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Pabouas mnporpamma cocraBneHa Ha ocHoBe @OI'OC BO - cnoeumanurter 1m0
cnenuanbHocTH 21.05.04 I'opHoe neno (mpuka3z MunoOpHayku Poccun ot 12.08.2020 1. Ne 987)

PaGouas mporpamma paccMoTpeHa 1 oJo0peHa Ha 3acegannu kadeapsl ['OpHBIX MaIIH U

TPaHCIOPTHO-TEXHOJIOTUIECKUX KOMILIEKCOB
08.02.2021, mpotokomn Ne 5
3aB. kadenpoit A.M. MaxwuToB

PaGouas mporpamma ogobpeHa meroaudeckoi komuccuend WA uT

15.03.2021 r. nmpotokosa Ne 5
Mpencenarens __—7 7 — WU.A.Ilbtanes

7707

CormacoBaHo:
3aB. kadeapoii ['eonoruun, MapKIen1IepcKoro Jieja u 000orameHus! MOJIe3HbIX
HUCKOIAEMBbIX

/%/ __MN.A. T'pummn

%

Pabouas mporpamma cocraBieHa:
OLIEHT enpsl ITMuTTK, kana. TexH. HayK
— —_A.M.Dumaros

Penensenr:
3aMECTUTENIb TE€HEPAIBHOIO JTUPEKTOpA IO gy AspefigkTHBHOMY pa3ButHio 00O
«YpandueproPecypcy , kKaHj. TEXH. HAYK N.C. Typkun




JIner akryaauszanumn padoueil mporpaMmbl

Pabouas mporpamMmma repecMoTpeHa, 00CyKaeHa u 0100peHa s peasmsaruu B 2022 - 2023
yueOHOM Trojly Ha 3acefaHuu Kadeapsl [OpHBIX MAIIMH U TPAHCHOPTHO-TEXHOJIOTHYECKHX

IIporokomor 20 1. Ne

3aB. kadempoii A.M. MaxuTos

PaGouas mporpamMmma repecMoTpeHa, o0CykaeHa u o00peHa s peanusaruu B 2023 - 2024
yueOHOM Trojly Ha 3acefaHuu Kadeapsl [OpHBIX MAIIMH U TPAHCHOPTHO-TEXHOJIOTHIECKHUX

IIporokomor 20 1. Ne

3aB. kadempoii A.M. MaxuTos

Pabouas mporpamma nepecMoTpeHa, 00CcyxaeHa u ogodpeHa s peanmm3anyu B 2024 - 2025
y4eOHOM rojy Ha 3aceaHuu Kadeapsl ['OpHBIX MAIIMH U TPAHCIIOPTHO-TEXHOJIOTHUECKUX

IIporokomor 20 1. Ne

3aB. kadeapoii A.M. Maxuros

Pabouas nmporpamma nepecMoTpeHa, 00cyxaeHa u ogodpena st peamsanuu B 2025 - 2026
y4eOHOM rojy Ha 3aceaHuu Kadeapsl ['OpHBIX MAIMH U TPAHCIIOPTHO-TEXHOJIOTHUECKUX

IIporokomor 20 1. Ne

3aB. kadenpoit A.M. MaxuTos

PaGouas mporpamma nepecMoTpeHa, oocyxaeHa u ogqoopena st peanuszanuu B 2026 - 2027
ydaeOHOM TOJly Ha 3acefaHuu kadeapsl ['OpHBIX MAIIMH U TPAHCIIOPTHO-TEXHOJIOTHYECKUX

[Iporokom ot 20 . Ne

3aB. kadenpoii A.M. Maxuros

PaGouas mporpamma nepecMoTpeHa, oocyxaeHa u ogoopena st peanuszanuu B 2027 - 2028
y4aeOHOM TOJly Ha 3acefaHuu kadeapsl ['OpHBIX MAIIMH U TPAHCIIOPTHO-TEXHOJIOTHYECKUX

[Ipotokom ot 20 . Ne

3aB. kadenpoii A.M. Maxuros




1 Ilesin ocBOeHM S TMCHMILINHBI (MOIYJIA)

Les1bto IUCHUIIINHBI ABIISETCA:

- U3YYEHHUE U OBJIAJICHUE CTYACHTAMH 3HAHWN 3aKOHOB TMPOCTATUKU U TUAPOJUHAMUKA
U peaju3ally UX B THAPOIIPUBOAAX TOPHBIX MAIIMH U 000PY10BaHUH,

- OBJJICHHE HAaBBIKAMU BBIIOJHEHUS HKCIEPUMEHTAIBHBIX M Ja0OpaTOPHBIX
UCCIICIOBaHUM, HHTEPIPETALMU MTOJIyYE€HHBIX PE3yJIbTaTOB, COCTABICHUS U 3alUTHl OTYETOB I10
IPOJIeTaHHOM padoTe,

-OBJIaJICHUE JI0CTaTOYHBIM YPOBHEM MPO(ECCHOHANBHBIX KOMIETEHIIUI B COOTBETCTBUU
¢ tpedoBanusmu @I'OC BO no nanpasienuto noarotoBku 21.05.04 I'opHoe neno

Crnenuanu3anus O0oralieHue nojae3HbIX HCKOMAaeMbIX

2 MecTo q1MCHUILIMHBI (MOYJIs1) B CTPYKTYpe 00pa3oBaTe/IbHOIM NPOrpaMMbl

JuctmiuimHa ['wapoMexaHuMka BXOJUT B 4YacTh y4eOHOro IuiaHa (GopMuUpyeMyro
Y4aCTHHKAaMHU 00pa30BaTeIbHBIX OTHOMIEHUI 00pa30BaTeIbHON MPOTPaMMBI.

Jns  W3ydeHWs  JUCHUIUIMHBI ~ HEOOXOMMMBI  3HaHUS  (YMCHHs,  BIIAJICHUSA),
c(OpMHUPOBAHHBIC B PE3YIIbTATE U3YUCHHSI JUCITUTUTUH/ IPAKTUK:

["opHbIe MamHBI 1 000pyJ0BaHNE

dusuka

3HaHus (YMEHHUs, BIAJEHUS), MOTYYCHHbIE IPU U3yYEHUH AAHHON AMCLUUILUIMHBI OyIyT
HEOOXOAUMBI JUIsl U3yYCHUS T CIUTUTIH/TIPAKTHK:

BeimonHeHue, MOArOTOBKa K MPOHEAype 3alIMThl W 3aIIUTa  BBITYCKHOW
KBATM(UKAIIMOHHON pabOThI

3 Komnerenuuu o0y4amomerocsi, popMupyemMbie B pe3y1bTaTe 0CBOCHUS

AUCHUILIMHBI (MOAYJIS) U IJIAHUPYeEMble Pe3yJibTAThl 00yUeHust

B pesynbrare ocBoeHMs AMCUMILIMHBL (Monyns) «l'mapomexaHuka» oOydaromuiics
JIOJKEH 0071a/1aTh CIISAYIOUIMMU KOMITETeHLIUAMU:

KOI[ HHJAUKATOpa I/IHI[I/IKaTOp JOCTHIXKCHHA KOMIICTCHIIMH

[TK-2 Cniocoben pazpabaTbIBaTh MPOEKTHYIO, TEXHUYECKYIO U HOPMAaTUBHYIO JOKYMEHTAIIUIO IO
00OTaICHHUIO TTOJIE3HBIX MCKOIAEMbIX H IepepadoTKe MUHEPAIHHOTO CHIPhS, CTPOUTEILCTBY H
SKCILTyaTallii 000raTUTENIbHBIX (haOpuK

[TK-2.1 PazpabGaTbiBaeT M OQOpPMISET MpPOEKTHBbIE peIIeHUs M0 O00beKTaM
nepepaboTKU MUHEPAIbHOTO M TEXHOT€HHOTO CHIPhSI
[1K-2.2 PaccuutbiBaeT M KOMIIOHYeT OOOpyIOBaHUE JJisi IOJArOTOBUTENBHBIX,

OCHOBHBIX H BCIIOMOT'AaTCJIIbHBIX IIPOLCCCOB 060I‘aH.IeHI/IH ITOJIC3HBIX
M CKOIIaCMbIX




4. CTpykTypa, 00bEéM H coaep:KkaHue TUCHUIIMHBI (MOAYJIS)
OO61mast Tpy10eMKOCTb AUCHUILIIMHBI COCTAaBIISIET 4 3a4eTHBIX enuHull 144 akaj. yacoB, B TOM YHCIIE:
— KOHTaKTHas paboTa — 61,6 akaj. 4yacos:
—aynutopHas — 60 akaJl. 4acos;

— BHeayuTopHas — 1,6 akaJi. 4acos;
— caMmocTosTenbHas padoTa — 82,4 akaj. 4acos;
— B (JOpMe MpaKTHUECKOM MoAroToBKU — 0 akas. 4yac;

<DopMa aTrrecTaluu - 3a4cT

AynutopHast = =
o | KOHTaKTHas pabora E 5 ®dopma TeKyIero
=
5 B aKaJl. yacax 2] Bun KOHTPOJIS
Pazpen/ Tema 3 ( A ) E E‘ . p Kox
S 3 CaMOCTOSITEJIbHOM |  yCIIeBaeMOCTH U
JUCLUTUTAHBI 5 [~ . | xomnereHuuK
@) g E paboTsl TIPOMEKYTOYHOH
nmab. | mpakT. | 3 Q&
Jlek. 2 s aTTecTaluu
3aH. 3aH. | QO &
1. Pazgen 1. PaGoumne »xuukocrtu.
OCHOBBI THJIPOCTaTHKH
TTouck
JIOTIOTHUTENBHOMN
UH(OPMAIIH 11O
3a(§l)agﬂo; TeMe Hpoxoxnenie
1.1 Kunkocte u ee BBOJIHOTO
N [ToaroroBka
(usnueckue CBOMCTBA. tectra.Craya 3ama4 IIK-2.1,
N 1 1 4 nabopa-TopHOMY
Cunpl, gelcTByromue B o teme «Kuakoctb [K-2.2
3aHATHIO. Pemenue
JKUJIKOCTH. U ee Quznueckue
3aJIJaHHBIX 33]1a4 110 .
CBOWCTBa».
teme «KnuakocTs u
ee pusnueckue
cBOIcTBa»
6
ITouck
JIOTIOJTHUTENILHON 3amura
1.2 I'mppocraTuka: uH(OpMAIIH 110 71a00paTOpHOI
g dhepeHnuaIbHbIe 3alaHHON TemMe paboter Nel «
YPaBHEHHUS paBHOBECHS INoaroroska dusnyeckue MK-2.1
JKUAKOCTH; OCHOBHO€E 2 2 5 nabopaTopHOMY CBOICTBa K 2' 2’
YpaBHCHHE  THAPOCTATHKH; 3aHATHIO. KHUIKOCTH. ’
OcCHOBBI TUJIPOCTATUKH. Pemrenue Cnaua 3az1a4 1o
Vpasuenus Ditnepa. 3a/IaHHBIX 3a/1a4 [10 pazaenam
paszzenam THIPOCTATHKH.
THJPOCTATHKH.
HWroro no pazapeny 3 2 1 9

2. Pazpen 2. 'uapoauHaMuka




Tlouck
JIOTTOJTHUTEILHOM
UH(OpMaIHH 110

2.1 lMunponmaamuka: 3a/laHHON TeMe.
KHHEeMaTuKa KHJIKOCTH, Pabora ¢ Craua 3a1a4 10
BUJIbI JIBIDKEHMSI KHJIKOCTH, KOMITbIOTEPHBIMU Tene "PosKiMbL K21
3aKOH COXPaHEHHUs MaccChl, 2 8 o0yuaromuMu f— K 2' 2’
BHEHHE H BIB-HOCTH. I MMaMH. ’
aBHEHME HEpa3 oc orpaMma KHAKOCTH"
OCHOBBI JUHAMUKU IToaroroBka k '
JKUJIKOCTH. nabopaTopHOMY
3aHATHIO. Perenue
3aJa4 1o paszenam
THJPOCTATHKH.
ITouck 3ammra
JOIOJHUTENIbHOU 1a00paTOpHOI
2.2 OcHOBHbIC aBHEHUS MHGOpMALIHH 110 paotsr Ne2
’ P 3a/IaHHOM TeMe. «M3y4enune
TUAPOIUHAMHUKHA IIK-2.1,
N . 2121 8 IToaroroBka k pUOOPOB ISt
OJIHOPOAHOI HEC)KHUMaeMoil [K-2.2
KHIKOCTH 1a00paTOpHOMY U3MEpEHHs
) 3aHATHIO. Pemenue JTABIICHUS.
3a7a4 1o Cnaua 3az1a4 1o
THIPOANHAMUKE. | THIPOJAWHAMUKE.
ITouck
JIOTIOJTHUTENBHON
2.3 JIBwxeHHE UIeaTbHOU uH(OpMaIHH 110
JKUJIKOCTH, ypaBHEHUE 3aJaHHOH TeMe. Samra 334 110 K21
Beprymmm, (dusnueckas 1 5,2 IToaroroBka K O THHAMIKE K- 2’
UHTEpIpETalys ypaBHEHHs 1a00paTOpHOMY P ’ '
Bepnymnu. 3aHATUIO. Pemenune
3a1a4 1o
THIPOJANHAMUKE.
3ammura
71a00paTOpHOI
. TTouck paTop
2.4 JIBwkeHHe  BSI3KOH . paboTsr Ne3
M JIONIOJTHUTEILHOU IK-2.1,
HeCc)KUMaeMoi JKUJIKOCTH. 221 5 HEbOpMAIEH 110 «3mepenne MK-2.2
Ypasuenus HaBbe-Crokca. pMal THIPOCTaTHYECKOTO ’
3aJJaHHOH TeMe
’ JIaBJICHUS
SKUJIKOCTID).
2.5 OCHOBBI Teopun
THIPOIUHAMUYECKOTO Monck
roo0ust. Kputepun . 3amura 3ama4.

5 pHTep JIOTTOJTHUTEILHOM i 5 IIK-2.1,
TUIPOJUHAMUYECKOTO 2 4 T —. ITpoxoxnenue K22
roo0usl. IIpumepst 3az[aIfH0171uTeMe TecTa. '
HCIIOJIB30BaHUs B PELICHUU ’

THJPOJIMHAMUYECKUX 3a]1au.
2.6 I'uppaBnuueckue norepu ITounck amura
SHepruu. PexxuMbl TeueHus JIOTIOTHUTENBHOMN B —
HKHIKOCTH. ‘{chg HHd)opMaquM o paboTsl Nod MK-2.1,
Peitnonbaca.  JlamuHapHbIH 221 5 3a/laHHON TeMe. «W3vacHie K22
PEXKUM TEUEHHS IKHJKOCTH. Beimonnenue CTOVKT y:I HOTOKOB ’
@®opmyna Crokca. 3akoH nabopaTopHOH PYKTYP
KHUJIKOCTHY
Tarena-Ilyazeitns paboTHL. ’
ITounck
2.7 MectHsbie norepu .
JOTIOJTHUTENIbHOM 3amura 3aaad.
sHepruu. BpiBog (opmysibl [K-2.1,
221 4 uH(OpMaIMH 110 IIpoxoxnenue
bopnra — Kapro. Buasl . IK-2.2
3aJaHHOH TeMe. TecTa.

MCCTHBIX COHpOTHBHeHHﬁ.

Pemenue 3amau.




ITouck 3amura
2.8 Knaccuduxanus JIOTIOJTHUTENLHOM nabopatopHon
TpyOOIpOBOJIOB UH(OpMaIHH 110 paboTbl Ne5 K21
T'mppaBnuueckuit pacuer 2 221 5 3a/laHHON TeMe. «Omnpenenenne K 2' 2’
TpybonpoBonoB. IIpumepst Brimonnenue peXuMa Te4eHUs U )
pacuera TpyOOIpOBO/IOB. nabopaTopHOi ero
paboTHI. XapaKTEePUCTHK.
2.9 HcreueHue XUAKOCTH U3
OTBEPCTUH M HACa/IKOB.
p AAKOB: ITouck
Knaccudpukanus orBepcTHit .
o JIOTIOJTHUTENILHON 3amura 3ama4.
n ucreyeHnii. OcoOeHHOCTH ) ) 4 MG OpMAIIH T MpoxoskIeHIe I1K-2.1,
WCTEUEHUs] U3 OTBEPCTHUIl. pMall P A [IK-2.2
3aJJaHHOH TeMe. TecTa.
OcobeHHOCTH u
Pemenue 3anau.
XapaKTepUCTUKU HCTEYECHUS
JKUJIKOCTH U3 HACAJKOB.
. ITouck
2.10 T'mopaBnudeckuii ymap . 3ammura
JIOTIOJTHUTEJILHOU .
B TpyOax. TIpuunHel 1a00paTOpHOI
. nH(OpMAIIH 110
BO3HUKHOBeHUs. lIpsmoit u . paboTbr Ne6 [K-2.1,
. 2 2/21 5 3aJaHHOU TeMe.
HenpsAMOi ruapoyaap. Odbopmerne «MnmocTpanus IK-2.2
Mepsr MIPEJOTBPALLICHUS P . YpaBHEHHUS
ruapoynapa nabopatopHoii Beprynnn»
) paboTHI. ’
HWroro no pazneny 17 |10/101| 9721 | 53,2
3. Pazpmen 3. 'moponpuBox
3.1 T'unponpusosl. ITouck
CrpykTypa u OTIOJTHUTEIBbHON
PYKTYP a 3amura 3ama4.
KiaccuuKarus TUTEPaTypPHI TIO [K-2.1,
2 2 4 N [Ipoxoxnenue
TUIPOIIPUBOJIOB. paccMaTpuBaeMon TecTa [K-2.2
I'mapoanmnaparypa teme. Pemienue '
YIpaBJICHHUS. 3a1ad.
32 I'mnpomammHe!. ITouck
Hcroynukn  muraHus U JOTIOJTHUTENbHON 3ammra
UCIIOJHUTEIbHBIE UH(OpMAIIH 110 71a00paTOpHOI
YCTpOWCTBa — KOHCTPYKIIWH, ’ 1 5 paccmarpuBaeMon pabotsr Ne 7 [K-2.1,
napameTpsl, TEMe. "Onpenenenue MK-2.2
Knaccudukanms. Pacuer Odopmierne MECTHBIX NTOTEPh
napaMeTpoB u BBIOOD nabopaTopHOH Harnopa"
TUAPOMAIINH 10 KaTaJoram paboTHI.
ITouck
JOTIOJTHUTENIbHON Sammra sanaq
3.3 Meronuka  pacuera UHPOPMAIIH 110 ! sat. [K-2.1,
2 2 4 N [Ipoxoxnenue
00BEMHOTO THAPONIPUBO/A. paccMarpuBaeMoin Tecta K-2.2
Teme. Pemenue ’
3ajay.
ITouck 3amura
OTIOJTHATENBHON 1a00paTOpHOI
34 TypOoMamiuHsl. A Goparopo
nH(OpMAIIH 110 paboTsr Ne8
T'unpomydThI. . " IK-2.1,
2 1 4 | paccMaTpuBaeMoit Onpenenenue
T'uppotpanchopmaTopsl. [K-2.2
Teme. opopMIIeHHE | TOTEph Hamopa
IIpumenenue. .
nabopaTopHOi TpyOoOnpoBoaa 1o
paboTHI. JuinHe"
ITouck Cpaua
35 Pacuer OCHOBHBIX . A
JIOTIOJTHUTENILHON 11a00paTOPHBIX
rapaMeTpoB [K-2.1,
2 1 1 3,2 | nuTeparypsl O paboT u 3aaay.
TUAPOIMHAMUYECKUX MallluH . [IK-2.2
paccMaTpuBaeMoi [Ipoxoxxnenue
U CUCTEM BO/IOOTJIMBA.
TeMe. UTOTOBOTO TECTA.
Hroro no pazmeny 10 3 5 20,2
Hroro 3a cemectp 30 [15/101( 15211 | 82,4 3a4€T
Hroro no gucuuiuinae 30 |15/10M | 15/21 | 82,4 3a4eT




5 O0pa3oBarte/ibHbIE TEXHOJIOTHH

O6paSOBaT€J'II>HBIe TCXHOJIOTHH

Jns  peanu3anuu  NPEIyCMOTPEHHBIX BHJOB  y4eOHOM paboTBl B KauecTBe
o0pa3oBaTeNbHbIX  TEXHOJOTMH B  MpEenoJaBaHUU  AUCHUIUIMHBL  «[ ‘HapoMexaHuKa»
UCTIONB3YIOTCSl  TPAAUIMOHHAs, MHTEPAKTHBHAsA M WH(POPMALMOHHO-KOMMYHUKAIIMOHHAS
o0pa3oBaTeibHbIe TEXHOJIOTUH.

Ha 3aHATHUAX npeaycMaTpuBaeTcs HCII0JIb30BaHNE AJIEKTPOHHOIO
JEMOHCTPAIIMOHHOT0-y4e0HOr0 MaTepuaia COJAEPHKAILLEro CIOXKHbIE CXEeMbl, TaOJULbl U
MareMaThueckue QGopmynbl. MyJabTUMEAHTHOE 000OpPYIOBaHHE MOXET OBITh HCIIOJIB30BAaHO
TaK)Ke U CTYJICHTaMU JIJIsl IEMOHCTPALIMU PE3YJIbTaTOB BBIIIOJIHEHUS TAOOPATOPHBIX PadoT.

1. TpaguunoHHBIE 00pa30BATENbHBIE TEXHOJIOTUH OPHEHTHUPYIOTCS HA OPraHU3aIHIo
00pa3oBaTeNbHOTO  MpOLlecca, MPEANONArailyl0 MPAMYI  TPaHCISAIUIO 3HAHWHA  OT
npenogaBareis K CTyJIEHTY (IPEeUMYIIECTBEHHO Ha OCHOBE OOBSICHUTEIbHO-UUIIOCTPATUBHBIX
METOJIOB 00yueHHUst). YueOHas AesITeNbHOCTh CTYJ€HTa HOCUT B TaKHX YCJIOBHUAX, KaK MPaBUIIO,
PENpPONYKTUBHBIA XapaKTep.

@opmbl y4eOHBIX 3aHATHI C UCIIOJIB30BAHUEM TPAJAUIIMOHHBIX TEXHOIOTHIA:

Wudopmanmonnas JeKuus — MOCIENOBATEIbHOE H3JIOKEHHE Marepuaja B
TUCIUIIMHAPHON JIOTHKE, OCYIIECTBISIEMOE MPEUMYIIECTBEHHO BepOaIbHBIMU CpEICTBAMU
(MOHOJIOT Mpeno/1aBaTes).

[IpakTuueckoe 3aHsTHE, MOCBSIIEHHOE OCBOSHUIO KOHKPETHBIX YMEHUU U HABBIKOB I10
IPEJIOKEHHOMY aIrOPUTMY.

2. VIHTepakTUBHBIE TEXHOJOIMHM — OpraHU3als 00pa3oBaTeIbHOIO Mpolecca, KoTopas
npeJoiaraeT akTUBHOE U HEJTMHEHHOE B3aUMO/IEHCTBUE BCEX YUACTHUKOB, IOCTH)KEHNE HA ATON
OCHOBE JIMYHOCTHO 3HAYMMOTO [JJs HUX 00pa3oBaTenbHOTO pe3ynbrata. Hapsmy co
CHENMAIM3UPOBAHHBIMA  TEXHOJIOTHSIMH ~ TaKOTO  poJa  NPUHIUI  HHTEPAaKTUBHOCTH
IPOCIEXHUBAaETCsI B OOJBIIMHCTBE  COBPEMEHHBIX  OOpa30BaTENbHBIX  TEXHOJOTMH.
WHTEepakTUBHOCTH MOJpPa3yMeBaeT CyObEKT-CYOBEKTHBIE OTHOIIEHUS B X0JIe 00pa30BaTEIbHOTO
npoliecca U, Kak clieZicTBUe, (OpMHUpPOBAHUE caMOpa3BUBarolIeiicss HH()OpMaIIMOHHO-PECYPCHOM
CpeJbl.

@opmbl yueOHBIX 3aHATHI C HUCMOJIB30BAHHUEM CIEIHATU3UPOBAHHBIX WHTEPAKTHBHBIX
TEXHOJIOTHIA:

Jlexiusi «0OpaTHOW CBS3M» — JIEKIHMSI-TIPOBOKAIMS (M3JI0KEHUE MaTepHala C 3apaHee
3aIJIaHUPOBAHHBIMU omuoOKamm), neknusi-Oecena, JEKIUSA-TUCKYCCHS,
JEKIUS-TTPECCKOH(PEPEHIINS.

3.  HH)popManMOHHO-KOMMYHUKAIIMOHHBIE  OOpa3oBaTeNbHBIE  TEXHOJOTHUH  —
opranusaius o0pa3zoBaTeIbHOTO Mpolecca, OCHOBaHHAsI HAa MPUMEHEHUH CHEeIUaIN3UPOBAaHHBIX
MPOTPaMMHBIX CPEJ U TEXHUUECKUX CPEJICTB pabOThI C HH(pOpMaLIHEH.

@®opMbI YIeOHBIX 3aHATHH C WCIOIB30BaHUEM HH()OPMAIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTU:JIeKusa-BU3yanu3anus — U3JI0KEHUE COJePKAHUS CONPOBOXKIACTCS Mpe3eHTaluen
(meMoHCTparmel y4eOHBIX MaTepHAJIOB, TIPEJICTABICHHBIX B Pa3IMYHBIX 3HAKOBBIX CHCTEMaX, B
T.4. WJUTFOCTPATUBHBIX, TpaUuecKux, ayIuo- U BUICOMATEPUATIOB).

JlabopaTopHoe 3aHATHE B (hOpME BUPTYaJIbHON BU3YaIM3alMH MPOIIECCOB U SBIICHUM,
MPOUCXOSAIMIUX B JKUAKOCTH U JESATEIBHOCTH C WCIOJIb30BAHUEM CIEIHAIN3HPOBAHHBIX
POTPaMMHBIX CpeJ.

[lepenoBbie TEXHOIOTUHU, TPUMEHSEMBIE JJIs1 TOCTHXKEHUSI 00pa30BaTEIbHON 11eITH:

1. B ydeOHOM mporiecce mpemnycMOTpeHbl 3aHATHS B (opme pazdopa KOHKPETHBIX
CUTYaIlui, CBSI3aHHBIX C TUAPABINKON U THAPOITHEBMOIIPHBOIOM.

2. Vcnonp3oBaHue B yueOHOM MPOLIECCe BUPTYAIBHOTO JIa0OPATOPHOTO MPAKTUKYMa I10
pazaenaM TeXHUIECKOU THIPOMEXaHUKH.

3. Ilpu npoBeneHuu 1a0OpaTOPHBIX pabOT paccMaTPUBAIOTCS TECThl MO pas3zeiiaM B



4. Ha nexuusix UCHOJIB3YeTCs] KOMIIBIOTEP € MPOEKTOPOM JJIsl OTOOPAXKEHHUS U JIYUYIIETO OCBOCHHS
U3y4aeMoro Marepuaia.

6 YuyeOHO-MeTOAMUYECKOE 00ecIieYeHre CAMOCTOSITeIbHOM padoThl 00y4aloIIUXCs
[IpencraBieHo B mpuaoxeHuu 1.

7 OneHOYHBIE CPeACTBA AJIsl IPOBeAeHH s IPOMEKYTOYHOM aTTeCTAMI
[IpencraBieHbl B IPUIIOKEHUU 2.

8 Y4ueOHO-MeTOAMUYecKOe U HHGOPMALIMOHHOE o0ecTieYeHne U CIUIJINHBI (MOTYJIs)

a) OcHoBHas TUTEpaTypAa:

1. Homanckuii, 1.B. MexaHuka >kUIKOCTH U rasa : yueOHoe mocodue / U.B. JlomaHckuid,
B.A. HexpacoB. — Cankr-IlerepOypr : Jlanp, 2018. — 140 c. — ISBN 978-5-8114-3158-8. —
TekcT : aNeKTpOHHBIH // DnekTpoHHO-OmMONMoTeuHass cuctema «Jlanby : [caiit]. — URL:
https://e.lanbook.com/book/110915

2. CazanoB U. U. T'umpaBnuka [DOnektponnslii pecypc|: yuebuuk / CazanoB U. U.,
Cxuptnamse A. I'., UsanoB B. U. - M.: KYPC, HULl UHDOPA-M, 2017. - 320 c.: 60x90 1/16. -
Pexxum poctyma: http://znanium.com/bookread2.php?book=601869 . - 3arn. c¢ skpana. - ISBN
978-5-906818-77-5.

0) JlonostHuTeIbHAS JIUTEPATYpA:

1. CokonoBa M. C. MexaHuka )KMJIKOCTH U Ta30B [ DNEKTPOHHBIN pecypc] : mpakTUTKyM / M.
C. CoxonoBa, A. B. Tuxonos, M. A. Jlememko ; MI'TY. - Marautoropck : MI'TY, 2017. - 1
3JIEKTPOH. OTIT. JINCK (CD-ROM). - Pexxum JOCTYyTIA:
https://magtu.informsystema.ru/uploader/fileUpload7name=3404.pdf&show=dcatalogues/1/113964
8/3404.pdf&view=true. - MakpooOBEKT.

2. Ocumnos, I1. E. I'mapasnuka, rujpaBarnyeckiue MalinHbl U ruponpuBo [Tekct] : yuebHoe
nocobwue. - 3-e u3., nepepad. u por. - Jlunenk : Uarerpan, 2011. - 424 c.

3. Jloitusanckuit, JI. I'. Mexanuka xunkoctu u rasa [Tekct] : yue6Huk. - M. : [Ipoda, 2003. -
840 c.

4. Mauko E. [O. T'umpaBnuka u TUIPONMHEBMONPUBOJ [DJIEKTPOHHBIA pecypc]
nabopatop-HeIil npaktukyMm / E. FO. Marko, . T'. Yco ; MI'TY. - Marautoropck : MI'TY, 2014. - 1
31eKTpoH. onT. AUcK (CD-ROM). - Pexxum noctyma:

https://magtu.informsystema.ru/uploader/fileUpload?name=1549.pdf&show=dcatalogues/1/
1124731/1549.pdf&view=true

5. Komera A.[l., MBanoB C.A., Tounnkun B.B., ®unaroB A.M., 3agopoxusiii B.J[., Barun
B.C. OcHOBBI (pyHKIIMOHUPOBAHUS THPABIMUYECKUX CUCTEM METAJUTYPrHUECKOro 000pYy-1OBaHUS:
yueb. nmocobue. Maruuroropek: M3a-so Marautoropcek. roc. Texs. yH-ta um. I.1.Hocosa, 2011. -
197 c. (aonymeno YMO no o6pa3oBaHuIo B 00J1aCTH METAUTYPrUU B Ka4ecTBE yUeOHOTo mocoous
JUIS  CTYACHTOB  BBICIIMX  YYEOHBIX  3aBEICHH, OOyJaoImUXCs 10  CHEIHaTbHOCTH
«Metamtypruueckue MalnHel 1 o0opyaoBanue»). ISBN 978-5-9967-0224-4.

6. Tounnkun B.B., ®unatoB A.M., 3agopoxusiii B./l., UBanoB C.A., Konsra A.Jl., Barun
B.C. OcHOBBI (yHKIIMOHMPOBAHUS THIPABINUYECKUX CUCTEM METALTyprU4ecKoro o0opy-A0BaHHUS.
JlaGopaTopHBIF TPAaKTUKYM 1O THAPONPHBOAY H THApOAaBTOMAaTHKe. Yueb. Tmoco-0ue.
Maruurtoropck: M3a-so Marauroropck. roc. Texs. yH-ta uM. I'.1.Hocosa, 2009. - 105 c. (zonyuieHo
YMO 1o o6pa3oBaHuio B 00JaCTH METAUIYPTHH B Ka4eCTBE Y4eOHOTO MOCO-OMS NJisi CTYJIEHTOB
BBICHIMX YUEOHBIX 3aBe/ICHU, 00yJaromuxcs



10 CTIEUAILHOCTH «Me-Tajuryprudeckie MaHel 1 obopynoanue»). ISBN 978-5-9967-0085-1.

7. Tounnkun B.B., ®unator A.M., BanoB C.A., UnueneB H.A., Koasra A.Jl., Barun B.C.
HccnenoBanue pabOThl U XapaKTEPUCTHK DJIEMEHTOB THAPONPUBOAA METAUTYPrHYeCKHX MAIIHH:
yue0. mocobue. Maruuroropck: M3a-so Marautoropck. roc. Tex. yH-ta uM. I.M.Hocoga, 2014. -
207 c. (monymeno YMO 1o oOpa3oBaHHiO B 001aCTH METAJUTYPTrUU B Ka4eCTBE y4eOHOro oCcoOus
JUIsLT  CTYAGHTOB  BBICIIMX  Y4eOHBIX  3aBeleHHUI, OOyyarommxcsi IO  CHEIUAIbHOCTH
«Merammyprudeckre MaliuHbl 1 o0opynoBanue»). ISBN 978-5-9967-0451-4.

8. I'mapaBnmuka u ruaponpuBon [Tekcr] : ydueOnoe mocodbue / H. C. I'ymunun, E. M.
Kpusen-ko, b. C. Maxosuxkos, U. JI. [Tacroes ; mox o6m. pexa. WM. JI. [Tactoesa ; pen. coser : JI. A.
[TyukoB (ripen.) u Ap. - 2-e u3x., crep. - M. : MI'TY, 2001. - 519 c.

B) MeToan4eckue yKazaHus:

1. Tounnkun B.B., ®unatos A.M., Mauko E.}O. I'mgponpusos. Meroanueckue ykazaHus K
nabopaTtopHbIM paboTam A cTyaeHToB cnenuanbHocT 170900. MarnuTtoropek: MI'TVY, 2001. 24
c.

2. Mauko E.JO., Ycos N.I'. 'unpaBnuka u ruiponHEeBMONPUBOI: MeToinuecKne yKa3aHus K
KOHTPOJILHBIM paboTam s cTyaeHToB HampasieHuit 190100, 150400, 150900 u criermansHO-CTEH
190205, 260301, 260303, 151001, 150400 Bcex d¢opm oOyueHHS. [DIEKTPOHHBIN pecypc],
Maruutoropck: ®I'BOY BIIO « MI'TY», 2012.

r) IIlporpammHuoe o6ecnieyenue u MHTEpHET-pEcypChI:

IIporpamMmmHoe obecnieuenue

Haumenosanue .
10 Ne norosopa Cpok efCTBHS JINLEH3UH

MS Windows 7
Professional(mist  [[1-1227-18 o1 08.10.2018 11.10.2021
KJIACCOB)
MS Office 2007 |y, 135 41 17.09.2007 Geccpouro
Professional
7Zip CBOOOJIHO  pacnpocTpaHsieMoe 0eccpouHo
ONEeKTPOHHBIE
TLIAKATRI IO KYPEY |pe 297.12 o1 11.09.2012 6eccpodHO

I'mppasnuka u
TUapONpUBOLa"
MathCAD v.15
Education J-1662-13 o1 22.11.2013 OeccpodHo
University Edition

IIpodeccnonanbuble 0a3bl JaHHBIX M MH(POPMAIMOHHBIE CIIPABOYHbIE CHCTEMbI
HazBanaue xypca Cchlika

JniexTpoHHbic. pecypcsl oubmmorekn MITY um. http://magtu.ru:8085/marcweb2/Default.asp
I'.1. HocoBa
Poccuiickas  T'ocynapcsennas  GnomoTexa. https://www.rsl.ru/ru/4readers/catalogues/
Karanoru
Wndopmannonnas cucrema - EauHOe OKHO

URL: http://window.edu.ru/
JocTyna K ”HQOPMAaIMOHHBIM pecypcam

ITouckoBast cucrema Axamemusi Google (Google
Scholar)

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




OnekTpoHHas 0aza mepuogudeckux ui3manuii East View
Information Services, OO0 «MBUC»

9 MaTepuajibHO-TeXHHYECKOe o0ecnevyeHne U CIUILTHHBI (MOIYJIs1)

https://dlib.eastview.com/

MaTepHaﬂbHO-TeXHquCKOG obecrneucHue JUCHHUIIIMHBI BKJIIFOYACT:

B cootBercTBUM C y‘-IGGHHM IJIaHOM IO JUCHUIIIMHC IMTPEAYCMOTPCHBI CICAYIONINE BUABI
3aHATHI: JICKOWH, IMPAKTUYCCKUC 3aHATHA, J'Ia60paT0prIe 3aHATHUSA, CaMOCTOATCIIbHAs pa60Ta,
KOHCYJIbTAllUH, 3a49€CT , 5K3aMCH.

VY4eOHble ayJUTOPUH U1 IPOBEACHUSI 3aHATUHN JIEKLIIMOHHOI'O THIIA!
- MyJIbTUMEIUHHBIE CPEJICTBA XPAHEHHUS, [IEpeauy U IPEICTABICHUS HH(POPMALUH.

VY4eOHble ayJUTOPUH JUIsl IPOBEACHUSI 3aHATUHN JIJIsl TPOBEACHUS IPAKTUUECKUX 3aHATHIH:
- MyJIbTUMEIMHHBIE CPEJICTBA XPAaHEHHUs, IEpeAayy U IPpeCTaBIeHUs HH(popMaIiuy;
- IOCKa, MYJIbTUMEANMHBIA IIPOEKTOP, IKPaH.

VY4eOHble ayIUTOPUH Ul IPOBEACHUS TPYNIOBBIX U MHIUBUAYAJIbHBIX KOHCYJIbTAIU,
TEKYILEro KOHTPOJISA U IPOMEKYTOUHOM aTTECTALNN

- MyJIbTUMEIMHHBIE CPEJICTBA XPAaHEHNUS, IEpeAayy U IPeCTaBIeHUs HH(popMaLuy;

- IOCKa, MYJIbTUMEANMHBIA IIPOEKTOP, IKPaH.

ITomerieHus 1 caMOCTOSATENbHON pabOThI 00yYarOIIUXCSL:
- IepCOHAIbHBIE KOMITbIOTEPHI ¢ makeToM MS Office, BBIX0JJ0M B HHTEPHET U C JOCTYIIOM
B 2JIEKTPOHHYIO 00pa30BaTeNIbHYIO Cpey YHUBEPCHUTETA.

[Tomemenuss nans  XpaHeHMsT U NPOPUIAKTHUECKOTO OOCIYXHMBaHHS y4eOHOro
000pyI0BaHUS:

- CTeJUTAXU ISl XPaHEHHS Y4YeOHO-HATJIAIHBIX IMOCOOMA W y4eOHO-METOIUYECKOM
JIOKYMEHTAIUU.

VY4eOHble ayJUTOPUH I IPOBEACHUS J1a0OpaTOPHBIX padoT:

Kommnnekc yuebnsIit «I uapapanueckue NpuBOAbI U CPECTBA aBTOMATU3ALIUN;
Kommnekc yue6HbI «I MpoaBTOMaTHKAY;

Kommueke 1 0TpabOTKH HaBBIKOB MPOEKTUPOBAHUS;

JlabopaTopus yueOHas ruspaBiandeckas «Kanempkay

IPUJIIOXKXEHHUE 1

YueOHo-MeTOoAUYECKOE 00ecTieueHHe CAMOCTOsITeIbHOI padoThl 00y4yarouxcs

MpumepHsie 3a0a4yu o meme « Pusuyeckue ceolicmea HUIKocmu»:

3agava 1. AsToKknaB 06bemom 25,0 1 HANO/IHEH }KUAKOCTLIO U 3aKPbIT repmeTndecku. KoapouumeHT
TEMNEPATYPHOrO PaCLUMPEHUA XKULKOCTU By, ee moaynb ynpyroctn K. OnpeaennTb NOBbIWEHWE AABAEHUA B
aBTOK/1aBe NPU yBEANYEHUN TEMNEPATYPbI }KUAKOCTM Ha BeanunHy AT. O6bemHol gedopmaLmen aBToknasa
npeHebpeysb.



3apayva 2 (puc. 1). OnpegenmTb CKOPOCTb V PaBHOMEPHOIO CKOJIbKEHUA NPAMOYrOAbHOM NAacTUHBbI (a- b -c) no
HaKNOHHOM NNOCKOCTM NOA yraom o= 12°, ecan mexay NAacTUHOM U NNOCKOCTbIO HAXOAUTCA COM macna
TonwmHo 6. Temnepatypa macna 30 °C, N1OTHOCTb MaTepurana nNaacTuHbI p.

3apaua 3 (puc. 2). 3a30p MeXKay BasOM U BTY/KOM

3aM0/IHEH Mac/oOM, TOJILLMHA COSA KOTOPOTro paBHa b. ™M I 7 's
OnameTtp Bana D, gavHa BTynKuM L. Ban Bpawaetca k] 1 ) = &
paBHOMEPHO NoJ, BO34eNCTBMEM BPALLAIOLLEIO MOMEHTA < ) / ' J
M. OnpenenuTb YacToTy BpalwleHua sana, ecan oot
TemnepaTtypa macna pasHa 40 °C. ZJ i [ i d

MpumepHsie 3ada4yu  no meme «fudpocmamuKa»:

3apayva 1 (puc.). 3aKkpbITbiit pe3epByap 3aMoHeH
An3eNbHbIM TON/IMBOM, TEeMMNEPaATYpPa KOTOPOro L |
20 °C. B BepTMKanbHOM CTEHKe pe3epByapa |

umeeTcs npaAmoyronbHoe oteepctme (D x b), :I:
3aKpbITOE NONYUNANHAPUYECKON KpbIWKOM. OHa 1
MOET NOBEPHYTLCA BOKPYT FOPU30HTaNIbHOM OCK
A. MaHoBakyymmeTp MY nokasbiBaet

MaHOMETpU4YecKoe gasneHune p,, naun

— —

BaKyymmeTpuueckoe p,. FNybuHa Tonavea Hag,
KpbILWKOM paBHa H. Onpegenutb ycunune
F,KoTOopoe HeobXx0AMMO MPUNOKUTb K HUKHEN
YaCTU KPbILWKK, YTOHbI OHA HE OTKPbLIBANACD.
CuNOW TAXKECTU KPbILWKKM NpeHebpeyb. Ha cxeme

NMOKa3aTb BEKTOPbI AEVICTBy}OLLI,MX cun.



3apaua 2 (pwc.). BepTuKanbHas
LUMNMHOPUYECKAN LMCTEPHA C NoaychepmnyecKkoi KpbILWKON 40 CaMOro

BepXa 3ano/IHeEHA XUAKOCTbIO, NJTIOTHOCTb KOTOpOﬁ p. AnameTtp

umcTepHbl D, BbicOTa ee umanHapuyeckoi Yactn H. MaHomeTtp M
NOKa3blBaeT MaHOMETPUYECKOe AaBNeHUE P,,.

OnpeaennTb CUY, PacTArMBaLOLLYI0 6ONTbI A, N TOPU3OHTANbHYIO CUAY,
paspblBalOLLYIO UMCTEPHY NO cevyeHnto 1—1. CUNOoM TAKECTUN KPbILWKK

Bona A K

npeHe6peL|b. BeKTopbl CM NOKa3aTb Ha Cxeme.

3apayva 3 (puc. ). Kpyrnoe otBepctve mexay AByMs pe3epByapamu o "
3aKPbITO KOHWMYECKOW KPbILWKOM ¢ pazmepamm D H L 3aKkpbITbili pe3epByap 3ano/siHEH BOAOM, @ OTKPbITbIN -
MuakocTbio XK. K 3akpbiTOMy pesepByapy CBEpXYy NpUcoeamMHEH MaHOBaKyymmMmeTp MV, NoKasbiBaloLWmi
MaHOMETPUYECKOE AaB/ieHME P, UK BaKyyM p,g. Temnepatypa xuakocteii20 °C, raybuHbl h n H.
OnpenenuTb cUay cpesbiBatoLLyto 60Tbl A, U FOPU3OHTANBbHYIO CUAY, AEACTBYIOLLYIO HA KPbIWKY. Cuaoi
TAMECTU KPbILWKKN NpeHebpeyb. BeKTopbl CMA NOKA3aTb Ha CxeMe.

MpumepHsie 3ada4u no meme «UOPOOUHAMUKA»:

3apaua 1. Boaa nepeteKkaeT U3 HanopHoro 6akKa, rae u3bbiTouHOe AasieHue Bo3ayxa p=03 Mna,

B OTKPbITbIV pe3epByap No KOPOTKOW Tpybe anameTpom d =50 MM, Ha KOTOPOW YCTaHOB/IEH KpaH. Yemy
[0KeH bbITb paBeH K03pULMEHT CONPOTUBAEHMA KPaHa A/1a TOro, YTobbl pacxod BOAbl COCTaBAAN

H, =1 H, =3

0=87 N/c? BbICOTbI ypoBHeEW M WU M. YUYecTb NoTepto Hanopa Ha BXoAe B Tpyby

E=0,5

M Ha Bbixoe 13 Tpybbl (BHE3anHoe paclmnpeHue).

3agaua 2. Macino BcacbIBaeTCs HACOCOM Ha BBICOTY /5. = 0,5 M 1o TpyOe auamerpom 20 MM 1
uHOM 1,2 M, KOTOpast UMeeT JiBa pe3kux n3ruda. Hacoc passuBaer nogauy 20 n/muH. Macio
MI0THOCTBIO 900 KI/M° MMeeT KMHEMATHYeCKyIo BI3KocTh v =4 - 10° m*/c. B Gake napnenue
Bo3nyxa — arMocdepHoe. OmpenenuTh, KaKOW BakyyM pas3BuBaeT Hacoc. [IpuHATH s



MacisHOro GuiabTpa Kod()QUIMEHTHl MECTHBIX compoTuBieHuil (g = 6, U1 BXOAa BO

BCACBIBAIOIIYIO MOJIOCTh Hacoca Cy = 2 U s u3rubda BcacklBaromIe Tpyosl Cy,r = 0,8.

Ilpumepnuie 3a0auu no meme «l'uopasnuueckuii pacuem mpyoonpoeoooe
3aoaua 1. OnpenenuTh BEIUYMHY I[OTEPb JABJIEHUS, BBI3BAaHHBIX IIOBOPOTOM

TpybonpoBoaa auamerpoM d = 200 mm Ha yron o = 90°. TpyOonpoBoa HOBBIN CTaILHOM,
pazmyc oBopota R = 40 M. XKunxoe maciio Musepansaoe(v = 14,5x10™ m/c; p = 800 kr/ v°).
Pacxox xuaxocta Q = 0,5 m’/c.
3amaya 2.
3agava 4.8. Xunkocte ¢ mioTHOCTBIO p = 900 KI/M® U BS3KOCTBIO V = 0,01 Cr
HArHeTaeTcs M0 FOPU30HTATLHOMY TpyOoIpoBoay LnHOM L =4 M u quametpom d = 25 mMm.
Onpenenuth AaBlieHWE B HAYAJbHOM CEUYEHMH, €CIIM B KOHEYHOM CEYCHHH TPyOOmpoBoaa
naBieHue atmocdepHoe, pacxoa xkuakocth Q = 6 J/c; MIEPOXOBATOCTH CTEHOK
TpyOomposoga A = 0,06 Mmm.
3aoauu no pacuemy 31eMeHMO8 2UOPONPUBOOA
3agaua 1. [{ng noxwsema rpy3a G co ckopocthio v=0,15 m/c ucnonb3yrorcs 1Ba
rugponnapa auamerpom D= 100
MM. ['py3 cMellieH OTHOCUTENBHO OCH
~— Upnz Ut —ae- CUMMETPUU TaK, 4YTO Harpy3ka Ha

mToke lro munuaapa F; =6 xH, a Ha
LITOKE BTOpOro nuinuHapa F> =5 kH.

w
”

Kakum nomkeH ObITh KOX(PUIIUEHT
MECTHOTO COIPOTHBIIEHHUS IPOCCEs
Exp, UTOOBI TUIAT(OPMA MOJHUMATIACH
06e3  mepexammBanus:  [Iuamerp

TpybonpoBoga d= 10 MM; MIOTHOCTh
*kuakoctu p= 900 KT/MC. [Torepsmu no

JUTMHE TPYOBI .MpeHeOpeYb.
3agaua 2. OnpefennTb pPacxos, *KMAKOCTM, MPOMYCKAaeMblii OrpaHuuYMTEesNeM pacxoda, KOTOPbIi
PaccMoTpeH B 3agaye 8 , ecnn AMHAMUYECKas BA3KOCTb KUAKocTM 4 = 0,04 Ma-c U ee NNIOTHOCTb P =

890 Kr/m’> Bocnonb3osaTbca GOPMYN0it 414 NOTEPU HANopa Ha TPEHUE NPU TYPBYNEHTHOM pesKUme

2

J2 i
h = d_, 107 pe
pg  D2g
raoe D — ruapaBAMYecKUMn AMameTp CeyYeHuMa M U — cpeaHsn *

CKOpPOCTb.

MpUHMMan BUHTOBOW KaHai rMApaBAMYecKkMn rnaakmm, KospduumeHT
COMPOTMBAEHUA TPEHNA onpeaenaTtb no popmyne o T, A

0,316 . vD
A= , rae ymcno PenHonbaca Re=—.

~ 4Re v




Po.

3agaya 3. OrpaHuuMTens pacxoia, KOTOPBIA CIYKUT JUIsl aBTOMAaTHYECKOIO
NOJIEPKAHUS TIOCTOSIHHOTO pacxo/ia B CUCTEME MPU IOCTOSSHHOM BXOJHOM JaBJIEHUHU P, U
IIEPEMEHHOM IIPOTUBOJABJIEHUN P, COCTOUT U3 MOJBUKHOrO nopwHs 1 auamerpom D = 60
MM, uMeroIero orseperue d=10Mm 1 HarpyKEHHOTO MPYKUHOH 2.

[Tpu n3MeHeHnn NPOTUBOIABJICHHUS P MOPIIECHB IIEPEMEIaeTCs, U3MEHAS OTKpPBITHE b
OKOH B Kopmyce 3 TakuM 00pa3oM, 4TO PACXO Yepe3 OrPaHUUUTENb OCTACTCS TOCTOSHHBIM.

BricoTa npsMOyronsHBIX OKOH B KopIyce by =5 MM, ux cymmapsas iomans fo= 1,5
cM™.

Cunras ycunue npyXMHBI IIOCTOSHHBIM M paBHbIM R = 550 H, ompenenurts mns
BXOJ/IHOTO JIaBJICHUS Maclia, paBHOTO P, = 15 MlIla:

1. Benmnuuny pacxona Q, moaaep>;KMBaeMoro OrpaHuIUTEIIEM.

2. 3aBUCUMOCTH OTKPBITHSL b OKOH OT IPOTHBOAABICHHS p U BETMUNHY OTKPBITHS ITPH
p=0.

3. MakcumanbHO€ 3HAYEHHUE MPOTUBOJABICHUS Pmax , HAUMHAS C KOTOPOTO PacXo]
yepe3 OrpaHuuUTENb Oy/IEeT yMEHbIIATHCS.

3acJIOHKa IepeMeleHa B CTOPOHY OJTHOTO U3 COILI Ha
BENTMYMHY h OT cpeHeTo moIoKeHus hy, 4eM BBI3BaH
nepenaj JaBieHus Ap Ha Topuax
pacnpenenuTeNbHOr0 30JI0THUKA U, KaK CIEACTBUE
3TOTO, €T0 TIEPEMEIIECHHUE T OT HEUTPATHLHOTO
nosioxeHus. Cunras, 4To CUJIbl JABJIEHUS Ha TOPLAX
30JI0OTHUKA YPAaBHOBEIIMBAIOTCS TOIBKO MPYKUHAMU,
ONPENIETUTH X, €CIIU JABJICHUE TUTAHUS
TUJPOYCHIIUTENS P =6'10°Tla u MepeMeIeHUE
3acioHku 2 = 0,5h.

=130 H/mm, ero quametp D = 10 mm.

by KoadduimenT pacxona oTBEpCTHs B TOPIITHE W OKOH B
AT T KOpITyCe MPUHSTh H= 0,6. IInoTHOCTH Macna P =850 kr/m’.
{ ’L ' Vkazanue. Bocnosb30BaThCi YCIOBHEM PABHOBECHS
ol b ""Z_ HOPLIHS B CIIEAYIOIIEM BUJIE:
: 2 )
Ap Lol =R
4
rnie 4 p — mepenan AaBneHuii 1m0 006e CTOPOHBI

OTBCPCTHA B ITOPIITHE.

3ajauu no cleasieMy NpuBoy
3amaua 1. B 1ByXCOIIOBOM THAPOYCHIIATETIE

JKecTkocTh Kax 01 U3 MPY>KUH 30JIOTHUKA C

Pacxon uepes coruto onpenensrts mo Gopmyie

2p -
Q = ppmdy(ho — h) ? ) g Laul

8 eufpoyunundp

r7e |, - KoahHUIUEHT pacxoa CoIuIa; p - JaBJICHUE NEPe]] COIMIIOM; P - IUIOTHOCTh

KHUAKOCTH.



3ajady pemmTh s Ciydasi, Koraa /dahg = 7l /4 1y = wo, Tae Wi, - KoddduImenT pacxoma
BXOJIHOTO JIPOCCEIBHOTO OTBEPCTHA U d; - €ro 1uaMerp.

3&,[[3‘13 2. Pabouas KHUIKOCTh IMOJACTCA K THAPOYCHIIMTEIIO TUIIA COIIIO-3aCJIOHKA 101

MTOCTOSIHHBIM ,uaBJIeHI/IeM po=10 MIIa. KomanaHblii 371€eMEHT TUIPOYCUIUTEIIS BKIIOYAET
MIOCTOSIHHBIN Jpoccelib B BUJE kukiepa d; = 3MM u

~

.}
TS S ﬁ T perynnpyelifmm ApOCCEIb B BUJIE COILIA d>=2mm ¢
— — i MOJIBMKHOM 3aCIIOHKOM Ha Bbixoje. JlaBieHue p, B Kamepe
' 5 E MEXy APOCCEISIMU TIepeaaeTcs: B pabouyro MoJIocTh
Fo b HCIIOTHUTENIBHOTO ruaporuauaapa (D= 35 mm), nopiieHp

= g  KOTOPOTO OINEPT Ha NPYKHHY XKECTKOCTBIO C=200H/cm u
-] : HarpyxeH cuioit R= 7500 H.

5 : [Tpu n3menennu 3a3opa h Mexy Coriom u
! 3aCIIOHKOM M3MEHSETCS JaBJICHUE Py BbI3bIBASI CIE/SIICEe

MepeMEIICHUE MTOPIITHS.
[TocTpouts rpaduk 3aBUCUMOCTH MEX]TY 3a30pOM h U cMelIeHrneM s TOPIIHS U3 KpaiHero

nonoxenus, orsevatomiero h= 0. Onpenenuts s ipu h = 1 mm. Pacxox yepes xukiep paBeH

Mz i - Q =4
28 _
y 1 ! r rie ‘=08, u Yyepe3 COIUIO-3aCIOHKY.
0,4 A N

/ 40 p
0,2

e ko3 duument pacxona 2 3anan kax Qynkmus
h

007 02 03 0k ny, a
OTHOCHUTCIIBHOTI'O 3a30pa

u=t d
[TocTpouTh JONONHUTENBHO rpauK 3aBUCHMOCTH 2/ s Koa(puLueHTa pacxoaa

H COIlIa-3aCJIOHKH, ONIPCACIACMOTO U3 BBIPAKCHU A

Q, =y mdyh 2 Pe
e

3anaua 3. VIcoMHUTENbHBIN HUIMHIP THIpOyCcHInTeNs (nuamerp noputas Dy = 60mMM u
mroka D, = 30 Mm) Harpysxen cuoii R = 3500 H. PaGouas xuaxocts (X = 850 KI/M® TI01aeTcst B
HIDKHIOIO TTOJIOCTh IMIMHApa HacocoM H mon naBnenuem p,= 5 Mlla (monaep:xuBaercs
MOCTOSIHHBIM € TIOMOIIIbIO MepenuBHOro kiuamnana [1K). -

KomaHHbI# 0JJHOKPOMOYHBIH 30JI0THUK (IuameTp miyHxepa d, = 10 mm), ynpasiser
nepeMenIeHUsIMH ILITOKa [IIMHAPA TyTeM U3MEHEHUsI OTKPBITHS IUIMHAPUIECKOTO OKHA, Yepe3
KOTOpOE XKHUAKOCTb IIOCTYNAET U3 BEPXHEW MOJIOCTH LIUIMH/IPA HA CIIMB.

B nopmae nunuHapa umeetcs apoccenupyromiee oreperue (d; =4 M), 6aromaps
KOTOPOMY MOYKHO IIPH OIIPEIEIEHHBIX OTKPBITUAX 30J0THUKA PEBEPCUPOBATH JBUKEHHE ITOPILIHS.

HOCTpOI/ITB I“pa(l)I/IK 3aBUCUMOCTH CKOPOCTU Uy YCTAaHOBUBIICTOCA ABUKCHUS MMOPIIHA OT

OTKPBITUA X 30JIOTHUKA.

VKazath, OpH KakoM x IOpIIeHb ocTaHapuBaercs (U

= 0). KakoBo 6yjer 3HaueHne Un mpH 3aKPHITOM 30JO0THHKE?
Pacxon yepe3 npoccenupyroliee OTBEpCTHE
OTIpeNIeTATh 10 opMyIie

%

R

N
-

AN
|
=

N E




U yepe3 30JI0THUK

Q, = y,md,x 2p70
e

T€ Po — JABJICHUE B BEPXHEH MOJOCTH MWIUHIIPA.

Kosbduuuents pacxona npuuste 4 = A2 =0,6. TpeHneM u yredkamu B LHITHHIPE

npeHedperaTh.
Vkasanue. Bocnionb30BaThCsl ypaBHEHHEM PABHOBECHUS TOPIIHS:
D; m
1 _ 2 2
Po +R—pH*(D1_D2)
4 4
¥ BBIPXKEHHEM PACcX0/1a KUAKOCTH U3 BEPXHEH MOJOCTH B 30JI0THHUK MTPEAIIOIAras, 4ro

MOpHICHb ABUKETCA BBCPX, HMECM
2

7D
Qo =Q1 +U, 41

IIpumepHoe 3aganne mo JJabopaTopHoii padore.

ITo MCXOaHBIM TaHHBIM UISI IBYX THJIPOCUCTEM, ITOKa3aHHBIX HA pUC. 1, onpeaenuTh
CKOPOCTHBIE U CHUJIOBBIC TTapaMeTpPhl THAPOIWINHAPA. Pe3ynpTaTsl BBeCTH B Ta0HIy. OOBSICHUTH

IMMOJIYYCHHBIC PC3YJIbTAThI.

LYEMA 1 XM 2
nparod xod 1l oo xod 1
aepamts X0 OOpATHEL XO0
pOCIrEdeALmEA, DaCATEGEAUTE D
L
OOPATHBL KA

TpedaxpasumensHs
KA

| da | | g
PI/ICYHOK 1-— FI/II[paBJ'II/ILICCKI/IC CXCMBI IMOJKIIIOYCHUA THAPONUIINHAPA

3agaua 3 (puc. 2). 3a30p MeXKay BasioOM U BTY/KOM

3ano/IHEH MACA0OM, TOJ/ILLMHA C/1I0A KOTOPOro paBHa b. w
OnameTp Bana D, gavHa BTyAKK L. Ban BpawtaeTca k
paBHOMEPHO Mo, BO3AENCTBUEM BPALLAIOLLErO MOMEHTA \{




M. OnpeaennTb 4acTOTy BPaLLEHMA BaNa, C/IM TeMnepaTypa macna pasHa 40 °C.

MpumepHsbie 3a0a4yu 1o meme «fudpocMamuKa»:

3agaua 1 (puc.). 3aKpbITbil pe3epByap 3aMo/HEH
An3eNbHbIM TON/IMBOM, TEMMNEPATYpPa KOTOPOro - |

20 °C. B BepTUKanbHOMN CTEHKe pe3epByapa [ 1

nmeeTca npamoyrosbHoe oteepctme (D x b), :I: il r —
3aKpbITOE NONYUMANHAPNYECKON KpbIWKOW. OHa | fl . | ,_*"HL‘,
MOKET MOBEPHYTLCA BOKPYF FOPU30HTAIbHOM OCH Hy

A. MaHoBakyymmeTp MY nokasbiBaet

MaHOMETpPUNYECKOE daBneHne p,, naun

— -
-

BaKyymmeTpuyeckoe p,. FnybuHa Tonavea Hag,
KpblLWKOM paBHa H. Onpegenutb ycunume
F,KoTOpoe HeobX0AMMO MPUNOKUTL K HUKHEN
YacTU KPbILWKK, YTOObI OHA HE OTKPbIBaiaCh.
CuN0M TAXKECTM KPbILWKK NpeHebpeyb. Ha cxeme

MOKa3aTb BEKTOPbI AENCTBYIOWMNX CUAN.

3apayva 2 (puc.). BepTukanbHaa
UMANHAPUYECKAnA UMCTePHA € nonychepuyecKkom KpbIlKOM A0 camoro

BEPXA 3aM0/IHEHA }KUAKOCTbIO, MNOTHOCTL KOTOPOW p. MameTp — |/_

umctepHbl D, BbicoTa ee umanHapudeckoi yactm H. MaHomeTtp M T B _ |
NOKa3blBaeT MaHOMETPUYECKOe aBAEHME Py,. ]

!

Bona [

o P



OnpegennTb CUY, PacTArMBatoLLYto 601Tbl A, U FOPU3OHTANbHYIO CUAY, PA3PbIBAIOLLYHO LUCTEPHY NO
ceyeHunto 1—1. CoiM TAMKECTU KPbILWKKN NpeHebpeyb. BeKTopbl C NOKA3aTb Ha Cxeme.

3apaya 3 (puc. ). Kpyrnoe otBepcTve mexay ABYMA pe3epByapamm 3aKpbITO KOHUYECKOM KPbILLKOM C
pasmepamu D H L 3akpbITbili pe3epByap 3ano/HEH BOAOW, @ OTKPbITbIN - })UAKOCTbIO K. K 3akpbITOomy
pe3epByapy CBEPXY NPUCOeAMHEH MAaHOBaKyyMmMmeTp MV, NOKasbiBaloOLWMA MaHOMETPUYECKOE AaBNeHNe p,,
WU Bakyym p,. Temnepatypa *xungroctein20 °C, rnybuHbl h n H. Onpeaenvtsb cuny cpesbiBatoLLyto 60Tbl A,
N TOPU3OHTANbHYIO CUAY, AENCTBYIOLLYHO HA KPbILWKY. CUA0M TAXKECTU KPbIWKK NpeHebpeyb. BekTopbl cnn
MOKa3aTb Ha Cxeme.

MpumepHsie 3ada4u no meme «[UOPOOUHAMUKA »:

3apaua 1. Boaa nepeteKkaeT U3 HanopHoro 6akKa, rae M3bbiTouHoe AaBaeHue Bo3ayxa p=03 Mna,

B OTKPbITbIN pe3epByap No KOPOTKOM Tpybe AnameTpom d =50 MM, Ha KOTOPOW YCTaHOB/EH KpaH. Yemy
[0/1XKeH bbITb paBeH KO3pPMUMEHT CONPOTUBIEHNSA KpaHa A/1A Toro, YTobbl pacxos BoAbl COCTaB/AN
H, =1 H,=3

0=387 n/c? BbicOTbl ypOBHEW M "

£=0,5

M. YyecTb noTepto Harnopa Ha Bxoae B Tpyby

M Ha Bbixoe 13 Tpybbl (BHE3anHOe paclmnpeHue).

3anawa 2. MACJIO BCACBIBAETCS HACOCOM Ha BBICOTY /iy = 0,5 M mo Tpyde nuamerpom 20 MM U
JuinHOM 1,2 M, KOoTOpast UMeeT JiBa pe3kux u3ruda. Hacoc passuBaer nogauy 20 i1/muH. Macio
MI0THOCTBIO 900 KI/M° HMeeT KHHEMaTHUECKYIO BS3KOCTh vV =4 - 107 m’/c. B Gake naBiennue
BO3AyXxa — arMmocdepHoe. Ompenenurts, Kakol BakyyM pa3BHBaeT Hacoc. [IpuHATH mis
MacasgHOro (GuibTpa Kod(QQHUIMEHTBI MECTHBIX CONPOTHBIEHHH (¢ = 6, 1A BXOJa BO

BCaCBIBAIOIIYIO MOJOCTh Hacoca &, = 2 u 11t nu3ruda BcachiBaromen Tpyos! Cysr = 0,8.

Ilpumepnvie 3a0auu no meme «l'udpasnuueckuii pacuem mpyoonpoeooos
3aoaua 1. OnpenenuTb BEIWYMHY NOTEPH [ABJICHMS, BBI3BAHHBIX IOBOPOTOM

Tpybonposoaa nuamerpoM d = 200 MM Ha yron o = 90°. TpyOGonpoBoa HOBBIH CTalIbHOM,
pazmyc oBopota R = 40 M. XKuaxoe maciio Musepansaoe(v = 14,510 m*/c; p = 800 kr/ v°).
Pacxox xuaxocta Q = 0,5 m’/c.

3agaua 2.

Banaua 4.8. Kumkocts ¢ mioTHOCTEIO p = 900 kr/M° m Bs3KocThiO v = 0,01 Cr
HarHeTaeTcs M0 TOpU3OHTAIbHOMY TpyOonpoBoay AnuHoN L =4 M u nuamerpom d = 25 mm.
OnpenenuTh JaBieHHE B HAYAIbHOM CEUEHHHM, €CIM B KOHEUHOM CEYEHMH TPyOOIpoBoJa
JaBlieHHue aTMocepHoe, pacxoa KuIkocTh Q = 6 1/c; IIEepoXOBaTOCTh CTEHOK
TpybomnpoBoga A = 0,06 mm.

3aoauu no pacuemy

971eMEHM 08 2UOPONPUCOOa

3agaua 1. /[ng noxgbsema rpysa

G co ckopocteio v=0,15 wm/c

HCIIOJIB3YIOTCA JBAa THIAPOLMINAIAPA
nuametpom D= 100 mMm. I'py3 cmenieH

OTHOCUTCIIbHO OCH CHMMCTPUHU Tak,




pacCMOTpPEH B 3a1a49€ 8 , €CJIM JUHaAMHNYCCKas BA3KOCTb JKHJIKOCTH

4TO Harpyska Ha mroke 1ro muimnapa F; =6 xH, a Ha mToke Broporo uununapa F» =5 xH.
Kakum nomxeH ObITh KOI(GHLIUEHT MECTHOIO CONPOTUBIEHUS APOCCENs &y, UTOOBI
mwiarpopma momaHMManach 0Oe3 mepekammBanus: [umamerp TpybompoBoma d= 10 wmwm;
IJIOTHOCTH KUAKOCTH p= 900 K/MC. [ToTepsiMu 1o JuTMHE TPYOBI .MMPEHEOPEYb.

3agaya 2. Ompenenuth pacxod >KUAKOCTH, MPOMYCKAaeMbI OrpaHUYHUTENEM pacxojaa, KOTOPBIUA

0,04 ITa‘c 1 ee IIOTHOCTH 890

Kkr/M° BOCIIONB30BaThCs (POPMYJION ISl IOTEPH HATIOPA HA TPEHHE MPH TypOYICHTHOM PEXKUME

CKOPOCTb.

COIIPOTHBIICHUSI TPEHHS OTIPEEIATh 1Mo (hopMyIie

rie D — ruapaBivyecKkuid OUAMETP CEYEHUSI H

[IprHuMas BUHTOBOI KaHaJl THAPABIMYECKU TMaIKUM, Koddduuuent

= — cpensss

, T11e uncio PeifHonbaca

3agaya 3. OrpaHuuuTens pacxoia, KOTOPBIA CIYKUT JUIsl aBTOMAaTHYECKOI'O
MOJJIEPKaHUS TIOCTOSIHHOTO pacxo/ia B CUCTEME MPU MOCTOSSHHOM BXOJHOM JaBJIEHUU P, U
NEPEMEHHOM NPOTUBOJABJIEHUN P, COCTOUT M3 MOJBUXKHOTO nopiHs 1 auamerpom D = 60
MM, uMmerolero orseperue d=10Mm 1 HarpyK€HHOTO MPYKUHOM 2.

[Ipu u3smMeHeHnH MPOTUBOAABIICHUS P MOPILIEHb EPEMEIIAETCS, U3MEHSS OTKPHITHE b
OKOH B Kopmyce 3 TakuM 00pa3oM, YTO pacxo/i Yepe3 OrpaHUuUTENb OCTAETCS TOCTOSHHBIM.

BricoTa mpsMOYTobHBIX OKOH B KOpIyce by =5 MM, ux cymmapHas miomans fo= 1,5
cM”.

Cuntass ycunue npyXMHBI MOCTOSHHBIM M paBHbIM R = 550 H, ompenenuts ans
BXOJ/IHOTO JIaBJICHUS Maclia, paBHOTO P, = 15 MIla:

1. Bennuuny pacxona Q, NoAIepKUBAEMOTO OTPAaHUYUTEIIEM.

2. 3aBUCHUMOCTb OTKPBITHS b OKOH OT MIPOTUBOAABIIECHUS p Y BETUUUHY OTKPBITUS IPU
p=0.

3. MakcuMallbHOE€ 3HAY€HWE MPOTHUBOAABICHUS Pmax , HAUMHAS C KOTOPOTO PaCXoJ
yepe3 OrpaHu4MTENb Oy/IeT yMEHbIATHCS.

by KoadduimenT pacxona oTBepcTrs B MOPIIHE U OKOH B
1’-?{’ G AL xopryce npunsate A =0,6. [Inotrocts Macna = 850 Kr/mC.
2’{ it ' P Vkazanue. Bocnonb30BaThCs YCIOBHEM PaBHOBECHS
Po K cqf-‘ e —— » M. {f .. TIOpUIHS B CIETYIOTIEM BHE:
Sng 3 _-é 9 3 7] @ ﬂD2
4 < 7% Ap——=R
777 4

Rl rne 4 p — mepenan naBneHuit Mo 06€ CTOPOHBI

OTBCPCTHA B ITOPIITHE.



Cxema 1 Cxema 2

IIpumepHoe 3axanue no JiadboparopHoii padore.

ITo MCXOaHBIM TaHHBIM UISI IBYX THJIPOCUCTEM, ITOKa3aHHBIX HA pUC. 1, onpeaenuTh
CKOPOCTHBIE U CHJIOBBIC TTapaMeTPhl THAPOIMINHAPA. Pe3ynbTaThl BBeCTH B TaOHIy. OOBSICHUTH

IMMOJIYYCHHBIC PC3YJIbTAThI.

LXEMA 1 LM 2

nparod xod 1l oo xod 1
aepamts X0 OOpATHEL XO0

DOCTPEienume DOCTPegERumeTb

L

. OOPATHBL KA
TpedaxpasumensHs
KA

| da | | g

Pucynoxk 1 — I'mapaBnnueckue cxeMbl NOAKIIOYEHUS THIPOLMIIUH]IPA




Mpamoit xoa

O6paTHbIN Xo4, Mpamoit xo4, O6paTHbIN Xo4,

OnameTp nopwHA
D, mm

OnameTp WwToKa
d, mm

[aBneHune
HOMMHaNbHOE p,
MTa

HomuHanbHbIN
pacxog Q, n/mMuH

MNnowagb
nopLHesomn
nosoctun, Sn

MNnowagb
LUTOKOBOM
noaocTtu, Swt

CKOpOCTb WITOKA
v, m/c

Ycunme Ha WToke
F,H

IMPUJIOKEHUE 2

OneHovHble cpeacrea AJisi MIPpOBECACHUSA l'lpOMe)KyTO‘{HOﬁ aTrTeCcTalum

a) [lnanupyempble pe3y/ibTaThbl 00y4eHHs U OLIEHOYHbIE CPeCTBA IJIA POBeAeHH s

NPOMEKYTOYHOM aTTeCTANMU:

Koa MHankaTtop
WHOMKAT OOCTUXKEHMA
opa KOMMeTeHuMn

OneHouHbIE CpeACTBa

NMK-2: Cnocob6eH paspabaTbiBaTb NPOEKTHYH, TEXHUUYECKYI0O U HOPMAaTUBHYIO AJOKYMEHTaLlMIo No
ob6oraweHu1io NosiesHbiX UCKONaeMbiX U NepepaboTke MUHEpPaJZibHOIO Cbipbsi, CTPOUTEJIbCTBY U
3KCnlyaTauum oboratutenbHbiX pabpuk

MNK-2.1:

PazpabaTbiBaeT n
oopMAsieT MPOEKTHbIE
peweHna no obbvekTam
nepepaboTku
MWHepanbHOro "
TEXHOIEHHOIO ChbIpbs

Hepeuenb meopemu4ecKux 6onpocoe K zauemy:

1.

SARNANE N

CgoiicTBa pabounx *)uaKocTeil. OCHOBHBIC MOHATHS U
onpeeaeHUs KUIKOCTH.

[110THOCTB U yAEIbHBIN BEC KUAKOCTH.
CKMMaeMOCTD JKUJIKOCTH.

Koaddurnment o6beMHOTO CxKATHS.

KoadduuneHT TerioBoro pacmmpeHus.

Mopynb ynpyrocTu )uaKOCTH.




Koa
MHOMKAT
opa

MHankaTop
[OCTUKEHMUA
KOMneTeHuMmn

OrneHOYHBIC CpPEICTBA

10.
11.
12.
13.
14.
15.

16.
17.
18.
19.
20.
21.

22.

23

33.
34.

35.
36.

37.
38.
39.
40.
41.

42.
43.

44,

Bs13K0CTB JKHIKOCTH.

KoaddunmeHT knHeMaTHIeCKON BA3KOCTH KHUIKOCTH.
KaBuranusi KHIKOCTH, CIIOCOOBI IPEIOTBPAIICHUSI.
OO6nmuTepanus KUJAKOCTH.

I'mapocratuka, OCHOBHBIC TIOHSTHS U OTIPEICIICHUSI.

[ToHsITHE TUAPOCTATUYECKOTO JTABICHHUS.

EnuHuIBI M13MEpeHus THAPOCTATUYECKOTO IaBJICHUSI.
CBoiicTBa THIPOCTATUYECKOTO JABJICHUS.

[ToHATHS THAPOCTATHUECKOTO JABICHHS: aOCOIIOTHOE,
aTMoc(epHOoe, H30BITOYHOE U BaKyyM.
Juddepennnanbaple ypaBHEHHS Diiiepa JjIsl paBHOBECHUS
KHUJTKOCTH.

OCHOBHOE ypaBHEHHUE TUAPOCTATHKH.

3akoH Apxumesa.

3akoH [lackans.

MexaHH3M ¢ UCIIOJIb30BAHUEM ypaBHEHUS THIPOCTATHKH,
JOMKpAT. ¥ MyJIbTUILUIUKATOP.

MexaHH3M ¢ UCIIOJIb30BAHUEM yPaBHEHUS THIIPOCTATHKH,
MYJIbTHILTUKATOP.

N3mepenue naBieHus )KUIKOCTH.

. PaBHOBecCHE KUIKOCTH B COOOILIAIOIINXCS COCYIaX.
24.
25.
26.
27.
28.
29.
30.
31.
32.

Cuna naBneHus )KUJIKOCTH Ha BEPTUKAIbHYIO CTEHKY.
Cuia naBneHus KUIKOCTH HA TOPU3OHTAIBHYIO CTEHKY.
Cuna naBneHMs )KUIKOCTH Ha HAaKJIOHHYIO CTEHKY.
Omnpenenenne TOMIIMHBI CTEHKH.
I'unpoauHamuka, OCHOBHBIE OTIpEAETICHUS.
I'eomeTpust MOTOKOB KUAKOCTH.
Knaccudukaius moToKoB KUIKOCTH
Pexumebl arkenus xuakoctu. Yucmo PeliHonbaca.
JlaMuHapHBIN pEXUM ABUKEHUS KUIKOCTH U €TO
3aKOHOMEPHOCTH.
Pacxon u cpeansisi CKOpOCTh MOTOKA MPH JAMUHAPHOM pEXKHUME.
TypOyneHTHBIN pexkuM TBUKEHUS KUIKOCTH U €TI0
3aKOHOMEPHOCTH.
3aKOH HEPa3pbIBHOCTH MOTOKA XKHUJIKOCTH.
3aKOH COXpaHEeHUsI SHEPTUH JJISl TOTOKA )KUJIKOCTH. Y paBHEHHE
bepuymnnu 1u1st noToka UeanbHOM KUIKOCTH.
VYpaBHenue bepHyiy 175t CTPYHKH UACATBHON KUJIKOCTH.
VYpaBHenue bepHyum U1 NOTOKa peaybHOM KUIKOCTH.
VYpaBHeHue bepHyum 15 CTpYHKH peaabHOMN )KUIKOCTH.
[IpuMeHeHrne OCHOBHBIX YPaBHEHUHN JBUKEHUS TIOTOKOB
KUJKOCTHU I U3BMEPEHUS] CKOPOCTEN U pacX010B KUIKOCTH.
I'mnpocratuueckuii ynap. @opmyna Xykosckoro H.E. nus
ruapoyapa.
CriocoObI pe1oTBpaIeH s THAPABINYECKOTO yaapa..
[ToTepu Hamopa (maByieHus ), onpeaesieMble JITMHON
TpybonpoBoza, popmyna apcu.
OrnpezenieHne MECTHBIX TIOTEPh Haropa (JIaBjIeHus) B
TpyOompoBoje, hopmyna Beiicbaxa.




Koa
MHOMKAT
opa

MHankaTop
[OCTUKEHMUA
KOMneTeHuMmn

OrneHOYHBIC CpPEICTBA

45.

46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
. Hacocsl ruiponpuBo10B, yCIOBHbIE 0003HaYeHUs. THIIBI
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.

58

72.
73.
74.
75.
76.
77.
78.

79.

80.

1.
82.

83.
&4.

85.

Omnpezenenue NoTeps Haropa (JaBjieHus) B TpyOOIpoBoe,
dbopmyna Jlapcu-Beiicbaxa.

Pacuer 06111ero conpoTuBIeHNs B IPOCTOM TPYOOIIPOBOJE.
[TocnenoBarenbHOE COEIMHEHUE MMPOCTHIX TPYOOIIPOBOIOB.
[TapannenbHoe coeJMHEHUE TPOCTHIX TPYOOIIPOBOIOB.
Omnpenenenue NOoTeps AaBJIECHUS B PEaIbHOU FMAPOCUCTEME.
®opmyna Topuuemu.

Hcredenne )xUIKOCTH YEpE3 MajIoe OTBEPCTUE B TOHKOM CTEHKE.
JIOCTOMHCTBA U HEJOCTATKHU TUAPOIIPUBOAA.

YcioBHBIE 0003HAYECHUS B THAPOIIPHBOIAX.

CrpykTypa ruiponpuBoAa.

CxeMbl ¢ 00BEMHBIM PETYIHPOBAHUEM CKOPOCTH JKUAKOCTH.
CxeMbl ¢ peryJIMpoBaHUEM CUJIbI HCOJIHUTEIBHOIO OpraHa;
CxeMmbl ¢ 00BEMHBIM PETYIHPOBAHUEM CKOPOCTH JKUAKOCTH.

l'unponBurarenu, ycioBHbIE 0003HAYEHUS.
[MunpounaHApEL, yCIOBHBIE 0003HAYEHUS.
Pacuet oCHOBHBIX MapaMeTpPOB I'UAPOLMIUHIPA.
lMunpopacnpenenureny, ycaoBHbIe 0003HAYCHHUS.
3anopHble KJIanaHbl, yCIOBHbIE 0003HAUEHUSI.
Krnanans! naBnenus, ycnoBHble 0003HAYECHHUS.
[IpenoxpaHuTenbHble KiIallaHbl, yCIOBHbIE 0003HAUYEHUS.
[ToTouHbIe KIamaHbl, YCIOBHBIE 0003HAUCHUSI.
JIpoccenu, ycIoBHbIE 0003HAYEHUSI.
'upoakKyMymsITOpBI, YCIOBHBIE 0003HAUCHUS.
OUIbTPHI, YCIOBHBIE 0003HAUEHUS.
ITpuGops! KOHTPOJIS TUAPONPUBOAA. Y CJIOBHBIE 0003HAUECHMUSL..
IM'uapaBnuueckast cxema npuMeHenus 1uddepeHImaibHOro
TUAPOLUIUHAPA.
I'maponpuBoA 3aKpEITON TMAPOCUCTEMBI, OCHOBHOM KOHTYP.
I'maponpuBOa OTKPHITON THAPOCUCTEMBI.
Jlornueckue 37I€MEHTHI.
Peanu3arus norndeckux GyHKIMHA B TUAPO- U THEBMOCUCTEMAX.
[TocTpoenue cucteM ynpaBieHUs] KOMOMHAIIMOHHOTO THIIA.
Mertoabl TOCTPOEHHE MHOTOTAKTHBIX CUCTEM YIPABIICHUS.
Cratuyeckue XapaKTepUCTHKU HCIIOJHUTENbHBIX MEXaHH3MOB
MOCTYNATEeNILHOTO U BPAIllaTeIbHOTO JEHCTBUS: (MEXaHUYeCKas,
CKOPOCTHas).
HcnonHuuTenbHbIE MEXaHU3MBI C 00bEMHBIM PETYIHPOBAHHEM
CKOPOCTH.
HcnonnuTenbHble MEXAHU3MBI C JPOCCETbHBIM
perylnupoBaHUEM.
[IponopuuoHansHbIe Ki1anaHsl, [[puHINIEL pabOTHI.
KomnieHcarus Harpy3ku ¢ TOMONIBIO KJIAITAHOB OCTOSTHHOM
Pa3HOCTH JABJICHHIA.
DNEKTPOHUKA YIPABJICHUS AJI IPONOPLUHUOHAIBHBIX KJIAIIAHOB.
Kpurepuu st onpenenenus napamMeTpoB yIpaBICHUS C
ITOMOIIBIO TPOMTOPIIMOHAIIBHBIX KJIalaHOB.
Ceproxanansl. [IpuHIUIBI paOOTEHL.




Koa MHankaTop
UHAMKAT DOCTUNKEHWA OneHouyHbIE CpeCTBA
opa KOMMeTeHLuu
86. AnnmapaTHas TEXHHKA.
87. KoHTyp perynupoBaHusi.
88. BrnusHue qIuHaMHUYECKUX CBOMCTB CEpBOKJIANlaHa HA KOHTYP
peryaupoBaHusl.
89. OunpTpanysa Ha TUAPABIMYECKUX YCTAHOBKAX C
CepBOKJIaNiaHaMU U IPOIMOPIIMOHAILHBIMU KJIallaHAMHU.
90. IIpuMepbl BBIMOTHEHHBIX YCTAHOBOK C HCIIOJIb30BaHHEM
MPONOPIUOHAIBHBIX KJIANaHOB.
91. IIpumepsl BHITOTHEHHBIX YCTAHOBOK C MCIOJIB30BAHUEM
CEPBOKJIANaHoB.
92. DkcrryaTaius IpOHOPIUOHATBLHON TEXHUKH U CIESIIETO
TUAPONIPUBO/IA.
MK-2.2: | PaccunTbiBaeT v | Ilpumepnsvle npakmuueckue 3a0anus 01 3auema:
KoMnoHyeT 1. B nBycTopoHHEM rMAPOLMINHAPE AuaMeTp nopuHs D = 160
obopynoBaHue ans
MOArOTOBUTENbHbIX, MM, JuaMeTpbl ITOKOB d=80MM u dr = 100 mm. IIpu
OCHOBHBbIX n pabouem nasnenuu p = 10 Mlla, npoTuBOIaBICHUH B
ﬁ;';i':ggi;en"%'x CIIMBHOM TIOJIOCTH Py = 0,15 MITa u pacxosie Maciia paboueit

oboralieHns nonesHbIx
MCKOMaeMbIX

nosiocthio 0,1 J1/c onpenenuTsh YCUINe U CKOPOCTb,
pa3BUBaeMbI€ IITOKOM MPU JBUKEHUU BIPABO U BIIEBO.
[Ipunsare mexannueckuit KII/I runpounnunpa 0,96;
00BEMHBIH — 1.

| |
L ]

b
|
o
|

+ 3

KI/M°  H

1200

nmHAMAgecKnit Kodddumment Bs3koct 2-107 ITa-c, u3 Gaka

>KI/II[KOCTI), HMEronias TIJIOTHOCTH
C MOCTOAHHBIM YPOBHEM 1 camoTekoMm MOCTYHacT B pCaKTOp

2. Omnpenenuth, Kako€ MAaKCUMaJIbHOE  KOJUYECTBO
KHUJIKOCTH (TIPU TIOJIHOCTBIO OTKPBITOM KpaHE) MOXKET
MoCTymnaTh U3 0aka B peakTop. YPOBEHb *KHMJIKOCTU B Oake
HaxOOUTCsl Ha 6 M BBIIIE BBOJA JKUJIKOCTH B PEAKTOP.
TpyOorpoBoa BBINOJHEH M3 AJIIOMUHUEBBIX TpyO ¢
50

TpyOONpoBOa, BKIIOUAs MECTHbIE CONPOTUBIEHUS, 16,4 M.

BHYTPEHHUM  JIHaMETPOM MM. OOmass  JgIMHA

Ha TtpyGomnpoBosie umeroTcst Tpu KojieHa U KpaH. B Gake u
peakTope AaBlIeHHE aTMOCHEPHOE.
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H=6Mm

3. IlomoOparh HEOOXOAMMBIH AWAMETP MHJIMHIPHUYECCKOTO

Hacagka (u=0,82) ¢ TakuM pacdyeToM, 4TOOBI 4Yepe3 HEro

3
BbITekasto 77000 kr/a HedTH TIOTHOCTBIO 865 Kr/™M”. Hamop
H nocTosiHHbIN U paBeH 12 M.

IlpumepHnule 3a0anun Ha peuienue 3a0au u3 npogheccuoHanIbHol
oonacmu

4. Ha pucyHke moka3zaHa yIpoOIIeHHas cXxemMa OOBEMHOIO

THJPOTIPUBO/Ia TIOCTYMATENILHOIO JIBUXKEHUS C JIPOCCETbHBIM
pEryaupoBaHUEM CKOPOCTH BBIXOTHOTO 3BEHA (IITOKA), T1ie / -
Hacoc, 2 - peryaupyemslil apoccens. [Tok ruapormmunapa 3
HarpyxeH cwion £ = 1200 H; muamerp nopmnsa D = 40 mwm.
[IpenoxpanntenpHplid  KnamaH 4  3akpeiT.  Onpenenurtsb
JTaBJIEHWE Ha BBIXOJIE M3 HAcoca M CKOPOCTh IepeMeleHHs
MOPILHS CO IITOKOM Vy IPH TaKOM OTKPBITUH JPOCCeNsi, KOraa
€ro MOJKHO paccMaTpuBaTh KaK OTBEPCTHE IUIOLIANBIO S) =
0,05 cM” ¢ kodddummentoM pacxona p = 0,62. [Toxaua Hacoca
0 =0,5 n/c. TInotHOCTH *uaKoctH p = 900 kr/m°. [ToTepsmu B
TpyOoIpoBogax npenedpeub. [locTpouts rumpaBInyecKyro
CXEMY, 3a/1aTh HACTPOIKY KianaH 4, CMOJIEIHPOBaTh paboTy
I'C.

CoriacHo 3aJaHHOM JUarpaMMBbl IepeMeIeHus pa3padboTaTh
CUCTEMBI yIpaBlieHUs: | - UCHONB3YS peleHO-KOHTaKTHbIE
CXEMBI, 2 - HCHOJB3ys (CUMYIATOpP) KOHTpoJUiepa B
nporpamme  FluidSim-H. B 3amamum: A u C -
TUAPOLMIUHAPE, B — rumpoMoTop Aisi BceX BapUaHTOB.
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Heuernbie Bapuantsl 10 9: nmwimHap C JIBYCTOPOHHETO
JIEUCTBUSA  BEPTUKAIBHOTO  pacnojoxeHus. Harpyxen
OonpmuM BecoM. [IpeaycMOTpeTh MO3MIIMOHUPOBAHUE B
TEUEHHE JJIUTEIbHOr0 BpeMeHHu. YeTHbie BapuaHThl 10 10:
UWIMHAP A  JIBYCTOPOHHETO JICUCTBUS BEPTUKAJIBLHOIO
pacrniosioxenust. [IpenycMoTpeTs OJUHAKOBYIO U OBICTPYIO
CKOpPOCTb NEPEMEILCHHS KaK MPU BBIABUKCHUHU, TaK U MPHU
BTsATrUBaHuu. 11 - 16  BapuaHThl  IPELYCMOTPETH
BO3MOKHOCTh JIUCTAHLIMOHHOTO YIPaBJICHUS YCUJIIUSMU B
I'll ¥ MOMEHTOM B THIAPOMOTOpPE B TOCIEAHEH TPETU
BpPEMEHHU IIMKJIA. Jlns Bcex BapuaHTOB OOECIICYUTH
IJIaBHBIN pa3roH rUApPOMOTOPA U €ro MJIaBHOE TOPMOKEHHUE,
a TaKkKe MpelycMOTpeTh peXuMbl paboTel «Komanmay,
«ukm», «Astomar». IIpemycMoTperb  BO3MOYKHOCTH
3(PEKTUBHOTO  HCIOJB30BAHHMS  SHEPIHUM  HACOCOB.
JlobuTbcs, 1O BO3MOXKHOCTH, MakcumaiabHoro KIIJI
TUJPOCUCTEMBI.

13 14

A A

. I '
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6. Hcxons U3 KOHTAKTHO-PENEHHOM CXEMbl yIpaBJICHUS

MHOT'OIBUTaTEIbHBIM THAPOIPUBOIOM MTOCTPOKTE
TUarpaMMy «repeMelleHre-1mar s 4 THAPOABUTaTeIICH
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0) ITopsinok npoBeneHust NPOMEKYTOYHOM aTTeCTALMH, TOKA3ATEJM H KPUTEPHH
OLICHUBAHUS:
IIpomesxyTouHas arrectanus o AUcHUILIMHE «[ MapoMexaHuKa» BKIOYAET TEOPETUUECKUE

BOIIPOCHI, TO3BOJISIOIINE OLEHUTh YPOBEHb YCBOCHHUS 00YJAIOIIMMUCS 3HAHUH, U TIPAKTHYECKUE
3a[jaHMsl, BBIABISIONINE CTETIEHb CPOPMUPOBAHHOCTH YMEHUHN U BIIaICHUH, TPOBOIUTCS B (hopme
3a4eTa.

3aueT no JaHHOW AMCUMUILIMHE MPOBOJUTCS B BIJI€ OTBETOB HA TECTOBBIC 3a/1aHus. TecThl
BBIKJIQ/IbIBAtOTCS Ha noptae MI'TY.

Ilokazamenu u Kpumepuu ouenueanusn sauema:
«3a4TEHOY - BBICTABIISCTCS IIpU yCJIOBHH, €CJIU CTYACHT IIOKA3bIBACT XOPOUIUC 3HAHUA

yueOHOro MaTepuaja 1o TeMam Kypca, 3HaeT OCHOBHbIE 3aKOHBI THIPOMXaHUKHU, YCTPONUCTBO U
NPUHIUI PabOThI THAPOANIIAPATOB, YMEET COCTABIATH PUHIMITHAIBHBIC THIPABINYECKUE U
IIEKTPUUYECKUE CXeMBI. [IpH 3TOM CTyIEHT JOrMYHO U MOCJIEN0BAaTENIbHO U3JIaracT MaTepuall,
PacKpBIBAET CMBICII BOIIPOCA, JA€T yIOBJIETBOPUTEIbHBIC OTBETHI HA JOIOIHUTEIbHBIE BOIPOCHI.

«He 3auTeHOo» - BBICTABIISIETCS IPU YCIIOBUH, €CJIU CTYIEHT BJIa/Ie€T OTPHIBOYHBIMU
3HAaHUSMM 10 TEMaM Kypca, JaeT HEeMOJIHbIe OTBETHI HA BOIIPOCHI U3 OCHOBHOM JIMTEPATypHl,
PEKOMEH/I0BaHHOH K KypCy.

MeToauyeckue peKOMeHAMHU /1JIsl MOATOTOBKH K 3a4eTy

[Ipu mMOATrOTOBKE K DK3aMEHY y CTYJEHTa JOHKEH ObITh XOPOIIUK YYeOHUK MM KOHCTIEKT
JAUTEepaTyphl, TMPOYMUTAHHOW MO YKa3aHHUIO TIperojaBaTeNsi B  TEUEHHUE CeMecTpa.
KoncnektupoBanue MOMKHO OCYHIECTBIATHCS OOYYAIOUIMMCS TOJIBKO JIHIIb CAMOCTOSATEIHHO.
[TpocMOTp COOCTBEHHBIX KOHCIEKTOB MO3BOJSET OOydaromemMycs ObICTPO BOCCTaHABIMBATH B
MaMsITH COJIep)KaHNe UCTOYHHUKA.

B nauane ciemyer mpocMOTpeTh BECh MaTEPHAI MO CAABAEMOM NUCIUIUIMHE, OTMETUTH JJIs
cebs TpymHble Bompochkl. OOs3aTenbHO B HUX pa3zoOparbcs. B 3akimrodenune emie pas
11€JIECO00Pa3HO MOBTOPUTH OCHOBHBIC TMOJIOXKEHUS, UCIOIb3Yys MPU STOM OIMOPHBIE KOHCIEKTHI
nexkuuii.  Ilpuw 3TOM HyX)HO 0OpaTuTh 0Cc000€ BHMMaHHWE HA TEMbl YYEOHBIX 3aHSITHH,
MPOMYIIEHHBIX CTYACHTOM 10 Pa3HBIM MIPHUYHUHAM.

Ecnu B mpotiecce caMoCTOSATENbHON PabOTHl HAJl M3YYEHHEM TEOPETHUECKOro MaTepuaa
WM TIPH PEIICHUH 3aa4 Y CTYJCHTa BO3ZHUKAIOT BOMPOCHI, Pa3pelINTh KOTOPHIE CAMOCTOSTEIIEHO
HE y/1aeTcs, He00X0IMMO 00PATUTHCS K MPEIOIaBaTENIO sl OMyUYEHUs Y HETO pa3bICHEHUN WITH
yKa3aHWid. B CBOMX BOMpocax CTYACHT JO/HKCH YEeTKO BBIPAa3WTh, B YeM OH HCIBITHIBACT
3aTpyJHEHMs], XapaKTep 3TOro 3aTpyJHEHUS. 3a KOHCYJIbTAIMeH cienyeT o0paliaThCcs U B cllydae,
€CJIM BOBHUKHYT COMHEHHS B IPABHJILHOCTH OTBETOB Ha BOIPOCHI CAMOIIPOBEPKH.



