CKOPOCTh U3HAIIIMBAHUS
(OTHOIIEHHE MacCOBOI0, TMHEHHOTO I 0O0BEMHOTO U3HOCA KO BPEMEHH) U
WHTEHCUBHOCTD W3HAILIMBAHUS (OTHOIIIEHHUE U3HOCA K ITyTH TpeHwusi). CBONCTBO
MaTepHasia OKa3blBaTh CONMPOTUBIICHUE U3HAIITMBAHUIO

Ha3BIBAIOT UZHOCOCMOUKOCBIO.

[Tpu mpenuu cxonvoiceruss CKOPOCTU KOHTAKTHPYIOIINX JI€TaJe B TOUKaxX
KacaHHUsl MOTYT Pa3IMyaThCs 10 BEJTMYUHE U HAMPABJICHUIO, 110 BEIMUUHE HITH
10 HAMpPAaBJIEHUIO. DTOT BUJ TPEHHUSI CBSI3aH C MAKCUMAJIbHBIM U3HOCOM
COTPSDKEHHBIX JIeTaeil 1 HauOobIlel SHEPTOEMKOCTBIO Tpoliecca Tpenus. B
YaCTHOCTHU YEpBSYHAS Mapa, B KOTOPOW peaiM30BaHO TPEHUE CKOJIbKEHUS,
umeetr Haumenbinui K.ILJI. (n = 0,75) u3 Bcex 3yOuaThix nepeaad. Bmecre ¢
TEM, B MallTMHAX UCTIOJIB3YIOT MOJIOXKUTEIBHBIN YOPEKT TPEHUS CKOJIBKEHHUS, a
UMEHHO BO3MOKHOCTb PeaM3alliy OOJBIINX CUJT TPEHUSI IPU OTHOCUTEIHHO
MaJbIX HOpMaJbHBIX cuiax. Hampumep, 3ToT 3@ d ekt ucnonb3yioT B
TOPMO3HBIX CHUCTEMaX, B (PPUKITMOHHBIX Mepeiadax u Jap.

[Ipu mpenuu xauenuss CKOPOCTH KOHTAKTUPYIOIIUX JETAIECH OJTMHAKOBBI U
10 BEJIMYMHE, U TI0 HAIIPABJICHUIO. DTOT BUJ] TPEHUSI UMEET HauOOJIbIee
pacrpoCcTpaHEHUE B MalllMHAX B CBSI3U C MUHUMAaJIbHBIM U3HOCOM JIETAJIEN U
HU3KOM SHEPro€MKOCThIO Iporiecca. OH peanusyercs B HOAIIMIHUKAX KaUeHUs,
B [1apax KOJIECO-PEJIbC, POJIUK-JIEHTA U Ap.

IIpu mpenuu xauenus c npockanb3viéarnuem NEPEMEILLICHUE NE€TATICH
OCYLIECTBJISIETCSI OTHOBPEMEHHO C KAYEHUEM U CKOJIB)KEHHEM. DTOT BUJI TPEHUS
pean3yeTcs B Pa3IMYHbIX Mapax TPEHUs, IOCKOJBKY IO SHEPrETUUECKUM
XapaKTEPUCTUKAM U U3HOCY 3aHUMAET IPOMEKYTOYHOE MTOJI0KEHUE MEKITY
TPEHHUEM CKOJIbKEHHS U TPEHUEM KayeHHUs. B 4aCcTHOCTH, TPEHUE KaueHUs C
IPOCKAIb3bIBAHUEM, KOTOPOE PEaTU30BaHO B 3yOUaThIX (IUIMHAPUYECKHUX,
KOHUYECKHUX) Mepeaayax, 00ecrneuynBaeT 3HaUUTeIbHO MEHBIIINE MOTEPU Ha
TPEHUE 10 CPABHEHMIO C YEPBAYHOM Nepeaaveil.

Bwmecte ¢ Tem, BUI TpEHHUS HE SABJISETCS NMTOCTOAHHOM XapaKTEPUCTUKON
y3J1a TpeHus. Jlaxke 1t TpaBUIbHO CKOHCTPYUPOBAHHOTO U U3TOTOBJIEHHOTO
y371a TPEHHsI B 3aBUCUMOCTH OT MHOTHX KCIUTyaTallMOHHBIX (DaKTOPOB BU]T
TPEHHS MOXKET MEHATBHCA U, KaK IPAaBUIIO, €T0 U3MEHEHHUE COIIPOBOXKIACTCS
CHUKEHUEM WM MOTEPE paboTOCIIOCOOHOCTH y3i1a. MOKHO MPUBECTH



HECKOJIbKO npuMepoB. [Ipu 3arpsi3HeHNN NOAIIUITHUKOB KaUeHHUsl TPEHUE
Kau€HUs MEePEXOUT B TPEHHUE CKOJIbKEHHUS UX TIPOMEKYTOUHBIX TN (POJIMKOB
WIH [IAPUKOB) IO MOBEPXHOCTU OJHOTO U3 KOJICI] UM B TPEHHUE CKOJIbKEHUS
MOJIIUITHUKA 110 TOBEPXHOCTH THe3/Aa. Ele npumep: mpu IBMXKEHUH KOJIEC 110
penbcaM TPeHHUE KaueHUsI KoJieca M0 PeibCy MEePEeX0IUT B TPEHUE KaueHUs C
IPOCKaJIb3bIBAHUEM B TTape 0001 Kojieca-padoyvasi MIOBEPXHOCTh pejibca U B
TPEHHUE CKOJIbKEHUS B Mmape pedopaa Kojieca- O0KoBasi IOBEPXHOCTH T'OJIOBKU
penbca.

Bonbiioe BnusHMEe (KaK OTpUIIATEIBHOE, TAK U MOJO0KUTEIHLHOE) OKa3bIBACT
Ha pabOTOCTIOCOOHOCTD y3J10B TPEHHUS HAJM4YKMe CMa304YHOI0 MaTrepuaia B 30He
TpEeHHUSI.

Ecan JJI1 Y3JI0B TPCHUSA, TAKUX KaK 3Y6anBIe W OCITHBIC ITEpEaavu,
IMOAIIUITHUKY KAYCHUA U CKOJILKCHUA U IIPOYCC, INNIAHUPYCTCA (Ha oTaIIcC
IMPOCKTUPOBAHUA y3J1a) HNX CMAa3blIBaHHUC CMA309YHbIMU MAaTCpHUaIlaMH, TO
OTCYTCTBUC HUJIK OI'PAHUYCHUC CMA3KHU MOXKCT BbI3BATH PC3KOC YBCIIMUCHUC
KOB(l)(l)HI_II/IeHTa TPCHUA U WHTEHCHUBHBIN U3HOC COIIPAKCHHBIX IIGTaJIeﬁ BIIJIOTDH
A0 BbIXOJa U3 CTPOA y3JIa. Kax I[MPpaBHJIO, B TAKUX y3JIaX PCAIN3YIOT PCIKUM
FpaHH‘IHOI;'I CMa3KHu, KOTOpBIﬁ XAPAaKTCPU3YCTCA HAJITMINCM Hd KOHTAKTUPYIOIINX
ITOBCPXHOCTAX TOHKOM MaCJISIHOU IJICHKH.

MHuorue y37bl TpeHus (apbl KOJIECO-pPeibC, POJIMK-JIEHTA, IIIKUB-JICHTA U
Jp.) AOJHKHBI AKCILTYaTUPOBATHCS 0€3 CMa3KH, MOCKOJIbKY Tepeiaya ABUKCHUS
MEXIY JIEMEHTaMU Mapbl OCYIIECTBISIETCS 3a CUET cuil TpeHus. [loaromy
MOTIa/IaHKUE B COMPSHKEHUE CMa30YHOT0 MaTepuasia pe3Ko yXy/IIaeT
paboTOCTIOCOOHOCTH y3J71a. AHATOTUYHBIN OTPHUIATEIbHBIN A(D(DHEKT UMEET MECTO
U TOTIAJJaHUU CMa3KH B pab04yI0 30Hy TOPMO3HBIX YCTPOMCTB
TPaJAUIIMOHHOTO THUTIA.

TpeHue B MHOTOYHCIICHHBIX CONPSKEHUSX Y3JI0B 1 MEXaHHU3MOB MalllHH,
(bpUKIIMOHHOE BO3/ICHCTBUE pa3padaThIBAMbIX MaTepHUAIOB HA DJICMEHTHI
paboYMX OPTaHOB M XOJOBBIX YCTPONCTB MPUBOMIAT K X U3HOCY, YTO
COTIPOBOKIACTCS CHUKEHHEM pabOTOCIIOCOOHOCTH MAIIIMHBI B IIEJIOM, BIUIOTh
710 TOCTHIKCHHMS TIPEICIIBHOTO COCTOSTHUSI.

N3HOC sIBNISIETCS CHOKHBIM MPOIECCOM, 3aBUCAIIUM OT MHOTUX BHEIIHUX U
BHYTpeHHUX (pakTopoB. 113 MHOTOUMCIIEHHBIX BUIOB M3HOCA HAanOoJiee 4acTo Ha
MPAKTHUKE BCTPEYAETCSI MEXaHMUYECKOE U3HAIIIMBAHUE, KOTOPOE B CBOKO OUEPEID
pasnensioT Ha abpa3uBHOE, THIPOA0pa3uBHOE, Ta30a0pa3UBHOE, SPO3UOHHOE,
YCTaJIOCTHOE U KaBUTAllMOHHOE M3HaIMBaHue. CiaeayeTr OTMETUTh, UTO 3TO



pasaciiCHUC B HU3BECTHOM MCPEC YCIIOBHO, ITOCKOJIBKY Ha IMPAKTHUKE Yallc BCETO
BCTPCHACTCA KOM6I/IHaI_II/IH Pa3JIMYHbIX BUJAO0B N3HAIIINBAHUAI. TeMm He MCHEC,
OCHOBHBIMH BHUJaMHU U3HAIIINMBAHUWA I[GTEUIGI\/'I " y3JIOB IIPH 3KCILIyaTallun
MalllMHbI B HOPMAJIBHBIX YCIIOBUAX (He BKCTpeMaJIBHBIX) SBJIAIOTCSA a6paBI/IBHO€
" YyCTAJIOCTHOC U3HAIIUBAHHC.

HaunbonpieMy n3HOCY MOJABEPraroTCs IOBEPXHOCTH 3JIEMEHTOB PabOUnX
OpraHoOB MalllH, KOTOPbIE€ B3aUMOJICHCTBYIOT C TiepepadbaThiBAaEMbIM WJTU
pa3pabaTpiBa€MbIM MaTepHalioM, a TAaKXKe SJIEMEHTBI X0J0BOT0 000pY10BaHUSI.
K HUM OTHOCATCS pexyIIue JIEMEHThI pa00YrX OPraHOB JOPOKHO-
CTPOMTENBHBIX U IPYTUX MAIIH (HOXKH, 3yObsi 1 OTBAJIbI OYJIbI03€POB U
rpeiaepoB, 3yObs, HOKH M PEKYIITHUE KPOMKH IKCKaBaTOPOB U CKPETIEPOB,
J10JI0Ta, 3yOuia, CBepiia u Apyroe CMEHHOe pabodee 000py1I0BaHKE
OJTHOKOBITIOBBIX 3KCKaBaTOPOB, JIONACTH IITHEKOB U ()pe3 pacnpeaenurenei
JIOPOYKHO-CTPOUTENIBHBIX MAIIIMH U ac(haIbTOYKIaYMKOB), a TAK)KE ICTAIH U
AJIEMEHTHI XOJIOBBIX YCTPONCTB (MMPOTEKTOPHI THEBMOIIINH, 3BeHbS M KaTKU
ryceHuIl, 000/1a KoJieCc Ha peiabcax) ¥ MHOTOE IPyroe. ITH dJIEMEHTHI B
OCHOBHOM ITOABEPraroTcsi abpa3suBHOMY M3HAIITUBAHUIO, YTO BJICUET 3a COOOM
cymectBeHHoe (Ha 50...100 %) nmoBbIlIeHHE YHEPTOEMKOCTH pabodero
rpoiiecca.

Jjist mpuMepa mopsiKka BEJIMYMH U3HOCA MOKHO MTPUBECTH U3HAIIIMBAHKE
pabouux opranoB Oyinbno3epa. [Ipu cpoke ciry’Obl UX HOMKEH, COCTABIISIFOIIEM
200...350 gacoB, BenuurMHa aOpa3suBHOTO U3HOCA (TIO MIUPHUHE) IOCTUTACT
40...50 MM TIpu cpeTHE CKOPOCTH M3HOCA IO TOMIIHMHE 0K0JIo 10 MKM/4 rpu
pabote Ha cyrnuHUcThIX TpyHTax Il — IV kareropuii. [Ipu paGote Ha
MIPOMEP3IINX CYTITMHUCTBIX TPYHTaX CKOPOCTH M3HAIIMBAHUS BO3PACTAET B TPH
u 0oJee pa3. Yike npu JMHEHHOM n3Hoce 14...15 MM yaenbHOe CONpOTUBIECHUE
pPEe3aHMI0 YBeNIMYuBaeTcs B 1,5 pasza mpu pocte pacxoaa MOITHOCTH W CHIKEHUN
MIPOU3BOAUTEIILHOCTH MaIIMHBL. OTHAKO OTMETHM, UTO JTaXKe TIPH
KaTtacTpo(UIeCKOM U3HOCE padOUMX OPTraHOB MAaITMHA MPOIOJKAET OCTaBATHCS
B pab0OTOCTIOCOOHOM COCTOSIHUH.

CoBeplIEHHO MHOE BIIUSIHME OKA3bIBAET U3HOC JIETAJIEH CUIIOBBIX Mepeaay
U JIPYTUX CONMPSHKEHUN Ha pab0TOCIIOCOOHOCTh MaluHbL. [Ipu yBennueHun
M3HOCA JETAJIEN B MOJBUKHBIX CONPSIKEHUSX PACTYT 3a30Pbl, BBI3bIBAS
YCUJICHUE JUHAMUYECKUX HArpy30K, YXYJILICHUE YCIOBU CMa3bIBAHUS B 30HE
TPEHHS U B KOHEUHOM MTOT€ BBIXOJ U3 CTPOS y3J1a TPEHUS.



[Ipu aHanu3e TpeHUs U U3HALIUBAHUS B TOABUKHBIX CONPSKEHUIX
clelyeT pa3nuyarh 0a30Bbie (MTACCUBHBIC) U aKTUBHBIE JieTanu. ba3oBbie neranu
COOpPOYHOM €AMHUIIBI, K KOTOPBIM OTHOCSITCSI KOPITYChI pa3JIMYHBIX PEIYKTOPOB
U KOpOOOK nepeiay, KOHCTPYKIIMOHHBIE U IPYTUE 3JIE€MEHThI MAIlIMH, CITYXKaT
JUTSL YIIEpKaHUs aKTUBHBIX JIeTaneil B TpeOyeMOM MOJI0KEHUH U BOCIIPUHUMAIOT
BO3HHUKAIOILIME HArpy3ku. X crapeHne nposBisieTcs, Kak MpaBuiio, B
WU3MEHEHUH TOJI0KEHUS B IPOCTPAHCTBE OMOPHBIX MIOBEPXHOCTEN, B
KOPOOJIEHUH MPUBAIOYHBIX TOBEpXHOCTEH U npouee. Kak mpasuio, HapaboTka
0a30B0i1 1eTanu COOPOYHOI eIMHUIIBI A0 MPEACITBHOIO COCTOSIHUS SIBIISICTCS
IJIAHUPYEMOM MEKXPEMOHTHON HapaOOTKON caMOi COOPOYHOM €TMHUIIBI.

JI0JITOBEYHOCTh aKTUBHBIX JETaJIel, TI0JIBEpraroluXcsi H3HAITMBAHUIO,
3HAUYUTETHLHO HIKE, YeM 0A30BBIX, TOCKOJIbKY aKTUBHBIE JI€TANN
BOCIIPMHUMAIOT U MEPEIAIOT KPYTAIIME MOMEHTHI, APYTUE CUIIOBBIE HATPY3KU,
UKJIMYECKUE HAIIPSOKEHUS U TIpodee. Paboune moBepXHOCTH ITUX JIeTalieh
(BanoB U ocel, 3y0UaThIX KOJEC, MOPIIHEH U HUJIUHIPOB U Jp.) HAXOATCS BO
(GPUKIMOHHOM B3aUMOJICHCTBUU ¢ PaOOYMMU TTOBEPXHOCTSIMU JAPYTUX JCTaNICH,
paboTas B yCIOBHSIX MEPEMEHHBIX MEXaHUYECKUX HATPy30K.

Kak yxe oTMeuanock, U3HOC ABJISETCS CI0KHBIM MPOILIECCOM, Ha KOTOPBIN
OKa3bIBAIOT BIIMSHUE MEXaHUYECKUE, PU3NUECKUE U XUMHUUYECKUEe (DaKTOPHI,
COITPOBOXK/IAIOIINE TPEHUE PJIEMEHTOB COMNPSHKEHUM. J{J1s1 MpOTrHO3UpPOBAHUS
BEJIMYMHBI U3HOCA J€TAJICH B y3J1aX TPEHUSI MAIIIMH BaXKHO 3HATh XapaKTep
3aBHCHMOCTH M3HOCA OT BPEMEHH HapabOTKH, T.€. IMHAMHUKY IIpoIlecca u3Hoca.
ITo nanubM nipodeccopa bamoBuesa B. 1. Bce BUIbI ATHX 3aBUCUMOCTEH
MOYKHO OINUCAaTh HECKOJIBKUMH MOJEISIMH, XapaKTEPHBIMU VISl PA3IMYHBIX
TUIIOB compsbkeHuit (pucyHok 2.2). Ilepas Mmogens (kpuBas 3) xapakTepusyeT
JUHEUHYIO 3aBUCUMOCTh U3HOCA OT BpeMeHu. OHa XapakTepHa JJist
a0pa3uBHOTO U3HAIIMBAHUS pabOYUX PJIEMEHTOB MAIMH JJIs1 36MJISTHBIX Pa0oT.

Bropas monens (kpuBas 2) UMEET sIpKO BBIPRXKEHHBIN MEPUO]T TPUPAOOTKH
C MOCIIEAYIOIIUM IIEPUOJIOM C TOCTOSSHHON CKOPOCTHIO U3HAILIMBAHUS, YTO
XapaKTEPHO ISl TOAIIUITHUKOB CKOJIBXKEHUSI, IIAPHUPHBIX COEAUHEHUN U 1.

Tpetbst Monens (KpuBas 5) OTIMYaeTCI MOHOTOHHO yOBIBAIOIIIEH
CKOPOCTBIO M3HAITUBAHUS, YTO XapPaKTEPHO ISl 3y0OUaThIX KOJEC.

UerBepras mojienb (kpuBasi 1) xapakTepHu3yeTcsi MOHOTOHHOCTBIO
MTOBBIIIAIOIICHCS CKOPOCTRIO M3HAIMMBaHUA. W, HakoHell, Hanboiee oomas
Mojenb (KpuBas 4, Hocdias umst JIopeHiia) BKIIIOYAeT TPU OCHOBHBIX NIEPUOIA
WJIU CTQJINHN:



| — nepuoxa npupadotku (0 — typ), UIsI KOTOPOrO XapaKTEpEH PE3KUM pOCT
n3Hoca (10 BeIU4uuHsI Ip) ¢ 0OpazoBaHMeM OOJIBIIOIO YKCIIa IPOLYKTOB
W3HAILIMBAHMS, 3aTPA3HSIONINX CMa3Ky, U C TOBBIIIEHUEM TEMIIEPATyphl B 30HE
tpenus; Il — nepros HopManbHOM (CTaOMIIBLHOM) SKCILTyaTalluu y3J1a TPEHUs
(tnp — toxenn) C YCTAHOBUBIIIEHCS CKOPOCThIO M3HaImMBaHus; 111 — mepron
KPUTHUYECKOTO (KaTtacTpopuueckoro) U3HaIIMBaHUs, B PE3yJIbTaTe KOTOPOro
PacTyT 3a30pbl B CONPSIKEHUH, BbI3bIBASI IOMOJHUTEIbHBIC IMHAMUYECKHE
Harpy3K U yXyJIICHUE YCIOBUN CMa3blBaHUS TPYIIMXCS MOBEPXHOCTEH, a TI0
JOCTH)KEHUU HEKOTOPOU KPUTHUYECKOH (TMpeeIbHOM) BEMUYMHBI U3HOCA
BO3HUKAIOT yIapHbIE HATPY3KU HA JIETAJIM, PE3KOE MOBBIIICHUE TEMIIEPATYPHhI,
3ae/laHie U B KOHEYHOM CUETE BBIXOJI U3 CTPOSI y3Jia TPCHHUSI.

Takum 06pa3zom 15 Ieprojia HOPMaJIbHOM SKCIUTyaTalluy y3ja TPeHUs
XapaKTepHa MPAKTUYECKH MOCTOSTHHAS CKOPOCTh U3HAIIMBAHUS TOBEPXHOCTEN
COTPSDKEHHBIX JIeTajel, koTopas rpaduuecKku OnpenesseTcs yriioMm
HakJI0HA a PAMOH (tnp — tyxenn) IO POpMyIIE

Al IaKanI B Inp
vV =tga =—— =
At t -t

9KCILI Ip

Cpox ciry»0blI ieTanei B y3Jie TPEHUSI MOKHO OTIPEEIUTh C YIETOM BPEMEHH
npupabOTKHU 10 GpopMmyIie

t‘aKcnﬂ :tnp +\ SKCIIT I Tp /v

OmHako UCToNIb30BaTh 3Ty GOPMYITY SIS MPAKTUYECKUX PACYETOB CIIOXKHO,
IMOCKOJIBKY BCE€ COCTABJISFOLIUE SIBJIAFOTCS CIIyYalHBIMUA BEJIMYMHAMMU,
3aBUCSIIAMHU OT MHOTHX ITApaMETPOB.

Bosbliie Bcero Jj1st MHAKEHEPHBIX pacu€TOB MOJXOIUT METO]T aHAJIOTUH,
COTJIaCHO KOTOPOMY OIICHKA CPOKa CIIy>KObI pacCUNTHIBAEMOM JIeTaln
0a3upyeTcs Ha U3BECTHOM CPOKE CITY>KOBI JIeTaau-aHaIora,



AKCIUTyaTUPYIOLIEHCs B MallIMHAX U3y4aeMoro Buja. CoriiacHoO 3TOMYy MOJAXO0Y,
CPOK CITy>KObI paCCUMTHIBAEMOU JI€TAIM MOKHO ONPENEIUTh M0 (hopmyie

t =t K,/K,

rje ta — CpoK Cy>kObI AeTaIN aHaAJIora;
K, — ko3¢ dunmeHT yuera BIUSHUS KOHCTPYKTUBHBIX, TEXHOJIOTHIECKUX U

AKCIUTYaTaI[MOHHBIX ()aKTOPOB HA U3HOC JETaN-aHAIOTa
lia lialliaZ“'}ian
K, — cpok city:x0bl pazpabaTbiBacMOM A€TaIH

K, =K, K,.K,

Koaddummentsr K, u K, (i = 1,...,n) XapakTepu3yroT BIUSIHUE HA H3HOC
OCHOBHBIX (haKTOpPOB, BKITFOUAsI MATEpUAI JCTAICH BU TEPMUUYCCKON U XUMHKO-
TEPMUYECKON 00pabOTKH, BUJ] M3HAIIUBAHMSI, CMAa30YHBIA MaTepHaa i MHOTOE

IpYyTOE.
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Pucynok 2.1 — 3aBHCHMMOCTE IOTOKAa OTKa30B OT BpeMeHH HapaboTkKH1

B Hacrosiiee BpeMsi HaKOIUJIEH TI0BOJIBHO OOIIUPHBIN OaHK TaHHBIX 110
KOHKPETHBIM y3JIaM TPEHUS U BIUSHUIO Ha U3HOC HauboJiee CyIIeCTBEHHBIX
KOHCTPYKTHUBHBIX, TEXHOJIOTUYECKUX U IKCIUTYyaTallUOHHBIX (DAKTOPOB. ITO
MO3BOJIAET PELIUTD Pl MPAKTHUECKUX 33/1a4 C TIOMOUIBI0 METO/1a AHAJIOTUH.
Kpome toro, nmpu oreHke pecypca u paboTOCIIOCOOHOCTH y3j1a TPEHUS
OTBETCTBEHHOM 3aJ]a4€H SABJISETCS YCTAHOBIIEHUE MPeAea JOMyCTUMON
BenuuuHbBI U3HOCA AeTAMH ([[]max > lokenn). BaXXHOCTH MOMCKa ONTUMATILHOM
BEJIMYHMHBI TTPEACITBHOTO U3HOCA 00YCIIOBIICHBI C OJTHON CTOPOHBI
HEOMPaBIaHHBIM YMEHBIIICHUEM CPOKa CITYKOBI JIeTajieli IpU €€ 3aHIKEHHH, a C
JIPYroi — MOBBIIICHUE TEKYIIUX 3aTPaT 3a CUET YBEJIIMUCHUS aBAPUNHBIX
PEMOHTOB Ipu 3aBblllieHUU. ClielyeT OTMETUTD, YTO B HACTOSAIIEE BPEMSI
MMEETCS] HECKOJIBKO KPUTEPUEB OLIEHKU BEJIMUUHBI TPEAEIBHOTO N3HOCA B
3aBUCUMOCTH OT BHUJA Y3Jia TPEHUS U TUIIA COMPSIKEHUS: TI0 MOTEePEe MPOYHOCTH
JieTajau, o HaApyIISHUIO 3alleTUICHUS AeTajel B repeaaye, o norepe
MOJBWKHOCTHU B IIAPHUPHBIX COCTUHEHUSX U JP.

OueHKy HaJeKHOCTH JAeTaneil Npy U3HAIIUBAHUU TPOU3BOJISIT,
paccMaTpuBas CXeMy BO3HUKHOBEHUS OTKa3a MPU JOCTUKEHUU MTPEIEIIBHO
JOMYCTUMBIX BEJTUYHMH U3HOCA [[]|max U UCTIOJIB3YSI BEPOSITHOCTHBIN MOAXO K
PEILIEHNIO 3TOM 3a7a4u.



PucyHok 2.2 — 3aBrcuMocTs H3HOCA [ oT BpeMeHHW HapaboTkl & —Bpems
npup

NpUpaboTKY; {  — BpeMA SKCIUTyaTal[iH

HquHOCWlele xapakmepucmuku mamepuailoe oemadneul u 1eMeHMo8
MAUUHbL

[ToMrMO W3HAIIMBAHUS MOBEPXHOCTEN JETAJIEN U DJIEMEHTOB Y3JI0B
MAIlIMH, CTAPEHHUE BBIPAKAECTCS B CHIJKEHUU UCXOIHBIX TTOKa3aTenen
nehopMallMOHHON CIOCOOHOCTH U MMPOYHOCTHBIX XapaKTEPUCTUK MAaTEPHAIIOB,
13 KOTOPBIX OHM U3IOTOBJICHBI, U BOSHUKHOBEHUIO OTKa30B. Bo3nelicreue
BHEIIHUX (AaKTOPOB (HArpy30K, CPe/bl, TEMIIEPATypPhl U MTPOUYEe) MPUBOIUT K
HEOOPATUMBIM U3MEHEHUSIM CTPYKTYPBI U CBOWCTB MaTEpUAJIOB, YTO B CBOIO
ouepe]lb OTpakaeTcs Ha pabOTOCIIOCOOHOCTH JIeTalel U 3JIEMEHTOB U3 HUX.

Hawubonee cymiecTBeHHBIM (haKTOPOM, BIUSIONIAM Ha OTKa3bl JAeTaneil u
AJIEMEHTOB MAIlIWH, SIBJISIFOTCSI CUJIOBBIE HATPY3KU, KOTOPBIE BBI3BIBAIOT
HeoOpaTUMble U3MEHEHHUs (PU3NKO-MEXaHUYECKUX XapaKTePUCTUK MATEPUATIOB.

Maio 3aMeTHBIMH, HO BECbMA OLIYTUMBIMU 10 CBOEMY BO3JIEUCTBUIO HA
MAaTEPUAIIBI SBJISIFOTCS YCTAIIOCTHBIE SIBJICHUS, TPOTEKAIOIINE B MaTepUasax
JeTanen, KOTOPbIE MOABEPratOTCs LIMKINYECKUM HArpy3KaM. Ycecmanocmuio
mamepuana Ha3bIBAKOT MPOLIECC HAKOTIJICHUS MIOBPEKICHUM IO JCCTBUEM
IIEPEMEHHBIX HANPSHKEHUU. ECITA 3T HANPSKEHUS IEPUOANYECKU TTPEBBIIAOT
ONPEICIICHHYIO JIsl IaHHBIX YCIOBUM BEWYUHY (TIpe/Iel BBIHOCIUBOCTH), B
MaTepUAJIE MMOCTENEHHO HAKAIUIMBAKOTCS MUKPOTPEINHBI, KOTOPBIE, PA3BUBASICh



1 ocJIa0usis CCUYCHUC, BLISBIBAIOT IMOABJICHHUC TPCIHIMH HECAOIIYCTUMBIX pasMCpPOB
WJIM IIOJTHOC Pa3pyImICHUC ACTAJIN UM KOHCTPYKIIUU.

KonnyecTBEHHO yCTalOCTHBIN NPOLECC MOKHO OMKUCATh 3aBUCUMOCTBIO,
CBA3BIBAIOIIEH MAaKCUMAJIbHOE HAIIPSDKEHUE ¢ B MaTepUalie IeTalu MpHy ee
Harpy>Xe€HUH C YUCIIOM MUKJI0B HarpykeHus N. B momymnorapudgmudecknx
KOOpAMHATaX OHa UMEET BUJI MPSAMOU C U3JI0OMOM (PUCYHOK 2.3) U Ha3bIBAETCS
KPUBOM yCTanmoCT. [I10THOCTh HAKOIUIEHHBIX TOBPEXKACHUN U COOTBETCTBEHHO
pecypc AeTalId 3aBUCST OT YKCIIAa UKJIOB U HATPYKEHHUS, KOTOPOE B CBOIO
odepellb ONPEAEISAETCS BEIMUUHON TEUCTBYIOIIMX B MAaTepUAJIC HANIPSHKEHUN U
IPEAEIIOM BBIHOCIUBOCTH. Kak nmpaBuiio, 71sl onpeaenieHus: yCIOBUil
AKCIUTYaTaly AETAIN CYIIECTBYET CTAlMOHAPHBIN PEKUM HArpyKEHUs, IPU
KOTOPOM TIpeJieNl BRIHOCIUBOCTH (0,) SIBISIETCS] IOCTOSIHHOM BEJIMYMHON U
XapaKTepu3yeT MaKCUMAaJIbHbIE HAMIPSKEHUS], IPU KOTOPOM HE BOZHUKAET
pa3pylieHust IeTaau Npu JUIUTEeNIbHON dKertyaranun. Yucio N, (Touka
TepenoMa KpMBOi ) Ha3bIBAIOT 6a306bim uuciom yukinos (N, = 107). Eciu
BEJIMYMHA JEUCTBYIOLIET0 HANPSHKEHUS 0 HE MIPEBBILIAET 0,, TO PECYPC AETATU
COCTABJIIET HEOTPAHUYEHHOE YMCIIO LUKIOB. EClN ke HanpshKeHus,
JIEHUCTBYIOIIUE TIPU HArPYKEHUU OOJIbIIE 7,5, IO KPUBOU YCTAIIOCTH MOKHO
ONPENEIUTh PECYPC IETAIM, T.€. YHCIIO [IUKIOB HATPYKEHHUS 10 €€ pa3pyLICHHUS.
Hanpumep, Ha prucyHke 2.3, Ipu YBENMUYEHUH HANIPSDKEHUS C 02 10 01 PECYPC
netanu ymenbinaercs ¢ N2 7o N1 ukIios.

Ecnu ke quKIM4ecKuM HanpsHKEHUSIM COMYTCTBYET KOPPO3UOHHBIE ITPOLIECCHI
BO3JICMCTBUS (BBICOKUX TEMIIEPATYyp, PAAUALIUN ), TPEAET BBIHOCIUBOCTH MOXKET
3HAYUTEIIbHO YMEHBIIUTHCS, a B PAJIE CIIy4aeB OH MOXET BOBCE OTCYTCTBOBATD.
3HAYUTEIBLHO CHUKAETCS MPe/IeT BBIHOCIUBOCTH ISl IeTajiei, ObIBIIIUX B
AKCILTyaTallMu ¥ 3aT€M BOCCTAHOBJICHHBIX OJHUM U3 U3BECTHBIX METOJIOB.



IlgN

PucyHok 2.3 — 3aBMCMMOCTE HallpAK eHUH B MaTepHajie fJeTajleid oT 4UCiIa
LIMK/I0B HaT Py K eHHA

Ha pucynke 2.4 npuBeieHbl KPUBBIE YCTAIOCTH MAaTEPUATIOB, KOTOPBIE
OBUIN UCTIBITAHBI HA BO3AYyXE, B MacJi€ U B BOJIE (T.€. B KOPPO3ZUOHHOAKTUBHOM
cpene). BunHo, yTo axke Macio OKas3blBaeT OTPHUIIATENILHOE BIUSHUE HA
MIPOYHOCTHBIC XaPAKTEPUCTUKHU (TaK Ha3bIBaeMbIil «addekT Peduinepay).
Crnenyet oTMETUTD, 4yTO (haKTOp YCTAJIOCTH B pacueTax npopadoraH HanboJsee
JETaIbHO



IgN

PucyHok 2.4 — KpuBaf yCTa/IOCTH CTa/IbHBIX [ Taaeid ITPH HallpAKeHUAX B
Pa3MUUHBIX cpeax: 1 — Ha Bo3ayxe; 2 — B Madie; 3 — B BoJe.

B kavecTBe npumepa JOCTATOYHO MPUBECTU TPOBEPOUHBIE PACUETHI,
KOTOPbIE IPOBOJAT JJISL PA3IMYHbBIX Mepeiad (KypCOBOM NPOEKT MO JUCHUIIINHE
«/leTanu MamvH U OCHOBBI KOHCTPYUPOBaHUs»). OHU Ha YUYETE pOJH
YCTAJIOCTHBIX MPOLIECCOB, MOCKOJIbKY JTIOMTyCKAaEeMble HANPsKEHUs (KOHTAKTHBIE
Y U3TMOHBIE), KOTOPbIE BEIOUPAIOT 1Sl IPOBEPKH NMPABUIIBHOCTH
KMHEMAaTHYECKUX PacdyeTOB, ONPEIEIAIOT UIMEHHO IO KPUBBIM YCTaJIOCTH.

[ToMHMO yCTamOCTHBIX pa3pyIlIEHUN MPU IKCIUTyaTalluy MaIlIMH OTKa3bl UX
neTaned U AJIEMEHTOB MOTYT BO3HHMKATh 10 JPYTUM npuduHam. J{is psaa
MaTepUalioB, U3 KOTOPHIX U3TOTABIMBAIOT JIETAI U AJIEMEHTHI MaIllvH,
HanOoJsiee 3HAUUMBIM (PaKTOPOM OTKa3a SIBJIIOTCA XPYNKUE pa3pyIICHUS.
Xpynkue pazpyuieHuss MOTYT ObITh OCHOBHOM MPUYMHOM BBIXOJA U3 CTPOS
JeTaNel U3 XpyMnKuX MaTepruagoB MPHU BO3ACHUCTBUHN OOIBIINX JUHAMUYECKUX
(daie yaapHsIx) Harpy3ok. Kpome Toro, /uist psiia KOHCTPYKIIMOHHBIX CTanei (c
MIPUMECSIMU a30Ta) B YCIOBUAX AKCIUTyaTAIlMU IPU HUZKUX TEMIIEpATypax
IIPOUCXOJIMT TaK, Ha3bIBAEMOE HU3KOmMemnepamyproe oxpynuusanue. llpu
AKCIUTyaTallMy MAlllMH B YCJIOBHUAX MOBBIIIEHHON pagualuyd UMeeT
MECTO paduayuoHHoe OXpynuusaHue, pe3K0 CHIKAIOIEe J0JITOBEYHOCTh
JeTanel u y3710B MallIUHBbI.



HuskoteMriepaTypHoe ¥ paAHaliiOHHOE OXPYTYUBAHKE SBIISCTCS OJHOMN U3
OCHOBHBIX IPUYHUH BBIX0JIA U3 CTPOSI KOHCTPYKIIMH U JeTaliel, U3TOTOBIEHHBIX
13 OOJIBIIMHCTBA TOJUMEPHBIX KOMITO3UITMOHHBIX MaTeprasoB. B ycmoBusx
Hu3kux temmneparyp (7'< —40° C) u NOBBIIIEHHOTO YPOBHS paualiu
TIOJTUMEPHBIE MATPHUIIHl KOMIIO3UITHOHHBIX MAaTEPHUATIOB TEPSIOT TNIACTUIHOCTD U
CTaHOBSATCS XPYIKHUMH, UTO CYIIIECTBEHHO OTPaHUYMBACT UX MIPUMEHEHHE B
y3J1ax MalllvH.

[Ipu BBICOKMX UIMTENbHBIX HArpy3Kax (WM Jaxke Meperpyskax) y aeraiei
Y KOHCTPYKIIMI U3 TUIACTUYHBIX MAaTEPUAJIOB, MOTYT HAOIIOAaThCs
iacTuueckue aegopMalnu, KOTOpble MOTYT PUYUHON OTKa3a
METaNIOKOHCTPYKIUH MauH. DG (EKT Noa3ydecTH, KOTOPBIHA MPEACTaBIsIET
co0o¥i Tipoliecc HeMmpepbIBHOM TIACTHUECKOM Medopmaliuu, MpoTEKAIOIIeH ¢
MaJioi CKOPOCTBIO MIPH IJTUTEIHLHOM HATPYKEHUHU, MOKET OBITh MPUUUHOM
OTKa3a KOHCTPYKIMK U3 HE3aKaJCHHBIX U BBICOKOOTITYILLIEHHBIX CTAJIEH, & TAKKE
13 KOMIIO3UIIMOHHBIX MaTepHUaIoB Ha OCHOBE TEPMOIUIACTUYHBIX TTOJIMMEPHBIX
MaTpHil.

Kak yxe oTMedasnocs, 0JTHOI 13 OCHOBHBIX MPUYUH MPEXKIEBPEMEHHOTO
BBIXOJIa U3 CTPOSA JIeTalel 1 KOHCTPYKIIUM MAaIlIUH SIBJISTFOTCS KOPPO3UOHHBIE
IIPOLIECCHI, MPOTEKAIOIINE B MaTeprasax Mo BIUSHUEM OKPYKaIOIEeH Cpeibl.
Oc00€HHO CYIIECTBEHHYIO POJIb MOXKET OKa3aTh KOPPO3UsSl B COUETAHUH C
apyrumu GhakTopaMu BO3/IEHCTBUS Ha MaTepuabl JeTajlei U KOHCTpYKIui. B
YaCTHOCTH, PE3KOE CHIKEHUE pabOTOCIOCOOHOCTH U COXPAaHEHUHU pecypca
MAIITH BBI3BIBAET BO3/ICHCTBUE HA COTMPSHKEHUE JIETAIH B Y3JIaX TPEHUS
a0bpa3MBHO-arpECCUBHBIX CPEI.



8.YueOHO-MeTONMUYEeCKOEe M HH(POPMALMOHHOE 0O0ecneyeHue

AUCHHUIIIINHBI

8.1.0cHoBHasIMTEpPaTYypa

1 boukapes, C.B. J/luarHoctuka u HaJ€KHOCTh aBTOMAaTU3HPOBAHHBIX
TEX-HOJIOTUYECKHUX CHCTEeM: yueOHoe mocodue st By3oB / C. B. boukapes, A.
N. Han-mun,A.I'.Cxuptnanze.-Crapsiit Ockon:1U3n-so THT,2017. -615c.

2 Bocko06oes, B.®.HanéxHOCTh TEXHHYECKUX CHCTEM M TEXHOTCHHBIH
puck:yuebHOoe mocodue /it By3oB. U.1 : Haa&KHOCTh TEXHUYECKUX CUCTEM /
B. ®.Bocko6oeB.-M.: Anbsanc:I1yTts,2015;2008.-199c¢.

3 JInarHocTuka U HaJI€KHOCTh ABTOMATU3UPOBAHHBIX CUCTEM : YUYEOHUK
mssy3oB / b. M. Bpxo3oBckuii, A. A. UrnateeB, B. B. Mapteinos, A. T.
Cxuptnanze;Ilogpen.b.M.bpk030BcKoTO. -CrapsiitOckon: 13-
BoTHT,2015;2012.-351c.

4 Kpapuenko, E.I'. HanéxHocTh  TEXHHYECKUX  CHCTEM B
MalIMHOCTpOeHUH :y4yeObHoe mocoobue st By3oB / E. I'. KpaBuenko, A. T.
Cxuprnanze. - CrapoiiiOckon: U3n-so THT,2016. -152c¢.

5 HanéxHocTh 1 AMAarHOCTUKA TEXHOJOTUUECKUX CUCTEM : YUEOHUK ISt
By-30B / 1O. A. bongapenko, M. A. ®enopenko, A. A. Iloronun, T. M.
Canuna. -CrapeiiiOckoin:13n-so THT,2016.-212c¢.

6 Jonrun,B.I1.HanexxHOCTEHIMArHOCTUKATEX HUYECKUXCH -
cTeM[DneKTpoHHBIN pecypc]: YueOHoe mnocodue/lonrun B.I1., Xapuenko
A.O. -M.: ByzoBckuii yueOnuk, HUI[ HMHOPA-M, 2015. - 167 c.//
ZNANIUM.COM :351eKTpOHHO-OMOMMOTEYHAass  CHCTEMa. —

Pexum
Jocryna:http://www.znanium.com/catalog.php, OTpaHUYEHHBIN. -
3ariu.cakpaHna.

7 PrixoB, B.B. HanexxHOCTh M JMAarHOCTHKA TEXHUYECKUX CHCTEM U
TEXHO-

TeHHBINPUCK[ DneKkTpoHHbIpecypc]: YueOHoenocooue/PrikoBB.B., Tkun

B.1O.-M.:HUIITUH®PA-M,2017.-192¢.//ZNANIUM.COM:35eKTpOHHO-
OnoOIMOTEYHAACUCTEMA. —

Pexxumpaoctyna:http://www.znanium.com/catalog.php,0orpaH4eHHBIN. — 3ari1.c
DKpaHa.

8.2. lonosiHUTEIbHASLIUTEPATYPA

1 Jlenxos, B.K. O6ecneuenue HagEKHOCTH TEXHUUECKUX 00BEKTOB IO
cta-gusiM ux >ku3HeHHoro mukia / B. K. Jlenkos, A. WU. Taryes. - M.:
MammHoctpoe-nue: Mammnoctpoenue-ITonér,2010.-215c¢.

2 llIummapes, B.FO. Haa&xHOCTh TEXHUYECKUX CUCTEM : YIECOHUK
st By-308/ B.JO.IlIummapes.-M.: Akanemus,2010. -304c.

3 FOpkeBuu, B.B. HanéxHOCTh 1 TUarHOCTHKA TEXHOJOTHUCCKUX


http://www.znanium.com/catalog.php
http://www.znanium.com/catalog.php

cucteM :yueOHuK 11t By30B / B. B. FOpkesuu, A. I'. Cxuptnanze. - M.
Axanemus, 2011. -296¢.

4T'0OCT 27.002-2015. Hanmexunocts B TexHuke (CCHT). Tepmunbl u
omnpe-nenenns.— Bren.2017-03-01.-M.: U3-Boctangaptos,2017.— 25 c.

1. I'OCT 27.301-95. HanpexHocts B TexHHKe. Pacuer
HagexxHoctu. OcHoB-Hblenonoxenusd.—Bsen.  1997-01-01.-M.: Us-
BOCTaHJapTOB,1997.— 18 c.

2. I'OCT 27.310-95. HagexxHoCTh B TEXHHMKE. AHAJIN3 BUJIOB,
MOCJIEACTBUM HMKPUTHYHOCTH OTKa30B. OCHOBHBIC IOJOXKEHHSI. — BBeo.
1997-01-01. - M.: U3z-Boctanmaptos,1996.—20c.

7. EcTecTBeHHO-Hay4YHBIHOOpa3oBaTebHbINTIOpTANIPEAepaIbBHOrOTIOpTAlIA
«Poccuiickoe o0pazoBaHue» [DJEKTpOHHBIN pecypc]. — Pexum
nocTyma:http://en.edu.ru,cBOOOIHBINA. —3aril.coKpaHa.

8.HayunasnnektponnasonommorekacLIBRARY [Dnexkrponnsiiipecypc].
—Pexumpoctymna:http:/elibrary.ru/defaultx.asp,cBO0O HBIN.—3ar1.COKpaHa.
9.HayuHnas snextponHas 6ubnamorexka IPRbooks [DnexTpoHHsIil pecypc]. —
PexxumaocTyna:http://www.iprbookshop.ru,cBOOOJHBIN.—3ari.cokpaHa.

10.HayunasianekrponHasonoimorekaZNANIUM.COM:31eKTpOHHO-
oubnunoreuHass cuctema. —PexxuMm noctyna :http:/znanium.com, cBOOOIHBINA. —
3ari.cokpasa.

[Ipu ocymiecTBiIeHMH 00pa30BaTEIBLHOTO MPOIECCa PEKOMEHIYeTCs
UCIOJIb30BaHUE HMH(POPMAIIMOHHO-CIIPABOYHON CHUCTEMBI OHJIAWH-JAO0CTyNa K
MOJIHOMY COOpaHUI0 TEXHUYECKUX HOPMATHUBHO-TIPABOBBIX aKTOB P,
ayTeHTUYHOMY OoduIraibHON 0a3e http://gostrf.com. Bce anekTpoHHBIE KOMHH
NPEICTABICHHBIX B  HEHJIOKYMEHTOBMOTYTPACHPOCTPAHATHCA  OE3KaKuX-
JTMO0OTpaHUYCHUM



http://en.edu.ru/
http://elibrary.ru/defaultx.asp
http://www.iprbookshop.ru/
http://znanium.com/bookread2.php?book=478990
http://gostrf.com/

9.MarepuajibHO-TEXHHUYECKOE o0ecredeHue TUCHUIIIMHBI

1. U3mepuTtenbHble HHCTPYMEHTHI.

2. Pexxyiye HHCTPYMEHTBI

3. KoMIuiekT 1eMOHCTpAIIMOHHBIX MaTepUasIoB MO MaTepUAIOBEICHUIO

4 KoMIUJIEKT ~ JIEMOHCTPAIIMOHHBIX ~ MaTepHalioB Mo  Kypcy  «JlureitHoe
MIPOU3BOJICTBOY

5. KOMIUIEKT REMOHCTpPAaMOHHBIX MAaTEpHUAIOB IO Kypcy «TexHomornueckue
MPOIIECCHI MAITUHOCTPOUTEIILHOTO TTPOU3BOICTBAY

6.Ope3epubie W nuMQoBaIbHBIE paboThl: MmmoctpupoBanHoe D86 yueOHOe
nocobwue - 31 mmakar

7.ToxapHuoe nemno: MmmrocTpupoBanHOe yaeOHOE mocooue — 36 miakaToB
8.Crnecapnoe neno: MmmocrpupoBanHoe yuedHoe mocodue — 30 I1akaToB.
9.TBepaomep npeHa3HAYECH I IPOBEACHUS HEPA3PYIIAIONIET0 KOHTPOJIS
KauecTBa U3/CNIUNA U3 METAJIJIOB M MX CIUIABOB MYTEM OMpPEIENICHUs UX TBEPIOCTU
IIPU IIPOBECHUH JTJA00OPATOPHBIX PA0dOT (MM HAYYHBIX MCCIICIOBAHUI) C IIEIBIO
OIICHKH Ka4eCTBa MX TEPMOOOPaOOTKH.

10.21eKTPOHHBII TEPMOCTAT IPEAHAZHAYEH JI1 TEPMOCTATUPOBAHUS
(moaepskaHus MOCTOSTHHOM TeMIiepaTypbl ¢ TOYHOCTHIO 10 0,1 rpaxycos
[enbcust) pa3aMYHBIX BaHH XKUJAKUMH TETUIOHOCUTEIISIMU TIPU MPOBEACHUU
HAyYHBIX UCCICAOBAHNN (MU 1a00paTOPHBIX padoT).

11.MydeabHan nedb npeaHa3HauCHa JIJI1 HarpeBa pasHO00Opa3HBIX MaTEPHAIOB
(B Tom umcie metamuioB) 10 Temmepatypsl 1300 rpagycoB Llenbcust U BBIIEPKKE
IIpU ATOM TemIepaType B TeUeHUE He0OX0IuMOro BpeMeHu. Mcnomnb3yercs mpu
MPOBEIECHUH JTAOOPATOPHBIX PAa0OT (MM HAYYHBIX UCCIIEIOBAHUN) IS -
TEPMUYECKON 00pabOTKH METAJIJIOB M MX CIUIABOB (OTXKUT, 3aKajKa, OTIMYCK,
HOPMAaJIMU3alMs U CTAPEHUE); - BBHIIJIABKU U BBIKUTA BOCKOBBIX MOJIENIEHN U3
JUTEHHBIX (OPM; - 00XKUTA TUTESHHBIX (POPM M KEPAMUKH U T.II.
12.MasiTHUKOBBIN KOMep NpeIHa3HAYECH JJIs1 OIPEACIICHUS yIApHOU BSI3KOCTH
METaJUIOB U UX CIUIABOB MPHU MPOBEICHUH JTAOOPATOPHBIX Pa0OT (MIIM HAYUHBIX
HCCIICIOBAHMIA).

13.Moaeab npome:xyTounoro kopma MHJI3 (MammHbl HEMPEPHIBHOTO JIUTHS
3aroTOBOK) MpeaHa3HadeHa il GU3UYECKOro MOJICIUPOBAHUS THAPOIUHAMUKHI
paciuiaBa Metasia B npoMkosine MHJI3 ¢ nienbro ontumMu3zanum y1ajieHus
HEMETAJUIMYECKUX BKIIIOUCHUHN U3 pa3iMBaeMOro MeTasuia.

14 .Muxpockorm bresserlcdmicro 5mp

15.CNC 3040 3Axis rpaBUpOBaJibHBIN (hpe3epHbIN CTaHOK, 3-oceBas dhpe3epHas
IpaBUpOBaIbHAs MalllHA

16.YHuBepcanpHbI TOKapHBI cTanok Proma SPD-1000P

17.CBapounsriii uaBeptop Foxweld Mactep 202 3269 nnst pydHOii 1yroBo# cBapKu
18.CepaunpHbiii cranok Kamuop CC-13/400A




11. lonosiHeHMs 1 M3MEHEHUsI B padoyeil mporpaMmme Ha y4eOHBbIH roj

JIomoyIHEHUsT U U3MEHEHUsi B paboune IpOorpaMMbl BHOCSTCS €XKETOJIHO
nepes HayaJlloM HOBOro ydeOHoro roja mo ¢opme. l3MeHeHHs JOJDKHBI

O(I)OpMJ'IHTBCH AOKYMCHTAJIbHO U BHOCATCA BO BCC YUTCHHBIC OK3CMILIAPLI.



CocTaBuTeIIb:

no11. kadeapsl

«TM n TII» /JI.X-A. Caumioa/
COI'JIACOBAHO:

3aB. xkadenpoit ’

«TM u TII» MMP.I/R%B&V

/

. Vi p
3aB. Beimyckatouei kadenpoit «TM u TII» C@’@%‘mﬂ’.I/IcaeBa/
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upexrop JYMP 4%/ / M.A. Maromacna /
HAnpexrop /1 > =



Ipuioxxkenue
MeToan4yeckue yKasaHus M0

OCBOCHHIO JTUCHUIIJITUHBI «HaIle)KHOCTb U JHATHOCTHKA TEXHOJIOTHYE€CKHX CUCTEM)

1. MeTonnueckne ykazanus Il 00y4aOIMXCs 110 IVIAHUPOBAHUIO M
OpPraHu3alniy BpeMeHH, He00X0IMMOro /1Jisl 0CBOEHHUS TUCHUILINHBI.
W3yuenne pexkOMEHIyeTcsl HayaThb C O3HAaKOMJEHHS ¢ paboueil mporpammoii
JTUCHUIUIMHBIL, €€ CTPYKTYpOll M cojaep)KaHHeM pa3fesioB (Mozyieil), (GoHAOM OIEHOYHBIX
CPEACTB, O3HAKOMHTHCA C Yy4eOHO-METOJUYECKUM M HWH(POPMALMOHHBIM O0ECIeYeHUEM
JTUCIUIUIAHBI.
Jucnunnuna «HanexxHOCTh ¥ TMarHOCTHKA TEXHOJIOTUYECKUX CUCTEM» COCTOUT U3 8

CBsA3aHHbIX MCIKAY co0oro TEM, 066C1’I6LII/IB8,I-OH_II/IX IMOCJICA0OBATCIIPHOC N3YUCHHUEC MaTEpHralia.
O6yquHe 1o aucHuIuinHe «HageXHOCTh U JUarHOCTHKA TEXHOIOTHUESCKUX
CUCTCM» OCYLICCTBIICTCA B CJICAYIOMIUX (bopMax:

1. AynuTtopHbie 3aHITHS (JIEKIIUHU, TPAKTUYCCKIE/CEMUHAPCKUE 3aHATHS ).

2. CamocrosTenbHas paboTa CTyAeHTa(IOArOTOBKAa K JIEKIUSAM, HOPAKTHYECKUM/
1a00PATOPHBIM 3aHATHUSAM, TecTaM/pedeparaM/IoKiIaiam/dcce, U UHbIM (POpMaM MTUCEMEHHBIX
paboT, BBITIOJIHEHUE aHATN3a KeWCOB, MHIMBUyalbHas KOHCYIbTALIUS C TIPETIOAABATEIIEM).

3. NHTrepakTuBHBIC (HOPMBI MPOBEACHUS 3aHATHH(KOJIOKBUYM, JICKIIHSI-IUCKYCCHS,
IPYMIOBOE pelieHue Keiica u ap.hopMsl).

VYyebHblll MaTepualn CTPYKTYPUPOBAH U HM3YYCHHE IJUCHUIUIMHBI MPOU3BOJIUTCS B
TEMaTU4eCKON MocleqoBareabHOCTH. KaxkaoMy OpakTHUYecKOMy/ CEMHUHAPCKOMY 3aHITHIO U
CaMOCTOATEIIbHOMY H3yUYEHHUIO Marepuaja TMpeAIIecTBYeT JICKIUSd 10 JaHHOW TeMe.
OO0yuaromuecscaMoCTOATEIbHOIIPOBOASTIPEIBAPUTEIHHYIOIOAT OTOBKYK3aHATHIO,
MPUHUMAIOT AaKTUBHOE M TBOPYECKOE YYacTHE B OOCYKIEHUHM TEOPETUYECKHX BOIIPOCOB,
pazbope mpoOIEMHBIX CUTyallMii W TIOMCKOB MyTed HUX pemieHus. MHorue mnpoOiieMsl,
M3y4aeMble B Kypce, HOCAT IMCKYCCHOHHBIA XapakTep, 4YTO MPEIoJiaraeT WHTEPAKTUBHBIN
XapakTep NPOBEACHUS 3aHITHI HAa KOHKPETHBIX MTPUMEpax.

Ornucanue Mocae0BaTeIbHOCTH ACHCTBUN

oOyuJarorerocs:

[Ipu u3ydyeHuu Kypca ciieyerT BHUMATEIBHO CIYIIaTh U KOHCIEKTUPOBATH MaTepHal,
W3JIaraeMblil Ha ayJUTOPHBIX 3aHATUIX. JlJIsl ero MOHMMaHWS M Ka4eCTBEHHOI'O YCBOEHUS
PEKOMEHIYEeTCsl CIIe1YIOIast TOCIEN0BATEIbHOCTD JEHCTBUN:

1. Tlocne oxoHuaHUsl y4eOHBIX 3aHATHH NI 3aKpErUIeHUs MaTepuasa MPOCMOTPETh U
00yMaTh TEKCT JICKIHH, MPOCITYIIIaHHON CEro/iHs, pa3o0pars paccMoTpeHHbIe mpumepsl (10—
15 munyT).

2. Ilpy TMOATOTOBKE K JIEKIIMU CIEAYIOMIET0 JHS TOBTOPUTH TEKCT MPEIBbIIyIIEH
JIEKIIMH, TIOJyMaTh O TOM, Kakasi MOXKeT ObITh creaytomias Tema(10 -15munyT).

3. B Teuenue Henenu BEIOpATh BpeMs TSl paOOTHI ¢ JiUTepatypoii B oubiroreke (ol

qacy).

4. Ilpu moAroTOBKE K NMPAKTHMYECKOMY/ CEMUHAPCKOMY 3aHSATHIO MOBTOPUTH OCHOBHBIE
MOHATUS 1O TeMe, M3y4YUTh NpuMepbl. Pemas KOHKPETHYIO CHUTYaIUlo, -TPEIBAPUTEIBHO
MOHATH, KaKOH TEOPETHYECKHH MaTepHuaj HY>KHO HCIOJIb30BaTh. HaMeTuTh IUIaH pelieHus,
NonpoOOBaTh HAa €ro OCHOBE PEIUTh | -2 mpakTH4ecKue CUTyanuu (J1ad.paboTsl).

2. Meroauyeckue ykazaHusi 1o paéore oOydaromuxcsi BO BpeMsi NpOBeleHHS

JIEKLUA.

Jlekuuu [aroT OOYyYaroIMMCS CHCTEMAaTU3MpPOBAHHBIE 3HAHUSA 10 JUCLUILIUHE,
KOHOCHTPUPYIOT UX BHUMAaHHUEC Ha HanboJiee CI0KHBIX U BaKHBIX BOIIpOCax. HGKHI/II/I 0OBIYHO
U3JIAraloTcsl B TPAAMIIMOHHOM WM B MpoOJeMHOM cTuie. [[ns cTyaeHTOB B OOJBIIMHCTBE



ciiyyaeB B mpoOiemMHOoM ctuiie. [IpoOnemMHBIN CTUIb MO3BOJSET CTUMYJIHUPOBATh aKTHBHYIO
MIO3HABATENbHYIO JESATEIbHOCTh O0yJarOIUXCd M UX MHTEpeC K AMCLUUIUIMHE, (OPMHUPOBATH
TBOPYECKOE MBIIIICHHE, NpuOeraTtb K MPOTHBOIOCTABICHUSM M CpPaBHEHUSM, JeJaThb
0000111eHUs, aKTUBU3UPOBaTh BHUMAaHHE OOYYalOIMXCA IYTEM IOCTAHOBKH IPOOJIEMHBIX
BOIIPOCOB, MOOLIPSITH TUCKYCCHIO.

Bo Bpemsi JIGKIMOHHBIX 3aHATHIA PEKOMEHAYETCsl BECTH KOHCIIEKTHUPOBAHUE Y4€OHOTO
MaTepuaia, oopaiare BHUMaHue Ha (JOPMYIMPOBKU U KaTErOPUHU, PACKPBIBAIOLINE CYTh TOIO
WM UHOTO SIBJIEHMS, WM IIPOLIECCOB, BHIBOIBI U IPAKTUYECKUE PEKOMEHIAIINH.

KoHcnekT nexkuuu mydmie HoApa3felsaTh Ha IYHKTHI, COOMIOAAs KpPacHYK CTpPOKY.
OToMy B 0OJBIION CTETIEHU OyIyT CIIOCOOCTBOBATH BOMPOCH IIaHA JIEKIIMH, TPEATIOKCHHbIE
npenojasatensm. Cienyer oOpaliaTb BHUMAaHHME Ha aKIEHTHI, BBIBOJbI, KOTOpBIE JeaeT
mpernojaBaTeNlb, OTMedas Hauboyiee BaKHbIE MOMEHTHI B JIGKIMOHHOM —Marepuaie
3aMEUYaHUSAMHU «BAXHO», «XOPOILO 3allOMHHUTH» HT. 1. MOXKHO IeaTh 3TO U C MOMOIIBIO
Pa3HOLBETHBIX MAPKEPOB UJIU PyU€K, IOAUEPKUBAsi TEPMUHBI U ONPEACICHUS.

IlenecooOpa3Ho pa3paboTarh COOCTBEHHYIO CHCTEMY COKpallleHWH, abOpeBuaryp
cuMBOJIOB. OfHAaKO MpH JanbHeWIed paboTe ¢ KOHCIEKTOM CHMBOJIBI JIy4llle 3aMEHUTh
OOBIYHBIMH CJIOBAaMU JUIsl OBICTPOTO 3pUTENILHOIO BOCIIPUSTHS TEKCTA.

Paborast Ha KOHCIIEKTOM JIEKIIMHA, HEOOXOAUMO HCIIOJIB30BaTh HE TOJBKO OCHOBHYIO
JUTEPATypy, HO U Ty JUTEPATypy, KOTOPYIO JOIOJHHUTEIBLHO PEKOMEHI0BAN IIPENOIABATEINb.
HmeHHO Takas cepbe3Has, KpOIOTIWBas paboTa C JIEKIHOHHBIM MaTepPHajOM MO3BOJUT
r71yOOKO OBJIa/IETh TEOPETUUECKUM MATEPUATIOM.

Temaruka Jekuuii Jaetcst B padbodeil mporpaMMe JUCIUIINHBL.

3.Metoanueckue YKa3aHus o0yyarommuMmcs 1no MOATr0TOBKeE K
NPaKTHYeCKUM/CeMHUHAPCKUM 3aHATUSIM.

Ha mnpakTuyeckux/CeMHMHApPCKUX 3aHATHSAX HPUBETCTBYETCS AaKTHBHOE Yy4YacTHE B
00CYXJIEHUM KOHKPETHBIX CUTYaIMi, CIOCOOHOCTh HA OCHOBE IOJIYY€HHBIX 3HAHUN HAXOAUTh
HauOosee 3((EeKTUBHBIE pPELICHUs IOCTaBJIECHHBIX MPOOJIEM, YMETh HAXOAWUTh IOJIE3HbIN
JIOTIOJIHUTENIbHBIN MaTepUall [0 TEMAaTUKE CEMUHAPCKUX 3aHATUH.

CryneHTy peKkOMEHAYETCs CIEAYIOIas CXeMa IOArOTOBKH K CEMUHAPCKOMY 3aHATHIO:

1. O3HakoMJIeHHE C TUIAHOM IIPAKTUYECKOTO/CEMHUHAPCKOTO 3aHATHS, KOTOPBIN
OTpa)kaeT COJIEP/KaHNE NPEIOKEHHON TEMBIL;

2. [TpopaboTaTh KOHCIIEKT JICKITUH;

3. IIpounTaTh OCHOBHYIO U JIOTIOJIHUTENBHYIO JIUTEPATYPY.

B mpouecce moAroToBkH K MPakTHUYECKUM 3aHATHAM, HEOOXOAMMO OOpaTuTh 0coboe
BHHMaHHE Ha CaMOCTOATEIbHOE U3YYEHNE PEKOMEHI0BaHHON nuTepaTypsl. [Ipu Beeli mosHoTE
KOHCIEKTUPOBAHUS JIEKIMUM B HEM HEBO3MOXHO H3JIOKUTh BEC MaTepHall H3-3a JIMMUTA
ayaMTOpHBIX dYacoB. IloaTomMy camocrosTenbHas paboTa ¢ ydeOHUKAMH, Y4EOHBIMU
MIOCOOMSIMH, HAyYHOM, CIPaBOYHOM JIUTEPaTypoil, MaTepuataMu NEPUOANYECKUX WU3JAaHUU U
WntepHera sBisercs Hanbosiee HPQPEKTUBHBIM METOJOM MOJIYYEHUS JOMOJIHUTEIBHBIX
3HAHWW, TO3BOJIAET 3HAYMTENIBHO AKTHUBU3MPOBATH IIPOLIECC OBJIAJCHUS HHpOpMaIUei,
CocoOCTBYeT OoJiee IIyOOKOMY YCBOSHHMIO U3y4aeMoro Matepuana, GopMHUpPYET y CTYACHTOB
OTHOIIIEHHE K KOHKPETHON mpobiieMe. Bce HOBbIE MOHATHS MO U3ydyaeMoil TeMe HeoOX0IuMO
BBIYYHUTh HaM3yCThb M BHECTH B IJIOCCAPHi{, KOTOPBIH 11€1eco00pa3HO BECTH C caMOro Hayaja
U3YYEHHUS Kypca;

4. OTBeTUTH Ha BOMPOCHI IJIaHA NPAKTUYECKOT0/CEMUHAPCKOT0 3aHATHS;

5. BBINMOTHUTH JOMAIIIHEe 3a/1aHue;

6. [IpopaboTaTh TeCTOBBIEC 3aIaHUS U 33]a4H;

7. Ilpu 3arpynHeHusx copMynupoBaTh BOIPOCHI K MPENOIaBaTENIo.

Pesynprar Takoil paboOTBl TOJKEH MPOSBUTHCA B CIOCOOHOCTH CTYAEHTa CBOOOIHO
OTBETUTh HA TEOPETHUYECKUE BOIPOCHI IPAKTUKyMa, BBICTYNaTb M Y4acTBOBaTb B
KOJIJIEKTHBHOM O6CY)K}16HI/II/I BOIIPOCOB H3yqaeM01>'1 TEMBI, IMpaBHUJIBHO BBIIIOJIHATH
MPaKTUYECKHE 33JaHUsl U UHBIC 3aJaHHs, KOTOpbIe NAIOTCS B (DOHJIE OICHOYHBIX CPEJICTB




JUCHUITIINHBI.

4. MeroauvyecKkue yKa3aHusl O0Oy4alOIIMMCH MO OPraHU3alMH CAMOCTOSATEILHOM
padoThbI.
L{enb opranu3aiuy caMOCTOSITENILHOM paboThI o qucHumuinHe «HaaexHoCTs u

JIMAarHOCTHKA TEXHOJOTUYECKUX CUCTEM) - 3TO YriIyOJeHHe U paclIupeHue 3HaHui B 001acTH
«TexHomoruu MallMHOCTPOCHUS»; GOPMUPOBAHNE HABbIKA U HHTEPECa K CAMOCTOSTEIIbHOMN
MO3HABATEJIbHOM J1eATeIbHOCTH.

CaMocrosiTenpbHasi paboTa OOYJaAOIIUXCS SBISETCS BaXKHEUITUM BHUIOM OCBOCHHS
CoJiep>KaHusl TUCIUIUIMHBI, MTOATOTOBKU K MPAKTUYECKUM 3aHITHIM U K KOHTPOJIbHOM padorte.
Croma e OTHOCATCSA M CaMOCTOATENBbHOE YITyOJEHHOE W3Y4Y€HHE TEM JIUCIMILIHHEIL.
CamocrosiTenbHast paboTa npeacTaBisieT co00i MOCTOSIHHO ACMCTBYIOUIYIO CUCTEMY, OCHOB Y
00pa3oBaTENBHOIO TpOLEeccCa W HOCHUT HCCIEAOBATENbCKUI XapakTep, YTO TIOCIYXUT B
OydyuieM OCHOBAaHUEM JJI HAalMCaHUS BBIMYCKHOM  KBaIM(UKALMOHHOW  paboThl,
MPAKTUYECKOTO IPUMEHEHUS TTOTyYCHHBIX 3HAHUH.

Opranu3zaiiys caMOCTOSITENIbHON paboThl 00y4YaroUIMXcs OPUEHTUPYETCS Ha aKTHBHBIC
METOBI OBJAJICHHS 3HAHUSMH, PAa3BUTHE TBOPUYECKHUX CIIOCOOHOCTEH, MEPEX0/] OT MOTOYHOTO
KUHIMBUyaTU3UPOBAHHOMYOO YUEHHIO,CYYeTOMIOTPEOHOCTEHMBO3MOKHOCTEHITMYHOCTH.

[IpaBusbHAs OpraHU3anns CAMOCTOSTENBHBIX YIEOHBIX 3aHITUH, X CHCTEMaTHYHOCTb,
1enecoo0pa3Hoe TIaHUPOBAHKUE padOYero BpeMEHHU MO3BOJSET CTyEHTaM pa3BUBATh YMEHUs
Y HaBBIKM B YCBOCHUHM CHCTEMAaTH3AIMH TPHOOPETAaeMbIX 3HAHWN, 00ECreunMBaTh BBICOKHIA
YpOBEHb  YCIEBAEMOCTH B  TMEpPHOJ  OOYy4YeHUS, TOJIYYUTh HABBIKM  TOBBIIICHUS
podeccnoOHATEHOTO YPOBHSI.

[ToaroroBka K MpakTUYECKOMY 3aHSTHIO BKIIIOUAET, KpOME MPOPaOOTKH KOHCIEKTa U
Npe3eHTAllMk  JIEKIIMW, T[OMCK JHUTeparypel (MO0  pPEKOMEHJOBAHHBIM CIIUCKaM |
CaMOCTOSITENILHO), TOJATOTOBKY 3arOTOBOK JJIsi BBICTYIUICHHH 1O BOMPOCAM, BHIHOCUMBIM JIJIs
00CYXIIeHUSI MO0 KOHKpETHOHW TeMme. Takuwe 3aroTOBKH MOTYT BKIJIIOYATh ITUTAThI, (DAKTEHI,
COIIOCTABJICHUE PA3IMYHBIX MMO3ULIMN, cOOCTBEeHHbIE MbICIH. Ecnu mpobiema 3auHTepecoBala
00y4Yaromerocsi, OH MOXET MOJATOTOBUTH pedepar M BBHICTYNHTH C HAUM Ha IPAKTHIECKOM
3aHATUM. [IpakTHyeckoe 3aHATHE-3TO, MPEXKAE BCEro, JUCKYCCHs, 00CYKIeHHE KOHKPETHOMN
CUTYyallud, TO €CTh MpEIoiaraeT yMeHHe BHHUMATEIBHO CIYIIAaTh WICHOB MaJlOW TPYIIBI H
MOJIepaTopa, a TaK)Ke CTapaThCsl BHICKa3aTh CBOE MHEHUE, BBICKA3bIBaTh COOCTBEHHBIE HJIEH U
MIPEUIOKEHUS, YTOUHSATH M 33]1aBaTh BOINPOCHI KOJUIEraM TI0 00CYX/ICHUIO.

IIpy moxaroToBke K KOHTPOJBHOM paboTe oOyuarommiics JODKEH IOBTOPATH
MPOWICHHBIA MaTepual B CTPOTOM COOTBETCTBUU C YYE€OHOH MPOrPaMMOM, HCIOIB3YS
KOHCIIEKT JIEKIIMHA U JTUTEepaTypy, peKOMEHI0BaHHYIO npenojasareneM. [Ipu HeoOxoaumocTu
MOKHO 0OPaTUTHCS 32 KOHCYJIBTAIIMEH U METOINYECKOH ITOMOIIBIO K MPETIOIaBaTENIO.

CamocrosTenbHas paboTa peanszyercs:

— HETOCPEJICTBEHHO B IPOIECCE AYAUTOPHBIX 3aHSATHHA - HA JIEKIUAX, MPAKTUYECKUX
3aHATUSX;

— B KOHTaKT€ C MpPENoaBaTeieM BHE PaMOK pACHHCAaHUs Ha KOHCYJIBTAIUSAX TI0
y4eOHBIM BOIIPOCaM, B X0JIe TBOPYECKUX KOHTAKTOB, MPH JIMKBHUJIAILMH 33J0JDKEHHOCTEH, pU
BBITIOJTHEHUH HHIUBUAYATBHBIX 3aIaHAN U T.]T.

— B Oubnuoteke, n1oma, Ha Kadeape NpU BHIIOIHEHUU OOydYalOIIMMCS Y4eOHBIX U
MPAKTUYECKHX 3a/1a4.

Buast CPC u kputepun olieHOK
(o 6ammbHO-peiTuHTOBOM cucteme [ THTY, CPC onenuBaercs B 15 6aiioB)

1. Pedepar
2. Jloknang



Tewmbl U1 caMOCTOATENBHOM pabOThI MPOMKCAHKI B pabodell mporpaMMe TUCIUTUTHHEIL.
DO(bheKTUBHBIM  CPEJCTBOM OCYIICCTBICHHS OOYYalOIMIMMCS CaMOCTOSATEILHONH paboThl
SIBJIICTCS DJICKTPOHHAs WH(GOPMAaIMOHHO-00pa3oBaTeNbHasl Cpella YHUBEPCHTETa, KOTOpas
obecrieunBaeT AOCTYN K y4eOHBIM IUIaHaM, paOO4YUM MpOrpaMMaM AUCIUIUIMH (MOIYICH),
MIPAKTHUK, K U3JAHUSAM JIEKTPOHHBIX OMOIMOTEYHBIX CUCTEM.



