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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 BTEOPUHU HAJIEKHOCTH;

~ JIaTh TEOPETHYECKHE 3HAHUS M MPAKTUYCCKUE HABBIKU 10 BHIOOPY H

000CHOBAaHHMIO KOJIMYECTBEHHBIX IIOKa3aTeled HAJIEKHOCTH; TIO

METO/JaM pacyeTa TeXHHYECKHX CHUCTEM Ha HaJSKHOCTh; MO0 METOJaM

UCIIBITAaHUI AJIEMEHTOB U CHUCTEM 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
IIOJIOKEHUSIMU ~ BBICIIEM MAaTeMAaTUKM M TEOPUM  BEPOSITHOCTEH, KYypCOB
TEOPETUYECKOW MEXAaHUKU U COIPOTUBIICHUS MaTEpPUalIOB, OCBOMTH MaTepHall
OOIIEUHKEHEPHBIX IUCHUIUIMH «TEXHONOrusl KOHCTPYKIMOHHBIX MaTepUajioBy,
«Mertposorusi» U NpoUIUPYIOMUX JUCHUILUIMH «Teopus pe3aHus U pexyliue
MHCTPYMEHTBD», «MeTamiopexymme CTaHKu» W IMPOUTH TEXHOJOTHYECKYIO
MIPAKTUKY HA MAIIMHOCTPOUTEIBHOM MTPEATIPUATHUN.

3. Ilepedyenb MJIAHUPYEMBIX Pe3YyJbTATOB O0YUYEeHHUsI MO JTUCIUIJIMHE

(MOayJIl0),  COOTHECEHHBIX €  HMHAUKATOPAMH  JOCTHKECHUS

KOMIIeTEeH UM
3. Taoauua 1l

Kox mo ®1O0C NHaukaTopsl JOCTHKEHHUS ILnanunpyemsle pe3yJbTaThI
o0yyeHHs1 1O  JUCHHUILINHE
(3YB)

Ob6menpodeccnoHalbHbIE

[1K-4 I1IK 4.1. BeisiBiisseT npUUMHBI 3HaTh!

Cnocoben Opaka B TIPOM3BOJICTBE U3JEITHI —— OCHOBBI MATEMATHUYECKON U

o0ecreynTh Ka4ecTBO | MAIIMHOCTPOSHHS HU3KOM (bu3mvIecKoil TEOpUN HAJACI)KHOCTH

U3JIeTi CJI0)KHOCTH U pa3paboTka 3JIEMEHTOB TEXHOJOTUYECKUX

MeXaHOCOOPOYHOTO PEKOMEHIallui 110 ero CHUCTEM;

IIponu3BOACTBA NpEeaynpexKACHUIO. — METOJMYECKUI MOIX01 U
MpoIIeAYPY, HEOOXOUMBIC JIsT
pa3paboTKU CUCTEM TUATHOCTHKHU
TEXHOJIOTHYECKUX CUCTEM;
Ymers:

— pacCUMUTHIBATH OCHOBHBIE
KOJIMYECTBEHHBIE MOKA3ATEIN




HAJIS)KHOCTH TEXHOJIOTUYECKUX
CHCTEM U UX JJIEMECHTOB;

— BBINOJIHATD UCCIIEOBAHHS,
HE0O0XOAUMBIE IS pa3pabOTKH
CHCTEM JMAarHOCTHKH, COCTaBUTh
AJITOPUTMBI THArHOCTUPOBAHUS
COCTOSIHHS DJIEMEHTOB
TEXHOJOTUYECKUX CHCTEM;
Baanern:
- HaBBIKAMU pacueTa
KOJIMYECTBEHHBIX ITOKa3aTenei
HAJIS)KHOCTH TEXHOJIOTUIECKUX
CHCTEM U UX JJIEMEHTOB;

— HaBBIKaMH pa3pabOTKH CUCTEM
JMAarHOCTUKHU TEXHOJOTHYECKUX
CHCTEM U X JJIEMCHTOB;

4. O0beM TMCUMILIMHBI M BUAbI Y4eOHOIl padoThl

Taoauna 1
Bcero CemecTtpbl
Bup yueOHoii padoThl 4yacos/ 3a4. ef. 7 6
10010 390 101010 300
KonTakTHas padora (Bcero) 34 8 34 8
B Tom unce:
Jlexknnu 17 4 17 4
[TpakTHueckue 3aHsATH 17 4 17 4
CemuHapbl
JlaGopaTopHble paboThI
CamocrosiTesibHas padoTa (Bcero) 74 100 74 100
B Tom uncrne:
KypcoBas pabora (ITpoeKT)
Pacuetno-rpaduueckne paboTsl
TP
Pedepatsl
Jlokmaanl
IIpe3enTannu
U (unu) opyeue 6uovi camocmosmenvHou pabomoi:
[TonroroBka k 1a6OpPaTOpHBIM paboTaM
[ToaroToBKa K MPaKTUIECKUM 3aHSTHSIM 50 70 50 70
IloaroroBka K 3auety 24 30 24 30
IToaroroBka K 3K3aMeHy
Buj oTueTHOCTH 3auer 3ayer | 3a4eT 3auyer
OBimas Tpy10eMKOCTh BCEI'O B uacax 108 108 108 108
BCETO B 3au.
AUCHHUILTHHBI 3 3 3 3
eTMHUIAX




5.Conepxanne TUCHUILTHHBI

5.1.Pa3aeanl IMCHUIIMHBI H BUABI 3AHATHH

5.Conepxanne TUCHUILIAHBI

Tabmura 2

HaumenoBanue
pazaena
JIMCITATIIMHEI I10
ceMecTpaMm

Jlexkm.
3aHATUSA
qacel

IIpakr.
3aHATUA
4acsl

Jlao.
paboThI
Jachl

CeMuH.
3aH.
4achl

Bcero
4acoB

OCHOBHBIE
oIpeiesicHUs B
obractu
HaJIe)KHOCTH
TCXHOJOT'NYCCKUX
CHCTEM

2

2

MATEMATUYECKHA
1 ATITIAPAT
TEOPUU
HAJIEXXHOCTU

PACUET
IIOKA3ATEJIEM
HAJIEXXKHOCTU
30
CTATUCTUYECKU
M JIAHHbIM

Jlnarnoctuka
TEXHOJOTHYECKUX
CHCTEM Ha 3Tanax
JIOCTHKEHUS
TOYHOCTH
HM3rOTaBIMBAEMBIX
JieTanen

Pacuernr

nokaszareiei

HaJIeKHOCTH

BOCCTaHAaBJIMBAEMBI
X 00BEKTOB

Hanexnocts
CIIOKHBIX CUCTEM

MeTtoabl
MTOBBIIICHHUS
HaJEKHOCTH
TEXHUYCCKHX
YCTPOWCTB

Bri6op u
000CHOBaHUE
OITUMAJIbHBIX
3HAUCHUH
rnokasareiei
HaJIeKHOCTH.

Utoro:

17

17

34




5.2.JIeKIInOHHEBIE 3aHATUA

Ta0muma 3
Ne HaumeHnoBanue pa3jaesia Conep:xkanue padorbl
n/n JUCHUILIMHBI
1 OcCHOBHBIE oTpesieTieHUs B CBOVCTBA HAJTEXHOCTUIIOKA3ATEJIN
00J1aCTH HAIEKHOCTH HAJJEXXHOCTUBPEMEHHBIE TTOHATUAKITACCUDPUKAIIN A
OTKA30OBKPATKAS NCTOPUYECKAS CITPABKA
TE€XHOJIOTMYECKUX CUCTEM
2 MATEMATUYECKUI ATIIAPAT | CIYYAHHAS BEJIMUMHA
TEOPUU HAAEXKHOCTHU XAPAKTEPUCTUKU CIIYYAUHBIX BEJIMUYMH
3aKOHBI pacrpe/eeHUs] BEPOSTHOCTEH CITydalHbIX
BEJINYUH
HopmManbHblii 3aKOH pacnpeiesIeHus
3 PACYET ITOKA3ATEJIEN OnpezencHue nokazaresiei 6e30TKa3HOCTH
HAJEXHOCTHU
I10 CTATUCTUYECKUM JAHHBIM
4 JlnarsocTrka TeXHOJIOru4eckux | Tpu aTama HaCTPOMKH TEXHOJIOIMYECKOM CUCTEMBI Ha
CHCTEM Ha 3Tamnax JOCTI)KEHUS | TOYHOCTh
TOYHOCTH
M3rOTABIMBAEMBIX JeTaleit
5 PacyeTsl MOKa3aTesnei TTIOKA3ATEJIM PEMOHTOITPUTOJJHOCTH
HAIEKHOCTH [NOKA3ATEJIN COXPAHAEMOCTU
KOMIUIEKCHBIE ITOKA3ATEJIM HAJEXXHOCTHU
BOCCTaHABIIMBAEMBIX OOBEKTOB
6 | HamexHOCTh CIOXKHBIX CHCTEM YacTtHble cayyail pacueTa HaJeKHOCTH.
7 | Meroasl NOBBILICHNS Meponpusitusi, o0ecrieunBaroIe NOBBILIECHHE
HaJIeKHOCTH TEXHUYECKUX HAJEKHOCTH 000PYAOBAHUS IPU
YCTPOMCTB €ro MpOn3BOJICTBE
VYrpaBneHus: HaEKHOCTBIO Ha 3Tare dKCIUTyaTaluu
000pyI0BaHUS
8. | Boi6op u oGocHoBaHNE METOJUYECKUE YKA3AHUS 110 OBOCHOBAHUIO

ONTUMAJIBbHBIX 3HAUYEHUN
nokasaTteyied HaJIe)KHOCTH.

3HAUYEHUWI
(HOPM) 3AJJABAEMBIX ITH.

OnTumanbHas GyHKIMS "HAJAEKHOCTh - CTOUMOCTB"

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

Tabnuna 4
Ne HaumenoBanue pasjena Tema npakTH4ECKOi paboTHI
n/m JTUCITATIINHEI
1 OcHoBHble onpezenenns B | [Ipaktuyeckoe 3ansaTre Nel
0G/IaCTH HaISKHOCTH TAPAMETPbI HAJIEXXHOCTH
TEXHOJOTHYECKUX CUCTEM
2 PACYET IIOKA3ATEJIEN [MpakTrueckoe 3ausTre No 2
HAJIEXXHOCTH PACYET EJJMHUYHBIX
0 CTATUCTUYECKUM MTOKA3ATEJIEN HAJIEXKHOCTH DJIEMEHTOB MAIINH
JIAHHBIM
IIpaxTnueckoe 3anstue Ne 3
PACUET KOMIUIEKCHBIX ITOKA3ATEJIEN HAJIEXXHOCTH
3 HanexHocTh CII0KHBIX ITpakTnueckoe 3ansTue Ne 4
CHCTEM AHAJIN3 HAJIEXKHOCTU MAILH HA CTAJINA UX
[TIPOEKTUPOBAHUS




4 MeToab! TOBBIICHUS [IpakTueckoe 3anstue Ne 5
HAJIEKHOCTU TexHuueckux | OPECIIEYEHME HAJIEXXHOCTM MALIWH ITPY UX

yCTpOﬁCTB N3IrOTOBJIEHNU B ITPOLECCE OKCIUIYATALIU

6.CamocrTosiTesqibHasi padoTa CTYJAEHTOB 0 AUCIUILINHE

Heabio caMocTosATEIbHON PadoOThI SBISIOTCS (OPMUPOBAHUE JIMYHOCTH
CTYZCHTa, Pa3BUTHE €ro CIOCOOHOCTH K CaMOOOYYEHHUIO W TMOBBIIICHUIO CBOETO
1po(heCCUOHATIBHOTO YPOBHS.

CamocrosiTenbHas padoTa 3aKII0YaeTCs B U3YUEHUH COJIEPKAHUS TEM Kypca
0 KOHCIEKTaM, y4eOHHMKaM M JIOMOJHUTEIbHOM JHUTEepaType, MOJArOTOBKE K
7a00paTOPHBIM U MPAKTUYECKUM 3aHATUSAM, 0hopmMiIeHHH 1ab0paTOPHBIX padboT, K
pyOEXKHBIM KOHTPOJISIM, K 3K3aMeHy, odopmiieHun jabopaTopHbix padoT. OHa
MOJKET BKJIIOYaTh B ce€0sl MPaKTUKYy IOATOTOBKH pedepaTroB, Mpe3eHTaluid U
JOKJIaIoB 1Mo HUM. TemaTtuka pedepaToB AOMKHA HMETh MPOOJEMHBIN U
po(eCcCUOHAIEHO OPUEHTUPOBAHHBIN XapakTep, TPEOYIOIIUNA CaMOCTOSTEIbHON
TBOPYECKOM pabOTHI CTYy/ICHTA.

Bonpocsl k camocTosITEIbHOM padoTe:

1. IlapamerpuueckuenPuznuecKueMeTOIbIANarHOCTUPOBAHUS

2. BHemHuilocMOTpCcTaHKa, TPOBEPKAKOMITICKTAIIH
WITACTIOPTHBIX IAHHBIX

3.Y cTaHOBKaCTaHKOBHAIPEIIPUITUN

4.VcribITaHMe CTAHKOB Ha XOJIOCTOM X0y, IPOBEpKa pabOTHIMEXaHU3MOB
5. [IpoBepkaBcexopraHoBYIpPABICHHUS

6. [IpoBepkapabounxckopocTeit

7 IIpoBepkareMIiepaTyphIIOIIITUITHHKOB

8.IIpoBepkamMexaHU3MOBCTaHKa

9.I1poBepkaypoBHslIyMa UBUOpaLIMUCTaHKA
10.ITpoBepkacTaHKkaHayCKOPEHHBIXTIEPEMEILICHUSX UITKIIAX
11.TIpoBepKaopraHoOBpyYHOTOYIIPABICHUS

12 .ITpoBepKacKOpOCTEHTIIaBHOT'O/IBUKEHHUSI
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13.I1poBepkaBeInIMHIIONAY

14.McnibITaHECTaHKOBBPAOOTETIOAHATPY3KOM UIPOU3BOIUTEIBHOCTH
15.IIpoBepkaTOYHOCTH 1€ TN, N3TOTOBIICHHBIXHACTAHKE

16.ITpoBepkamMexaHN3MOBCTaHKaBPAOOTEIOTHATPY3KOM
17.1TpoBepKacKOpOCTUTIIaBHOTO/IBU>KCHUSICTAHKA
18.McnbITanne CTaHKOB Ha POU3BOAUTEIBHOCTh

19.ITIpoBepka cTaHKOB Ha T€OMETPUUECKYIO TOYHOCTh, YUCTOTY 00pabOTKH U
TOYHOCTH 00pabaThIBAEMOM J1eTaIn

20.ITpumepHbBIe yCITOBUS MPOBEACHUS UCTIBITAHUIA Ha YUCTOBBIX PEKUMAX
JUJISL CTAHKOB

21.VcnpiTaHNe CTaHKOB HA YUCTOTY 00pabOTKU

22 IlpoBepka reOMEeTpUYECKO TOUHOCTH CTaHKa 0€3 Harpy3Ku
(TecTOBBIN METO)

23.IIpumMepsl TPOBEPOK T€OMETPUIECKON TOUHOCTH CTAHKOB

24.CxeMa poBEpPKU r€OMETPUIECKON TOUHOCTH TOKAPHOTO CTaHKA
25.CXeMBI KOHTPOJISI TEOMETPUYECKON TOUHOCTH CBEPJIMIIBHOTO CTaHKA

26.CxeMbl KOHTPOJISI TEOMETPUUECKON TOUHOCTH BEPTUKAIIBHOTO KOHCOJIBHO-
dbpe3epHoro cTaHka

27 IlpoBepka MIOCKOCTHOCTH paboyeil MOBEpXHOCTH CTOA

28.IIpoBepka nmapamuieIbHOCTH pabovei MOBEPXHOCTH CTOJIA
HaIIPaBJICHUIO €T0 MEpPEeMENICHUS
29.KunemaTtnyeckasi TOUHOCTh CTAHKOB
30.Meton onpenesieHus: TOYHOCTH 3y0000padaThIBaIOIIUX CTAHKOB
31.Metonpb! onpeeneHusi TOUHOCTH Pe3b0000padaThIBAIOIINX CTAHKOB
32.McribITaHne )KECTKOCTHBIX XapaKTEPUCTHK Y3JI0B CTaHKa
33.TecToBBIM METO] OTIPEICICHHS JKECTKOCTH
34.becKOHTaKTHBIN METOJT U3MEPEHUS KECTKOCTH

35.Meron u3MepeHus )KECTKOCTH IIMUHIEIBHOTO y3JIa BEPTUKAIbHO-
(dbpe3epHoro cTaHka

36.HopMmpbI KECTKOCTU CTAaHKOB (TIPUMEPHI)

37.I1poBepka KECTKOCTH CTaHKa METOJIOM (PYHKITMOHATHHOU TUAarHOCTUKHU
38.MeTo1bl TOBBIIIEHUS KECTKOCTH

39.0cobenHocTH norperntHocTeit ctankoB ¢ UITY u MeToibl X u3mMepeHus
40.TTprunHBl BO3HUKHOBEHMS TIOTpelHoCcTel B cTaHkax ¢ YITY

41.MeTouKY TTPOBEPKH TOUYHOCTH CTaHKOB ¢ UITY
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42.IIpoBepka TOYHOCTH MO3UIMOHUPOBAHUA JIsI CTAaHKOB ¢ UITY
43 .KoHTpoJib OTPAOOTKH CUCTEMOU MPUBO/IA MO/1au CTAHKA €TUHUYHBIX
MMITYJIbCOB

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 .MeTompl UCTIBITAHUIN CTAHKOB HA BUOPOYCTOMYHNBOCTh

48.Metop orpeaesieHuss BAOPOYCTOMYMBOCTH TI0 aMILTUTYTHO-(ha30BOH
YaCTOTHOM XapaKTEPUCTUKE

49.Meton onpeiereHus BUOPOYCTONYMBOCTH MPU paboTe CTaHKA HA
XOJIOCTOM X011y

50.Meton onpenenieHnss BUOPOYCTOMUHUBOCTH MCCIIE0BAaHUEM
MJIABHOCTH MEJJICHHBIX MEPEMEIIICHHI y3J10B CTaHKA

51.Meton onepaTUBHON OLEHKH BUOPOYCTOMYUBOCTH 3JIEMEHTOB
TEXHOJIOTUYECKOU CUCTEMBI

52 . I1puunHbl BUOpAIIMU B TEXHOJIOTUYECKON CUCTEME

Tewmbl pedepaTos:

1.HennockoCTHOCTh U HEMPSMOJIMHEMHOCTh MOBEPXHOCTU
2.HenpsiMOMMHENHOCTD TPAEKTOPHUH TMEPEMEIICHHUS
3.HemapanienbHOCTh 371eMEHTOB U TIEpEeMEIICHHIA

4 HenepneHIUKyIIPHOCTh OTHOCUTENBHOTO MOJIOKEHUS JIEMEHTOB
5.HecoocHocts Banos

6.PanuannHOEe U oceBoe OneHue

7/.Metoabl TPOBEPKH r€OMETPUUECKON TOYHOCTH CTAaHKOB
8.IloBepouHble TUHEHUKHU

9.IloBepouHbIE YTOJBHUKU

10.1ymer
11.0npaBku

12 InankaTopbl 1 MUKPOKATOPbI
13.IToBepoyHbIie YpOBHH
14.1TpoBepo4HbIE MOCTHKU
15.0nTrueckue npruOOps! (KOJLUTMMATOPHI)

16./IlunamomeTpsl
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17.CoBpemMeHnHbIe IPUOOPHI U anmapaTypHO-IPOrpaMMHBIE
KOMIUIEKCHI JJI1 U3MEPEHUS T€OMETPUUECKON TOUHOCTH

18.becmipoBonas cucrema QC20-Whallbar

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

20.Kunemaromep
21.JTazepHas u3MepuTenbHas HHPOPMAITMOHHAS CUCTEMA

JluTepaTypa JiJIs1 CaMOCTOATEIIBHOM pabOThI:
OBbC «KoHCYIbTaHT CTYJEHTa»

1. Texnonocuueckas ocnacmkalepnaxos b.1. Asropsr M. Akagemus 2003- 280 c.
2. Uucmpymenmanvuas ocnacmka cmaukos ¢ 4I1Y: Cnpagsounux
Astopsl I'puropses C.H., Koxomcknit M.B., Macnos A.P. 31arenscTBO Mammuoctpoenue "o n3nanns2006

3. Texnonoeuueckas ocHacmka: 60NpPOCHL U OMmMeenivbl.
ABstopsl Kocos H.IT., Ucaes A.H., Cxuprnanze A.I'.M3gatenscTB0 Maunmnocrpoenuel 01 n3nanus2007

4. COBpQMeHHCZﬂ MEeXHoJlocudecKasl OCHaAcmKa
ABtopbl Paxumsaos X.M.U3natensctBo HI'TYI o1 n3nanusn2013

5. Texunonocuueckas ocnacmka
ABtops! C.D. 3asucrosckuitllznarensctso PUIIOT ox n3nanua2015

7.P0HIbI OLIEHOYHBIX CPEACTB

O1neHoYHbIE CPEICTBA JIJISA TEKYIIEro KOHTPOJIsl YCIIEeBAEMOCTH

a) pelieHue 3a1a4 1Mo U3y9aeMou TeMe Ha MPAKTHISCKUX 3aHATHSX;
0) OTYET IO BBHIMOJHEHHBIM JIA0OPATOPHBIM paboTaM;

B) JIETYYMil YCTHBIN WJIM MMCbMEHHBIN ONPOC CTYIEHTOB BO BPEMS JIEKLIUHU 11O
U3y4acMOMY MaTepuaiy.

O1eHOYHBIE CPEACTBA JJISI IPOMEKYTOUYHOM ATTECTAIIMM CTYAEHTOB 110

HTOIraM O0CBOCHMA TMCHMIIJIMHBI:

- BOIIPOCKHI K aTTECTAINAM

Bonpocs! k mepBoii py0exHoii aTTecTauu
Teopust HAAEKHOCTH

Hanexxnocts

be3oTka3zHOCTH

J10ArOBE€YHOCTH

PeMOHTONPUTrOHOCTH
CoxpaHseMOCTh

HcnpaBHOE cocTOsIHME

HewucnpaBHoe coctosiHue

ONO TN
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9. PaboTocmnocoOHOE COCTOSIHUE
10.HepaboTocriocoOHOE COCTOSIHUE
11.TIpenenbHOE COCTOSTHUE

12.01Kka3oM

13.Co0ObITHEM

14. ledext

15.PeMoHT

16.BoccraHoBiienue

17.I1oka3aTens HaACKHOCTH

18.EquHnyHbIil moKa3aTeilh Hale)KHOCTH
19.KoMIIeKCHBIN ITOKa3aTeIbh HAAC)KHOCTH
20.PacueTHbIN 1TOKa3aTelb HAAEKHOCTH
21.9kcriepuMeHTaIbHBIA MMOKa3aTe b HAIC)KHOCTH
22.9KCIUTyaTalMOHHBIN TTOKa3aTelb HAJACKHOCTH
23.9KCTparnoJUpOBaHHBIN IMOKA3aTENIb HAJIC)KHOCTH
24.HapaboTtka

Bonpocsl K0 BTOpoi py0e:KHOH aTTecTaluu
1. Bpems BoccTaHOBIEHUS

Pecypc

Cpoxk cityx0bl

Cpok coxpaHsieMOCTH
OcratouHslil pecypc
Ha3znauennslii pecypc
HaznaueHHbIi CpOK CITy>KObI
Ha3naueHHbII CPOK XpaHEHUs

©ooNOhE WD

. Knaccudukanus otkazon

10.Cnyuaiinoe coObITHE

11.CobbiTHE

12.Co0bITUS SIBASIOTCS HECOBMECTHBIMU
13.HenpepbIBHOM CTy4ailHOW BETMUWHOMN SBIISIETCS

14 .TloHsiTHE 3aKOHApACTIPEACIICHHUS.

15.3akoHOM pacnpeneneHus

16.3akoH pacnpeeneHusi BEpOATHOCTEN
17.1110THOCTBIO pacnpeiesIeHHs] KpUBOW pacrpeeseHUs
18.3akoHbI pactpeneneHus: BEPOSITHOCTEH CITydYaiiHbIX BEJIMUNH
19.HopmainbHbIi 3aKOH pacipeneneHus

20.HopmanbHblii 3aK0H pacnpesenenus (3akoH ["aycca)
21.be30TKa3HOCTD

22.BeposTHOCTh 0€30TKa3HON pabOThHI
23.BeposTHOCTB OTKa3a



Bonpocsl k 3auery:

TeopusaHageKHOCTH

Hanexnoctsb

be3oTka3zHOCTH

J10JITOBEYHOCTH

PemoHTONIPUrOAHOCTH

CoxpaHsieMOCTb

HcnipaBHoe cocTosiHUE

HeucnpaBHoe coctosinue

. PaborocrnocobHoe cocTosiHUE
10.HepaboTocnoco6HOE cOCTOsTHUE
11.TIpenenbHOE COCTOSIHUE

12.01kazom

13.Co0niTHEM

14. lepexr

15.PemoHT

16.BoccranoBieHue

17.I1oka3aTens HaACKHOCTH

18.EquHnyHbIil moKa3aTellh Hale)KHOCTH

19. KoMIuiekCHBIN OKa3aTenb HaAeKHOCTHA
20.PacueTtHbIi IOKa3aTenb HAJAC)KHOCTU
21.DOkcriepuMeHTaIbHBIN MOKa3aTeab HaJAC)KHOCTH
22.JKCIITyaTallMOHHbBIN TTOKA3aTelNb HAJEKHOCTU
23.DKCTpanoJMpoOBaHHBINA MMOKa3aTe b HAJIC)KHOCTH
24.HapaboTtka

25.Bpems BoccTaHOBIICHUS

26.Pecypc
27.CpoK CityKOBbI

wCoNRWNE

28.CpoK COXpaHIEMOCTH
29.0cTaTo4HBINi pecypc
30.HaznaueHnslii pecypc
31.HazHaueHHBIN CPOK CITYkKObI
32.Ha3naueHHBII CPOK XpaHCHUS
33.Knaccudukarus 0Tka3zoB
34.CnyuaiiHoe cOObITHE

35.Co0bITHE

36.Co0bITHS SBIISIIOTCS HECOBMECTHBIMU
37.HenpepbiBHOM clTydyallHON BETUYMHON SIBJIICTCS
38.IlonsTHE 3aKOHA pacmpeaeIeHusI.



«

39.3aK0HOM pacrpeieeHHs

40.3akoH pacnpeeneHns BEpOSITHOCTEH

41.11n0THOCTBIO pacIpeieleHHs] KpUBOMpACTIpeaeIeHUS
42.3akoHbl pacrpeeseHUs] BEpOSTHOCTEH CIIy4aliHbIX BETUYHUH
43.HopmanpHbIl 3aKOH pacrpeaeieHus

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

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

IIpumep Omiiera k nepBoii pyde:kHOI aTTecTaMu

T'PO3HEHCKHIA TOCYJIAPCTBEHHBIN HE®TSHOM
TEXHHUYECKUU YHUBEPCUTET
uM. akagemuka M./J{. MWIIIMOHIIIUKOBA
BUJIET Nelk nepBoii pyOexHOi aTTecTanuu
Jucuumimna Haodexcnocmsb u OuazHoCmuKka mexHoao2udeckux cucmem
NHCTUTYT SHEpreTuKH cennanbHOCTh_TM cemecTp
1. TeopusHaaEKHOCTH
2. HanexHocTts
3. be3oTkaznocth
4. JIonroBEYHOCTh

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

IIpumep Onstera Ko BTOpPON py0e:kHOI aTTecTANMHA

T'PO3SHEHCKH TOCYJAPCTBEHHBIM HE®TSIHOM
TEXHUYECKNM YHUBEPCUTET
uM. akagemuka M./l MULUIHOHIITUKOBA

BUJIET Ne5 ko BTopoii pyOexHO aTTecTaluu
Hucuunnvaa Haodesrcnocmo u OuazHocmuka mexHo02uiecKux cucmem

NHCTUTYT DHEPTETUKHU CIIELIUAIIBHOCTh_I M ceMecTp

1. BpemsiBoccTaHOBJICHUS
2. Pecypc

3. CpoxkcmyxObl

4. Cpok COXpaHsieMOCTH

VTBEPXJIAIO:



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

IIpumep OusieTa Kk 3a4ety

T'PO3SHEHCKHU T'OCYJAPCTBEHHbBIN HE®TSIHOM
TEXHUYECKUU YHUBEPCUTET
uM. akagemuka M.Jl. MMIJINOHINNKOBA

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

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

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







7.4. Onmcanue nokaszareneil 1 KpUTeprueB OIICHUBAHMS KOMIIETCHIIMH Ha Pa3IMYHBIX dTanax uX (JOPMHUPOBAHUSI, ONMICAHNE KBl OLCHUBAHUS.

6. Ta6auma 7
Inanupyembie pe3yJbTaThl 0CBOCHUS KpnTepuu oneHuBanus pe3yJbTaToB 00y4eHUS HaumeHnoBanue
KOMIIeTeHI[UH OIIEHOYHOT 0
MeHee 41 0an10B 41-60 6am1oB 61-80 6ansioB 81-100 6a/10B
cpeacTBa
(Hey10BJIETBOPHUTEJILHO) (Y10BJIETBOPUTEIbHO) (xopoo) (OTJIMYHO)

OIIK-5. CriocobeH HCIoNIb30BaTh OCHOBHBIE 3aKOHOMEPHOCTH, JIEHCTBYIOIINE B

Iponecce U3roTOBJICHUA MAIIMHOCTPOUTCIILHBIX I/I3I[eJII/H>'I

Tpe6yeMOFO KaucCTBA, 3aJaHHOI'0 KOJIMYCCTBA ITPU HAMMCHBIIMX 3aTpaTax O6IIIGCTBCHHOFO Tpyada.
3HATH: OCHOBHBIC 3aKOHOMEPHOCTH, (DpaFMeHTapHLIe 3HaHUA Henonneie 3HaHuA C(bOpMI/IpOBaHHLIe, HO C(bOpMPIpOBaHHI:-Ie
ACHCTBYIOLIHNE B poreecce . M3rOTOBJICHNA COZCpKaIIUEC OTACIIBHBIC CHCTEMATHYCCKUEC
MAIIMHOCTPOUTEIBHBIX — HM3JCIHA  TpedyeMoro

. HpO6€J‘ILI 3HaHUA 3HaHUA
Ka4ueCTBa,
YacTuuHble yMEHUA Henonneie ymenus VMeHHUs TOJIHEIE, CdopmupoBaHHbIC
JOITYCKArOTCA HeOoJIbIIHe YMEHUsI

yMeTh: 3((GEKTHBHO HCIIOIb30BAaTh MaTECPHAIBL,
000pyIOBaHUs, HHCTPYMEHTHI, TEXHOJIOTHIECKON
OCHACTKH, CPEJICTB aBTOMATH3ALMH H IPOrpaMMm
BEIOOpA n pacdeToB rapamMeTpoB
TEXHOJIOTHUECKHX MIPOLIECCOB;

OIIINOKH

BJIAJ€Th: HAaBbIKaMH HCIIOJIb30BAaHHUs OCHOBHBIX
BaKOHOMepHOCTCP‘I, HGﬁCTBymmHX B mponecce
M3rOTOBJICHUSA MAIIUHOCTPOUTEIbHBIX I/IB,Z[CJ'II/Iﬁ
Tp€6y€MOl"O KadyeCTBa, 3aJaHHOIo KOJIHNYCCTBA

[Py HAMMCHBIIMX 3aTpaTax O6H.[€CTB€HHO]"O
Tpyna.

YactuyHoe BiajieHue HaBbIKaMHU

HecucremaTtnueckoe TIPUMECHCHUE

HaBBIKOB

B cucrematnaeckom
TIPUMCHCHNN HABBIKOB

JIOIYCKAIOTCS POOEIIbI

VYcrmenrHoe U cucteMaTu4eckoe

TIPUMCHCHHEC HAaBBIKOB

Bomnpock! k
ATTECTALMSAM,
pedepartbl. BOIIPOCH K
3a4eTy M K 9K3aMeHy,
OTYECTHI 110
mabopaTOpPHBIM U
MPaKTHICCKIM
3aJaHHsIM




7.5.Kpurtepun olleHUBaHUS TEKYIICH, pyOS)KHOM U MMPOMEKYTOYHOM aTTeCTAINN

IIpumep npakTu4eckoii padoTbl
o mucunnimne «Haoexcnocmo u ouaznocmuxka mexnoa02udecKux cucmem

Tema: [loka3zareim KauecTBa U TEXHUYECKOI0 YPOBHS MAIIIMH
Onpenenurs:
1.Ilokazamenu Haoéxcnocmu Mauiun
2.0cHosHble pakmopul puzuiecko2o cmapeHusi Mauun
3.M3nawusanue oemaneii u y3108 MAuuH
4.Ilpounocmuule Xapaxmepucmuku Mamepuaios 0emaei u 2J1eMeHmos
MAUUHD
Xoxa paboTsl:

[Ipu BBIOOpE MallIKH JUIs ONIPEACIICHHOTO BU1a PaboT (3EMIISTHBIX,
JIOPO>KHBIX, ITYTEBBIX U JIp.), IPHU pa3pabOTKe WIK MOJEPHU3AIUN CEPUINHOM
KOHCTPYKITUH, MIPU ONPEIeTICHUU KOHKYPEHTOCIIOCOOHOCTH
MAITUHOCTPOUTEIHLHON TTPOTYKIIUA HEOOXOAMMO UMETh MPECTABICHUS O €€
Ka4eCTBE, O €€ TEXHUYECKOM U SKCILTYaTal[MOHHOM YpoBHE. KauecTBO MammHbI
XapaKTepU3yeTcs MPOKUM CIIEKTPOM CBONCTB, KOTOpPbIE 00YCIaBIUBAIOT €€
MIPUTOTHOCTH YJOBJIETBOPSATH TPEOOBAHUSIM TTOTPEOUTEIISI B COOTBETCTBUM C
roKasaTessiMu. B 3Toil COBOKYITHOCTH CBOMCTB UMEIOTCS KaK €IMHUYHBIE
XapaKTEPUCTUKH, TTO3BOJISIONINE CYAUTH TOJIBKO 00 OJHOM MapameTpe MalluHBI,
TaK ¥ KOMILUIEKCHBIE , KOTOPbIE OXBAThIBAIOT HECKOJIBKO NTapaMETPOB MAILLIUHBI.

B o01iem citydae a1 OLIEHKH YPOBHSI TPOYKIIMN MAIIMHOCTPOEHHUS, B TOM
YU CJIE TOTPY30YHO-PA3TPY30UHBIX, IYTEBBIX, JOPOKHO-CTPOUTEIBHBIX MAILIUH U
000pyI0BaHusl, UCIIOJB3YIOT ENMHYIO cCUCTEMY KOHCTPYKTOPCKOM
nokymenTaimu (ECK/I), cocrapisis kapTy ee TEXHUYECKOrO YPOBHSI M KaUeCTBa.
[TokazaTenu, onpenenstonire KauecTBo U 3P(HEKTUBHOCTh MAIIIMH MOYKHO
YCJIIOBHO PA3J€IUTh HA CIEAYIOLINE IPYIIbI:

1) TeXHUKO-2KOHOMHUYECKHE TIOKa3aTeNH, Xapakrepusytomniue 3pHeKTUBHOCTh
MAIIMH 10 OCHOBHBIM TEXHUYECKUM TapaMeTpaM (MOIIHOCTb,
MIPOU3BOAUTEIILHOCTD, DHEPTO - U MATEPHUAIIOEMKOCTb, BEIPAOOTKA U Jp.);

2) KoHCTpyKTHBHBIE OKA3aTENH, KOTOPHIE XapaKTEPU3YIOT KaueCTBO U
CBOMCTBA KOHCTPYKITUU MAITUHBI (HAZAC)KHOCTh, YHU(UKAIIHS ¥ CTAHIaPTU3AIIHS
AJIEMEHTOB KOHCTPYKILIMH U . );



3) DkcmtyatalilMOHHBIE TOKA3aTeNN, XapaKTepU3yIolnue padoTy MallliHbI B
MIPOM3BOJICTBEHHBIX YCIOBUAX (TUIIOPAa3MEPHOCTh, MOOUIILHOCTD,
IPOXOIUMOCTh, YHUBEPCAIBHOCTD U JIP.);

4) TexHONOrMYECKHE OKA3aTeNH, KOTOPBIE XapaKTEPU3YIOT TPYI0EMKOCTb
M3TOTOBJICHHUS JIETaNIel U Y3JI0B, a TaK)Ke COOPKHU U pa300pKU MaIIUHBI.

N3 Bcex mokaszarenen XxapakTepru3yroIuX KaueCTBO U TEXHUKO-
HKOHOMUYECKYIO 3((HEKTUBHOCTH MAIIMH HanOosIee 3HAYMMBIMHU SIBJISIIOTCS
«TokazaTenu HajexxHocTH». B padore [1] mpodeccop B. U. banosHes ¢
KOJUIETaMU OIICHWJI 3HAaUUMOCTh OoJiee 30 mokasarenei MaliuH 1o
K0d(DUIIMEHTY UX BECOMOCTHU Ha 06a3e HKCIIEPUMEHTAIbHBIX JaHHBIX.
HauGonpmmii koahPuiimeHT BeCoMoCT UMEET HaJEKHOCTb, YTO
CBUJIETEIILCTBYET O €€ posIu B 00ecriedeHur paboTOCIOCOOHOCTH MallliH
Pa3IMYHOrO0 HA3HAYECHHUSI.

PabdoTocnmocoOHOCTH MALIIMH
IToka3zaresn HAXEKHOCTH MAIIIMH

Haoéoxcnocms — 370 CBOMCTBO MallIMHBI COXPAHATh BO BPEMEHU B
YCTaHOBJICHHBIX MpeeNiaX 3HAUeHUs BCEX MapaMeTPOB, XapaKTEPUBYIOIINX €€
CIIOCOOHOCTH BBITIOJIHATEH TpeOyeMble (PYHKITUU B 3aJIaHHBIX PEKUMAX U
YCIOBUSIX IPUMEHEHHUSI, TEXHUUECKOTO O0CITYy)KMUBaHUsI, XpPAHEHUS U
TPaHCIIOPTUPOBAHUS.

HanéxHocTh SIBIAETCS KOMIUIEKCHBIM CBOMCTBOM, KOTOPOE OLIEHUBAIOT MO
YEeThIPEM MOKA3ATENsIM — O€30TKA3HOCTH, JOJITOBEYHOCTH,
PEMOHTOINPUTOTHOCTH U COXPAHSIEMOCTH (MJIM IO COUYETAHUIO 3TUX CBOMCTB).

bezomxaznocms — 370 CBOMCTBO MallIMHBI COXPaHATh pa0OTOCTIOCOOHOCTh
HENPEPHIBHO B TEUEHNUE HEKOTOPOT'O BPEMEHH MJIM HEKOTOPOIl HApaOOTKHU.

Honeoseunocms — 3T0 CBONCTBO MAIIMHBI HETIPEPHIBHO COXPAHSThH
paboTOCIOCOOHOE COCTOSTHUE /10 HACTYIICHUSI PEJEIBHOTO COCTOSIHUS TIPU
YCTaHOBJICHHON CUCTEME TEXHUUYECKOTO OOCITYy)KMBaHHs U PEMOHTA.

(IIpeoenvroe cocmosnue — COCTOSTHIE MAIIUHBI, TIPU KOTOPOM €&
JajgbHEeNIast SKCITyaTalys HeI0MyCTHMAa WK Helleecoo0pasHa, 1ubo
BOCCTAHOBJICHHE €€ pPabOTOCIIOCOOHOTO COCTOSTHUS HEBO3MOYKHO WU
HelleJIeco00pa3Ho).

B oTnmame ot 6€30TKa3HOCTH JOJITOBEYHOCTh XapaKTePU3yeTCs
MPOJIOJDKATEITLHOCTHIO PA0OTHI MAIIIMHEI TIO CyMMapHOU HapaOoTKe,



MpEephIBaEMON TIEPUOIaMH ISl BOCCTAHOBIIEHUS €€ Pab0TOCTIOCOOHOCTH B
MJJAHOBBIX M HETUTAHOBBIX PEMOHTAaX U MPU TEXHHYECKOM OOCITYKUBaHUMU.
OTMeTHM, 4TO I HEBOCCTAHABIMBAEMBIX WU3CJIHMI, MOHITHUS JOJTOBEUYHOCTH U
0€30TKa3HOCTU MPAKTUYECKH COBIIA/IA0T.

Pemonmonpuecoonocms — 3T0 IPUCTIOCOOTICHHOCTH MAIIIMHBI K
MpeIyNpexaCHNI0 U 0OHAPYKEHUIO TPUYNH BOSHUKHOBEHHS OTKA30B U
MOBPEKACHUIN, a TAKKE MOAJIEPKaHUIO0 U BOCCTAHOBJICHHUIO pabOTOCTIOCOOHOCTH
MyTEM MTPOBECHUS TEXHUUECKOTO 00CTYKUBaHUS U peMOHTa. OTMETHM, YTO C
YCIIO)KHEHUEM TEXHUYECKUX CUCTEM, BCE TpYyIHEE HAMNTH MPUYUHBI OTKA30B (B
CJIOKHBIX CHCTEMax Bpems noucka 3anumaet oosee 50 % obuiero BpemeHu
BOCCTAHOBJICHUSI pab0TOCIIOCOOHOCTH). BaXKHOCTB 3TOTO Mokazaresns
OTIpe/IEIIAETCS. OTPOMHBIMU 3aTpaTaMH Ha PEMOHT MallliH.

Coxpansiemocms — 3TO CBOMCTBO MaIlIMHBI COXPAHSTh TTOKa3aTEIN
0€30TKa3HOCTHU, JOJITOBEYHOCTH U PEMOHTOIIPUTOTHOCTH MOCJIE XPAHECHUS U
TpaHcrOpTUpoBaHusa. OTMETUM CYIIECTBEHHBIE 3HAUEHUSI ATOTO MOKa3aTENs ISl
neTanel, y3j10B U MEXaHU3MOB, HaXO/ISIINXCS HA XPAaHEHUU B KOMIUICKTE
3amyacTei.

OOBeKThI (MalIUHbBI) TOAPA3ALISIOT HA:
— HEBOCCTaHaBJIMBAEMBIE;
— BOCCTaHaBJIMBAEMBIE.

Haaé&xHOoCTh MalIMHBI XapaKTEPU3YeTCs CACTYIONIMMH COCTOSTHHSIMH:
UCIIPaBHOE, HEUCTIPABHOE, pab0TOCIIOCOOHOE U HEPAOOTOCTIOCOOHOE.

Hcnpasnoe cocmosinue — COCTOSTHUE MAILIMHBL, IPU KOTOPOM OHa
COOTBETCTBYET BCEM TPEOOBAHUSIM HOPMATUBHO-TEXHUYECKOHN U (HJIN)
KOHCTPYKTOPCKOW JOKYMEHTALUH.

Heucnpasnoe cocmosinue — cCOCTOSTHUE MAIIMHBI, TP KOTOPOM OHA HE
COOTBETCTBYET XOTsI ObI OJTHOMY M3 TPEOOBAHUM HOPMATUBHO-TEXHUYECKOU U
(M1M) KOHCTPYKTOPCKOM JOKYMEHTALINH.

Pabomocnocobroe cocmosinue — cOCTOSIHUE MaIIMHBI, TP KOTOPOM OHA
CrocoOHa BBIMOJIHSTH 3aJIaHHbIC (PYHKIIUM, COOTBETCTBYIOIIUE TPEOOBAHUSIM
HOPMAaTUBHO-TEXHUYECKON U KOHCTPYKTOPCKON JOKYMEHTALNH (HOPMAMUBHO-
mexHu1eckas 0oKymeHmayusi — CTaHAapPThl, TEXHUYECKHUE YCIOBHS U IIpoyas
JIOKYMEHTAIHS).



Takum 006pa3om, HepaOOTOCTIOCOOHOE COCTOSTHUE SIBIISIETCS HEITPEMEHHO
HencnpaBHbIM. Ho HencrnpaBHOE COCTOSIHUAE HE 00513aTeITHHO
HepaboTocnocoOHOE (HarpuMep, NOBPEXKACHUE KaroTa WA KpbLia
aBToMOOUJIs1). PaznuyaroT HEeMCpaBHOCTH, HE IPUBOSIINE K OTKa3aM, U
HEUCTIPABHOCTH, BEIYITHE K OTKAa3aM.

[Tokazarenu HaI€KHOCTU PA3/ICIISIIOT B COOTBETCTBUU C YIOMSIHYTHIMU
CBOMCTBaMH Ha MOKa3aTesn: 0€30TKa3HOCTH, JOJITOBEYHOCTH,
PEMOHTONIPUTOTHOCTH U COXPAHIEMOCTH.

Iloka3zarenu HaJIEKHOCTHU MOI'yT OBITH CANHUYHBIMHU (T.e.
XApaKTCPU3YyHOIMMMH OJJHO CBOI>JICTB, COCTaBJIATOIIINX Haﬂé)KHOCTL) )51
KOMIIJICKCHBIMH, OTHOCAIIIHUXCA K HCCKOJIBKUM CBOMCTBaM OOBEKTA.

K CANMHUYHBIM ITOKAa3aTCIAM OTHOCATCIA I10KA3aTCIIN 6€3OTK33HOCTI/I,
AOJITOBCYHOCTH, pCMOHTOIIPUTOAHOCTHU U COXPAHACMOCTH.

K KOMIIJIEKCHBIM TTOKa3aTeIIsIM HaJIEKHOCTH MAIIIMH OTHOCSTCS
KOB(b(l)HHI/IGHTLI TOTOBHOCTH, TCXHHUYCCKOI'O MCIIOJIB30BAHHA, a TAKIKC YIACIbHBIC
CYMMApPHEIC pr,Z[OéMKOCTI/I PEMOHTA NN T.O. Kak IIpaBUJI0, OHHU OTHOCATCA K
CJIOKHBIM CUCTEMaM H aBTOMAaTHYCCKHUM KOMIIJIICKCAM.

Kosgpuyuenm mexnuuecxkozo ucnonvzosanust (K:,) — 3T0 OTHOIICHHE
MaTEMaTHYCCKOTO 0KHMJIaHUS BPEMEHH pabOTOCIIOCOOHOTO COCTOSIHHS Ha
HEKOTOPBIN MIEPHO/] IKCILIyaTalluk K CYMME MaTeMaTHUYCCKUX OXKHTaHHMI
BPEMEHH pab0TOCIIOCOOHOTO COCTOSIHHS M BCEX MTOCTOEB ISl PEMOHTOB M
TEXHUYECKOTO OOCITY)KHBAHHUS.
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rae 7' — cymmapHoe BpeMs peObIBaHUs B pabd0TOCIIOCOOHOM COCTOSIHUY,

T, — BpeMs PEMOHTA;

T o — BpeMst TEXOOCITyKUBAHUS.



Kosgppuyuenm comosnocmu (K;) — BEpOSTHOCTH TOTO, YTO OOBEKT
OKaXkeTcs B pabOTOCIIOCOOHOM COCTOSTHUH B MPOU3BOJIbHBIN MOMEHT BPEMEHH,
KpOME MEPUOJI0B, B KOTOPBIX IKCILTyaTalus HE MPEyCMaTPUBACTCSL.
Koadduiment onpenenstor, Kak OTHOIIEHHE MAaTEMAaTHUECKUX OXKUIAHUN
BPEMEHHU HaXOX/JEHUS B pA0OTOCIOCOOHOM COCTOSIHUM K MATEMATHYECKUM
0’KMJIaHUSIM CYMMBbI 3TOI'O BPEMEHU U BPEMEHU BHEIUIAHOBBIX PEMOHTOB.
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raic — cyMMapHoe BpeMH BHCIIJIAHOBOI'O BOCCTAHOBJICHUA.

K OCHOBHBIM MOHSTHUSIM B TCOPpHUHU HaI[éDKHOCTI/I OTHOCHUTCA OTKAa3.

Omxa3z — 3T0 COOBITHE, KOTOPOE 3aKIII0YACTCs B HAPYIICHUH
PaboTOCTIOCOOHOCTH MAIIIUHBI.

Hapabomxka — 310 IpoAOIKUTENBHOCTD (WM 00HEM) pabOTHI MAIIIHHBI.

HapaboTka MamuHbl OT Havaja dKCILTyaTallluy JI0 IPEACIIBHOTO COCTOSIHUS
HA3bIBAETCA peCcypCcom.

B otnmaume ot pecypca cpok ciyocobl — 3TO KalleHaapHas
MPOJIOJDKATEITLHOCTD SKCIUTyaTallud MAIIMHBI OT HavyaJia SKCIUTyaTaIluu J10
HACTYIUJICHUS MPEICTLHOTO COCTOSHHUS.

[Ton mpeneabHBIM COCTOSTHUEM MMOHUMAIOT COCTOSIHUE MAaINHbI, IPU
KOTOPOM JajibHEHIIas SKCIUTyaTalusl JOJKHA ObITh NMpeKpalieHa (BCIeACTBUE
M3MEHEHUS 33JJaHHBIX MTApaMETPOB HIXKE YCTAaHOBJICHHBIX MTPENEIIOB,
HapyuieHus: TpeOOBaHM 0€30MaCHOCTH U JIp.).

Kaxk YiKC OTMCYAJIOCh, ITOKA3aTCJIb HaJIC)KHOCTU — ATO KOJIMYECTBEHHAS
XapaKTCPUCTUKA OAHOTO NJIN HECKOJIbKHUX CBOﬁCTB, OIPCACIIAOIINX
H&I[é)KHOCTB MalllMHBI.



B xauecTBe OCHOBHBIX ITOKa3aTejei HaJIC)KHOCTU AOPOZKHBIX MAIllMH U UX
Y3J10B HUCITIOJIB3YIOT CIACAYIOIHNC XaPaAKTCPUCTUKH!

— raMMa-IIPOLEHTHBIN peCypc

— CpeJIHUI pecypc A0 KamUuTaJIbHOIO PEMOHTA

(MM 10 ciMcaHus );
— KOO HUIIMEHT TEXHUYECKOTO UCTIOIBb30BaHUs K, M TOTOBHOCTH K .
B cBotO 04epenb ATH moKa3aTeny CBSI3aHbI C APYTUMHU XapaKTePUCTUKAMU:

1) BeposSITHOCTBIO 0€30TKa3HOUM padOThl P(?) — BEpOSATHOCTH TOTO, YTO B
npesenax 3agaHHol HapaOooTku (t) 0Tka3 He BOSHUKHET;

2) HapaOOTKOI Ha OTKa3 ty;

3) HapaOOTKOM JI0 OTKa3a SJIEMEHTOB 1.



Hapabomka 0o omkaza — MaTeMaTHYECKOE OXKUaHUE HApAOOTKH JI0
O0TKa3a HEBOCCTAHABIMBAEMOI'0 U31CIIH.

Cpeonsn napabomka Ha OmKa3 — OTHOIIICHUE HApaOOTKU
BOCCTAHABIIMBAEMOTO 00BEKTa K MATEMAaTUICCKOMY OKUIAHHIO YHCIIa €T
OTKAa30B B TCUEHUHU ATOU HApaOOTKH.

Humencusnocmos omkazoe

at)

ITOKa3aTcCJIb Ha,[[é}KHOCTI/I HCBOCCTaHaBJINBAaCMbIX H3I[CHHﬁ, paBHBIﬁ OTHOIICHUHIO

CPEIHETO YMCiia OTKA3aBIINX B SIMHUITY BPeMEHU 0OBEKTOB K YUCITY OOBEKTOB,
OCTaBILUXCS Pa00OTOCTIOCOOHBIMU (ITOT MOKa3aTesib 00Jee YyBCTBUTEIICH, YEM
BEPOSITHOCTH 0€30TKa3HOM pabOThl, 0COOCHHO JJIsl U3/IeTTUN BBICOKOM
HAJIEXKHOCTH).

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

rae O n )

No — o0111e€e YnCIIo JIIEMEHTOB;

N — 91CJIO OTKA3aBUINX DJICMCHTOB.



T'amma-npoyenmmuuiti pecypc — HapaOOTKa, B TECUEHUU KOTOPOU OOBEKT HE
JIOCTUTHET MPEACIILHOTO COCTOSIHUS € 3aJaHHOMN

BEPOSITHOCTHIO (%).

["'aMMa-nipOLEHTHBIN PECYPC ONPEAEISAIOT U3 BhIPAKECHUSA

Y
P\T )=—2_ =1- F\T
Y100 Y

TAac — BCPOATHOCTH TOTO,

YTO 3a pecypc



OOBEKT HE AOCTUTHCT NPCACIbHOTO COCTOAHUA,

— BEPOSITHOCTD
JTOCTHKEHUA MPEAETBHOTO COCTOSTHHUS.

OcHoBHBIE paKTOPBI PU3NIECKOT0 CTAPECHUS MAIITHH

B npouecce 3kcrutyaTaini MalvHbl CO BPEMEHEM IO IEMCTBHEM
Pa3HO00pa3HbIX (PAKTOPOB MPOUCXOIUT YXyIlIeHUE €€ (HYHKUUOHATBHBIX U
JIPYTUX CBOMCTB (T.€. CTAPEHHUE MAIMHBI) BIUIOTh 10 MOMEHTA, KOTJ]a OHA
CTAHOBMTCS HEIPUTOJHOMU JUIS JAJbHEHIIEr0 UCTIO0JIBb30BAHNS 110 HA3HAYEHHUIO.

Paznmuuarot nBe popmel cTapeHus:

1) MOpanbHOE cTapeHue, KOTOPOE COCTOUT B TOM, YTO CO BPEMEHEM TEXHUKO-
SKOHOMMYECKHE XapaKTEePUCTUKH MAIIMHBI CTAHOBSTCS XYK€ UCXOJIHBIX,
KOTOPBIMHU OHA pacrojiaraja Ha MOMEHT MOCTYIUJIEHUSI TOTPEOUTENIO;

2) pusnyeckoe cTapeHne, KOTOPOe SBISACTCS PE3yIbTaTOM BO3JICHCTBUS Ha
MAaIllMHY U €€ JIEMEHTHI TEMIIEPATYPhI, OKPYKAIOIIEH Cpelibl, MEXaHUYECKUX
HArpy30K U pajuaryi.

OCHOBHOI NPUYUHOW MOPATILHOTO CTAPEHHUS SIBJIAETCS MOSIBJICHUE HA
pBIHKE 00Jiee COBEPIIIEHHBIX MAIIMH, 00ECIIEYNBAIOIINX MOBBIIICHUE TEXHUKO-
SKOHOMMYECKHUX U APYrux nokasareneil. Ciaeayer OTMETUTh, YTO MOPAJIbHOE
CTapeHHe HE BBI3BIBAET OTKA3a MAILIUHbBI B OTJIUYHUE OT (PU3HMUECKOTO CTapEHUSI.

Nmenno ¢usndeckoe crapeHue, o0ycIOBIEHHOE BO3ACHCTBUEM Ha
MaIuHy YIOMSHYTBIX (DaKTOPOB, SIBJISICTCS IPUUMHON OTKA30B, T.€. IEPEX0I0B
MaIIMHbI B HEPAOOTOCIIOCOOHOE COCTOSIHUE.



Quzuueckoe cmapenue (PC) sBIsAETCA PE3YNHTATOM BO31EUCTBUS
BpPEMEHU, OKPY’KAIOIIEH cpesibl U MEXaHMUECKUX HArpy30K, paJualuu 1 ap.

Benencteue @C HabmoaeTCsl yXyAILIEHHE TEXHUYECKUX XapaKTePUCTUK
(TouHOCTH, OBICTPOACHCTBUS, IKOHOMUYHOCTH, Oe30macHocTr). Kputepruem
(bu3HUEeCcKOro cTapeHus ABIISIETCS, KaK MPaBUiIo, MOKa3aTellb TEXHUYECKOTO
COCTOSIHHUSL, MTOAIAIOIIMICS KOHTPOJISI, HAIIPUMED, PACXO0/1 TOIUIMBA B €AMHUILY
BpPEMEHH, YPOBEHb IlIyMa 1 BHOpAIINH, COCTaB BHIOPACKIBAEMBIX B aTMOC(hEPY
BpPEIHBIX BEUIECTB U JIP.

Nmenno ¢dusndeckoe crapeHre croco0CTBOBAIO BO3ZHUKHOBEHHIO
peMoHTHOTO npoun3BojicTBa. OHO (DC) crepkuBaeTCsi COBPEMEHHBIMU
TEXHUYECKUM 0OCITYKUBAaHUEM U PEMOHTOM.

Hapymenue paboTocrnocoOHOCTH MaIIUHbI U €€ HJIIEMEHTOB
peraaMeHTUPYIOTCSI HOPMATUBHO-TEXHUYECKON JOKyMeHTanuei. [IpuunHel
HapyIlIeHus paboTOCIOCOOHOCTH U Mepexoia MAIIUHbI B HEPAOOTOCIIOCOOHOE
COCTOSIHME MOTYT ObITh CaMbIMH pa3HbIMU. /17151 BBISIBICHUS IPUYHH
BO3HUKHOBEHUS OTKA30B U UX BIMAHUA HA HAIEKHOCTb MAIIMH, OTKa3bl
1[eJIeCO00Pa3HO KIacCU(PUUIMPOBATH MO PSAAY OCHOBHBIX TPU3HAKOB.

[To xpuTepuro OTKa3bl pa3AeNAOT Ha PYHKIIMOHATBHBIC U
napameTpuueckue. Omras yHKYUOHUPOBaHUs TIPUBOJAUT K YACTUUHOMY UJTU
MOJIHOMY MPEKPAIEHUIO BHIOTHEHUS QYHKIIUN 37IEMEHTOB WJIM MAIITUHBI B
nesioM. O4eHb 4acTo 0TKa3 (PYHKITMOHUPOBAHUS CBSI3aH C TIOJIOMKAMHU JieTajei
WJIA Y3JIOB MAIlIHBI.

Ilapamempuueckuti omxas TPUBOIUT K BBIXOY 3HAUYSHUM IMApaMEeTPOB HIIH
XapaKTepUCTHK MAIIMHBI WU €€ AJIEMEHTOB 3a JIoIycKkaeMble Tipeaeibl. Kak
IIPaBHIIO, TTOJIO0HBIC OTKA3bl HE OTPAaHUYMBAIOT BO3MOKHOCTH
(GYHKIIMOHUPOBAHUS MAIIMHBI, HO UCXOJIS, U3 TPEOOBaHMI HOPMATHUBHO-
TEXHUYECKOM IOKYMEHTAIIMU MalllMHA CUUTACTCS, HEPaOOTOCTIOCOOHOM.

[To mpuurHaM BOSHUKHOBEHUS OTKA3bl PA3ICSIOT Ha KOHCTPYKITMOHHBIE,
TEXHOJIOTMUECKUE U IKCIUTyaTallMOHHBIE. KOHCMPYKYUOHHbIE OMKA3bl MOTYT
OBITH 00YCJIOBJICHBI OMIMOKAMH Ha dTare KOHCTpyupoBanus. K HUM oTHOCSTCS
HerpoiyMaHHas (HeymauyHast) KOHCTPYKIIUS COOPOYHOMN eAMHUITBI, HEBEPHO
mo00paHHas MOCcajIKa B MOJBIKHBIX U HETIOABUKHBIX COCTUHECHUSIX,
OmMOO0YHO BIOPAHHBIN MaTepHall, HECOOTBETCTBHE PACUETHBIX JAHHBIX TI0
MIPOYHOCTH ¥ M3HOCOCTOMKOCTH JIETaJICH U y3JI0B MAIIIMHBI HATPY30YHBIM
pEeKUMaM TIPH IKCILTyaTaI|H.



Texnonocuueckue omkazwvl CBsI3aHbl C HAPYIIEHUAMU TpeOOBaHUN
TEXHOJIOTHH Ha JTare W3roTOBICHUS MaluHbl. K HUM MOKHO OTHECTH Je(EKTHI
B MaTepuase JeTanei, HeoOHapyKeHHbIE KOHTPOJIEM HapyIICHHUs
LEHTPUPOBAHUS U COOCHOCTH, NAPAIJIEIBbHOCTH U NEPIEHAUKYIIIPHOCTH OCEr
IpU MEXaHUUYECKON 00paboTKe JieTaneii; HecOOTI0ACHUE YCIOBUN XUMHUKO-
TEPMHUECKOMN, TEPMUUECKON U IPYroil 00pabOoTKU AeTaleil; OTCTYIIICHUS OT
TEXHUYECKUX YCIOBUN COOPKU COOPOYHBIX €IUHUI] U MAIIIMHBI B LIEJIOM U JIp.

DKcnayamayuonHvle 0mKazvl MOTYT ObITh 00YCIIOBIIEHBI HAPYIIEHUEM
PEXXUMOB PaOOTHI HIIM TIPABHIII HKCIUTyaTaIlMl MAITUHBL. ITO MOTYT OBIThH
MIPOSIBJIICHUS HATPY30K, IPEBBIIIAIOIINX YCTAHOBIIEHHBIE MPEJENbl, HEBBICOKUI
YPOBEHb TEXHUYECKOTO 00CITy>KMBaHUs1, OILIMOOYHBIN BBIOOP roproye-
CMa304YHBIX MaTEPUAJIOB, HU3KOE Ka4eCTBO 3allaCHBIX 4aCTEH U Jp.

KOHCTpYKIIMOHHBIE U TEXHOJIOTUYECKHE OTKA3bl BBISIBIISIIOTCS B OCHOBHOM
B nipupaboTounbiil nepuo. OO0 3TOM CBUAETENbCTBYET I'pa(UK 3aBUCUMOCTH
MOTOKA OTKAa30B (CpeAaHero uuciaa oTka3oB A1) 3a eAMHUIlY BpEMEHH) OT
BPEMEHHU HapaOOTKH, IPEACTABICHHBINA HA pUCYHKe 2.1. BuaHo, 4T0O B nepuon
pUpabOTKU MOTOK OTKA30B JOCTATOYHO BBICOK, 3aTE€M Ha y4acTKe,
COOTBETCTBYIOILIEM MEPUOAY HOPMAJIBHOM 3KCIUTyaTalluy, OH MPAKTUYECKH HE
MEHSETCS, a 3aTeM IIPHU T > Lyxeny TTOTOK PE3KO BO3PACTAET U3-3a PEIKOTO
YBEJIMYEHUS U3HOCA JIETaNIed B y3/1aX TPEHUSI MAlIMHbI, YTO JENaeT €€
AKCIUTyaTalU0 HEPAUUOHAIBHOM.

ITo YCJIOBUAM BO3SHUKHOBCHUS U Pa3BUTHA OTKA3bl PasaCIArOT
Ha 6He3anHvlie U nocmenerHsle.

Haunboiiee onacHbIMU J1J1s1 MAIIMHBI ABJISIFOTCSL 6HE3ANHblE OMKA3bL,
KOTOPBIC XapaKTEPU3YIOTCS pE3KUM (CKauKOOOpa3HbIM) YXYIIIEHUEM OJTHOTO
WJIM HECKOJIBKUX TTapaMeTpoB MalliHbl. Kak mpaBuiio, OHM BOBHUKAIOT B
pe3yJbTare CIy4aifHOTO BHE3AIMHOTO BO3/ICUCTBUS BHEITHUX (DaKTOPOB,
MPEBBIIAONINUX JOMYCTUMbIE HOPMBI, UJIM TPYOBIX HAPYIICHUHN YCIOBUI
AKCIUTyaTaluu (yaapoB, IEPErpy30kK, MoJIOMOK U npoyee). Benencteue aToro
AJIEMEHTHI MAIlIMHBI TEPSIOT CBOM CBOMCTBA, HEOOXOAUMBIE JIJISI HOPMaJIbHOM
AKCIUTyaTallMy MaIlWHbI, UM K€ pa3pyILIatoTCs.

Ilocmenennvie omkaswi XapaKTCPU3YIOTCS IMMOCTCIICHHBIM YXYAIICHUCM
OJHOI'O UK HECKOJIBKUX IMapaMETpPOB MalllMHEI, O6YCHOBJ’ICHHOI‘O nponeccaMu
CTapCHUA I[GTaHeﬁ, Y3J10B U 3JICMCHTOB MAllIMHLI. Kak IIpaBUJIO, pa3BUTUC
IMOCTCIICHHBIX OTKA30B MOKHO MPCAYINPECANTD C IIOMOIIIBIO CUCTEMbI
TCXHHUYICCKOI'O 06CJ'Iy>KI/IBaHI/IH U pEMOHTA MallIWHBbI.



[To mannabiM Tipodeccopa Kapakynesa A. B. B cpemHeit o CI0OKHOCTH
OTEYECTBEHHOW MAIlIMHE OTKa3 NosBiseTca yepes 15...20 qHen sKkcIryaTauny,
JUTSL yCTpaHeHus1 KoToporo Tpedyetcs B cpemarem 50...70 gen-yac. Tpyaa
KBTU(PUITUPOBAHHBIX CHCIIHAIUCTOB.

B ocHoBe HapymieHuit paboTOCIIOCOOHOCTH MallluH, B OCHOBE UX
(U3UYIECKOro CTapeHUs JIeKAT MPOLIECChl M3HALTMBAHUS TTOBEPXHOCTEH eTanei
Y y3JI0B MAIlIMH, a TaK’K€ MPOLIECCHl N3MEHEHHMSI CBOMCTB MaTEPHUATIOB JETaNEH,
KOHCTPYKIIMH U y3J10B MAlllMH IIPU UX SKCILTyaTalllH.

M3nawueanue demaneti u 3108 MAUlUH

H3nawueanue (M3HOC) — 3TO MPOIECC TTOCTETIEHHOTO U3MEHEHUS
r€OMETPUYECKUX PA3MEPOB U (POPMBI JIEMEHTOB MAIIUHBI (PaOOYNX OPraHOB,
X0JIOBOTO 000PYI0BaHUS, CONPSIKEHHBIX AETANCH | JIp.) IPU TPESHUH.

TpeHue u U3HOC OKa3bIBAOT CYIIECTBEHHOE BIMSHUE HA HA/IEKHOCTD
MaiuHbl. C MoTepsMH Ha TPEHUE CBA3aHO 3HAUYUTEIIBHOE MOBBIILICHHUE
AHEPTrOEMKOCTH 3€MIIIHBIX paboT Mpu pa3zpaboTKe rpyHTa 3eMIICPOUHBIMU U
3eMJIEPOMHO-TPAHCIIOPTHBIMU MAIlIMHAMMU, 4 TAKKE CYIIECTBEHHOE YXYAIICHUE
SHEPreTUYECKUX XapaKTEPUCTHK PA3JIMYHBIX TPAHCHIOPTUPYIOKX MamuH. [Ipu
AKCIUTyaTallMy OTKa3bl MAIIIMH, CBS3aHHBIE C U3HAIIIMBAHUEM €€ JIeTAICH U
AJIEMEHTOB, 00JIee YacThl, YeM OTKa3bl, 00YCIOBIEHHbIE NOTEPEI MPOUHOCTH.
Bo MHOTOM 3T0 CBsI3aHO €O crienu(pUKON IPOEKTUPOBAHUS OTEUECTBEHHBIX
MAIITNH: KaK MPaBHUJIO, OTBETCTBEHHBIC JIETAIM MAIIIMH 00513aT€IHLHO
PaCcCUUTHIBAIOT HA TPOYHOCTh, HO HUA OJHO MOJIBU>)KHOE COTIPSKEHUE HE
POBEPSIOT HA U3BHOCOCTOMKOCTh. B syuniemM ciaydae BO3MOXKHOCTb BIUSIHUS
M3HOCA HA IPOYHOCTH U JTOJITOBEYHOCTH CONPATAEMBIX AETaJeH 3aKIIabIBACTCA
Ha CTaJIMM MPOEKTUPOBAHUS B BUJIE KOA(D(DUIIMEHTOB, YBEIMUYUBAIOLIUX 3a11aC
UX IPOYHOCTH.

Tako#t moxo1 0OBSICHIETCS CIIOKHOCTHIO MEXaHUYECKUX, (PU3NIECKUX U
XUMUYECKUX SIBIICHUM MPU TPEHUH, U OTCYTCTBHEM YETKHUX (MaTeMaTUYECKH
BBIBEPEHHBIX ) 3aBUCUMOCTEN XapaKTEPUCTUK TPEHUS U U3HOCA OT Pa3IMYHBIX
(bakTOpOB (TEXHOJIOTUYECKUX, KOHCTPYKTUBHBIX, MATEPUATIOBETUECKUX,
AKCIUTYaTallMOHHBIX).

BwMmecte ¢ Tem, mpobiema TpeHus ¥ U3HAIIMBAHUS SBISICTCS OJTHOU M3
BeAYIINX B MammMHOCTpoeHuu. Ei ynensercs 60iplioe BHUMaHKe, Kak Ha
HCCIIEZIOBATENILCKOM YPOBHE, TaK M Ha IpaKTUKe. MHOTHE mapamMeTpbl TPEHHSI
craHgapTu3upoBansl eme B coBeTckue Bpemena (I'OCT 27674 — 88).
Paznnyarot TpeHHEe CKOIBKEHNUS, TPEHUE KaYCHUS U TPEHHE KaueHUs C



MPOCKab3biBaHUEM. K OCHOBHBIM XapaKT€pUCTUKAM TPEHUSI OTHOCATCS
KO2((PUITMEHT TPEHUS U CKOPOCTh CKOJIbKEHUS (Pa3HOCTh CKOPOCTEH JeTalieli B
TOYKaX MX KACAHMS B MOJBHIKHOM cONpsKeHnH). K OCHOBHBIM
XapaKTEPUCTHKAM M3HAIIMBAHMS OTHOCATCS CKOPOCTh U3HAIIMBAHUS
(OTHOWIEHHE MAcCOBOI0, TUHEHHOTO WIIH 00BEMHOTO H3HOCA KO BPEMEHH) U
WHTEHCUBHOCTb MU3HAIIMBaHUs (OTHOIIIEHUE U3HOCA K MyTH TpeHusi). CBOMCTBO
Marepuaia OKa3blBaTh CONPOTUBICHUE H3HAITNBAHUIO

Ha3BIBAIOT UZHOCOCMOUKOCBIO.

[Ipu mpenuu cxonvircenus CKOPOCTH KOHTAKTUPYIOIIUX JAETAIEH B TOUKAX
KAacaHHsl MOTYT pa3JInyaThCs MO BEJIMYMHE U HAITPABJICHUIO, IO BEJIMUUHE WU
10 HAMPABJIEHUIO. DTOT BHUJI TPEHUS CBSA3aH C MAKCUMAJIbHBIM H3HOCOM
CONPSKEHHBIX JIeTaleil 1 HauOobIlIel SHEPTOEMKOCTBIO Mpo1ecca TpeHus. B
YaCTHOCTH YEpBSYHAS Napa, B KOTOPOW Pean30BaHO TPEHUE CKOJIbKEHUS,
umeeT HauMenbImit K.IL /. (n = 0,75) u3 Bcex 3yOuateix nepeaad. Bmecre ¢
TEM, B MAallIMHAX UCIOJb3YIOT MOJOXKUTEAbHBIA 3DPEKT TPEHUS CKOIbKEHHUS, a
MMEHHO BO3MOXHOCTb peann3aluy OOJbIINX CUJI TPEHHSI IPU OTHOCUTEIBHO
MaJbIX HOpMaJibHBIX cujax. Hampumep, 3ToT 3 ekt Ucronab3yIoT B
TOPMO3HBIX CUCTEMAX, B PPUKIIMOHHBIX Mepeaadax u Jp.

IIpu mpenuu xauenuss CKOPOCTH KOHTAKTUPYIOIUX AETAIIEH OJMHAKOBBI U
10 BEJIMYMHE, U TI0 HAMPABJIEHUI0. DTOT BUJ TPEHUSI UMEET HAUOOIIbIlIEe
pacrpoCTpaHEHUE B MAllIMHAX B CBA3M C MUHUMAJIbHBIM U3HOCOM JIETAJIEN U
HU3KOW SHEPro€MKOCTHIO IIporiecca. OH peanusyercs B NOAMITHUKAX KaUeHUs,
B [1apax KOJIECO-PEIIbC, POJIMK-JIEHTA U JP.

[lpu mpenuu xauenus ¢ npockanvsviéanuem NepeMeleHre AeTalen
OCYUIECTBJISIETCS. OTHOBPEMEHHO C KAYEHUEM U CKOJIbKEHHEM. DTOT BUJI TPEHUS
peanu3yeTcs B pa3IMuHbIX MMapax TPEHUs, TOCKOJIbKY 10 SHEPTeTUYECKUM
XapaKTEPUCTUKAM U U3HOCY 3aHUMAET IPOMEKYTOUHOE TMOJI0KEHUE MEXKTY
TPEHUEM CKOJILKEHHSI U TPEHUEM KaueHHus. B yacTHOCTH, TpeHue KaueHus ¢
IPOCKAJIb3bIBAHUEM, KOTOPOE PEATU30BAHO B 3yOUaThIX (LUIUHAPUYECKUX,
KOHUYECKHX) Tlepeiauax, 00ecreynBaeT 3HaUUTeIbHO MEHBIINE TOTEPU Ha
TPEHHE MO CPABHEHUIO C YEPBAYHOM mepegadei.

Bwmecte ¢ TeM, BUI TpeHUs HE ABISAETCS ITOCTOSHHON XapaKTEPUCTUKON
y3J1a TpeHus. [laxke 11 npaBUJIbHO CKOHCTPYUPOBAHHOI'O U U3TOTOBJIEHHOIO
y3J1a TPEHMSI B 3aBUCUMOCTU OT MHOTUX 9KCILTyaTallHOHHBIX (PAKTOPOB BUJL
TPEHUS MOKET MEHATHCA U, KaK IPABUIIO, €M0 U3MEHEHUE COIIPOBOXKIACTCS
CHIDKEHHEM WM ToTepeit paboTrocnocoOHOCTH y3i1a. MOKHO PUBECTH



HECKOJIbKO TpuMepoB. [Ipu 3arpsi3HeHnN MOALIUITHUKOB KAYEHUS! TPEHHE
KA4eHHUs MEPEXOJIUT B TPEHUE CKOJIbKEHHS HX TPOMEKYTOUHBIX TeJ (POJIMKOB
WJIM IIAPUKOB) MO MOBEPXHOCTH OAHOTO M3 KOJIEL] UM B TPEHUE CKOJIbKEHUS
MOJAIIMITHAKA 10 MOBEPXHOCTHU THe3/a. Ele npumep: npu ABUKEHUU KOJIEC 110
penbcaM TPEHHE KaueHHsI KOJIeca M0 PEJIbCy MEPEXOIUT B TPEHUE KaYEHUs C
MPOCKaNb3bIBAHUEM B Mape 0001 Koseca-paboydast MOBEPXHOCTh PENIbca U B
TpPEeHHE CKOJKKEHHUS B Iape pebop/ia koseca- 60KOBasi HOBEPXHOCTh TOJIOBKH
penbca.

Bbonbuioe BiusHueE (Kak OTPUIIATENIHOE, TaK U TIOJIOKUTEIBHOE) OKa3bIBACT
Ha paboTOCTIOCOOHOCTH Y37I0B TPEHUS HATMYHE CMa309HOIO MaTepuasa B 30HE
TPEHUS.

Ecnu it y310B TpeHUs, TakuX Kak 3yOuaTthbie U IEMHbIE Nepeayu,
MOIIMITHUKY KaUY€HUs M CKOJILKEHUSI U Iipoyee, TUaHupyeTcs (Ha dTamne
MIPOEKTUPOBAHUS y3J1a) UX CMa3blBaHUE CMAa30YHBIMHU MaTepUalaMu, TO
OTCYTCTBHUE WJIA OTPAHUYCHUE CMAa3K1 MOKET BbI3BATh PE3KOE YBEIINUCHUE
K03 duUlIeHTa TPEHUSI U UHTEHCUBHBINA U3HOC COMPSIKEHHBIX JIeTajael BIIOTh
JI0 BBIXOJa U3 CTPOos y3ia. Kak npaBuiio, B TAKUX y3JIaX PEAUTU3YIOT PEKUM
TPAaHUYHOU CMAa3KH, KOTOPBIN XapaKTEPU3YETCs HATUUYUEM Ha KOHTAKTUPYIOIIUX
MTOBEPXHOCTSAX TOHKOW MAaCJISTHOW TJIEHKH.

MHuorue y31bl TpeHus (Tapbl KOJIECO-PeibC, POIUK-JICHTA, IKUB-JICHTA U
Ap.) TOJDKHBI SKCIUTYaTUPOBATHCs 0€3 CMa3KH, TOCKOJBKY Mepeaaya ABMKECHUS
MEX/Ty DJIEMEHTaMH Maphbl OCYIIECTBISETCS 3a CUET cuil TpeHus. [loaromy
MoTaJiaHNe B CONPSKEHUE CMa30yHOI0 MaTepHrala pe3ko yXyAlaeT
paboTOCIOCOOHOCTH y3J1a. AHATOTUYHBIA OTpUIATENbHBIN A(P(HEKT UMEET MECTO
MIPH MOTIAIaHNU CMa3KH B pab0vyI0 30HYy TOPMO3HBIX YCTPOWCTB
TPaJUIIMOHHOTO THIIA.

TpeHue B MHOTOUMCIIEHHBIX CONPSIKEHUSX Y3JI0B 1 MEXaHU3MOB MalllHH,
(GpUKLIMOHHOE BO3/CHCTBUE pa3padaThIBAEMbIX MATEPUAIOB HA AJIEMEHTHI
paboyux OPraHoOB U XOJIOBBIX YCTPOUCTB MPUBOAAT K UX U3HOCY, UTO
COMPOBOXKIAETCS CHIYKEHUEM Pab0TOCIIOCOOHOCTH MAILIMHBI B IIEJIOM, BILJIOTh
110 TOCTHKEHMS IIPEAEIIBHOTO COCTOSTHUS.

N3HOC SBISETCS CIOKHBIM MPOIECCOM, 3aBUCAIIUM OT MHOTHUX BHEIIHUX U
BHYTpEHHUX (HakTOpOB. 113 MHOrOUMCIEHHBIX BUJOB M3HOCA HanboJiee 4acTo Ha
IIPAKTUKE BCTPEUYAETCS MEXaHMYECKOE U3HAIIMBAHUE, KOTOPOE B CBOIO OUEPEb
pasnensioT Ha abpa3uBHOE, THIPoadpa3uBHOE, ra30adpa3uBHOE, SPO3UOHHOE,
YCTAJIOCTHOE U KaBUTAllMOHHOE U3HamMBaHue. Ciaeayer OTMETUTb, YTO 3TO



paszesieHue B U3BECTHOM MEpE YCIOBHO, IIOCKOJIBKY Ha ITPAKTUKE YaIle BCETO
BCTpEYaeTCsl KOMOMHAIMS Pa3IMYHbIX BUIOB U3HAIIMBaHUsA. Tem He MeHee,
OCHOBHBIMHU BUJIAMU MU3HAIIMBAHUS IETAIEU U Y3JIOB IIPH SKCILTyaTal[un
MallMHbl B HOPMAJIbHBIX YCIOBUAX (HE 3KCTPEMAJIbHBIX ) ABJISIOTCS a0pa3suBHOE
U YCTAJIOCTHOE U3HAIIUBAHUE.

HaubomnpimeMy u3HOCY MOBEPTalOTCs MOBEPXHOCTH JIEMEHTOB pabOUYnX
OpraHoOB MaIIMH, KOTOPbIE B3aUMOJICHCTBYIOT C TiepepabaThIiBaeMbIM MU
pa3pabaThIiBaeMbIM MaTEPUAJIOM, a TAKXKE AIEMEHTHI X0JI0BOTO 000PYOBAHMS.
K HUM OTHOCSTCS pexylIre 3JeMEHThl pad0YuX OPraHOB TOPOKHO-
CTPOUTENBHBIX U APYTHX MAIIUH (HOXH, 3yObsl U OTBaJIbI OYJIb/103€POB U
rpeiepoB, 3yObs, HOXKHU U PEXKYIIHE KPOMKH IKCKaBaTOPOB U CKPETIEPOB,
710JI0Ta, 3yOusa, cBepia U Apyroe CMeHHOe pabouee 000pyoBaHuE
OJTHOKOBIIIOBBIX AKCKABATOPOB, JIONACTH LITHEKOB U (Ppe3 pacmpeaenuTenei
JOPOKHO-CTPOUTENBHBIX MAIMH U ac(haTbTOYKIATINKOB), & TAKXKE JETAIN U
AIIEMEHTBI XOJIOBBIX YCTPOUCTB (IIPOTEKTOPHI THEBMOIIINH, 3BEHBS M KATKH
ryceHull, 000/1a KoJieC Ha peiabcax) U MHOTOE Jpyroe. ITH 3JIEMEHTHI B
OCHOBHOM TO/IBEPraroTcsi abpa3vBHOMY M3HAIIMBAHUIO, UTO BICYET 32 COOOM
cymectBeHHoe (Ha 50...100 %) nmoBbIIeHHE YHEPTOEMKOCTH pabovero
mporiecca.

Jlns mpuMepa nopsiika BEJIMUMH U3HOCA MOXKHO TIPUBECTHU U3HAIIMBAHUE
pabounx opranoB Oyibao3epa. [Ipu cpoke ciaykO0bl UX HOXKEH, COCTABIISIIONIEM
200...350 yacoB, BeTuuuHa aOpa3UBHOTO U3HOCA (110 MIUPUHE) JOCTUTACT
40...50 MM TIpu cpeIHEeN CKOPOCTH U3HOCA MO TOIIMHE 0K0J10 10 MKM/4 nipu
pabote Ha cyrnuHUcThIX TpyHTax Il — IV kareropuii. [Ipu paGote Ha
IPOMEP3IINX CYTIMHUCTBIX TPYHTAX CKOPOCTH U3HAIIMBAHUS BO3PACTAET B TPH
1 Oosee pa3. Yike Npu JIMHEHHOM n3Hoce 14...15 MM yaenbHOe COMpOTUBICHUE
pEe3aHMIo0 yBeNnuuBaeTcs B 1,5 pasza npu pocte pacxoaa MOITHOCTH U CHUYKEHUU
MIPOU3BOAUTEIILHOCTH MaIIMHBL. OJTHAKO OTMETHM, YTO JIaXKe TIPH
KaTacTpoUIECKOM U3HOCE PabOYMX OpPraHOB MAIIMHA MPOJOJIKAET OCTABATHCS
B pabOTOCTIOCOOHOM COCTOSTHUHU.

CoBeplIeHHO HHOE BIMSHUE OKa3bIBAET U3HOC JETAJNE CHIIOBBIX Ilepeaay
U IPYTUX CONpsbKEHUM Ha paboTocnocoOHoCTh MamuHbl. [Ipu yBenuueHun
M3HOCA IETAJIEU B IOABUKHBIX COIPSIKEHUSAX PACTYT 3a30Pbl, BHI3bIBAs
YCUJIEHHE TMHAMUYECKUX HATPY30K, YXYALIECHUE YCIOBUN CMa3bIBAHUS B 30HE
TPEHUs U B KOHEYHOM UTOI'€ BBIXOJ U3 CTPOS y3J1a TPEHUS.



[Ipu aHanuze TpeHUs: U U3HAIIUMBAHUS B MOJBUKHBIX COMPSIKEHUAX
cleAyeT pa3indarh 0a30Bbie (IACCUBHBIC) U AKTUBHBIC JleTalld. ba3zoBbie geTanu
cOOPOYHOMN €AMHMUIIBI, K KOTOPBIM OTHOCSITCSI KOPITYChI Pa3IUYHBIX PEAYKTOPOB
U KOpOOOK Mepeiay, KOHCTPYKIIMOHHBIE U IPYTUE 3JIEMEHThI MAIINH, CITyXKaT
IUISl YAEp/KaHUs AaKTUBHBIX JIeTaneil B Tpe0yeMOM IMOJI0KEHUN U BOCITPUHUMAIOT
BO3HMKAIOIIKE HAarpy3ku. Mx crapenue nposBiisgeTcs, Kak MpaBuio, B
M3MEHEHUU TOJIOKEHHSI B IPOCTPAHCTBE ONMOPHBIX TOBEPXHOCTEH, B
KOPOOJICHNU IPUBAJIOUHBIX TOBEpXHOCTEH 1 npouee. Kak mpaBuio, HapaboTka
6a30Bo# AeTany cOOPOYHOI eIUHUIIBI 0 TIPEIETHHOTO COCTOSHUS SIBISICTCS
TUTAHUPYEMOM MEXPEMOHTHOM HapaOOTKOM caMoi COOPOYHOMN €TUHUIIBI.

JIOJTOBEYHOCTh aKTUBHBIX JCTAJICH, TI0IBEPTAIONTUXCS N3HANTUBAHUIO,
3HAYUTEITHLHO HIKE, YeM 0a30BBIX, TOCKOJIBKY aKTUBHBIE ICTAITN
BOCITPUHUMAIOT U TIEPEIAIOT KPYTSAIINEC MOMEHTHI, IPYTHUE CUIIOBBIC HATPY3KH,
AKJINYECKHUE HAMPSDKEHUS 1 TIpodee. Paboune mMOBEpXHOCTH 3TUX JeTalIeh
(BanoB 1 ocel, 3y04aThiX KOJIEC, MOPIIHEH U IUIUHIPOB U JIP.) HAXOASITCS BO
(GPUKIIMOHHOM B3aWMOJICHCTBUN ¢ PAOOYMMU TIOBEPXHOCTIMU APYTHUX JCTAIICH,
paboTas B yCIOBHSIX MEPEMEHHBIX MEXaHUYECKUX HATPy30K.

Kak y»xe oTMedasock, U3HOC SIBJSIETCS CIOKHBIM MPOLECCOM, HA KOTOPBIN
OKa3bIBAIOT BIMSHUE MEXAHUUECKHUE, PU3NYECKHE U XUMUYECKUE (DAKTOPHI,
CONIPOBOKIAIOIINE TPEHUE IIEMEHTOB COIPSIKEHUM. [{J1 MPOTHO3UPOBaHUsA
BEJIMYMHBI U3HOCA JIETAJIEH B y3JIaX TPEHUS MAILIUH BAKHO 3HATH XapaKTep
3aBUCUMOCTH M3HOCA OT BPEMEHHU HapabOTKH, T.€. JMHAMUKY MPOLECcca U3HOCA.
ITo nanubIM nipodeccopa banoBHeBa B. U. Bce BUIbBI 3THX 3aBUCUMOCTEM
MOHO ONKCATh HECKOJBKUMH MOJIEIISIMU, XapAKTEPHBIMU JIJI PA3JIMUHbBIX
TUTIOB conpspkeHuid (pucyHok 2.2). [lepBast monens (KpuBas 3) xapakTepu3yeT
JIMHENHYI0 3aBUCUMOCTb U3HOCA OT BpeMeHU. OHa XapaKTepHa ISl
aOpa3uBHOTO U3HAIIMBAHMS PabOYUX DJIEMEHTOB MAIIMH JIJIs1 36MJISTHBIX Pa0oT.

Bropas mozens (kpuBas 2) UMEET sIpKO BbIPRXKEHHBIN MEPUOJT TPUPAOOTKU
C TIOCJIEAYIOIIMM MEPUOAOM C MOCTOSIHHOW CKOPOCTHIO N3HAILIMBAHMUS, YTO
XapaKTEPHO JJIs MOAIIUITHUKOB CKOJIbKEHUS, IIAPHUPHBIX COETUHEHUI U JP.

Tpetbst Mosienb (KpuBas 5) OTIMYAETCI MOHOTOHHO YObIBaIOIIEH
CKOPOCTBIO M3HAIIMBAHMS, YTO XapaKTEPHO AJIs 3yOUaThIX KOJIEC.

YerBepTtast Mmojienb (kpuBas 1) xapakTepu3yeTcsi MOHOTOHHOCTbIO
MOBBIIIAIOIIEHCS CKOPOCTHIO M3HaIMBaHus. 1, HakoHel, Hanbosee oO1ast
Moenb (KpuBas 4, Hocsias uMst JIopeHiia) BKIroYaeT Tpu OCHOBHBIX Mepuoja
WJIU CTAJIAHN:



| — nepuon mpupadotku (0 — typ), TSI KOTOPOTO XapaKTEPEH PE3KUN POCT
W3HOCa (10 BEIMYHHSI ;) ¢ 0OpazoBaHMEM OOJIBIIOTO YUCIIA IPOAYKTOB
W3HAIUBAaHUS, 3arPSI3HSAIOIINX CMA3Ky, U C TOBBIILIEHUEM TEMIIEPATYPhI B 30HE
Tpenus; 11 — neproa HopManbHOU (CTaOUIIBLHOM) IKCILTyaTallMK Y3J1a TPEHUS
(tnp — tokenn) C YCTAHOBHUBIIEHCS CKOpOCThIO M3HammBanus; 111 — mepron
KPUTHUYECKOTO (KaTaCTpOPUUECKOr0) U3HAIIMBAHUS, B PE3YJbTAaTe KOTOPOTO
pPacTyT 3a30pbl B CONPSIKEHUH, BbI3bIBASI IONOJHUTEIbHBIE TMHAMUYECKHE
Harpy3Ku ¥ yXyJIIIEHUE YCIOBUN CMa3bIBaHUS TPYLIUXCSI IOBEPXHOCTEM, a 1o
JOCTHKEHUH HEKOTOPOW KPUTUYECKOH (MPEAEIbHOM) BETUYMHBI H3HOCA
BO3HMKAIOT yapHbIE HATPY3KH HA JIETaIH, PE3KOE MOBBIIICHUE TEMIEPATYPBI,
3aeaHuE U B KOHEYHOM CUETE BBIXOJ] U3 CTPOS y3J1a TPEHUS.

Taxum oGpazom ISt Teproa HOPMATIBHOM SKCILTyaTalluy y3/1a TPSHUS
XapaKTepHA MPAKTHUECKH IMMOCTOSHHAS CKOPOCTh M3HAIIMBAHUS TTOBEPXHOCTEH
COTIPSDKEHHBIX JIeTajeH, KoTopas TpadyMuecKu OMpeaesaeTCs YoM
HakJI0HA a PAMOH (tnp — tyxenn) IO POpMyIIE

Al IaKcrm B Inp
V=tgo =—— =
At t -t

SKCIIT Ip

Cpox ci1y»OBbI IeTaeH B y3JIe TPSHHUS MOKHO OTPEICITUTh C YIETOM BPEMECHH
npupabOTKHU 10 GpopMmyIie

Logenn :tnp +\ SKCIIT | 1p /v

OpnHako UCHoJIb30BaTh 3Ty GOPMYITY JUIsl IPAKTUYECKUX PACYETOB CIIOXKHO,
MOCKOJIBKY BCE€ COCTABJISIIONINE ABJISIOTCS CIIy4YalHBIMU BEJIMYMHAMM,
3aBUCSIIAMHU OT MHOTHX ITApaMETPOB.

bonsmie Bcero JJII HHKCHCPHBIX PACUCTOB IMOAXOOUT MCTO/ aHaHOFHﬁ,
COIIACHO KOTOPOMY OLICHKA CpOKa CJ'Iy}K6I)I paCCQHTBIBaeMOﬁ JACTalInu
6831/Ipy€TC$I Ha U3BCCTHOM CPOKC CJ'Iy}K6bI AC€TalIn-aHaJIora,



AKCIUTYaTUPYIOIIEHCS B MallIMHAX U3y4aeMoro Bujia. CorjiacHo 3TOMY MOJIXO0Y,
CPOK CITy>KOBbI paCCUMTHIBAEMOU JI€TATM MOKHO OMPEEIUTh M0 hopmyie

t=t K, /K

rie ta — cpoK Ciry)Obl JeTanu aHaJora;
K, — xoadduirienT yyeTta BIUSHUS KOHCTPYKTUBHBIX, TEXHOJIOTUYECKUX U

AKCIUTYaTaI[MOHHBIX ()aKTOPOB HA U3HOC JETaN-aHAIOTa
lia lialliGZ‘“lian
K, — cpok cityx0bl pazpabaTbiBacMOM A€TaIH

K,=K, K,.K,

Koaddunmentsr K, u K, (i = 1,...,n) XapakTepu3yrOT BIUSIHUE HA H3HOC
OCHOBHBIX (haKTOPOB, BKIIIOYAsi MaTEpUaI JAeTajaei BU TEPMUUCCKON U XUMHKO-
TEPMHUYECKON 00pabOTKH, BU/ M3HAITUBAHMSI, CMa30YHBIA MaTepraa i MHOTOE

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

B Hacrosiiee BpeMsi HaKOIUIEH JI0BOJIBHO OOIIMPHBIN OaHK TaHHBIX 110
KOHKPETHBIM y3J1aM TPEHUSI U BIUSHUIO HA U3HOC HanboJiee CyeCTBEHHBIX
KOHCTPYKTUBHBIX, TEXHOJOTMUECKUX U IKCILTyaTAllUOHHBIX (haKTOPOB. ITO
MO3BOJISIET PEIINTH P/l MPAKTUYECKUX 3a7a4 C TOMOIIBI0 METO/1a aHAJIOTUH.
Kpowme toro, npu oreHke pecypca u paboToCOCOOHOCTH y371a TPEHUS
OTBETCTBEHHOM 3a7ja4el ABJISETCS YCTAHOBJICHUE MpPeAeaa JOMyCTUMON
BenurHbl n3Hoca AeTald ([I]max > Iskenn). Ba’KHOCTB MoOMCKa oNTUMANILHOM
BEJIMYMHBI TIPEACIHBHOTO U3HOCA O0YCIIOBIICHBI C OJTHOW CTOPOHBI
HEOIPaB/IaHHBIM YMEHBIIICHUEM CPOKa CIIY»KOBbI JIeTaliel MPU €€ 3aHUKEHUH, a C
JPYro¥ — MOBBIIICHUE TEKYIIUX 3aTPaT 3a CUET YBEJIUUCHUS aBAPUMHBIX
PEMOHTOB IpH 3aBbIlieHUU. ClielyeT OTMETUTD, YTO B HACTOSIIEE BPEMs
HMMEETCS] HECKOJIbKO KPUTEPUEB OLIEHKU BEJIMUUHBI TPEJEIBHOTO H3HOCA B
3aBUCHMOCTH OT BUJA Y3JIa TPEHUS U TUIA COMPSIKEHUS: TI0 MOTEPE MPOYHOCTH
JieTaau, 0 HApYyUICHUIO 3alleTICHUS AeTajlel B repeaaye, o norepe
MOJABMYKHOCTH B IIAPHUPHBIX COCTUHEHUSX U JP.

OueHKY HaZIe’KHOCTH JIeTalel NPYU U3HAIIMBAHUY TPOU3BOIAT,
paccMaTpuBas CXeMy BOSHUKHOBEHUS OTKa3a MPU JOCTUKEHUU MPEICIbHO
JOMYCTUMBIX BETUYHMH U3HOCA [[]|max U UCTIOJIB3YSI BEPOSITHOCTHBIN MOAXO K
PELICHUIO 3TOM 3a1a4H.



PucyHok 2.2 — 3aBucuMocTs H3HOCA [ OT BpeMeHH HapabOTKH & I  —Bpems
HpHp

NpUpaboTKY; {  — BPeMA SKCIUTYaTaL{HH

HpOI{HOCWlele Xapaknmepucmuku vamepuanoe oemanneii u d1eMeHmos
MAULUHDBL

[ToMuMO M3HAIIMBAaHUS TOBEPXHOCTEN JETAIEN U DIIEMEHTOB y3JIOB
MallliH, CTAPEHUE BHIPAYKAETCS B CHUKEHUM UCXOJIHBIX TIOKa3aTenei
nedopMalMOHHON CTIOCOOHOCTH M TPOYHOCTHBIX XapaKTEPUCTUK MATEPUAJIOB,
13 KOTOPBIX OHU U3TOTOBJICHBI, U BOBHUKHOBEHUIO O0TKa30B. Bo3aeiicTBue
BHEIIHUX (PAKTOPOB (HArpy30K, Cpelibl, TEMIIEPATYPHI U MPOYEE) MPUBOIUT K
HEOOpaTUMbIM U3MEHEHUSIM CTPYKTYPbl U CBOMCTB MaT€pUaJiOB, YTO B CBOIO
ouepeb OTpakaeTcsi Ha pabOTOCIIOCOOHOCTH JIETalIel U JIIEMEHTOB U3 HHX.

Haubounee cymecTBeHHBIM (aKTOPOM, BIUSIOIIUM Ha OTKA3bl AeTaJICH 1
AJIEMEHTOB MaIllWH, SBJISIOTCA CUJIOBBIE HArpy3KH, KOTOPHIE BHI3BIBAIOT
HeoOpaTUMbIe M3MEHEHUSI (PU3UKO-MEXaHUYECKUX XapaKTEPUCTUK MaTEPUAJIOB.

Maro 3aMeTHBIMU, HO BECbMa OLIyTUMBIMU 10 CBOEMY BO3JEHCTBUIO HA
MaTepUalibl SIBIISIIOTCA YCTAJOCTHBIE SIBJICHUSI, MPOTEKAIOIINE B MaTEpUaIax
neTanei, KOTOpbIe MOJBEPrarTCs MUKINUYECKUM Harpy3kam. Ycemanocmoio
Mamepuana Ha3bIBAIOT MPOLECC HAKOIUIEHHS IOBPEKAEHUH 10T AEHCTBUEM
nepeMeHHbIX HanpspkeHui. Eciau 3Ti HanpsKeHus IepruoIMYecKy MPEBbIIAaoT
ONpeNeIeHHYIO ISl JaHHBIX YCIOBUM BETUUYUHY (IIpe/iesl BHIHOCIMBOCTH), B
MaTepHalie MOCTENEHHO HAKAIUTMBAIOTCS MUKPOTPEIIMHBI, KOTOPBIE, Pa3BUBAsChH



M 0ca0sas CCUCHUC, BbI3bIBAIOT ITOABJICHUC TPCIIMH HCAOIMYCTHUMBbBIX Pa3MCpPOB
HJIX TTOJTHOC PAa3pyHICHUC ACTAJIN UJIW KOHCTPYKIIHUU.

KosinuecTBEHHO yCTAIOCTHBIN MTPOLIECC MOKHO OMUCATh 3aBUCUMOCTBHIO,
CBSI3BIBAIOLIEH MAKCUMAJIBHOE HAMPSHDKEHUE 0 B MaTepralie JETalu IpHu €€
Harpy>KeHUH ¢ YnuciaoM HUKIOB Harpyxkenus N. B monynorapugmudeckux
KOOpPJIMHATAX OHA UMEET BHJI IIPSMOM C U3J1I0MOM (PUCYHOK 2.3) U Ha3bIBAETCS
KPUBOU YCTAIOCTH. [ [TOTHOCTh HAKOTUIEHHBIX MOBPEXKICHUN U COOTBETCTBEHHO
pecypc AeTalid 3aBUCST OT YKCIIa IUKJIOB U HATPYKEHUSI, KOTOPOE B CBOIO
odepelb ONPEAEIAETCS BENIMYNHON TEUCTBYIOIIMX B MAaTEPUAJIC HATIPSUKEHUN U
MpeIeIOM BRIHOCIMBOCTH. Kak nmpaBuiio, AJis onpeaeaeHus yCiaoBUul
AKCIUTyaTallu JACTaIM CYIIECTBYET CTAIMOHAPHBIN PEKUM HATPYKEHUS, TIPU
KOTOPOM TIPEJieJl BBIHOCIUBOCTHU (0,) SIBJASETCS MOCTOSHHOW BETMYMHOMN U
XapaKkTepu3yeT MaKCUMaJIbHbIE HAMIPSYKEHUSI, IPU KOTOPOM HE BOZHUKAET
pa3pylieHus IeTally Npu JUIUTeabHO M sKkcmutyaTanuu. Yucno N, (Touka
TniepesioMa KpMBOi ) Ha3bIBAIOT 6a306bim uuciom yukios (N, = 107). Eciu
BEJIMUMHA JIEUCTBYIOILIETO HANIPSKEHUS 0 HE MIPEBBIIIACT 0,, TO PECYPC ACTaTU
COCTaBJIIET HEOTPAaHUYEHHOE YUCIIO IUKJIOB. Ecln ke HanpshKeHus,
JICHUCTBYIOIIUE TIPU HATPYKEHUU OOJIBIIE 7, TIO KPUBOU YCTAIIOCTH MOKHO
ONPENENIUTh PECYPC AETANH, T.€. YACIIO [IUKIIOB HATPYKEHUS O €€ pa3pyLICHHUS.
Hanpumep, Ha pucyHke 2.3, Ipu YBEJIMUYEHUU HAMIPSIKEHUS C 02 110 01 PECYPC
netanu ymenbinaercs ¢ N2 7o N1 ukJios.

Ecnu e nuKIMm4ecKkuM HanpspKEHUSIM COITYTCTBYET KOPPO3HOHHBIE IMTPOLECCHI
BO3JIEHCTBHUS (BBICOKUX TEMIEPATYP, PAAUALUN), TPEAEI BBIHOCIUBOCTH MOXKET
3HAYUTEIIBbHO YMEHBIIUTBCS, a B PAJIE CIIy4acB OH MOXKET BOBCE OTCYTCTBOBATD.
3HAYUTENIbHO CHUYKAETCS Mpeiesl BBIHOCIMBOCTH IS AeTajeil, ObIBIINX B
AKCIUTYaTalluu U 3aTEM BOCCTAHOBJICHHBIX OJIHUM U3 U3BECTHBIX METOJOB.



IgN

PucyHok 2.3 — 3aBHCHMOCTE HallpAKeHHI B MaTepHa/le JeTaleil oT YHCIa
IIAK/10B HaTPy 3K eHHA

Ha pucynke 2.4 npuBeeHbl KpUBBIE YCTAIOCTH MaTEPUATIOB, KOTOPHIE
OBLITM MCTIBITAHBI Ha BO3/yXe, B Macje U B BoJIe (T.€. B KOPPO3MOHHOAKTHUBHOM
cpene). Bumno, uTo na)ke Maciao OKa3blBaeT OTPUIIATEIILHOE BIUSHUE HA
IPOYHOCTHBIC XapaKTEPUCTUKH (TaK Ha3biBaeMbIil «ddext Pedrnepay).
Crnenyet OTMETUTH, 4TO (haKTOp YCTaJOCTH B pacyeTax npopadoTaH Hanbosee
JETaIbHO



IgN

PucyHok 2.4 — KpHBaf yCTa/I0CTH CTa/ILHEIX JAeTanel IIPH HalpAKeHUAX B
Pa3MUUHBIX cpeaax: 1 — Ha Bo3ayxe; 2 — B Madiie; 3 — B BOJIe.

B kadecTBe npumMepa JOCTaTOYHO TPUBECTU IPOBEPOUYHBIE PACUETHI,
KOTOPBIE MPOBOAAT JIJISl PA3JIMYHBIX Iepeaad (KypCOBOM IMPOEKT MO AUCLUILINHE
«/leranu MamvH U OCHOBBI KOHCTPYUPOBaHHUs»). OHU Ha YUETE POIH
YCTaJIOCTHBIX MIPOLECCOB, MOCKOJIBKY JI0MyCKaeMble HANpPsKEHUs (KOHTAKTHbIE
Y U3TMOHBIE), KOTOPbIE BEIOUPAIOT 1Sl IPOBEPKH NMPABUIIBHOCTH
KMHEMAaTHYECKUX PacdyeTOB, ONPEIEIAIOT UIMEHHO IO KPUBBIM YCTaJIOCTH.

IToMHMO yCTaIOCTHBIX pa3pyLIEHUN IPU DKCIUTYaTAllMy MAILMH OTKA3bl UX
JeTajied U DJIEMEHTOB MOTYT BO3HMKATH 110 APYTUM npudnHam. s psaa
MaTEpUAIIOB, U3 KOTOPBIX U3rOTABIMBAIOT JETAIIN U JJIEMEHTHI MaIlVH,
HauboJsee 3HAaYMMBIM (DAKTOPOM OTKa3a SBJSIOTCS XPYNKUE pa3pyLICHUSI.
Xpynkue pazpylmeHus MOryT ObITh OCHOBHOM MPUYMHOM BBIX0J1a U3 CTPOSI
JeTanei U3 XpynKkux MaTepruanoB MpHU BO3AEUCTBUU OOIBIINX JUHAMUYECKUX
(vamre yaapHsbix) Harpy3ok. Kpome toro, uist psijia KOHCTPYKIITMOHHBIX cTalleH (C
OPUMECSIMHU a30Ta) B YCIOBUSX IKCIUTyaTallMK MPU HUZKUX TeMIIepaTypax
IIPOUCXOJHUT TaK, Ha3bIBAEMOE HU3KOmemnepamyproe oxpynuusarue. llpu
JKCIUTyaTallui MAIlVH B YCIOBUAX MOBBILICHHONW pagualui UMEET
MECTO paduayuoHHoe oXpynuusanue, pe3K0 CHIKAIOILEe J0JITOBEYHOCTh
JETAJIEN U y3JI0B MAllIUHBI.



HuskoremnepatypHoe U paguallMOHHOE OXPYUYUBAHUE SIBJSETCS OJHOMU U3
OCHOBHBIX IIPUYMH BbIXOJa U3 CTPOSI KOHCTPYKUMI U A€TaJIel, U3TOTOBJIEHHBIX
13 OOJBIIMHCTBA MOJIMMEPHBIX KOMITO3UIIMOHHBIX MaTepHaiioB. B ycioBusax
Hu3kux temneparyp (7 < —40° C) 1 noBBIIIIEHHOTO YPOBHS paualiu
MOJIMMEPHBIE MATPUILIbI KOMITO3UIIMOHHBIX MATEPUAJIOB TEPSAIOT INIACTUYHOCTD U
CTaHOBSATCS XPYIKHMH, YTO CYIIECTBEHHO OFPAHMYMBAET UX IPUMEHEHUE B
y3J1aX MallMH.

[Ipu BBICOKMX IIUTEIBHBIX HArpy3Kax (WIM IaKe Meperpy3kax) y aeraneit
Y KOHCTPYKIUH U3 TNIACTUYHBIX MAaTEPHUATIOB, MOTYT HaOIIOAATHCS
IJIacTUYECKue AepopMaliii, KOTOPbIE MOTYT PUYUHOM OTKa3a
METaJUIOKOHCTPYKIMH MauH. () PEKT N0JI3y4ecTH, KOTOPBIM MPEACTaBISIET
co00¥ poLecc HEMPEPbHIBHOM TIIACTHYECKOU JeopMaliuu, NpOTEKAIOIIEH ¢
MaJIoil CKOPOCTBIO MPH JIJIUTEIBHOM HATPYKEHUU, MOXKET ObITh MPUUNHOM
OTKa3a KOHCTPYKIUI U3 HE3aKAJIEHHBIX U BBICOKOOTITYIIIEHHBIX CTaJICH, a TAKKE
13 KOMIIO3UI[MOHHBIX MAaTEPUAJIOB HA OCHOBE TEPMOILIACTUYHBIX MOJIUMEPHBIX
MaTpHII.

Kak yxe otmeyanoch, 0THOM U3 OCHOBHBIX IPUYUH IIPEKACBPEMEHHOTO
BBIX0JIa U3 CTPOSI IETAJIEN U KOHCTPYKINN MAIIUH SIBIISIFOTCS KOPPO3UOHHBIE
IIPOLIECCHI, MPOTEKAIOIINE B MaTEpUaax Mo/l BIUSIHUEM OKPYKaIOIIEH CPEJIbI.
Oc00eHHO CYIIECTBEHHYIO POJIb MOKET OKa3aTh KOPPO3USl B COUETAHUH C
Apyrumu pakTopamMu BO3JEHCTBUS Ha MaTepuaibl JeTajlei U KOHCTpYKIui. B
YaCTHOCTHU, PE3KOE CHUKEHUE pabOTOCIIOCOOHOCTH U COXPAaHEHUU pecypca
MAIlIMH BBI3bIBAET BO3JAEHCTBUE HA CONPSHKEHUE JETAHU B y3JIaX TPEHUS
a0bpa3MBHO-arpECCUBHBIX CPEI.



8.YueOHo-MeToaMueckoe U MHPOPMALTMOHHOE O0ecrieYeHne

AUCIHUILIHHDBI

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:I1yTs,2015;2008.-199c¢.

3 JInarHocTuka U HaJI€KHOCTh ABTOMATU3UPOBAHHBIX CUCTEM : YUYEOHUK
misisy30B / b. M. Bbpxko3oBckuii, A. A. Urnatees, B. B. MaptsiHos, A. T.
Cxuprnanze;llonpen.b.M.bp:xo30BcKoro. -CrapeiiiOckon: 13-
BoTHT,2015;2012.-351c.

4 Kpapuenko, E.I'. HanéxHocTh  TEXHHYECKUX  CHCTEM B
MAaIIMHOCTPOeHUH :yueOHoe mocobue g 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. -CrapeiiOckon:M3n-so THT,2016.-212c.

6 Jonrun,B.I1.HanexxHOCTEHIMArHOCTUKATEX HUYECKUXCH -
cTeM[DnekTpoHHBIN pecypc]: YueOHoe mnocodue/lonrun B.I1., Xapuenko
A.O. -M.: ByzoBckuii yueOnuk, HUL[ HMHOPA-M, 2015. - 167 c.//
ZNANIUM.COM :351eKTpOHHO-OMOMMOTEUHAass ~ CHCTEMA. —

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

7 PrixoB, B.B. HanexxHOCTh M JMAarHOCTHKA TEXHUYECKUX CHCTEM U
TEXHO-
reHHBIMPUCK[ DneKTpoHHbIpecypc|: YueOHoenocooue/PoikosB.B., UTknH

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

Pexxumpaoctyna:http://www.znanium.com/catalog.php,orpaH4eHHBIN. — 3ariL.c
JKpaHa.

8.2. lonosiHUTEbHASLIUTEPATYPA

1 Jlenxos, B.K. O6ecneuenue HagEKHOCTH TEXHUUECKUX 00BEKTOB IO
cta-gusiM ux >ku3HeHHoro mukia / B. K. Jlenkos, A. WU. Taryes. - M.:
Mammunoctpoe-nue: Mammnoctpoenue-I1onér,2010.-215¢.

2 [ummapes, B.JO. Hagé&xHOCTh TEXHUYECKUX CUCTEM : YUEOHUK
s By-308/ B.JO. Iummapes.-M.: Akagemus,2010. -304c.

3 IOpkeBuy, B.B. HanéxHOCTh 1 TMarHOCTHKA TEXHOJIOTUUECKHIX


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

cucteM :yueOHuK /s 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. HanpexHocte B TexHHKe. Pacuer
HagexxHoctu. OcHoB-Hblenonoxenusd.—Bsen.  1997-01-01.-M.: Us-
BOCTaHJapTOB,1997.— 18 c.

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

7. EcrecTBeHHO-Hay4YHbIOOpa30BaTeIbHBIANIOpTATI(EAepATbHOTOIIOpTANIA
«Poccuiickoe o0OpazoBaHue» [DJEKTpOHHBIM pecypc]. — Pexum
nocTyma:http://en.edu.ru,cBOOOIHBINA. —3aril.coKpaHa.

8.HayunasnnekrponnasonommorekaeLIBRARY [Dnexrponnsiiipecypc].
—Pexumpoctymna:http:/elibrary.ru/defaultx.asp,cBOOO AHBIN.—3ar1.COKpaHa.
9.HayuHnas snextponHas 6ubnamorexka IPRbooks [DnexTpoHHsIil pecypc]. —
Pexumpaoctyna:http://www.iprbookshop.ru,cBOO0IHBIN.—3arJ1.COKpaHa.

10.HayunasianekrponHasonoimorekaZNANIUM.COM:31eKTpOHHO-
oubnuoreuHast cuctemMa. —PexxuMm noctyna :http://znanium.com, cBOOOIHBINA. —
3ari.cokpana.

[Ipu ocymecTBiIeHN 00pa30BaTEIBLHOTO MPOIECCa PEKOMEHIYETCs
UCIOJIb30BaHUE HMH(POPMAIMOHHO-CIIPABOYHON CHUCTEMBbI OHJIAWH-JI0CTyNa 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-TEXHUYECKOE o0ecredeHue TUCIUIIIMHBI

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
nocobue - 31 riakat

7.Tokapnoe neno: MmtroctpupoBaHHoe yueOHOe mocooue — 36 niakaToB
8.Cnecapnoe neno: MinmroctpupoBanHoe yaeOHoe nocooue — 30 mrakaTos.
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
HAayYHBIX UCCICAOBAHNN (MU 1a00OpaTOPHBIX PadoT).

11.MydeabHasi neub npeHa3HauCHa JIJIsl HArpeBa Pa3HOOOPa3HBIX MaTEPUATIOB
(B Tom umcie metamuioB) 10 Temmepatypsl 1300 rpamycoB Llenbcust U BeIIEPKKE
MIpU ATOM TemIepaType B TeUeHUE He0OX0IMMOro 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; - 00KHUTA TUTESHHBIX (POPM M KEPAMHKH U T.II.
12.MasiTHUKOBBIN KOMep NpeIHa3HAYECH JJIs1 OIPEACIICHUS yIApHOU BSI3KOCTH
METaJUIOB U UX CIUIABOB MPHU MPOBEICHUH JTAOOPATOPHBIX Pa0OT (MIIM HAYUHBIX
HCCIICIOBAHHUM ).

13.Mopesb npomeskyTounoro kopma MHJI3 (MamrHbl HEOPEPHIBHOTO JIUThS
3aroTOBOK) MpeaHa3zHadeHa isi GU3UIECKOro MOJICIUPOBAHUS THAPOIUHAMUKN
pacmiaBa metaia B nmpoMmkosine MHJI3 ¢ nenbto ontuMu3anum y1ajieHus
HEMETAJUIMYECKUX BKIIOUCHUHN U3 pa3IMBaeMOro MeTasuia.

14 .Muxpockom bresserlcdmicro 5Smp

15.CNC 3040 3 Axis rpaBUpoBaJIbHBIN (hpe3epHblid 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.CeepnunbHblii ctaHok Kamuop CC-13/400A




11. lonosiHeHns1 1 U3MeHEHUs1 B pado4eil MporpaMMe HA y4eOHbIN 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.



CocTaBuUTeIIb:
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Mpuioxenune
MeToauyeckue ykazaHus Mo

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

1. MeToanuyeckue ykazaHus JJis1 00yYAKOIIMXCS 10 MJIAHUPOBAHUIO U
OpPraHM3aliu BpeMeHH, He00X0AUMOr0 /IJIs OCBOCHHSI JUCHUIJIMHBI.
N3yuenne pexomeHayeTcs HadyaTh C O3HAKOMJIGHUS C paboyelt mporpamMmon
JTUCIUIUIMHBI, €€ CTPYKTYpOH M COJAEpKaHHEeM pa3felioB (Moayiei), (GOHAOM OICHOYHBIX
CPEIICTB, O3HAKOMHUTHCA C Y4E€OHO-METOIUYECKHMM | HH(POPMAIIMOHHBIM oOecreueHneM
JUCHUILINHBI.
Jucnumamna «Hame)KHOCTh M JUarHOCTHUKA TEXHOJOTHYECKUX CHCTEM) COCTOMT U3 8

CBsA3aHHbIX MCIKAY co0oro TEM, O6eCHeLII/IBaI-OH_II/IX IMOCJICA0OBATCIIPHOC N3YUCHHUEC MaTEpHralia.
O6y‘~ICHI/IC IO JUCLHMITIIIMHE «HaIle)KHOCTI) N AMargsoCTUKa TEXHOJOTHUYCCKUX

CHCTEM» OCYILECTBISIETCS B CIEAYIOIUX (opMax:

1. AyautopHbie 3aHATHS (ICKIMH, TPAKTUICCKUE/CEMUHAPCKUE 3aHSTHA).

2. CamocrosiTenbHast paboTa CTyAEHTA(IMOATOTOBKA K JICKIMSM, IPAKTHYECKUM/
1a00paTOPHBIM 3aHATHUSM, TecTaM/pedeparaM/IoKnagam/scce, 1 UHbIM (OpMaM MUCEMEHHBIX
paboT, BEIMIOJIHEHHUE aHATTN3a KEHCOB, HHIMBHU Iy bHast KOHCYJIBTAIUS C IPEMOIaBATEIIEM).

3. UHnrepakTuBHbie (HOpPMBI NMPOBEACHUS 3aHATUN(KOJIIOKBUYM, JIEKIHS-IUCKYCCHS,
TPYIIOBOE pelIeHue Keiica u 1p.(hopMBI).

VY4eOHblii MaTepuall CTPYKTYPUpPOBaH M HM3yYEHHE ITUCIHIUIMHBI MPOU3BOJIUTCSA B
TEMaTHYeCKON TOciIeqoBaTeNbHOCTH. KakioMy HpakTuyeckoMy/ CEMHHAPCKOMY 3aHSTHIO U
CaMOCTOSITEIbHOMY M3Y4YEHHMIO MaTepuana MpeJliecTBYeT JEeKIHs [0 JaHHOM Teme.
OO0yuaronmecscaMoCTOSATEIbHOTPOBOISTIIPEIBAPUTEIBHYIOTIOATOTOBKYK3aHATHIO,
NPUHUMAIOT AKTUBHOE M TBOPUYECKOE YyYacTHE B OOCYXKJIEHHUHM TEOPETUYECKHUX BOIPOCOB,
pazbope MpoOJIEMHBIX CHUTyalluid M TIOMCKOB TMyTed X pemieHus. MHorue mnpoOiaeMsl,
u3ydaemble B Kypce, HOCSAT JHUCKYCCHOHHBIM XapakTep, YTO MHpeArosaraeT WHTepaKTHUBHBIN
XapakTep MpOBeIeHNS 3aHATHI Ha KOHKPETHBIX ITPUMEpPaX.

Omnucanue nocneaoBaTeIbHOCTH JeHCTBUI

oOyyJaromerocs:

ITpu m3yueHun Kypca ciieyeT BHUMATEIbHO CIyIIaTh U KOHCIIEKTUPOBATh MaTepuall,
W3JIaraeMplii Ha ayAMTOPHBIX 3aHATUsAX. I €ro MOHUMaHHWA M KadyeCTBEHHOTO YCBOCHHS
pEeKOMEHAyeTCs CIeyIolast Mocae10BaTeIbHOCTh IeHCTBU:

1. Tocne oxoH4YaHMs y4eOHBIX 3aHATHHA UI 3aKpEIUICHHUST MaTepualia IPOCMOTPETh U
00/lyMaTh TEKCT JICKLIUH, IPOCIYIIAHHON CETOJIHsI, pa300parh paccMoTpeHHbIe npumMepsl (10—
15 MuHyT).

2. [Ipn mOAroTOBKE K JEKIUH CIEAYIOIIEro AHS IOBTOPUTH TEKCT MpeAbLayIeit
JIEKLMH, TTOJyMaTh O TOM, Kakasi MOXeT ObITh cieayronias remMa(10 -15munyT).

3. B Teuenue Henenu BHIOpaTh BpeMs it pabOTHI ¢ TuTepaTypoil B 6ubdanorexe (mol

qacy).

4. Ilpy MOATOTOBKE K MPAKTUYECKOMY/ CEMHHAPCKOMY 3aHSTHIO MOBTOPUTH OCHOBHBIC
MOHSATHA TIO TEeME, W3y4YHTh TNPHMEpPbL. Pemias KOHKPETHYIO CHUTYalHulo, -IPEIBAPHTEIHHO
MOHSTh, KaKOH TEOPEeTHYECKUH MaTepual HYKHO HCIOJb30BaTh. HaMeTHTh MIaH peleHws,
nonpoOoBaTh Ha €r0 OCHOBE PEIINTh | -2 mpakTHYecKue cuTyanuu (1a0.padoTsl).

2. Meroauuyeckue yka3aHusi mo padore 0o0y4aroumuxcsi BO BpeMsi NpPOBedeHUS

JIeKIM .

Jlekiuu far0T 00yYarOIIMMCA CHCTEMaTHU3UPOBAHHBIE 3HAHMSI 1O JUCLUUIUIMHE,
KOHIIEHTPUPYIOT UX BHUMaHHE HA HauOoJiee CIOXKHBIX U BaXKHBIX Bompocax. JIeKiun oObI1HO
W3JIaraloTcsl B TPAJAULMOHHOM WJIM B MpoOJeMHOM cTuiie. [[is cTyAeHTOB B OOJBIIMHCTBE



ciydyaeB B mpoOsieMHOM cTuiie. [IpoGiieMHbII CTHIIb MO3BOJSIET CTUMYJIUPOBATh AKTUBHYIO
MO3HABATENIBHYIO JCSITEIBHOCTh O0yJaIOIUXCS M UX MHTEPEC K AMCUUIUIMHE, (POPMHUPOBATH
TBOPUECKOE MBIIUJICHHE, MNpuOeraTb K MPOTHUBONOCTABICHUAM M CpPaBHEHHUSM, [eNaTh
000011IeHUs, aKTUBU3UPOBATh BHUMAaHHE OOYYAIOIIMXCA IYyTEeM IOCTAaHOBKH IPOOJIEMHBIX
BOIIPOCOB, MOOILIPSITH TUCKYCCHIO.

Bo Bpemsi JIGKIMOHHBIX 3aHATHIA PEKOMEHAYETCsl BECTH KOHCIIEKTHUPOBAHUE Y4€OHOTO
MaTepuaia, oopaars BHUMaHue Ha (POPMYITMPOBKH U KaTErOPUHU, PACKPBIBAIOILINE CYTh TOTO
WJIM UHOTO SIBJICHHMSI, WJIH [IPOLIECCOB, BHIBOIBI M MPAKTUYECKUE PEKOMEHIAIINH.

KoHcnekt nexknum nydimie MOApa3feNsiTh Ha IyHKTHI, COOMIOAAs KpPacHYIO CTpPOKY.
Oromy B 00JbIION cTeneHn OyAyT criocoOCTBOBATH BOMPOCH! IUIaHA JICKIMH, MIPEII0KEHHBIE
npenonaBatensM. Crienyer oOpamaTh BHUMAaHHE Ha AaKIEHTHI, BBIBOJBI, KOTOPHIC JeNaeT
npenojaBaTesib, OTMeudas HauOoliee BaKHbIE MOMEHTHI B JICKIIHOHHOM Marepualie
3aMEUAHUSAMHU «BaXHO», «XOPOIIO 3allOMHUTH» WUT. 1. MOXHO JenaTh 3TO U C IOMOIIBIO
Pa3HOIBETHBIX MAPKEPOB WU PyUeK, OTYEPKUBAs TEPMUHBI U OTIPEACTICHUSI.

Lenecoobpa3Ho pa3paboTaTh COOCTBEHHYIO CHUCTEMY COKpalleHui, abOpeBuaryp u
cuMBoONIOB. OJHAaKO TpH AaibHEHIIed padoTe ¢ KOHCIEKTOM CHUMBOIIBI JIY4YIlE 3aMEHHTb
OOBIYHBIMH CIOBAaMH TSl OBICTPOTO 3PUTEIILHOTO BOCIIPHSTHS TEKCTA.

PaGotas Hax KOHCIIEKTOM JIEKIUH, HEOOXOIUMO HCIOIb30BaTh HE TOJIBKO OCHOBHYIO
JUTEPaTypy, HO U Ty JUTEPATypPy, KOTOPYIO JOMOJIHUTEILHO PEKOMEH/I0BAN MPENO/1aBaTENb.
NMenHo Takasi cepbe3Has, KpOMOTIWBas paboTa C JIEKIMOHHBIM MaT€pUaloOM MO3BOJIUT
rITyOOKO OBJIA/IETh TEOPETUIECKUM MATEPHUATIOM.

Temaruka nekuuii Jaetcst B paboyeii mporpaMMe JUCITUTLINHBL.

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

Ha ppakTuyeckux/ceMUHApCKUX 3aHSTHUAX IPHUBETCTBYETCS AKTUBHOE YYacTHE B
00CYXJIeHUM KOHKPETHBIX CUTYaINi, CIOCOOHOCTh HAa OCHOBE MOJIyY€HHBIX 3HAaHUN HAXOAUTh
HauOosiee S(PPEeKTUBHBIC pEIICHUsI TMOCTABICHHBIX MPOOJIEM, YMETh HAaXOJWTh TOJE3HBIN
JIOTIOJIHATENBHBIN MaTepUall 10 TEMAaTUKE CEMUHAPCKUX 3aHATUH.

CryneHTy peKkoMeHAYeTC s CleAyIoas cXxeMa MOArOTOBKY K CEMUHAPCKOMY 3aHSTHIO:

1. O3HakoMJIeHHE C IUIAHOM MNPAKTUYECKOT0/CEMUHAPCKOTO 3aHATHS, KOTOPBIN
OTpa)kaeT coJiep’KaHue NPEJIOKEHHON TEMBL;

2. [TpopaboTaTh KOHCIIEKT JEKIHUil;

3. IIpounTaTh OCHOBHYIO U JIOTIOIHUTEILHYIO JIATEPATYPY.

B mpouecce moAroToBKM K MPaKTUYECKUM 3aHITUSAM, HEOOXOAUMO OOpaTUTh 0coboe
BHUMAHHE HA CAMOCTOATEIIbHOE U3YYEHNE PEKOMEHIOBAHHOM uTepaTypsl. [Ipu Bceit monHoTe
KOHCIIEKTUPOBAHUS JIEKIMU B HEW HEBO3MOXHO H3JIOKUTh BEC MaTepuall W3-3a JIMMUTA
aymuTOpHBIX yacoB. IlosTomMy camocrosiTenbHass pabora C ydyeOHHKaMHu, Y4eOHBIMHU
nocoOusIMHU, HAYYHOH, CIpaBOYHON JIUTEpaTypoil, MaTepuaiaMu MEePHUOAMUYECKUX H3AaHUN U
Wnrtepuera sBnsercss HauOosiee A(P(GEKTUBHBIM METOJOM IOJYYEHUS JOMOTHUTEIbHBIX
3HaHUI, MO3BOJSET 3HAYUTENBHO AaKTHBHU3MPOBATH IPOLIECC OBIAJACHHUS WH(pOpMaIMeEH,
crocobcTByeT Oojiee TITy0OKOMY YCBOEHHUIO M3y4aeMoro Marepuana, popMHUpPYET y CTYACHTOB
OTHOIIICHHE K KOHKPETHOH mpolbieMe. Bce HOBbIE MOHATHS MO M3y4aeMoil TeMe HeoOX0IuMO
BBIYYHTh HaU3yCTh U BHECTH B IJIOCCapUil, KOTOPBIN I1€1ecoo0pa3HO BECTH C caMOro Hauaia
U3Y4EHHUs Kypca;

4. OTBETUTH Ha BOIIPOCHI IJIaHA MPAKTHYECKOTO/CEMIUHAPCKOTO 3aHSATHS;

5. BLIITOIHUTE JOMAIIHEE 3aJaHHE;

6. [IpopaboTaTh TECTOBBIE 3aJaHUSI U 3a/1a4H;

7. Ilpu 3arpynHeHHsIX cPOopMyIUPOBATH BOMIPOCH! K MPEIMOTaBATEINIO.

Pesynprar Takoil paboOThl JOJDKEH MPOSIBUTHCS B CIOCOOHOCTH CTYIEHTa CBOOOJHO
OTBETUTh Ha TEOPETHYECKHUE BOIPOCHl TMPAKTHKymMa, BBICTYNaTb M y4acTBOBAaTh B
KOJIJICKTUBHOM OGCy)KIIeHI/II/I BOHpOCOB HByIIaCMOf/'I TCMBI, HpaBI/I.HBHO BBITIOJIHATH
MpaKTUYECKUE 3aJaHUsl M WHBIC 3aJIaHUs, KOTOpPbIE JAOTCA B (DOHJIEC OIEHOYHBIX CPEICTB




IUCHHUILINHEL.

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

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

CamocrosrenbHas pabora 00ydaroluXcs SBISETCS BaXHEHIIMM BHAOM OCBOEHHUS
COJZIep KaHUs JUCIUTUIMHBL, MOATOTOBKH K MPAKTHYECKUM 3aHIATUAM U K KOHTPOJIBHOM padoTe.
Croma e OTHOCATCA M CaMOCTOATENbHOE YINIyOJEHHOE HW3Y4YE€HHE TEM JUCLMILIMHBIL.
CamocrosiTenbHast padboTa NMpeacTaBisieT co00i MOCTOSIHHO AEMCTBYIOUIYIO CUCTEMY, OCHOB Y
00pa30oBaTeNBHOIO Ipollecca U HOCUT HCCIEAOBATENIbCKUI XapakTep, YTO IOCIYXUT B
OyaymeM OCHOBaHHMEM ISl HAIMCAaHWUSA BBIMYCKHOW  KBaIM(PHUKAMOHHON  paboThI,
IIPAKTUYECKOI0 IPUMEHEHUS MOJIyUYEeHHBIX 3HaHUI.

Opranu3anus caMOCTOSITENIbHOW PadOThl 00YUYaIOMIMXCSl OPUEHTHUPYETCS] Ha aKTUBHBIC
METO/bl OBJaJICHHs 3HAHUSAMH, pa3BUTHE TBOPUYECKUX CIIOCOOHOCTEH, MEepexo] OT MOTOYHOIO
KUHUBH Iy TH3UPOBAHHOMYOO yYEeHHIO,CydETOMIOTPEOHOCTEHMBO3MOKHOCTEHIIMYHOCTH.

[IpaBunbHas opraHu3anns CaMOCTOSATENBHBIX YUeOHBIX 3aHATUH, UX CUCTEMaTUYHOCTb,
1esecoodpasHoe MIaHUPOBaHUE PadOYEeTro BPEMEHH MO3BOJISIET CTYACHTAM Pa3BHBATH YMEHHS
U HaBbIKM B YCBOEHUHM CHCTEMAaTH3allMM NMPUOOpeTaeMbIX 3HaHUU, 0OecreuyuBaTh BBICOKHIL
YPOBEHb  YCIEBAEMOCTH B TEpHOJ  OOy4YeHHs, TMOJYyYUTb HABBIKM  IOBBIIICHUS
npoeccnoHaTbHOTO YPOBHSI.

[TonroToBka K MPakTUYECKOMY 3aHSTHIO BKIIIOUAET, KpOME MPOPAOOTKH KOHCIIEKTa U
Npe3eHTAlMM  JIeKIIMM, T[IOMCK JHUTeparypbl (IO  pPEKOMEHJOBAaHHBIM  CIIUCKaM |
CaMOCTOSITENTFHO), TIOATOTOBKY 3arOTOBOK JUIS BBICTYIUICHHH IO BOMPOCAM, BEBIHOCHMBIM JUIS
00CyXJIeHUsI MO0 KOHKpeTHOM TeMme. Takue 3aroTOBKM MOTYT BKJIIOYAaTh IUTAThl, (DAKTBHI,
COITOCTABJICHUE Pa3IMYHBIX MO3HUINN, COOCTBEHHBIE MBICTH. Ecii mpobiiema 3anHTepecoBaia
o0yyJaromerocsi, OH MOXeT HOJArOTOBUTH pedepaTr U BBHICTYHNHTb C HUM Ha NPAKTHUYECKOM
3aHsaTuH. [IpakTHdeckoe 3aHATHE-ITO, MPEXKAE BCETO, TUCKYCCHs, 00CYKICHHE KOHKPETHON
CUTYyallud, TO €CTh IpEeJroiaraeT yMEeHHe BHHUMATENbHO CIIyIIaTh WIEHOB MaJIOM TPYIIbI U
MOJIEpaTopa, a TaKKe CTapaThCsl BHICKa3aTh CBOE MHEHUE, BBICKA3bIBATh COOCTBEHHBIC HJIEH U
MPEUIOKEHUS, YTOUHATh U 3a]1aBaTh BOIPOCHI KOJUIEraM IO 00CYX/IEHUIO.

IIpy moAroToBKE K KOHTPOJBHOM pabore o0OydaoImuics OJKEH MOBTOPSATh
NpOI/IEHHBIE MaTepuans B CTPOIOM COOTBETCTBHM C Y4E€OHOM MNpOrpaMMoOM, HCHOJIb3YS
KOHCIICKT JICKIIMI ¥ JIUTEPaTypy, PEKOMEHIOBAaHHYIO TpernoaBareneM. [Ipu HeoOXomMoCTH
MO>KHO OOPaTUTHCS 3a KOHCYJIbTAIIMEH U METOINYECKOM MOMOIIBIO K MPET01aBaTENIO.

CamocTosTenbHas paboTa peann3yercs:

— HEIOCPE/ICTBEHHO B INPOLIECCE AYAUTOPHBIX 3aHATHH - HA JIEKLUAX, MPAKTUYECKHX
3aHATHUSIX;

— B KOHTaKT€ C MpernojaBaTeieM BHE pPaMOK pAcCHHCaHUs Ha KOHCYJIbTALUSAX II0
y4eOHBIM BOTIPOCaM, B X0JI€¢ TBOPUYECKUX KOHTAKTOB, P JMKBUIAIIUH 33J0JDKEHHOCTEH, TIpH
BBINOJIHEHUH WHAMBUYaTbHbBIX 33JJaHUN U T.JI.

— B OubnuoTeke, JoMa, Ha Kadeape MpH BHIIOJHEHUH OOydarolUMCS Y4EOHBIX U
MPAKTUYECKHX 3a/1a4.

Bunst CPC u kpuTepun o1ieHOK
(o 6amnpHO-pelitTunroBoi cucreMe [ THTY, CPC onenuBaercs B 15 6amioB)

1. Pedepar
2. Jloknang



Tembl 171 caMOCTOATEILHOM PabOThI MPOIKMCAaHbI B pabouel mporpaMMe TUCIUILIHHEI.
O PEeKTUBHBIM CPEICTBOM OCYIICCTBICHUS OOYJAIOIIMMCS CaMOCTOSTEIILHONH paboTh
SBJIAETCS DJIEKTpPOHHAs WH(GOPMalMOHHO-00pa3oBaTeNbHasi cpella YHUBEpPCHUTETa, KOTopas
o0ecrieyrBaeT JOCTYN K y4eOHBIM IJJaHaM, pabOYMM MporpaMMaM JUCHUIUIMH (MOIyJei),
MPAKTHUK, K U3JAHUSIM JIEKTPOHHBIX OMOIMOTEYHBIX CUCTEM.



