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JIner akryaauszanuu padoueil mporpaMmbl

Pabouast mporpamMma repecMoTpeHa, 00CyKaeHa u 0100peHa s peanusaruu B 2024 - 2025
yueOHOM roy Ha 3acefaHuu kageapsl [IpoeKTHpOBaHUS M SKCILTyaTalliU METAJUTYPTUYECKUX

IIporokon ot 20 . Ne

3aB. kadenpoii A.T'". KopuyHoB

Pabouast mporpamMmma repecMoTpeHa, 00CcykaeHa u 0100pena s peanuzamnuu B 2025 - 2026
yueOHOM roy Ha 3acefaHuu Kageapsl [IpoeKTHpOBaHUS M SKCIUTyaTalluyd METAILTYPTUYECKUX

[Iporokom ot 20 . Ne
3aB. xadeapoii A.I'. KopuyHoB

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogodpena st peamsanuu B 2026 - 2027
y4eOHOM roy Ha 3acenanuu kadeapel [IpoeKTHpPOBaHUS U IKCILTyaTallMd METALTYPTUYCCKUX

IIporokom or 20 . Ne
3aB. kadenpoit A.I'. KopuyHoB

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogoopena st peamsanuu B 2027 - 2028
y4eOHOM roy Ha 3aceqanuu kaeapsl [IpOEeKTHPOBAHUS U SKCIUTyaTallud METAJUTyPTHIECKUX

IIporokom ot 20 . Ne

3aB. kadenpoii AlT. ﬁ)p‘lyHOB

Pabouas nporpamma nepecmotpeHa, o0cyxieHa u ogqoopena s peanuszanuu B 2028 - 2029
yaeOHOM oy Ha 3acefaHuu Kapeapsl [IpoeKTHpOBaHUS U SKCIUTYaTAllMA METALTYPTHUSCKUX

[Iporokonm ot 20 . Ne

3aB. xageapoi A.I'. KopuyHoB




1 Iles1u ocBOEHUS TN CHMILTHHBI (MOZYJI51)

Hensimu  ocBoeHHs] AUCUUIUIMHBL (MOaynsi) «OCHOBBI THAPO- W MHEBMONPHUBOAA
METaJUTYPrHYECKOT0 000PYAOBAHUS SABISIOTCS:

- (¢opMupoBaHHE Yy CTYACHTOB 3HAHWHA 3aKOHOB THAPOCTATUKH, TUAPOJAUHAMUKH,
npruoOpeTeHne HaBbIKOB PEIICHNS 33124 THAPOCTATUKU U THAPOJUHAMUKH;

- OBJIa/ICHHE JOCTaTOYHBIM YPOBHEM MPO(ecCHOHANBbHBIX KOMIIETEHIINI B COOTBETCTBUH
¢ tpeboBanusamu PI'OC BO mno nanpanenuto 15.03.02 TexHonmormueckue MalIMHBI H
obopyoBaHue.

2 MecTo THCHHUIIMHBI (MOYJIAA) B CTPYKTYpPe 00pa30BaTe/IbHOI MporpaMmal

Huctummuaa OCHOBBI THIPO- M ITHEBMOIPUBOJA METAJUTYPTHYECKOT0 000PYIOBaHUS
BXOJIMT B 00s3aTEJIbHYIO YacTh Y4€OHOTO TUIaHa 00pa30BaTEIbHOM MPOTPAMMEI.

JUis  w3ydeHus  JAWCHMIUIMHBI  HEOOXOAWMBI  3HAHUS  (YMCHHS,  BJIAJICHUSA),
c(hopMUPOBaHHBIC B pE3YJIbTaTE U3yUYCHHUS JUCITUTUTHH/ TPAKTHK:

dusuka

Maremartuka

3Hanus (YMEHUS, BIaJICHUs), MOTYICHHBIC TIPH M3yYECHUHW TAHHOW AWCIUTLIMHBI OyIyT
HEOOXOUMBI 7151 U3YYCHUS] JUCIUILITNH/TIPAKTHK:

['uaponpuBoa ¥ rUAPO-, THEBMOABTOMATHUKA METAJTYPIrHYE€CKOT0 POU3BOJICTBA

[IpoekTupoBaHue CUCTEM TUIPO- U THEBMOIIPUBOIA

Meramtypruueckue noabeMHO-TPAaHCIOPTHBIE MAILIUHBI

MoHnTax, SKCIUTyaTaius ¥ PEMOHT METAJUTYPTrUYECKUX MAIIMH U 000pYI0BaHUS

[ToaroroBka K ciaye v crlaya rocyAapCTBEHHOT O 3K3aMEHa

[ToaroroBka K mpoierype 3aliuThl ¥ 3al1MTa BEITYCKHON KBATH(PUKAITMOHHOMN paboThl

3 Komnerenuun ody4aromierocs, popMupyemMbie B pe3yJabTaTe 0CBOEHUSI
AUCHUILTUHBI (MOYJIs1) ¥ IIJIAHUPYEMBbIE Pe3yabTAThl 00yUeHu sl
B pesynbrare ocBoeHMs AUCHUIUIMHBI (MOIyisi) «OCHOBBI THIPO- U MHEBMOMPUBOAA
METaJUTypTHUecKoro O0OpyAOBaHHS» OOy4YaloOmMICS JODKEH 00JIalaTh  CIeAYIOIUMHU
KOMIIETEHITHSIMHU:
KO)I HHJUKaTopa I/IHJII/IKaTOp JOCTUXKCHUSA KOMIICTCHIIUN

OIIK-1 Cnocoben MNPUMCHATb C€CTCCTBCHHOHAYYHbBIC H O6H_ICI/IH)I(GHepHBIC 3HaHHA, MCTOJbI
MATEMATHYCCKOI'O aHaJIn3a 1 MOJACJIIMPOBAHNS B HpO(beCCI/IOHaJ'[BHOI\/JI JCATCIIBHOCTH,

OIlK-1.1 Pemaer cranmapTHele nOpodeccHOHadbHBIE 3aJaud C IPUMEHEHHEM
00IIIeMHKEHEPHBIX 3HAHUU
OIIK-1.2 [IpuMeHsseT MeTOABl MOJEIUPOBAHMS M MAaTEMaTHYECKOro aHaiau3a I

PCIICHUA 3a1a4 B HpO(bCCCHOH&J'IBHOI’I JCATCIIbHOCTHU




4. CTpyKTypa, 00bEM U coep:KaHue TUCHUIIMHBI (MOAYJIs)
OO0m1as Tpy10€MKOCTh JUCIUIUTMHBI COCTaBIIAET 3 3a4eTHIX eauauI 108 akaza. yacoB, B TOM YHCIIE:

— KOHTaKTHas pabota — 15 akan. 4acos:
—ayauTtopHas — 14 akaj. 4acos;
— BHeayuTopHas — 1 akaj. 4acos;

— camocTosTenpHas padorta — 89,1 akan. 4acos;
— B (hopMe nmpakTudeckoit moaroroBku — 0 akas. gac;

— MOJTOTOBKA K 3a4éTy — 3,9 akaj. yac
dopma arTecTaluy - 3a4eT

AynuropHas = =
KOHTaKTHas pabora E 3 dopma TeKyIero
=
B aKaJl. 4acax 3} Bu KOHTPOJISL YCIIEBAEMOCTH
Pazpen/ Tema 2 (B axaz. yacax) E B A . pomty Kon
> 3 ©| caMOCTOSTEIbHOM u
JIACIMTUTAHBI = [ . KOMIIETEHIINU
g £ paboTs MIPOMEKYTOYHOM
na0. | mpakt. | 3 Q&
Jlek. = aTTecTaluu
3aH. | 3aH. | O &
1. XKuaxocts u ee uznyeckue
CBOMCTBA
ITouck
JIOTIOTHUTENBHOMN .
HH(OPMALIH 110 VYcTHBIH ompoc
11 Kuakocth u  ee . (cobecenmoBanue).
. 3a7aHHON Teme .
(usnueckue CBOJCTBA. 3amura 1a60paTopHOI OIlK-1.1,
. 2 1 1 14 Iloaroroska k
Cuwisl, JedcTByOIIME B pabotst Nel. 3amura OIIK-1.2
nabopaTopHOMY .
JKHIKOCTH. 3a1a4 KOHTPOJBHON
3aHATHIO. Perenue
. paboTsl
KOHTPOJIbHON
paboThI
HWroro no pazgeny 1 1 14
2. 'mnpocratuxa
IToaroroBka k
1a00paTOpHOMY
2.1  JInddepeHunanbHbie 3aHATHIO. PaboTta ¢
YpaBHCHUsL PpaBHOBECHSA KOMITBIOTCPHBIMHA
JKHIKOCTH; OCHOBHOE 00yJaroIIMu 3amuTa 1adopaTopHOi
YPaBHEHHE TUAPOCTATHKI| o 1 05 |121 | mPorpamvami. paboTsr Ne2. 3amura OIIK-1.1,
OCHOBBI  THAPOCTAaTHUKH. ' ' Pemenne 3a/1a4 KOHTPOJIHOU OIIK-1.2
VYpasrenus Diinepa. 3aaHHbIX 3a]a4 padoTHI
JaBJICHUC KHUIKOCTHU Ha 10 pasaciamM
CMa4YHMBacMyIO CTCHKY. THAPOCTATHKA
KOHTPOJIbHOM
paboTHL.
Wroro no pazaeny 1 0,5 12,1
3. l'uapouHaMuka




TTouck
JIOTIOJIHUTEILHOMN
UHPOPMAITHH 10

3.1 Kunematuka 3alaHHON TeMe.
SKHJIKOCTH, BHIBI Pa6ora ¢
JIBIDKCHUSI KHUIKOCTH, KOMITBIOTEPHBIMH YceTHblii onpoc
3aKOH COXPaHEHHsI MAacCHl, oOyvaromumu  |(cobeceoBanue).3ammra
ypaBHEHHE 07 1 10 IIpOrpaMMaMH. 1a60paTOpHOI pabOThI OIIK-1.1,
HEPa3pPBIBHOCTH. ' IloxroroBka Ne3, BamuTa 3amau OIlK-1.2
OCHOBEI JIMHAMUKH 1ab0paTOPHOMY | KOHTPOJIBHOU PabOTHI MO
JKHIKOCTH. 3aHATHIO. PerieHne| Teme ruppoanHaMuKa.
Pesxxumbl JIBIDKCHUSI 3aJIaHHbIX 33724
JKHIKOCTH. 110 pazzgenam
THAPOJMHAMUKHI
KOHTPOJIb-HOM
paboThL.
ITouck
JIOTIOTHUTENBHOMN
uH(QOpMAIHH TT0 .
bop " YcrHBI orpoc
3.2 OcHOBHBIC ypaBHEHUS 3aJJaHHOM TeMe
(cobecenmoBanue).
TUIPOJUHAMHUKHI Pemrenue OIIK-1.1,
N 0,5 10 3amura 3a1au
OJTHOPOHOM 3aJaHHBIX 3a7a4 " OIIK-1.2
. KOHTPOJIbHON pPaboThI IO
HEC)KUMAEMOU KHUIIKOCTH. o pazjenam
TeMe TUIPOTUHAMHKA
THAPOJIMHAMUKHI
KOHTPOJIBHOMN
paboTHI.
3.3 [IBwxeHHe HIEaIbHON IMonroroBka 3amura 1abopaTopHOi
JKUJIKOCTH, ypaBHECHHUE nabopaTopHOMY paboter Ned; OTK-1.1
Bepuyinu, (uznueckas 0,5 10 |3amsTHiO. Pemenue 3amura 3a1a4y OITK 1' 2‘
MHTEepIpeTaIHs YpaBHEHHS 3a7ad 1o KOHTPOJILHOW PabOoTHI 1O '
Bepnyinn. THAPOJMHAMUKE | TeMe MMIpOJWHAMUKA.
CamocrosTensHoe
N M3y4eHne yueOHou
3.4 IBmwkeHWe  BS3KOW v v .
. U Hay4HO JINTepa- VYerHblii onpoc OIIK-1.1,
HEC)KUMAEMON  JKUJIKOCTH. 0,5 10
Typsl. Pabora ¢ (cobecenoBanue). OIlK-1.2
VYpasuenns HaBpe-Crokca.
3JIEKTPOHHBIMU
OoubIMoTEeKaMH
TTouck
JIOTIOTHUTENBHOMN
HHPOPMAIHH 10
3a/laHHOM Teme .
3.5 MomHOCTh MOTOKA. O)Tbo MUICHIC VeIl onpoc
JIBrKeHHE IKUAKOCTH TIO P . |(cobecenoBanue).3amura
TpybonpoBoIaM AabopatopHoi 71a00paTOpHO paboTHI
Py ’ pabotel. Pemenue ’ OIIK-1.1,
Hcreuenue KHUIIKOCTH 0,3 1 13 Cnaua 3a1a4
3a/laHHBIX 33734 . OIIK-1.2
4yepe3 HaCaIKH. o KOHTPOJIBHOM paboTHI M0
T'uapasnuyeckuil ap B TUAPABINYECKOM
T IL6porl 0BOJIAX P THAPABTIACCKOMY acqefp TpyOom OBO}),IOB
pyoorp - pacuery p y Tpyoonp -
TpyOONPOBOZOB
KOHTPOJIBHON
paboTHI.
Wroro no pazaeny 2 25 53

4.  OcCHOBBI
METAIITYPTHYECKOTO
000pyKOBaHHSI

[THEBMOIIPHUBO/A




4.1 OCHOBHBIE IIOHATHS U
ompeesieHHs TI0 CUCTeMaM
ITHEBMaTHYECKOT0 MPUBOJIA

METAJLTYPTUUECKHX
MaimuH. [THeBMaTnueckuit
MIPUBOT 000pyI0BaHHUS
JIOMEHHOTO IPOU3BOJICTBA
,CTaJICTUIABIIIBHBIX n3ydeHue
arperaTtoB M 000pyIOBaHUS Mmarepuana,
CTAJCIUIaBUIBHBIX  IIEXOB. MOATOTOBKA K
IIneBMaTHueckas  cxema 10 | mPaKTHYECKOMY Ompoc, craua OIIK-1.1,
CTaJIeTIaBUIIBHOTO 3aJIaHuIO, MIPAKTUYECKOM PabOThI OIlK-1.2
arperata (Ha mpuUMepe BBIIIOJIHEHHE
spkeproro 3arsopa JCII). KOHTPOJIb-HOM
[IHeBMaTHUECKHH MPHUBOJ paboThl
00opynoBaHHS MalIuH
HETPEPHIBHOTO JIATHSI
3ar0TOBOK.
[THeBMaTHueckast ~ cxema
MHJI3 (ma  npumepe,
MaHHMITYJISTOpPa  MaIIWHBI
Ta30BOM PE3KN)
HWroro no pazneny 10
5. 3auer
IloaroroBka k OIlK-1.1
5.1 3auer 3auer '
3a4ery OIIK-1.2
Hroro no pazneny
Hroro 3a cemectp 89,1 3a4éT
Wroro no aucuuminze 89,1 3a4eT




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

Jis  peann3anuu  NPEelyCMOTPEHHBIX BHMJOB  yuyeOHOM paboOTBl B KauyecTBe
00pa30BaTeNbHbIX TEXHOJOIMM B IpenojaBaHUM JAUCUUIUIMHBL «OCHOBBI THUIAPO- U
ITHEBMOIIPUBO/IA  META/UIypru4eckoro  0oOOpYyAOBaHMs»  MCIOJB3YIOTCS  TPaJULIMOHHASA,
MHTEPaKTHUBHAA 1 HH(POPMAITMOHHO-KOMMYHHKAIIMOHHAsI 00pa30BaTEeIbHBIE TEXHOIOTHH.

1. TpapuuuonHsle 00pa3oBaTeNbHbIE TEXHOJOIMM OPUEHTUPYIOTCS Ha OpraHHU3aluio
00pa30BaTEILHOIO  IpoLEcca, IMPEANONAralollyl0 MPsAMYK  TPAHCIALMIO  3HAHUH  OT
IpenojiaBaTess K CTyAeHTY (IIPEeUMYLIECTBEHHO Ha OCHOBE OOBSCHUTEIbHO-MILIFOCTPATUBHBIX
METO0B 00ydeHus1). YueOHasi IesTeIbHOCTh CTYJACHTAa HOCUT B TAKUX YCJIOBHSX, KaK MPaBUIIO,
PENPOAYKTUBHBIN XapakTep.

®opmbl y4eOHBIX 3aHATHI C UCTIOIB30BAHUEM TPAAULIIMOHHBIX TEXHOJIOTHIA:

WudopmannonHas Jekuus — IOCIeNOBaTelbHOE  H3JIOKEHHE MaTepuaja B
JUCHUTUTMHAPHON JIOTHKE, OCYIIECTBISIEMOE NPEUMYIIECTBEHHO BepOAJbHBIMU CpEICTBAMU
(MoHONOr mpenogasarens). Ha 3aHATHSAX NpelycMaTpUBaeTCs MCIIOJIb30BaHUE 3JIEKTPOHHOTO
JIEMOHCTPAIIMOHHOIO0 Y4eOHOro MaTepuaja COAEPKAIero CIOXHBIE CXEMbl, TaOJIHLBl |
mareMaThueckue Qopmyibl. MysnabTUMeauiiHOe 000pyIOBaHHE MOXKET ObITh HCIOJIb30BAHO
TaK)Ke€ U CTYIGHTaMU JIJIsl IEMOHCTPALIMU PE3YNIbTaTOB BBIIIOJIHEHUS JJAOOPATOPHBIX paboT

JIaGoparopHas paboTa — opranuszanus yd4eOHoH paboThl ¢ peajlbHbIMU MaTepUATbHBIMU U
UHPOPMALIMOHHBIMA OOBEKTaMH, AKCIEPUMEHTAIbHAS pPadoTa C aHAJIOTOBBIMH MOJEIISIMHU
peaabHbIX OObEKTOB.

JUid Jydmiero 3aKkpeIuleHHs MaTepuaja CTyACHTHI IIOJIyYaroT 3aJaHus, KOTOpBIE
BBINOJIHAIOTCS HA IPOTSDKEHUH BCeX J1a00paTOPHBIX pabOT B OTPE3KH BPEMEHHU, OTBE/IEHHbBIE /IS
3aKperyieHusl MaTepuaiga M IOJy4YeHHs] HaBBIKOB pPa0OThl C CUCTEMAMU YIPABJICHUS.
OdopmiieHHBIE MaTepUalibl CHAIOTCS CTYJAEHTAMH IPENoJaBaTeNl0 B KOHIIE M3Y4YEeHUs aHHON
JUCLIUATIIINHBI.

2. VIHTepakTUBHBIE TEXHOJOTHH — OpPTaHM3aIlds 00pa30BaTEIBLHOTO Ipolecca, KoTopas
MPEAIoaracT aKTUBHOE U HEJIMHEMTHOE B3aMMOICMCTBUE BCEX YHACTHUKOB, JOCTHKEHUE HA 3TOU
OCHOBE JIMYHOCTHO 3HAYMMOTO [JJIs HUX 00pa3oBaTenbHOTO pe3ynbrata. Hapsmy co
CHECLMATN3UPOBAHHBIMUA ~ TEXHOJOTHSIMA  TAKOTO  poAa  NPUHUUIN  WUHTEPAKTUBHOCTH
MPOCIEKMUBAETCS B OONBIIMHCTBE  COBPEMEHHBIX  0Opa3oOBaTENbHBIX  TEXHOJOTHUH.
NHTEepakTUBHOCTH MO/IPAa3yMEBAET CYObEKT-CyOBEKTHBIE OTHOIICHHS B X0JIe 00pa30BaTEIHLHOTO
mpolecca 1, Kak cieicTBue, GopMUpOBaHHE caMOpa3BUBAIOIIEICS HHPOPMAITMOHHO-PECYPCHOM
cpenpl.

@opmbl yueOHBIX 3aHATHI C UCMOJIB30BAaHUEM CHEIHATU3UPOBAHHBIX MHTEPAKTHBHBIX
TEXHOJIOTHI:

Jlexuusi «0OpaTHOM CBSI3M» — JEKIHUSA—TIPOBOKAIMS (M3JI0KEHHWE MaTepuaia ¢ 3apaHee
3aIUIAHUPOBAHHBIMU omuOKamm), JeKIus-oecena, JIEKIUS-TUCKYCCHS,
JEKIUSA-TIPECCKOHPEPEHITHSI.

3.  HHdpopManmoHHO-KOMMYHUKAIIMOHHBIE  OOpa3oBaTeNbHBIE  TEXHOJOTHUH  —
opraHu3arys 00pa30BaTEIHLHOTO MPollecca, OCHOBAHHAS HA TPUMEHEHUH CTICIIHATM3UPOBAHHBIX
MPOrPaMMHBIX CpEJl U TEXHHUECKUX CPENICTB pabOThI ¢ MH(OpMALIHEH.

®opMbI yIeOHBIX 3aHSITHH C WCIOIB30BaHUEM HWH(OPMAITMOHHO-KOMMYHUKAITMOHHBIX
TEXHOJIOTHIL:

Jleknuda-Bu3yanu3anus — U3JI0OKEHHE COAEPKaHUS COMPOBOXKIAECTCS MPE3EHTALMER
(eMoHCTpaIe yueOHBIX MaTepHaioB, MPEICTABICHHBIX B Pa3IMYHBIX 3HAKOBBIX CUCTEMaX, B
T.4. WUTFOCTPATUBHBIX, TPAPUIECKUX, ayIHO- U BUICOMATEPHUAIIOB).

JlaboparopHoe 3aHsTHE B (hopMe BUPTYaIbHON BH3yalU3allUd MPOIECCOB U SIBICHUM,
MPO-UCXOMSIMINX B KUIKOCTH M JEATEIIBHOCTH C HCIOJIb30BAHUEM CIEHHAIN3UPOBAHHBIX
MIPOTPAMMHBIX CpEI.



1. B yuebHOM mporecce NpeayCMOTPEHBI 3aHATHS B (opme pa3dopa KOHKPETHBIX CHTYalUH,
CBSI3aHHBIX C THAPABINKON U THIPOITHEBMOIIPHUBOIOM.

2. Hcnonb3oBaHue B yueOHOM Iporecce BupTyanabHOro 1abopaTopHOTO MpakTHKyMa I10
pazzenamM TeXHUYECKOH THIPOMEXaHUKH.

3. Ilpu npoBeaeHun 1abOPAaTOPHBIX PAOOT pPaccMaTPUBAIOTCS TECTHI IO pasjeinaM B
MHTEPAaKTUBHOH opme.

4. Ha nekumsax MCIOJIb3yeTCs KOMIBIOTEP € MPOEKTOPOM JIsi OTOOpa)KeHHUsS! M JIy4Iero
OCBOEHUS N3y4aeMOro MaTepHania.

6 YueOHO-MeTOAuYecKOe 00ecreueHHe caMOCTOSITeIbHOM padoThI 00yYalomuxcst
[Ipencrasneno B npuioxenuu 1.

7 OueHoYHbIE CPeICTBA IJIf IPOBeIeHUs MPOMEKYTOUYHOM aTTecTauuu
[IpencraBieHbl B IPUIOKEHUU 2.

8 YueOHo-MeTOAMYeCKOEe H HH(POPMALIMOHHOE O0ecneyeHue TUCIUIIHHBI (MO1YJIs1)
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A. HexpacoB. — Cankt-IlerepOypr : Jlans, 2018. — 140 c. — ISBN 978-5-8114-3158-8. — Tekcr :
DIIEKTPOHHBIN 1l Jlann : ANEKTPOHHO-OMOIMOTETHAS cucTeMa. — URL:
https://e.lanbook.com/reader/book/110915/#1 (nata obparuenus: 02.10.2020). — Pexum mocryma:
JUIS1 aBTOPU3. MOJIb30BATEIICH.

2. Cazanos, U. U. T'uapasnuka : yueonuk / M.U. Cazanos, A.I'. Cxuptianse, B.W. Ba-HOB.
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8/3404.pdf&view=true (nara obpamenus: 04.10.2019). - MakpooObeKT. - TEKCT : INEKTPOHHBIH. -
Ceenenus noctynHbl Takke Ha CD-ROM.

2. Maiiko, E. 1O. T'uapapnuka u ruiponHeBMONPUBO/L : taboparopHsiii npaktukym / E. HO.
Mariko, U. T'. YcoB ; MI'TY. - Maraurtoropck : MI'TY, 2014. - 1 snektpoH. ont. quck (CD-ROM). -
3arm. c TUTYIL. JKpaHa. URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=1549. pdf&show—dcatalogues/1/112473
1/1549.pdf&view=true (nara oopamenus: 04.10.2019). - MakpooOBeKT. - TEeKCT : 3JIEKTPOHHBIH. -
Ceenenus noctynHsl Takke Ha CD-ROM.

3. 'mppasnuka u rugpornpuso: yueonoe nocodue / H. C. I'yannun, E. M. Kpusenko, b. C.
Maxosukos, W. JI. [Tactoes ; mox o6m. pen. U. JI. [1acToera ; pen. cosert : JI. A. IlyukoB (mpen.) u
Ip. - 2-e u3 M., crep. - M. : MITVY, 2001. - 519 c.

B) MeToanyeckne yKazaHus:

1. Meroauueckue yka3aHus K 1a00paTOpHBIM padoTaM MpPEACTaBICHBI B TPHIOKCHUHN 3.

2. Kyrnybaes, 1. M. T'mppaBnuka U THAPOITHEBMOIPUBOA . METOAMYECKHE YKa3aHUS K
KOH-TPOJIbHBIM pa0oTaM Mo AUCHUIUIMHAM "MexaHuKa ®HUJIKOCTH U raza'",



"T'mppaenuka”, "I'mapas-nuka u rugponHeBmonpusoa” / M. M. Kyrny6aes, E. 0. Mauko, U. T.
YcoB ; MI'TY, Kadbenpa TopHBIX MalluH M TPAHCIOPTHO-TEXHOJIOTHYECKUX KOMILUIEKCOB. -
Marnuroropek : MI'TVY, 2012. - 1 snextpon. ont. auck (CD-ROM). - 3aru. ¢ Tutyin. skpana. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=1541.pdf&show=dcatalogues/1/112431
5/1541.pdf&view=true (nara oopamenus: 04.10.2019). - MakpooObeKT. - TEKCT : 3JIeK-TPOHHBIH. -
Cenenus noctynnbl Takxke Ha CD-ROM.

r) [Iporpammuoe odecnneuenne u UHTEpHET-pecypcehl:

IIporpammHoe o0ecnieyeHue

Haumenoanue [10 Ne norosopa Cpox aeicTBus JIMLIEH3UU

MS Office 2007
Professional
7Zip CBOOOIHO pacIpoCTpaHsIeMOe OECCPOUHO
MathCAD v.15
Education University[/1-1662-13 ot 22.11.2013 OeccpovHO
Edition
DNEeKTPOHHBIE
TJTAKATHI TI0
JHCIUITIMHE K-278-11 ot 15.07.2011 6eccpodHo
"T'unpaBnuka u
TUaponpuBoa"”
DNEeKTPOHHBIE
TLIAKATBITIO KYPCY g 297-12 o1 11.09.2012 GeccpouHo
I'mppasnuka n
ruaponpuBoa”

Ne 135 o1 17.09.2007 OeccpouHo

HpO(l)eCCI/IOHaJ'lLHI)Ie 0a3bl JAHHbIX nmbopMaunongle CIIPaBOYHLIC CUCTEMBI

HaszBanue kypca Cchlika
DnekTpoHHas 6a3a nmepuoAnvecKux niaanuii East View
Information Services, OO0 «MBHC»

IMouckoBas cucrema Axamemuss Google (Google

https://dlib.eastview.com/

URL.: https://scholar.google.ru/

Scholar)

HaIII/IOHaJ'IBHaH I/IH(bOpMaIII/IOHHO-aHaJ'II/ITI/Iqe()Kaf[ URL

CHUCTCMA — POCCI/IﬁCKI/Iﬁ HNHACKC Haquoro LII/ITI/IpOBaHI/ISI h - - .
ttps://elibrary.ru/project risc.as

WNupopmannonnas cucrema - EnnHoe okHO a0ocTyna K
HH(pOPMAITMOHHBIM pecypcamM
9 MaTtepuaJIbHO-TEXHHYECKOE o0ecTedeHne TUCIUTIHHBI (MOILYJIs1)

URL: http://window.edu.ru/

MaTCpI/IaJ'IBHO-TCXHI/IquKOC obecrneucHue JUCITUIIIIMHBI BKIIFOUACT:



B cooTBeTcTBHM ¢ YU€OHBIM IUIAHOM O AUCIUILIMHE MPEAYCMOTPEHBI CIICAYIOIINE BUIbI
3aHATUMN: JIGKIIUU, TPAKTUUYECKHE 3aHATHS, CAMOCTOSATEIbHAsI pa00Ta, KOHCYJIbTALIUH, 3a4eT.

Y4eOHbIe ayAUTOPHH AJIs POBEICHUS 3aHATHIA JIekinoHHoro tumna (aya. 404, 308, 287,
297):

- MyJIbTUMEIMHHBIC CPEJICTBA XPAHEHUS, IEPEady U MPEICTABICHU HHPOPMAIIH.

Y4eOHble ayIUTOPUU IJIs TPOBEACHUS 3aHATHH JUIsl IPOBEICHUS TPAKTHUECKUX 3aHATUI
(ayn. 404, 308, 287, 297):

- MyJBTUMEIUIHBIE CPEJICTBA XPAHEHHUS, IEPEAayuu U MPEACTaBlIeHUs MHpOpMaIINY;

- IOCKa, MYJIbTUMEAUMHBINA ITPOEKTOP, KPaH.

Y4eOHble ayIUTOPUU Ui MIPOBEACHUS TPYIIOBBIX U UHIUBUIYaIbHBIX KOHCYJIbTALIUMU,
TEKYIIET0 KOHTPOJIS U TPOMEKyTOouHOM arrectanuu (aya. 404, 308, 287, 297)

- MyJBTUMEIUIHBIE CPEJICTBA XPAHEHHUS, IEpEAayuu U MPeACTaBlIeHUs MHpOpMalLny;

- IOCKa, MYJIbTUMEAUMHBINA ITPOEKTOP, KPaH.

ITomereHus st CaMOCTOSTENbHOM paboThl 00yuaromuxcs (aya. 407a, 372):

- IepCcOHaIbHBIC KOMITbIOTEPHI ¢ makeToM MS Office, BBIX010M B MHTEPHET U C AOCTYIIOM
B 3JIEKTPOHHYIO 00pa30BaTENbHYIO CPEy YHUBEPCHUTETA.

[Tomemenuss s XpaHeHUS W NPOPHIAKTUYECKOTO OOCIYKMBaHHUS  y4eOHOTO
00opynoBaHus:

- CTeJUIAXU JUIA XPaHEHUS Y4eOHO-HATJSAHBIX TMOCOOMH U y4eOHO-METOIUYECKOM
JIOKYMEHTAIUH.



IMPNJIOXEHUE 1

3adauu Kk KOHmMpPoOLHOIU padome

Ilpumepnute 3a0auu  no meme «Kuoxocmo u ee gpusuueckue ceoiicmear:

3anaua 1.1. Kaxuctpa, 3anonHeHHas OeH3HHOM H He CO-
Aepallad BO3AyXa, Harpenach Ha COJHLE 10 TeMOepaTypsl
90 °C. Ha ckonbko noseicHiochk Gbl NaBjeHHe GeH3HHA BHYTPH
KaHHUCTPHI, ecH Obl oHa Guiia abconoTHo XecTKoi? HavyanbHas
Temnepatypa Gensuna 20 °C. Monysib o6beMHOH ynpyroctn GeH-
3MHa NPpUHATL paBHbIM K=1300 MIla, koa¢pduuuesT Temnepa-
TypHoro pacuiupenusi B,=8-10"* 1/rpan.

3agaua 1.2. Onpenenuts U30BITOYHOE p1 U A0COJIIOTHOE P, AaBlieHUE Ha rinyouHe H=400 mm o cBOOOIHON
HOBEPXHOCTBIO PTYTH, €CITH OapOMETPUUECKOE IaBICHHUE YIKBUBAICHTHO BbicoTe N=756 ymm pm. cm. Beipa3uthb
Takke 6apoMeTpUYecKoe AaBlIEHHE B METPaX CTOJIOA BOJIBI.

3agaua 1.3. V3BecTHO, YTO 3aBUCUMOCTH JHHAMUYECKOTO KO3 PHUIMEHTa BA3KOCTH [L OT a0COTFOTHOMN
TeMIiepatypsl T MOKeT ObITh BhIpaskeHa hopmyJioi Buma | = B exp (b/T), rae B u b — HekoTopbie mocTosHEBIE
JJIsA ,HaHHOﬁ KUJAKOCTH BEJIMYUHBI, HE 3aBUCAIINEC OT TEMIICPATYPHI. Haiitu 5T nocTossHHBIE JJIs1 MallIMHHOI'O
Macia, eclii U3BECTHO, uTo nipu Temmepatype {1 = 14 °C uy = 21,8 myasa, a ipu to = 30 °C pz = 6,02 mya3a.
OnpeeNuTh TaKkKe JUHAMUYECKYIO BI3KOCTh Macia Us ripu t3 = 20 °C.

Ilpumepnvie 3a0auu  no meme «l'uopocmamuxar:

3anaua 1. Onpenenuts cuiy F, Heo6XoauMyto /Ui yaepKaHHus B paBHOBECUU NMOPIIHSA /7,
ecIii TpyOa 1Mo 1 MOPIITHEM 3aI0JIHEeHa BOIOH, a pasmepsl Tpyosl: D =100 mm, H=0,5m,h =4
M. J{nuusl peraara: @ = 0,2 M u b = 1,0 M. CoOCTBEHHBIM BECOM MOPIIHS IPEHEOPEUb.

3aoaua 2. Onpedenumo OasneHue p 8 BepxXHeM YUIuHope 2uoponpeoopazosamelis
(MyTbMUNIUKAMOpa), eciu noKasanue MaHomMempd, NPUCOEOUHEHHO20 K HUNCHEM)
yununopy, pasno py = 0,48 Mlla. Ilopwnu nepemewaromes 68epx, npuvem Cuia mpeHus
cocmasnsiem 10% om cunvl 0agnerus HCUOKOCmu Ha HUNCHUL nopuieHs. Bec nopumnen G = 4


http://baumanki.net/definition-436.html
http://baumanki.net/definition-435.html
http://baumanki.net/definition-436.html

kH. luamempol nopwneti: D = 400 ym, d = 100 mm; évicoma H = 2,5 m; nromuocms macia
0 =900 xe/m®.

Ilpumepnuie 3a0auu  no meme «l uopoouHamukar:

=0,3
3anaua 1. Bona neperekaer n3 HanopHOro 0aka, rj1e U30bITOYHOE J]aBJICHUE BO3/IyXa p=0 MlIla, B

OTKPBITBIN pe3epByap 1Mo KOPOTKOU TpyOe TuaMeTpoM d =50 MM, Ha KOTOPOM yCTaHOBJIEH KpaH. Yemy

JTOJKEH OBITh paBeH KO3(PPHUIIMEHT COPOTHBIICHHUS KPaHa AJIsl TOTO, 9TOOBI PACXO]T BOJIBI COCTABIISIT

Q=87 =1 H, =3

? i Hi
1/c? BeicoThl ypoBHEH M H M. Y4ecThb OTEPIO HArlopa Ha BXOAE B TPYOy

¢=05 Y Ha BBIXOJIe U3 TPYOBI (BHE3AITHOE paCIIUpPEHHE).

3agaua 2. Macio BcacklBaeTCsl HACOCOM Ha BBICOTY hge = 0,5 M 1o TpyOe nuamerpom 20 MM 1
JuinHOM 1,2 M, KOoTOpast UMeeT JiBa pe3kux u3ruda. Hacoc passuBaer nogauy 20 i/muH. Macio
mIoTHOCTBIO 900 Kr/M® MMeeT KHHeMaTH4ecKyIo B3kocTh v = 4 - 10”° m%/c. B Gake maBienue
BO3Ayxa — arMmocdepHoe. Ompenenurtb, Kakol BakyyM pa3BuBaeT Hacoc. [IpuHATH s
MacisiHOrO (GuiIbTpa KOd(p(UIMEHTh MECTHBIX conpoTuBieHui (¢ = 6, i1 BXoaa BO

BCaCBHIBAIOIIYIO MOJOCTh Hacoca Gy = 2 U U1t n3ruba BecackiBaromei Tpyos! Cusr = 0,8.

Ilpumepnvie 3a0auu  no meme «l 'uopasnuueckuii pacuem mpyoonpoeoooe»
3aoaua 1. OnpenenuTb BEIMYMHY NOTEPb [ABJICHMS, BBI3BAHHBIX MOBOPOTOM

TpyOompoBoaa auamerpom d = 200 MM Ha yroa oo = 90°. TpyOonpoBo HOBBIH CTaTBHOM,
paamyc moBopota R = 40 M. XKuxoe Macio muHepanbsHoe(V = 14,5x10% m%/c; p = 800 kr/ M°).

Pacxon xuaxocta Q = 0,5 m%/c.



3aoaua 2.

3apaua 4.8. JKuzKocTb ¢ mioTHocThio p=900 kr/m® u Bsi3-
kKoctelo v=0,01 Cr HarHeraercsi No ropH3oHTajJbHOMY Tpybo-
nposoay AJdHHOM [=4 M W auamerpom d=25 mm. Onpenenutb
NaBJieHHe B Ha4yalbHOM CEYeHWH, ecJH B KOHEUHOM CeueHHH
TpyGonpoBoja jaBjeHue aTmoctepHoe, pacXof KHAKOCTH Q=
=6 J/c; WepoxoBaTocTk CTeHOK TpyGonposogna A=0,06 mm.

JlabopaTopHbie padoThI
Cxembl nOOKIIOUEHUSA 2UOPOUUTUHOPA C OOHUM W OKOM
[To MCXOMHBIM TaHHBIM JUIS IBYX THIIPOCUCTEM, TOKA3aHHBIX HA pHC. |, ompenenuThb

CKOPOCTHBIE ¥ CHJIOBBIE TapaMeTpbl TUApoUiInHIpa. Pe3ynbTarsl BBecTH B Ta0IMIy. OOBACHUTH
MOJIyYCHHBIC PE3YJIbTATHI.

|
e - ATTTECERIER ‘ilz ﬂ._‘-J‘)“n:‘»'*.r.-u
m: XTI
1 U G

g COCETHAAT NRANTH -
Tatigerennsed: {
CNTXP

¢

(>

PI/ICYHOK 1-— FI/I,I[paBJ'II/ILIeCKI/IC CXEMBI ITOJKIIIOYCHU A THAPONUIINHAPA




Cxema 1 Cxema 2

IIpssmoit xox OO6patHsIii X011 IIpsmoit xon OO6partHsIii X0

Juamerp nopiss
D, Mm

Huametp mroka d,
MM

JaBnenue
HOMHUHAJIBHOE P,
MIIa

HomunansHEIN
pacxon Q, m/MuH

[Inomans
MOPIIHEBOU
ITOJIOCTH, STI

ITnomane
IIITOKOBOU
MOJIOCTH, SIIT

CKOpOCTh IITOKA
Vv, M/c

Ycunne Ha MITOKE
F.H

Jlabopamopuasa paboma
Onpeodenenue 0CHOBHBIX RAPAMEMPOE 2UOPOUUTUHOPA

Oowue ceeoenusa. I'uopoyununopom Hazwvlearom 0OvbEMHBLU UOPOOSUSAMENb C 0CPAHUYEHHbIM
6036DAMHO-NOCIMYNAMENbHLIM OBUNCEHUEM BbIXOOHO20 36eHA. B 3asucumocmu om KOHCMPYKyuu
paboueti kamepvl 2UOPOYUTUHOPLL pA30eNAIom HA NOpUIHesbie, NIVHICEPHbIe, MeleCKONUYecKue,
MembOpannvie u cunbghonnvie. Haubonvuiee npumenenue 8 00beMHbIX 2UOPONPUBOOAX NOJYYUUILU
nopuiHesvie YUIUHOPvl 61a200aps NPOCMOU KOHCMPYKYUU U 8bICOKOL HAOEHCHOCTIU.

Topwunesvim Hazvisaom euOpPOYUIUHOP, 8 KOMOPOM padouue Kamepsbl 00pa308aHbl paboyuUMU
NOBEPXHOCAMU KOPNYCA U NOPULHs co wmokom (puc. 1). B yununopuueckoii pacmouke xopnyca 1
(puc. 1, a) naxooumcs nopuienv 2, HceCmKo cOeOuHeHHbvlll co wmokom 4. Lurunop umeem oOge
nonocmu: nopwiHesylo A — uacme padoueil Kkamepvl, OSPAHUUEHHYIO PAOOYUMU NOBEPXHOCHIAMU
KOpnyca u MOpwiHs, U wmokogylo b — uacme paboueil Kamepwvl, 02pAHUYEHHVIO pabOYUMU
NOBEPXHOCMAMU KOPNycd, NOPWIHA U wmokxa. [na cepmemusayuu NOOBUNCHBIX COCOUHEHUl 6
YUNUHOpe YCMAaHOB/IeHbl YRIOMHUmebHble Koabya 3 u 5.
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Pucynok 1 — CxeMbl HOPIIHEBBIX THAPOLMINHIPOB:
a, 8, 2 — IBYCTOPOHHETO ACUCTBUS; O — OTHOCTOPOHHETO JIEHCTBUSA

Pacuer 0CHOBHBIX napamMeTpoB. Pa6oure miomany S, (M%) MOPIIHEH IUIMHAPOB ONPEAEIAIOT IO
dhopMmynam:

— CO CTOPOHBI IOPITHEBOH MOJOCTH VISl UJIMHIPOB C OJHOCTOPOHHUM IITOKOM (cM. puc. 1, a u 6)
Sn=nD?/4; 1)

— CO CTOPOHBI IITOKOBOM MOJIOCTH ISl IUJIMHIPOB O OJHOCTOPOHHUM (CM. pUC. 1, @) U IBYCTOPOHHUM
(cM. puc. 1, 6 1 2) ITOKaMu TIPY YCIOBHH PABEHCTBA TUAMETPOB MPABOTO U JIEBOTO IITOKOB

Sn=n(D*-d?) /4. 2
Teopernueckoe ycunue (H) Ha mToke 6e3 ydera CUI TPEHUS U HHEPIUH
F = ApSn, 3)
rae Ap — nepenaj AaBieHU B pabounx MoyocTsx, [1a.

IIpu paboTe HUIMHIpPA HA IITOKE pPa3BUBAETCA CHIA Fpae, KOTOpAs MPEOAOIEBAET CTATHUECKYIO
(TeopeTndeckyio) Harpy3Kky Fer, CHITy TpeHHUS! B KOHCTPYKTHUBHBIX dJIeMEeHTax Frp, 1 crity mHEpIMU Ry

F(bam = FCT + FTp + RI/IH- (4)
Cuna TPEHUA 3aBUCUT OT BUJIa YIIIIOTHCHUSA. ,ZIJT}I HUWiIMHApa C pE3MHOBBIMU YIINIOTHCHUAMU
Fp =frnDboz, (5)

rae f— xosddurent rpenust ckonbxenus (f=0,1 ... 0,2); b — mmprHa KOHTAKTHOTO TOSICKA YITIOTHEHHS; Oy —

KOHTAKTHOEC HaIIPsDKCHUE, Z — YUCJIO KOJICH.

Cuna WHECPUHU ABMKYIIHUXCA qacTeil BOZHHUKACT IIpU YCKOPCHHHU U 3aMCUICHUU ABUKCHUS HITOKA. B

ob1eM cirydae



Rux = ma, (6)

rae m — Macca ABWKYIIUXCS YacTeil, MpUBEACHHAs K INTOKY, BKIItoYas Maccy pabodell ®UAKOCTH; a —
YCKOpCHHE.

ITpu paBHOMEPHOM ABMXKCHHH MITOKA IIMJIMHAPA CHJIa HHEPIUU paBHA HYJTIO.
dakTHYeCKOE YCHUIIHE Ha MITOKE IWINHAPA
Fpacr = F 7uex, )
rae F — Teopernyeckoe yeuime; Myex — Mexannaeckuit KITIT (7vex = 0,85 ... 0,95).
Pacuetnyto ckopocts V (M/c) mToKa 6e3 yueTa yreuek pabouei )KUAKOCTH OIMPEIENSIOT Mo Gpopmyrie
V= Q/Sn = 4Q/(nD?), (8)
rae Q — pacxon paboueit KUIKOCTH, M/c.

B mmnuHape 1ByCTOPOHHETrO OEHCTBHS C OXHOCTOPOHHUM IITOKOM CKOPOCTH ABHMKEHUS MPH HPSMOM
(nHaekc 1) u oOpaTHOM (MHAEKC 2) XOAaX MPH MOCTOSIHCTBE PACXOI0B PA3INYHBL:

== ;o V,=——= .
s,  xD? 2 sy, ﬁiDz—dzi

Brionae oueBuaHO HepaBeHCTBO Vo > V.

Q_4 . ,_Q__ 4 ©

OTHOILIEHHE CKOPOCTH IBIDKEHHS TPH OOpPaTHOM XOA€ K CKOPOCTH JABWXKEHHS TPH TPSIMOM XOJe
Ha3bIBAIOT KO (PUIIMEHTOM yBEINYEHHSI CKOPOCTH NIPU 0OPATHOM XOJI€:

A D?

ﬁ:—:

V, D?-d?’
Teoperndeckast MOITHOCTD (BT) 1iptiHapa
Nt = ApSnV, (10)
rae V — CKOpoCTh IIToKa (KopIyca), M/c.
HOTepI/I MOIIHOCTH Ha NPCOJO0JICHUC CHUIT TPCHUA
Ntp = FrpV, (11)
HomuHnanbHasg MOIIHOCTh THAPOLIMIIMHPA
N = Nt — Nr», (12)
a KIIJT

n=N/Nr=1-Fm/F. (13)

3aoanue



OnpenenuTs 0CHOBHBIE padoyne napaMeTpbl NOPHIHEBOr0 TMAPOLUINHAPA ¢ OJHOCTOPOHHUM
IITOKOM INPH CTATH4YECKOil HArpy3ke Fct, MAKCMMAJIBHBIX CKOPOCTSIX MPSIMOr0 M OOPaTHOIO0 XO/10B
COOTBETCTBeHHO V1 M V> , BpeMeHH pa3roHa NMpu NpPAMOM Xoiae { , MAKCHMAJILHOM /JaBJI€HHUH B

HANOPHOM JTUHUHU Prmax, 001eM KIIJL muaunapa 7. Padouyas :KMIKOCTh — MUHEPAJbLHOE MACJIO0.

Ta6mmma 1. BapraHTel HCXOAHBIX TaHHBIX IS pacdeTa OCHOBHBIX TTapaMeTPOB THAPOIMIHHAPA

Fer, |20 |60 100 [ 200 |30 |90 |[150 |50 |160 |300 |220 |80 |250 |230

kH

Vv, |06 (04 |03 |02 (04 (015|022 |05 |03 |01 |01 |02 |03 |0.25

Mm/c

vV, (12 |09 (06 |05 |08 |04 |045)09 |07 |03 (02 |04 |06 |05

Pmax, | 16 | 32 16 |20 |10 |16 16 |10 |20 |20 |25 |16 16 | 20

Mlla

n 0971097 (097|097 097|097 |097 | 097 | 097|097 |0.97 | 097 |0.97 | 0.97

Fcr, | 40 80 25 50 210 | 190 | 110 |60 140 | 280 | 120 | 180 |300 | 30

kH

Vg, |02 |05 |03 (01 (01 (02 (03 (025|06 |04 |03 |02 |04 |015

Mm/c

V., |04 |09 |05 |015(02 |035(04 (05 |1 08 (06 [04 |0.850.35

Pmax, | 16 10 20 20 25 16 16 20 32 16 20 10 16 20

MlIla

n 097|097 097|097 | 097 | 097 | 097 | 097 | 097 |0.97 | 097 | 0.97 | 0.97 | 0.97

JlabopaTopHasi padora 4

Pacyer npocTbix TpyOONPOBOI0B



[Ipu ruapaBiIrYecKUX pacueTax paccCMaTpUBAETC HECKOIBKO BUIOB TPYOOIIPOBOIOB.

IIpocTeie — TPyOOIPOBOIBI, KOTOPHIC HE COACPIKAT PA3BETBICHUA, OHU MOTYT OBITh COSAMHCHBI TaK,
YTO 00Pa3yIOT ITOCIIEOBATENbHEIE U MTapajUIebHbIe coefnHeHus. Ecin TpyOopoBoI MMeeT HECKOIBKO TPYO,
BBIXOJAIUX W3 OIHOTO MECTa, OH Ha3BIBACTCS pa3zgemeieHHbIM. TpyOOmpoOBOA, cOmepKammii  Kak

MMOCJICAOBATCI/ILHBIC, TAK U MapaJlJIC/IbHBIC COCINMHCHUS TPY6 201051 pa3BCTBHeHHﬁ, HAa3bIBACTCS CNOHCHBIM (pI/IC
1),

Lv
B ocHoBe pacuera TpyOompoBonoB nexut (opmyina Hdapcu hy; :/152— , U1l OTpeNieNIEeHUsl TOTePh
g

2
. v
Haropa Ha TpeHHe 1o JHe, U popmyna Beiicbaxa h, =¢ 5 — 1711 MECTHBIX TIOTEPb.

Pucynok 1 — PacueTHble cxeMbl TPyOOITPOBOJIOB: @ — POCTOTO;
0 — CII0’KHOTO

IIpu TaMMHAPHOM peXUME MOJIB3YIOTCS 3aBUCUMOCTBIO, Ha3bIBa€MOM 3akoHOM Ilyaseiis:

1281Q

! (1)
nJin
o =L [Mal, e
Dopmyity Jlapcu 0OBIYHO BBIPAXKAIOT Yepe3 PacXo/l U IMOIYJaroT:
s = 20 222 ] 3)
grz°d

Cymmapnas nomepsi HAnopa 8 NPOCMoMm mpyoonposooe cKiadbleaemcst U3 Nomepb Ha MpeHue
no ONIUHE U MECMHbIX NOMEPD.

Sh=hy +3h =(id5+25] 2 )

grd*

®dopmyna (3.49) B npuHIUIIE CIIpaBeIIMBa ISl 000X PEKUMOB TEUCHHMS, OJHAKO MPH JIAMHHAPHOM
PEeXKHMMe Yallle UCIIONB3YIOT (popmyiy (3.46) ¢ 3aMeHOl B Heli pakTHIECKOH JITMHBI TPYOOIIPOBOa PACYETHOM,
paBHOM



Lo = L+ Lys (5)
rac L}'/é — JJINHA, SKBUBAJICHTHAA BCEM MCCTHBIM rI/I,I[paBJII/IIIeCKI/IM COHpOTI/IBHeHI/IﬂM B prGOHpOBO,I[e.
L=z, ®)
A

Ins mpoctoro TpybompoBoga uHONM | ¥ mocTosHHBIM auamerpoM O pacdyeTHOE ypaBHEHHE
TpYyOOIIPOBO/A MPH TyPOYIIEHTHOM PEKUME IBIKEHHS UMEET BHT

L 8Q? Q’ L
H=|1+1—+ =0,0827 =-| 1+ 1—+ . 7
[ d zé:jgﬂzd4 d4 d Z§ ( )

Ipu 0ocmamouno 6orvuoi omunocumenvrou oaune | [d mpybonposooa ckopocmuuim
HAanopom MOJNCHO npenebpeub, moeoa 0isi ONUHHO20 MpPYOONpPo6oda paciemHoe ypasHeHue npumem
8uo0

_oosr L[k
H =0,0827 5 (,1 5 +2§). (8)

4

Ecau mpybonposod cocmoum uz nocnedo8amenbHO cOeOUHEHHbIX Yy4acmKkosg (puc. 2, a), mo
CNpaseonuebl paseHCmea:

Q :Q1:Q2:---:Qn; 9
D h=>h+>h+.+>h. ®)

[Tpu napasuieabHOM COSIUHEHUU N TPyOONPOBOIOB (N — KOJIMYECTBO pa3BeTBIICHMU) (puc. 2, 0)

Q=Q+Q,+..+Q,;

IS LA o

rac Q — pacxod B TOYKE PA3BCTBJIICHUS.

a 0
a
A Q—— B
=~ Q= _

H Q3 —=—
5 //

1l B 1

T 14243

Q Q Qs  Q=Qi+Q+Q; Q

Pucynok 2 — CxeMbl ¥ HAalIOPHBIE XapaKTEPUCTUKH TPYOOIIPOBOIOB,
COCIMHEHHBIX TIOCIIEIOBATENHHO (a) U mapauiesbHo (0)

Ipumeuanne. Onpenenenne kodQPHIMEHTA THAPABINYECKOTO COMPOTHUBICHUS

st Tpy0, paboTaronux Kak “THAPaBIMYECKH rinajakue” A onpeaensercs o ¢popmyie brasuyca

0,3164

YRe

A= (11)



Jist peanbHBIX TEXHUYECKUX TPYO C €CTECTBEHHOMU IEPOXOBATOCTHIO ISl OnpeaeiaeHus A
pexomenayercs popmyna A.Jl. AnbTiryns

A 68)7

Re

rae A, — 5KBUBaJICHTHAs IIEPOXOBATOCTH TPYOBI, MM.

DKBUBAJICHTHAS MIEPOXOBATOCTh A TIpeCTaBIIsIeT COO0M BBICTYIIBI pABHOMEPHO
pacrpeieieHHOM 3epHUCTON aOCOIIOTHON IEPOXOBATOCTH TAKOTO pa3Mepa, Ipu KOTOPOM HOTEpH
Harnopa OyAyT TaKMMH K€, KaK U IpU JeHCTBUTEIbHON HIEPOXOBATOCTH.

IIpu manex 3HaueHUAX (Re- A/d ) BTOPEIM cllaraeMbIM MOKHO TIpeHeOpeds, u (12) obparmaercs B (11).
Hao6opot, mpu Oompmmx (Re- A/d ) mepBoe cimaraemoe nemaeTcss HUUTOXKHO MajbiM U ¢dopmyna (12)
npeobpasyercs B popmyny b. lluppuncona:

0,25
A= 0,11( A(; ) (13)

3ananue

Pemuts 1Ba THIIA 3a]1a4X HA pacyeT MPOCTOrO TPYOOIPOBOA COTTIACHO JIAHHBIM, PHUBEICHHBIM B
TaOJINIE HIKE.

Tabmumal. MicxomHble JaHHBIE I pacyeTa

Nes. |1 2 3 4 5 6 7 8 9 10 11 12 13 14

Q, 20 60 100 | 20 30 90 15 50 16 30 22 80 25 40

p.anc | 850 | 840 (860 | 865 | 870 | 860 | 883 | 868 |855 | 860 | 870 | 890 | 880 | 865

\2 65 |72 |68 |81 100 | 113 |78 |94 |64 |72 |66 |90 |80 |72

d, mm | 16 32 16 20 10 16 16 10 20 20 25 16 16 20

A,mMm | 0,01 | 0,01 0,01 0,010,001 001001001 0,01]|0,01]0,01|0,01]0,01 /0,01

Hw |12 |08 (06 |1 09 |08 |11 |09 |05 |066 |07 |08 |09 |1




Q, 50 120 | 80 90 60 40 20 25 16 10 8 12 20 30
JI/MUH

p.wne | 865 | 870 | 860 | 883 | 868 | 855 | 860 | 870 | 890 | 880 | 865 | 850 | 840 | 860

v, 72 |66 |9 |80 |72 |100 |113 |78 |94 |64 |65 |72 |68 |81

L m 4 3 2 25 |15 |18 |1 21 108 |2 3 35 |28 |18

dww |16 |16 [10 |20 |25 |16 |16 |20 |10 |9 12 |16 (20 |12

A,mm | 0,01 10,010,011 /|0,01/|0,01]0,01]0,01]|0,01001|0,01|001|0,01]0,01]0,01

Hwm |2 12 {08 (09 |11 |1 15 |06 (08511 |12 [165|18 |07

Jlabopamopunaa paboma

Tuoponpueoo npecca

Llens paboTsi:. Onpenenenrne OCHOBHBIX MTAPaMETPOB  THUIAPOCHCTEMBI Ipecca.

Onucanue pa60m bl CxXémbl

Ha puc. | mpencrapieHa ruipaBinveckas cxema Impecca ¢ HCIoJIb30BaHHEM YIIPaBIIEMOTO
o0paTHOTrO KIilaraHa — TUApOo3aMKa. B JaHHOW cxeMe OCHOBHBIM JJIEMEHTOM SIBISIETCS pabouuit
UWIMH]P 2, KOTOPBIM 00ecTieunBaeT BHINOTHEHNE HEOOXOAMMBIX TEXHOIOTHYECKUX omnepanumii. Kak
MPABUIIO, JAHHBIE [IUIUHAPBI OTIUYAIOTCS OOJBIIMMU AUAMETpaMH U OONbIIUMU oObemamMu. J{is
o0ecrieyeHns YCKOPEHHOTO XOfa MOPIIHS IHINHIPA 2 TPUMEHSIIOT BMECTO HACOCOB, CO3JIAIOIIMX
OOJIBIITYI0 TIPOU3BOAMTEIILHOCTh, OE3HANMOPHYIO TMojady padoued KUAKOCTH u3 Oaka 3 uepes
ynpaBJ’IﬂeMBIfI ruapo3aMoOK 4. B JAaHHBIX MaIlllMHAaX HUX Yall€ BCECIrO0 HA3bBIBAIOT HAIIOJHUTCIIBHBIMU
KjIamaHamMu. VIcXogHOe — TONIOKEHHWE TMOJI3yHa — BBEpXy. DBKIIOYMB  JIEBYIO  CEKIHUIO
ruapopacnpenenurens 6, HaMpaBlsSOT MOTOK pabodeld KHUAKOCTH B TOPIIHEBBIE TOJIOCTU
TUAPOIMIUHAPOB | YCKOpeHHOro xoja. B OCHOBHOW LMIMHAP KHUJIKOCTh IOJAETCS dYepes
HATIOJTHUTENbHBIN KilanaH 4 u3 6aka 3 6e3HanopHO.

ITo Mepe nepeMeleHns Moja3yHa BHU3 U JOCTHKEHUS UM 3arOTOBKH, HAUMHAET ITOBBIIATHCS
JIaBJICHUE B MOPIIHEBBIX IOJOCTAX TUAPOUMIUHAPOB 1. OTKpBIBAaeTCA KIIANAH MOIKIIOUYECHHS
naBieHus 5 u pabodas MOJOCTh MWIMHIPA 2 HaYMHAET HANOJHATHCS JKUIAKOCTHIO MO/ JaBICHUEM,
9TO CO34a€T YCJIOBUS IS  BBHINIOJIHEHHUS HEOOXOJAMMOW  TEXHOJOTHYECKOW  Omeparuu.
HarnonauTenbHbIN K1anaH 4 Ipy 3TOM IEPEKPBIBAET Nojavy )KuakocTu. [Ipu nepemeniennn noisyHa
BBEepX pabouas >KUJIKOCTh MOAAETCA B IUTOKOBBIE MOJOCTH THAPOLMIMHAPOB 1, OTHOBPEMEHHO
CHUTHAJI 110 JIMHUM YIPaBJIECHUs MOJAeTCs Ha HAIOJIHUTENHBIN KJIanaH B TOUKY X, YTO 00ecreurnBaeT
CBOOOJIHBIN CIIMB HUJIKOCTH U3 MOJOCTH OCHOBHOTO LIMJIMHJPA B €ro 0ak, yepe3 HaroJHUTEIbHBIN
KJIamnaH 4.



Buvinoanenue pabomut

N3BectHO:

Juametp nopuias ocaoBHoro 'Ll - D2, mm

Juametp nopmHst  BerioMorarenbHbix 'L — D1, MM
JuameTp 1mtoka Bcriomorarenbubix 'L —d1, MM
Tpebyemoe makcumanbHoe ycuiue npeccoBanus F,xH

CKopocTh YCKOPEHHOT0 X0/a V, M/c



ITo ucXomHBIM JAHHBIM ONpPENEIUTh HEOOX0AMMOE HOMUHAIILHOE 1aBJICHUE U
HOMUHAJIbHBIN PacXoJll B CUCTEME.

Bapuant 1 2 3 4

D2 400 600 500 450
D1 120 150 100 150
di 80 85 60 100
F 200 400 600 800
% 0.3 0.2 0.25 0.1




OneHOYHBIE CPeACTBA ISt TP

p TOYHOI aTTecTalHH

a) [lnanupyembie pe3yJbTaThbl 00yUYeHHS U OLlEHOYHbIE CPEACTBA ISl POBEACHUS NMPOMEKYTOUHON aTTecTAlUM:

CTpyKTypHBIii
3JIEMEHT [Inanupyemsle pe3ynpTaThl 00ydeHNs OneHouHbIE CpencTBa
KOMIIETEHIIUU

OIIK-1: CiocoGeH MpUMeHSTh eCTECTBEHHOHAYYHbIE W OOIICHHKEHEPHBIC 3HAHUS, METO/IbI MATEMATHYECKOTO aHAIN3a U MOJISITUPOBAHUS B TIPO(ECCHOHATEHOM
JIeATEIIbHOCTH;

OIK-1.1 —  Pemaer cranjaptusle | Ilepeuens meopemuueckux 60npocos K 3auemy:
npo(eCCUOHATILHBIE 3a/1a4u c

MIPUMEHEHHUEM OOIICMH)KEHEPHBIX 3HAHUHT .
Pesxumel nBrxenus xxuaxkoctu. Yucio Peiinomnbaca.

JlaMuHapHBIN pEXUM JBUKEHUS )KUJIKOCTH U €70 3aKOHOMEPHOCTH.

Pacxon u cpenHsist CKOPOCTh NOTOKA ITPH JIAMUHAPHOM PEXUME.

TypOyneHTHBIN PEKUM JIBUIKEHUSI KHUIKOCTH B €T0 3aKOHOMEPHOCTH.

3aKkOH HEPa3pbIBHOCTHU MOTOKA XKUAKOCTH.

3aKOH COXpAaHEHUs SJHEPTUU IS IOTOKA KUAKOCTH. Y paBHEHNE bepHyIu U1l MOTOKa
UIeaJIbHON JKUIKOCTH.

7. Ypasuenue bepHyim s cTpyHKH naeaIbHOM KHUIKOCTH.

8. VYpasuenue bepHymm A MoToka peaqbHOM KUIKOCTH.

9. Vpasuenue bepHymm s cTpyHKH peagbHOM KHUIKOCTH.

10. 'eomeTpusi MOTOKOB KHUJIKOCTH.

11. IlpuMeHeHrEe OCHOBHBIX YPaBHEHUI JBMKEHHSI MOTOKOB JKUAKOCTH IJIs1 H3MEPEHUS
CKOpPOCTEN U PacX0]i0B KUJIKOCTH.

oML

Ilpumepnivie npaxmuueckue 3a0anus 01a 3avema:

1. B aBycTopoHHEM ruapoiinHape quamerp nopiss D = 160 MM, ruameTpsl




CTpyKTypHBIii
3JIEMEHT
KOMIIETCHLINU

[Imanupyemsie pe3ynbTaThl 00yYeHHUs

OrieHOYHBIC cpe€acTaa

mrrokoB d1=80mm u d2 = 100 mm. IIpu pabouem mpaBneaun p = 10 MI1a,
MIPOTHUBOAABIICHUH B CIIMBHOM MOJIOCTH prp = 0,15 MITa u pacxonae macna padbodeit
nosioctbio 0,1 J1/c onpeneanTs yCHUIINe U CKOPOCTb, Pa3BUBAaEMbIe IITOKOM IPH
JBUKEHUM BIIpaBo U BieBo. [Ipunars mexannueckuit K11/ rugpormnunapa 0,96;
o0BbemHbIH — 1.

I
- SNE —]—»_][

==

2.

JKunkocts, nMetomas 1mioTHOCTs 1200 kr/M® m auHAMMUYEcKHH KOA(UIIHEHT
Baskoctu 2-107 Ia-c, u3 6aka ¢ MOCTOSHHBIM YPOBHEM | CaMOTEKOM MOCTYIAET B
peaktop 2. OnpenenuTb, Kakoe MaKCUMaJbHOE KOJIMYECTBO KHMJIKOCTU (IIpU
MOJTHOCTBIO OTKPBITOM KpaHE) MOKET MOCTYyNaTh U3 0aka B PeakTop. YpPOBEHb
KHUJIKOCTM B 0Oake HaXoIuTCs Ha 6 M BbIIIE BBOJA JKUAKOCTH B PEAKTOD.
TpyOornpoBo/a BBINOJIHEH U3 aTIOMHHUEBBIX TPYO ¢ BHYTPEHHUM JuameTrpoM 50
MM. OO11ast AMHA TPyOOIIPOBO/Ia, BKIIIOYAs MECTHBIE CONpOTUBIeHus, 16,4 M. Ha
TpyOONpoBOJie MMEIOTCS TPU KoJieHa W KpaH. B Gake M peakrope naBieHue
aTMocdepHoe.




CTpyKTypHBIii

JIEMEHT [InaHupyeMble pe3yIbTaThl 00yUeHHs OlEeHOYHbBIE CpeCTBa
KOMITETCHIINU
¥
o Ui
o
?
|
H
X |
I
2
OIIK-1.2: — Tlpumenser meToasl Moaenuposanus u | Illepeuens meopemuueckux 6onpocos K 3auemy:

MaTeMaTHYeCKOTO aHalu3a Ui pelIeHus
3aJa4 B Ipo(ecCnoHaIbHOMN 1eATeNbHOCTH

CgoticTBa pabounx xuarocteid. OCHOBHBIE TIOHSATHUS U OTPEACIICHIS KUIKOCTH.
[I0THOCTE M YAENBHBINA BEC )KUIKOCTH.
CXMMaeMOCTB KHUIKOCTH.
Koaddumment oGbemHOr0 cxarusi.
Koaddumuent terioBoro pacuupeHust.
Moyib yIPYroCTH JKUIKOCTH.
Bs3kocTh JKHUIKOCTH.
KoaddurmeHT kuHeMaTHIECKOH BSI3KOCTH KHIKOCTH.
Kapuranus KuIKOCTH, CHOCOOBI MPEIOTBPAIICHUS.
0. OGnuTeparys KUIKOCTH.
1. l'umpocTaTrka, OCHOBHBIC TIOHATHUS U ONPE/ICIICHUSI.
12. TlonsTHe THAPOCTATHYECKOTO JABICHUSI.
13. Eaunuiel n3MepeHus THAPOCTATHUSCKOTO JaBICHHUS.

RBPooo~NoO~MwWNE




CTpyKTypHBIii
3JIEMEHT
KOMIIETCHLINU

[Imanupyemsie pe3ynbTaThl 00yYeHHUs

OrieHOYHBIC cpe€acTaa

14.
15.

16.
17.
18.
19.
20.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

32.

33.

34.
35.
36.
37.
38.
39.

CBoiicTBa THAPOCTATUUECKOTO AABJICHUSI.

IToHATHS THAPOCTATHYECKOTO NABIECHUS: a0CONIOTHOE, aTMOC(EPHOE,
M30BITOYHOE U BaKYyM.
Huddepenumanbupie ypaBHeHUs Ditnepa s paBHOBECHUS KUAKOCTH.
OcHOBHOE ypaBHEHHE THAPOCTATHKH.
3akoH Apxumena.
3axoH Ilackams.
MexaHu3M ¢ UCTOJIb30BaHUEM YpaBHCHUA THAPOCTATUKH, JOMKpAT. U
MYJIBTUIUIHKATOP.

MexaHH3M C UCIIOJIb30BAaHUEM YPABHEHUS THAPOCTATUKH, MYJIbTUIUIMKATOP.
I/I3MepeHI/Ie JaBJICHUA XKUIKOCTH.
PaBHOBecHe KHIKOCTH B COOOLIAIONINXCS COCYAAX.
Cuna naBneHus >KUAKOCTH Ha BEPTUKAIBHYIO CTCHKY.
Cuna naBieHHs KUJIKOCTH Ha TOPU30HTAIBHYIO CTEHKY.
Cuita JOAaBJICHUS JKUAKOCTU HA HAKJIIOHHYIO CTCHKY.

OnpenesneHue TOMINUHBI CTEHKH.
I'moponuHaMuka, OCHOBHBIE ONPEEIICHUS.

I'mapocrarnueckuit ynap. @opmyna JKykosckoro H.E. nns runpoynapa.
CriocoObl peAOTBpaILeH s THAPABIMYECKOT0 yaapa..
Ilorepu Hamopa (gaBneHus), onpeesseMble JUIMHONW TpyOonpoBoa, popmyia
Hapcu.
Onpe/elieHne MECTHBIX MIOTEPh HAopa (JaBlieHus) B TPyOOIpoBoe, hopmyJia
BeiicOaxa.
Omnpenenenue nmoreps Haropa (JaBieHus ) B TpyOomposoe, popmymna
Hapcu-Beiicoaxa.
Pacuer 00m1ero conpoTHBIEHHUS B IPOCTOM TPyOOIpPOBOIE.
[locnenoBarensHOE COeTMHEHUE MTPOCTHIX TPYOOIPOBOAOB.
[TapamrensHOE COSAMHEHHE MTPOCTHIX TPYOOIIPOBOIOB.
Omnpenenenue MoTepb AABICHUS B pEalIbHOM FHIPOCHCTEME.
®opmyna Topuyery.
Hcreuenne xuAKOCTH Yepe3 MaJioe OTBEPCTUE B TOHKOM CTEHKE.




CTpyKTypHBIii
3JIEMEHT
KOMIIETCHLINU

[Imanupyemsie pe3ynbTaThl 00yYeHHUs

OrieHOYHBIC cpe€acTaa

Ilpumepnsie 3a0anus na peuieHue 3a0a4 u3 npoheccuoHanbHoll oda1acmu

1. Ha pucyHke moOKa3zaHa yHpOIICHHAas cxema OOBEMHOIO THIPOIPHBOAA
MOCTYTATEILHOTO JBMXKEHUSI C  JPOCCEIBHBIM PEryJIMPOBAHUEM CKOPOCTH
BBIXOJIHOTO 3BeHa (IToKa), e 1 - Hacoc, 2 - peryampyembiit apoccens. [1Tok
ruapornHapa 3 HarpyxkeH cuioi F = 1200 H; muamerp mopumas D = 40 mm.
[IpenoxpanutenbHblii knamaH 4 3akpbIT. OnpenenuTsh JaBleHUE Ha BBIXOJE U3
Hacoca ¥ CKOPOCTh MepeMeIeHHs OPIIHS CO IITOKOM Vy; IPU TaKOM OTKPBITHH
Jpoccersi, KOT/Ia €ro MOKHO paccMaTpUBaTh Kak oTBepCcTHeE Miomaabio So = 0,05
cM? ¢ ko urmentom pacxoaa = 0,62. Ilogaua nacoca Q = 0,5 1i/c. [TmoTHOCTH
xuakoctd p = 900 xr/m®. TloTepsamu B TpyGompoBojax IpeHeOpeus.

HOCTpOI/ITB THApaBJINYCCKYHO CXEMY, 3a14aTb HaCTpOﬁKy KJ1ariaH 4,

cMmozenupoBats pabdoty I'C.
4 Un

Ilpumepnuie 3a0anusa Ha peuieHue 3a0ai U3 nPoheccuoHaNbHOI ob1acmu




CTpyKTypHBIii
3JIEMEHT [Imanupyemsie pe3ynbTaThl 00yYeHHUs OneHouHbIE CpeCTBA
KOMIIETCHLINU

1. B obGbemHOM ruaporpuBoje Hacoc 4 pasBuBaeT gaeieHue p, = 5 Mlla u
nocrostHAyto nofavy Q, = 8 /muH. [Topmienp nuamerpom D = 100 MM 1 mTok
muamerpoM d = 40 MM B THAPOIMIMHAPE 1 YIUIOTHSIOTCSA PE3MHOBBIMHU
KOJIbIIaMU KpyTJioro cedenusi. [ uapoapoccens 3 HACTpOEH Ha MPOITYCK pacxoza
Mmacna Qg = 8,4 n/mun. [IpeneOperas yreukoii Macia B TUApopacipeaeurene 2,
OIIPEIENUTh PacXoi Macja Yepe3 THAPOKIANaH S ¥ MOTepI0 MOIIHOCTU M3-3a
CITMBa Maclia yepe3 STOT KJIaraH Mpy MepeMeIIeHUH MTOPILHS BIIEBO.




6) HOpﬂIlOK IPOBEACHUSA l'lpOMC)KyTO'lHOﬁ aTTeCTalluM, NMOKa3aTEe/IM U KPUTCPUH OLICHUBAHUSA

[IpomexxyTouHas aTTecTanus no JucuuIuiniHe «OCHOBBI MPOSKTUPOBAHUSI TUIPO- U ITHEBMOIIPUBOAA
METAILTyPTUYECKOT0 00OPYAOBaHUS» BKIIOYAET TEOPETHYECKHE BOIPOCHL, IO3BOJISIONINE OIICHUTH
YpOBEHb YCBOEHHUS OOYyYAIONUMUCS 3HAHWM, M TPAKTUYCCKHE 3a/IaHusl, BBISBIIIONIUE CTCIICHb
c(hOpMHUPOBaHHOCTH YMEHU U BIaJICHUH, MPOBOAMUTCS B hopMe 3a4eTa.

3ayeT Mo AaHHOW TUCHUIUIMHE MIPOBOJUTCS B YCTHOM (hopMe, BKIIOUaeT | TEOpeTHUECKUI BOIPOC U
OJTHO IPAaKTHUYECKOE 3a/1aHHE.

Memoouueckue pexomenoayuu 01 n0020MOGKU K 3auemy

1. Ilpu moaroroBke K 3a4eTy y CTYJEHTa JOJKEH OBbITh XOPOLIUI y4EOHHMK WIIM KOHCHEKT
JUTEPATYpPBL, IPOUYUTAHHOM 10 YKA3aHUIO IIPEIIOAABATEINS B TECUEHHE CEMECTPA.

2. Bmrauane criegyeT NpoCMOTpPETh BECh MaTE€pHall MO CIaBaeMOM JUCIUIUTMHE, OTMETHTD JUIS
cebst TpyaHble Bompochl. OO0si3aTeslbHO B HMX pa3o0parbesa. B 3akiroueHue emie pas
11€J1€C000pa3HO MOBTOPUTH OCHOBHBIE IIOJIOKEHHUS, MCIONb3ys HPU 3TOM OIOPHBIE
KOHCIIEKTHI JieKiuid. [lpu 3ToM Hy)XHO 00paTuTh 0c0O00€ BHUMAHHE HA TEMBI YUEOHBIX
3aHSTUH, IPONYLIEHHBIX CTYAEHTOM I10 Pa3HbIM IPUUMHAM.

3. Ilpu moaroToBke K 3a4eTy HEOOXOAMMO MOBTOPATH MPOWUICHHBIM MaTepual B CTPOrOM
COOTBETCTBUHU C y4eOHOHI paboueill mporpaMMoi IUCUHUIUIMHBI, TPUMEPHBIM MEPEUHEM
y4eOHBIX BONPOCOB, BEIHOCSAIIMXCS HA 3a4€T U COAEPKAIIMXCS B JaHHON Iporpamme.

4. Ecnu B mporecce caMoCTOATENbHOIM paboThl HaJ U3y4E€HHEM TEOPETUIECKOro MaTepHania
WIM TpPU PEIICHHHM 3a1ad Yy CTYAEHTAa BO3HHMKAIOT BOIIPOCHI, PA3PEIINTH KOTOpPbIE
CaMOCTOSITENILHO HE Y1aeTCsl, HE0OXO0AUMO 00PATUTHCS K IIPENO1aBATENIO ISl HOTyYCHUS
y HEro pa3bsCHEHUH WK yYKa3aHUil. B cBOMX BONpocax CTyAEHT JOKEH YETKO BBIPA3UTh,
B UE€M OH HCIBITHIBAET 3aTPYAHEHHUS, XapaKTep 3TOro 3aTpyAHEHMs. 3a KOHCYJIbTaluei
cliefyeT oOpalarbes U B CIy4ae, €CIM BOSHUKHYT COMHEHUS B IPaBHJILHOCTH OTBETOB Ha
BOITPOCHI CAMOIIPOBEPKH.

Hokazamenu u Kpumepuu ouenueanus zauema:

— «3aumeno) CTaBUTCS B CIy4yac OBJAJCHUA CTYJEHTOM  IIOPOrOBBIM YPOBHEM
c(OpMHUPOBAHHOCTH KOMIIETEHIIMM, T.e. 3HAHUM 00 OCHOBHBIX 3aKOHAX TUAPOMEXAHUKH,
OCHOBHBIX MOJXOAaX K HCCIIEIOBAaHUI0 MEXAaHUKHU JKUIKOCTH U ra3a, yMEHUH CaMOCTOSATEIbHO
npuoOpeTaTh 3HaHUS B OOJACTH MEXaHWKHU JKMJIKOCTH U Ta3a C HCIOJIb30BaHMEM Yy4eOHOMU
JUTEpPaTyphl, COCTaBIATh PACUETHBIE CXEMbI [UIsI MOJEIMPOBAHUS MPOLIECCOB MEXAaHUKU
XKHUJIKOCTH U Ta3a; BIaJIEHUEM CIOCcOOaMH JIEMOHCTPALMU YMEHMs aHAJIM3UPOBATh M3BECTHBIC
MOJIXO/Ibl K UCCIIEI0BAHUIO0 MEXAHUKH KUAKOCTH U Ta3a.

- «He 3aumeno» craBuTCs, ecinu OOydYaroOLIUiics HE MOXET IIOKa3aTb 3HAHUS Ha YPOBHE
BOCIIPOM3BECHUS U O0BSICHEHUSI MHPOPMALIUHU, HE MOXKET IM0Ka3aTh UHTEJIEKTya IbHbIC HABBIKU
pElIeHUs TPOCThIX 3a/1a4.



[NPMJIOXEHME 3
Metoanyeckue yKkazaHusl K KOHTPOJIbHBIM padoTam

IIpeamer nmucummuimHbl  «OCHOBBI  MPOEKTUPOBAHUS THAPO- W MTHEBMOIPHUBOJAA
METALTYPTHYECKOTO 00OPYIOBAHUS» B CBOMX HCXOJHBIX IMOJIOKCHHSIX ONMUpAcTCs Ha (U3HKY,
3aKOHBI BBICIIEH MaTEMaTUKH, TEOPETUUECKOU MEXAHUKHU, COTPOTUBIICHUS] MAaTEPHAIIOB, TEOPHUIO
MEXaHM3MOB W MamuH W jaetanu MammH. OpHako OoJblasi CIOKHOCTh W HEJOCTATOYHAs
M3YYEHHOCTh MHOTHUX SIBICHUU BBIHYK/IA€T UCIIOIB30BATh U SMIIMPUUYECKUE PUEMBI; HEKOTOPbHIE
U3 KOTOPBIX JEMOHCTPHUPYIOTCS B JIabopaTopHbIX paboTax mo rujpasiuke. BzaumoneiicTBue
TEOPUU U IKCIIEPUMEHTA - XapaKTepHasi 0COOEHHOCTh JaHHOW AUCUUIIIHHBIL.

B npegenax yuyeOHOro rojaa cTy/I€HThI IPUTIIAIIAIOTCS HA CECCUIO, HA KOTOPOH CIIYyIIAl0T
JIEKIUU 10 JUCLHMIUIUHE B COKPAIIEHHOM 00bEME, 3HAKOMATCSA C HEKOTOPBIMU JIaOOpaTOPHBIMU
paboTaMM W CHAIOT UTOTOBBIM KOHTPOJIb (dK3aMeH Wi 3adeT). OCHOBHBIM BHUOM H3Y4EHHS
paccMaTpuBaeMOro Kypca SIBIISIETCSl CaMOCTOsATelIbHas paboTa cTylaeHTa-3aouHuKa. CTyIneHT
JIOJDKEH CHUCTEMaTU4YeCKH paldoTaTh HaJ KHUTOW, BBINOJHIS KOHTPOJBHBIC 3aJaHui U
rufpaBiInueckie pacu€rsl. PaboTy Hanm pacuéramMu HEOOXOAMMO COMPOBOXKAATH H3yYECHUEM
PEKOMEHI0BAaHHOM JTUTEepaTyphl, o0paias ocodoe BHUMaHHE Ha TO, 9YTO HEOOXOAUMO B MpoIiecce
pacuéra wiM pemeHus 3aaad. Pekomenayercs clenyrolui MOPsSAOK U3YYEHHS AUCLUILIUHBL.
CHauvaia 6eryio MpoOCMOTPETh MPOrPaMMy, METOUYECKIE YKA3aHUS U TOCOOUS, YTOOBI COCTaBUTH
MpEeJICTaBICHUE O TUCHUIUIMHE B 1enoM. [Ipu padoTe Haa KaKIbIM pa3fesioM CleAyeT, Mpexie
BCET0, 03HAKOMHTHCS C €ro CoJiepKaHueM 1o nporpamme. Onupasch Ha METOAMYECKUE YKa3aHUs,
MPUCTYMUTH K U3YUYECHUIO MaTepraja no yueOHUKaM; MpHu 3TOM PEKOMEH IyeTCsl BECTH KOHCIIEKT C
OCHOBHBIM COJICp’)KaHHEM TEMbI, C BbIBOJaMU (opMyn U HEOOXOTUMBIMH TpaduKaMu.
®dukcupoBarh HesicHble Mecta. [lo Tem Bompocam, KOTOpble He ynaaércs pa3ooparhb
CaMOCTOSITENIbHO, CIIEAYET OOpaTUTHCS K BEAyLIEMY IIPENnoaBaTello 3a KOHCYJIbTalue.

Jns mpoBepkM YCBOEHHsS MaTepHhalla HYKHO OTBETUTh Ha KOHTPOJbHBIE BOMPOCHI,
MpUBEICHHBIE B TOcOOMU. PekoMeH1yeMoe HIKe SIBISETCSI MUHUMYMOM TOTO, YTO JOJDKEH 3HATh
M0 JaHHOMY JUCHUIUIMHE cTyAeHT. Jlna Oosiee riIyOOKOro HM3ydeHHUsT HEOOXOJIMMO CaMOMY
peliaTth 3aJlaui, COOTBETCTBYIOIIHE MpopadaTbiBaeMoMy paszzeny. Uem Oosnbiie OyaeT clieaaHo
pacy€ToB W pPEIIEeHO 3a]ay, TeM JIy4Ille YCBOUTCS TEOPETUUECKHN KypC U TeM YCIeniHee OyayT
BBHITIOJIHEHBI TIPEJIaraeMble KOHTPOJIbHBIE 3a/IaHUs. 3aBEPIICHUEM CaMOCTOSITEIFHON pabOTHI 1O
KypCy SIBIISE€TCS BBITIOJIHEHHE KOHTPOJIBHOW paldOThl TO JucHUIIMHE (5 3amad), Kotopas
npeacrasisiercss B BY3 He no3nnee, yeM 3a 3 nHs 10 3aueTa, sk3aMmeHa. Homep BapuaHTa 3amaq
JOJI’KEH COOTBETCTBOBATH MOCHeaHEH 1 pe HoMepa 3a4€THOM KHIKKU cTyaeHTa. K utoroBomy
KOHTPOJTIO IOMYCKAIOTCS CTYIEHTHI, UMEIOIINE 3a4TEHHBIE KOHTPOJIbHBIE PA0OTHI.

MeToan4yeckue yKa3zaHusl 110 BBIIOJHEHUIO J1a00PATOPHBIX padoT

Ha naGopaTopHbIX 3aHATHSIX IS JTOCTHXKCHMS MOCTABJICHHBIX 3aiad JKEIaTelIbHO BBITIOJHEHHUE
pabOThl CTyJIEHTAMH  HEMOCPEACTBEHHO Ha KOMIIBIOTEPHOW TeXHHKe. [l JIydIlero 3akperieHUs
Marepualia CTYJEHTHI MOJY4YaroT 3aJaHus, KOTOPBIE BBITOJHAIOTCSA Ha NPOTSYKEHUHU BCEX MPAKTUUYECKHUX
3aHATHN B OTPE3KU BPEMEHH, OTBEACHHBIC IS 3aKPEIUICHUS MaTepHajia M MOJYICHIS HaBBIKOB PaOOTHI.
Takue 3a1anusl CIAIOTCS CTYyI€HTaMHU MIPENOIaBATENI0 B KOHIIE U3YUYEHUS JAHHON JUCIUIUIUHEI.



Bonpocwul ona 3auwumoel npakmuueckux paoom

PDu3nyecKHue CBOMCTBA KUIKOCTH

1. B uém oTiiune KuaKoCcTed OT TBEPABIX TE U ra30B?

2. KakoBa B3auMOCBSI3b MEX/1y INIOTHOCTBIO U YJIEJIbHBIM BECOM KHUAKOCTU? YKaXKUTE UX
€VHULIBI.

3. Yro Ha3bIBaeTCs KOAPPUIMEHTOM 00BEMHOIO CoxkaTHs kuaKocTu? KakoBa ero cBsi3b ¢
MOJZlyJIEM YIIPYTrOCTH?

4. KakoBa CBsI3b CKOPOCTH 3BYKa B JKHJIKOCTH C MOZAYJIEM YNPYTOCTH U IUIOTHOCTBIO
KUAKOCTUH?

5. Yto Ha3bIBaeTcs BA3KOCTbIO JKUAKOCTH? B 4éM COCTOMT 3aKOH BS3KOTO TpPEHHUS
HrroToHa?

6. B yem npuHLIMIIHAIbHAS pa3HULIA MEX]y CHJIaMU BHYTPEHHETO TPEHUS B KHUAKOCTU U
CWJIAMH TPEHMSI IIPH OTHOCUTEBHOM NIEPEMELICHUH TBEPBIX TEI?

7. KakoBa cBs3b MEX 1y IUHAMUYECKMM U KUHEMaTHYECKUM KO3 PUIIMEHTaMU BSI3KOCTH?
VKaXuTe UX €IUHULBI.

8. Kakue BUbI CUJT B )KUJKOCTH PACCMAaTPUBAIOTCS B THIPABIUKE?

9. Vkaxute cBoicTBa uAeanbHOM XKUIAKOCTH. C Kakoil LIeJbl0 B TUAPABIMKE BBEICHO
NoHATHE 00 HIeaNbHOW XKUAKOCTH? B Kakux ciydasx HpU NMPaKTHUYECKUX pacdyérax MOXKHO
CUMTATh KHUJKOCTh UACATILHOU?

11. Hamummre ypaBHEHUE COCTOSHMS Ta3a U JalWTe OIpENeeHHE BXOIALIMX B HETO
BEJIMYHUH.

Tuopocmamuxa

1. KakoBsl cBOWCTBa THAPOCTATUUYECKOTO AABICHUS?

2. OObscHUTE (QU3MUECKUIl CMBICT BEJIMYMH, BXOAALUMX B AuddepeHinanbHbe
YpaBHEHHUS PaBHOBECHS KUAKOCTU Djepa.

3. KaxoBwl ¢opma u ypaBHEHHE MOBEPXHOCTH PABHOTO JABIICHUS: NMPH aOCOIIOTHOM
MIOKO€ JKUJKOCTH; NpPU JBUKEHHUH COCyla C JKUAKOCTbIO IO TOPU30HTAIbHOMN
IUIOCKOCTH C YCKOPEHMEM; IIpU BpallleHUH COCyla C IKUAKOCTbIO BOKPYT
BEPTUKAJIBHON ocn?

4. Kak dopmynupyerca 3akoH Ilackans? IlpuBenure npuMmepbl T'MIPABINYECKUX
YCTaHOBOK B CHUCTEME THIPONPHUBOJA, IEHCTBUE KOTOPBIX OCHOBAaHO Ha 3aKOHE
ITackans.

5. KakoBbl COOTHOLIEHHS MeXAy aOCOJIOTHBIM JaBJIEHWEM, HW30BITOYHBIM U
BakyymMmeTpudeckum? Urto Gomnbire: abcomroTHOe maBieHue, pasHoe 0,12Mlla, umu
u30bITouHOE, paBHoe 0,06MIla npu armocdeprom aasienun pasaom 0,1 MITa?

6. YUemy paBHa B MeTpax BOISHOTO CTOJ0a Ibe30METpPHYECKas BBICOTA IS
aTMOC(EpHOTo JaBlIeHUs?

7. Tlouemy HEHTp JaBJIE€HHUs BCErJa HAXOAWUTCS HUXKE LEHTpa TSKECTH CMOYEHHOU
MOBEPXHOCTH IUIOCKOM CTEHKH?

8. OOBbsAcCHUTE, 4TO TaKOE MbE30MEeTpHUUecKast U 6apoMeTpruiecKas BbICOTA.

9. Yro Takoe >Mropa JaBICHUS U IICHTP JaBICHUI?

Kunemamuka >iccuoxkocmu
1. Moxer 5 paBHOMEpPHOE, JBUKEHHUE OBITh HEYCTAHOBHBIIUMCS, a HEPAaBHOMEPHOE -
YCTaHOBUBILIUMCS?



2. JlaiiTe onpeeneHus U MPUBEIUTE MPUMEPHI BUIOB JBMIKEHHUS KUIKOCTH YCTAHOBUBIIIETOCS U

HEYCTaHOBUBILETOCS, HAIOPHOTO U 0€3HANIOPHOT0, PABHOMEPHOTO M HEPaBHOMEPHOTO, IJIABHO

MCHAIOIICTOCA.

3. UTo Takoe JIMHUS TOKA, TPyOKa TOKa M dJIeMEHTapHas cTpyhka?

4. Ilpu KakuX YCJIOBUSAX COXPAHSAETCS MOCTOSTHCTBO Pacxo/a B0JIb OTOKa?

5. B yem oTiinuue TypOyJI€HTHOTO TE€YEHUS KUIKOCTH OT JJAMUHAPHOTO?

6. [Tosichute hu3MyYecKuii CMBICI U MMPAKTHYECKOE 3HAYCHUE KpUuTepHs PeitHobca.

7. Bauser nu TemmepaTypa >KUIAKOCTH Ha BEIMYMHY KPUTHYECKOW CKOPOCTH, MPH KOTOPOI

IMPOUCXOOUT CMCHA PCKUMOB ,Z[BI/I)KCHI/IH?

8. Ha3oBuTe cBOMCTBA 3JIEMEHTAPHOMN CTPYHKH.

9. OOBscHUTE, YTO TAKOE JIMHUSA TOKA, KAaK BBIMJISAUT CTpyiuaTash MOJENb IOTOKA, YTO TaKOe

<OKHUBOE CEYEHUE», «CMOUYECHHBIN NEPUMETP» U «THJIPABIMUYECKUN paanyc»?

Tuopoounamuxa

Ha3oBuTte 3HepreTMuecKuili CMbICI KaXkJ10r0 claraeMoro ypaBHeHus bepHymin.

UYro BiusieT Ha YncIeHHOE 3HaueHne korpdunrenta Kopuonuca?
JaiiTe reoMeTpru4yeCcKOe UCTOJKOBAHUE KaXIOW COCTaBIAIOLIEH ypaBHEeHUs1 bepHyu.

Uro mpeacTaBisieT co00i pa3HOCTh OPAMHAT HAMIOPHOM JIMHUU HI€ATTbHOMN JKUJIKOCTU U
peanbHOI?
Uro npencTaBisieT co00il pa3HOCTh OPIAMHAT HATIOPHOM JIMHUU U ITbE30METPHUECKON?
Kak ynauHee Bcero npoBOAUTH IJIOCKOCTh CPAaBHEHUS MIPU PELICHUM 33/a4, CBA3AHHBIX C
UCII0JIb30BaHUEM ypaBHeHuUs bepuymnn?
HazoBuTe HazHaueHue nbe3omerpa, Tpyoku [1uto.
Korga nanophasg u nbe3omeTpuueckas JUHUM napajuienbHbl? Korna B HampaBieHuu
JBYDKEHUS JKUAKOCTH 3TH JIMHUU COMMIKAIOTCS U KOTJa yIAISIOTCS OJIHA OT IApyroit?

Pesrcumpl 0sudicenusn sncuokocmu

OO0vbsicuute (usmueckuit cMmbici kpurepuen: Pelinonbaca, @pyna u Diinepa. B xakux
CIIy4asiX JOJDKHBI IPUMEHSATHCS 3TU KpUuTepun?
VKaxkuTe 3aKOH paclpeleseHHs] KacaTeNbHbIX HANpsDKEHUH B HWIMHIPUYECKOM
TpyOONpOBOJIE MPH JAMUHAPHOM T€UEHUH.

KakoBO COOTHOLIEHHE MEXAY CpPEAHEN U MaKCUMaJIbHON CKOPOCTSIMH IIPH JJAMUHApPHOM
TE€YEHUH, IPU PaBHOMEPHOM TYpOYJIEHTHOM HAllOPHOM TEUEHHM U B CXKATOM CEUEHUH
cBOOOJHON cTpyH mpu ucTedeHHu? OT KakuxX MapamMeTpoB IMOTOKA 3aBUCAT HOTEPU
SHEPIrHUH M0 JJIUHE NMPU JJAMUHAPHOM TEUYEHUN?

[Ipu kakoMm pexuMe HMeeT MecTo 0Oojee BBICOKas HEPaBHOMEPHOCTb CKOPOCTEH U
nouemy?
OObsicHUTE TOHATHUSI «THJIPABIMYECKU TJAIKUE» U «THUIPABINYECKH IIEPOXOBATHIE)
MOBEPXHOCTU. MOXXET 1M O/JHA U Ta e TpyOa ObITh «TUIAPABIMYECKH TIAIKON» U
«TUAPABINYECKH ILIEPOXOBATOMN?
Ot kakux (pakTOpPOB 3aBUCHUT KOI(D(HUIIMEHT TUAPABINYECKOTO TPEHUS IPU TYpOYICHTHOM
TEUYEHUH, U 110 KaKuM (OopMyJiaM MOXKHO €T0 ONpPEaeIUTh?

Kakue conpoTuBieHns Ha3bIBAIOT «MECTHBIMU)?
[To kakoil (¢opmyne omnpenensOT TMOTEPH DSHEPIrUU, BBI3BAHHBIE MECTHBIMU
CONPOTUBIICHUSMU?

Kak omnpenenuTs moTepro SHEPruu NpHU BHE3AITHOM PACIIMPEHUH MOTOKAa U BHE3AITHOM
CY>KEHUU ero?



10.

© N

Yemy paBeH K03((HUIMEHT MECTHOTO CONPOTHBIICHUS NIPU BXO/IE KHUIKOCTH B TPYOy U3
00JIBIIIOrO pe3epByapa U MPH BBIXOE MOTOKA U3 TPYObI B OOJIBINON pe3epByap?

Teuenusn ¢ mpyoax u kananax

KakoBa 3aBUCUMOCTB MPOITYCKHOW CIIOCOOHOCTH TPYOOMPOBOJIA OT €ro MIEPOXOBATOCTH
MIPU HEM3MEHHBIX MPOYHX YCIOBUSIX?

Kakoii 3aBUCUMOCTBIO YUYUTHIBAKOTCS TOTEPH B MECTHBIX CONMPOTUBIICHUSX B " IIMHHBIX"
TpyOOIIpOBOIaX?
Kak yuuTthiBaroTcsi moTepu B KOMIUIEKCHBIX MECTHBIX COINPOTUBICHUSX B "KOPOTKHX"
TPYOOIIPOBOAX THAPOIIPUBOIOB?
KakoBa ocobeHHOCTh pacuéra TpyOOIpOBOIOB C MapajlIe/IbHbIM COEAMHEHUEM BETBEH ?
Uem oTimyaeTcss ONpeAelieHuEe JuaMeTpa MarucTpaabHOrO TPyOOMpoBOIa U €ro
OTBETBJICHUM?
HazoBuTe HECKOIBKO BapHAaHTOB TPYOOIPOBOIA C HACOCHOM MoAaueii.

[Touemy npu pacuére TpyOOIPOBOJa BaXKHO BBIIBUTH PEXKHUM JTBUKEHHS ?
9. O0BsicHUTE, YTO TaKoe "KaBUTALMA" U B YEM COCTOUT €€ BpeHOE JIeHiCTBHE?
Kak rpaduuecku TOCTpOUTH CYMMapHyI0  XapaKTepUCTHKY JABYX  IMPOCTHIX
TPYOOIIPOBOJIOB, COCTMHEHHBIX TIOCIICIOBATEIIBHO, MAPAIIICIIEHO?

Kakoil BHI MMeeT 3Mropa CKOPOCTEH B ITONEPEYHOM CEYEHUM OTKPBITOrO pycia MpH
PaBHOMEPHOM JIBUKEHUU KUIKOCTH?



