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JIucT akTyanu3anuu padoyeil nporpaMmbl

Pabouast mporpamMmma repecMoTpeHa, 00CcykaeHa u o100peHa s peanuzamnuu B 2025 - 2026
yueOHOM rojly Ha 3acefaHuu Kadeapsl [IpoeKTUpOBaHUS U IKCILUTYaTallud METALTYPTHUECKUX

IIporokomor 20 1. Ne

3aB. kadempoii AlT. IapquOB

Pabouast mporpamMmma repecMoTpeHa, 00CcykaeHa u 0100peHa s peanuzamnuu B 2026 - 2027
yueOHOM roly Ha 3acefaHuu Kapeapsl [IpoeKTUPOBaHUS U IKCILTyaTallud METAJLTyPrHUSCKUX

IIporokomor 20 1. Ne

3aB. kadempoii A.T". KopuyHoB

Pabouas mporpamma nepecMoTpeHa, o0cyxaeHa u ogoopena st peamszanuu B 2027 - 2028
y4eOHOM roy Ha 3aceqaHuu kapeapbl [IpOEKTHPOBAHUS U SKCIUTyaTallMd METAILTYPIUIECKUX

IIporokomor 20 . Ne

3aB. kadenpoii AT. K_opquOB

Pabouas mporpamma nepecMoTpeHa, o0cyxaeHa u ogoopena st peamsanuu B 2028 - 2029
y4eOHOM roy Ha 3acenaHuu kapeapsl [IpOEKTHPOBAHUS U SKCILTyaTaIllMd METALTYPIHIECKUX

IIporokomor 20 . Ne
3aB. kadeapoii A.T'. KopuyHoB

Pabouas mporpamma nepecmotpena, o0cyxaeHa u ogoopena s peanuzanuu B 2029 - 2030
yu4eOHOM ToJTy Ha 3acefaHuu Kadeapsl [IpOeKTUPOBAHUS U IKCIUTYaTAllUA METALTYPTHUSCKUX

[Iporokom ot 20 . Ne

3aB. kadeapoi AT. K_opquOB




1 Iles1u ocBOEHUS TN CHMILTHHBI (MOZYJI51)

Hensimu  ocBoeHHMs] AUCUUIUIMHBL (MOaynsi) «OCHOBBI THAPO- W IMHEBMONPHUBOAA
METAJUTYPrHYECKOT0 000PYAOBAHUS SABISIOTCS:

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

- OBJIa/ICHHE JOCTaTOYHBIM YPOBHEM MPO(ecCHOHANbHBIX KOMIIETEHINI B COOTBETCTBUH
¢ tpeboBanusamu PI'OC BO mno nanpaienuto 15.03.02 TexHomormueckue MalIMHBI H
obopyoBaHue.

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

Huctummuaa OCHOBBI THIPO- W ITHEBMOIPUBOJA METAJUTYPTUYECKOTO 000PYIOBaHUS
BXOJIMT B 0053aTEIIbHYIO YacTh Y4€OHOTO TUTaHa 00pa30BaTEILHOMN MPOTPAMMBEI.

Jnst  w3ydeHHus  IUCHMIUIMHBI ~ HEOoOXoAuMbl  3HaHWS  (YMEHHUs,  BJIQJICHUSA),
c(hopMUPOBaHHBIC B pE3YJIbTATE H3yUYCHHUS AUCITUTUIHH/ TPAKTHK:

dusuka

Maremartuka

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

['uaponpuBoa U rUAPO-, THEBMOABTOMATHUKA METAJLTYPrUYE€CKOT0 POU3BOJICTBA

[IpoekTupoBaHue CUCTEM TUIPO- U THEBMOIIPUBOIA

Meramtypruueckue noabeMHO-TPAaHCIOPTHBIE MAILIUHbI

MoHnTax, SKCIUTyaTalus © PEMOHT METAJUTYPTrUYECKUX MAIIMH U 000pYI0BaAHUS

[ToaroroBka K ciaye v cjlaya rocyAapCTBEHHOI 0 3K3aMEHa

[ToaroroBka K mpoierype 3alluThl ¥ 3a11UTa BEITYCKHON KBATH(PUKAITMOHHOMN paboThl

3 KomnereHuuu ody4yaroiierocsi, popMupyemMbie B pe3yabTaTe 0CBOEHUsI
AUCHUTILUTUHBI (MOYJIs1) ¥ IIJIAHUPYEMBbIE Pe3yJabTAThl 00yUeHHu sl
B pesynbrare ocBoeHMs AUCHUIUIMHBI (MOIyisi) «OCHOBBI THIPO- U MHEBMOMPUBOAA
METaJUTyprUuecKoro OoO0OpyAOBaHHS» OOy4YalOIMICS JODKeH 00JIalaTh  CIeAYIOIUMHU
KOMIIETEHITHSIMHU:
KO)I HHJUKaTopa I/IHJII/IKaTOp JOCTUXKCHUSA KOMIICTCHIIUN

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

OIlK-1.1 Pemaer cranmapTtHele nOpodeccHOHadbHBIE 3aJaud C IPUMEHEHHEM
00IIIeMHKEHEPHBIX 3HAHUU
OIIK-1.2 [IpuMeHsseT MeToAbl MOJEIMPOBAHMS M MAaTEMaTHYECKOro aHaau3a I

pEIICHUA 3a/1a4 B HpOd)CCCHOHaHBHOﬁ JCATCIIbHOCTH




4. CTpyKTypa, 00bEM H coep:KaHue TUCHUIIMHBI (MOAYJISA)
OO0mas Tpy1I0€MKOCTh JUCIIUIUTMHBI COCTaBIIAET 3 3aueTHIX eauauI] 108 akaa. vacoB, B TOM UuCIIe:

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

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

— MOJTOTOBKA K 3a4éTy — 3,9 akaj. yac
®dopma aTTecTalUy - 3a4ET

AynuropHas = =
KOHTaKTHas pabora E 5 dopma TeKylero
Pasyen/ Tema a (B akaj. yacax) E EE Bug 3 KOHTPOJISL YCIIEBAEMOCTHU Kox
JUCLUATUINHBI Z g o | caMocToATeIRHON " N KOMIIETEHIINU
g £ padoThI MIPOMEKYTOUHOM
Tex. 71a0. | IpaxT. R aTTeCTaLHH
3aH. | 3aH. | O &
1. XKuaxocts U ee Qusnyeckue
CBOMCTBA
Iounck
JOTIOJTHUTENIbHOU
HHPOPMAITHH 10 VYerHbIi ompoc
11 Xwuakocts U ee 3aJIaHHOM TeMe (cobecemoBanue).
(usnueckue CBOMCTBa. 2 1 1 14 JloxroroBka k | 3amuTa 1abopaTopHoi OIIK-1.1,
Cuwiel, pelicTBylomue B 1a00paTOpHOMY pabotst Nel. 3ammra OIIK-1.2
JKHIKOCTH. 3aHSTHIO. 3a71a4 KOHTPOJIBHOU
Pemenue paboThI
KOHTPOJIbHOU
paboThI
HWroro no pazgeny 1 1 14
2. 'mnpocratuxa
INoaroroska k
1a00paTOpHOMY
2.1  uddepennpaabHbie 3ansaTHIO. Pabora ¢
YpaBHEHUSI  paBHOBECHS KOMITBIOTEPHBIMHU
JKHIKOCTH; OCHOBHOE 00y4JaromuMu 3ammTa 1a00paTopHOit
YpaBHEHHE TMAPOCTATHKH;| , 1 05 |121| mporpammamu. pabotsr Ne2. 3amuTa OIIK-1.1,
OCHOBBI  T'MJIPOCTATHKH. ' ' Pemenue 3aJa4 KOHTPOJIbHOU OIIK-1.2
YpaBuenus Diinepa. 3aJJaHHBIX 3a]1a4 paboThI
JABJICHHE IKUJIKOCTH Ha TI0 pa3zenam
CMa4YHMBacMyIO CTCHKY. THIPOCTATHKU
KOHTPOJIbHOU
paboThI.
Wroro no pazaeny 1 0,5 12,1
3. l'uapouHaMuka




ITowuck
JIOTOJTHUTEILHOMN
HHPOPMAITHH 0
3aJIaHHOM TeMe.

3.1 Kunemartnka
Pabora ¢
JKHIKOCTH, BUJIBI
KOMITBIOTEPHBIMH N
JIBIDKCHUSI JKHIKOCTH, YcTHBIi onpoc
00yJarIUMH
3aKOH COXpaHEHUS MacChl, (cobecenoBanue).3amura
MpOrpaMMaMH. N
ypaBHEHHE nabopaTopHOi paboTh! OIIK-1.1,
0,7 1 10 Jloaroroska k
HEPa3pPBIBHOCTH. Ne3, 3amura 3ama4 OIlK-1.2
nabopaTopHOMY N
OCHOBEI JTIMHAMUKA KOHTPOJIbHOH paboThI 110
3aHSTHIO.
JKHIKOCTH. TeMe TUAPOANHAMHUKA.
Pemenue
Pesxxumbl JIBHKCHUS
3a/IaHHBIX 33]1a9
JKHIKOCTH.
110 pazzgenam
THAPOJMHAMUKHI
KOHTPOJIb-HOHU
paboThL.
Iounck
JIOTIOTHUTENBHOMN
uH(QOpMAIHH TT0 .
bop " VYcTHbIi onpoc
3.2 OcHOBHBIC YypaBHEHHS 3aJJaHHOM TeMe
(cobecemoBanue).
TUIPOJUHAMHUKHI Pemenue OIIK-1.1,
N 0,5 10 3amura 3a1a4
OJTHOPOHOM 3aJaHHBIX 33144 " OIIK-1.2
. KOHTPOJIbHON paboThI IO
HEC)KUMAEMOU KHUIIKOCTH. IO pasjienam
TeMe THIPOINHAMHKA
THAPOJIMHAMUKHI
KOHTPOJIbHOU
paboThI.
3.3 JIBmwxeHue uaeaibHOU IMonroroska 3amura 1ab0paTopHO
JKUJIKOCTH, ypaBHEHHE nabopaTopHOMY paboTer Ne4; OIK-1.1
Bepuyinu, ¢dusnueckas 0,5 10 3aHATHIO. 3amura 33134 OITK 1' 2’
MHTEpIpETaIHs ypaBHEHUS Pemenne 3a1aq 1o | KOHTPOIBEHOI paboOTHI 1O '
bepnymnu. TUAPOJAUHAMUKE TeMe THAPOJUHAMHUKA.
CamocTosiTenbHOe
N H3yueHHEe yueOHOU
3.4 JlpmkeHue  BS3KOH i i .
. U Hay4yHO JINTepa- YcTHbIi onpoc OIIK-1.1,
HEC)KUMAEMOW  KHUJKOCTH. 0,5 10
Typhl. Pabora ¢ (cobecenmoBanue). OIlK-1.2
VYpasuenns HaBpe-Crokca.
3JIEKTPOHHBIMU
O6ubmmorekaMun
[Tounck
JIOTIOTHUTENBHOMN
HHPOPMAIHH 10
3a/laHHON Teme .
3.5 MomHoCTh MOTOKA. ¢ VYerHbli onpoc
Odopmierne
JIBWDKEHHE JKHIKOCTH IO - |(cobecenoBanue).3amura
TpyOonpoBoaam nabopatopHoii nabopaTtopHOi paboTh
Py ’ pabotsl. Peenne ’ OIIK-1.1,
Ucteuenne KUJIKOCTH 0,3 1 13 Cnaua 3amau
3aJJaHHBIX 337124 . OIlK-1.2
4yepe3 HACaJKH. o KOHTPOJIBHOW pabOThI MO
T'uapasnuueckuil ap B TUIPABINYECKOM
T IL6porl 0BOJIAX o THAPABIITICCKOMY acqeﬁp 6o OBO}JIIOB
pyoorp - pacuery p y Tpyoornp .
TpyOONPOBOAOB
KOHTPOJIbHOU
paboTsl.
Wroro no pazaeny 2 25 53

4.  OcHOBBI
METAIITYPTHYECKOTO
000pyKOBaHHSI

[THEBMOIIPUBOJA




4.1 OCHOBHBIEC TOHSTHS H
OTIpEe/ICNICHHs IO CUCTEMaM

ITHEBMAaTHYECKOTO
MpUBOJIA
METAJLTYPTUUECKHX
MamvH. [THeBMaTHueckuit
MIPUBOT 00opynoBaHHS
JIOMEHHOTO TIPOU3BOJICTBA n3ydeHue
,CTaJICTUIABIIIBHBIX Marepuana,
arperaToB u MOATOTOBKA K
000opynoBaHUs 10 | mPaKTHuECKOMY Ompoc, cnaua OIIK-1.1,
CTaJIeIUIABUJIbHBIX IIE€XOB. 3aJIaHuIO, MPAaKTUIECKOW PabOThI OIIK-1.2
[THeBMaTHUeckass  cxema BBITIOJTHEHUE
CTaJICTUIaBHIIBHOTO KOHTPOJIb-HOM
arperata (Ha TIpUMepe paboThI
spkepHoro 3arBopa JICII).
[TneBMaTHUecKnii MPHUBOJ
o0opynoBaHHA MAIluH
HeNpepbIBHOTO JIATHS
3arOTOBOK.
ITHeBMaTHuecKass ~ cxema
MHJI3 (ma  mpumepe,
Hroro no pazneny 10
5. 3auer
IToaroroBka k OIIK-1.1,
5.1 3auer savery 3ayer OIK-1.2
Hroro no pazneny
Hroro 3a cemectp 89,1 3a4ET
Wroro no aucuurninze 89,1 3ayer




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

Jus  peann3anuu  NpPelyCMOTPEHHBIX BHMJOB  yuyeOHOM paboTbl B KauecTBe
00pa30BaTeNbHbIX TEXHOJOIMM B IpenojaBaHUM JAUCUUIUIMHBL «OCHOBBI THUIPO- U
ITHEBMOIIPUBO/IA  METAUIypru4eckoro  0oOOpYyAOBaHMS»  MCIOJB3YIOTCS — TPaJULIMOHHASA,
MHTEPaKTUBHASA ¥ HHPOPMAITMOHHO-KOMMYHHKAIIMOHHAsI 00pa30BaTeIbHbIE TEXHOIOTHH.

1. TpapuuuonHsle 00pa30BaTeNbHbIE TEXHOJOIMM OPUEHTHPYIOTCS Ha OpraHHU3aluio
00pa30BaTENILHOrO  IpoLEcca, IMPEANONAralollyl0 IMPsAMYK  TPAHCIALMIO  3HAHUH  OT
IpenojiaBaTess K CTylEHTY (IIPEUMYLIECTBEHHO Ha OCHOBE OOBSCHUTEIbHO-MILIFOCTPATUBHBIX
METOMOB 00ydeHus1). YueOHasi IesTeIbHOCTh CTYJACHTAa HOCUT B TaKUX YCJIOBHSX, KaK MPaBUIIO,
PENPOAYKTUBHBIN XapakTep.

®opmbl y4eOHBIX 3aHATHI C UCTIOIB30BAHUEM TPAAULIMOHHBIX TEXHOJIOTHIA:

WudopmannonHas Jekuus — IOCIeNOBaTelIbHOE H3JI0KEHHE MaTepuaia B
JUCHUTUTMHAPHON JIOTHKE, OCYIIECTBISIEMOE NPEUMYIIECTBEHHO BepOAJbHBIMU CpEICTBAMU
(MoHONOr mpenogasarens). Ha 3aHATHSAX NpelycMaTpUBAaeTCA MCIOJIB30BAaHUE 3JIEKTPOHHOTO
JIEMOHCTPAIIMOHHOTO Y4eOHOro MaTepHuaja COAEPKAIero CIOXHBIE CXEMbl, TaOIHLBl |
mareMaThueckue Qopmyibl. MysnabTUMeauiiHOE 000pyIOBaHHE MOXKET ObITh HCIOJIb30BAHO
TaK)Ke€ U CTYIGHTaMU JIJIsl IEMOHCTPALIMU PE3YNIbTaTOB BBIIIOJIHEHUS JJAOOPATOPHBIX padoT

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

JUid Jydmiero 3aKkpeIuleHHs MaTepuanga CTyACHTHI IIOJIyYaroT 3aJaHus, KOTOpbIE
BBINOJIHAIOTCS HA IPOTSDKEHUH BCeX J1a00paTOPHBIX pabOT B OTPE3KH BPEMEHHU, OTBEIEHHbBIE /TS
3aKperyieHus MaTepuaiga M IOJy4YeHHs] HaBBIKOB pPa0OThl C CUCTEMAMU YIPABIICHUS.
OdopmiieHHBIE MaTepUallbl CHAIOTCS CTYJACHTAMH IPENoJaBaTeNl0 B KOHIIE M3Y4YEeHUs TaHHON
JUCLIUATIIINHBI.

2. VlHTepakTUBHBIE TEXHOJOTUU — OpPTraHU3allisg 00pa30BaTENbHOIO IMpoliecca, KoTopas
MPEAIoaracT aKTUBHOE U HEJIMHEMTHOE B3aMMOICIICTBUE BCEX YYACTHUKOB, JOCTHKEHUE HA ATOU
OCHOBE JIMYHOCTHO 3HAYMMOTO [JJIs HUX 00pa3oBaTeNbHOTO pe3ynbrata. Hapsmy co
CHECLMAIN3UPOBAHHBIMUA ~ TEXHOJOTHSIMA  TAaKOTO  poAa  NPUHUUN  WUHTEPAKTUBHOCTH
MPOCJIEKMUBAETCS B OOJNBIIMHCTBE  COBPEMEHHBIX  0Opa3oOBaTENbHBIX  TEXHOJOTHUH.
NHTEepakTUBHOCTH MO/PAa3yMEBAET CYObEKT-CyOBEKTHBIE OTHOIICHHS B X0JIe 00pa30BaTEIHLHOTO
mpolecca 1, Kak cieicTBrue, GopMHpOBaHHE caMOpa3BUBAIOIIEICS HHPOPMAITMOHHO-PECYPCHOM
cpenpl.

@opmbl yueOHBIX 3aHATHI C HUCMOJIB30BAaHUEM CHEIHATU3UPOBAHHBIX WHTEPAKTHBHBIX
TEXHOJIOTHI:

Jlexuusi «0OpaTHOM CBSI3M» — JEKIHUSA—TIPOBOKAIMS (M3JI0KEHHWE MaTepHayia ¢ 3apaHee
3aIUIAHUPOBAHHBIMU omuOKamm), JeKIus-oecena, JIEKIUSA-AUCKYCCHS,
JEKIUA-TIPECCKOH(PEPEHITHSI.

3.  HH)popManmOHHO-KOMMYHUKAIIMOHHBIE  OOpa3oBaTeNbHBIE  TEXHOJOTHUH  —
opraHu3arys 00pa30BaTEILHOTO MPoIlecca, OCHOBAHHAS HA TPUMEHEHUH CTICIIHATM3UPOBAHHBIX
MPOrPaMMHBIX CpeJl U TEXHHUUECKUX CPEJICTB pabOThI ¢ MH(OpMALIHEH.

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

Jleknuga-pu3yanu3anus — U3JI0KEHHE COAEPKaHUS COMPOBOXKIAECTCS MPE3EHTALNEN
(eMoHCTpaIei yueOHBIX MaTepHalioB, MPEICTABICHHBIX B Pa3IMYHBIX 3HAKOBBIX CUCTEMaX, B
T.4. WUTFOCTPATUBHBIX, TPAPUIECKUX, ayIHO- U BUICOMATEPHUAIIOB).

JlaboparopHoe 3aHsTHE B (hopMe BUPTYaIbHON BHU3yalU3allid MPOIECCOB U SIBICHUU,
MPO-UCXOMSIMINX B KUIKOCTH M JEATEIIBHOCTH C HCIOJIb30BAHUEM CIEHHAIN3UPOBAHHBIX
MIPOTPAMMHBIX CpEI.



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

2. Hcnonb3oBaHue B yueOHOM Iporecce BupTyanabHOro 1abopaTopHOTO MpakTUKyMa I10
paszenam TEXHUIECKOW THIPOMEXaHUKH.

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

4. Ha nekumsax MCIOJIb3yeTCs KOMIBIOTEP C MPOEKTOPOM Il OTOOpa)KeHHsS! M JIy4Iero
OCBOEHUS N3y4aeMOro MaTepHania.

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

7 OueHoYHbIE CPeICTBA IJIf IPOBEIeHUs MPOMEKYTOUYHOM aTTecTaluu
[IpencraBieHbl B IPUIOKEHUU 2.

8 YueOHo-MeTOAMYeCKOEe H HH(POPMALIMOHHOE O0ecneyeHue TUCIUIIHHBI (MO1YJIs1)

a) OcHoBHas IUTEpaTYypAa:

1. lomanckwuii, . B. Mexanuka >kuIKOCTH U ra3a . yueoHoe nmocooue / M. B. Jlomanckwit, B.
A. HexpacoB. — Cankt-IlerepOypr : Jlans, 2018. — 140 c. — ISBN 978-5-8114-3158-8. — Tekcr :
DIIEKTPOHHBIN 1l Jlanb : ANEKTPOHHO-OMOTMOTESUHAS cucTema. — URL:
https://e.lanbook.com/reader/book/110915/#1 (nata obparuenus: 02.10.2020). — Pexum mocryma:
JUIS1 aBTOPU3. MOJIb30BATEIIEH.

2. Cazanos, U. U. T'uapasnuka : yueonuk / M.U. Cazanos, A.I'. Cxuptianse, B.W. Ba-HOB.
— Mocksa : KYPC, HULl UIHOPA-M, 2017. - 320 c. — (bakanaspuart). - ISBN 978-5-16-105143-6.
- Tekct : anexrponnsii. - URL: https://znanium.com/catalog/product/601869 (mara o6-parieHus:
02.10.2020). — Pexxum gocTyma: 1o MoAMucKe.

0) JlonosiHuTeIbHAS JIUTEPATYpA:

1. TIponopIiOHATBHBINA THAPOIPUBO/I [ DIEKTPOHHBIN pecypc] : TabopaToOpHBIH MPAKTUKYM /
E. 1O. Marko, 1. M. Kytny6aes, O. P. [landunosa, 1. I'. Ycos ; MI'TY. - Maraurtoropck : MI'TY,
2017. - 1 3IEKTPOH. OIIT. JTUCK (CD-ROM). - Pexxum J0CTyIa:
https://magtu.informsystema.ru/uploader/fileUpload?name=3368.pdf&show=dcatalogues/1/113917
8/3368.pdf&view=true. - MakpooOBEKT.

2. Toumnkma B. B. IlpoekTHpoBaHHE »JJIEMEHTOB METAUTYPTHUECKUX MAIluH |
obopymoBanus [DneKTpoHHbIH pecypc] @ yuebnoe mocobue / B. B. Tounnkun, O. A. ®unarosa ;
MI'TVY. - Maruutoropck : MI'TVY, 2017. - 1 snektpos. ont. auck (CD-ROM). - Pexxum pocryma:
https://magtu.informsystema.ru/uploader/fileUpload?name=3319.pdf&show=dcatalogues/1/113830
5/3319.pdf&view=true . - Makpoo0OnekT. - ISBN 978-5-9967-0975-5.

3. Tounnkun B.B., ®unatoB A.M., UBanoB C.A., Unuene H.A., Konsra A.Jl., Barun B.C.
HccnenoBanue pabOThl U XapaKTEPUCTHK DJIEMEHTOB THAPONPUBOAA METAUTYPrHUe€CKUX MAaIIMH:
yueb. mocobue. Marauroropck: M3a-Bo Marautoropck. roc. Texs. yH-ta uM. I.M1.Hocoga, 2014. -
207 c. (momymerno YMO 1o 00pa30BaHHIO B 00JIACTH METALUTYPIHH B Ka4eCTBE YUECOHOTO IMOCOOUS
JUIST  CTYACHTOB  BBICIIMX  Y4YeOHBIX  3aBeleHUl, OOy4arommxcs 1O  CHEIUAIbHOCTH
«Merammyprudeckie MamwHbl B oOopymoBanue»). ISBN 978-5-9967-0451-4. HanmonanbHas
UH(POPMAaLMOHHO-aHAIUTHYECKas cucTteMa — Poccuiickuii naaeke HayqHoro mutupoBanust (PUHLI).
—URL.: https://elibrary.ru/item.asp?id=23783134

4. T'mapaBnudecKUil TPHBOJ U CPEACTBA ABTOMATHU3AIMH METAUTYPTUYECKUX MAIIHH:
yueOnuk ais By30B / Unuenes H.A., Tounnkuu B.B., Hedenos A.B., backos C.H.:



Hosorponnx, HO HUTY «MUCuCy», 2017. - 198 c. (PexomeHnoBaHo Y4eOHO-METOAUYECKUM
00bEeIMHEHNEM BY30B 10 O0pa30BaHUIO B 00JACTH METAUTypruM B KadecTBe ydeOHuka). ISBN
978-5-903472-29-1.

5. T'uapasinudyeckoe 000pyIOBaHUE METAILTYPIrHUSCKUX MPEANPHITHI: yueOHuK / BaoBuH
K.H., Touunkun B.B., UnueneB H.A. Maruuroropck: M31-Bo MarHuToropck. roc. TeXH. yH-Ta UM.
I''I. HocoBa, 2016. - 299 c. (momymeHo Y4eOHO-METOIUYECKUM OOB-€AMHEHUEM BY30B II0

00pa30BaHUIO B 00JaCTH METAUTypTUU B KA4ecTBE yueOHMKA, OOyJaroIIMXCsS MO HalpaBJICHUIO
Mertamnyprus). ISBN 978-5-9967-0806-2.

B) MeToauyeckue ykazanus:

1. Meroauueckue yka3aHus K 1a00paTOpHbIM paboTaM IpeACTaBIECHbI B IPUIIOKEHUH 3.

2. Kyrny6aes, 1. M. ['unpaBnuka ¥ THIpONHEBMONPUBOJ | METOAWYECKHE YKa3aHHUS K
KOHTPOJIbHBIM paboTaM M0 JucuuIimHaM "MexaHuka XUAKOCTH W raza", "l'mapaBimuka',
"T'mapaenuka u rugponsHesmonpusoxa” / M. M. Kyrny6aes, E. 0. Manko, 1. I'. Ycos ; MI'TY,
Kadenpa ropHblXx 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/MOQObject/577 (mara ob6pamienus: 17.08.2023). -
MaxkpooObeKT. - TekcT : ameKTpoHHBIN. - CBeneHus noctymnHbl Takke Ha CD-ROM.

r) [Iporpammuoe obecneuenue u UnTepuer-pecypceni:

IIporpammHoe o0ecrieyeHue

Haumenosanue [10 Ne norosopa Cpox 1eicTBus TUIICH3UN
MS Oﬁ.lce 2007 Ne 135 o1 17.09.2007 OeccpouHo
Professional
7Zip cB0001HO pacnpocTtpansemoe [10 OECCPOUHO
MathCAD v.15
Education J1-1662-13 o1 22.11.2013 6eccpodHo
University Edition
OnEeKTpOHHBIE
TIJTAKATHI TI0
JIACIUATLINHE K-278-11 ot 15.07.2011 OeccpovHO
"T'unpaBnuka u
TUIPOIPUBOL"
DIIEKTpOHHBIE
TUTaRaTPI MO KYPCY 1. 297-12 o1 11.09.2012 Gecepouro

I'mppasnnka n
TUaponpuBod”

IIpodeccuonanbHble 6a3bl JAHHBIX H HH(POPMAIIHOHHBIE CIPABOYHbIE CHCTEMBI
HazBanue kypca Cchblika

Hanmonanenas nHpopMmainmonHo-ananutruueckas cuctemalURL:
— Poccutiickuii uniekc Hayunoro nutupoanust (PUHLL)  |https://elibrary.ru/project_risc.asp
ITouckosas cucrema Akanemus Google (Google Scholar) [URL: https://scholar.google.ru/
DrexkTpoHHas 0a3a mepHoAMUecKUX m3maHuii East View - .
Information Services, OO0 «MIBUC» https://dlib.eastview.com/




9 MaTepuajibHO-TeXHHYeCKOe o0ecreyeHue TUCIUIIUHBI (MOTYJIs1)

MarepuanbHO-TEXHHUECKOE 00eCIIeUeHUE JUCIUTUIMHBI BKITFOUACT:

B cooTBeTcTBHH ¢ YU€OHBIM IUIAHOM MO JUCIHUILTHHE TPEAYCMOTPEHBI CIICAYIOIINE BHIbI
3QHSITHIA: JICKINH, IPAKTUYCCKUE 3aHITHSI, CAMOCTOSTEIbHAs paboTa, KOHCYIbTAINH, 3a4€T.

VYyeOHbIC ayTUTOPUN AJI TIPOBEICHUS 3aHATHI JIeKInoHHoro Tuma (aya. 404, 308, 287,
297):

- MyJIbTUMEIMHHBIC CPEIICTBA XPAHCHUS, TIEpeady U MPEICTABICHHUS HHPOPMAITUH.

Y4eOHbIe ayIUTOPUU JJIs1 TPOBEICHUS 3aHATHH JUTsl POBEICHUS TPAKTHYSCKUX 3aHATUI
(ayn. 404, 308, 287, 297):

- MyJTBTUMEIMIHBIE CPENICTBA XPAHCHHUS, TIEPEAAYH U MPEACTABICHUS HHPOpMAIIHH;

- JIOCKa, MYJIbTUMEIUHHBIN IPOEKTOP, IKPAH.

Y4eOHble ayIUTOPUN I IPOBEICHUS TPYIIOBBIX U HHIUBUIYATbHBIX KOHCYJIBTALIUN,
TEKYIIEr0 KOHTPOJIS U IPOMEKyTOouHOM arrectanuu (aya. 404, 308, 287, 297)

- MyJBTUMEIMIHBIC CPENICTBA XPAHCHHUS, IIEPEAAYH U MPEACTABICHUS HHPOpPMAIIHH;

- JIOCKa, MYJIbTUMEIUHHBIN IPOCKTOP, IKPAH.

[Momemenus it caMOCTOSTEIbHOM paboThl 0Oyuaromuxcs (ayn. 407a, 372):

- IepcoHabHbIE KOMITbIOTEPHI ¢ makeToM MS Office, BbIX00M B HHTEPHET U € AOCTYIIOM
B 3JICKTPOHHYIO 00pa30BaTEIIbHYIO CPey YHUBEPCHTETA.

[Tomenienuss IS XpaHEeHUS W NPOPHIAKTUYECKOTO OOCIYKUBaHHUS  y4eOHOTro
000pyI0OBaHUSA:

- CTeUIQXXH JUIS XPaHEHWsS Yy4eOHO-HAIJSIIHBIX TOCOOMH W y4eOHO-METOIMYECKON
JIOKyMEHTAITUH.



IMPNJIOXEHUE 1

3adauu Kk KOHmMpPoOLHOIU padome

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

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.

3agaya 1.2. Onpenenuth U30BITOYHOE p; U A0COTIOTHOE p, NaBicHHUE Ha riryoune H=400 ymm nox
CBOOO/IHOM MOBEPXHOCTBIO PTYTH, €CIIH 0apOMETPHUUESCKOE AaBJICHIE 3KBUBAJIICHTHO BbicoTe =756 ymm pm.
cm. BbIpasuTh Takxke 6apOMETPHUYECKOE JaBJICHHE B METPAX CTOJIOA BOJIBI.

3agaua 1.3. V3BecTHO, YTO 3aBUCUMOCTH JHHAMUYECKOTO KO3 PHUIHEHTa BA3KOCTH [L OT a0COTIOTHOM
TeMIiepaTypsl T MOKET ObITh BbIpaskeHa (opmyoii Buaa L = B exp (b/T), rae B u b — Hekotopsie
IIOCTOSHHBIC JIA I[aHHOﬁ KHUJAKOCTHU BEJINYNHBI, HC 3aBUCAIIIUEC OT TEMIICPATYPHI. Haiitu 5TH nocTossHHBIE
JUTSL MAIITMTHHOT O Macyia, €CJIA U3BECTHO, UTO MpH TeMmeparype t; = 14 °C p; = 21,8 myasa, aipu t, = 30
°C pp = 6,02 myasa. OnpeienuTh TakKe JMHAMUUYECKYIO BS3KOCTh Macha iz rpu t; = 20 °C.

Ilpumepnuie 3a0auu  no meme «l uopocmamuxay:

3apaua 1. Onpenenuts cuiny F, Heo6XoauMyro /Ui yaepKaHHUs B paBHOBECUU NMOPIIHSA /7,
eciu TpyOa oI MOPIIHEM 3aIloJIHeHA BOJIOM, a pa3mepbl TpyOs: D = 100 mm, H=0,5 m, h =
4 M. ymunel peraara: a = 0,2 m u b = 1,0 M. COOCTBEHHBIM BECOM MOPIIHS MTPEeHEOPEYb.

3aoaua 2. Onpedenumo OasneHue p 8 BepxXHeM YUIuHope 2uoponpeoopazosamelis
(MyTbMUNIUKAMOpa), eciu noKasanue MaHomMempa, NPUCOEOUHEHHO20 K HUNCHEM)
yununopy, paso p,, = 0,48 Mlla. Ilopwnu nepemewaromes 68epx, npuvem cuia mpeHus
cocmasnsiem 10% om cunvl 0agnenus HCUOKOCmu Ha HUdHCHUL nopuieHs. Bec nopunen 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 mm, d = 100 mm; 6vicoma H = 2,5 m; nromnocms macia
L =900 K2/,

Ilpumepnuie 3a0auu  no meme «l uOpoOuHamuKar:

3amaua 1. Boga neperekaet U3 HarmopHOro 06aka, rie H30bBITOYHOE AaBJICHHE BO3IyXa p=03 MITa,

B OTKPBITHIN pe3epByap Mo KOPOTKOi Tpyde nnameTpom d =50 MM, Ha KOTOPOH yCTaHOBJICH KpaH. Uemy
JTOJKEH OBITh paBeH KO3(PPHUIIMEHT COPOTHBIICHHUS KPaHa AJIsl TOTO, 9TOOBI PACXO]T BOJIBI COCTABIISIT

Q=87 =1 H, =

? 5 Hi
11/c? BeicoThl ypoBHEH M " M. Y4ecThb IOTEPIO HAallopa Ha BXOZAE B TPYOy

£=05

Y Ha BBIXOJIE U3 TPYOBI (BHE3AITHOE PaCIINPEHHE).

Banasa>. MACIIO BCACHIBAETCS HACOCOM Ha BBICOTY Ny = 0,5 M mo Tpybe aumamerpom 20 MM U
umHON 1,2 M, KoTopasi MMeeT jABa pe3kux u3ruba. Hacoc pasBuBaer mojauy 20 j/MHH.
Macio miotHocTb0 900 Kr/M° HMeer KHHEMATHIECKYIO BA3KOCTh v = 4 - 107 m/c. B Gake
JlaBJIeHNE BO3AyXa — aTtMocgepHoe. OnpenennTh, Kakoi BaKyyM pa3BHBaeT Hacoc. [IpuHATH
JUIL MacJITHOro (GuiabTpa K03(GGHUIMEHTH MECTHBIX CONPOTUBIEHHHA (g = 6, I BXOAa BO

BCaCBHIBAIOILYIO MOJOCTh Hacoca &y = 2 u i1t n3ruda BecachiBaromei Tpyos! Cyy = 0,8.

Ilpumepnvie 3a0auu  no meme «l uopasaruueckuit pacuem mpyoonpoeoooe»
3adaua 1. OmnpenenuTb BEIUYUHY NOTEPb MAAaBJICHHUS, BBI3BAHHBIX MOBOPOTOM

TpybompoBoaa auamerpom d = 200 MM Ha yroa oo = 90°. TpyOornpoBo HOBBIN CTaTBHOM,
paauyc oBopota R = 40 m. XKXuakoe macino munepanpHOe(V = 14,5x10™* m/c; p = 800 kr/
M°). Pacxox xuakocta 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.

JlaGoparopHsle paGoTh
CxeMbl HOAKIIOYEHUS THAPOIMIMHAPA ¢ OHUM IITOKOM

ITo McXOAHBIM JaHHBIM JJIA IBYX TH/IPOCUCTEM, TOKA3aHHBIX HA PHC. 1, OIIPE/IEJIUTh CKOPOCTHBIE U CHJIOBBIE IIapaMeTpPhl THAPOIMINEAPA. PesysbraTel BBECTH B
Tabuiy. O6BACHUTE OJyYeHHbIE Pe3yIbTaThl.

CXEMA 1 CEM 2
: nparod xod 1 npsrou xod i/
oopamvibl Xod o0pamvsi Xod
pacrpedenumens Pacnpecenumess

= an L g

O0pamsi] KAanaH
[lpedoxpaumenshisn
Knanm

| e | | o

Pucynok 1 — I'mapaBnuueckue cxeMbl MOAKIIOYEHUS THIPOIUINHIPA




[Ipsmoii xox OO6patHsIit X011 [Ipsmoit xon OO6patHsIii X0

Jnamerp nopiss
D, Mm

Juamerp mroka
d, mm

[aBnenue
HOMHUHAJIBHOE P,
MIIa

HomunansHEIH
pacxon Q, 1/MuH

[Inomans
MOPIIHEBO
ITOJIOCTH, STI

ITnomane
IIITOKOBOU
MOJIOCTH, SIIT

CKOpOCTh IITOKA
Vv, M/c

Ycunne Ha MITOKE
F.H

JlabopaTopHas paboTa

Onpeodenenue 0CHOGHBIX NAPAMEMPOE 2UOPOUUIUHOPA

Oowue ceeoenusa. I'uopoyununopom Hazwvlearom oO6vbEMHBLU 2UOPOOSUSAMENb C 0CPAHUYEHHbIM
6036DAMHO-NOCMYNAMENbHLIM OBUNCEHUEM BbIXOOHO20 36eHA. B 3asucumocmu om KOHCMPYKyuu
paboueti kamepvl UOPOYUTUHOPLL pA30eNaiom HA NOpUIHesble, NIVHICEPHbIE, MeleCKONUYecKue,
MembOpannvle u cunbghonnvie. Haubonvuiee npumenenue 8 00beMHbIX 2UOPONPUBOOAX NOJYYUIU
nopuiHesvie YUIUHOPbL 611a200apsi NPOCMOU KOHCMPYKYUU U 8bICOKOU HAOEHCHOCHIU.

Topwnesvim Hazvisaom euOpPOYUIUHOP, 8 KOMOPOM padouue Kamepsbl 00pa308aHbl paboyuUMU
NOBEPXHOCMAMU KOPNYCa U NOPULHs co wmokom (puc. 1). B yununopuueckoii pacmouke xopnyca 1
(puc. 1, a) naxooumcs nopuienv 2, HceCmko cOeOUHeHHbll co wmokom 4. Lununop umeem oOge
nonocmu: nopwHesylo A — uacme paboueil Kamepvl, 0ZPAHUUEHHYIO PAOOYUMU NOBEPXHOCHIAMU
KOpnyca u NOpwiHs, U wmokogylo B — uacme paboueii Kamepwvl, 02pAHUYEHHVIO pabOYUMU
NOBEPXHOCMAMU KOpNycd, NOPpwHA U wmokxa. [na cepmemuszayuu NOOBUNCHBIX COCOUHEHUl 6

yunuHope yCmanosieHvl YNI0OmHUmenbHovle Koioya 3 u 5.
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Pucynox 1 — CxeMbl HOPIIHEBBIX TUIPOUUIUHAPOB:
a, 8, 2 — IBYCTOPOHHETO ACUCTBUS; O — OMTHOCTOPOHHETO JIEHCTBUA

PacueT 0CHOBHBIX mapamMeTpoB. PaGoune miomamu S, (M%) HOpIIHE WHIMHAPOB OMPEIETSIOT MO
dhopmyam:

— CO CTOPOHBI IOPIITHEBOH MOJIOCTH VISl UJIMHIPOB C OJJHOCTOPOHHUM IITOKOM (cM. puc. 1, a u 6)
Sy =nD?/ 4; (1)

— CO CTOpPOHBI IITOKOBOW TMOJOCTH M LMIMHIPOB O OJHOCTOPOHHUM (cM. puc. 1, a) u
JIBYCTOPOHHHM (CM. pHC. 1, 6 ¥ &) INTOKaMU TIPH YCIOBUU PAaBEHCTBA TUAMETPOB IIPABOTO U JIEBOTO IITOKOB

Sy=n(D’—d?) /4. (2)
Teopernueckoe ycunue (H) Ha mToke 0e3 ydera cui TpeHHs 1 HHEPITUU
F = ApSp, 3
ryie Ap — nepenaj naBieHui B pabodnx moyocTsx, [a.

Ilpu pabGoTe LMIMHIpPA HA IITOKE Pa3BUBAETCA CUIA Fyaq, KOTOpas NPeooNieBaeT CTAaTHYECKYIO
(TeopeTHyeCKyr0) HarpysKy F., CHIIy TpeHHs B KOHCTPYKTUBHBIX dJ1eMeHTaX F., ¥ crity uHepiuu R,

FCI)aKT = FCT + FTp + Rm—l- (4)
Cuna TPEHUA 3aBUCUT OT BUJIa YIIIIOTHCHUSA. ,ZIJBI HUiIMHApa ¢ pE3MHOBBIMU YIINIOTHCHUAMU
F., =fnDboz, )

rae f — koaddunment tpenus ckonpxenus (f = 0,1 ... 0,2); b — mmprHA KOHTAKTHOTO MOSICKA YIUIOTHEHHS, 0y
— KOHTaKTHOE HaIPsDKEHHE; Z — YHCIIO KOJICIL.

Cuna WHECPUHU ABUKYIIHUXCA qacTeil BO3HUKAET IIpU YCKOPCHHHU U 3aMCIJICHUU ABHKCHHS HITOKA. B

o0miem ciydae
Ry = ma, (6)

IJIe m — Macca JBWKYIIUXCSA YaCTeH, MPUBEACHHAs K IITOKY, BKJIIOYAas MAaccy paboded KHIKOCTH; a —
YCKOpCHHE.



[Ipu paBHOMEPHOM JIBIKEHHH INTOKA IMITHHIPA CHJIa WHEPIMU paBHA HYIIIO.
dakTHYECKOE YCHUIIHE Ha IITOKE IWINHIPA
Foacr = F vexs (7)
rae F — Teopetryeckoe yeuime; 7., — Mexanndeckuit KITIT (7, = 0,85 ... 0,95).
Pacuernyto ckopocts V (M/c) mToKa 63 yueTa yTedek pabodei >KUAKOCTH ONPENENSIOT 1o GopMyIie
V= Q/Sy; = 4Q/(nD?), (8)
rae Q — pacxox paGoueit sKHIKoCTH, M/c.

B mmnuHape 1ByCTOPOHHErO JEWCTBHSI C OXHOCTOPOHHUM IITOKOM CKOPOCTH ABMIKEHUS NPH HPSMOM
(nHOekc 1) u oOpaTHOM (MHAEKC 2) XOAaX MPH MOCTOSIHCTBE PACXOI0B PA3INIHBL:

Q_4 . ,_Q__ 4 )

=< _ VR S )
'"s, 2D * s, x(D*-d?)

Brionae oueBuaHO HepaBeHCTBO V, > V.

OTHOIIEHHE CKOPOCTH IBIDKCHMS TPH OOpPaTHOM XOAe K CKOPOCTH JABWXKEHHS TPH TPSIMOM XOJIe
Ha3bIBAIOT KO (PUIIMEHTOM yBEINYEHHSI CKOPOCTH MPU 0OPaTHOM XOJI€:

v, D?
vV, D?-d?’

Teoperndeckast MOITHOCTD (BT) muuHapa
Nt = ApSpV, (10)
rae V — CKOpoCTh IIToKa (KopIiyca), M/c.
HOTepI/I MOIIHOCTH Ha NPCOJO0JICHUC CHUIT TPCHUA
Ntp = FrpV, (11)
HomunanbHasg MOIIHOCTh TUAPOLIMIIMHIPA
N = Nt — Nyp, (12)
a KII1JT

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

3aoanue

Ol'[pel]e.]'ll/lTl) OCHOBHBIC paﬁ()lme mapaMeTpbl MOPIIHEBOro rMAPONMWINHAPA ¢ OAJHOCTOPOHHUM
INTOKOM IIPpHA cTaTH4YeCcKoi Harpy3ke FCTa MAaKCUMAJIbHBIX CKOPOCTAX NMPAMOIro u oﬁpaT}mro X010B



COOTBETCTBeHHO Vi M V, , BpeMeHM pa3roHa NpU NpPAMOM Xxole { , MAKCMMAJLHOM AaBJICHUH B
HATIOPHOM JIMHUHU Pnay, 00eM KIII muaunapa 7. Pado4yast :KMIKOCTh — MHHEPaJbHOE MACJIO.

Ta6J’II/IHa 1. BapI/IaHTI)I HUCXOOHBIX JAHHBIX IJId paCUCTa OCHOBHBIX MAapaMETPOB THAPOLIUINHAPA

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

xH

v, |06 |04 |03 |02 (04 |015|02 |05 |03 |01 |01 |02 |03 |0.25

Mm/c

Va, 12 |09 |06 |05 |08 |04 |045]09 |07 |03 |02 (04 |06 |05

wm/c

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

Mlla

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

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

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

kH

vV, |02 |05 (03 |01 (01 |02 |03 |025|06 |04 |03 |02 |04 |05

m/c

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

m/c

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

MIla

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

JlabopaTopHas paGora 4

Pacyer npocTbix TPyOONPOBOIOB



HpI/I TUAPABIMYCCKUX pacyYC€Tax paCCMAaTpUBACTCA HECKOJIBKO BUI0B Tp}/601'[pOBOI[OB.

IIpocTeie — TPyOOIPOBOIBI, KOTOPHIC HE COACPIKAT PA3BETBICHU, OHU MOTYT OBITh COSAMHCHHI TaK,
9TO 00pa3yroT MOCIEAOBATEeIbHBIC M TapasUlebHbIC COeAUHEeHHS. Eciu TpyOOmpoBOJ MMEET HECKOJIBKO
TpyO, BBIXOASIIUX W3 OJTHOTO MECTa, OH HA3bIBaeTCA pa3zeemeieHHuiM. TpyOONpoBOM, COAepX amni Kak
MOCIIeI0BATENbHBIE, TaK ¥ MapauleIbHbIe COSAMHEHUS TPYO MIIN Pa3BETBIICHUH, Ha3BIBAETCS CIOJNMCHbIM (PHC.

1),

L v2
B ocHoBe pacuera Tpy6onpoBoaoB Jexkut dopmyna Jlapcu h,, :/152— , VI OIpeJeNeHus 1moTeph
g

2
. v
Haropa Ha TpeHue 1o AnuHe, 1 popmyna Beiicbaxa h =¢& Z — 1711 MECTHBIX TIOTEPb.

Pucynok 1 — PacueTHble cxeMbl TPyOOIIPOBOJIOB: @ — POCTOTO;
0 — CII0KHOTO

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

o= Il ®
WA
o= B [TTa) @
®dopmyny Jlapcu 00BIYHO BRIPAKAIOT YePe3 PAcXojl U MOIYyJaroT:
R ) ©)

oo. =4 5 5
gr’d®

CymmapHas nomeps Hanopa 8 NPoOCmMom mpyoonposooe CKiadblaemcs U3 nomepb Ha MpeHue
no OuHe U MECMHbBIX NOMEPD:
L 8Q’
h=hg,+>h =[ A=+ —_— 4
z 00. Z| ( d Zéjgﬂ'sz ()
®opmyna (3.49) B mpuHIAIIE CIIpaBeUIHBA 111 000MX PEKUMOB TEUEHUS, OJTHAKO NP JIAMHHAPHOM

peKuMe dbaie HCnoib3yorT ¢opmyny (3.46) c¢ 3ameHoll B Hel (akTH4eckoi JUIMHBI TPyOOIpoBOJA
pacyeTHOW, paBHOI



Lys=Ll+Llq ®)

rac Lyé — IJIMHA, SKBUBAJICHTHAaA BCEM MECTHBIM I'MAPAaBIIMYCCKHUM COIIPOTHUBIICHUAM B pr60HpOBOI[C.

4
Le=222, (6)

Ilns mpoctoro TpybompoBoga iuHONW | ¥ mocTosHHBIM aumamerpoM O pacdeTHOE ypaBHEHHE
TpYOOIIPOBOA MPH TypOYIEHTHOM PEXUME JIBIKEHUS HMEET BUJT

(1oL 8Q° _ Q1L
H _(1+zd +Z§j o =0,0827 o (1+/1d +Z§} (7)

Ipu 0ocmamouno 6orvuoi omunocumenvrou oaune | [d mpybonposooa ckopocmuuim
Hanopom MONCHO npeHebpeub, mo2oa 011 OTUHHO20 MPYOONPO8OOaA pacyemuoe ypasHeHue npumem
8uo0

_oos2r (L
H =00827 (ﬂd +z§j. (8)

Ecau mpybonposod cocmoum uz nocnedoeamenbHO cOeOUHeHHbIX Y4acmKkos (puc. 2, a), mo
CNpaseonuebl paseHCmea:

Q =Q1=Qz=---=Qn;

D h=>h+>h+.+>h. ®)

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

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

S h=Xh-.=3h’ (0

rac Q — pacxod B TOYKE PA3BCTBJIICHUS.

const

H

|
41

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

Pucynok 2 — CxeMbl ¥ HalIOPHBIE XapaKTEPUCTUKH TPYOOIPOBOIOB,
COCIMHEHHBIX TIOCIICIOBATENIHHO (a) U mapasuiebHo (0)

Ipumeuanne. Onpenenenne KOdQPHUIMEHTA THAPABIUIECKOTO  COMPOTHBIICHUS

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

. 0,3164 . (11)
4Re




J171s peaibHbIX TEXHHUECKUX TPYO C €CTECTBEHHOMU IIEPOXOBATOCTHIO JIIsl OTpeiecHus A
pexomennyercs popmyna A.Jl. Anbrimyms
0,25
A GBJ

A= 0,11(— +—

d Re (12)

rae A, — ’KBUBaJCHTHAs IIEPOXOBATOCTb TPYOBI, MM.

DKBUBAJICHTHAS IEPOXOBATOCTh A TIpeCTaBIIsIeT COO0M BBICTYIIBI pABHOMEPHO
pacrpeieIeHHOM 3epHUCTON aOCOIIOTHON IEPOXOBATOCTH TAKOTO pa3Mepa, IpH KOTOPOM HOTEpH
Harnopa OyAyT TaKMMH K€, KaK U IPU JEHCTBUTEIBLHON IEPOXOBATOCTH.

IIpu manex 3HaueHUAX (Re- A/d ) BTOpEIM cllaraeMbIM MOXHO TpeHeOpeus, u (12) obparmaercs B (11).
Hao6opot, mpu Gonpmux (Re-A/d ) mepBoe cimaraemoe JemaeTcs HHYTOXXKHO MainbiM u Qopmyrna (12)
npeobpasyercs B popmyny b. lluppuncona:

0,25
A= 0,1]{Ad3j (13)

3ananue

Pemmts 1Ba THIIA 3a]1a4X HA pacdeT MPOCTOrO TPYOOIPOBOA COTTIACHO JTAHHBIM, IPUBE/ICHHBIM 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 | 850 | 840 | 860 |865 |870 860 |8383 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 | 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 (085|111 |12 |165|18 |07

Jlabopamopunaa paboma

Tuoponpueoo npecca

Llens paboTsi:. Onpenenenrne OCHOBHBIX MTAPaMETPOB  THUAPOCHCTEMBI Ipecca.

Onucanue pa60m bl CxXémbl

Ha puc. 1 mpencraBieHa rufipaBIndeckasi cxema mpecca ¢ UCIOJIb30BaHUEM YIIPABISEMOTO
o0paTHOro KilaraHa — THUApOo3aMKa. B JaHHOW cxeMe OCHOBHBIM JJIEMEHTOM SIBJISETCS pabouuit
WIMH]P 2, KOTOPBIM 00ecrieunBaeT BHIMOTHEHNE HEOOXOAMMBIX TEXHOIOTHYeCKUX omnepanuii. Kak
MPAaBUIIO, JAHHBIE [IUIUHAPHI OTIUYAIOTCS OOJBIIMMU AUAMETpaMHu U OONbIIUMHU oObeMaMu. J{is
o0ecrieyeHns YCKOPEHHOTO XOfa TMOPIIHS IHINHIPA 2 TPUMEHSIIOT BMECTO HACOCOB, CO3JIAIOIINX
OOJIBIITYI0 TIPOU3BOAUTEIILHOCTh, OC3HANOPHYIO Mojady paboued KUAKOCTH H3 Oaka 3 uepes
ynpaBJ’IﬂeMBIfI ruapo3aMoOK 4. B JAaHHBIX MalllMHAaX HUX Yall€ BCECIrO HA3bBIBAIOT HAIIOJHUTCIIbHBIMU
KjIamaHamMu. VIcXogHOe — TONIOKEHHWE TMOJI3yHa — BBEpXy. DBKIIOYMB  JIEBYIO  CEKIHUIO
ruapopacnpenenurens 6, HaMpaBlsSOT MOTOK pabodeld KHUAKOCTH B TOPIIHEBBIE TMOJIOCTU
TUAPOIMIUHAPOB | YCKOpeHHOro xoja. B OCHOBHOW LMIMHAP KHUIKOCTh IMOJAETCS dYepes
HATIOJTHUTENBHBIN Ki1anaH 4 u3 6aka 3 6e3HanopHO.

ITo Mepe nepeMeleHns Moja3yHa BHU3 U JOCTHKEHUS UM 3arOTOBKH, HAUMHAET IOBBIIIATHCS
JIaBJICHUE B MOPIIHEBBIX IOJOCTAX TUAPOUMIUHAPOB 1. OTKpBIBAaeTCA KIIAMAH MOJIKIIOYECHHS
naBjieHus 5 u pabodas MOJOCTh MWIMHIPA 2 HaYMHAET HATOJHATHCS JKUIAKOCTBIO MO/ JaBICHUEM,
9TO CcO34a€T YCIOBUS IS  BBHINIOJIHEHHUS HEOOXOJAMMOW  TEXHOJIOTHYECKOW  Omeparuu.
HamonauTenbHbIN K1anaH 4 Ipy 3TOM IEPEKPBIBAET Nofavy )KuakocTu. [Ipyu nepemeniennn noisyHa
BBEepX pabouas >KUJIKOCTh MOAAETCA B IUTOKOBBIE IMOJOCTH THAPOLMIMHAPOB 1, OJHOBPEMEHHO
CHUTHAJI 110 JIMHUM YIPaBJICHUs MOJAETCs Ha HAIOJHUTEIHBIN KIIamaH B TOUKY X, YTO 00eCreunBaeT
CBOOOJIHBIN CIIMB HUJIKOCTH U3 MOJOCTH OCHOBHOTO LIMJIMHPA B €ro 0ak, yepe3 HaroJIHUTEIbHBIN
KJIamnaH 4.



Buvinoanenue pabomut

N3BecTHO:

Juametp nopuias ocaoBHoro 'Ll - D2, mm

Juametp nopmHst BernoMorarenbHbix 'Ll — D1, MM
JuameTp mtoka Beromorarenbbix 'L —d1, MM
Tpebyemoe makcumanbHoe ycuiue npeccoBanus F,xH

CKopocTh YCKOPEHHOT0 Xo0/a V, M/c



ITo ucXoAHBIM JAHHBIM ONPENEIUTh HEOOX0AMMOE HOMUHAIILHOE 1aBJICHUE U
HOMUHAJIbHBIN PacXol 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




OneHouHbIE CpeAacTBa AJ1d IPOBEACHUA np0MemyTquoﬁ arrecranuu

a) [lnanupyembie pe3yJbTaThbl 00yUYeHHS U OLlEHOYHbIE CPeACTBA /ISl POBEACHUs NMIPOMEKYTOUHON aTTecTAlNM:

CTpyKTypHBIii
3JIEMEHT [Inanupyemsle pe3ynpTaThl 00y4eHNs OneHouHbIE CpenCcTBa
KOMIIETCHIIUU

OIIK-1: CiocobeH NpuMEeHsITh €CTECTBEHHOHAYYHBIC 1 O0IICHHKEHEPHBIE 3HAHUS, METO/IbI MATEMaTHUECKOTO aHAIN3a U MOJICIIMPOBAHNUS B TPO(ECCHOHATBHOM
NeSITEeNbHOCTH;

OIIK-1.1 —  Pemraer crangapTasie | Ilepeuens meopemuueckux 6onpocos K sauemy:
npodecCuoHaNIbHBIC 3a/1auu c

MIPUMEHEHHUEM OOIICHH)KCHEPHBIX 3HAHUI .
Pesxumel nBrmxenus xxugkoctu. Yucio Peiinomnbaca.

JlamMuHapHBIN PEXUM JIBHKEHUS KUAKOCTH U €0 3aKOHOMEPHOCTH.

Pacxon u cpeHAsA CKOPOCTh MOTOKA MPH JJAMUHAPHOM PEKHME.

TypOyneHTHBIN PEXUM JIBUIKEHUSI KHUIKOCTH B €T0 3aKOHOMEPHOCTH.

3aKOH HEPa3pBIBHOCTH NMOTOKA YKHUJIKOCTH.

3aKOH COXpAaHEHUs SJHEPTUU IS IOTOKA KUAKOCTH. Y paBHEHNE bepHyIn Uil MOTOKa
HIEATBHON KHUIKOCTH.

7. YpaBHeHnue bepHyimu A CTPYHKH HI€aTbHOM KUIKOCTH.

8. VYpasuenue bepHymm A moToka peaqbHOR KUIKOCTH.

9. VYpasuenue bepHymm ans cTpyiKu peagbHOM KHUIKOCTH.

10. 'eoMeTpHs MOTOKOB KHJIKOCTH.

11. IlpumeHeHe OCHOBHBIX YPaBHEHHUN ABMKEHHUS TIOTOKOB KHUIAKOCTH JUTSI U3MEPEHHS
CKOPOCTEW U pacXxo0B KHUIKOCTH.

oML E

Ilpumepnisie npakmuueckue 3a0anus 014 3auema:

1. B aBycTOpoHHEM ruapoinHape quaMerp nopiss D = 160 MM, ruameTpsl




CTpyKTypHBIii
3JIEMEHT
KOMIIETCHLINU

[Imanupyemsie pe3ynbTaThl 00yYeHHUs

OrieHOYHBIC cpe€acTaa

mrrokoB 0;=80mm u dy = 100 mm. TIpu pabouem mnaBneaun p = 10 MI1a,
IPOTUBOABIIEHUH B CIIMBHOM 110OJIOCTH pyyp = 0,15 MIla u pacxozne Macia paboueit
nosoctbio 0,1 11/c onpeaenuTs ycuiane 1 CKOpOCTh, Pa3BUBAaEMBbIE IITOKOM IIPH
JBUKEHUHM BIIpaBo U BieBo. [Ipunars mexannueckuii K11/ rugpormnnpa 0,96;
o0BbemMHBIH — 1.

1

i Y O A W

[
L ]

=

2.

JKuznkocts, umeromast wiotHocts 1200 kr/m® u auHamMugeckuit KOA(PUITUEHT
Bs3koctr 2+ 107 ITa-c, 13 6aka ¢ OCTOSHHBIM YpOBHEM 1 CaMOTEKOM IOCTYIIAET B
peaktop 2. OnpenenuTb, Kakoe MaKCUMaJbHOE KOJIMYECTBO KHMJKOCTU (IpU
MIOJTHOCTBIO OTKPBITOM KpaHE) MOKET MOCTYyNaTh U3 0aka B PeakTop. YpPOBEHb
KHUJIKOCTH B 0ake HaXxoIuTCs Ha 6 M BbIIIE BBOJA JKUAKOCTH B PEAKTOD.
TpyOornpoBo/ BBINOJIHEH U3 aTIOMHHUEBBIX TPYO ¢ BHYTPEHHUM JuameTrpoM 50
MM. OO11ast AMHA TPyOOIIPOBO/Ia, BKIIIOYAs MECTHBIE CONTpoTuBiIeHus, 16,4 M. Ha
TpyOONpoBOJie MMEIOTCS TPU KoJieHa W KpaH. B Gake M peakrope naBieHue
aTMocdepHoe.




CTpyKTypHBIii

JNIEMEHT [TnanupyemMsble pe3ynbTaThl 00y4eHUs OueHouHbIE CpeaCTBa
KOMIIETCHLINU
¥
J___rr_.
1
P
©
I
x
2
OIIK-1.2: — Tlpumenser MeTo sl MojenupoBanus u | Ilepeuens meopemuueckux 6onpocos K sauemy:

MaTEeMaTHUYECKOTO aHalu3a Uil pelIeHus
3aJa4 B po(ecCHnoHabHOMN 1eATeNbHOCTH

CgoticTBa pabounx xuakocteil. OCHOBHBIC TIOHSATHUS U OTIPEACIICHUS KUIKOCTH.
[110THOCTE M YAECNBHBIA BEC )KUIKOCTH.

CKHMMaeMOCTB KHUIKOCTH.

Koadduument oobeMHOrO cxaTusl.

Koaddumuent rerioBoro pacuupeHust.

Mouayib yIPyrocTH JKUIKOCTH.

Bs3kocTh JKUIKOCTH.

KoaddunmenT kuHeMaTHUECKOH BA3KOCTH XKHUIKOCTH.
Kapuranuss ®UAKOCTH, CITIOCOOBI IPEAOTBPAIICHHUS.
0. OGnuTeparyst KHUIKOCTH.

11. I'mapocratrka, OCHOBHBIE MIOHSATHS U OTIPEICIICHISL.
12. TloHsTHE THIPOCTATHYECKOTO JIABJICHUS.
13. EaunMIb ©3MEPEHUS THAPOCTATHUECKOIO IABICHMSL.

RHRoo~Noor~wdPE




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.

[ToHATHS THAPOCTaTHUECKOTO NABJIECHUS: a0COIIOTHOE, aTMOC(EPHOE,
M30BITOYHOE W BaKYyM.
Huddepenuunansupie ypaBHeHUs Ditnepa sl paBHOBECHUS KUAKOCTH.
OcHOBHOE ypaBHEHHE THAPOCTATHKH.
3akoH Apxumena.
3axon Ilackams.
MexaHu3M ¢ UCOJIb30BaHUEM YpaBHCHUA THAPOCTATUKH, JOMKpAT. U
MYJIBTHIUIHKATOP.

MexaHu3M ¢ HCIIOJIb30BAHUEM YPaBHEHUS THAPOCTATUKH, MYJIbTHIUIMKATOP.
I/I3Mep€HI/I€ JaBJICHUA KUIKOCTH.
PaBHOBecHe KHIKOCTH B COOOLIAIONINXCS COCYAAX.
Cuna naBneHus )KUAKOCTH Ha BEPTUKAIBHYIO CTCHKY.
Cuna naBieHHs KUIKOCTH Ha TOPU30HTAIBHYIO CTEHKY.
Cuita JABJICHU JKUAKOCTU HA HAKJIIOHHYIO CTCHKY.

Omnpenenenue TOMIUHBI CTEHKH.
I'maponuHaMuka, OCHOBHBIE ONPENEIICHUS.

lMunpocratuueckuit yaap. ®opmyna Xykosckoro H.E. s runpoynapa.
CriocoObl IpeAoTBpalLeH s THAPABIMYECKOT0 yaapa..
[lorepu Hamopa (gaBneHus), onpeesseMble JUIMHONW TpyOonpoBoa, hopmyiia
Hapcu.
Omnpenenenne MECTHBIX MOTEPh HATOpa (JaBJieHNsT) B TpPyOOIpoBoe, popMyia
BeiicOaxa.
Omnpenenenue motTeps Haropa (JaBlieHus) B TpyoomnpoBoae, popmymna
Hapcu-Beiicbaxa.
Pacuer 00uiero conpoTHBICHHUS B IPOCTOM TPYOONIPOBOIE.
[locnenoBarensHOE COENMHEHUE MTPOCTHIX TPYOOIIPOBOAOB.
[TapamtensHOE COEAMHEHHE MPOCTHIX TPYOOIIPOBOIOB.
Omnpenenenue MoTepb AaBJICHUS B pealibHOM FHIPOCHCTEME.
®opmyna Topruyennu.
HcTeuenune xuAKOCTH Yepe3 MaJioe OTBEPCTUE B TOHKOM CTCHKE.




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
MOCTYIATEILHOTO JBMXKEHUSI C JPOCCEIbHBIM PEryJIMPOBAHUEM CKOPOCTH
BBIXOJIHOTO 3BeHa (IToKa), e 1 - Hacoc, 2 - peryaupyembiii apoccens. [1ITok
ruapornHapa 3 HarpyxkeH cuioi F = 1200 H; muamerp mopumas D = 40 mm.
[IpenoxpanutenbHblii knamaH 4 3akpbIT. OnpenenuTsh JaBleHUE Ha BBIXOJE U3
Hacoca ¥ CKOPOCTh MepeMeIlieHHs IOPIIHS CO IITOKOM Vy; IPU TaKOM OTKPBITHH
Jpoccersi, KOT/Ia €ro MOKHO paccMaTpUBaTh Kak OTBEpCTHE MIiomaabio So = 0,05
eM’ e k03 urrentom pacxona p = 0,62. [Togaya nacoca Q = 0,5 n/c. [InoTHOCTH
xunkoctd p = 900 Kr/v®, [Totepssimu B TpyOompoBojgax MpeHeOpeyb.
[ToctpouTh TUAPABIMYECKYIO CXEMy, 3a7aThb HACTPOMKYy KiamaH 4,

cMmozenupoBatsb padoty I['C.
4 Un

Ilpumepnuie 3a0anusa Ha peuieHue 3a0ai U3 nPoheccuoHaNbHOI ob1acmu




CTpyKTypHBIii
3JIEMEHT
KOMIIETCHLINU

[Imanupyemsie pe3ynbTaThl 00yYeHHUs

OrieHOYHBIC cpe€acTaa

1.

B o6wemHOM rHIponpuBoae Hacoc 4 pa3BuBaeT namieHue p, = 5 Mlla u
nocrostHAyto nogavy Q, = 8 n/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
macina Qy, = 8,4 n/mun. [IpeneOperast yreukoii Macia B rujpopacupeeauTene 2,
OIIPEIENUTh PacXoi Macja Yepe3 THAPOKIANaH S5 ¥ MOTepI0 MOIIHOCTU M3-3a
CITMBa Maclia yepe3 STOT KJIaraH Mpy MepeMeIIeHUH MTOPILHS BIIEBO.

111

O [




0) Iopsinoxk npoBeaeHNs MPOMEKYTOUHON aTTeCTAMM, MOKA3ATEH U KPUTEPUH OLIEHUBAHUS

[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 YMEHU U BIaJICHUH, MPOBOAMTCS B hopMe 3aueTa.

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

Memoouueckue pexomenoayuu 01 n0020MOGKU K 3auemy

1. Ilpu nmoaroToBke K 3a4eTy y CTYJEHTa JOJKEH ObITh XOPOUIMM Y4eOHUK MM KOHCHEKT
JUTEPaTyphl, IPOUUTAHHOM 110 YKa3aHHUIO IPENOIaBaTENsl B TEUEHUE CEMECTpA.

2. Bmrauane criegyeT npoCMOTpPETh BECh MaT€pHall MO CIaBAeMOM JUCIUIUTMHE, OTMETHTD JUIS
cedst TpyaHble Bompochl. OO0si3aTellbHO B HMX pa3o0parbes. B 3akitoueHue eme pas
11€J1€c000pa3HO MOBTOPUTH OCHOBHBIE IOJIOKEHMSI, HCHOJIb3Ysl IMPU STOM OIOPHbIE
KOHCHEKTHI Jiekuuid. Ilpu 3ToM HyXHO 00paTuTh 0cOO0€ BHUMAaHUE Ha TEMbI YUEOHBIX
3aHSTHHA, IPONYLIEHHBIX CTYAEHTOM I10 Pa3HbIM IPUUMHAM.

3. Ilpum moaroroBke K 3a4eTy HEOOXOAMMO MOBTOPSATH MPONAECHHBIH MaTepuall B CTPOTOM
COOTBETCTBUM C y4eOHOH pabodell mporpaMMoOi TUCHMIUIMHBI, TPUMEPHBIM IMEPEYHEM
y4eOHBIX BOIMPOCOB, BEIHOCSAIIMXCS Ha 3a4€T U COAEPKAIIMXCS B JaHHON Mporpamme.

4. Ecnu B npouecce caMoCTOSITEIbHON padOThl HaJl U3y4EHUEM TEOPETUYECKOTO MaTepuaia
WIM TpU pPELIeHUH 3aJad y CTYyJIEHTa BO3HHMKAIOT BOIPOCHI, Pa3peliuTb KOTOpPbIE
CaMOCTOSITENILHO HE y1aeTCsl, HE0OX0AUMO 00paTUThCA K IIPENOaBaTEeNI0 Ul HOTyYeHUs
y HEro pa3bsCHEHUH WK YKa3aHUil. B CBOMX BOMpocax CTyAEHT JAO0JKEH YE€TKO BBIPA3UTh,
B YEM OH HCIHBITHIBACT 3aTPYAHEHUS, XapaKTep ITOro 3aTPyAHEHHUs. 3a KOHCYJIbTalueil
ciefyeT oOpamarbes U B CIy4ae, €CIM BOSHUKHYT COMHEHUS B IPaBHJILHOCTH OTBETOB Ha
BOIPOCHI CAMOIIPOBEPKH.

Hokazamenu u Kpumepuu ouenueanus zauema:

— «3aumeno» CTABUTCS B CIIy4a€ OBJIAJCHUA CTYAEHTOM  IIOPOIOBBIM YPOBHEM
c(hOpMUPOBAHHOCTH KOMIIETCHIIMM, T.€. 3HAHWA OO0 OCHOBHBIX 3aKOHAX THJIPOMEXaHUKH,
OCHOBHBIX MOJXOJAaX K HMCCIEIOBAaHUIO MEXAHUKH JKMJIKOCTU M ra3a, YMEHUU CaMOCTOSATEIBHO
npuoOpeTaTh 3HAHHUS B OOJIACTH MEXAHWKHU JKUIKOCTH W Ta3a C HCIOJb30BaHHWEM Y4eOHOI
JIUTEPATYpPhl, COCTABJIATH PACUETHBIE CXEMBI JUISI MOJEIMPOBAHUS IPOLECCOB MEXAHUKHU
KUJKOCTA W Ta3a; BJIAJIEHHEM CIOCO0aMU JEMOHCTpAIHM YMEHHS aHAIU3UpPOBATh M3BECTHHIC
MOJXO/IbI K UCCJIEIOBAHUIO MEXAHUKH KUJIKOCTH M rasa.

- «He 3aumeno» CTaBUTCA, CCIH 06y‘-IaIOH_[I/II‘/’IC$I HC MOKCT IIOKa3aTb 3HAHUSA Ha YPOBHC
BOCITPOM3BCIACHUSA U 00BACHEHUS I/IH(i)OpMaHI/II/I, HE MOXCET IIOKa3aTb HHTCIIJICKTYAJIbHBIC HABBIKU
pelmiCHus NpPOCTHIX 3a4aY.



[NPMJIOXEHME 3

MeTtoanyeckue YKa3aHusl K KOHTPOJIbHBIM paﬁmaM

[Mpenver muctuminHbl  «OCHOBBI TPOSKTUPOBAHUS THIPO- U  I[MHEBMOIPHBOJA
METALTYPTHYECKOTO 00OPYIOBaHUS» B CBOMX HCXOIHBIX IOJOXKCHHSIX OMHUPACTCS Ha (U3HKY,
3aKOHBI BBICIIIEH MaTeMaTHUKH, TEOPETUICCKON MEXaHUKHU, COTIPOTHBIICHUS MaTEPHAIIOB, TEOPHIO
MEXaHM3MOB W MalMH W Jaetanu MamwmH. OJHaKo OoJbIIas CIOXKHOCTh M HEAOCTAaTOYHAs
M3YYEHHOCTh MHOTHX SIBJICHHI BBIHYKJAET UCIIOIb30BATh U SMIUPUUYECKUE TPUEMBL; HEKOTOPHIE
U3 KOTOPBIX JEMOHCTPHUPYIOTCS B JJabOpaTopHbIX paboTax mo ruapaBiuke. BzammoneiicTBue
TEOpPUU U IKCIIEPUMEHTA - XapaKTepHasi 0COOEHHOCTh JAHHON AUCUUIIINHBIL.

B npegenax yuyeOHOro rojia cTyIeHThI IPUTIIALIAIOTCS HA CECCUIO, HA KOTOPOH CIIyIIaioT
JICKIIMU TI0 JUCIHILTUHE B COKPAIIEHHOM 00BEME, 3HAKOMATCS C HEKOTOPBIMH JIA00OPaTOPHBIMU
paboTaMM M CHAIOT UTOTOBBIM KOHTPOJIb (9K3aMeH WM 3aueT). OCHOBHBIM BHUAOM H3Y4YCHUS
paccMaTpuBaeMoOro Kypca SIBIISIETCSl CaMOCTOsATelIbHas paboTa cTylaeHTa-3aouHuKa. CTyIneHT
JOJDKCH CHUCTEMAaTHYeCKH paboTaTh HAJ KHUTOH, BBINOJHSS KOHTPOJIBHBIC 3alaHdsl U
rupaBianueckue pacdyérol. Pabory Haj pacuéTramMu HEOOXOAMMO COMPOBOXKIATh H3YHYEHHUEM
PEKOMEHI0BAaHHOM JIUTEepaTyphl, 0Opaias ocodoe BHUMaHKE Ha TO, YTO HEOOXOAUMO B Ipoliecce
pacuéta WM pelieHus 3anad. PexoMmeHayercs cleAyromuid MOpAaoK U3yueHUs TUCIUILIAHBIL.
CHauvaia 6erJio MpoCMOTPETh TPOrpaMMy, METOJUUECKHE YKa3aHUs U TOCOOUS, YTOOBI COCTaBUTh
IpeJICTaBICHUE O TUCUUIUIMHE B 1esioM. [Ipu paboTe Haa KakapIM pa3fesioM CIeAyeT, MPEexIe
BCEr0, 03HAKOMUTKLCS C €r0 COepKaHUeM 110 porpamMme. Omupasch Ha METOIMICCKUE YKA3aHUS,
MPHUCTYIHTH K U3YYCHHUIO MaTepHaa 1o y4eOHUKaM; IIPH STOM PEKOMEHIyeTCsl BECTH KOHCIIEKT C
OCHOBHBIM COJICp’)KaHHEM TEMbI, C BbIBOJaMU (opMyn U HE0OXOIUMBIMH TpadUKaMHU.
®dukcupoBath HesicHble Mecta. [lo Tem Bompocam, KOTOpble HE ynaércs pa3o0parthb
CaMOCTOSITENILHO, CTIEAYET OOPaTUTHCS K BEAyIIeMy MPErnoaaBaTelNto 3a KOHCYIbTaIlueH.

Jlns mpoBepKH YCBOGHHUs MarepHalla HY)KHO OTBETHTh Ha KOHTPOJIbHBIE BOIIPOCHI,
MpUBEICHHBIE B MOCOOMHU. PekoMeH1yeMoe HIKe SIBISETCSI MUHUMYMOM TOTO, YTO JOJKEH 3HATh
M0 JaHHOMY JUCHUIUITMHE CTyAeHT. [lng Oonee riayOOKOro H3ydeHUss HEOOXOJWMO CaMOMY
pemaTh 3a/1a4u, COOTBETCTBYIOIINE IpopadbaTeiBaeMoMy pasneny. Uem Oosbiie Oyner caenaHo
pacuéToB M PEIICHO 3a7a4, TEM JIYYIle YCBOUTCS TECOPETHUYECKUN KypC U TeM yCHelHee OyayT
BBITIOJTHEHBI TTpeIjIaraeMbie KOHTPOJIBHBIC 3a/IaHUs. 3aBEPIICHHUEM CAMOCTOSITEIILHOW paOOTHI 110
KypCy SBIIICTCS BBINIOJIHEHWE KOHTPOJBHOW padoThl MO jJucHUILIMHE (5 3amad), KoTopas
npencranisiercs B BY3 He no3aHee, yem 3a 3 nHA 10 3aueTa, dk3ameHa. Homep BapuaHTa 3a1a4y
JOJI’KEH COOTBETCTBOBATH MOCIETHEH U pe HoMepa 3a4€THON KHIDKKU cTyneHTa. K utoropomy
KOHTPOJTIO IOMYCKAIOTCS CTYICHTHI, UMEIONINE 3a4TEHHBIE KOHTPOJIbHBIE PA0OTHI.

MeToanuyeckue yKka3aHus Mo BbINOJHEHHIO Ja0opaTOPHbIX padoT

Ha maGopaTopHbIX 3aHSATHSX IS TOCTHXKEHHS MOCTABJICHHBIX 3aa4 JKEIaTelIbHO BBITIONHEHHE
paboOThl CTyJAEHTAMH  HEMOCPEACTBEHHO Ha KOMIIBIOTEPHOW TeXHHKe. JIJis JIydIlero 3akperieHUs
Marepuana CTyACHTHI MOIYy4aroT 3aJaHus, KOTOPHIE BBIMOJHSIOTCS Ha MPOTSKEHUHU BCEX MPAKTHUECKUX
3aHATHN B OTPE3KU BPEMEHH, OTBEACHHBIC IS 3aKPEIUICHUS MaTepHaja M MOJYICHIS HaBBIKOB PAaOOTHI.
Takue 3a1aHus cAAI0TCs CTYJICHTAMU TIPENOIABATENI0O B KOHIIE U3YUYEHHS TAHHOW AUCITUTIIIUHBI.

Bonpocwul ona 3auwumoel npakmuueckux paoom



PDu3nyecKHe CBOMCTBA KUIKOCTH

1. B uém oTiiune )KuaKocTed oT TBEPABIX TET U ra30B?

2. KakoBa B3auMOCBSI3b MEX/ly INIOTHOCTBIO U YJIEJIbHBIM BECOM KHUAKOCTU? YKaXKUTE UX
€JIMHHULIBI.

3. Uro HazbiBaeTcs KOApGUIUEHTOM 00bEMHOTO CkaTus kuakocTu? KakoBa ero cBssb ¢
MOAYJIEM YIIPYTrocTu?

4. KakoBa CBfI3b CKOPOCTH 3BYKa B KHAKOCTH C MOJYJIEM YHOPYTOCTH M IUIOTHOCTBEO
JKAIKOCTU?

5. YUrto Ha3bIBaeTcs BA3KOCTBIO JKUAKOCTH? B uéM COCTOMT 3aKOH BSI3KOIO TPEHUs
HeroToHa?

6. B ueM npuHIMNUAIBHAS Pa3HUIA MEXKY CHJIAMH BHYTPEHHETO TPEHHUS B KUJIKOCTH U
CUJIaMU TPEHHS IIPU OTHOCUTEIILHOM TMepEMEICHUU TBEPIBIX TE?

7. KakoBa cBSI3b MEX/1y TUHAMUYECKUM U KHHEMaTH4YeCKUM KO3 duIlmeHTaMu BI3KOCTH?
VYKaxxute ux eAUHULBL.

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

9. Vkaxure cBoilcTBa uAcaJIbHOU XUIAKOCTU. C KakOW LEJIbI0 B T'MJIPABIMKE BBEIACHO
MOHITHE 00 WAeaTbHOW JKHIKOCTH? B KakuxX Ciydasx NpU TMPAKTHYECKUX pacu€Tax MOKHO
CUUTATh KUJIKOCTh HI€AIbHON?

11. Hamummre ypaBHEHHE COCTOSHMS Ta3a U JalWTe OIpeNeieHHE BXOJALIMX B HETO
BEJIMYHH.

Tuopocmamuxa

1. KakoBsl cBO¥CTBa THAPOCTATUYECKOTO AABICHUS?

2. OObscHUTE (QU3MUECKUH CMBICT BEJIMYMH, BXOAAUMX B AuddepeHinanbHble
ypaBHEHMsI paBHOBECHSI KHUJIKOCTH Diiepa.

3. KaxoBwl ¢opma u ypaBHEHHE MOBEPXHOCTH PABHOTO JABIICHUS: NMPH aOCOIIOTHOM
MOKOE JKHIKOCTH; TpPU JABIKEHHUH COCYAa C JKHIKOCTHIO TIO0 TOPHU30OHTAIBHON
IUIOCKOCTH C YCKOPEHHWEM; TIIpH BPAUICHHH COCyAa C JKHIKOCTBIO BOKPYT
BEPTHUKAJIBbHON ocu?

4. Kak dopmynupyercsa 3akoH Ilackans? IlpuBenure npumepbl T'MIPaBINYECKUX
YCTAaHOBOK B CHCTE€ME THAPONPHBOJA, ACHCTBUE KOTOPBIX OCHOBAHO Ha 3aKOHE
ITackans.

5. KakoBbl COOTHOWIEHHS MeXay aOCONIOTHBIM JaBJIeHUEM, H30BITOUYHBIM U
BakyymMmeTpudeckum? Urto Goibire: abcomroTHoe AaBieHue, pasHoe 0,12Mlla, nmu
n3o6eITouHoe, papHoe 0,06MIla mpu atmocdeprom naBnenuun pasaom 0,1 MIla?

6. YUemy paBHa B MeTpax BOISHOTO CTOJ0a IbE30METpPHUYECKas BBICOTA IS
aTMoc(hepHOro naBieHUs ?

7. Tlouemy HEHTp JaBJIE€HHUs BCErJa HAXOAMUTCS HUXKE LEHTpPA TKECTH CMOYEHHOU
MOBEPXHOCTH TNIOCKON CTEHKU?

8. OOBsAcCHUTE, UTO TaKOE MbE30METpUYecKast U 6apoMeTpuiecKas BbICOTA.

9. Yro Takoe >Mropa AaBICHUS U LIEHTP JdaBJIeHU?

Kunemamuxa >iccuoxkocmu
1. Moxer 1M paBHOMEpPHOE, JBWKCHHE OBITh HEYCTAHOBHBIIUMCS, a HEPaBHOMEPHOE -
YCTaHOBHUBIIUMCS?



2. JlaiiTe onpeeieHus U MPUBEINUTE MPUMEPHI BUIOB JBMIKEHHUS KUIKOCTH YCTAHOBUBIIIETOCS U

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

MCHAIOIICTOCA.

3. YUro Takoe JIMHUS TOKA, TPyOKa TOKA U 3JIEMEHTapHasl CTpyiika?

4. Ilpu KakuX YCJIOBUAX COXPAHSAETCS NOCTOSHCTBO Pacxo/ia BJ0JIb OTOKa?

5. B yem oTiinumne TypOyJIEHTHOTO TEYEHHS KUIKOCTH OT JJAMUHAPHOTO?

6. [TosicnuTte hu3MUYecKuii CMBICI U MMPAKTHYECKOE 3HAYCHHE KpuTepus PeitHobca.

7. Bauser nu TemmepaTypa JKUIAKOCTH Ha BEIMYMHY KPUTHYECKOW CKOPOCTH, MPH KOTOPOIl

IMPOUCXOOUT CMEHA PCKUMOB ,Z[BI/I)I(CHI/IH?

8. HazoBuTe cBOMCTBA 3JIEMEHTAPHOMN CTPYHKH.

9. OOBscHUTE, YTO TAKOE JIMHUSA TOKA, KAK BBIMJISAUT CTpyHuaTas MOJENb IOTOKA, YTO TaKOe

<OKHUBOE CEYEHUEY, «CMOUYECHHBIN MEPUMETP» U «TUJIPABINYECKUN paanyc»?

Tuopoounamuxa

HazoBure sHepreTrueckuii cMbIci KaKJ0ro ciiaraeéMoro ypaBHeHus bepHyiim.

Yro BiuseT Ha YUCIEeHHOE 3HaueHne kodxpduunenta Kopuonuca?
JlaiiTe reomMeTpruyecKkoe UCTOJIKOBAaHHE KaX /101 cocTaBsitonell ypaBHeHus: bepnysu.

Uro npexacrasiiseT coOOl pa3sHOCTh OPAMHAT HAIOPHOM JIMHUM HUCAIbHOM KUAKOCTU U
peanbHOI?
Uro npencrasisieT co00i pa3HOCTh OPAMHAT HAIIOPHOM JIMHUU U MIbE30METPUUECKON?
Kak ynauHee Bcero npoBOAUTH INIOCKOCTh CPAaBHEHUS MIPU PELICHUM 33/a4, CBA3AHHBIX C
UCIIOJIb30BaHUEM ypaBHeHUs bepHymnmun?
Ha3zoBute Ha3HaueHue nbe3oMeTpa, Tpyoku Iluro.
Korzna HanopHas M nbe3oMeTpUuYecKas JUHUM INapayuienbHbl? Korna B HampaBieHUH
JBYDKEHUS JKUAKOCTH 3TH JIMHUU COJMIKAIOTCS U KOTJa yIAISIOTCS OJTHA OT Apyroit?

Pesrcumpl 0sudicenusn sncuokocmu

OO0vbsicaute (usnueckuil cMmbici kpurepuen: PeliHonbaca, @pyna u Diinepa. B xakux
CIIy4asiX JOJDKHBI IPUMEHSATHCS 3TU KpuTepun?

VkaxkuTe 3aKOH paclpeneieHHs] KacaTelbHbIX HANpsDKEHUH B HWIMHIPUUYECKOM
TpyOONpOBO/JIE MPH JAMUHAPHOM T€UEHUH.

KakoBO cCOOTHOLIEHHE MEXAY CpPEAHEW U MaKCUMaJIbHOM CKOPOCTSIMM IIPH JJAaMUHApPHOM
TE€YEHUH, IPU PaBHOMEPHOM TYpOYJIEHTHOM HAlOPHOM TEUEHHM U B CXKATOM CEUEHHUH
cBOOOIHON cTpyH mpu ucTedeHHu? OT KakuxX MapamMeTpoB IMOTOKA 3aBUCAT NOTEPU
SHEPTUU MO JJIMHE MPU JTAMUHAPHOM TE€UYEeHUU?

[Ipu kakoMm pexuMe HMeeT MecTo 0Oojee BBICOKas HEPaBHOMEPHOCTb CKOPOCTEH H
nouemy?

OObsicHUTE TOHSATHUSI «TUJIPABIUYECKU TIAAKUE» U «TUIPABINYECKH IIEPOXOBATHIE)
MOBEPXHOCTU. MOXXET 1M OJHA U Ta e Tpyba ObITh «TUAPABIMYECKH TIAIKON» U
«TUAPABINYECKH LLIEPOXOBATOMN?

Ot kakux (pakTOpOB 3aBUCUT KOI(D(DUIIMEHT rUAPABINIECKOTO TPEHUS ITPHU TYPOYJICHTHOM
TEYEHUH, U 110 KaKuM (OopMyJiaM MOXKHO €TO ONpPeIeIUTh?

Kakue conpoTuBieHNs Ha3bIBAIOT «MECTHBIMU?

[To kakoil (opmyne omnpenensOT TNOTEPH OSHEPrUH, BbI3BAHHBIE MECTHBIMU
CONPOTUBIICHUSMU?

Kak ompenenuTs moTepio SHEpPruu MpHu BHE3AITHOM PACIIMPEHUH MOTOKAa U BHE3AITHOM
CY>)KE€HUH €ro?



10. Yemy paBeH kK03 (PHUITMEHT MECTHOTO CONMPOTHUBIICHUS MPU BXOJIE KUIKOCTH B TPYOy U3

© N

00JIBIIIOrO pe3epByapa U MPH BBIXOE MOTOKA U3 TPYObI B 0OJIBINON pe3epByap?

Teuenusn ¢ mpyoax u Kananax

KakoBa 3aBUCHUMOCTB MPOITYCKHOUW CIIOCOOHOCTH TPYOOMPOBOJIa OT €ro MIEPOXOBATOCTH
P HEU3MEHHBIX MPOYUX YCIOBUSIX?

Kakoii 3aBUCMMOCTBIO YUUTBIBAIOTCS TOTEPU B MECTHBIX COMPOTUBIICHUSIX B " MJIMHHBIX"
TpyOOIpoBOIaX?
Kak yuuTthiBaroTCsi moTepu B KOMIUIEKCHBIX MECTHBIX CONPOTHBIICHHUSX B "KOPOTKHX"
TPYOOIPOBOAX THAPOIIPUBOIOB?
KakoBa ocoOeHHOCTb pacuéra TpyOOIpOBOIOB C MapaICIbHBIM COSMHEHUEM BETBEH?
Uem oTimyaeTcss ONpeAelieHue JuaMeTpa MAarucTpaabHOrO TPyOONmpoBOJIa U €ro
OTBETBJICHUI?
HazoBuTe HECKOIBKO BapHAHTOB TPYOOIIPOBOIA C HACOCHOM MOjaueH.

[Touemy npu pacuére TpyOOIPOBOa BAXKHO BBISBUTH PEKUM JIBUKCHUS?
9. O0BsicHUTE, YTO TaKoe "KaBUTALM" U B YEM COCTOUT €€ BpeaHOE JelCTBHE?
Kak rpaduuecku TOCTpOUTH CYMMapHyI0  XapaKTepUCTHKY JABYX  IPOCTBHIX
TPYOOIIPOBOJIOB, COCTMHEHHBIX TIOCIIEIOBATEIIBHO, MTAPAILICITHBHO?

Kakoil BHI MMeeT 3mropa CKOPOCTEH B IIONEPEYHOM CEYEHUM OTKPBITOrO pyciia MpH
PaBHOMEPHOM JIBUKEHUU KUIKOCTH?



