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JIncraktyannzanunpadodeiinporpaMmsl

Pabouas nporpamMma nepecMoTpeHa, 00CyKaeHa U 0J00peHa s peanusanuu B 2026 - 2027
y4eOHOM TO/y Ha 3aceqanuu kapeapsl ['OpHBIX MAIIMH U TPAHCITOPTHO-TEXHOIOTHUYCCKUX

IIporokonm ot 20 . Ne
3aB. xadempoii A.N. Kypoukun

Pabouas mporpamma nepecMoTpeHa, o0Cy)aeHa U 0Jo00peHa s peanusanuu B 2027 - 2028
y4eOHOM TO/y Ha 3aceqanuu kapeapsl ['OpHBIX MAIIUH W TPAHCITOPTHO-TEXHOIOTHUCCKUX

[Iporokonm ot 20 . Ne
3aB. kadenpoit A.N. Kypoukun

PaGouas nporpamma nepecMoTpeHa, o0cyx/eHa 1 o1o0peHa i peanusaun B 2028 - 2029
y4eOHOM rojly Ha 3acemaHuu Kadenpbl [OPHBIX MAIMH M TPAHCIIOPTHO-TEXHOJIOTHUSCKHUX

IIpoTokom oT 200 . Ne
3aB. kadenpoit A.N. Kypoukun

PaGouas mporpamma nepecMoTpera, o0CykaeHa u oJo0peHa ais peanmmzanun B 2029 - 2030
yueOHOM Toy Ha 3acenaHuu kadeapbl ["OpHBIX MAIIMH U TPAHCIOPTHO-TEXHOJIOTHUICSCKUX

[Iporokonx ot 20 v Ne
3aB. kadenpoit A.N. Kypoukun

Pabouas mporpamma nepecMoTpeHa, o0CykaeHa U oo0peHa s peanmmsanuu B 2030 - 2031
y4eOHOM rojly Ha 3aceaHuu Kadeapbl [OPHBIX MAIMH M TPAHCIIOPTHO-TEXHOJIOTHUECKHUX

IIpotokom ot 20 1. Ne

3aB. kadenpoi A.I/I.fypquHH

Pabouas mporpamma nepecMoTpeHa, o0Cy)aeHa U oo0peHa s peanmm3anuu B 2031 - 2032
y4eOHOM rojy Ha 3aceaHuy Kadenpbl ["OpHBIX MalllMH M TPAHCHIOPTHO-TEXHOJIOTHYECKHX

IIpotokom ot 20 1. Ne

3aB. kadenpoi A.I/I.fypquI/IH

Pabouas nporpamMma nepecMoTpeHa, o0CykaeHa U 000peHa s peanusanuu B 2032 - 2033
yueOHOM Toy Ha 3acenaHuu kadeapbl ["OpHBIX MAlIMH U TPAHCIOPTHO-TEXHOJOTHUCSCKUX

IIpotokom ot 20 . Ne
3aB. xadenpoit A.N. Kypoukun




1 HenuocBoeHUA TN CUMILINHBI (MOTYJIA)

Lenpro IUCIUTIINHEL SBISETCA:

- I3yY€HHE U OBJaJIEHUE CTyIEHTaMH 3HAHUH 3aKOHOB I'HUIPOCTATHKH H
TUIPOJUHAMUKH M PEATTU3AI[UH UX B THAPOIPUBOJIAX TOPHBIX MAIIMH U 000pYIOBAHHUH,

- OBJIaJIeHNE HAaBBIKAMH BBITIOTHEHSI SKCIIEPUMEHTAIBHBIX U TA00PaTOPHBIX
WCCIIeTIOBAHNN, HHTEPIPETAIINY TTOTYYSHHBIX Pe3yIbTaTOB, COCTABICHUS 1 3aIIUTHI OTYETOB
o MpoienaHHoi pabore,

-OBJIaJICHUE IOCTATOYHBIM YPOBHEM MPO(ECCUOHATBHBIX KOMIICTCHIIUHN B
cootBercTBHH ¢ TpeboBanmssMu PI'OC BO mo nanpasnennto noarorosku 21.05.04 T'oproe
neno crierranu3aiis OTKPHITEIC TOPHBIC PAOOTHI.

2 MecTo AUCUMIIMHBI (MOAYJS) B CTPYKTYpe 00pa3oBaTe/bLHON MPOrpaMmel

Juctumnuna ['uapoMexaHrnka BXOJUT B 4aCTh yU4eOHOTO TUIaHa POPMUPYEMYIO
y4acTHUKaMHU 00pa30BaTeNbHBIX OTHOIIEHUH 00pa30BaTeNbHOM MTPOrPaMMBL.

Jst n3ydeHns AMCUUTUTMHBI HeOOXOTUMBI 3HAHUS (YMEHHS, BIaJICHU),
c(hOpMUPOBAHHBIC B PE3YJIbTATE H3YUCHUS JUCIUILINH/ TPAKTHK:

I'opHaBIEMaIHBI 1 000pyAOBaHNE

duzuka

3uaHus (YMEHUS, BIAICHNUS), TOJyIeHHBIC TIPH U3yYEeHUH TaHHOU AMCIUTUTHHEI
6YILYT HEOOXOAUMBI I U3YUCHUS III/ICHI/IHJII/IH/HpaKTI/IKl

BeimonHeHue, moAroToBKa K MpoIeaype 3aluThl U 3alIUTa BBITYCKHON
KBaJM(PHUKAIMOHHON pabOTHI

3 Komnerenuuu odyuaroierocsi, popMupyemMbie B pe3yjbTaTe 0CBOEHHS
AUCHUILIMHBI (MOYJIs1) U IVIAHUPYEeMbIe Pe3yJibTaThl 00y4eHus1

B pesynberaTe ocBoeHUS AMCUUIUTHHEI (Momynisi) «[ mapomexaHnka» oO0yJaromuiics
JIOJDKEH 001aJ1aTh CISAYIOINIMMU KOMIICTCHIIUAMU:

Komunaukaropa NuaukatopaoCTHKEHUAKOMIIETEH NN

I1K-1 CnocoGen pa3pabaTbIBaTh pa3iebl IPOEKTOB CTPOUTEIHCTBA, PEKOHCTPYKLIUHU U
TEXHUYECKOTO IIEPEBOOPYKEHUS 00BEKTOB OTKPBITHIX TOPHBIX padoT, MPOEKTHYIO U
TEXHUYECKYIO TOKYMEHTAIMIO C YY€TOM TPeOOBaHUN MPOMBIIIUIEHHONW 6€30MacHOCTH

[K-1.1 OO00CHOBBIBAET INIABHBIE NTAPaMETPBI Kapbepa, BCKPBITHE KAPHEPHOTO
TIOJIS, CUCTEMBI OTKPBITOH pa3paboTKH, PeKUM TOPHBIX PadoT,
TEXHOJIOTHIO U MEXaHU3ALNIO OTKPBITHIX FTOPHBIX paboT, METOIbI
NPOQIIAKTUKY aBapUH U CIIOCOOBI IMKBUIAIUH WX TIOCIIEACTBUI

[K-1.2 [MpoekTupyeT MPUPOAOOXPAHHYIO IEATEIBHOCTh TIPU OTKPHITHIX TOPHBIX
paborax
IK-1.3 Hcnonb3yetr nHPOpPMAIMOHHBIE TEXHOJIOTHU TPU MPOSKTUPOBAHUH

KapbepoB




4. CTpykTypa, 00HEM U colep:kaHue TUCHHUILUTUHBI (MOTYJIsT)
OO011ast TPYI0EMKOCTD AUCIMILIMHBI COCTABIIACT 4 3a4eTHBIX eAWHUI] 144 akaj. 4acoB, B TOM

quCJIC:

— KOHTaKTHas padora — 8,4 aka. 9acoB:

— ayoUTOpHAA — 8 aKaj. 4acoB;

— BHeayautopHas — 0,4 akan. 4acos;

— camocTosTenbHas pabora — 131,7 akaa. 4acos;
— B (hopme mpaKkTHIeCKOH MoAroToBKH — () aka. Jac;

— MOATOTOBKA K 3a4€Ty — 3,9 akaj. yac
®opma aTTecTaluu - 3a4eT

=N
AyautopHas S <
T dopma TEeKyIIero
KOHTaKTHasi pabota | & 5 p y
=
Pa3nen/ tema 2| (Bakxan. gacax) E = Bun . KOHTpOIIA Kon
> 8 O |camocrosTenpHON | ycrieBaeMOCTH U
JIUCLUIUIAHEI < g s . | koMIereHun
1a6. | npaxr S 5 paboTsI MPOMEKYTOUHOU
Jlek. ) ’ z ©Q aTTecTaluu
3aH. | 3aH. | S &
1. Tema 1
ITouck
JOIIOJTHUTEIILHOM!
unpopmanuu o | IIpoxoxnenue
3aJJaHHOM TeMe BBOJTHOTO
1.1 JKunkocts 1 ee [MoaroroBKa Tecta.Crada
(hu3mueckre CBOMCTRA. 3|02 05 4 | mabopa-ropHomy 3a1a4 IIK-1.1, IIK-
Cuubl, IEeHCTBYIOLIUE B ' ! 3AHSITHIO. 10 TEME 1.2, I1IK-1.3
JKUJIKOCTH. Pertierue «Knugkocts 1 ee
3aJJaHHBIX 327349 (usnueckne
IO TeMe CBOMCTBaY.
«Kunkocts u ee
duruueckue
Hroronopaszaeny 0,2 0,5 4
2. Tema 2
TTouck Sammra
2.1 I'mopocrartuka: JIOTIOJTHUTEILHON naGopatopHoit
nmud dhepeHnanbpHbIe rH(MOPMAITUH 110 aGotsr Nel «
ypaBHEHUS paBHOBECHS 3aJJaHHOH TeMe IEIDI/IBPI‘{eCI_(He
JKHUJIKOCTH; OC-HOBHOEC 2 2 IloaroroBka . TIK-1.1, TIK-
310, 0,25 5 CBOIICTBa
ypaBHEHHUE nabopaTopHOMY SKHITKOCTI 1.2, IIK-1.3
TUIPOCTATHKHY; 3aHATHIO. Craua 3a;[aq'no
OCHOBBI THAPOCTATHKHY. Peurenue paszienam
YpapHenusdiinepa. 3aJlaHHBIX 33124
THAPOCTaTHKH.
10 pazaeaaM
Utoronopazaeny 0,2 10,25 5
3. Tema 3
3.1 'mpponuHaMuKa: ITounck Cnauga 3amad mo
KUHEMAaTHKa KUJIKOCTH, 3|02 v nononauTespHon | Teme "Pexxmmer | ITIK-1.1, TIK-
BUJIBI IBIKEHUSA ' nH(pOpMAITUH 110 JIBUKEHUS 1.2, I1IK-1.3
JKUIKOCTH, 3aJaHHOU TEME. KUAIKOCTH".







ypaBHEHUE HEPa3phIB-
HOCTH.OCHOBBI JIMHAMHUKH
JKUIKOCTH.

Pa6oTa ¢
KOMIIBIOTEPHBIMH
00yJaronumMu
porpaMMamu.
ITogroroBka k
1abopaTto-HOMY
3aHATHIO.
Pemenne 3amau
T10 pa3aeiiaM

Utoromnopazaeny 0,2 7
4. Tema 4
ITonck 3ammura
JOTIOJTHUTENBHOM | mabopaTopHOU
4.1 OcHOBHBIE ypaBHEHUS nHGOPMAITUH 110 paboTbr No2 TK-1.1
TUAPOANHAMUKU 3a/IaHHOM TEME. «3yueHue o
N K-
OJTHOPOJTHOM 0,25 [ 0,25 | 9,7 | TlomroroBka puOOPOB IS 19
HECKUMAEMOMN 1a00paToOpHOMY U3MEpPEHUs HK’_l’ 3
JKMIKOCTH. 3aHATHIO. JaBICHH. '
Pemenne 3agau Crmagazagadmno
o THIPOJIMHAMUKE.
Hroronopazneny 0,25 [ 0,25 | 9,7
5. Tema 5
ITonck
OIIOJTHUTECIBLHOMN
5.1 Tema. [/IBuxxenue II[/IH (bopMaIH 110
HJIeaJIbHON KHIKOCTH, p UH [IK-1.1,
aBHeHUe bepHynu SA/IAHHON TEME. 3amuraszagadmno K-
M ’ 0,2 05 | 10 IToxroroska K
(huznueckas UHTEp- TUAPOIUHAMUKE. 1.2,
nabopaTopHOMY
MpeTalus ypaBHeHHS [K-1.3
BeDHY LI 3aHATHIO.
PHYILTH. Pewenne 3anau
o
Hroronopaszaeny 0,2 05 | 10
6. Tema 6
3ammra
6.1 JIBmxeHue BSI3KOM Honcxk HaGopatopHof TK-1.1,
) N JOTIOJTHUTENbHOM paborsr Ne3 [IK-
HEC)KMMAEMOH YKUIKOCTH. 0,2 | 0,25 8 «M3MepeHHe
Vpasuenus HaBre-CTokca MHOpMALKH 110 P 1.2,
p ’ 3aJaHHOM Teme. | THAPOCTAaTHYCCKOro [  [1K-1.3
JaBJICHMS
Hroronopaszaeny 0,2 | 0,25 8
7. Tema 7
7.1 OcHOBBI TeOpUHU
THAPOJIMHAMHYCCKOTO TTouck 3 [IK-1.1,
. aluTa3agad.
nozno6us.Kpurepuu 02 025 8 JIOMOJHUTEIbHOM H L;'IXO)KB éuHI/Ie T1IK-
TUAPOIUHAMUIECKOTO ' ! nHGOPMAITUH 110 P TeCTl:‘ 1.2,
1n0100us. IIpumepsi 3a/IaHHOM TeMe. : IK-1.3
WCIIOJIb30BaHUS B PEIICHUU
Utoronopazaeny 0,2 025 ] 8
8. Tema 8
8.1 I'mapaBnudeckue ITouck 3ammra IIK-1.1,
MOTEPHU 0,25 8 | nononuuTenbHOM |  nabopaTopHOiL IK-
| yHenTrUW. PexXUMEBI TeYeHusd nHdbonmanumno naboThr Nod 1.2







Peiinonsaca. JlamuHapHbIit «3yueHue
PEXKHUM TEUEHUS KUIKOCTH. 3aJaHHOTEMe CTPYKTYpPHI
®opmyna Ctokca. MTOTOKOB
Raxou Narewa-Tlvazeiing S TTKOCTIN
Uroro no pasgeny 0,25
9. Tema 9
9.1 MectHbIe IOTEPU ITouck Samurazanag K-1.1
sHeprun. BerBonx hopMyisr 0.25 JIOTTOJTHUTEIBHOM TTpoxoskIeH e K-
bopna — Kapuo. Buabt nHpOpMAITIH 110 TecTa 1.2. TIK-1.3
\HP{"'I"HLIY{‘(\TII‘\(\’T‘Y/TRT[PHY/Tﬁ A rmunnﬁ TEONME ) - :
Uroromnopasneny 0,25
10. Tema 10
3amuTa
10.1 Knaccudukamnus [Monck nabopaTopHOH
Tpy0OTpoBOoB . JIOTIOTHUTEIHHON pabotbl Ne5 TK-1.1,
lMunpaBnudeckuit pacuet 0,2 | 0,25 0 [TK-
uHpopMmaruu o | «UnpeneneHne
TpyOOIpoBoa0B. [IpuMepst SAAHHOMN TeMe, | PEKIMa TedeHus 1.2, T1IK-1.3
pacdeTaTpyOOTIpOBOIOB. ’ -
Hroronopazneny 0,2 | 0,25
11. Tema 11
11.1 UcTteuenne KuAKOCTH
U3 OTBEPCTHUI U HaCaJKOB.
[Touck
Knaccudukarus . | 3ammraszamad. IK-1.1,
N JIOTIOTHATETBHOM
OTBEPCTHH 0,25 HEGbOPMATIH 110 IIpoxoxneHnne IK-
u WCTCUCHUH. s a}II)HOf];ITCMe TecTa. 1.2, IIK-1.3
OcoGenHoctu A
HCTEYEHUS U3 OTBEPCTUI.
Uroromopazueny 0,25
12. Tema 12
12.1 I'mapaBnudeckuit Sammra
[Touck 6 =
ynaap _ | maboparopnoii MK-1.1,
B Tpy6ax. [IpuunHbI 0,25 AOUOIHUTENBHON | paGoTh Neb TIK-
BO3HUKHOBeHHs. [Ipsmoit HH‘bOpMaUHHH 0 | «Mmmoctpauust |12 1K-1.3
" 3a1aHHOH TEME. ypaBHeHuUs ’
v I
Hroro no pasaeny 0,25
13. Tema 13
13.1 lM'unpornpuBoAbL. Iouck
Crpykrypa n JOTOJHUTENBHOU | 3aluraszajaay. IIK-1.1,
KJIaCCH(UKALIHs 0,2 0,25 JUTEPATYPHI IO [Ipoxoxnenne IIK-
TUAPONPUBO/IOB. paccMaTtpuBaeMoin TecTa. 1.2, TIK-1.3
T'mapoannaparypa TeMe.
Hroronopazueiy 0,2 0,25
14. Tema 14
14.1 l'uppomammiHeL.
Hcrounuku nutaHus u IMouck
HCITOJTHUTEIILHBIE JOMOIMHUATENBbHOM | 3amura3agad. TIK-1.1,
yCTpoiicTBa - 0,2 0,5 uHpopmanuu o | IIpoxoxaenue IK-
KOHCTPYKLMH, paccMaTpuBaeMoit TecTa 1.2, IIK-1.3
napaMeTphl, TeMe

kiaccudukarys. Pacuer




Utoronopazaeny 0,2 | | 0,5 | 8 |
15. Tema 15
[Tounck
15.1 Meroxnukapacuera AonONHHTENBHO} | 3AWTAsaNaY. MK-1.1,
00bEMHOTOTMIPONIPUBO/IA. 0251 8 | unpopmammuno | Ilpoxoxnenue TIK-
paccMaTpuBaeMoit TECTa. 1.2,1IK-1.3
Uroronopasneny 0,25 8
16. Tema 16
3ammuTa 3a/1a4.
IIpoxoxnenue
[Tounck
16.1 TypbomarmHEL. . | Tecta. 3amuTa
TuapoMydTs! AOHONHUTENLHOH | 5o s moi IK-1.1,
’ 0,210,251 0,25 8 rH(pOPMAITUH 110 TIK-
I'uapotpanchopmatopsi. . paboter Ne7
paccmaTtpuBaemMoi | 1.2, 11K-1.3
[Ipumenenue. Ornpenenenue
Teme. IIOTEPH HAropa
TpyOOIpoBOIa
Uroromopazneny 0,210,251 0,25 8
17. Tema 17
17.1 PacyeT 0CHOBHBIX [Touck Cnaua
mapaMeTpoB JOTIOJTHUTENILHON | J1a00paTOPHBIX TK-1.1,
THUAPOTMHAMHYECKUX 0,25 | 0,75 8 TUTEepaTypel Mo | paboT u 3a7ad. TK-
MalluH U CUCTEM paccmatpuBaemoil | IIpoxoxxneHue 1.2, TIK-1.3
Hroronopasneny 025 (0,75 | 8
Hrorozacemectp 2 2 4 1317 3auéT
Hroronoaucuurmivae 2 2 4 1317 3a4er




5 O0pa3oBaTe/IbHbIETEXHOJIOTUH

O6pa3OBaT€IH>HBIe TCXHOJIOTHUHU

Jlnis peanuzanyu npeyCMOTPEHHBIX BHIOB y4eOHOW paObOThl B KAYECTBE
00pa30BaTeIbHBIX TEXHOJOTUI B TIPEMOIaBAHUH AUCIUIUTHHBI «[ HApOMEeXaHuKa»
UCTIONb3YIOTCS TPAIUIMOHHAS, MHTEPAKTHBHAS U WH()OPMAIMOHHO-KOMMYHHUKAIIMOHHAS
o0pa3oBaTesbHbIC TEXHOJIOTHH.

Ha 3anatusx npeaycMaTpuBaeTcs HCIOIb30BAHNE AIEKTPOHHOTO
JIEMOHCTPALMOHHOTO-Y4eOHOr0 MaTepHalia COISPIKAILEro CIOKHBIE CXEMBI, TAOIUIBI U
Marematuueckue Gopmyisl. MynbTHMEANHHOE 000PYI0BaHHE MOXKET OBITh HCIIOJIB30BAHO
TaKXKe U CTyJICHTaMU JUIS IGMOHCTPAIMH PE3yJIbTaTOB BHIMOJHEHHS JTA00PATOPHBIX PadoT.

1. TpaauoHHbIe 00pa30BaTENbHBIC TEXHOJIOTHHA OPUEHTHPYIOTCS HA OPTraHU3aIUI0
00pa30BaTEIBbHOTO MPOIIECCa, MPEANOIAralOUIYIO MPSIMYIO TPAHCIISIMIO 3HAHUIA OT
NpernoiaBarelis K CTyACHTY (IIPSHUMYIIECTBEHHO Ha OCHOBE OOBSICHUTEIILHO-
WJLTIOCTPATUBHBIX METOIOB 00y4eHUs). Y4ueOHasl NesTeIbHOCT CTY/ICHTAa HOCHUT B TAKUX
YCIIOBHSX, KaK MPABUIIO, PEIIPOTYKTHBHBIA XapakTep.

DopMbl yueOHBIX 3aHATHIA C UCTIOIH30BAHUEM TPAIUIIMOHHBIX TEXHOJIOTHIL:

WudopmaimonHas JeKius — MOoClIeA0BaTeIbHOE N3JI0KEHUE MaTepHraa B
JTUCIUTUTUHAPHON JIOTHKE, OCYIIECTRIIEMOE PEUMYIIECTBEHHO BepOATHHBIMH CPEICTBAMH
(MOHOJIOT TIperoIaBaTes).

HpaKTI/I‘IeCKOG 3aHATHUE, ITOCBANICHHOC OCBOCHUIO KOHKPETHBIX yMeHI/Iﬁ 1 HAaBBIKOB
O MPE/NIOKECHHOMY aJrOPUTMY.

2. lHTepaKkTUBHBIC TEXHOJIOTHH — OpraHu3allus 00pa3oBaTeIbHOTO poliecca,
KOTOpasi peInoiaracT akTHBHOE U HEJIMHEWHOE B3aUMO/ICHCTBIE BCEX YYaCTHHUKOB,
JOCTH)KEHHE Ha 3TON OCHOBE JIMYHOCTHO 3HAYMMOTO [Tl HUX 00pa30BaTeIbHOTO PE3yJIbTaTa.
Hapsiny co crienuani3upoBaHHBIME TEXHOJIOTHSIMHU TAKOTO POJa PUHIIMIT HHTEPAKTHBHOCTH
MPOCIIEKUBACTCS B OONBIIMHCTBE COBPEMEHHBIX 00Pa30BATEIbHBIX TEXHOIOTHHA.
WHTepakTHBHOCTH MOpa3yMeBaeT CyObeKT-CyObeKTHBIC OTHOIICHUS B X0O/1€
00pa3oBaTeIbHOTrO Mpollecca U, Kak cie/ICTBHE, POPMUPOBAHUE CaMOpa3BUBAIOIIEHCS
HHPOPMAITMOHHO-PECYPCHON CPEJIBL.

®DopMBbI yUEOHBIX 3aHATHI C UCMOIH30BAHUEM CTICIUATU3UPOBAHHBIX HHTCPAKTHBHBIX
TEXHOJIOTUH:

Jlekuust «0OpaTHOM CBSI3W» — JICKIUS—TIPOBOKAIHS (M3I0KEHHE MaTepHala ¢ 3apaHee
3aITAHUPOBAHHBIMH OIIMOKAMM), JICKIHs-0ece1a, JTSKIUA-TUCKYCCHSI, JTCKIIHs-
MPEeCCKOH(EPEHIIUS.

3. N opMaimoHHO-KOMMYHHKAIIMOHHBIE 00pa30BaTEe/IbHBIC TEXHOJIOTHH —
opranusaius o0pa3oBaTeIbHOrO MPOoIlecca, OCHOBAHHAS HAa TPUMEHEHUH
CTHEeNUATN3UPOBAHHBIX MPOIPAMMHBIX CPEJl M TEXHHUECKHX CPEJICTB pabOThI ¢
WHpOPMAITHEH.

®DopMBbI yUeOHBIX 3aHATHIA C HCIOIB30BaHUEM WHPOPMAITMOHHO-KOMMYHHUKAIIMOHHBIX
TeXHOJOTHi: JISKIUA-BU3YATN3AIHS] — U3JIOMKECHUE COJIEPIKAHUS COMPOBOKIACTCS
mpe3eHTanyel (1eMoHCTpalell yueOHbIX MaTepHAaoB, MPECTABICHHBIX B PA3THYHBIX
3HAaKOBLIX CUCTEMAX, B T.4. HJIJIFOCTPATUBHBIX, Fpa(i)I/I‘IeCKI/IX, ayauo- u BI/IJleOMaTepI/IaHOB).

JlaGoparopHoe 3aHsATHE B JOPME BUPTYAIBHON BU3yaaU3al[iK ITPOIIECCOB U SIBJICHUH,
MPOUCXOJISIIUX B )KUAKOCTH U JICSITEIBHOCTH C UCTIONIL30BAHUEM CIEIMATH3UPOBAHHBIX
MPOTPaMMHBIX CPEl.

IeperoBbIe TEXHOJIOTUH, TIPUMEHSIEMbIC ISl TOCTHYKEHHsT 00pa30BaTEIIbHOM 1eITH:

1. B yueOHOM Mporiecce mperyCMOTPEHbI 3aHsATHS B opMe pa3dopa KOHKPETHBIX
CHUTYAIIMH, CBI3aHHBIX C THAPABIUKON W TUIPOITHEBMOIIPHBOJIOM.

2. Hcnonp3oBaHue B yueOHOM MTPOIIECCE BUPTYAIBHOTO JIAOOPATOPHOTO MPAKTUKYMa
10 pa3jiesiaM TeXHHYECKOW THIPOMEXaHHUKH.



3. Ilpu npoBeaeHnH 1a00OpaTOPHBIX PabOT paccMaTPUBAIOTCS TECTHI IO pasaesiaM B
WHTEPaKTUBHON (opMme.

4. Ha nieknusx UCTIONb3yeTCsl KOMITBIOTEP € IIPOSKTOPOM ISl OTOOPaXKESHUS U
Jy4IIEero OCBOCHUS N3y4aeMOro MaTepuana.

6 Y4eOHO-MeTOIMYecKOe o0ecnieyeHne CaMOCTOATEIbHOI padoThI 00y4aloIUXCH

HpCIICTaBJ'IeHO B IIPUJIIOKCHUU 1.

7 OneHoYHbIE CPeACTBA AJISl IPOBeJAeHHUs] IPOMEKYTOYHOM aTTeCTALMHU
[IpencraBieHsl B IPUIOKEHUU 2.

8 YueOHO-MeTOMMYecKOe U HH(POPMAIMOHHOE 0O0ecTeYeHre THCITUTLTHHBI
a) OcHoBHasIUTepaTypa:

1. Jomanckuit, .B. Mexanuka >XHIKOCTH U Ta3a : yuebHoe mocobue / U.B.
Homanckuii, B.A. Hexpacos. — Cankr-IletepOypr : Jlanp, 2018. — 140 ¢. — ISBN 978-5-
8114-3158-8. — TekcT : ANEKTPOHHBIN // DNEKTPOHHO-0MOIMOTeHas cucTeMa «JIaHby :
[caitr]. — URL.: https://e.lanbook.com/book/110915

2. CazanoB U. U. I'mapasnmka [DnekTpoHHBIN pecypc]: yaeoHuk / Cazanos U.

., Cxuptnanze A. I'., Heanos B. U. - M.: KYPC, HUL| UH®PA-M, 2017. - 320 c¢.: 60x90
1/16. - Pesxum moctyna: http://znanium.com/bookread2.php?book=601869 . - 3ar. ¢ skpaHa.
- ISBN 978-5-906818-77-5.

0) JonmonHuTeqbHasIUTEPATYpA:

1. .CoxonosaM. C. Mexanukakuakoctuurazos :mpaktutkyM / M. C. CokonoBa, A. B. THXOHOB,
M. A. Jlemeriko ;MI'TVY. - Maruuroropck :MI'TY, 2017. - 1 snektpos. ont. nuck (CD-ROM). - URL:
https://host.megaprolib.net/MP0109/Download/MObject/1945. - TekcT :3IeKTPOHHBIH.
name=3404.pdf&show=dcatalogues/1/1139648/3404.pdf&view=true. - MakpooOBEKT.
2. Ocunos, I1. E. 'mapaBnuka, ruipaBIudecKue MallMHbl U THIPOTIPUBOJ
[Tekct] : yueOHOE mocobue. - 3-¢ uz., nepepad. u jgomn. - Jlunenk : Uarerpan, 2011. - 424 c.
3. JloimsHckuid, JI. I'. Mexanuka xuakocTw u ra3a [Tekct] : yaeOHuk. - M. :
Hpoda, 2003. - 840 c.
4. Konbra A.Jl., UBanoB C.A., Tounnkun B.B., ®unaroB A.M., 3ag0posxHblit
B.J1., Barun B.C. OcHOBBI (pyHKIIHOHHPOBAHUS THPABIMIECCKHX CUCTEM
METaJUTyprudeckoro 00opy-noBanus: yueot. mocobue. Marauroropck: Mza-so
Marnuroropck. roc. Texs. ya-ta uMm. [.I.Hocoga, 2011. - 197 c. (nomymeno YMO no
00pa30BaHMIO B 00JaCTH METAJUTYPTUHU B KA9ECTBE Y4€OHOTO ITOCOOUS IS CTY/IECHTOB
BBHICIIMX Y4EOHBIX 3aBE/ICHHI, 00YJaIOMIUXCS MO CIeNUaTbHOCTH «MeTamypruieckue
MaliuHbl 1 o0opyaoBanue»). ISBN 978-5-9967-0224-4.
5. Tounnkun B.B., ®unatoB A.M., 3anopoxusiid B./I., IBanos C.A., Konbra
A.Jl., Baruna B.C. OcHOBBI (pyHKIIMOHMPOBAHHS THAPABINYECKUX CUCTEM
MeTaJUTyprudeckoro obopyaoBanus. JIabopaTOpHBIH MPAKTUKYM TI0 THAPOIIPUBOILY U
ruzpoaBTomMaruke. Yued. nocooue. Marautoropek: M3a-80 MarHuToropek. roc. TexXH. yH-






ta uMm. [.M1.Hocosa, 2009. - 105 c. (momymeno YMO mno ob6pazoBanuio B 001IacTu
METAJUTYPIHH B Ka4eCcTBE Y4eOHOr0 OCO-0Ms Ul CTYJICHTOB BBICIINX YUE€OHBIX 3aBEJICHUH,
00yJaromuxcs Mo CHeruaibHOCTH «Me-Taurypruueckie MaluHbl 1 o0opyaoBanue»). ISBN
978-5-9967-0085-1.

7. Tounnkun B.B., ®unatoB A.M., UBanos C.A., UnueneB H.A., Konbra A /L.,
Barun B.C. HccnenoBanne paboThl U XapaKTEPUCTUK SJIEMEHTOB THIPOIIPHBOIA
METAJUTYPrHUECKUX MAIuH: yuel. mocobue. Marauroropck: M3a-8o Marauroropck. roc.
TexH. yH-Ta uM. [.M1.HocoBa, 2014. - 207 c. (momymeno YMO mno o6pa3zoBaHuio B 001acTu
METAJUTYPTHH B Ka4eCcTBE y4eOHOT0 MOCcOOus IS CTYICHTOB BBICIIMX YU€OHBIX 3aBEICHHIA,
00yJaromuxcs Mo CHeruatbHOCTH «MeTaurypriuuecKkue MaliiuHbl 1 00opynoBanuey). ISBN
978-5-9967-0451-4.

8. 'mapaBnuka u rugponpuBof [ Tekcr] : yaeObnoe mocobue / H. C. I'ymuun, E.
M. Kpusen-ko, b. C. Maxosukos, U. JI. [Tactoes ; mox o6m. pen. W. JI. [lacToesa ; pen.
cogert : JI. A. IlyukoB (mpen.) u ap. - 2-e u3n., crep. - M. : MITVY, 2001. - 519 c.

B) MeToanuyeckneyKkasaHus:

1. Tounnkun B.B., ®unatoB A.M., Manko E.}O. I'unponpuson. Meroauueckue
yKa3aHus K 1a00paTopHBIM paboTam Ajs CTyAeHTOB creruanbHocT 170900.
Marnutoropck: MI'TVY, 2001. 24 c.

2. Manko E.1O., YcoB U.I'. 'uapasiuka 1 THAPONIHEBMONIPUBOI: MeToanueckue
yKa3aHus K KOHTPOJIBHBIM paboTam uig cTynenToB Hanpasienuit 190100, 150400, 150900 u
cnenuansHoctei 190205, 260301, 260303, 151001, 150400 Bcex popm 0OyueHus.
[DnexTponnsiit pecypc], Marautoropck: ®I'bOY BIIO « MI'TY», 2012.

r) MporpammHoe o6ecneyeHne n UHTepHeT-pecypcbl:

MporpammHoeobecneyeHune

HamvmeHoBaHue

no Ne gorosopa CpoKAenCTBUANNLEH3NUU

7Zip cBobogHopacnpocTpaHaemoe MNO 6eccpoyHo

DNEeKTPOHHbIe
niaKaTbl NO Kypcy
"Tuapasanka u
rmaponpueoa”

K-227-12 ot 11.09.2012 6eccpoyHo

KC MNnroc
MNHTEepaKTUBHbIN
TpeHaxep 3D
Atnac2.0
«YcTponcTeo
rMapaBANYECKNX [-744-22 o1 29.07.2022 b6eccpoyHo
HacocoB,
06bEMHbIX
rmgpoasuratenei
N HaCOCHbIX
CTaHUUN»

I'Ipocbeccuouaanble 6a3bl AdHHbIX U MH(I)OpMaLIMOHHbIe cnpaBoOYHbie CUCTEMDbDI

HasBaHueKypca CcblnKa

dneKTpoHHasA 6a3a nepmMoanyecknx nsgaHuii EastView

InformationServices, 000 «MBUC» https://dlib.eastview.com/







9 MaTtepuanbHoO-TeXHUYecKoe obecneyeHne gucuunanHbl (moayns)

MaTepuanbHO-TEXHUYECKoe obecneyeHne ANCUMUMNINHBI BKAKOYAET:

B cooTBeTCTBMM C y4ebHbIM NAaHOM NO AMUCLUMMIMHE NPeayCMOTPEHbI caeaytouime
BUAbl 3aHATUIN: IEKUNK, MPAKTUYECKME 3aHATUSA, NabopaTopHbIe 3aHATUA, CaMOCToATe/IbHan
paboTa, KOHCYNbTauuK, 3a4eT , 9K3aMeH.

YuyebHble ayauTtopun Ana NnpoBeAeHUaA 3aHATUN IEKLMOHHOIO TUna:
- My/IbTUMeAMIHbIE CPeACTBA XPaHEHUS, Nepeaaun U npeacTasaeHus nHdopmaumu.

YyebHble ayautopun ana NpoBeAeHUs 3aHATUN A1A NPOBEAEHNA NPAKTUYECKMX
3aHATUI:

- MyZIbTUMEAMIHbIE CPeACTBA XPAaHEHUSA, Nepesayun 1 NpeacTaBaeHns nHpopmaumu;

- BOCKA, MyIbTUMEANNHbIN NPOEKTOP, IKPAH.

YyebHble ayautopun ana npoBeaeHus rpynnoBbiX U MHAMBUAYANbHbIX
KOHCY/IbTALMM, TEKYLLEFO KOHTPOIA M NPOMENKYTOYHOM aTTecTaumm

- My/ZIbTUMEOMIHbIE CPeaCcTBa XpPaHeHWs, Nepeaayun U npeacTaBaeHns nHpopmaumm;

- AOCKa, MyNIbTUMEANNHBIN NPOEKTOP, IKPAH.

MomelleHUA AN CaMoCTOATENbHOM PaboTbl 0byYatoWwmxca:
- NepcoHanbHble KomnbloTepbl ¢ naketom MSOffice, BbIXO4OM B MHTEPHET U C
[OCTYNOM B 31€KTPOHHYI0 06pa3oBaTesibHYI0 Cpeay yHUBepcUTeTa.

MNomeleHua ansa XxpaHeHMa n NPodUNAKTUYECKOTo 06CNyKMBAHUA y4ebHOro
obopynoBaHus:

- CTENINAXKN ANA XPaHEeHUA y4ebHOo-HarnaaHbIX NOCobuit U yuebHO-MeToaMYEeCKoM
AOKYyMEHTauuu.

YyebHble ayauTopumn 41 nposeaeHna nabopaTopHbIx paboT:

Komnnekc yuebHbiit «MapaBanyeckne NpuBoLbl U CpeacTBa aBTOMATU3aLUMY;
KomnneKc yuebHbli «TnapoasToMaTUKa»;

Komnnekc ana oTpaboTKM HaBbIKOB NPOEKTUPOBAHUSA;

NabopaTopus yuebHana rugpasanyeckan «Kanenbka»



MpunoxeHue 1

YyebHO-meToaUYECKOe obecnevyeHne camocTonaTeNlbHOU paboTbl o6yyatowmxca

MpumepHsbie 3a0a4u  no meme «PusuyecKue ceolicmea HUoKocmu»:

3apgaya 1. ABToKkNaB 06bemom 25,0 1 HaMOHEH KUAKOCTBIO M 3aKpbIT repmeTndeckn. Koadoduumnent
TEMMEPATYPHOro paclnpeHuns Xuakoctm B, ee moaynb ynpyroctu K. Onpegenntb nosbleHWe LaBNEHUA B
aBTOKNABE NPU YBENNYEHUN TEMNEPATYPbI XUAKOCTU HA BeAnUYnHy AT. O6bemHol Aedopmaumeli aBToKNaBa
npeHebpeyb.

3apaua 2 (puc. 1). OnpeaennTb CKOPOCTb V PABHOMEPHOTO CKOJIbXKEHUA NPAMOYTroNbHOM NAacTUHbI (a- b -c) no
HaK/IOHHOM MIOCKOCTM Mo yraom o= 12°, ecan mexxay nNAacTMHOM U NNIOCKOCTbIO HAaX0AMUTCA C0KM macna
TonwmHom 8. Temnepatypa macsa 30 °C, n10THOCTb MaTepunana NaacTUHbIP.

3apayva 3 (puc. 2). 3a30p Mexay BaJIOM U BTYJIKOM

3aMno/IHEH MACcI0M, TOJ/ILLMHA C/1I0A KOTOPOro pasHa 6. ZARS M !
OnameTtp Bana D, gaviHa BTynKM L. Ban BpawaeTtca N L
paBHOMEPHO NoJ BO34eNCTBMEM BPALLLAOLLErO0 MOMEHTA ' )

M. Onpegenutb YacToTy BpaleHUA Bana, ecim

TemnepaTtypa macsa pasHa 40 °C.

MpumepHsie 3a0ayu  no meme
«fudépocmamukay»:

3apava 1 (puc.). 3aKkpbITbiit pe3epByap 3anoHeH
AM3eNbHbIM TOMJIMBOM, TemnepaTypa KOTOPOro
20 °C. B BepTUKanbHOM CTEHKe pe3epByapa

nmeeTcs npaAmoyronbHoe oteepctre (D x b),
3aKpbITOE NONYUNANHAPUYECKON KpbIWKOM. OHa
MOKET MOBEPHYTHCA BOKPYF FOPU30HTA/IbHOM OCK
A. MaHoBakyymmeTp MY nokasbiBaeT




MaHOMETPUYECKoe iaB/ieHMe p,, UM BaKyyMMeETpUUYeckoe p,. FNybrHa TonanBa Haf, KpbILWKOM paBHa H.
Onpeanenntb ycunume F,KOTopoe He0B6X0AMMO NPUNOMKUTb K HUMKHEN YacTU KPbILLKKU, YTOObI OHa He
OTKpbIBasiacb. CUI0OM TAXKECTM KpbIWKK NpeHebpeyb. Ha cxeme nNokasaTb BEKTOPbI AEACTBYOLLMX CUAL.

3apaua 2 (puc.). BepTuKkanbHas
LUMAMHAPUYECKan LUCTepHa C Noycheprnueckoi KpbILLKOM 40 camoro

BEPXa 3aM0/IHEHA XUAKOCTbIO, MNOTHOCTb KOTOPOWM p. lnameTp

umcTepHbl D, BbicOTa ee umanHapuyeckoi Yactn H. MaHomeTtp M
NOKa3blBaeT MaHOMETPUYECKOE AaBNEHME P,,.

OnpeaenvTb cCUNy, pacTArMBaloLLYH 60NTbl A, U TOPU3OHTAJIbHYIO CUNY,
pa3pbiBAOLLLYIO UMCTEPHY NO cevyeHmto 1—1. CMNoi TAXKECTUN KPbILKK

Bona A K

npeHe6peL|b. BeKTopbl CMA NOKa3aTb Ha Cxeme.

3apayva 3 (puc. ). Kpyrnoe otBepctve mexay AByMa pe3epByapamu T -
3aKPbITO KOHWMYECKOW KpbILWKOM ¢ pazmepamm D H L 3aKkpbITbili pe3epByap 3anosiHeEH BOAOM, @ OTKPbITbIN
- *kmakocTblo XK. K 3akpbIToMy pesepByapy CBEpXy NpUCOeanHEH MaHOBaKyymmeTp MV, nokasbiBatowmii
MaHOMETpPUYECKOe AaB/ieHME P, UK BaKyyM P,. Temnepatypa xuakocteii20 °C, raybuHbl h n H.
OnpepennTb cUay CpesbiBatoLLyto 60Tl A, U TOPU3OHTANBbHYIO CUAY, AEUACTBYIOLLYIO HA KPbIWKY. Cuiol

TAXECTU KPbIWKN I'IpEHE6peLIb. BeKTopbl CKU/1 NOKa3aTb Ha Cxeme.

MpumepHsoie 3ad0a4u no meme «FUOPOOUHAMUKA»:

3apaua 1. Bopa nepeTekaeT U3 HanopHoro 6aka, rae n3bbiTouHOe AaBieHMe BO3ayXa p=03
d=50
KpaH. Yemy fo/mKeH ObiTb paBeH KO3hOULMEHT CONPOTUBAEHUA KpaHa A/1A TOro, YTobbl pacxos, BoAbl
Q=87 n/c? BbIcOTbl ypOBHeW H, =1 H,=3

M "
£=05

MTMa, B OTKPbITbIN pe3epByap Mo KOPOTKOM Tpybe AnameTpom MM, Ha KOTOPOW YCTaHOB/EH

cocCTtaBnAan M. YyecTb NOTepto Hanopa Ha

BXxoge B Tpyby M Ha BbIXoAe M3 TPybbl (BHE3aMHOE pacluMpeEHUe).



3apaua 2. Macno BcacbiBaeTCs HAacOCOM Ha BbICOTY hg. = 0,5 m no Tpybe gmuameTtpom 20 mm K
AnvHoM 1,2 m, KoTopaa umeeTt ABa peskux usrnba. Hacoc passusaet nogady 20 n/muH. Macno
nnotHoctbio 900 KI'/M3 MmeeT KMHEMATUYECKYID BA3KOCTb Vv = 4 - 10° MZ/C. B b6ake pasneHue
BO34yxa — aTmocdhepHoe. Onpeaenntb, KAaKo BaKyyM pa3BMBAET Hacoc. MPUHATL 41A MaCAAHOTO
dunbTpa KoadPMLMEHTbI MECTHbIX CONPOTUBAEHUA (4 = 6, ANA BXOAA BO BCACbIBAIOLLYIO MOJOCTb

Hacoca &, = 2 n gna nsrnba scacbiBatowen Tpy6bl £, = 0,8.

MpumepHsbie 3ada4u no meme «ludpasnaudecKkuli pacdem mpy6onpoeodoe»
3adaua 1. Onpepenntb BEAWYMHY MOTEPb [ABAEHUA, BbI3BAHHLIX MOBOPOTOM

Tpybonposoga anametpom d = 200 mm Ha yron o = 90°. TpybonpoBoz HOBbIN CTanbHOW, paguyc
nosopoTa R = 40 m. *uakoe macno MuHepanbHoe(v = 14,5x10™ m?*/c; p = 800 kr/ m°). Pacxog,
swuaKoctn Q = 0,5 m*/c.
3apava 2.
3apava 4.8. KugKoctb ¢ nnoTHocTbo p = 900 Kr/M3 n Baskoctbio v = 0,01 Ct HarHeTaeTcA
Nno ropusoHTasbHOMY Tpybonposoay AavHoW L = 4 m u gnametpom d = 25 mm. Onpeaenuntb
OaB/leHWe B Haya/lbHOM CEYEHWW, eCNM B KOHEYHOM ceyeHuMM Tpybonposoga AasjeHue
atmochepHoe, pacxog, Kuakoctm Q = 6 n/c; WwepoxosaTocTb cTeHOK Tpybonposoaa A = 0,06
MM.
3adayu no pacuemy 3nemeHmMos 2udponpueooa
3apgava 1. [na nogbvema rpysa G co ckopoctbio v=0,15 m/c ucnonbsyiorca Asa
rmgpoumnungpa amametpom D= 100
MM. py3 cmelLeH OTHOCUTENbHO OCK
iika Uns Unt —- CUMMETPUM TaK, 4YTO Harpyska Ha

wTtoke 1ro uununHgpafF; =6 kKH, a Ha

’ﬁi‘
IHE
L ldy

o

LWITOKe BTOpOro uunumHgpaf, =5 kH.

M Kakum ponkeH 6biTb KoadbduumeHT

0‘ MECTHOTO COMpPOTUBAEHUSA ApOCCens
2 &, UTOOBI NaTPopma nogHMmanach
6e3  nepekawwuBaHua:  [uameTp

. Tpybonposoga d= 10 mm; NAOTHOCTb
*}¥uakoctm p= 900 Kr/m>. MoTtepamu no

A/nHe Tpybbl .npeHebpeyb.

3apaua 2. Onpenenntb pacxon,
KUOKOCTU, MPOMYCKaeMbli OFpaHMYMTEsIEM pacxoha, KOTOPbI paccMOTpeH B 3agaye 8 , ecau
ANHaMU4Yeckasa BA3KOCTb uakoctn = 0,04 Ma-c n ee niotHoctb o =890 Kr/M3 Bocnonb3oBartbcsa

dopmynoit ans noTepu Hanopa Ha TPEHME NPU TYPOYNEHTHOM pexnume

2

A l v
n @yl
9 D 29
rge D — FMApaBﬂM‘-IeCKMﬁ ANaMeTp CevYeHna wmu U — cpegHAA

CKOPOCTb.

MpUHMMas BMHTOBOW KaHa/i rMApPaBAMYEcKU rNagkum, KoadpduumeHT

COMPOTUBAEHMUA TPEHMA onpeaensaTs no dopmyne



,_0316 D

rae ymcno PeiHonbaca Re=—.

~ 4Re’ v

3apgaua 3. OrpaHuuMTenb pacxopa, KOTOPbIA CAYKUT ANA  aBTOMATUYECKOro
noagepXaHua MOCTOAHHOrO pacxofa B CUCTEMEe MPWU MOCTOAHHOM BXOAHOM AaBAEHUU P, U
nepemeHHOM NPOTUBOLABAEHUN P, COCTOUT N3 NOABMMKHOIO NOpWwHA 1 anametpom D = 60 mm,
nmetouero otsepctne d=10Mm 1 HarpyKeHHOTo NPYKUHOM 2.

Mpn M3MeHeHUM NPOTMBOAABAEHUS P NOPLUEHb NEPEMELLAETCA, U3MEHAA OTKpbITME b
OKOH B Kopnyce 3 Takum 06pasom, 4TO pacxog, Yyepes orpaHnymTe b OCTaeTCA NOCTOAHHbIM.

BbICOTa MPAMOYrO/IbHbIX OKOH B Koprnyce by =5 MM, ux cymmapHas naowagp fo= 1,5 cm’.

CuunTtana ycmnune Npy*KMHbl NOCTOAHHLIM M paBHbiM R = 550 H, onpeaenntb gna BxogHoro
[DAB/IeHMA Macna, paBHOro p, = 15 Mla:

1. BennuunHy pacxoga Q, noaaepKMBaemoro orpaHuymnTeIem.

2. 3aBUCMMOCTb OTKPbITUA b OKOH OT MPOTUBOLABAEHUSA P U BEANYMHY OTKPLITUA NPU
p=0.

3. MaKkcumanbHOe 3HaYeHMe NPOTUBOAABAEHUA Prax , HAYMHAA C KOTOPOTO pacxos yepes

orpaHun4yunTeNnb 6yLI,ET YMeHbLUATbCA.

by, KoaddunumneHT pacxosa OTBEPCTUS B MOPLIHE U OKOH B
—— -
s kopryce npunatb 4 =0,6. MnotHocts macna # =850 kr/m’.
e n
% ' 2 YkaszaHue. Bocnonb3oBaTbCA YCNOBMEM  pPaBHOBECUS
D
Po £ IS = 7 He. "“";_ NopLLHA B cneayowem Buae:
,/-;"-:‘ o b 3 7] & 7ZD2
A L _ =
7 Ap 2 R
e
-1l rane 4 p — nepenag AasneHuit no ofe  CTOPOHbI

0TBEPCTUA B NOPLUHE.

3agayuu no cnegawemy npmsoay

3apaya 1. B gByxconnoBom rugpoycmanrene
3aC/I0HKa NepemMelLeHa B CTOPOHY OAHOrO M3 COMJ Ha
BeANYMHY h OT cpegHero nosoxKeHusa hy, 4em Bbi3BaH
nepenag, gasneHnaAp Ha Topuax pacnpeaenmtesibHoro
30/I0THUKA U, KaK CieCTBUE 3TOrO, ero nepemeleHme r
OT HENTPANbHOIO NONOXKeHUA. CUMTadA, YTO CUAbI
[ABJIEHWNA HA TOPLLAX 30/I0THMKA YPaBHOBELLMBAKOTCA
TOJIbKO NPYXUHAMM, ONPESENUTb X, €C/IN AaBNEHUE
NWTaHWA ruapoycuautens  p; =6-10° Nau
nepemeLleHue 3acnoHkmh = 0,5h,,.

MeCTKOCTb KaxaoM M3 NPYKMH 30/I0THUKA C
=130 H/mm, ero anametpD = 10 mm.

Pacxog yepes conno onpeaenatb no popmyne

2p
p )

Q = ppmdy(hg — h)

8 audpoqunundp

roe W, - KoapdpuumeHT pacxoaa conna; p -
AaBfieHne nepea connom; p - NNOTHOCTb KUAKOCTU.
3afauy pewunTb Ansa cnydas, korgazdyhg =md?,/4 M1 = My, TAE My, - KO3dDMUMEHT pacxosa




BXO/ZHOrO APOCCe/IbHOrO OTBEpPCTMA U d; - ero AnameTp.

3apava 2. Pabouas KNOKOCTb NOAAETCA K TMOPOYCUNNTENIO TUMNA COMN10-3aC/IOHKa No4,
NOCTOAHHbIM AaBIIEHVIEM p0—10 MTa. KOMaH,D,HbIM INEMEHT TMAPOYCUNTUTENA BKIKOYAET NOCTOSIHHbIM

. ” Apoccenb B BUAE KuKkaepa di = 3Mm 1 peryampyemoiit
B/ o ﬁ - . Apoccenb B BUAe conna d,=2Mm ¢ NoaBUKHOM 3aC/IOHKOM Ha
—r—n
— = 4 Bbixoge. [laBneHue p, B Kamepe Mexay ApOoCCenimm
Po rmgpounnmnHapa (D= 35 mm), nopLueHb KOTOPOro onepT Ha

NPYKUHY KecTKocTbio C = 200 H/cm 1 HarpyskeH cunoit R=
7500 H.

ﬁW ‘ Mpu nsmeHeHunn 3a3opa h mexay connom u

- L]
—t /_h nepegaetca s pa60qyro NoN0CTb UCNONTHUTENNBHOTO
‘-1

3aC/IOHKOM M3MeHAETCA AaB/eHNe P, BbI3blBaA ciegallee
nepemeLLeHme NOpLUHS.
MocTpounTb rpadmK 3aBUCMMOCTU MeKAyY 3a30pOoM h 1 cmeleHMeM S NOPLLHA U3 KpalHero
nonoxeHus, otseyvatowero h= 0. Onpegenntb s Npu h = 1 mm. Pacxog vyepes Kuknep paseH

H2 i - Ql =H
08
06 : ) r rae M= 0,8, 1 Yepes cono-3aC/IOHKY.
N | ad; |, p
o4 Q, =4, 4 27
/ Ve,
0,2 -
roe KoapodnumeHT pacxoga Ho 3a4aH KaK QYHKUMA
h
0 01 02 03 044, L
OTHOCUTENbHOTIO 3a30pa 2 .
h
pu=f d.
MocTponTb A0NOHUTENBHO rPadUK 3aBUCUMOCTH 2/ pna kospduumeHTa pacxoaa

M conna-3acnoHKM, oNpeAensemoro us BbipaxeHMs
Q, = u zd,h 2 Pe
e

3agayva 3. UCnoSIHUTENbHBIN LMAMHAP rmapoycunutens (guameTp noplwHsa D; = 60Mm 1 WITOKa
D, = 30 mm) Harpy»keH cunoi R = 3500 H. Pabouas ®KuaKocTb ('D = 850 Kr/m’ NOAAETCA B HUKHIOKO
NosIoCTb LMAMHAPA Hacocom H noa aasneHnem p,= 5 MMMa (noanepmnBaeTca NOCTOSHHbIM C MOMOLLLbIO

nepenmeHoro Knanaxa MNK). -
KoMaHgHbI 04AHOKPOMOUYHbIM 30/I0THUK (AMameTp nayHxepa d, = 10 mm), ynpasnseT

nepemeLLeHNAMM LUTOKA UMAMHAPA NYTEM U3MEHEHUA OTKPbITUA LMIMHAPUYECKOTO OKHa, Yepes
KOTOPOE NAKOCTb NOCTYNaeT U3 BepxXHei NoA0CTM UMANHAPA Ha CUB.

B nopLHe UMANHAPA UMeeTca Apoccenupytoliee oteepctue (d; = 4 mm), 6rarogaps KOTopomy
MOXHO Npu onpeaeneHHbIX OTKPbITUAX 30/I0THUKA PeBEPCUPOBaTb ABUKEHME NOPLLHA.

nOCTpOVITb I'pad)l/IK 3aBNCUMOCTU CKOPOCTH Uy YCTaHOBUBLUETOCA OBUXKEHUA NOPLLUHA OT
OTKPbITUA X 30/IOTHUKA.

YKazaTb, NPUY KakoOM X nopwieHb OCTaHaB/INBAETCA (

= 0). KakoBo byaeT 3HaueHue Uy Npwv 3aKPbITOM 30/I0THUKE?

Pacxog yepes gpoccenvpytolLiee oTsepcTme
onpeaensaTs no dopmyne

3

"

o

N
-

AN
|
=

N E

nyepes 30/1I0THUK




Q, = ppmd X pro
e

roe p, — AaB/AeHWe B BEPXHEN NOA0CTU UManHapa.

KoaddunumneHTbl pacxoga NpuHATb b= = 0,6. TpeHnem u yTeykamu B umanHape
npeHebperathb.

YkazaHue. Bocnonb3osaTbeA YpPaBHEHNEM pPaBHOBECKUA NOPLUHA:

2
4R =p, 7 (07 -D})

1 BblpaXeHnem pacxoga XMaxKoCtun 13 BerHem NoON1I0CTU B 30/1I0THUK npegnoaaran, 4To
nopLlweHb ABUNXKETCA BBEPX, UMeeM
2

7D
Q0:Q1+UH 41

Po

MpumepHoe 3agaHune no nabopatopHoii pabore.

Mo ncxogHbIM AaHHbIM ANA ABYX TMAOPOCUCTEM, NOKAa3aHHbIX Ha puUC. 1, onpenennTb CKOPOCTHbIE

M CMNOBble NapameTpbl rmgpounnnHapa. PesynbTaTbl BBECTU B Ta6m4u,y. O6bACHUTD nony4yeHHbIE

pesynbTaThbl.

oen 1 o 2

nparod xod 1l

npsmou xod Yo/l
aopamsi Xod oopamvsi Xoo
Pacrpesenumess Dacrpegenumest
1ESR
&8 o i} oK

: o0parmsid KaanaH
[lpedoxpasumensHsiy

Kanar

[ | oo l

| dme
PucyHok 1 —Tnapasanyeckme cxembl NOAKAOYEHUA TMAPOLUNANHAPA

3apayva 3 (puc. 2). 3a30p Mexay BaJIOM U BTYJIKOM

3aM0/IHEH Mac/IOM, TOJILLMHA C/TOA KOTOPOTro paBHa b. 7N M i
OnameTp Bana D, gavHa BTyAKK L. Ban BpalwtaeTca Q
paBHOMEPHO Mo, BO34ENCTBMEM BPALLAIOLLErO MOMEHTA

M. OnpegenuTb YacToTy BpaweHuwa sana, ecaim [
TemnepaTtypa macna pasHa 40 °C. LA




MpumepHsie 3ad0ayu  no meme «fudpocmamuKa»:

3agaya 1 (puc.). 3aKkpbITbiii pe3epByap 3anonHeH
ON3eNbHbIM TONJIMBOM, TEMMEepPaTypa KOTOPOro e |

20 °C. B BepTMKaNbHOW CTEHKE pe3epByapa _:_f_
nmeeTca npamoyrosnbHoe otsepcTue (D x b), I —
3aKpbITOE NOAYUUANHAPUYECKOM KpbiwKon. OHa ! .. | _ J;HL';

MOKET NOBEPHYTLCSA BOKPYT FOPM30HTa/IbHOM OCK i = -
A. MaHoBakyymmeTp MY nokasbiBaeT

MaHOMeTpUYEeCcKoe AaBaeHune p,, an

— -
-

BaKyyMmeTpuyeckoe p,. FnybrHa Tonnmea Hag,
KpblWKon pasHa H. Onpeaennts ycunune
F,koTOpoEe HEOBXOANMO NPUIOKUTD K HUKHEN
YacTuM KPbIWKK, YTOObI OHa HEe OTKPbIBaNach.
Cunoit TAXKecTH KpbllWKKM npeHebpeyb. Ha cxeme

MOKa3aTb BEKTOPbI AENCTBYIOWMNX CUA.

3apayva 2 (puc.). BepTukanbHasn
LUUAMHAPUYECKan LMUCTepHa C NoycheprUecKkoi KPbILLKOM 40 camoro

BepXa 3ano/iIHeHA XUAKOCTbIO, NZIOTHOCTb KOTOpOﬁ p. AnameTtp

umcTepHbl D, BbicOTa ee uuanHapuyeckoi Yactn H. MaHomeTtp M
NOKa3blBaeT MaHOMETPUYECKoe AaBAeHUe Py,.

OnpeaennTb CUAY, PacTATMBALOLLYI0 6ONTbI A, N TOPU3OHTANbHYIO CUAY,
paspblBaloOLLYIO UMCTEPHY NO cevyeHnto 1—1. CUNOoM TAKECTU KPbILWKK

Bona A K

npeHe6peqb. BeKTopbl CMA NOKa3aTb Ha Cxeme.

3apgaua 3 (puc. ). Kpyrnoe otBepctme mexay ABYMs pe3epByapamu T -
3aKPbITO KOHMYECKOW KPbIWKOM € pasmepamu D H L 3aKpbITbili pe3epByap 3an0/IHEH BOAOWM, @ OTKPbITbIM
- *marocTbto XK. K 3akpbiToMy pe3epsyapy cBepXy NPUCOeaUHEH MaHOBaKyymmeTp MV, nokasbiBatowmii
MaHOMETPUYECKOoe AaB/ieHMe p,, UK BaKyyM p,. Temnepatypa xuakocteri20 °C, raybuHbl h n H.
OnpegennTb Uy CpesbiBatloLLyto 60Tl A, U TOPU3OHTANbHYIO CUAY, AEUACTBYIOLLYIO HA KPbIWKY. Cuiol

TAXKECTU KPbIWKN I'IDEHEGPG‘-Ib. BEKTOpr ChN NOKa3aTb Ha CXeme.



MpumepHsie 3ada4u no meme «UOPOOUHAMUKA»:

3apaua 1. Boga nepeTekaeT U3 HanopHoro 6akKa, rae n3bbITouHoe JaB/ieHne Bo3ayxa p=03
d =50

KpaH. Yemy gonkeH 6biTb paBeH KoapULMEHT CONPOTUBNEHMA KpaHa A/1a Toro, 4Tobbl pacxos BoAbl

Q=87 H, =1 H, =3

M "

MnMa, B OTKPbITLIM pe3epByap Mo KOPOTKOM Tpybe AnameTpom MM, Ha KOTOPOW YCTaHOB/EH

cocTaBnan n/c? BbiCOTbl ypoOBHEW M. YUecTb noTepto Hanopa Ha

BXxogae B Tpyby ¢=05 1 Ha Bbixoge M3 Tpybbl (BHE3aMHOe pacmnpeHme).

3agayua 2. Macsio BcacbiBaeTca Hacocom Ha BbicoTy hy. = 0,5 m no Tpybe anametpom 20 mm m
AVHOM 1,2 m, KOTopasa uMeeT ABa pesKkux mirmba. Hacoc passmsaet nogady 20 a/muH. Macno
nnotHoctbio 900 |<r/M3 UMeeT KMHEeMATUYeCKyto BA3KOCTb v = 4 - 10° MZ/C. B 6ake paBneHue
BO34yxa — aTmocdepHoe. Onpeaenntb, KaKoi BakyyM pa3BMBAET Hacoc. MPUHATbL 41 MaCcasHOTO
dunbTpa KOIPPULMEHTbI MECTHbIX conpoTuBaeHn Ly, = 6, ANA BXOAA BO BCACbIBAOLLYIO MOOCTb

Hacoca C, = 2 u ana n3rnba scacbiBatowei Tpybbl (. = 0,8.

MpumepHsoie 3a0a4u no meme «ludpasauyveckuii paciem mpybonpoeooos»
3a0aua 1. Onpefenutb BeAUUYMHY NOTEPb JAaBAeHUA, BbI3BaHHbIX MOBOPOTOM

Tpybonposoaa anameTtpom d = 200 mm Ha yron o = 90°. TpybonpoBoA HOBbIM CTa/IbHOM, paanyc
nosopota R = 40 m. XnuagKkoe macno mumHepanbHoe(v = 14,5><10'4 MZ/C; p = 800 kr/ M3). Pacxopg
swuaKoctn Q = 0,5 m*/c.
3agava 2.
3agaya 4.8. Knakoctb ¢ nnoTHOCTbIO p = 900 Kr/m> 1 BA3KoCTbio v = 0,01 CT HarHeTaeTca
no ropusoHTanbHomMy Tpybonposoay anvHon L = 4 m n guametpom d = 25 mm. Onpegenntb
JaB/fieHWe B Haya/lbHOM CEYEHWW, eCNM B KOHEYHOM cedyeHuM TpybonposBoga AasreHue
atmochepHoe, pacxog Kuakoctu Q = 6 n/c; WepoxosaTocTb cTeHOK Tpybonposoaa A = 0,06
MM.
3adayu no pacyemy snemeHmoe 2udponpusooa
3agaua 1. [nsa nogabema rpys3a G co ckopocTbio v=0,15 m/c ucnonb3yiotca Asa
rmgpoumnungpa amametpom D= 100
MM. [py3 cmelLeH OTHOCUTENbHO OCU

ki Up> CUMMETPUM TaK, YTO Harpyska Ha

F, wTtoke 1ro uununHgpaF; =6 KH, a Ha

43
Il

LWTOKe BTOPOro uuauHapaf, =5 kH.

Kakum ponkeH 6biTb KoabdUUMEHT

0' MECTHOTrO COMpPOTMB/IEHUA [Apoccens
€10, UTOOBI NaTPopma nogHMMmanach
6e3  nepekawwusaHua:  [nameTp

. Tpybonposoga d= 10 mm; NIOTHOCTb
*»uakoctm p= 900 Kr/m>. MoTtepamu no

ANnHe Tpybbl .npeHebpeyb.
3apauya 2. OnpegenuTb pacxon,



KUOKOCTWU, MPOMNYCKAaemblit OrpaHUYMTENEeM pacxoda, KOTOPbIA paccMOTpeH B 3agade 8 , ecau
AVHamMuMyeckan BA3KOCTb kuarkoctn u = 0,04 MNa-c n ee nnotHoctb  p =890 kr/m> Bocnonb3osarbcs

dopmynoi ans notepu Hanopa Ha TPEHME NPU TYPOYNEHTHOM pexume

2

H:@:}LIU
A D2g

h

R it
N x
rae D — ruapaBAnYecKUt AMamMeTp CeyYeHuAa M U — cpeHsn
CKOpPOCTb.

MpUHUMaAn BMHTOBOM KaHai rMApPaB/AMYECcKM rnagkum, KoapouumeHT

COMpPOTUBAEHMA TPEHMA onpeaensaTb no dopmyne

0,316 vD

rae ymcno PeiHonbaca Re=—.

" 4Re’ v

3agaua 3. OrpaHuuuTenb pacxoda, KOTOPbIA CAYKUT AaA  aBTOMaTUYECKOro
nogaepXaHma NOCTOAHHOrO pacxoga B CUCTEME MNPU MOCTOAHHOM BXOAHOM OABNIEHUWN P, U
nepemeHHOM NPOTUBOAABAEHUMN P, COCTOUT M3 NOABMMKHOIO nopwHA 1 anametpom D = 60 mm,
nmetouLero otsepctne d=10Mm 1 HarpyKeHHOro NPYKUHOM 2.

MNpn N3MEeHeHUM NPOTMBOAABNAEHUS P NOPLUEHb NEPEMELLAETCS, U3MEHAA OTKpbITME b
OKOH B Kopnyce 3 Takum 06pasom, 4TO pacxog, Yyepes orpaHnymTe b 0CTaeTCA NOCTOAHHbIM.

BbicoTa NpAMOYro/ibHbIX OKOH B Kopnyce by =5 mm, nx cymmapHas nsiowaab fo= 1,5 cm’.

CunTas ycnmnme npy*MHbl NOCTOAHHBIM M paBHbiM R = 550 H, onpegenntb ana BXogHoro
DAB/IeHMA Macna, paBHOro p, = 15 Mla:

1. BeanumHy pacxoga Q, noanepKMBaemoro orpaHnymnTeNem.

2. 3aBUCMMOCTb OTKPbITUA b OKOH OT NPOTUBOAABAEHUSA P U BEANYMHY OTKPLITUA NpPU
p=0.

3. MaKkcumanbHoe 3HayeHue NPoTUBOAABEHUA Pmay , HAYMHAA C KOTOPOro pacxos Yepes
orpaHuyMTenb byaet ymeHblUaTbCA.

by, KoaddumumeHT pacxosa OTBEPCTUS B MOPLIHE U OKOH B
—— -
s Kopnyce NPpUHATb 'U=0,6. MnotHocTb macna =850 Kr/m>.
A
% S ' 2 YkasaHue. Bocnonb3oBaTbCA yCc/NOBMEM  paBHOBeCUA
Po k& Sl = 7 H< "“’;_ NOPLHA B ceaylolwemM BUAE:
] sbof) I 71 4 aD?
A s Api = R
g, 4
Y rae 4 p — nepenag pJasBneHuit no o6e CTOPOHbI

OTBEPCTUA B NOPLLUHE.

MpumepHoe 3agaHune no nabopatopHoii pabore.

Mo UCXOAHbIM AaHHbBIM ANA ABYX TMAPOCUCTEM, NOKAa3aHHbIX Ha pUcC. 1, onpeaennTb CKOPOCTHbIE
M CUNOBble NapameTpbl rMapounanHapa. PesynbTtatbl BBeCTU B Tabaunuy. O6BbACHUTL NOAyYEHHbIE
pesynbTaThbl.



Cxema 1 Cxema 2
Mpsamorixon, Ob6paTHbInxoa, Mpsmolixon Ob6paTHbINXOA,
OnameTtpnopwHa D, mm
OunameTpwtokad, mm
[aBneHneHoMMHaNbLHoeEp,
MMa
HommHanbHbIM pacxoa Q,
XEMA T XM 2
5 nparod xod /] npavod xod 1
{){7/){1/];%//} xod /7{7/)(1/7-)‘7’})/1] xod
Dacrpesenumess Pacrpegenumens
e
LJ Ok (LN g
OPaT¥ B KAamaH

[lpedoxpaumesHsii
Knana

iy
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| dax

PucyHok 1 — TmapaBamMyeckue cxembl NOAKAHOYEHUA TMAPOLUANHAPA




N/MUH

MnouwaabnopLIHEBONNONOCTH,
Sn

MaowaablTOKOBOMMNONOCTH,
SwT

CKOpOCTb LITOKa Vv, M/c

Ycunume Ha wtoke F, H







MpunorkeHue 2

OueHouHble cpeacTsa ANA NPOBeAEHUA NPOMENKYTOUHOM aTTecTaumm

a) MnhaHupyemble pe3yabraTbl 06yyeHUA M OLEHOUYHbIE CPpeacTBa 418 NpoBeaeHUA NPOMEXKYTOUHON aTTecTauum:

Koa
MHAMKaTOpa

NHan KaTop AOCTUXEHUA KOMNETEHUNN

OueHoYHble cpeacTsa

MK-1: CnocobeH pa3pabaTbiBaTb pa3ae/ibl NPOEKTOB CTPOMTENbCTBA, PEKOHCTPYKLUUN U TEXHUUECKOTO NepeBOOPYKEHUA 06bEKTOB OTKPbITbIX FOPHbIX pabor,

NPOEKTHYIO M TEXHUYECKYIO AOKYMEHTALMIO C yueTom TpeboBaHMii NnpomMbllineHHOM 6e3onacHoCTH

MK-1.1:

O6ocHOBbIBaeT rnaBHble NapameTpbl
Kapbepa, BCKPbITUE KapbepHOro nos,
CUCTEMbI OTKPbLITOW Pa3paboTKu, perrmm
rOPHbIX PaboT, TEXHONOTUIO U MEXAHU3ALLMIO
OTKPbITbIX FOPHbIX PaboT, meToAbl
NPodUNaKTUKKN aBapuii U cNocobbl
NIMKBUAAUNN UX NOCNEACTBUMN

MepeyeHb MeopemuyecKux 80NPOCO8 K 3a4emy:

1. Csoiictea pabounx uakoctein. OCHOBHbIE NOHATMA M ONPEAeNEHUA KUAKOCTU.
2. TNOTHOCTb M yAenbHbIN BEC }KUAKOCTY.

3. CXMMaemoCTb XWUAKOCTK.

4, KosadpduumeHT 06beMHOro crKaTuA.

5. KoadbduumMeHT Tenn0Boro paclmpeHms.

6. Moaynb ynpyroctu 3KMaKocTu.

7. BA3KOCTb }KMAKOCTU.

8.  KoadpdUUMEHT KMHEMATUUECKOMN BA3KOCTU MUAKOCTH.

9. KasuTauma XnMAKOCTH, cnocobbl NPeoTBPaLLEHUA.




Koa
NHAMKATOP AOCTUKEHNA KOMMNETEHLUN OueHouYHble cpeacTsa
MHAMKaTOpa

10. O6autepauma Knaxkoctu.

11. rmapoctaTka, OCHOBHbIE MOHATUA W ONpeaeneHus.

12. TMoHATMe rmapocTaTMHecKoro 4aBaeHua.

13. EaMHMUbI M3MEpeHMA rMapPoCTaTUYECKOro AABAEHNA.

14. CsoitcTBa ruapocTaTMUYEcKoro AasneHus.

15. MoHaTuAa rmpgpocTatuyeckoro gasneHus: abconotHoe, aTmocdhepHoe, n3BbITOUHOE U BaKyyM.
16. AnddepeHumanbHbie ypasHeHNA dinnepa 414 paBHOBECUA KUAKOCTY.

17. OcHoBHOE ypaBHEHME rMAPOCTaTUKM.

18. 3akoH Apxumena.

19. 3akoH Mackana.

20. MexaH13M € MCNONb30BaHNEM YPaBHEHUA TMAPOCTaTUKN, AOMKPAT. U MyAbTUNANKATOP.
21. MexaHW3M C UCNONb30BaHMEM YPABHEHMA TMAPOCTaTUKK,  MYAbTUMANKATOP.

22. amepeHue AaBAeHUA KUOKOCTH.

23. PaBHOBeCKE KMAKOCTU B COOBLLAIOLMXCA COCYAaX.

24. Cuna AaBneHns }KUOKOCTU Ha BEPTUKANbHYIO CTEHKY.

25. Cnna AaBneHnA XNAKOCTU Ha TOPU3OHTA/IbHYIO CTEHKY.




Koa
MHAMKaTOpa

NHan KaTop AOCTUXKEHUA KOMNETEHUNN

OueHoYHble cpeacTsa

26. Cuna AaBNeHUA KUAKOCTU Ha HAKNOHHYIO CTEHKY.

27. OnpeaeneHune TONLMHbI CTEHKM.

28. M'mapoanHammnKa, OCHOBHbIe onpedeneHus.

29. TeomeTpuma NOTOKOB XUAKOCTU.

30. KnaccudumKauma NOTOKOB XUOKOCTU

31. Pexumbl ABUXKEHUA KUAKOCTU. Yncno PeltHonbaca.

32. NaMUHapHBIA PEKUM [BUNKEHMA XMUAKOCTM U €ro 3aKOHOMEPHOCTH.
33. Pacxoa, 1 cpeaiHAA CKOPOCTb NOTOKA NPU NaMUHAPHOM PeXKUMe.

34. TypbYNeHTHbIN PEXUM ABUKEHUA MKUAKOCTU U €ro 3aKOHOMEPHOCTHU.
35. 3aKOH Hepa3pbIBHOCTM NOTOKA KUAKOCTM.

36. 3aKOH coxpaHeHUs 3HEePrnM ANA NOTOKa XUAKOCTU. YpaBHeHUe BepHyAnun ana noToka
naeanbHOM KUAKOCTU.

37. YpaBHeHuMe BepHyNM ANA CTPYMKKU NaeaNbHON XMUAKOCTH.
38. YpasHeHue BepHynin ana NOTOKa peanbHOM KUAKOCTU.
39. YpasHeHuWe BepHynn ansa CTpYMKM peasbHON XUAKOCTH.

40. NMpumeHeHMe OCHOBHbIX ypaBHEHMVI ABUXEHNA NOTOKOB XXUAKOCTU ANA UsmepeHua CKOpOCTeﬁ
N pacxonoB XKNOKOCTU.




Koa
MHAMKaTOpa

NHan KaTop AOCTUXKEHUA KOMNETEHUNN

OueHoYHble cpeacTsa

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

MapocTtatnyeckuii yaap. @opmyna HKykosckoro H.E. gns rmgpoyspapa.

Cnocobbl NpeaoTBpaLLeHMsa r’MApaBANYecKoro yaapa..

MoTepu Hanopa (aaBneHua), onpeaensemble ANNHOM Tpybonposoaa, dopmyna Adapcu.
OnpeaeneHne MecTHbIX NOTepb Hanopa (aasneHua) B Tpybonposoae, popmyna Belicbaxa.
OnpeneneHne notepb Hanopa (AasneHua) B Tpybonposoae, popmyna fapcu-Beiicbaxa.
PacueT 06uero conpoTMBAEHNA B NPOCTOM TpybonpoBsoae.

MocnepoBatesibHOE coegMHEeHUe NPOCTbIX TPY6oNpoBoA0B.

MapannenbHoe coeguMHeHUe NPocTbiX TPYHONPOBOAOB.

OnpeaeneHune NoTepb AAB/EHUA B peasibHOM rmapocucTeme.

dopmyna Topuuennu.

NcTeueHne KNAKOCTU Yepes Manoe OTBEPCTUE B TOHKOM CTEHKe.

JOCTOMHCTBA M HEeAOCTAaTKM M’MAPONpPUBOAA.

YcnoBHble 0603HaYeHNs B rTMAPONPUBOAAX.

CTpyKTypa ruaponpmsoaa.

Cxembl C 06bEMHbIM PEryMpoBaHUEM CKOPOCTU KUAKOCTH.

Cxembl € perynamposaHnem cuibl MCONNHUTENIbHOIO OpPraHa,;




Koa
MHAMKaTOpa

NHan KaTop AOCTUXKEHUA KOMNETEHUNN

OueHoYHble cpeacTsa

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Cxembl C 06bEMHbIM PErYINPOBAHNEM CKOPOCTM KMUAKOCTH.
Hacocbl ruaponpuneoaos, yCi0BHble 0603HaYeHMA. Tunbl
lmapoasuratenu, ycnosHble 0603HaYeHus.
MApPOLMANHAPDI, YCN0BHbIe 0603HaYeHMs.
PacyeT OCHOBHbIX MapameTpPOB rMAPOLMUANHAPA.
lmapopacnpenennTenu, ycaosHble 0603HauYeHus.
3anopHble KnanaHbl, yCA0BHblIE 0603HaYeHMs.
KnanaHbl AaBaeHus, ycioBHble 0603HaueHus.
MpenoxpaHuTebHbIE KNanaHbl, YC/0BHble 0603HaYeHns.
MoOTOYHbIE KNanaHbl, yC10BHble 0603HaYeHu .
[poccenn, ycnoBHble 0603HaYEHMS.
IMAPOaKKYMYNATOPSbI, YCIOBHblE 0603HaYeHUs.
®dunbTpsbl, ycA0BHbIE 0603HaYEHUA.
Mprbopbl KOHTPOAA FTMApPONPMUBOAA. YCN0BHbIE 0603HaYEHMA..
lMapaeanyeckas cxema npumeHeHua ambdepeHunanbHOro rmapounamHapa.

MAaponpuBoa, 3aKpbITOM MMAPOCUCTEMbI, OCHOBHOW KOHTYp.
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73.

74.

75.

76.

77,

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

fmaponpuBoa, OTKPLITOM FTMAPOCUCTEMDI.

Jlornyeckme anemeHTbI.

Peanusaums normyeckmx GyHKUMIA B TMapo- U MHEBMOCUCTEMAX.
MocTpoeHune cucTtem ynpasaeHua KOMOMHALUMOHHOTO TUNa.
MeToabl NOCTPOEHNE MHOTOTAKTHbIX CUCTEM YNPaB/IEHUA.

CTaTnyeckme xapakTepPUCTUKN UCMIONHUTENbHbIX MEXaHM3MOB NOCTYNATeIbHOro U
BpaLLATENbHOIO AEWCTBUA: (MeXaHMYecKas, CKOpPOCTHas).

McnonHUTeNbHble MeXaHU3Mbl C 06 bEMHbIM PEryIMpoBaHUEM CKOPOCTH.
McnonHUTeNbHble MEXaHU3MbI C APOCCENbHbIM PEryIMPOBaHUEM.
MponopuMoHanbHble Knanatsl, MpuHUmMNbl paboTbl.

KomneHcaums HarpysKu ¢ MOMOLLLbIO KNanaHoB MOCTOAHHOW Pa3HOCTM AaBNEHUNA.
JNEeKTPOHMKA yNpaBaeHUa 418 NPONOPLUMOHANbHbIX KAanaHoB.

HpI/ITepMM Aana onpegeneHnAa napameTpos ynpasaeHMA C MOMOLLLBbHO NPONOPUNOHA/IbHbIX
K/1anaHoOB.

CepBoKknanaHbl. MpuHLMNbl paboTsbl.
AnnapaTtHas TeXHUKa.

KoHTyp peryanpoBaHus.
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88. BnuaHMe AHaAMUUYECKMX CBOMCTB CEPBOK/IanaHa Ha KOHTYp peryinpoBaHus.

89. (DM!'IpraLI,Mﬂ Ha r’MapaBIN4eCKNX YCTAaHOBKAX C CepBOK/1anaHamm 1 nponopLunoHaIbHbIMU
K/1anaHamMmu.

90. Mpumepbl BbIMONHEHHbIX YCTAHOBOK C MCNOJ/Ib30BaHMEM MPONOPUMOHabHbIX KNanaHoB.
91. Mpumepbl BbIMONHEHHbIX YCTAHOBOK C UCNOJIb30BAaHMEM  CEpPBOKJ/1ANaHoOB.

92. 3kcnayaTtauma NPONOPLMOHANbHOM TEXHUKM 1 cneaaLLero ruaponpusoaa.

MK-1.2:

MpoeKTUpyeT NPUPOL0OXPaAHHYIO
AEeATeNbHOCTb NPW OTKPbITLIX FTOPHbIX
paboTax

MpumepHsble npakmuyveckue 3a0aHuUs 014 3ayema:

1. B gBycTOpOHHEM ruapounnmHape auametp nopwHAa D =160 mm, AMameTpbl LWTOKOB
d1=80mMm 1 d, = 100 mm. Mpwn pabouem gasneHunn p = 10 MMa, npoTMBOAaBAEHUN B

C/IMBHOM NONOCTY Py, = 0,15 MIMa u pacxofe macna paboueit nonoctbio 0,1 n/c onpeaenuntsb

YCUANE U CKOPOCTb, Pa3BMBaEMbIE LUTOKOM MNPW ABUKEHMM BNPABO M BAEBO.
MpuHaTbmexaHnyeckuii KN4 rmapounnnHapa 0,96; o6vemHbIi — 1.
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2. WAKOCTb, UMetoLasn NAoTHOCTb 1200 Kr/m® 1 AMHaMUYecKuit K03pPULMEHT BA3KOCTH
2-10° MNa-c, n3 6aKa C NOCTOAHHbIM ypoBHem 1 camOoTeKOM NOCTynaeT B peakTop 2.
OnpenennTb, KaKOe MAaKCMMa/IbHOE KOJIMYECTBO KUAKOCTM (MPU MONHOCTbIO OTKPLITOM

KpaHe) MoXeT nocTynath 13 6aka B peakTop. YPOBEHb }MUAKOCTM B BaKe HaxoauTcA Ha 6 m

Bbllle BBOAA KMAKOCTU B peakTop. TpybonpoBo, BbINOJHEH U3 atOMUHMEBDIX TPYO C
BHYTPEHHUM AnameTpom 50 mm. O6uaa annHa Tpybonposoaa, BKAoYana MeCTHble
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conpoTueneHus, 16,4 m. Ha TpybonpoBoge nmeroTca TpU KoneHa U KpaH. B 6ake 1

peakTopegasieHveatmocdepHoe.

H=6M

3. NopobpaTb HEOBXOAMMbIN ANAMETP LMAMHAPUYECKOTO HacaaKa (u=0,82) c Takum
pacyeTom, 4Tobbl Yepes Hero BbiTekano 77000 Kr/y HedbTn NAOTHOCTbIO 865 KF/M3.

HanopHnocToAaHHbIM 1 paBeH 12 m.

MNnK-1.3:

Mcnonb3yeT MHOpPMaLMOHHbIE TEXHOIOMMK
NPV NPOEKTMPOBAHMMU KapbepoB

MpumepHsie 3a0aHUA HA peweHue 3a0a4 U3 npogeccuoHanbHoli obaacmu

4 Up
h —L..F
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4. Ha pucyHKe nokasaHa ynpoLLeHHasa cxema o6beMHOro rmaponpuBeoaa NoCTynaTebHOro
ABUXKEHMA C A POCCENbHBIM PEryanpoBaHMeM CKOPOCTU BbIXOAHOIO 3BeHA (WTOKA), rae 1 -
Hacoc, 2 - peryanpyemslii gpoccenb. LUToK ruapounnnnapa 3 HarpyskeH cunoi F= 1200 H;
anameTp nopwHa D = 40 mm. MNpegoxpaHUTenbHbI KnanaH 4 3akpbIT. OnpegennTtb
OaBneHne Ha BbIXOA4e U3 HAacoca U CKOPOCTb NepemMeLLeHMA NOPLUHA CO LWTOKOM V, Npu
TAaKOM OTKPbITUM APOCCEeNA, KOrAa ero MOXHO pacCMaTpUBaTb KaK OTBEPCTUE MJoWaabio Sy
=0,05 cm’c KoapdpuumeHtTom pacxoaa W = 0,62. Nogaya Hacoca Q = 0,5 n/c. MNoTHOCTb
KMAKocTv p = 900 Kr/m>. MoTepamu B Tpy6onpoBoAax npeHebpeub. MocTpouTb
rMAPaBAMYECKYIO CXeMY, 3a4aTb HACTPOWMKY KnanaH 4, cmogenvposatb paboty 'C.

5. CornacHo 3agaHHOM AnarpaMmbl nepemeLLeHns pa3paboTaTb CMCTEMbI yNpaBaeHua: 1 -
NCMNONb3ys peNelHO-KOHTAKTHbIE CXeMbl; 2 - UICMOJIb3yA (CUMYNATOP) KOHTpOAEepa B
nporpamme FluidSim-H. B 3agaHuu: A u C— rugpounnnHapsl, B — rugpomoTop ana scex
BapWaHTOB. HeyeTHble BapuaHTbl 40 9: umanHap C ABYCTOPOHHEro AeNCTBUA
BEPTUKAIbHOIO pacnonoxKeHua. HarpyxeH 6onblunm Becom. MpeaycmoTpeTb
NO3ULLMOHMPOBAHWE B TEYEHWNE AJNTE/IbHOTO BpeMeHU. YeTHble BapmaHTbl 10 10: umamHap
A [0BYCTOPOHHErO AeNCTBUS BEPTUKAIBHOIO pacnonoxeHus. MNpeagycmoTpeTb OANHAKOBYHO
1 BbICTPYIO CKOPOCTb NepeMeLLLEHMA KaK NPU BblABUMKEHUM, TaK U Npu BTArMBaHUK.11 - 16
BapMaHTbl NpesyCcMOTPETb BO3MOMXKHOCTb AUCTAaHUMOHHOIO yrpasaeHna yeuanamm s U un
MOMEHTOM B rMApOMOTOpPE B NOC/AeAHEN TPETU BpEMEHM LMKAA.  [na BCeX BapUaHTOB
obecneuynTb NNaBHbIMA Pa3roH rMAPOMOTOpPA U ero NNaBHOE TOPMOXKEHME, A TaKKe
npeaycMmoTpeTb pexumbl paboTtbl «KomaHga», «Lmkn», « ABTomat». MpeaycmoTpeTb
BO3MOXHOCTb 3G PEKTUBHOIO MCMO/Ib30BAHNS IHEPIUN HacocoB. [lobutbea, No
BO3MOXKHOCTU, MaKcumansHoro KMNJA rugpocucremei.
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6. Mcxoaa M3 KOHTAKTHO-peneitHon cxembl yNpaBieHUa MHOroABuraTe IbHbIM
rMAPONPUBOAOM MOCTPOMTE AMarpammy «rnepemelieHune-war» ana 4 ruapoasurateneii
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0) Ilopsiniok mpoBeaeHUs MPOMEKYTOUYHOM ATTECTAIIUM, IOKA3ATEIM U KPUTEPUH
OlLleHUBAHUS:

[IpomexxyTouHast arrectanus no qucuurinie «[ uapoMexanrkay BKIIOYaeT TEOPETHUECKUE
BOIPOCHI, TTO3BOJISAIONINE OLIEHUTh YPOBEHb YCBOCHUS 00YYaIOIIMMUCS 3HAHUH, U TPAKTUUYECKHE
3aJlaHusl, BBIABIISIONINE CTETIEHb C(OOPMHUPOBAHHOCTH YMEHUH U BIIaJICHUM, TPOBOAUTCS B hopMme
3ayeTa.

3ader 1o JaHHOW JUCHUILIIMHE TIPOBOUTCS B BHJIC OTBETOB HAa TECTOBBIC 3a1aHUs. TeCThI
BBIKJIa/IbIBatOTCS Ha nopTtasie MI'TY.

Ilokazamenu u Kpumepuu ouenueanusn sauema:

«3auTeHO» - BHICTABISETCS IPU YCIIOBHH, €CIH CTYACHT ITOKA3bIBAET XOPOIINE 3HAHUS y4eOHOTO
MaTepuaa 1o TeMaM Kypca, 3HaeT OCHOBHBIE 3aKOHBI THPOMXaHUKH, YCTPOUCTBO U IPUHIUI
paboThl FUAPOANIIAPATOB, YMEET COCTABIATh NIPUHLUITNAIbHBIE THIPABINYECKUE U
JIIEKTPUYECKUE CXeMBLIIpH 3TOM CTYIEHT JTOrMYHO M ITOCIENOBATEIbHO U3JIaraeT MaTepral,
PacCKpBIBAET CMBICII BOIIPOCA, JAET yIOBIECTBOPUTEIILHBIE OTBETHI HA JOIOJIHUTEIbHBIE BOIIPOCHI.

«He 3a4TeHO» - BBICTABIISIETCS IPU YCIIOBHUH, €CIIU CTYJAEHT BIAJACET OTPHIBOYHBIMHU 3HAHUSMHU 110
TE€MaM Kypca, 1aeT HEIOJIHbIE OTBETHI Ha BOIPOCHI U3 OCHOBHOM JIMTEPATYPHI, PEKOMEHA0BAHHOU

K Kypcy.

MeTtoanueckue PEKOMEHIAIUHA NJIA NMMOATOTOBKH K 3a9€TYy

HpI/I MOATOTOBKEC K 3K3aMCHY Y CTYJICHTA NOJI’)KCH OBITh XOpOH_II/Iﬁ y‘le6HI/IK NN KOHCIICKT
JIATCPATYPBHI, HquHTaHHOﬁ 10 YKAa3aHUIO IperioAaBaTeiist B TCUCHUC CEMCCTpA.
KOHCHCKTI/IpOBaHI/Ie JOJIKHO OCYHICCTBIIATHCA O6y‘laIOH_[I/IMCH TOJBKO JTHUIIIb CaMOCTOATCIIBHO.
HpOCMOTp COOCTBEHHBIX KOHCITEKTOB ITO3BOJISICT 06y11a10meMyc51 6LICTpO BOCCTaHaBJIMBAThb B
MNaMsATU COACPKAaHNEC NCTOYHHUKA.

B Hauane crieayeT mpocMOTpeTh BEChb MaTepHuall IO C/1aBaeMOi AUCHUIUINHE, OTMETUTD Ui ceOs
TpyAHbIe Bonpockl. O0s3aTenbHO B HUX pa3oOparthkes. B 3akimoueHue eie pas 1enecoodpasHo
MOBTOPUTH OCHOBHBIE TIOJIOXKEHUS, UCTIONb3Ys IIPU 3TOM ONOPHbIE KOHCHEKTHI Jekiuil. [lpu
3TOM HY>KHO 00paTUTh 0c000€ BHUMAaHHE HA TEMbl YUEOHBIX 3aHITHIA, TPOMYIIEHHBIX CTYAEHTOM
M0 Pa3HbIM MPUYUHAM.

Ecnu B nponiecce caMOCTOATENBHOM  pabOThI HaJl M3Yy4E€HUEM TEOPETUYECKOIO MaTepHaa Win
IIPU PEIIeHUH 3a/1a4d y CTyJIeHTa BO3HUKAIOT BOIIPOCHI, Pa3pEelINTh KOTOPhIE CAMOCTOSTEIHHO HE
ynaercsi, HL00OX0AMMO 00paTUThCA K MPEnoJaBaTelIto UIsl MOJIYYeHHs Y HETO pa3bsICHEHUHN WIN
yKa3zaHui. B cBoMX Bompocax CTYJIEHT JIOJIKEH YETKO BhIPa3UTh, B UEM OH HUCIBITHIBAET
3aTpyAHEHUS, XapaKTep 3TOro 3aTpyIHEHHs. 3a KOHCYIbTalueH cieayeT oOpamarbes 1 B ciyyae,
€CJIM BOBHUKHYT COMHEHUS B IPABWJIBHOCTH OTBETOB HA BOIIPOCHI CAMOIIPOBEPKH.
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