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JIucT akryanusanuu padoueil nporpaMmbl

Pabouast mporpamMma repecMoTpena, 00CcykaeHa u o100peHa s peanuzanuu B 2025 - 2026
yueOHOM roy Ha 3acefaHuu kageapsl [IpoeKTHpOBaHUS M SKCILTyaTalluU METAJUTYPTHISCKUX

IIpotokom ot 20 1. Ne

3aB. kadempoii AlT. ﬁ)p‘Iy'HOB

Pabouas nmporpamma nepecMoTpeHa, oocyxaeHa u ogqodpena st peanmsanuu B 2026 - 2027
y4eOHOM roy Ha 3acenanuu Kadeapsl [IpoeKTHpPOBaHUS M SKCILTyaTallid METALTyPTHYSCKIX

[Ipotokom ot 20 r. Ne

3aB. kadenpoii AlT. EOp‘IYHOB

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogodpena st peaymsanuu B 2027 - 2028
y4eOHOM roy Ha 3aceqaHuu Kaeapbl [IpOEKTUPOBAHUS U SKCIUTyaTallMd METAUTYPIUIeCKUX

IIporokomor 20 r. Ne
3aB. kadeapoii A.I'. KopuyHoB

Pabouas nporpamma nepecmotpeHa, odcyxieHa u ogoopena s peanuszauuu B 2028 - 2029
yaeOHOM roy Ha 3acefaHuu Kageapsl [IpoeKTHpOBaHUS M SKCILTyaTaIllii METAJUTYPTHICCKUX

[Iporokomn ot 20 1. Ne

3aB. kadeapoii A.T". KopuyHoB




1 Iles1u ocBOEHUSI I CHMTLTHHBI (MOLYJIs1)

Henstmu  ocBoeHHS AUCUUILIHHBL (MOynsi) «OCHOBBI THAPO- W THEBMOMPUBOAA
METAJTyPruYecKOro 000pyA0BaHUS SABIISIOTCS:

- (¢opMupoOBaHHE Y CTYACHTOB 3HAHWHA 3aKOHOB THAPOCTATHKH, THUIAPOJIUHAMUKH,
pUOOpPETEHUE HABBIKOB PEILICHUS 33/1a4 THAPOCTATUKU U THIPOIUHAMUKY;

- OBJIQJICHUE JOCTATOYHBIM YPOBHEM MPO(ecCHOHATBLHBIX KOMITETECHIINI B COOTBETCTBHH
¢ tpeboBanussMu PI'OC BO mno nanpasnenuro 15.03.02 TexHojmornyeckue MaIlvHbI H
00opyI0BaHueE.

2 MecTo TMCHMIIMHBI (MO/1YJIs1) B CTPYKTYpe 00pa30oBaTe/ibHON MPorpaMmMbl

JucuuruinHa OCHOBBI TMIPO- ¥ ITHEBMOIPHUBOJAA METALIyprH4ecKOro o00pynoBaHMs
BXOJIUT B 00513aTEJIbHYIO YaCTh y4eOHOT0 TIaHa 00pa30BaTeIbHON MPOTPaMMBI.

Jns  u3ydeHUs  JUCLUIUIMHBI ~ HEOOXOOUMbI  3HaHUS  (YMEHMs,  BIJIQJICHUsA),
c(OpMHUPOBAHHBIC B PE3YIIBTATE U3YUCHHSI JUCITUTUTAH/ IPAKTUK:

®dusnka

Maremaruka

3HaHus (YMEHHUs, BIaJIeHHs), IOJIYYEeHHbIE MIPU U3YYEHUHU AAHHOW TUCLUIUIMHBI OyayT
HEOOXOAUMBI [Tl U3yUCHUS TUCIUTLTIH/TIPAKTHK:

I'mpponpuBoa ¥ rUAPO-, THEBMOABTOMATHKA METAJIIYPIrUYECKOT0 IPOU3BOICTBA

[IpoexkTupoBaHue CUCTEM THIPO- U THEBMOIIPUBOIA

Meramtyprudeckue ogbeMHO-TPAaHCIIOPTHBIE MAIIMHBI

MoHTaX, SKCIUTyaTalys i pEMOHT METAJUTyprUYeCKUX MAIIMH U 000pYA0BaHUs

IlonroroBka k cade u cjadya rocyapCTBEHHOTO SK3aMEHa

[ToxroToBka K Mporeaype 3aliThl U 3alIUTa BHITYCKHOW KBaTH()PUKAIMOHHOW pabOTHI

3 Komnerenuun odyuarouierocs, (popMupyemMbie B pe3yibTaTe 0CBOEHUS
AUCHHUILUIMHBI (MOAYJI5) ¥ IJIAHUPYEMBbIe Pe3yIbTAThI 00y4YeHH s
B pesynbrare ocBoeHMsI AUCHUIUIMHBI (MOIyJsi) «OCHOBBI THIPO- U IHEBMONPUBOAA
METAJUTyprMYecKoro  O0OpyAOBaHMs» OOydaroluiics JOoJKeH 005aaaTh — ClelyoIUMU
KOMIETEHIUSIMHU:
Kox nnaukaropa WNHaukaTop TOCTUKEHUS KOMIIETEHIIUT

OIIK-1 CnocoOeH NpUMEHSTh €CTECTBEHHOHAyYHble M OOILIEMH)KEHEpPHbIE 3HAHUS, METOJIbI
MaTeMaTHYECKOro aHaJI13a U MOJIEIMPOBAHUS B MPO(eCCHOHAIbHOM 1€ TEIbHOCTH;

OIlIK-1.1 Pemaer crangaptHele mpodeccuoHalbHBIE 3aladd ¢ [PUMEHEHHEM
00IIEMH)XEHEPHBIX 3HAHUI
OIIK-1.2 [Ipumensier METOABl MOJENIMPOBAHMS W MAaTEMaTHYECKOro aHalu3a AJis

peleHus 3a1a4 B IpodecCHOHATLHON eI TEIbHOCTH




4. CTpyKTYypa, 00bEM U coiepKaHue TUCUUTLTHHBI (MOIYJIs1)
OO01mast TpyTI0eMKOCTh TUCIUTIINHBI COCTABIISIeT 3 3a4ueTHhIX enuHuI] 108 akas. yacos, B TOM 4ucIe:

— KOHTaKTHas paboTa — 55 akaJl. 4acos:

— ayIuTOpHas — 54 akaJl. 4acoB;

— BHeayJuTOpHas — 1 akaji. yacos;

— caMOCTOsITeNbHAs paboTa — 53 akaj. 4acos;

— B hopMe npakTuyeckoit moaroroBku — 0 akaj. yac;

dopma arTecTaluuy - 3a4eT

AynutopHast § s
o | KOHTaKTHas pabora e 3 ®dopma TeKyILero
=
= B aKaJl. 4acax o Bn, KOHTPOJIS YCIIeBaEMOCTH
Paznen/ tema 3 (B axaj. uacax) £ B A y pomLy Kon
g g ©f camocrosTenbHON "
JUCLUTUTAHBI 5 S . KOMIIETEHIINU
@) g £ paboTs MIPOMEKYTOYHOM
nab. | mpakT. | 3 Q&
Jlek. s aTTecTaluu
3aH. 3aH. QO &
1. Xunkocts u ee Qusnyeckue
CBOMCTBA
ITouck
JOTIOJTHUTENIbHOU .
HH(OPMALIH 110 VYcTHBIH ompoc
1.1 JKuakoctb U ee . (cobecemoBanue).
N 3a7aHHON Teme .
(usnueckue CBOJCTBA. 3amuTa 1adopaTopHOH OIIK-1.1,
o 3 2 2 4 Iloaroroska
Cuwibl, JelcTByIOLIME B pabotst Nel. 3amura OIIK-1.2
nabopaTopHOMY .
JKHIKOCTH. 3a1a4 KOHTPOJBHON
3aHsATHIO. Perenne
. paboTsl
KOHTPOJIbHOM
paboThI
Wroro no pazneny 2 2 4
2. 'mnpocratuxa
IToaroroBka k
1a00paTOpHOMY
2.1  JIudpdepeHumanbHbie 3aHATHIO. PaboTta ¢
YpaBHECHUS paBHOBecHS KOMITBIOTEPHBIMHU
JKHIKOCTH; OCHOBHOE 00y4aroIIMu 3amuTa 1ad0opaTopHOi
YPaBHEHHE THAPOCTATHKML( o 2 4 5 NIPOrpaMMaMHU. paboter Ne2. 3amura OIIK-1.1,
OCHOBBI  T'MIPOCTaTHUKH. Pemmenue 3a7ja4 KOHTPOJILHOM OIIK-1.2
VYpasuenus Ditnepa. 3aJaHHbIX 33724 paboTHI
JaBJIeHUE OSKUIKOCTH Ha TI0 pa3zenam
CMa4YHMBacMyIO CTCHKY. THAPOCTATHKA
KOHTPOJIbHOM
paboTHL.
HWroro no pazneny 2 4 5
3. l'uapouHaMuka




TTouck
JIOTIOJTHUTEILHOM
UHPOPMAITHH 10

3.1 Kunemaruka 3alaHHON TeMe.
SKHJIKOCTH, 1370143 Pa6ora ¢
JIBIDKCHUSI JKHTKOCTH, KOMITbIOTEPHBIMU YceTHblii onpoc
3aKOH COXpaHCHHSI MaccChl, oOyvarommu  |(cobeceoBanue).3ammra
ypaBHEHHE 4 8 IIpOrpaMMaMH. 1a60paTOpHOI pabOThI OIIK-1.1,
HEPa3pPBIBHOCTH. IloxroroBka Ne3, BamuTa 3amau OIlK-1.2
OCHOBEI JTMHAMUKA 11a00paTOpHOMY | KOHTPOJIBHOW PabOTHI 110
JKHIKOCTH. 3aHATHIO. PerieHne| Teme ruipoanHaMUKa.
Pesxxumbl JIBHKCHUSI 3aJIaHHbIX 33724
JKHIKOCTH. 110 pazzgenam
THAPOJMHAMUKHI
KOHTPOJIb-HOM
paboThL.
ITouck
JIOTIOTHUTENBHOMN
uH(QOpMAIHH TT0 .
bop " YcrHBI orpoc
3.2 OcHOBHBIC ypaBHCHHUS 3aJJaHHOM TeMe
(cobecenmoBanue).
TUIPOJUHAMHUKHI Pemrenue OIIK-1.1,
. 1 4 3amuTa 33124
OJTHOPOHOM 3aJaHHBIX 3a7a4 " OIIK-1.2
. KOHTPOJIbHON pPaboThI IO
HEC)KUMAEMOU KHUIIKOCTH. IO pasjienam
TeMe TUIPOTUHAMHKA
THAPOJIMHAMUKHI
KOHTPOJIBHOMN
paboTHI.
3.3 JIBmwxeHue wuaeanbHOU IMonroroBka 3amura 1abopaTopHOi
JKUJIKOCTH, ypaBHEHHE nabopaTopHOMY paboter Ned; OTK-1.1
Bepuyinu, ¢dusnueckas 1 10 |3amsTHro. Pemenue 3amura 3a1a4y OIK 1' 2‘
MHTEepIpeTaIys ypaBHEHUS 3a1ad 1o KOHTPOJILHOW PabOoTHI 1O '
bepnymnu. TUAPOJAUHAMUKE TeMe F'UApOJUHAMUKA.
CamocrosTensHoe
N M3y4eHHe yueOHOH
3.4 IBmwkeHWe  BS3KOM i i .
. U Hay4HO JINTepa- VYerHblii onpoc OIIK-1.1,
HEC)KUMAEMON  JKUAKOCTH. 2 5
Typsl. Pabora ¢ (cobecemoBanue). OIlK-1.2
VYpasuenns HaBpe-Crokca.
3JIEKTPOHHBIMU
OoubIMoTEeKaMH
TTouck
JIOTIOTHUTENBHOMN
HHPOPMAIHH 10
3a/laHHOM Teme .
3.5 MouHoOCTh MOTOKA. ¢ VeIl onpoc
Odopmienne
JIBW>KEHHE SKHUIKOCTH IO - |(cobecenoBanue).3ammura
TpyOonpoBoaam AabopatopHoii nabopaTtopHOi paboTHI
Py ’ pabotsl. Pemenue ’ OIIK-1.1,
Hcreuenue KHJKOCTH 2 10 Cnaga 3ama4
3a/laHHBIX 33734 . OIlK-1.2
4yepe3 HACaJKH. o KOHTPOJIBHOM paboTHI MO
T'mapaBnuueckuii ymap B TUAPABINYECKOM
T IL6porl 0BOJIAX o FHAPABITITICCKOMY acqefp Tpybom OBO}),IOB
pyoorp - pacuery p y Tpyoonp -
TpyOONPOBOZOB
KOHTPOJIBHON
paboTHI.
Wroro no pazaeny 10 37

4. OCHOBBI NHEBMONPHUBOJA

METaJLTypTHYECKOro
000pyKOBaHHSI




4.1 OCHOBHBIE TOHSATHS U
OTIpeZIeTICHHsI TI0 CHCTEMaM
ITHEBMATHYECKOTO NPHUBO/IA
METAITyPTUIECKUX
MmamuH. ITHeBMaTHUecKuit
MIPUBOT 00opynoBaHHS
JIOMEHHOTO TPOU3BOJICTBA
,CTaJICIIJIaBHIIBHBIX
arperaTtoB ¥ 000pyIOBaHUS
CTaJIEIUIaBUJIBLHBIX  IICXOB.
[THeBMaTHUECKas cxema
CTaJIeIIaBUIILHOTO
arperatra (Ha  TpuMepe
apkepHoro 3arBopa J[CII).
[IHeBMaTHUECKHH HPHUBOJ
00opynoBaHHS MaIlIuH
HETPEPHIBHOTO JINTBS
3arOTOBOK.
ITneBMaTHueckas cxema
MHJI3 (ma  mpumepe,
MaHHMITYJSTOpPa  MAIIMHBI
Ta30BOM PE3KN)

20

n3ydeHue
Mmarepuana,
MOATOTOBKA K
HPaKTHYECKOMY
3aaHHIO,
BBITIOJTHCHUE
KOHTPOJIb-HOM
paboTb

Omnpoc, cnaya
MIPAKTUYECKOM PabOThI

OIIK-1.1,
OIIK-1.2

Hroro no pazneny

20

Hroro 3a cemectp

18

36

53

3a4éT

Hroro no JUCHUIIIINHE

18

36

53

3a4€T




5 O0pa3oBartejibHbIE TEXHOJIOTHH

Jns  peanu3anuu  NPEIyCMOTPEHHBIX BHJOB  y4eOHOM paboOTBl B KauecTBe
0o0pa30BaTeNbHBIX TEXHOJIOTUH B IMpenoJaBaHUM AUCUUIUIMHBL «OCHOBBI THApPO- U
MHEBMOIIPUBO/A  METALUTYPTUYECKOr0o  0OOpYAOBaHHS»  HMCIOJIB3YIOTCS  TPAJUIIMOHHASA,
MHTEpaKTUBHAA U MH()OPMAIIMOHHO-KOMMYHHKAIIMOHHAsI 00pa30BaTeIbHbIE TEXHOJIOTHH.

1. TpagunuoHHble 00pa30BaTEIbHBIE TEXHOJIOIMM OPUEHTHUPYIOTCS Ha OpraHU3alUio
00pa30BaTEeILHOrO  Ipolecca, IMPEANOJAraloly0 MpsAMYK  TPAHCISLMIO  3HAHUH  OT
IpenoiaBaTess K CTyIEHTY (IIPEUMYLIECTBEHHO Ha OCHOBE OOBSICHUTEIHHO-MILTIOCTPATUBHBIX
METO/I0B 00y4eHus1). YueOHas JesTeIbHOCTh CTYJAEHTAa HOCUT B TaKUX YCJIOBHSX, KaK IPaBUIIO,
PENPOYKTUBHBINA XapaKTep.

®opmbl y4eOHBIX 3aHATHUH C UCIOIb30BAHUEM TPAAULIMOHHBIX TEXHOJIOTHI:

WudopmanmonHas JeKuus — I[OCIENOBATEIbHOE H3JIOKEHHE MaTrepuaja B
JUCLUIUIMHAPHOM JIOTHKE, OCYLIECTBISIEMOE NPEUMYIIECTBEHHO BepOaJbHBIMU CpEICTBAMU
(MoHosor mpenonasarens). Ha 3aHATUSAX HperycMaTpUBAeTCsl MCIOJIb30BAaHUE 3JIEKTPOHHOTO
JEMOHCTPAllMOHHOTO Y4e0HOro MaTepuayia COAEPXKAIIEro CIOXKHBbIE CXEeMbl, TaOaulbl U
MaTemaruueckue (opmysbl. MynbTUMEIUNHHOE 00OPYAOBAaHME MOXKET OBITH HCIOJIb30BAHO
TaKXe ¥ CTYACHTaMH JJIs IEMOHCTPAILUU Pe3yIbTaTOB BHIMOJIHEHUS J1a00paTOpHBIX padoT

JlabopaTopHas paboTa — opranuzanusi yaeOHOM paboThl C peaIbHBIMU MaTePUATBHBIMU U
UH(POPMALIMOHHBIMU OOBEKTaMM, HKCIEPUMEHTabHAs pPadoTa C aHAJIOrOBBIMH MOJEISIMHU
peaTBbHBIX 0OBEKTOB.

JUis  ;ydiiero 3akperuvieHdss Marepuana CTYAEHThl IOJy4aroT 33JaHusi, KOTOpbIe
BBITNOJIHAIOTCS HA MPOTSDKEHUU BCeX JJaOOPATOPHBIX paboT B OTPE3KU BPEMEHU, OTBEICHHBIE [T
3aKpeIvieHUs MaTepuana W IOJY4YEeHUS HaBBIKOB pabOThl € CHCTEMaMH YIpaBJIECHUS.
OdopmieHHble MaTeprallbl CAAIOTCS CTYIEHTaMU IMPENoJaBaTeNi0 B KOHIE M3Y4YEHHUs JTAHHOU
JUCLUTUIMHBL.

2. VlHTepakTUBHBIC TEXHOJOTUU — OPTaHU3alNs 00pa30BaTEIBLHOIO IMpoIlecca, KOTopas
MpeAnoaraeT akTHBHOE U HEJIMHEMHOE B3aMMOJIEHCTBHE BCEX YUACTHUKOB, JOCTUKEHHUE HA 3TON
OCHOBE JIMYHOCTHO 3HAYUMOTO JUIA HHUX 00pa3oBaTeNbHOro pesyibTata. Hapsamy co
CHEIHUAM3UPOBAaHHBIMA ~ TEXHOJOTHUSMH  TaKOro  pojJa  MNPUHIUN  WHTEPAKTUBHOCTHU
MPOCIIEKUBACTCA B OOJBIIMHCTBE  COBPEMEHHBIX  O0Opa3oBaTEIbHBIX  TEXHOJOTHH.
HHTepaKTUBHOCTH MOAPA3ZyMEBAET CYOBEKT-CyOBEKTHBIE OTHOIIIEHHUS B X0Jie 00pa30oBaTeIbHOTO
mpoiiecca M, Kak ciencTsue, GopMUpOBaHKE caMOpa3BUBAIOIIEHCS NH(OPMAIITMOHHO-PECYPCHOM
Cpepbl.

@opmbl yueOHBIX 3aHATHI C UCMOJIB30BAaHUEM CHEIHATU3UPOBAHHBIX MHTEPAKTHBHBIX
TEXHOJIOTHIA:

Jlexiusi «0OpaTHOW CBSI3M» — JICKIHMSI-TIPOBOKAIMS (M3JI0KEHUE MaTepHalia C 3apaHee
3arIaHUPOBAHHBIMU omuOKamm), neknusi-oecena, JEKIUSA-TUCKYCCHS,
JEKIUSA-TIPECCKOH(EPEHIIHS.

3.  HHdpopManmoHHO-KOMMYHUKAIIMOHHBIE  OOpa3oBaTebHBIE  TEXHOJOTHH  —
opranm3aiys 00pa3zoBaTebHOTO MPOIEcca, OCHOBaHHAsI HA IPUMEHEHUH CIEIUATU3UPOBAHHBIX
MPOrPaMMHBIX CpeJl U TEXHUUYECKUX CPeJICTB paboThI ¢ HH(OpMaLIKEH.

@opMbl YUEOHBIX 3aHITHA C HCIOIB30BaHHEM HHGOPMAIMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJIOTHIA:

Jlexuusi-Bu3yanu3auus — H3JI0KEHUE COJEPIKAHMUS COMPOBOXKAACTCS Npe3eHTaluen
(memoHcTparuel y4eOHBIX MaTEPHAIIOB, MPECTABICHHBIX B PA3JIMYHBIX 3HAKOBBIX CHCTEMaX, B
T.4. WIUTFOCTPATUBHBIX, TpaUuecKux, ayIuo- U BUACOMATEPUATIOB).

JlabopaTopHoe 3aHATHE B (hOpME BUPTYaJIbHON BU3YaJIM3allMH MPOIIECCOB U SBIICHUM,
MPO-UCXOMSIIUX B KUIKOCTH M JACSITEIBHOCTA C HCIOJb30BAHUEM CIEIMATU3UPOBAHHBIX
MIPOTPaAaMMHBIX CPE]I.



1. B yueOHOM mpolriecce MpeayCMOTPEHBI 3aHATHS B (opMme pa3dopa KOHKPETHBIX CUTYAIIHH,
CBsA3aHHBIX C T’ I/II[paBHHKOﬁ U TUAPOITHCBMOIIPHUBOI0OM.

2. Ucnionp3oBanue B yueOHOM Mporiecce BupryanbHOro 1a00paTOPHOTO MPaKTHKyMa 110
paszenaM TeXHUIECKON THAPOMEX aHUKH.

3. Ilpu mpoBeneHuu 1a0OpPaTOPHBIX pabOT paccMATPUBAIOTCS TECTHI IO pasjeiiaM B
WHTEPAaKTUBHOU popme.

4. Ha nekuusx UCHoiIb3yeTcss KOMIBIOTEP C IPOSKTOPOM Uil OTOOPAKEHHS U JTYYIIEeTO
OCBOCHHS U3y4aeMOro MaTepHara.

6 YueOHO-MeTOAUYECKOE 00eciedeHUe CAMOCTOSITeJIbHOI PadoThl 00y4YarOIIMXCst
IIpencraBneno B npuiioxeHu 1.

7 OueHOYHBIE CPeACTBA /1JIsl IPOBeeHHs POMEKYTOUHOI aTTecCTAlMI
[IpencraBieHbl B IPUIIOKEHUH 2.

8 YueOHo-MeTOAMYecKOEe H HH(POPMALIMOHHOE O0ecneyeHrue TUCIUIITTHHBI (MOTYJIs1)

a) OcHoBHas1 IMTEpaTypa:

1. Homanckuii, 1. B. MexaHuka >KHAKOCTH M Tasza . ydeOHoe mocobue / U. B.
Homanckuii, B. A. HekpacoB. — Cankr-IlerepOypr : Jlamp, 2018. — 140 c. — ISBN
978-5-8114-3158-8. — Tekcr : anekTpoHHbIi // JIaHb : 3IIEKTPOHHO-OMOINOTEYHAS CUCTEMA. —
URL: https://e.lanbook.com/reader/book/110915/#1 (nmara obpamenus: 02.10.2025). — Pexum
JIOCTYyIa: JJi1 aBTOPU3. [10JIb30BATENIEH.

2. CazanoB, U. U. T'uppasnuka : yueOnuk / U.W. CazanoB, A.I'. Cxuprnanze, B.H.
HBanoB. — Mocksa : KYPC, HULl MH®PA-M, 2017. - 320 c. — (bakanaBpuar). - ISBN
978-5-16-105143-6. - Texkcr : AIIEKTPOHHBIN. - URL:
https://znanium.com/catalog/product/601869  (mara o6-pamenus: 02.10.2025). — Pexum
J0CTyMa: MO MOJIITUCKE.

0) lonmotHuTEIBHAS TUTEPaTypa:

1. IIponopunoHanbHbIN rHAPONIPUBOL : TabopaTopHbli mpakTukyMm / E. FO. Manko, 1. M.
Kytny6aes, O. P. [landpunosa, U. I'. Yco ; MI'TY. - Marauroropck : MI'TY, 2017. - 1
snektpoH. ont. jguck  (CD-ROM). - 3arr. ¢ turyn. o9kpana. -  URL:
https://host.megaprolib.net/MP0109/Download/MObject/1905 (mara obparuenus: 06.09.2025).
- MakpooOBbeKT. - TeKCT : aeKTpoHHBIN. - CBefeHus JocTynHbI Takke Ha CD-ROM..

2. Toumnkun, B. B. IlpoexTHpoBaHHE 5>JIE€MEHTOB METAUTYPrUYECKUX MAallUH U
obopynoBanus : yueoHoe nocooue / B. B. Tounnkun, O. A. @unatoBa ; MI'TVY. - Marautoropck
: MI'TY, 2017. - 1 snektpon. ont. muck (CD-ROM). - 3arn. ¢ turyn. skpana. - URL:
https://host.megaprolib.net/MP0109/Download/MObject/1853 (mata oGparenus: 17.10.2025).
- MakpooObeKT. - TeKCT : aeKTpoHHBIN. - CBefieHns AoCTynHbI Takke Ha CD-ROM..

3. Tounnkun B.B., ®unato A.M., UBanos C.A., Unuene H.A., Koasra A.Jl., Baruu
B.C. UccnenoBanue paboOThl U XapaKTEPUCTHK JIEMEHTOB T'MJIPONPHUBOAA METAJUTyprHYECKHX
MamuH: yd4e0. mocobue. Marnutoropck: M3a-B0 MarHuroropck. roc. TEXH. YH-Ta UM.
["'.Hocosa, 2014. - 207 c. (monymeno YMO 1o o0pa3oBaHMIO B O0JIACTM METAJIyprUu B
KauecTBe y4eOHOTO MOCOOMs JUIsl CTY/IEHTOB BBICIINX YYEOHBIX 3aBEACHHM, 00YJarONIMXCs MO
crenuanbHOCTH «MeTammyprudeckiue MamHbl 1 obopynoBanue»). ISBN 978-5-9967-0451-4.
HannonansHas wHGOpMAIIMOHHO-aHATUTHYECKAss CUCTeMa — PoccHiiCKMN WHAEKC HAy4YHOTO
mutupoBanus (PUHIL). — URL: https://elibrary.ru/item.asp?id=23783134

4. TunpaBIUYecKUil IPUBOI W CPEICTBA aBTOMATH3AIMM METALUTypTHUYECKHX MAIWH:
y4ueOHuK 1151 By30B / UndeneB H.A., Tounnkun B.B., Hedenos A.B., backos C.H.:



https://e.lanbook.com/reader/book/110915/#1
https://znanium.com/catalog/product/601869
https://host.megaprolib.net/MP0109/Download/MObject/1905
https://host.megaprolib.net/MP0109/Download/MObject/1853
https://elibrary.ru/item.asp?id=23783134

Hosotpounk, HO HUTY «MUCuCy», 2017. - 198 c. (PexomennoBano Y4ueOHO-METOIUYECCKUM
00BeIMHEHUEM BY30B 10 00pa30BaHUIO B 00JACTH METaJUIypruu B KadecTBe ydeOHuKa). ISBN
978-5-903472-29-1.

5. T'unpanuyeckoe 000pyIOBaHUE METALTYPIrHUSCKHX MPEANPHUsTHiL: yaeOHuk / BroBun
K.H., Tounnkun B.B., UnueneB H.A. Maruuroropck: M31-B0 MarHuToropck. roc. TeXH. yH-Ta UM.
["'". Hocoma, 2016. - 299 c. (momymeHo Y4eOHO-METOAMYECKHM OOBEIMHEHHEM BY30B II0
00pa3oBaHMIO B 00JaCTH METAIUIYPrUU B KauecTBe ydeOHHKa, 0OydarolIMXCs MO0 HamnpaBiICHHUIO
Mertamnyprust). ISBN 978-5-9967-0806-2.

B) MeToauyeckue ykazanus:

1. Meroauueckue yka3aHus K 1a00paTOpHbIM paboTaM IpeACTaBICHbI B IPUIOKEHUH 3.

2. Kyrny6aes, 1. M. ['unpaBnuka ¥ THIpONHEBMONPUBOJ | METOAWYECKHE YKa3aHHUS K
KOHTPOJIbHBIM paboTaM M0 JuciuIimHaM "MexaHuka XUAKOCTH W raza", "l'mapaBimuka',
"T'mapaenuka u rugpornHesmonpusoxa” / M. M. Kyrny6aes, E. 0. Manko, U. I'. Ycos ; MI'TY,
Kadenpa ropHblx MamuH M TPAHCHOPTHO-TEXHOJIOTMYECKUX KOMILUIEKCOB. - MarHuToropck :
MI'TY, 2012. - 1 osnekrpon. ont. guck (CD-ROM). - 3arn. ¢ turtyn. skpana. - URL:
https://host.megaprolib.net/MP0109/Download/MObject/577 (mata obpamenus: 17.08.2025). -
MaxkpooObeKT. - TekcT : aeKTpoHHBIN. - CBeneHus noctynHbl Takke Ha CD-ROM.

r) [Iporpammuoe o6ecneuenue u UnTepuer-pecypcebi:

IIporpammHoe o0ecnieueHue

Haunmenosauue 110 Ne norosopa Cpox 1eicTBUs INIICH3UN
MS Oﬁ.lce 2007 Ne 135 ot 17.09.2007 OeccpouHo
Professional
7Zip cB000HO pacnpocTpansemoe [10 OECCPOUHO
MathCAD v.15
Education J1-1662-13 o1 22.11.2013 6eccpodHo
University Edition
ONEeKTpOHHBIE
IUIAKATHI I10
JIACIUATLINHE K-278-11 ot 15.07.2011 OeccpovHO
"T'unpaBnuka u
ruaponpuso”
DIEeKTpPOHHBIE
TUTARaTPI MO KYPCY 1. 297-12 o1 11.09.2012 Gecepouro

I'mopasnuka u
ruagponpusox”

IIpodeccuonanbHbIe 6a3bl JAHHBIX H HH(POPMAIHOHHBIE CIPABOYHbIE CHCTEMBbI
HasBanue kypca Cchlaka

DnekTpoHHas 0a3a mepuoauueckux uinaHuii East View - .
Information Services, OO0 «MIBHUC» https://dlib.eastview.com/
ITouckosas cucrema Axkanemust Google (Google Scholar) [URL: https://scholar.google.ru/
Harnmonansnas nHpopMaimonno-ananutrueckas cuctemalURL:
— Poccutickuit unnekc nHayunoro nutuposanust (PUUHL])  |https://elibrary.ru/project_risc.asp



https://host.megaprolib.net/MP0109/Download/MObject/577

9 MartepuajJbHO-TEXHHYECKOE o0ecTiedeHne TUCIUMILTHHBI (MOIYJIs1)

MarepuanbHO-TEXHHUECKOE 00ecIieueHNe JUCUUTUINHBI BKITIOUACT:

B cooTBeTcTBHM ¢ Y4€OHBIM IUIAHOM O AUCIUILIMHE MPEAYCMOTPEHBI CIICAYIOIINE BHUIbI
3aHATUMN: JIGKLIIUU, IPAKTUYECKHIE 3aHATHS, CAMOCTOSTEIbHAsI pa00Ta, KOHCYJIbTALIUH, 3a4eT.

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

- MyJTBTUMEIUIHBIE CPENICTBA XPAHCHUS, IEPEIAYH U MPEACTABICHUS HH(DOPMALIUH.

VY4eOHble ayIUTOPUU IJIs TPOBEACHUS 3aHATHH ISl MPOBEICHUS TPAKTUUECKUX 3aHATUI
(ayn. 404, 308, 287, 297):

- MyJBTUMEIUIHBIE CPEJICTBA XPAHEHHUS, IEPEAauu U MPEACTaBlIeHUs MHPOpMaIIHH;

- IOCKa, MYJIbTUMEAUMHBINA ITPOEKTOP, KPaH.

Y4eOHble ayIUTOPUU Ui MIPOBEACHUS TPYIIOBBIX U UHIUBUIYaIbHBIX KOHCYJIbTALUMU,
TEKYIIETr0 KOHTPOJIS U TPOMEKyTouHOM arrectanuu (aya. 404, 308, 287, 297)

- MyJBTUMEIMIHBIE CPENICTBA XPAHEHHUS, IEPEAaUu U MPEACTaBIeHUs MHPOpMALINH;

- IOCKa, MYJIbTUMEANMHBIA IIPOEKTOP, IKPAH.

[TomeriieHus U1t CaMOCTOSTEIbHOM paboThl 0Oyuaromuxcs (ayx. 407a, 372):

- IepCcOHAaIbHBIC KOMITbIOTEPHI ¢ makeToM MS Office, BBIX00M B MHTEPHET U € AOCTYIIOM
B 3JIEKTPOHHYIO 00pa30BaTENbHYIO CPEy YHUBEPCHUTETA.

[lomemenuss s XpaHeHUS W NPOGHIAKTUYECKOTO OOCIYKMBaHHUS  y4eOHOTO
00opynoBaHus:

- CTeJUIXU JUIA XpaHEHUS Y4eOHO-HATJSAHBIX MOCOOMH U y4eOHO-METOIUYECKOM
JIOKYMEHTAIUH.



[MPMJIOXEHME 1

3aoauu Kk KOHMPOLHOI padome

Ilpumepnoie 3a0auu  no meme «JKuokocmo u ee puzuueckue ceoiicmea»:.

3anaua 1.1. Kanucrpa, 3anoiHeHHas GeH3WHOM H He CO-
Aepallad BO3AyXd, Harpenach Ha COJHLE [0 TeMnepaTyphl
90 °C. Ha ckonbko nosbicHiochk Gbl naBjeHHe GeH3HHA BHYTPH
KaHUCTPHI, ec/H Obl oHa Obiia abconoTHO xKecTKoA? HavanbHas
Temmepatypa Gensuna 20 °C. Monysib o6beMHON ynpyroctH GeH-
3MHa NPpUHATL paBHbIM K=1300 MIla, kos¢pdHuueHT Temnepa-
TypHoro pacuupedusi B,=8-10"* | /rpax.

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
TaKXke 0apOMETPUUECKOE IaBICHUE B METPaxX CTOJIOA BOJIBI.

3agaua 1.3. V3BecTHO, YTO 3aBUCUMOCTH JHHAMUYECKOTO KO3(pPHUIMEeHTa BA3KOCTH [L OT a0COTFOTHOM
TeMIiepatypsl T MOKeT ObITh BhIpaskeHa opmyJioi 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 pu t, = 30 °C pz = 6,02 mya3a.
OnpepenuTs Takke TUHAMHUYECKYIO BI3KOCTb Macia Wz rpu tz = 20 °C.

Ilpumepnuie 3a0auu  no meme «l'uopocmamuxan:

3agaua 1. Onpenenuts cuny F, HeoOXoauMyto /Ui yaep:KaHUs B paBHOBECHH MOPIIHSA /7,
eciu TpyOa 1MoJ1 MOPIITHEM 3aroIHeHa BO/IOM, a pa3meps! Tpyob:: D =100 mm, H=0,5m, h=4
M. Jlmnst peraara: a = 0,2 m u b = 1,0 M. CoGCTBEHHBIM BECOM MOPIIIHS PEeHEOPEUb.

3aoaua 2. Onpedenumsv dagieHue p 8 epxHem YuiuHope 2uoponpeobpazosamens
(MYTbMUNIUKAMopa), eciu NoKa3anue MaHoMempd, NPUCOEOUHEHHO20 K HUNCHEM)
yunuHopy, pasto py = 0,48 Mlla. Ilopwinu nepemewaromes 68epx, npuyem cula mpeHus
cocmasnsiem 10% om cunvl 0agnenus HCUOKoCmu Ha HUNMCHUL nopuieHs. Bec nopumnen G = 4


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

kH. luamempuol nopwmneti: D = 400 mm, d = 100 mm; évicoma H = 2,5 m,; nromrnocmes macia
L =900 K_Z/M3.

Ilpumepnuie 3a0auu  no meme «l'uopoounamuxar:

=0,3
3agauya 1. Bona neperekaeT U3 HaopHOro 0aka, rlie K30BITOYHOE NaBJICHUE BO3AyXa P ™~ Mlla, B

OTKPBITHIN pe3epByap 1Mo KOPOTKOU TpyOe AnaMeTpoM d =50 MM, Ha KOTOPOI YCTaHOBIIEH KpaH. YeMy
JTOJKEH OBITh paBeH KO3(PPHUIIMEHT COPOTHBIICHHUS KPaHa AJIsl TOTO, 9TOOBI PACXO]T BOJIBI COCTABIISIT

Q=87 =1 H, =3

? % Hl
1/c? BeIcOTHI ypoBHEH M H M. Y4ecTh IMOTEpIo HAropa Ha BXO/e B TPYOy

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

Banawa 2. MACIIO BCACBIBACTCSI HACOCOM Ha BBICOTY Nge = 0,5 M 1o Tpybe nauamerpom 20 MM U
JuUMHOM 1,2 M, KoTOopast uMeeT /iBa pe3kux u3ruda. Hacoc passuBaet nogauy 20 i1/muH. Macio
MI0THOCTBIO 900 KI/M® MMeeT KHHeMaTH4ecKyIo Bsi3kocTh v = 4 - 10”° m%/c. B Gake maBiaeHue
BO3AyXxa — arMmocdepHoe. Ompenenutb, Kakoi BaKyyM pa3BHBaeT Hacoc. [IpuHATH s
MacisiHOro (GuiabTpa KOd(p(UIMEHTh MECTHBIX cOnpoTuBieHuid (¢ = 6, A1 BXoJa BO

BCACBHIBAIOIIYIO MOJOCTh Hacoca Gy = 2 U U1t n3ruda BcackiBaromeit Tpyos! Cusr = 0,8.

Ilpumepnvie 3a0auu  no meme «l 'uopasnuueckuii pacuem mpyoonpoeooos»
3adaua 1. OnpenennTs BEIWYMHY IOTEPh [ABJICHMS, BBI3BAHHBIX ITOBOPOTOM

TpybompoBoaa auamerpom d = 200 MM Ha yroa o = 90°. TpyOornpoBo HOBBI CTaTLHOM,
pazmyc moBopota R = 40 M. XKunkoe maco munaepansHoe(V = 14,5x10* m%/c; p = 800 xr/ M°).
Pacxox xuaxoct Q = 0,5 m¥/c.



Cxema 1 Cxema 2

3aoaua 2.

3apaua 4.8. )KuzkocTb ¢ mioTHocThio p=900 xr/m® u Bs3-
kKoctelo v=0,01 Cr HarHeraercsi no ropHsoHTajJbHOMY Tpybo-
nposoay AaHHOW I=4 M W AuamerpoMm d =25 mm. Onpegenutp
NaBJieHHe B HauyalbHOM CEYEHWH, €CJH B KOHEUHOM CeuyeHHH
TpyGonpoBoja jaBjeHue aTmochepHoe, PACXoA KHAKOCTH Q=
=6 a/c; WepoxoBaTocTk CTeHOK TpybGonposoga A=0,06 mM.

JlaGoparopHsie paboTh
CxeMbI TIOAKJIIOYEeHUA THAPONUINHAPA ¢ ONHUM IITOKOM

TTo MCXOAHBIM AAHHBIM IS ZIBYX TH/IPOCUCTEM, TOKA3aHHBIX HA PHC. 1, ONIPE/IEJIUTh CKOPOCTHBIE U CHJIOBBIE IIAPAMETPhI TH/IPOIMUINHAPA. Pe3ysbTaThl BBECTH B
Tabsuiy. OGBACHUTD [OIyYeHHbIE PE3YIBTAThL.

CXEMA 1 LM 2
: npstad xod /] npaol xai i
oopamvibl Xod o0pamvsi Xod
pacnpedenumens Pacrpegenumesis
1ES
U g i‘ o
OOPATHe KAGNaH

[lpedoxpaumenshisn o

KAana

| g | | o

Pucynok 1 — I'mppaBnnueckue cxeMbl MOAKIOYEHNS THAPOLMINHAPA




[Ipsmoit xox OOpatHbIi X010 [Ipsmoit xox OOpatHbIH X071

Jnamerp nopiss
D, mm

Huametp mroka d,
MM

[aBnenue
HOMHUHAJIBHOE P,
Mlla

HomunansHEIH
pacxon Q, n/MuH

[Tmomans
MOPIIHEBO
MOJIOCTH, ST

ITnomane
IIITOKOBOU
MTOJIOCTH, SIIT

CKOpOCTh IITOKA
V, M/C

Ycunne Ha MITOKE
F, H

JlabopaTopHas paboTa

Onpeodenenue 0CHOBHBIX RAPAMEMPOE 2UOPOUUTUHOPA

Obuue ceedenus. I uopoyunuHopom Ha3vl8aIom 00veMHbIl UOPOOSUSAMENb C 0ZPAHUYEHHbIM
6036PAMHO-NOCIYNAMENbHLIM OBUNCEHUEM BbIXOOHO020 36eHd. B 3asucumocmu om KoHcmpyKkyuu
paboueti Kkamepvl cUOPOYUTUHOPLL PA30eNIIOm HA NOPUIHesble, NIVHIICEPHbIE, MENeCKONUYecKue,
Membpanuvle u cunvbghonnvie. Haubonvuiee npumenenue 6 00beMHbIX UOPONPUBOOAX NOJYHUULU
nopuiHesbie YUIUHOPbL 61a200aps NPOCMOU KOHCMPYKYUU U 8bICOKOU HAOEHCHOCIU.

Topwnesvim Hasvisaom 2uOPOYUIUHOP, 8 KOMOPOM pabouue Kamepsvl 00pazoeanvl padoyumu
HOBEPXHOCAMU KOPNYCA U NOPULHA co wmokom (puc. 1). B yununopuueckoii pacmouke xopnyca 1
(puc. 1, a) Haxooumcs nopuieHv 2, KHcecmrKo COeOuHeHHbvlld co wmoxom 4. Lunundp umeem Ose
nonocmu: nopuwiHegyio A — uacme pabdoueli Kkamepvl, 0ZPAHUUEHHYIO PAOOYUMU NOBEPXHOCHIAMU
Kopnyca u nopuwiHa, u wmokogylo b — uacme paboueii Kamepwvl, 02pAHUUEHHVIO pabOYUMU
HOBEPXHOCMAMU KOpNyca, NOpwHA U wmoka. [na cepmemuzayuu NOOBUNCHBIX COCOUHEHUl 6
YUIuHOpe YyCmaHosenvl YHiIomHumesnvhsie Koavya 3 u 5.

\
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Pucynoxk 1 — CxeMbl HOPIIHEBBIX THAPOLUIUHAPOB:
a, 8, 2 — ABYCTOPOHHET0 IeHCTBUS; 6 — OMHOCTOPOHHETO NCHCTBUS

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

dhopmynam:
— CO CTOPOHBI OPIIHEBOH MOJIOCTH VISl HUJIMHAPOB ¢ OJHOCTOPOHHUM LITOKOM (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 U 2) IITOKaMH MpU yCJIOBUU PABCHCTBA AWUAMCTPOB IIPABOI'0 U JICBOT'O HITOKOB
Su=n(D?—d?) /4. @)

Teopernueckoe ycunue (H) Ha mToke 6e3 y4yera cuil TpeHHUs 1 HHEPLUT
3)

F= ApSn,

rae Ap — nepenaj 1aBjieHUH B pabodrx MOJOCTIX, [1a.
IIpu paboTte mwIMHApAa Ha WITOKE pa3BuBaeTcs cuia Fpax, KOTOpas HpeogosieBaeT CTaTHYECKYIO

(TeopeTrueckyto) Harpy3Ky Fer, cuity TpeHHS! B KOHCTPYKTHUBHBIX JIEMEHTaX Frp U crily nHEpUHHU Ry
(4)

FcbalcT = FCT + FTp + RHH-

Cuna TPCHUA 3aBUCUT OT BU/Jd YIIIIOTHCHUA. I[J'Iﬂ HWIMHAPA C pE3NHOBLIMU YIINIOTHCHUAMU
®)

Fip =fnDbaoz,

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

KOHTAKTHOC HaIIPsDKCHUE, Z — YUCIIO KOJICIT.



Cuita MHEPIMY IBIKYIIUXCS YacTeH BO3HMKACT IPH YCKOPEHUM M 3aMEJICHUH ABIKEHHS INTOKa. B
o0rmem ciaydae

Rux = ma, (6)

rIe m — Macca JABWKYIIMXCS YacTel, NMPHUBEICHHAS K IITOKY, BKJIIOYas Maccy padoueil )HIKOCTH; a —
YCKOpEHHE.

[Tpu paBHOMEPHOM JBIKEHUH IITOKA IMIMHIPA CUJIA HHEPIIMU PaBHA HYJIIO.
dakTHueckoe ycuire Ha ITOKE IHHIpA
Foac = F 7uex, 7)
rae F — TeopeTrueckoe yCuitne; fyex — Mexauuueckuit KITIT (7vex = 0,85 ... 0,95).
Pacuetnyto ckopocts V (M/c) mToKa 63 yueTa yreuek pabouei )KUAKOCTH OIPEIENSIOT Mo Gopmyrie
V= Q/Sn = 4Q/(xD?), (8)
rae Q — pacxon paboueil KUIKOCTH, M/c.

B nunuaape nByCTOPOHHETO JIEHUCTBUS C OJHOCTOPOHHHUM IITOKOM CKOPOCTU ABWKEHHS IPHU MPSMOM
(mamekc 1) u oOpaTHOM (MHIEKC 2) X0aX MIPH MOCTOSHCTBE PACXOI0B PA3IHYHBL:

Q _ 4Q . Q _ 4

V,=—< DV, =—< = : 9
"s, zD2 ? s, x(D?-d?) ®©)
Bnonne oueBnHO HepaBeHCTBO Vo > V.

OTHOIIEHHE CKOPOCTH IBIDKEHHS TPH OOpPaTHOM XOA€ K CKOPOCTH JBWXKEHHS TPH TPSIMOM XOJIe
Ha3bIBAIOT KO PUIIMEHTOM yBEINYEHHSI CKOPOCTH NIPU OOPATHOM XOjI€:

A D?
"7V, Tproar
] _

Teopernueckas MomHOCcTh (BT) munmunapa
Nt = ApSnV, (10)
rae V — CKopocTh MToKa (KopIiyca), M/c.
[ToTepu MOIITHOCTH Ha TIPEOIOJIEHUE CHUIT TPEHHS
Ntp = FrpV, (11)
HomuHansHast MOIITHOCTH THAPOLMIMHAPA
N = Nt — N, (12)
a KI1/]

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



3aoanue

OnpenenuTs 0CHOBHBbIE padoyne napaMeTpbl NOPUIHEBOr0 TMAPOLUINHAPA ¢ OJHOCTOPOHHUM
IITOKOM NPH CTATHYECKOIl HArpy3ke Fct, MAKCMMAJIBHBIX CKOPOCTSIX MPSIMOro0 M OOPAaTHOIO0 XO/10B
COOTBETCTBeHHO V1 M V> , BpeMeHH pa3roHa NMpuU NpPAMOM Xole { , MAKCHMAJILHOM /JaBJI€HHUH B

HANOPHOM JTUHUHU Prmayx, 001eM KIIJL muaunapa 7. Padouyas :KMIKOCTh — MUHEPAJbHOE MACJIO0.

Ta6J’II/IHa 1. BapI/IaHTI)I HUCXOOHBIX JAHHBIX IJId paCu€Ta OCHOBHBIX MapaMETPOB TMAPOLUIMHAPA

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

kH

v, |06 |04 (03 |02 |04 |015}02 |05 |03 |01 (01 |02 |03 |025

Mm/c

V., (1,2 |09 (06 |05 |08 |04 (04509 |07 |03 |02 |04 |06 |05

m/c

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

MIla

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 |05

Mm/c

V., |04 |09 |05 |015(02 |035|04 |05 |1 08 |06 |04 |085]035

tc (01 (02 (02 |03 |01 (02 |02 (02 |02 |03 |02 |02 |03 |02

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

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

JlabopaTopHasi padora 4



Pacyer npocTbix TPyOONPOBOI0B

[Ipu ruapaBiIrYecKUX pacueTax paccCMaTPUBAETCs HECKOIBKO BUIOB TPYOOIIPOBOIOB.

IIpocTeie — TPyOOIPOBOIBI, KOTOPHIC HE COACPIKAT PA3BETBICHUA, OHU MOTYT OBITh COSAMHCHKI TaK,
YTO 00Pa3yIOT ITOCIIEI0BATENbHEIE U MTapajUIeNbHbIe coefnHeHus. Ecin TpyOopoBoI MMeeT HECKOIBKO TPYO,
BBIXOJAIUX W3 OIHOTO MECTa, OH Ha3bIBACTCS pa3zgemeieHHbIM. TpyOOmpoBOA, cOmEpKamMid  Kak

MMOCJICAOBATCI/ILHBIC, TAK U MMapaJlJIC/IbHBIC COCINMHCHUS TPY6 503051 pa3BCTBHCHHﬁ, Ha3bIBACTCS COMHCHBIM (pI/IC.
1).

L v2
B ocHoBe pacyeta TpyGOIpoOBOJIOB JexkHUT (Gopmyna Jlapcu hy, :/152—, JUISL OTIpEZieTICHNs TIOTEPh
g

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

a 0

Pucynox 1 — PacuerHbie cxembl TpyOOTIPOBOIOB: a — MPOCTOTO;
0 — CIIOKHOTO

HpI/I JIAMUHAPHOM PEKUME MMOJIB3YHOTCA 3aBUCUMOCTBIO, Ha3bIBa€MOM 3aKOHOM Hya3€ﬁf[§[l

1281Q

Nys. = W , [l 1)

nIn

_128vQ s

o = @
®opmyy Jlapcu 0OBIYHO BBIPAKAIOT Yepe3 PacxoJl ¥ MOTyqatoT:
8LQ?
hos. = 2o PREFEE [m]. A3)

Cymmapuas nomeps Hanopa 68 npocmom mpyoonposooe CKiaobl8aemcs u3 Nomepb Ha MmpeHue
nO ONUHE U MECMHBIX NOMePb.

h-n, +3h =(25+3) 25 @)



®dopmymna (3.49) B mpuHIATIC CIIpaBeUIHBA 11 000MX PEKUMOB TEUEHUS, OJHAKO IPHU JIAMHHAPHOM
PEeKHMME Yallle UCIIONIB3YIOT (popmyiy (3.46) ¢ 3aMeHO B Heli pakTUIECKOH JJIMHBI TPYOONIPOBOA PACYCTHOM,
paBHOM

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

_yd
Le =2, (6)

Hns mpoctoro TpybompoBoga mimHOH | u mocrosHHbIM muamerpom O pacyeTHOE ypaBHEHHE
TPYOOIIPOBO/A MPH TypOYIEHTHOM PEXUME JBIKEHUS UMEET BT

L 8Q? Q? ( L j
H=|1+1—+ =0,0827 = |1+ A—+ . 7
( d zgj g7Z'2d4 d* d Z§ ( )

Ipu 0ocmamouno 6orvuwoi omunocumenvrou oaune | [d mpybonposooa ckopocmuoim
Hanopom MONCHO npeHebpeUb, moz2oa 011 OTUHHO20 MPYOONPO8OOaA pacyemuoe ypasHeHue npumem
8uo0

_oosr 21
H =0,0827 y (zd +2§). (8)

4

Ecnu mpybonposod cocmoum uz nocnedo8amenbHO cOeOUHEHHbIX Yy4acmKkosg (puc. 2, a), mo

CNpaseoiu6bl paseHcmea:
Q=0=Q,=..=Q,;

D oh=>h+>h+.+>h. ®)

[Tpu napayieabHOM COSUHEHUU N TPyOOIPOBOI0OB (N — KOJIMYECTBO pa3BeTBICHMU) (puc. 2, 0)

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

, (10)
doh=>h=.=>h
rac Q — pacxod B TOYKE PA3BCTBJIICHUS.
a o
a
A Q— B
x~ o Q— = I
H Q3 —=—
3 /
S ITATTTA
T 14243
S '
Q=const Q Q Q Qs Q=Qi+Q+Q; Q

Pucynok 2 — CxeMbl ¥ HAalIOPHBIE XapaKTEPUCTUKH TPYOOIIPOBOIOB,
COCIMHEHHBIX TIOCIICIOBATENHHO (a) U mapauiebHo (0)

IMpumeuanne. Onpenenenne kKodQpPUIMEHTA THAPABIHYECKOTO COMPOTHUBICHUS



s Tpy6, paboTaronux Kak “THApaBINICCKH TIaakue” A ompenensercs mo dopmyiie biasuyca

_ 0,3164

YRe (1)

Jl51s pealibHbIX TEXHUYECKUX TPYO C €CTECTBEHHOW IEPOXOBATOCTHIO [Tl ONPEaeIeHUs A
pexkoMenyercs hopmyna A.Jl. ATbTirys

A 68)7°
A= 0,11(5 + —j . (12)

Re

rac A, — DKBUBaJICHTHAS mepoxoBaTOCTh Tp}I6I)I, MM.

DKBUBaJICHTHAS HIEPOXOBATOCTh A MpeCcTaBIIsgeT OO0l BBICTYIBI pABHOMEPHO
pacrpeieieHHOM 3epHUCTON a0COIIOTHON IIEPOXOBATOCTH TAKOTO pa3Mepa, pH KOTOPOM HOTEpH
Harnopa OyAyT TaKMMH K€, KaK U IPU JeHCTBUTEIHHON HIEPOXOBATOCTH.

[Tpu maneix 3HaueHUsX (Re- A/d ) BTOpbIM ciaraeMbsIM MOXKHO TIpeHeOpeub, u (12) obpamaetcs B (11).
HaoGopot, npu OGonemnx (Re- A/d ) mepBoe ciaraemoe jAenaeTcsi HMYTOKHO ManbiM U Qopmyna (12)

npeooOpazyercs B hopmyny b. llludpuacona:

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

3amanme

Pemuts ABa THIIA 3a/1a4X Ha PACUCT IPOCTOIO pr6OHp0BO,I[a COrJIaCHO JaHHbIM, IPHUBCJICHHBIM B

TabJIMLIE HIDKE.

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

v, 65 72 68 81 100 | 113 | 78 94 64 72 66 90 80 72

L m 1 15 |2 3 4 35 [25 |2 5 44 132 |27 |18 |23

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

A,mm | 0,01 (0,01 0,01 0,01 0,01 0,01 0,010,01|001|001]0,01]|0,01]|0,01]0,01

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




Nes. |15 16 17 18 19 |20 |21 |22 23 |24 |25 |26 |27 |28

Q. 50 |120 {80 |90 |60 (40 |20 |25 |16 |10 |8 12 |20 |30

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

\2 72 |66 |9 |80 |72 |100 |[113 |78 |94 |64 |65 |72 |68 |81

L m 4 3 2 25 |15 |18 |1 21 |08 |2 3 35 |28 |18

d, mm | 16 16 |10 (20 |25 |16 16 |20 (10 |9 12 16 | 20 12

A,mm | 0,01]0,01001|0,01]0,01 001001001001 |0,01]0,01]0,010,01]0,01

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

Jlabopamopunasa paboma

T'uoponpueoo npecca

[{enb paboTel:. OnpeneneHre OCHOBHBIX TapaMeTPOB THAPOCUCTEMBI Ipecca.

Onucanue paﬁom bl CXémbl

Ha puc. 1 mpencraBieHa ruipaBindeckas cxeMa Ipecca ¢ UCIOJIb30BaHHEM YIIPABIISIEMOTO
o0paTHOTrO KIilaraHa — THUApO3aMKa. B JaHHOW cxeme OCHOBHBIM JJIEMEHTOM SIBISIETCS pabouuit
WIMHJP 2, KOTOPBIM 00ecrieunBaeT BHINOTHEHHE HEOOXOAMMBIX TEXHOIOTHYeCKUX omnepanuii. Kak
MPAaBUIIO, JAHHBIE [IUIUHAPBI OTIUYAIOTCS OOJBIIMMU AUAMETpaMH U OONbIIUMU oObemamMu. J{is
obecreueHns YCKOPEHHOTO X0Jia MOPIIHS HWIHHIAPA 2 MPUMEHSIOT BMECTO HACOCOB, CO3AIOIINUX
OOJIBIITYI0 TIPOU3BOAMTEIILHOCTh, OE3HANMOPHYIO TMojady padoued KUAKOCTH u3 Oaka 3 uepes
ynpaBJ’IﬂeMBIfI ruapo3aMoOK 4. B JAaHHBIX MalllMHAaX HUX Yalll€ BCECIrO HA3bBIBAKOT HAIIOJHUTCIIBHBIMU
KjJamaHamMu. VIcXxogHOe TIONOKEHHWE TIMOJI3yHa — BBEpXy. DBKIIOYMB  JIEBYIO  CEKIHIO
THApOpacupeieuTe]ss 6, HampaBIsAOT MOTOK padodeld KHUJIKOCTH B TOPIIHEBBIC TOJOCTH
TUAPOIMIUHAPOB | YCKOpeHHOro xoja. B OCHOBHOW NMIMHAP KHUIKOCTh TMOJAETCS dYepes
HATIOJTHUTENbHBIN KiianaH 4 u3 6aka 3 6e3HanopHO.

ITo Mepe nepeMeleHns Moja3yHa BHU3 U JOCTHKEHUS UM 3arOTOBKH, HAUMHAET IOBBIIATHCS
JIaBJICHUE B IOPLIHEBBIX MOJOCTAX T'MAPOUMIMHAPOB 1. OTKpbIBaeTCs KiamaH IMOAKIIOYEHUS
naBieHus 5 u paboyas MOJOCTh MWIMHIPA 2 HaYMHAET HATOJHATHCS JKUIAKOCTBIO MO/ JaBICHUEM,
9TO CO34a€T YCIOBUS IS  BBHINIOJIHEHHUS HEOOXOJAMMOW  TEXHOJOTHYECKOW  Omeparuu.
HarnonauTenbHbIN K1anaH 4 Ipy 3TOM MEPEKPBIBAET NoAavy )KuakocTu. [Ipu nepemeniennn noyisyHa
BBEepX pabouas >KUJIKOCTh MOAAETCA B IUTOKOBBIE MOJOCTH THAPOLMIMHAPOB 1, OTHOBPEMEHHO
CHUTHAJI 110 JIMHUH YIPABJICHU TOJAETCsl HAa HAIIOJIHUTENIHBIN KJIanaH B TOUKY X, YTO 00ecre4rnBaeT
CBOOOJHBIN CIIMB KHUJIKOCTH U3 MOJOCTH OCHOBHOTO LIMJIMHIPA B €ro 0ak, yepe3 HarOJIHUTEIbHBIN



KJamnad 4.

Buvinonnenue paoomut

H3BecTHO:

Juametp nopuias ocaoBHoro 'Ll - D2, mm

Juametp mopmiHs  BeroMorarenbHbIx 'L — D1, MM
JumameTp mroka Bermomorarenbubix 'L — d1, MM
Tpebyemoe makcumainbHoe ycuiue npeccoBanus F,xkH

CKopocTh YCKOPEHHOT0 X0/a V, M/c



ITo ucXomHBIM JAHHBIM ONpPENEIUTh HEOOX0AMMOE HOMUHAIILHOE 1aBJICHUE U
HOMUHAJIbHBIN PacXoJl 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




OIleHOquﬂe CpeAacTBa /i IPOBEACHUA HPOMe)l(yTOqHOi/JI aTrrecranuu

a) H.]IaHI/IpyeMbIe pe3yJbTaThbl oﬁyqe}mﬂ H OIICHOYHBIC CpeaAcCTBA AJIsl IPOBEACHUSA HpOMe)l(yTO‘IHOﬁ arrecramum.:

O11eHOYHEIC CpeacTBa
KOL[ HHAWKATOpa I/IHJII/IKaTOp JOCTUKCHUS KOMIICTCHIIMHU

OIIK-1: CiocobeH puMEHSITh €CTECTBEHHOHAYYHBIC 1 O0IICHH)KEHEPHBIE 3HAHUS, METO/IbI MATEMaTHUECKOT0 aHAIM3a U MOJICIMPOBAHMUS B TPOPECCHOHATBHOM
NeSITEeNbHOCTH;

OIIK-1.1 — Pemaer crannaprueie | [lepeuens meopemuyueckux 60npocos K 3auemy:
npodecCuoHaNIbHBIC 3a/1auu c

MIPUMEHEHHUEM OOIICHH)KCHEPHBIX 3HAHUIT .
PexxnMmel gBmkeHus xxuakocty. Yucio Pelinonpaca.

JlamMuHapHBINA PEXUM JIBHKEHUS KUAKOCTH U €r0 3aKOHOMEPHOCTH.

Pacxon u cpeHss CKOPOCTh OTOKA MPH JIAMUHAPHOM PEKHME.

TypOyaeHTHBIN PEXUM IBMKEHHS KUIKOCTH U €70 3aKOHOMEPHOCTH.

3aKkOH HEPa3pbIBHOCTHU MOTOKA HKUAKOCTH.

3aKOH COXpaHEHUs SHEPTUH [ TOTOKA XKHUJIKOCTH. YpaBHEeHUe bepHynnmu /g motoka
HIEATBHON KHUIKOCTH.

7. Ypasuenue bepHyim s cTpyHKH nAeaIbHOM KHUIKOCTH.

8. VYpaBHenue bepHyIu st MOTOKA peaabHON KUIKOCTH.

9. Vpasuenue bepHymm s cTpyiKH peagbHOM KHUIKOCTH.

10. I'eomeTpusi TOTOKOB KHIKOCTH.

11. IlpuMeHeHHEe OCHOBHBIX YPaBHEHUN ABMKEHUS TIOTOKOB KHUIKOCTH JUTSI U3MEPEHHS
CKOpPOCTEN U PacX0]i0B KUJIKOCTH.

oukrwhE

Ilpumepnivie npaxmuueckue 3a0anus 0na 3avema:

1. B ABYCTOpOHHEM THIPOIMIMHAPE quameTp mopiiHs D = 160 MM, 1uaMeTpsl
rrokoB d1=80mm u d2 = 100 mm. IIpu pabouem naBnernu p = 10 MI1a,




Kopn unnukaropa

I/IHJII/IKaTOp JOCTUKCHUS KOMIICTCHIIMHN

OrieHOYHBIC cpeacTaa

MIPOTUBOAABIIEHUH B CIIMBHOM MOJOCTH prp = 0,15 MIIa u pacxone macna paboueit
nosiocthio 0,1 J1/c onpenenuTh YCHIINE U CKOPOCTh, Pa3BUBAEMbIC IITOKOM IIPH
JBIKEHUU BNpaBo U BiIeBO. [Ipunare mexannueckuit KI1/[ runpoummunapa 0,96;
00beMHBIH — 1.

1

o= P9 M R

I
L ]

=

2.

Kunkocts, nMeromas mioTHocTs 1200 Kr/M° ¥ IMHAMWYECKUit ko3 urmeHT
Ba3kocth 2- 107 Tla-c, 3 6aKa ¢ MOCTOSHHBIM YPOBHEM | CAMOTEKOM IIOCTYIIAeT B
peaktop 2. OmpenenuTh, KaKOE€ MaKCUMaIbHOE KOJHUYECTBO KHUAKOCTH (IIpH
IIOJIHOCTBbIO OTKPBITOM KpaHE) MOKET IOCTYIaTh U3 0aka B peakTop. YpPOBEHb
KUJKOCTH B 0ake HAXOAWTCS Ha 6 M BBIIE BBOJA KUIAKOCTH B PEAKTOP.
TpyOonpoBoa BHINOIHEH U3 AIFOMUHHUEBBIX TPYO C BHYTPEHHUM AuameTrpom S50
MM. Ob1mas ayimHa TpyoonpoBoa, BKIIIOYasi MECTHBIE conpoTuBiienus, 16,4 M. Ha
TpyOOIIPOBOJIE MMEIOTCSI TPU KoJieHa M KpaH. B Oake M peakTope JaBieHHE
aTMocdepHoe.

H=6Mm




O11eHOYHEIC CpeacTBa
KOL[ HHAWKATOpa I/IHJII/IKaTOp JOCTUKCHUS KOMIICTCHIIMHN

OIlK-1.2: — IIpumenser MeToasl Mojaenuposanus u | Illepeuens meopemuueckux 6onpocos K 3auemy:
MaTeMaTHYEeCKOr0 aHajlu3a IS PEIICHUS

3a/1a4 B NPOPECCUOHAIBHOM 1€ATEIbHOCTH . .
CsoiicTBa pa60‘II/IX KHUIOKOCTCH. OCHOBHBIE TTIOHATHS 1 OIIPCACIICHUA XUIKOCTH.

I10THOCTD U yAENBbHBIN BEC KUJKOCTH.

CKUMaeMOCTh JKUIKOCTH.

Koaddummenr o6beMHOTO CoxaTusl.

Koadduiment TermmoBoro pacimpeHus.

Mopysb ynpyrocTt sKUIKOCTH.

Bsi3kocTs kuakocTy.

Koaddurment kuaeMaTraeckoi BSI3KOCTH KHJIKOCTH.

KaBuTarus KUIKOCTH, CIIOCOOBI IPETOTBPAIIECHUS.

0. OGnuTepanust KUIKOCTH.

1. lM'umpocTaTrka, OCHOBHBIE TIOHATHUS M ONIPEJISIICHUSI.

12. TloHsiTHE TUAPOCTATUYECKOTO AABIICHUS.

13. EnuHMIBI U3MEpEHHS THAPOCTATHIECKOTO JaBIICHHS.

14. CpoiicTBa THAPOCTATHYECKOTO IaBIICHHSL.

15. TloHsTHS THIPOCTATHYECKOTO JABJICHHUS: aOCOIOTHOE, aTMOCc(hepHOe,
U30BITOYHOE U BAKYYM.

16. Tuddepenunansuble ypaBHeHUs Dilsiepa sl paBHOBECHS )KUIKOCTH.

17. OcHOBHOE ypaBHEHHUE I'HJIPOCTATHKH.

18. 3akon Apxumena.

19. 3akon Ilackairs.

20. MexaHu3M C UCTIOJIb30BaHUEM YPAaBHEHMS THAPOCTATHKH, TOMKpAT. U
MYJIBTHIUTHKATOP.

21. MexaHH3M C HCNOJIB30BAHUEM YPABHEHHS THJPOCTATHKH, MYJIBTUILTUKATOP.

22. VI3mepeHue 1aBiIeHUs KUAKOCTH.

23. PaBHOBeCHE KHUIKOCTH B COOOIIAIONIUXCS COCY/Iax.

RBO©oOo~NoO~whE




Kopn unnukaropa

I/IHJII/IKaTOp JOCTUKCHUS KOMIICTCHIIMHN

OrieHOYHBIC cpeacTaa

24. Cuna naBiieHHS KUIKOCTH Ha BEPTHKAIBHYIO CTCHKY.

25. Cuna naBieHus KHUIKOCTH Ha TOPU30HTAIBHYIO CTEHKY.

26. Cuna naBieHus XKHUIKOCTH Ha HAKJIIOHHYIO CTCHKY.

27. OmpeneaeHUe TOIIIUHBI CTCHKH.

28. I'mapoanHaMuKa, OCHOBHBIE ONPEAEIICHUSI.

29. T'mapocraruyeckuit yaap. @opmyna XKykosckoro H.E. ms runpoynapa.

30. Crioco0sI peoTBpaIeHus THAPABINYECKOTO YAapa..

31. Ilotepu Hamopa (IaBieHuUs), OIpeesieMble JTMHONW TpyOoTnpoBoaa, popmya
Hapcu.

32. OnpeneneHne MECTHBIX TIOTEPh Hamopa (JaBlIeHus) B TPyOOIpoBoae, hopmyia
Beticbaxa.

33. Ompenenenne noTeps Haropa (AaBieHus) B TpyOonpoBoe, hopmyna
Japcu-Beiicoaxa.

34. Pacuer o0IIeT0 COMPOTHUBIICHHSI B TPOCTOM TPYOOIIPOBO/IE.

35. TlocnenoBaTenbHOE COCAMHEHHE POCTHIX TPYOOTIPOBOIOB.

36. INapamienpbHOE COEAMHEHUE MPOCTHIX TPYOOIIPOBOIOB.,

37. Onpenenenne MOTeps JaBICHUS B peabHOM THAPOCHCTEME.

38. ®opmyna Topuyennm.

39. HcredeHne KHUIKOCTH Yepe3 Majoe OTBEPCTHE B TOHKOH CTEHKeE.

Ilpumepniie 3a0anus na peuienue 3a0au u3 npogheccuonanvHou odracmu

1. Ha pucyHke moka3zaHa ympoIIeHHas cxemMa OOBEeMHOrO THIPONPHBOAA
MOCTYNATENbHOTO JIBM)KEHUSI C JIPOCCENBHBIM PEryJIUpOBaHUEM CKOPOCTU
BBIXOJIHOTO 3BeHa (IToKa), e 1 - Hacoc, 2 - peryaupyemslit agpoccens. [Tok
ruapornHApa 3 HarpyxeH cwitoid F = 1200 H; nuamerp nopmss D = 40 mm.
[TpenoxpanuTenbHblid KnamaH 4 3akpbIT. OnpenenuTsh JaBlIeHHe Ha BBIXOJE U3
Hacoca ¥ CKOPOCTh MepeMeIIeHHs TIOPIITHS CO ITOKOM Vy, TIPH TaKOM OTKPBITHH
JpoCCelsl, KOT/Ia €r0 MOKHO paccMaTpUBaTh Kak OTBEpCTHE MIiomaabio So = 0,05
cM? ¢ koaddurmentom pacxona p = 0,62. TTonaua macoca Q = 0,5 1/c. ITnmoTHOCTH

xuakoctd p = 900 xr/m®. TloTepsmMu B TpyOOmpoBojax IpeHeOpeds.




Kopn unnukaropa

I/IHJII/IKaTOp JOCTUKCHUS KOMIICTCHIIMHN

OrieHOYHBIC cpeacTaa

[TocTpouth TrUAPAaBIMYECKYIO CXEMy, 3aJaThb HACTPOMKy KiamaH 4,

cMoaenupoBath padoty I'C.
4 Un

Ilpumepnsie 3a0anus na peuienue 3a0au u3 npogheccuonanvHou odracmu

1. B obwvemMHOM ruapomnpuBoje Hacoc 4 pas3BuBaeT jaaBieHue p, = 5 Mlla u
nocrostHHyto nozpauy Q, = 8 i/mun. Ilopmens auamerpom D = 100 MM 1 mTok
muamerpom d = 40 MM B ruapolMHApPE 1 YIUIOTHSFOTCS PE3WHOBBIMU
KOJIbLIaMH KPYTJIOTo cedeHus. [ unpopoccens 3 HaCTpOEH Ha MPOIYCK pacxoja
Macna Qop = 8,4 1/muH. [IpeneOperas yTeukoil Macia B ruipopacnpeenurene 2,
OIIPENIeNIUTh PacXoJl Macjia yepe3 THUAPOKIIANaH S M MOTEPI0 MOIIHOCTH M3-3a
CJIMBa MacJjla Yepe3 ATOT KJIalaH MPY IEPEMEIIEHUH MTOPILHS BIIEBO.




Kopn unnukaropa

I/IHHI/IKaTOp JOCTUKCHUS KOMIICTCHIIMHN

OrieHOYHBIC cpeacTaa
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0) Ilopsinox npoBexeHUsI MPOMEKYTOYHOM aTTeCTAIUM, IIOKA3ATEJH M KPUTEPHH OLleHUBAHMSA:

[IpomexxyTouHas aTTecTanus no JucHuIuiniHe «OCHOBBI MPOEKTUPOBAHUS THIPO- U ITHEBMOIIPUBOAA
METAILTyPTUYECKOT0 00OPYAOBaHUS» BKIIOYAET TEOPETHYECKHE BOIPOCHL, IO3BOJISIONINE OIICHUTH
YpOBEHb YCBOEHHUS OOYyYAIONUMUCS 3HAHWM, M TPAKTUYCCKHE 3a/IaHusl, BBISBIIIONIUE CTCIICHb
c(hopMHUPOBaHHOCTH YMEHHI U BIaIeHUH, TPOBOAMUTCS B opMe 3adeTa.

3ayeT Mo AaHHOW TUCHUIUIMHE MIPOBOJUTCS B YCTHOM (hopMe, BKIIOUaeT | TEOpeTHUECKUI BOIPOC U
OJIHO IIPAaKTHYECKOE 3a/laHHE.

Memoouueckue pexomenoayuu 013 NOOZOMOEKU K 3auenty

1. Ilpu moAaroToBke K 3a4eTy y CTYJEHTA JOJDKEH ObITh XOPOUIMM Y4eOHUK MU KOHCIEKT
JUTEpaTyphl, IPOUUTAHHOM 10 YKa3aHUIO MPEoaaBaTess B TEUCHUE CEMECTpa.

2. Bmnauane cnenyet mpocMOTPETh BECh MaTepHall 10 CJaBaeMON TUCHHUIUINHE, OTMETHTD AJIs
cebst TpyaHble Bompochl. O0si3aTelbHO B HHMX pa3oOparbesa. B 3akiroueHue emie pas
[[eIeCO00pPa3HO MOBTOPUTH OCHOBHBIE IOJIOKEHHS, HCIOJIB3Ysl MPH STOM OIOPHbBIE
KOHCHEKTHI JieKuui. Ilpu 3ToM HY>KHO 00paTUTh 0cO00€ BHUMaHUE Ha TEMbI y4EOHBIX
3aHATUN, TPOMYIICHHBIX CTYIEHTOM I10 PAa3HBIM MPUYHMHAM.

3. Ilpu moarotoBke K 3aueTy HEOOXOIMMO MOBTOPSTH MPONICHHBIA MaTepHal B CTPOrOM
COOTBETCTBUHU C y4eOHOH paboueill mporpaMMoil NUCHUIUIMHBI, PUMEPHBIM MEepEeYHEM
yueOHBIX BOMPOCOB, BEIHOCSIINXCS HA 3a4eT U COAEPKAIINXCS B JAHHOW Mporpamme.

4. Ecnu B mpoiiecce caMOCTOSATENbHON paboThl HaJl M3YYEHUEM TEOPETUYECKOT0 MaTepHrala
WIM TpU PEIIEHUH 3a/ady Yy CTYJIEeHTa BO3HHMKAIOT BOIPOCHL, PAa3pelIUTh KOTOpPbIE
CaMOCTOSITENILHO HE y/IaeTCs, HEOOXOAUMO OOPaTUTHCS K MPETOAaBaTEeNIO s TOTYUCHHS
y HETO pa3bsICHEHUH WK yKa3aHuil. B cBoMX Bompocax CTyAEHT JOJIKEH YETKO BbIPA3UTh,
B UEM OH HMCHBITBIBAET 3aTPYJHEHHUS, XapaKTep 3TOT0 3aTPyAHEHUs. 3a KOHCYIbTalUeu
cienyet oOpamaThCs U B CIy4ae, el BOSHUKHYT COMHEHUS B IPaBUILHOCTH OTBETOB Ha
BOITPOCHI CAMOTPOBEPKH.

Ilokazamenu u Kpumepuu ouyeHueanusn zauema:

— «3aumeno» CTABUTCS B CIIy4a€ OBJIAJEHUA CTYACHTOM  ITOPOI'OBBIM YPOBHEM
c(hOpMUPOBAHHOCTH KOMIIETCHIIMM, T.€. 3HAHWUH OO0 OCHOBHBIX 3aKOHAX THIPOMEXaHUKH,
OCHOBHBIX MOJXOJAaX K HMCCIEIOBAaHUIO MEXAHUKH JKMJIKOCTU M ra3a, YMEHUU CaMOCTOSATEIBHO
npuoOpeTaTh 3HAHUS B OONACTH MEXaHWKH JKMIKOCTH U Ta3a C HCIOJb30BAaHHEM Y4eOHOU
JIUTEPATYpPbl, COCTABJIATH PACUETHBIE CXEMBI JUISI MOJEIMPOBAHUS ITPOLIECCOB MEXAHUKHU
KUJKOCTA W Ta3a; BJIAJIEHHEM CIOCO0aMU JEMOHCTpAIK YMEHHS aHAIU3UPOBATh M3BECTHBIC
MOJXO/IbI K UCCJIEIOBAHUIO MEXAHUKH KUJIKOCTH M rasa.

- «He 3aumeno» craBuTCs, eciM OOydYaroOLMiics HE MOXKET IIOKa3aTh 3HAHUS HAa YPOBHE
BOCIIPOM3BECHUS U O0BSICHEHUSI MHPOPMALIUHU, HE MOXKET IM0Ka3aTh UHTEJIEKTya IbHbIC HABBIKU
pElIeHUs TPOCThIX 3a/1a4.



I[MTPUJIOXEHUE 3

MeTtoanyeckue YKa3aHusl K KOHTPOJIbHBIM paﬁmaM

[Mpenver nmuctuminHbl  «OCHOBBI TPOEKTUPOBAHUS THAPO- U I[HEBMOIPHBOJA
METALTYPTHYECKOTO 00OPYIOBAHUS» B CBOMX HCXOIHBIX IMOJIOKCHHSIX ONMUpAcTCs Ha (UBHKY,
3aKOHBI BBICIIIEH MaTeMaTHUKH, TEOPETUICCKOW MEXaHUKHU, COMPOTHBIICHUS MaTEPHAIIOB, TEOPHIO
MEXaHM3MOB W MamuH W jaetanu MammH. OJHako OoJbIIasi CIOKHOCTh W HEIOCTATOYHAs
M3YYEHHOCTh MHOTHX SIBJICHHH BBIHYKJA€T UCIIOJIb30BATh U SMIUPUUYECKUE TPUEMBI; HEKOTOPHIE
U3 KOTOPBIX JEMOHCTPHUPYIOTCS B JJabopaTopHbIX paboTax mo rujapaBiuke. BzaumoneiicTBue
TEOPUU U SKCIIEPUMEHTA - XapaKTepHasi 0COOEHHOCTh JaHHOW AUCUUIIINHBL

B npenenax yuyeOHOro rojaa cTy/I€HThI IPUTIIAIIAIOTCS HA CECCUIO, HA KOTOPOH CIIyIIAal0T
JICKIIMU TI0 JUCIHILIUHE B COKPAIIEHHOM 00BEME, 3HAKOMATCS C HEKOTOPBIMU JIA0OPATOPHBIMU
paboTamMu W CIAIOT UTOTOBBIM KOHTPOJIH (dK3aMeH uiau 3a4eT). OCHOBHBIM BUIOM H3y4YEHUS
paccMaTpuBaeMOro Kypca SIBJISIETCSI CaMOCTOsATelIbHas paboTa cTylaeHTa-3aouHuKa. CTyIneHT
JOJDKCH CHCTEMAaTHYeCKH paboTaTh HAJ KHUTOH, BBINOJHSAS KOHTPOJBHBIC 3alaHusl U
rupaBianueckue pacdyérol. Pabory Haj pacuéTramMu HEOOXOAMMO COMPOBOXKIATh H3YYEHHUEM
PEKOMEHI0BAaHHOM JIUTEepaTyphl, 00paias ocoboe BHUMaHUE Ha TO, YTO HEOOXOAUMO B MpoIiecce
pacuéra WM pelieHus 3anad. PexomeHayercs criemyromuil NOpsAAOK H3yYeHUS AUCHIUILTUHBL.
CHauaia 6eryio MpoCMOTPETh MPOrpPaMMy, METOUUYECKIE YKA3aHUS U TOCOOUS, YTOOBI COCTaBUTH
IIpEJICTaBICHUE O TUCUUIUIMHE B 1iesioM. [Ipu paboTe Haa KakIbIM pa3esioM CleayeT, Mpexie
BCEr0, 03HAKOMUTKCS C €r0 CoepKaHueM 1o porpamme. Onmupasich Ha METOJUYECKHE YKa3aHus,
MPHUCTYIHTH K U3YYCHHUIO MaTepHaa 1o y4eOHUKaM; IIPH STOM PEKOMEHTyeTCsI BECTH KOHCIIEKT C
OCHOBHBIM COJICp’)KaHHEM TEMBbI, C BBIBOJAMH (OpMYyT U HEOOXOTUMBIMH TpadUKaMHU.
®dukcupoBath HesicHble Mecta. [lo Tem Bompocam, KOTOpble He ymaércs pa3ooparhb
CaMOCTOSITENILHO, CTIEAYET OOPAaTUTHCS K BEAyIIeMY MTPErnogaBaTelo 3a KOHCYIbTaluei.

Jlns mpoBepKH YCBOGHHUs MarepHala HYKHO OTBETHTh Ha KOHTPOJIbHBIE BOIPOCHI,
MpUBEICHHBIE B TOcOOUU. PekoMeHIyeMoe HIKe SBISETCS] MUHUMYMOM TOTO, YTO JOJDKEH 3HATh
M0 JaHHOMY JUCHUIUIMHE CTyAeHT. Jlns Oosee riIyOOKOro HM3ydeHHUsT HEOOXOJIMMO CaMOMY
pemaTh 3a/1a4u, COOTBETCTBYIOIIME TTpopadbaTeiBaecMoMy pasneny. Uem Oosbiie Oyner craemaHo
pacdéToB M PEIICHO 3aJ[a4, TEM JIYYIe YCBOUTCS TCOPETHUECKUU KypC U TEM YCIEIIHee OyayT
BBITIOJTHEHBI TTpeIIaraeMbie KOHTPOJIBHBIC 3a/IaHUs. 3aBEPIIICHHEM CAMOCTOSTEILHOM PabOTHI 11O
KypCy SBIIICTCS BBINTOJIHEHWE KOHTPOJBHOW padoThl MO JucHUILIHHE (5 3amad), KoTopas
npencrasisiercs B BY3 He no3anee, yem 3a 3 1Hs A0 3adera, sk3amMeHa. HoMmep BapuanTta 3amau
JOJI’KEH COOTBETCTBOBATH MOCHIeaHEH 1 pe HoMepa 3a4€THOM KHIMKKU cTyaeHTa. K utoroBomy
KOHTPOJTIO TIOMYCKAIOTCS CTYICHTHI, UMEIOIINE 3a4TEHHBIE KOHTPOJIbHBIC PA0OTHI.

MeToan4yeckue yKa3aHus 10 BbINOJHEHHIO J1a00pPaTOPHBIX padoT

Ha maGopaTopHbIX 3aHSATHSX IS TOCTHXKEHHS MOCTABJICHHBIX 3aa4 JKEIaTelIbHO BBITIONHEHHE
paboOThl CTyJAEHTAMH  HEMOCPEACTBEHHO Ha KOMIIBIOTEPHOW TeXHHKe. JIJis JIydIlero 3akperieHUs
Marepualia CTYJCHTHI MOJYy4YaroT 3aJaHus, KOTOPBIE BBITOJHAIOTCS Ha NPOTSYKEHUHM BCEX MPAKTUUYECKHUX
3aHATHN B OTPE3KU BPEMEHH, OTBEACHHBIC IS 3aKPEIUICHUS MaTepHaja M MOJYICHIS HaBBIKOB PAaOOTHI.
Takue 3a1anus CIAIOTCS CTYyICHTaMHU MIPEMOIaBaATENI0 B KOHIIC U3YUYCHUS JAHHON JUCIUTUIUHEIL.

Bonpocwul ona 3auwumoel npakmuueckux paoom



Du3uyecKue CBOMCTBA JKUAKOCTH

1. B uém oTiinune )uaKocTed oT TBEPABIX TEI U ra30B?

2. KakoBa B3auMOCBSA3b MEXAY IJIOTHOCTBIO U YJEIbHBIM BECOM KUJKOCTU? YKaXKHUTE UX
€JIMHHULIBI.

3. Uro HazbiBaeTcs KOdpGUIUEHTOM 00bEMHOTO CkaTus kuakocTu? KakoBa ero cBsi3b ¢
MOAYJEM ynpyroctu?

4. KakoBa CBSI3b CKOPOCTH 3BYKa B JKMJKOCTH C MOJYJEM YIPYIOCTH U IIOTHOCTBIO
KAIKOCTU?

5. Yto Ha3bIBaeTcs BA3KOCTbIO JKUAKOCTH? B u4éM COCTOMT 3aKOH BS3KOTO TpPEHHUS
HeroToHa?

6. B ueM npuHIMNUAIBHAS pa3HUIA MEXKY CHJIAMH BHYTPEHHETO TPEHUS B KUJIKOCTH U
CUJIaMU TPEHHS TIPU OTHOCUTEIILHOM TepEMEIICHUN TBEPIBIX TE?

7. KakoBa cBSI3b MEX1y TUHAMHUYECKUM U KHHEMATHUYECKUM KOd(PUITUEHTaMU BA3KOCTH?
VYKaxxure ux eJUHULBL.

8. Kakue BUJIbI CHII B )KUJKOCTU PacCMaTpUBAIOTCS B TUApaBiIuKe?

9. Vkaxure cBoilcTBa uAcaibHOU XUIKOCTU. C KaKOW LIENbIO B T'MAPABIMKE BBEICHO
MOHSTHE 00 WaeaTbHOW >KHIKOCTH? B Kakux ciiydasx TpU MPAKTHUYECKUX pacuéTax MOXKHO
CUUTATh KUJAKOCTh HICATLHON?

11. HanumuTe ypaBHEHHWE COCTOSHMS raza W JalTe ONpenesieHne BXOMAIIUX B HETO
BEJIMYHH.

T'uopocmamuka

1. KakoBsl cBOWCTBa THAPOCTATUYECKOTO AABICHUS?

2. OObscHUTE (QU3MUECKUIl CMBICT BEJIMYMH, BXOAAUMX B AuddepeHinanbHbe
yYpaBHEHMsI paBHOBECHSI KHUJIKOCTH Disepa.

3. KaxkxoBwl ¢opma u ypaBHEHHE MOBEPXHOCTH PABHOTO JABIICHUS: NMPH aOCOIIOTHOM
MOKO€ JKHJKOCTH; TpPU MABIKEHHUH COCYAa C JKHAKOCTHIO TI0 TOPHU30HTAIBHON
IUIOCKOCTH C YCKOPEHHEM; TMIPH BPAUICHHH COCyAa C IKHIKOCTBIO BOKPYT
BEPTHUKAJIBbHON ocu?

4. Kak dopmynupyerca 3akoH Ilackans? IlpuBenure npuMmepbl T'MIPaBINYECKUX
YCTAaHOBOK B CHCTEME THAPOINPHBOJA, AECUCTBHE KOTOPBIX OCHOBAaHO Ha 3aKOHE
[Tackas.

5. KakoBbl COOTHOWIEHHS MeXay aOCONIOTHBIM JaBJIeHUEM, H30BITOUYHBIM U
BakyymMmeTpudeckum? Urto Gomnbmie: abcomroTHoe maBieHue, pasHoe 0,12Mlla, umu
n3o6eITouHoe, papHoe 0,06MIla mpu atmocdeprom nasnenuun pasaom 0,1 MIla?

6. YUemy paBHa B MeTpax BOISHOTO CTOJ0a IbE30METPHUYECKass BBICOTA IS
aTMochepHOro naBiIeHUs?

7. Tlouemy HEHTp JaBJIE€HHUs BCETJa HAXOAWUTCS HUXKE LEHTpPA TKECTH CMOYEHHOU
MOBEPXHOCTH TJIOCKON CTEHKU?

8. OOBbsCHUTE, UTO TaKOE MTbe30MeTpHUUecKast U 6apoMeTpruiecKas BbICOTA.

9. Yro Takoe >Mropa AaBICHUS U LIEHTP JdaBJIeHU?

Kunemamuxa >iccuoxkocmu
1. Moxer 1M paBHOMEpPHOE, ABWKEHUE OBITh HEYCTAHOBHBIIMUMCS, a HEPAaBHOMEPHOE -
YCTaHOBUBIIUMCS?



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

HEYCTAaHOBHUBIIETOCS, HATIOPHOTO U OE3HANIOPHOI0, PABHOMEPHOTO U HEPABHOMEPHOTIO, IJIABHO

MCHAIOIICTOCA.

3. UTo Takoe JIMHUS TOKA, TPyOKa TOKa M dJIeMEHTapHas CTpyika?
4. Ilpu KakuX yCIOBUSAX COXPAHSAETCS MOCTOSHCTBO Pacxoa BAOJIb MOTOKA?

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
MIPOUCXOIUT CMEHA PEKUMOB JIBUKEHUS?

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?
Ha3zoBute Ha3HaueHue nmbe3oMeTpa, Tpyoku Iluro.
Korna HanmopHas M nbe3oMeTpuuecKas JUHUM INapajuienbHbl? Korga B HamnpaBieHUM
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
cBOOOTHON cTpyH mpu HucTedeHHu? OT KakuxX MapamMeTpoB IMOTOKA 3aBUCAT MOTEPU
SHEPTUU MO JJIMHE MPU JTAMUHAPHOM TE€UYEeHUU?

[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 ompeaenuTs moTepio SHEpruu Mpu BHE3AITHOM PACIIMPEHUH MOTOKA U BHE3AITHOM
CY>)KE€HUH €ro?



10. Yemy paBeH k03 PHUITMEHT MECTHOTO CONPOTUBIICHUS MPU BXO/IE KUJIKOCTH B TPYOy U3

© N

0OJBIIIOTO pe3epByapa U MPH BBIXOE MOTOKA U3 TPYOBI B OONBIION 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
OTBETBJICHUI?
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 CEYEHUH OTKPBITOrO pycia IIpU
PaBHOMEPHOM JIBUKEHUU KUIKOCTH?



