MMHUCTEPCTBO HAYKHU U BBICIIEI'O OBPASOBAHIA
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BBICILIETO 00pa30BaHUs
«MarsuToropcKkuii rocy 1apCTBEHHBIN TeXHUYeCKU yHuBepcureT uM. I'.11. HocoBa»
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PabGouas mporpamma cocraBneHa ©Ha ocHoBe DOI'OC BO - coemuamurer 1O
cnenmanbHOCcTH 21.05.04 TopHoe neno (mpukas Munodprayku Poccun ot 12.08.2020 1. Ne 987)

Pabouas nporpamma paccMOTpeHa 1 0100peHa Ha 3aceaHuu kadeaps! ['OpHBIX MallIiH 1
TPAHCHIOPTHO-TEXHOJOTHYECKUX KOMILJIEKCOB
08.02.2021, npotokon Ne 5

4 2
3aB. kadeapoit '"{%if'i/ - A.M. MaxutoB
| e
PaGouas mporpamMma o106peHa Metoandeckoit komucenein I InT

15.03.2021 r. npoTokos Ne 5
I[Ipencenarens 44\\ HN.A. IbITanes
CornacoBaHo:

3aB. kadenpoit PazpaboTku MECTOPOKICHHIA TIOJE3HBIX BCKOACKBIX

G 7 | C.E. I'aBpumies
PaGouas mporpamma cocTaBiieHa:
o1e dbenps I'MuTTK, KaHJI. TEXH. HayK
A.M.Ounaros

~—

Peuensenr:
3aB. oopatopueit OO0  «Ypanl'eollpoekr ,  KaHA.  TeXH. HayK

W N.B.1umkun

./



JIuer akTyaqusanuu padodei mporpaMmmsbl

PaGouas nmporpamma nepecMoTpeHa, 00CykaeHa U o100peHa i peanu3anuu B 2022 - 2023
y4ueOHOM rofy Ha 3acefaHnu Kadenpsl [ OpHBIX MAIIMH ¥ TPAHCTIOPTHO-TEXHOJOTHUECKHUX

IIporoxomor 20 . Ne
3aB. kadenpoit A.M. MaxuToB

Pabouas mporpamma nepecMoTpeHa, oocyxieHa u ogo0pena i peamuzauuu B 2023 - 2024
y4eOHOM Toly Ha 3aceqaHuu kKadenpsl ['OpHBIX MaIIMH U TPAHCTIOPTHO-TEXHOJIOTUIECKUX

[Iporokomor 20 . Ne

3aB. kadenpoit AM. Maxuros

Pabouas mporpamma nepecMoTpeHa, o0cyxieHa u ogo0pena i peamuzauuu B 2024 - 2025
y4eOHOM Toly Ha 3aceqaHuu Kadenpsl ['OpHBIX MaIIMH U TPAHCTIOPTHO-TEXHOJIOTUIECKUX

[Iporokomor 20 . Ne

3aB. kadenpoit AM. Maxuros

Pabouas mporpamma nepecMoTpeHa, oocyxieHa u ogo0pena i peamuzauuu B 2025 - 2026
y4eOHOM To1ly Ha 3aceqaHuu Kadenpsl ['OpHBIX MaIIMH U TPAHCTIOPTHO-TEXHOJIOTUIECKUX

[Iporokomor 20 . Ne

3aB. kadenpoit AM. Maxuros

Pabouas mporpamma nepecMoTpeHa, oocyxieHa u ogo0pena i peamuzanuu B 2026 - 2027
y4eOHOM To1ly Ha 3aceqaHuu Kadenpsl ['OpHBIX MaIIMH U TPAHCTIOPTHO-TEXHOJIOTUIECKUX

IIpotokonor 20 1. Ne

3aB. kadenpoit AM. Maxuros

Pabouas mporpamma nepecMoTpena, oocyxieHa u ogo0pena /i peamuzanuu B 2027 - 2028
y4eOHOM Toly Ha 3aceaHuu kKadenpsl ['OpHBIX MaIIMH U TPAHCTIOPTHO-TEXHOJIOTUIECKUX

[Iporokomor 20 . Ne

3aB. kadenpoit AM. Maxuros

Pabouas mporpamma nepecMoTpeHa, oocyxieHa u ogo0pena i peanuzauuu B 2028 - 2029
y4eOHOM Toly Ha 3aceqaHuu Kadenpsl ['OpHBIX MaIIMH U TPAHCTIOPTHO-TEXHOJIOTUIECKUX

[Iporokomor 20 . Ne

3aB. kadenpoit AM. Maxuros




1 Lesiu ocBOeHMs TUCHMILIAHBI (MOLYJIs1)

Lesb10 TUCUUIUINHBI SIBIISIETCS :

- U3y4eHHE U OBJIAJICHUE CTYACHTAaMH 3HAaHUM 3aKOHOB TUJIPOCTATUKH U THIPOJUHAMUKI
U peasM3aliii UX B THAPONPUBOAAX TOPHBIX MAIIMH U 000PYI0BaHHH,

- OBJQJICHHE HABBIKAMHM BBITIOJHEHUS OSKCIEPHUMEHTAJIBHBIX M Ja0OpaTOPHBIX
UCCIIeIOBAaHUN, MHTEPIPETAIMH MTOJTyYEHHBIX Pe3yJIbTaTOB, COCTABJICHHUS U 3aIUTHI OTYETOB I10
npoJieNlaHHOM paboTe,

-OBJIaJICHUE JOCTATOYHBIM YPOBHEM NPO(HECCHOHATBHBIX KOMIIETEHIMI B COOTBETCTBUH
¢ tpeboBanmamu @OI'OC BO mno wnHampasnenuto mnoarotoBku 21.05.04 Topuoe neno
crierau3anyst OTKPBIThIE TOPHbBIE PAOOTHI.

2 MecTo JUCHUINVIMHBI (MOAYJIs1) B CTPYKType 00pa3oBaTeIbHOM IPOrp aMMblI

JucimnuHa ['mapoMexaHmka BXOAWT B YacThb Y4YeOHOTO IulaHa (HOPMHUPYEMYIO
y4acTHUKaMU 00pa30BaTeNIbHBIX OTHOIIEHUH 00pa30BaTeIbHOM MPOrpaMMBI.

JInst  W3ydyeHus ~ OUCHUIUIMHBI ~ HEOOXOOuMBI  3HaHUS  (YMEHHs,  BIIQJICHUS),
c(OpMHUPOBaAHHBIE B pE3yJIbTaTe U3yUEHUs TUCIUIUTHH/ MPAKTHK:

I'opHble MaIMHBI 1 000PYIOBaHKE

®usuka

3HaHus (yMEHUs, BIAJCHHA), MOJIyUYCHHbIC MPH W3YYCHUH JaHHOW JAUCUMIUIMHBI OyIyT
HEOOXOAUMBI [Tl U3yUEHHS JTUCIUILTUH/ TIPAKTHK:

BeimonHenne, MOATOTOBKa K  NPOIEAYpe 3alIMTBl M 3al[UTa  BBITYCKHOU
KBTI () MKAIMOHHOM paboThI

3 KomneTeHnum ody4yaronierocsi, popmupyembie B pe3yjbTaTe 0CBOCHUS

AUCHMILIMHBI (MOAYJISA) U IVIAHUPYEeMble pe3yJbTATbl 00yUeHUsl

B pesynprare ocBoeHHMsS AMCHMIUIMHBI (Momyns) «['mapomMexaHuWKa» o0Oydaromuiics
J0JDKEH 00J1a/1aTh CIeTyOIMMU KOMIIETEHIIUSIMU:

KO,Z[ HHAUKATOpa I/IH,Z[I/IKaTOp JOCTHXKCHHUA KOMIICTCHII

[IK-1 Crocoben pa3pabaTbiBaTh pas3feinbl HPOEKTOB CTPOUTEIBCTBA, PEKOHCTPYKLUUH H
TEXHUYECKOTO TMEpPEBOOPYKEHUsI OOBEKTOB OTKPBITBIX TOPHBIX pabOT, MPOEKTHYIO U
TEXHUYECKYIO JOKYMEHTAIMIO C YYETOM TpeOOBaHHNA MPOMBIIIIICHHON 06€301acHOCTH

IK-1.1 OO0O0CHOBBIBAET INIaBHBIEC TApAMETPhI Kapbepa, BCKPHITHE KapbepHOTO MOJIA,
CHCTEMBl OTKPBITOM pa3pabOTKH, PEKUM TOPHBIX PabOT, TEXHOJOTHIO U
MEXaHHU3AIMI0 OTKPBITHIX TOPHBIX pabOT, METOABI MPO(UIAKTUKI aBapuil U
crocoObl IMKBUJAIMH MX TOCIEICTBUMA

I1K-1.2 [Ipoexktupyer NpUPOAOOXPAHHYIO NEATEIBHOCTh IPU OTKPBITBIX TOPHBIX
paborax
IIK-1.3 Hcnonb3yer WHPOpPMAIMOHHbIE TEXHOJIOTUM TPU  MPOCKTHUPOBAHUHU

KapbepoB




4. CTpyKTypa, 00b€M M coflep:kaHHe JHCHUILIUHBI (MOTYJIsT)

OO6mast TpPyA0EMKOCTh JUCIUILIIHBI COCTaBIIIET 4 3a4eTHBIX enuHAI] 144 akaz. 4acoB, B TOM YHCIIE:
— KOHTaKTHast paboTa — 8,4 akaj. 4acos:

— ayUTOpHAs — § aKaj. 4acos,;

— BHeayauTopHas — 0,4 akaz. 4acos;
— caMocTosTenbHas padota — 131,7 akan. 4acoB;
— B opMe npakTHIecKoi noarotoBku — 0 akax. gac;

— TOJITOTOBKA K 3a4€Ty — 3,9 akax. gac
®opma aTTeCcTalMY - 3a4€T

AynuTopHast s
KOHTaKTHas1 paboTa 55 ®dopma Tekymero
B aKajl. 9acax 8 X Bu KOHTPOIIS
Paznen/ Tema é ( A ) = A . P Koxn
3 © | camoCcTOATENBbHON |  yCIIeBaeMOCTH H
JIACTUTITAHBI < S = . | xommerennun
S E paboTs! IIPOMEXKYTOYHON
nab. t]
Jlek. npakr. 3an.| 3 'S arrecrannu
3aH. O =
1. Tema 1
[Touck
JIOTIOJTHUTEILHO M
“HPOPMALIUH 110
bop N [Ipoxoxnenue
3aJIaHHOM Teme
1.1 Xunmkocte u  ee BBOJIHOTO K
¢bmmaeckne CBOICTBA. Tozrotosxa tecta.Craua 3amad I :_1' ?
Cunsl ciictayiomme 8| > | &7 0,5 4 | madopa-opomy || Lo RmkocT -1.2,
» A the 3aHiATHIO. Perenue e [K-1.3
JKUJIKOCTH. U ee pU3uIecKue
3aJlaHHBIX 337134 TI0 N
CBOHCTBaY.
Teme « KuaIKocTs u
ee puzmgeckue
CBOMCTBa»
Hroro no pasgeny 0,2 0,5 4
2. Tema 2
[Touck
JIOTIOJTHUTEILHO M 3ammra
2.1 I'mnpocraruka: “HPOPMALIUH 10 nabopaTopHOt
nuddepeHpatsHbIe 3aJJaHHOH TeMe paboTsr Nel «
YpaBHEHUSA paBHOBecHs INoaroroBka duznueckue [K-1.1,
JKHAIKOCTH; oc-HoBHoe| 3 | 0,2 | 0,25 5 T1ab0paTOpHOMY CBOWCTBa IIK-1.2,
YPaBHEHUE  THUAPOCTATHUKU; 3aHATUIO. KHUJKOCTI. IK-1.3
OCHOBHI TUPOCTATUKHU. Pewenue Cpnava 3a1a4 1o
YpaBHeHus Diinepa. 3aJjaHHBIX 3a1a4 10 pasznenam
paznenam THUIPOCTATHKY.
THUIPOCTATHKY.
Hroro no pasgeny 0,2 | 0,25 5

3. Tema 3




TTownck
JTOTIOTHUTEIHHO M
nHpopManuy 1o

3.1 I'ugpoaunamuka: 3aJJaHHOH TeMe.
KHHEMAaTHKa KHUITKOCTH, Pabotac
BUBI JBUKCHUS J>KHIKOCTH, KoMmbloTepHBIMU |Cada 3a1ad mo Teme IIK-1.1,
3aKOH COXpaHEHUs] MaccChl, 0,2 7 oOydatommmu | «PexXuMBI TBHKECHUS IIK-1.2,
YpaBHECHUE IIPOrpamMMaMHu. KUJKOCTI. IK-1.3
Hepa3pbIB-HOCTH. OCHOBEI [onrotoBka k
JIMHAMUKH JKATKOCTH. 1ab0paTo-HOMY
3aHiATHIO. Perenue
3aJ1ad 1o paszienam
THUIPOCTATHKY.
HUroro o pazneny 0,2 7
4. Tema 4
[Touck 3armmTa
JIONOJIHUTEIILHOI nmabopaTopHOH
nHpOpMamH mo a00Ter No2
4.1 OcHOBHBIE ypaBHEHHS Gop " P
IHIO MHAMEKE 3aJJaHHOH TeMe. «H3y4yenue IK-1.1,
N N 0,25 10,25/0,251| 9,7 IloaroToBka k puOOPOB ISt IIK-1.2,
OJHOPOJTHOM HEC)KHUMaeMO
11abopaTopHOMY HU3MEPEHUS IK-1.3
KHUJIKOCTH.
3aHATHIO. Pemenue JTaBJICHHS .
3a/1a4 1o Cpnava 3a1a4 1o
TUIPOTUHAMUKE. TUIPOTUHAMHUKE.
Hroro no pazneny 0,25 10,25/0,251| 9,7
5. Tema 5
[Touck
JIOTIOJTHUTEILHO M
5.1 Tema. JIBroxeHue nHpopManuH 1o
HaeanbHoOM JKUJIKOCTH, 3a7jaHHOM TeMe. IIK-1.1,
3ammra 3a1a4 1mo
ypaBHEHUE bepnymm, 0,2 0,5/0,51 10 IToaroToBka k IIK-1.2,
TUIPOTUHAMHUKE.
¢bm3IIecKas HHTEP-TpeTarus 11abopaTopHOMY IK-1.3
ypaBHeHus bepHymm. 3aHATUIO. Pemenue
3a/1a4 1o
TUIPOTUHAMUKE.
Hroro no pazneny 0,2 0,5/0,51 10
6. Tema 6
3armmTa
nabopaTopHOit
. [Touck parop
6.1 JIBmxeHmne BSI3KOM OO NMHATCIBHOG paboter Ne3 IIK-1.1,
HECO)KUMAEMOUW  KUIKOCTH. 0,2 | 0,25 8 A «W3mepenue IIK-1.2,
nHpopManuy 1o
VYpasuenus HaBpe-Croxca. o TUIPOCTATHYECKOrO IK-1.3
3aJIaHHOH TeMe.
JTaBJICHUS
KHUITKOCTI.
Hroro no pasgeny 0,2 | 0,25 8
7. Tema 7
7.1 OCHOBBI Teopuu
TH,
PO TUHAMITIECKOTO Mouck
nozo6us. Kpurepun OTIOTHHUTENEHOH 3ammrta 3aqa4 TK-1.1,
IHIPOAMHAMHYECKOTO 0,2 0,25/0,251| 8 i wbopaam o |Tpoxo eaugTeéTa IK-1.2,
o1ooms. IIpumepst pMal POXOAA ) IK-1.3
3aJIaHHOH TeMe.
WCTIONIb30BaHUS B PCIICHUU
TUIPOIUHAMIMECKHX 3a/1ad.
Hroro no pazneny 0,2 0,25/0,251]| 8

8. Tema 8




8.1 'mapaBnmaeckue moTepu

3ammTa
SHeprur. Pexumbl TedeHHs o
Iouck nmabopaTopHOH
JKATIKOCTH. Yucio N IIK-1.1,
N o JIONOJIHUTEIIbHOI paboTer Ned
Peiinonbaca.  JlamuHapHBIHN 0,25 IIK-1.2,
nHpopManuy 1o «H3y4yenue
PE&KUM TEUCHHS JKUIKOCTH. N IK-1.3
Dopmyna Croxca 3aJaHHOM TeMe. | CTPYKTYpHI IOTOKOB
Co HKHATKOCTH .
3axoH ["arena-Ilyazeiins
Hroro no pasgeny 0,25
9. Tema 9
9.1 MecTHble OTEpH Iouck
o [K-1.1,
sHeprun. BrmBox dopmymsr JIOTIOJIHUTEIIEHOM 3ammTa 3a1ad.
0,25/0,251 IK-1.2,
bopna — Kapro. Bugst napopmanym o | IIpoxoxaenue TecTa. K-1.3
MECTHBIX COIIPOTUBIICHUI. 3aJJaHHOH TeMe o
Hroro no pasgeny 0,25/0,251
10. Tema 10
10.1 Knaccudukanus 3aupra N
Iouck nmabopaTopHOH
TpyOOTIpOBOIOB o IK-1.1,
N JIONOJIHUTEIILHOI paboTsr Ne5
I'unpaBnueckuit pacuer 0,2 | 0,25 IIK-1.2,
nHpopManuy 1o «Ompenenenue
TpyOOmpoBomoB.  [Ipumepsr . IIK-1.3
aCaeTa TPYGONPOBONIOE, 3aJaHHOM TeMe. | peXHuMa TeUeHHS U
p €ro XapaKTEPHUCTHKY.
Hroro no pasgeny 0,2 | 0,25
11. Tema 11
11.1 HctedyeHue >XUIKOCTH
U3 OTBEPCTUH M HACAIKOB.
Knaccudukanust orBepcTuii Iouck K-1.1
n nuctedeHuit. OcoOeHHOCTH JIONOJIHUTEIbHOI 3ammTa 3a1ad. Y
o 0,25/0,251 [K-1.2,
HCTECUEHHSI U3 OTBEPCTHUIL. napopmanym o  |IIpoxoxaenue TecTa. K-1.3
Ocobennoctr U 3aaHHOM Teme '
XapaKTePUCTHKN HCTCUCHHS
XKHUIKOCTU U3 HACAKOB.
Hroro no pasgeny 0,25/0,251
12. Tema 12
12.1 I'mnpaBiandeckuii yaap B 3ammTa
TpyOax. [pu4unel Iouck nmabopaTopHOH
o N IK-1.1,
BO3HUKHOBeHMA. [lpsamol u 0.25 JIONOJIHUTEIILHOI paboTsr Ne6 K-1.2
HenpsAMoil ruapoynap. Mepst ? nHpopManuy 1o «HnmocTpanus HK-I. 3’
MIPEXOTBPAIICHUS 3aaHHOH TeMme. YpaBHEHHUS ’
TUApoyaapa. Beprymm».
Hroro no pasgeny 0,25
13. Tema 13
é3.1 . I'ugponpuso b Tomucxk
Kﬂ?c}z;gﬁm st " JIONOJIHUTEIbHO I Sammra sanaq [K-1.1,
8 0,2 0,25/0,151 JHTEpaTypBI 10 HHITA a7 TK-1.2,
THPOTIPUBOJIOB. . [IIpoxosxneHue TecTa.
paccMaTpuBacMoi IK-1.3
I'mgpoannaparypa
TeMe.
YIIpaBJICHHSI.
Hroro no pazneny 0,2 0,25/0,151

14. Tema 14




14.1 I'mppomarvel.

Hctounnkun  mUTaHUS bt TTownck
HUCTIOJTHUTETbHBIC JTOTIOTHUTEIHHO M Sammra sanaq IIK-1.1,
YCTPOMCTBAa — KOHCTPYKIHMH, 0,2 0,5 8 “HPOPMALIUH 10 I o L. IIK-1.2,
.. | [Ipoxoxxnenne Tecta
rapaMeTphl, KJIacCU(uKaris. paccMaTpuUBacMoi IK-1.3
Pacuer mapamerpoB u BBIOOp TeMe
TUIPOMAIIIHH TI0 KaTajioTraMm
Hroro no pasgeny 0,2 0,5 8
15. Tema 15
[Touck
151 Meromxa acuera JTOTIOTHUTEIHHO M 3a IIK-1.1,
0B HeMEOTO rIl 0 1/11330 a 0,25 8 MHGOPMAIMH IO oxgI HTZ;I:??‘ZCT&). MK-1.2,
HAPOTIPHBOAA. paccMaTpuBacMoi POXOA ' IK-1.3
TeMe.
Hroro no pasgeny 0,25 8
16. Tema 16
3armmTa 3a1a4.
[Ipoxoxnenue tecta.
16.1 TypOomammmHs!. Honcxk N Sampra N
Tupomy ! JIONOJIHUTEIbHOI nabopaTopHOH [K-1.1,
’ 0,2 | 0,25 0,25 8 “HPOPMALIUH 10 paboTer Ne7 IIK-1.2,
I'mppoTpancdopmarTopsl. .
paccMaTtpuBaemMoit «Omnpenenenne [K-1.3
[Ipumenenue.
TeMe. oTEph HATIoOpa
TpyOOIPOBOZIA IO
TITTHHE)
Hroro no pazneny 0,2 | 0,25 0,25 8
17. Tema 17
17.1  Pacuer  OCHOBHBIX| Tomex . Cnaua
MapaMeTpoB JIOTIOJHUTENHHON |1ab0opaTopHbIX paboT IK-1.1,
0,25 10,75/0,751| 8 JIUTEpaTyphl 1O " 3a7a4. IIK-1.2,
TUIPOIUHAMIMECKAX MAIluH .
paccMaTtpuBaemMoit [Ipoxoxnenue [K-1.3
U CHUCTEM BOIIOOTIIMBA.
TeMe. HUTOTOBOTO TECTA.
Hroro no pazneny 0,25 10,75/0,751| 8
Hroro 3a cemectp 2 2 4241 | 131,7 3a4éT
Hroro no mpucurmae 2 2 4241 | 131,7 3a4er




5 O6pa3zoBaTe/ibHbIE TEXHOJOT MU

OO0pazoBaTenbHbIE TEXHOJIOTUH

Jns  peanmu3anuM  NPEIyCMOTPEHHBIX BHJIOB yueOHOH paboThl B  KauecTBe
o0pa3oBaTeNbHBIX ~ TEXHOJOTHMH B  MPENOAaBaHUU  JUCHMIUIMHBL  «[ MIpOMEXaHuKa»
UCTIONIB3YIOTCS  TPAJAMIMOHHAsA, MHTEPAKTUBHAs M HMHPOPMAIMOHHO-KOMMYHHKAIIMOHHAS
oOpa3oBarebHbIE TEXHOIOTHH.

Ha 3aHATHAX IIpeyCMaTpUBAETCS UCIIOJIb30BaHUE AJIEKTPOHHOTO
J€MOHCTPAIIMOHHOTO-y4eOHOTO MaTepHana COJEPIKAIIero CJIO0XKHbBIE CXEMbl, TaOIuIbl |
MaTemarudeckue (opmysbl. MynbTumenuiiHoe 00OpYIOBaHHE MOXKET OBITh HCIOJIB30BAHO
TaKXe U CTyACHTaMH JJISl IEMOHCTPAIUHU PE3YJIbTATOB BBIIOJHEHUS JTa00pAaTOPHBIX PadoT.

1. TpanuumoHHble 00pa3zoBaTeNbHbIE TEXHOJIOTUH OPUEHTHUPYIOTCS HA OpPraHU3aLUIO
0o0pa30BaTeNbHOTO  MpoIecca, MPEANOJIATAIONIYI0 MPSIMYI0 TPAHCIHALMIO 3HAHUM  OT
NperoiaBaTelisi K CTYJEHTY (MPeHMYIIECTBEHHO Ha OCHOBE OOBSICHUTEILHO-HILTIOCTPATUBHBIX
METOJI0B 00y4eHus1). Y4ueOHas AesiTeNbHOCTh CTYACHTa HOCUT B TAKUX YCIIOBUSIX, KaK MPABUJIO,
pPENpOAYKTUBHBIN XapakTep.

®opmbl y4eOHBIX 3aHATHH C UCTIOJIF30BAHUEM TPAJAULIMOHHBIX TEXHOJIOTHIA:

WudopmarnmonHass JIeKIUsT —  TOCIIEAOBATEIIbHOE  M3JIOKEHWE  Marephaia B
JUCLUUILUIMHAPHOM JIOTMKE, OCYIIECTBISIEMOE NPEUMYIIECTBEHHO BepOalbHBIMU CpEACTBAMU
(MOHOJIOT IIpenoaaBaTes).

IIpakTuueckoe 3aHATHE, NOCBSIIEHHOE OCBOCHUIO KOHKPETHBIX YMEHHUH U HaBBIKOB IO
IIPEIJIOKEHHOMY aJITOPUTMY.

2. lHTepaKkTUBHBIE TEXHOJOTHU — OpTaHu3alus 00pa3oBaTEeNbHOTO Mpoliecca, KOTopas
IIPENIOJIaraeT aKTUBHOE ¥ HEJIMHEMHOE B3aMMO/IEHCTBUE BCEX YUYACTHUKOB, IOCTH)KEHUE HA 3TON
OCHOBE JIMYHOCTHO 3HAYUMOTro JJsi HHUX oOpa3oBaTenbHOTO pesynbTarta. Hapsay co
CHELMAIM3UPOBAHHBIMU  TEXHOJIOTMSMHM  TAaKOro  poJa NPUHUMI  MHTEPAKTUBHOCTH
NPOCIEXNUBACTCSI B OONBIIMHCTBE  COBPEMEHHBIX  OOpa30OBaTENbHBIX  TEXHOJOTHH.
HHTEpakTUBHOCTH M0/IpAa3yMEBaET CyObeKT-CyObEKTHBIE OTHOIIECHHS B X0J1€ 00pa30BaTEILHOTO
npolecca U, Kak cleJicTBUe, JOPpMUpPOBAHHE caMOpa3BUBAIOIIEHCS MHHOPMALMOHHO-PECYPCHOM
Cpenbl.

@®opmbl yueOHBIX 3aHATUI C MCHOJB30BAHUEM CIELHAIN3UPOBAHHBIX WHTEPAKTHBHBIX
TEXHOJIOTHUIL:

Jlexusi «oOpaTHOHM CBSI3M» — JEKIMA—TIPOBOKALMS (M3JI0’KEHHE MaTepHaja ¢ 3apaHee
3aryIaHUPOBAHHBIMU OIIMOKaMHu), JIeKIusI-oecena, JEKIUSI-TUCKY CCUsl,
TEKIHSI-TIPECCKOH(PEPECHIIHS.

3.  HHbopManMOHHO-KOMMYHHUKAIIMOHHBIE  OOpa3oBaTelbHbIE  TEXHOJOTUH  —
opranusanys 00pa3oBaTeNLHOTO MpOoIecca, OCHOBAHHAS HAa MPUMEHEHHH CTIeUAIN3UPOBAHHBIX
NPOrPaMMHBIX CPEeJl U TEXHHUYECKUX CPEICTB paboThl ¢ HHpOpMAIHEH.

@opMbl yueOHBIX 3aHATHH C HCIOJBb30BaHHUEM HH(OPMALMOHHO-KOMMYHHUKAIIMOHHBIX
TeXHOJIOrui:JIekuusa-Bu3yanusanus — U3JI0KCHUE COIAEPKaHMsl CONPOBOXKAACTCS MPE3CHTALMEH
(memMoHcTpanuel yueOHbIX MaTepHajoB, MPEACTABICHHBIX B Pa3IMYHBIX 3HAKOBBIX CHCTEMax, B
T.4. WJUTIOCTPATUBHBIX, FpaUuecKuX, ayJU0- U BUACOMATEPUAIIOB).

JlaGoparopHoe 3aHATHE B (hOpME BUPTyaIbHONH BH3yalM3alliy MPOLIECCOB M SIBJICHUH,
IPOUCXOMAIIMX B JKUAKOCTHM M JEATEIBHOCTH C MHCMOJIb30BAaHUEM CHEIMAIN3UPOBAHHBIX
IIPOTPaMMHBIX CPEJ.

[lepenoBbie TEXHOIOTUH, TPUMEHSIEMBIE ISl JOCTIKEHUSI 00pa30BaTEIbHON 1IENHN

1. B yueOHOM mporiecce MpeaycMOTpEHbI 3aHsATHS B (hopme pazbopa KOHKpPETHBIX
CUTYalLUii, CBSI3aHHBIX C TMJIPABIMKON U TMIPOIHEBMOIPUBOIOM.

2. Wcnonp3oBaHue B y4eOHOM MpoIiecce BUPTYaIbHOTO JTAO0OPATOPHOTO NPAKTUKYMa T10
pazzienaM TEXHUYECKOHN TMIPOMEXaAHUKH.

3. Ilpu mpoBeneHuH 1a0OPATOPHBIX PabOT paccMaTPUBAIOTCS TECTHI MO pasjeiaM B



4. Ha nekuusx UCIoJib3yeTcss KOMIBIOTEP C MPOEKTOPOM JIJIsl OTOOPaKESHHUS | JIydIlIero OCBOCHUS
M3y4aeMoro MaTepuaa.

6 YueOHO-MeTONMYECKOE 00ecniedyeHne CaMOCTOsI TeIbHON PadoThl 00yYaroIIMXCst
IIpencraBneHo B npuoxeHuu 1.

7 OueHo4HbIEe CPeACTBA ISl MPOBEAeHNs MPOMEKYTOYHOI aTTeCcTAllUU
[IpencraBieHbl B IPUIIOKCHUH 2.

8 YueOHo-MeTOoqMYecKOe M MHGOPMALMOHHOE OOeceYeHUe TUCHUTIIMHBI (MOIYJIs)

a) OcHOBHas JuTEpaTypa:

1. lomanckuii, 1.B. Mexanuka »KUIKOCTH U Taza : yuebHoe mocodwue / 11.B. JlomaHCKuUH,
B.A. Hekpacos. — Cankr-IlerepOypr : Jlanp, 2018. — 140 c¢. — ISBN 978-5-8114-3158-8. —
Teker : 2neKkTpoHHBIH // DnekTpoHHO-OMONMMoTeuHas cuctema «Jlamp» : [caiit]. — URL:
https://e.lanbook.com/book/110915

2. CazanoB M. U. I'mnpaBmuka [DnexkTpoHHBI pecypc]: yuebnuk / Cazano U. U.,
Cxuptnanze A. I'., UBanos B. U. - M.: KYPC, HUL] UH®PA-M, 2017. - 320 c.: 60x90 1/16. -
Pexxum nmocryma: http://znanium.com/bookread2.php?book=601869 . - 3arn. ¢ skpana. - ISBN
978-5-906818-77-5.

0) lonotHuTeBLHAS JIMTEPATYypa:

1. CoxonoBa M. C. MexaHuKa >XKUAKOCTH U Ta30B [DIEKTPOHHBIN pecypc] : MPaKTUTKyM /
M. C. CokomnoBa, A. B. Tuxonos, M. A. Jlememiko ; MI'TY. - Marauroropck : MI'TY, 2017. - 1
BJIEKTPOH. OIIT. JIACK (CD-ROM). - Pexum JOCTyIa:
https://magtu.informsystema.ru/uploader/fileUpload ?name=3404.pdf&show=dcatalogues/1/1139
648/3404.pdf&view=true. - MakpoOOBEKT.

2. Ocunos, II. E. I'mnpaBnuka, rugpaBiavyeckue MamuHbsl U rugponpusof [Tekcr] :
y4debHoe nmocobue. - 3-e uzl., nepepad. u qom. - Jlumerk : MUarerpan, 2011. - 424 c.

3. Jloviusiackwmid, JI. I'. Mexanuka sxunkoctu u rasa [ Tekcr] : yueOHuk. - M. : JIpoda, 2003.
-840 c.

4. Manxo E. IO. I'mgpaBnuka M TIUAPONHEBMONPUBOJ [DJIEKTpOHHBIN pecypce] :
naboparop-uelii mpaktukyM / E. FO. Manko, . I'. YcoB ; MI'TY. - Marauroropck : MI'TY, 2014.
- 1 anextpoH. ont. guck (CD-ROM). - Pexxum nocryna:

https://magtu.informsystema.ru/uploader/fileUpload 7name=1549.pdf&show=dcatalogues
/1/1124731/1549.pdf&view=true

5. Kombra A.Jl., UBanos C.A., Tounnkun B.B., ®unatoB A.M., 3anopoxusiii B./l., Barun
B.C.  OcHOBBI  (YHKIMOHMPOBAHUS  THIPABIMYECKUX  CHUCTEM  METaJUIyprHYECKOTO
obopy-noBanus: yue6. mocobue. Marauroropck: M3n-Bo MarHuToropck. roc. TeXH. yH-Ta HUM.
I"'1.Hocosa, 2011. - 197 c. (nonymeno YMO mno oOpa3oBaHHMIO B OOJAaCTH METALTypTUH B
KadyecTBe Y4eOHOTO MOCOOuUS Il CTYACHTOB BBICIIMX YYEOHBIX 3aBEICHHM, 00YyYalOUIUXCS I10
creruaibHOCTH « MeTamrypriuyeckie Maluibl 1 o6opynoBanue»). ISBN 978-5-9967-0224-4.

6. Tounnkun B.B., ®unatoB A.M., 3agopoxusiit B.J1., IBanos C.A., Kosnbra A./l., Barun
B.C. OcHOBBI  (YHKIMOHMPOBAHUSI  THIPABIMYECKUX  CHUCTEM  METaJUIyprHYECKOTO
o0opy-noBanus. JlabopaTtopHelii NMPaKTUKyM O TUAPONPUBOAY U THUAPOABTOMATUKE. Yueo.
noco-0ue. Marauroropck: M3a-80 Marautoropck. roc. Texs. yH-ta uM. I'.J1.Hocosa, 2009. - 105
c. (momymeno YMO no 06pa3oBaHuIO B 00J1aCTH METAJUTyPTrUM B KauecTBE y4eOHOTO MOCO-0Hs
JUISL CTYZICHTOB BBICIIMX Y4€OHBIX 3aBEJICHUM, 00yJaroImuXcs
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no  cneuuanbHocTH — «Me-Taulypruyeckue  MamuHbl U obopypoBanue»).  ISBN
978-5-9967-0085-1.

7. Tounnkuu B.B., ®umaros A.M., Usanos C.A., UnueneB H.A., Koasra A.Jl., Barun
B.C. HccnenoBanue pabOThl M XapaKTEPUCTHK 3JEMEHTOB THIPOINPHBOJA METAILTY PTUYECKUX
MammH: y4e0. mocobue. Marnuroropck: W3n-Bo MaruToropck. roc. TeXH. YH-Ta HM.
I"'1.Hocosa, 2014. - 207 c. (gomymeHo YMO mno o0pa3oBaHuioO B 00JacTH METAUTypIHU B
KayecTBe Y4eOHOTro MOCOOMs Ui CTYJIEHTOB BBICIIMX y4EOHBIX 3aBEACHUM, 00Yy4aromUXCcs IO
crenuaibHOCTH « MeTamrypriuyeckie MaluHbl 1 o6opynoBanue»). ISBN 978-5-9967-0451-4.

8. I'mapasmuka u rugponpusof [Texct] : yueOnoe nocobue / H. C. I'ynunun, E. M.
Kpusen-kxo, b. C. Maxosukos, U. JI. [Tactoes ; mox oomr. pexn. U. JI. Ilactoesa ; pex. coser : JI. A.
[lyukoB (mipex.) u zp. - 2-e uza., crep. - M. : MITVY, 2001. - 519 c.

B) MeToguyeckne yKazaHus:

1. Toumnkun B.B., ®umaroB A.M., Mauko E.FO. T'maponpuBoa. Meroaumueckue
yKa3zaHusg K J1a00opaTopHbIM paboTaMm Ui CTyJAeHTOB creruaibHocTH 170900. Marauroropck:
MI'TY, 2001. 24 c.

2. Mauko E.JO., Ycos W.I. TugpaBiauka u ruiponHeBMONpUBOA: Meroauueckue
yKa3aHHsi K KOHTPOJIbHBIM paboTaM Juis cTyJaeHToB Hampasienuit 190100, 150400, 150900 u
cnenmanpHO-cTeit 190205, 260301, 260303, 151001, 150400 Bcex ¢dopm o0OydeHHS.
[DnexTponHslil pecypc], Maruuroropck: ®I'6OY BIIO « MI'TY», 2012.

r) [lporpamMHoe o0ecnieuenue u UHTepHET-pecypcehl:

IlporpamMmmHoe oGecnieueHue

Haumenosanue 110 Ne norosopa Cpok aeicTBUS IULEH3UN

MS Windows 7
Professional(nms  |/1-1227-18 o1 08.10.2018 11.10.2021
KJIACCOB)

MS Office 2007
Professional
7Zip cB0OOHO pacnpocTpansemoe [10 0eccpovHO
DNEeKTpOHHBIE
TUIARATBL O KYPEY | 93712 o1 11.09.2012 GeccpOUHO
«I'mapaBivka u
THIPOIIPHUBO»
MathCAD v.15
Education J-1662-13 o1 22.11.2013 6eccpoyHO
University Edition

Ne 135 o1 17.09.2007 6eccpoyHO

IlpodeccnonanibHbie 0a3bl JAHHBIX U HH(OPMaNMOHHbIE CIIPABOYHbIE CHCTEMbI
Hazpanue xypca CchlIKa

Nudopmammonnas cuctema - EnuHoe OKHO mocTymna KURL:http: Jwindow.edu.ru/
WH(POPMAIMOHHBIM pecypcam

[Touckosas cucrema Axanemus Google (Google Scholar) [URL: https://scholar.google.ru/

OnexktpoHHas 0a3a mepuoandeckux m3nanuii East View

Information Services, OO0 «MMBUCy hitps://dlib.castview.com/
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9 MaTtepnajIbHO-TeXHHYECKoOe of0ecnedeHne JTUCHUILTHHBI (MOTYJIs)

MarepuanabHO-TeXHUYEeCKOe 00eciedeHUe TUCIUIUTHBI BKITIOYAET:

B cooTBeTCTBUM C yueOHBIM IJIAHOM I10 JUCHUTUTHHE MPETyCMOTPEHBI CIICAYIOIINE BUIbI
3aHSATHUI: JIEKIIMH, TPAKTUUECKHE 3aHATHS, Ja0OpaTOPHBIC 3aHATHS, CAMOCTOATEbHAas paboTa,
KOHCYJIbTallUH, 3a4€ET , SK3aMEH.

VYyeOHble ayJUTOPUH ISl IPOBEACHUS 3aHATUI JIEKIIHOHHOTO THIIA:
- MyJIbTUMEIMIHBIEC CPEICTBA XPAHEHHUS, IEPEAAYH U MPEACTaBICHUS HHPOpMAIIUH.

YyueOHble ay TUTOPHUH JUIs IPOBEICHUS 3aHATHIA JUIs IPOBEICHHUS PAKTUUECKUX 3aHATHI:
- MyJIbTUMEAMIHBIEC CPEJICTBA XPAHEHHUS, Iepeaad U NpeACTaBICHUs HHPOpMAIIHY;
- I0CKa, MyJIbTUMEIUIHBINA IIPOEKTOP, SKPaH.

YyeOHble ayAUTOPUH AJISl IPOBENICHHS TPYMIOBBIX M MHIMBHIYaTbHBIX KOHCYJIbTAIUH,
TEKYILEro KOHTPOJIS ¥ POMEKYTOUYHOM aTTECTALIMU

- MyJIbTUMEAMIHBIEC CPEICTBA XPAHEHHUS, Iepeaad U MpeACTaBICHUs HHPOpMAIIHY;

- I0CKa, MyJIbTUMEIUHBINA IIPOEKTOP, SKPaH.

[TomernieHus At CaMOCTOSATENHHON pabOTHl 00yUYAIOIIUXCS:
- IepCOHaJIbHBIE KOMIIBIOTEPHI ¢ MakeToM MS Office, BBIX0A0M B HHTEPHET U C I0CTYTIOM
B DJIEKTPOHHYI0 00pa30BaTeIbHYIO Cpely YHUBEPCHUTETA.

[Tomemenuss [ig  XpaHeHHsS U NPOQUIAKTHYECKOTO OOCIyKMBaHUS —y4eOHOTO
o0opyaOBaHHS:

- CTeJTAXU JJII XPaHEHUs y4eOHO-HArJIAMHBIX MOCOOMH M y4eOHO-METOIUYecKOi
JTOKYMEHTALUH.

VYyeOHble ayAUTOPUH ISl IPOBEACHUS Ta00paTOpHBIX paboT:

Komrutekc yueOHnslii «I mapaBiuyeckue MpUBOJIbI U CPEICTBA aBTOMATH3ALNNY;
Komrutekc yueOHnslii «I mapoaBToOMaTHKaY;

Komruteke 17151 0TpabOTKH HABBIKOB MPOCKTHPOBAHUS;

Jlabopatopus yuebnas runpaBimueckas «Kamnembkay



P WJIOKEHMUE 1

Y4eOHO-MeTONMYECKOE 00ecTIeYeHHe CAMOCTOSI TeIbHOM padoThl 00y4aro Iuxcst

Hpumepubte 3a0auu no meme « DuzuuecKue cOUCH A HCUOKOCIU):

3anava 1. ABToKIaB 00beMoM 25,0 J1 HAMOJIHEH KUAKOCTBIO U 3aKphITrepMeTHyecku. KoadduuneHt
TEMIEepPaTypPHOTO PACIIUPEHUs )KUIKOCTH [, eeMoay b ynpyroctu K. OnpenenuTs noBbleHne
JIaBJICHUS B aBTOKJIABE MPHYBEITMYCHUN TEMIIEpaTypbl )KuAKOCTH Ha BenuunHy AT. O6beMHOiM
nedopmaryeii aBTokIaBa npeHeopeys.

3amaua 2 (puc. 1). Onpenenurs CKOPOCTh V PABHOMEPHOTO CKOJIBLKEHUSTIPSIMOYTOJIBHOM TUIACTHHBI (a- b
*C) IO HAKJIOHHOM IJIOCKOCTH TOJT yTIIOM 0= 12°, eciii Mexk 1y TUIACTHHON U THIOCKOCTBIO HaXOJUTCS
cioit Mmacna tommuHo#d. Temneparypa macna 30 °C, mIOTHOCTh MaTepHaia IUIACTUHBI P.

3amaua 3 (puc. 2). 3a30p Mex1y BaJIOM U BTYJIKOM

3aIl0JTHEH MAcJIOM, TOJIIUHA CJIOS KOTOPOTO paBHa o. Q NA - a
Huamertp Bana D, nimua Brysiku L. Ban Bpamaercs : ﬁ Q \
PaBHOMEPHO TIOJI BO3JCHCTBHEM BPAIIAIOIIETO & S, )
MomeHTa M. OnpeienuTh 4acToTy BpallleHusl BaJa, B SErREss
eciu TeMriepatypa macia pasa 40 °C. 44, - / e ﬁ

Ilpumepnvie 3a0auu no meme
«l'uopocmamuxayn:

3amaua 1 (puc.). 3aKpbITHIN pe3epByap
3aI10JIHEH AU3CJIbHBIM TOILIMBOM,
temmneparypa kotoporo 20 °C. B
BEPTHUKAJIBHOM CTEHKE pe3epByapa uMeeTcs
npssmoyroJibHOe oTBepctue (D x b), 3akpriToe

MOJTy IUWJIMHAPUYECKOM KpBIIKOW. OHAa MOXKET
MIOBEPHYTHCS BOKPYT TOPU30HTAIILHOM OCH A.




ManoBakyymmeTp MY nokas3sIBacT MAaHOMETPUYECKOE TABJIICHUE Py WU BAKYYMMETPUYECKOE Ps.
I'my6una TorumBa Hax Kpbikoid pasHa H. Onpenenuts ycunue F,xkoTopoe HeoOX01uMo
NPWIOKUTH K HIDKHEH 4acTh KPBIIIKH, YTOOBI OHA HE OTKpbIBaiack. CUIION TSHKECTH KPBIILIKU
npenedpeub. Ha cxeme mokaszaTs BEKTOPHI ICUCTBYIOIIUX CHJIL.

3agaua 2 (puc.). Beprukanbnas

. . MY
IJTMHIPUYECKas IIUCTEPHA C MOy c(hepHIeCKON KPBIIKON J10
CaMOr0 Bepxa 3aIl0JIHEHA KUAKOCTBIO, INIOTHOCTh KOTOPOH p. — [
Juametp mucrepHsl D, BeicoTa ee nunuHapudeckoit yactu H. T sl AL }
Manomerp M noka3siBa€T MAHOMETPUYECKOE JABICHUE Py h H
y &

OnpenenuTs CUITY, PaCTSATHBAIONIYIO OONTH A, U TOPH30HTAIBHY IO
CUIIy, pa3phIBAIOIIYI0 LIUCTEPHY MO cedeHuto 1—1. Cuoit

Bona A R

TSKECTHU KPBIIIKK TpeHeOpeyb. BeKTopsl cHil moka3aTh Ha cXeMe.

3anaua 3 (puc. ). Kpyrioe otBepctue Mexay AByMs pe3epByapamMu "

3aKpBITO KOHWYECKOM KpBIKON ¢ pazmepaMu D H L 3akprIThlii pe3epByap 3aroIHEH BOIOH, a
OTKPBITHIN - )kuakocThio JK. K 3akpeITOMy pe3epByapy CBEpXy NPUCOEIUHEH MAaHOBAKYyMMETP
MYV, noka3bIBaronuii MAHOMETPUUECKOE TaBJICHUE Py WU BaKyyM pi. Temmeparypa
xuakocteii20 °C, riayounst h u H. Onpenenuts cuily cpe3bIBalolyto O0ITH A, 1
TOPU30HTAIBHYIO CHITY, IEHCTBYIONIYIO HA KPHIKY. CHIION TS)KECTH KPBILIKU NPEeHEOpeyb.
BekTopsl cuil mokazaTh Ha CXEME.

Ilpumepnvie 3a0auu no meme «l'uopoounamukar:

3anaua 1. Bona neperekaer u3 HanmopHOro 0aka, rae u30BITOYHOE AaBJICHHUE BO3/1yXa

p=03 MIla, B OTKpBITHI pe3epByap 1Mo KOPOTKOM TpyOe TuaMeTpom d =50 MM, Ha KOTOpOI
yCTaHOBJIEH KpaH. YeMy Jo/bkeH ObITh paBeH KO3 (UIIMEHT COMPOTUBIICHHS KpaHa JJIs TOTO,



H =1, H,=3

9TOOBI PACX0/1 BOABI COCTABIISLIT 0=87 1/c? BbICOTHI ypOBHEH M H 2 M. YuecThb

£=0,5

MOTEPIO HAaropa Ha BXOJe B TPyOy Y Ha BBIXOJI€ U3 TPYyObI (BHE3AITHOE PACIIMPEHHE).

3amaua 2. Macno BcackIBaeTcsi HACOCOM Ha BBICOTY /1 = 0,5 M o TpyOe quamerpom 20 MM
u JumHOM 1,2 M, KOTOpast uMeeT ABa pe3kux m3ruda. Hacoc passuBaer nogauy 20 j1/MUH.
Macio mIoTHOCTE0 900 KI/M°® MMeeT KHHEMaTHUeCKyko BA3KocTh v =4 - 10™ m?/c. B Gaxe
JaBJIeHUE BO3TyXa — aTMochepHoe. OnpenenuTs, Kakoil BakyyM pa3BuBaeT Hacoc. [[puHsTH
IJIsL MaclstHOTro (hrutbTpa K03(pUIIMEHTHI MECTHBIX conpoTUBIeHUN (g = 6, A7 BX0Ja BO

BCACBIBAIOIIYIO MOJOCTh Hacoca Cy = 2 M A7 M3ruda BcachIBaroie TpyOsI Cysr = 0,8.

Ilpumepnuvie 3a0auu no meme «l uopasnuueckuil pacuem mpyoonpoeoooe»
3aoaua 1. Onpenenutb BEIWYMHY IOTEPH AABJIEHUS, BBI3BAHHBIX IOBOPOTOM

TpybomnpoBoaa quamerpom d =200 MM Ha yroa o = 90°. TpyOonpoBo i HOBBIN CTATBHOM,
pamuyc mosopota R = 40 m. XKuzakoe maciio musepansHoe(v = 14,5x10 m?/c; p = 800 kr/
m°). Pacxox xuaxoct Q= 0,5 m'/c.
3amaua 2.
3agaua 4.8. XKugkocts ¢ miaotHocThi0 p = 900 KI/M> U BA3KOCTBIO V = 0,01 Cr
HarHeTaeTcs Mo rOpu30HTAIbHOMY TpyOornpoBoay mmHOM L = 4 M u nuamerpom d = 25
MM. Omnpenenuts JaBleHUE B HAYaJbHOM CEUYEHHMH, €CIM B KOHEYHOM CEUYCHHUH
TpyOOIpoBOa naBieHue aTMochepHoe, pacxoa Xuakoctu Q= 6 Jy/c; MEepoxoBaToCTh
cTeHOK TpyOompoBoaa A = 0,06 Mm.
3aoauu no pacuemy nemenmos 2uoponpuU6ooa
3amaua 1. lng mogbema rpy3a G co ckopocthio v=0,15 M/c ucmosb3yroTcs aBa
TUAPOLMIMIAPA JaAuaMeTpoM D=
100 MM. I'py3 CMEILIEH
~— Upz Unt —- OTHOCHTEIIFHO OCH CUMMETPHH TaK,

i
il
-

YTO Harpy3ka Ha IITOKe Iro

=
]
!

I

umwuHapaF; =6 xH, a Ha mroke

BTOpOoro wwmHapalf, =5 «kH.

G‘r Kakum TOJDKEH OBITH
K03 pHULMeHT MECTHOTO
CONPOTHUBIEHHUA  Apoccens  &yp,

4TOOBl TUIATGOpPMA TOAHUMAIIACH
6e3 nmepekammBaHus: Jlmamerp

TpybompoBoga d= 10  wmmM;
IIIOTHOCTD XUAKOCTH p= 900 Kr/M°. [TOTEPSMHE 110 JUTHHE TPYOHI .IpeHEOPEUb.
3agaya 2. OmnpenenuTh pacxod KUAKOCTH, INPOIYCKAEMbIM OIPAaHUYMTEIEM pacxoja,
KOTOPBIM pacCMOTPEH B 3a7aue 8 , €cliu JUHAMHUUecKas BA3KOCTh xkuakoctu u = 0,04 [Ta-c u ee
mioTHOCTh o =890 kr/M° Bocmons3oBathess GOPMYIIO I MOTEPH HAIOpPA HA TPEHHE MPH

TypOyJICHTHOM peXHMe
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rae D — ruapaBavMyeckuil AUaMETp CEUYEHUS U U — CpPEaHss
CKOpOCTb.

[IpyHrMass  BUHTOBOW  KaHAJ  THAPABIMYECKA  [JIAJKHM,
KO3 HUIMEHT COMPOTUBIICHUS TPEHHS OTIPEAEIATH Mo (hopMyIie

1
A= m, rae yncao Peinonsnca Re= Q

3agaya 3. OrpaHuuMTens pacxona, KOTOPBIA CIYXKHUT IJIs1 aBTOMAaTH4YECKOTO
MO/I/IEP>KAaHUS IOCTOSIHHOTO pacX0/1a B CUCTEME ITPU IOCTOSIHHOM BXOJTHOM JaBJIEHUU P U
NIEPEMEHHOM IIPOTUBOJIABJIEHNUH P, COCTOUT U3 MOABMKHOTO nopiHs 1 nuamerpom D = 60
MM, umeroIiero orsepctue d=10Mm 1 HarpyKeHHOTO MPYKHUHOM 2.

[Ipy wu3MEHEHMM TPOTHBOJABICHHS P NOPLIEHb MEPEMELIACTCS, HW3MEHIA
OTKpBITHE b OKOH B KOpIyce 3 TakuM 00pa3oM, UTO pacxo]] Yepe3 OrpaHNYUTEIb OCTACTCS
IIOCTOSIHHBIM.

BeicoTa npsiMOYTOJIbHBIX OKOH B KopIryce by =5 MM, ux cymMMmapHas miomazib fo=
1,5 em?.

Cunras ycuiue npy>kKMHBI IOCTOSIHHBIM U paBHBIM R = 550 H, onmpenemuts s
BXO/JIHOTO JIaBJICHUS Maciia, paBHOTO p, = 15 MIIa:

1. Bennuuny pacxona Q, moaaepKuBaceMoro OrpaHUYUTENEM.

2. 3aBHCUMOCTb OTKPBITHA b OKOH OT MPOTUBOJIABJICHUS p M BETMYUHY OTKPBITHS
pu p=0.

3. MakcumalibHOE 3HaU€HHUE IPOTUBOAABIECHUS Prmax , HAUMHASA C KOTOPOTI'O PacxXoj
yepe3 OrpaHuduTeNb Oy1eT YMEHBIIATHCS.

b, Koaddumment pacxoma orBepcTus B MOPITHE M OKOH B
T xopryce mpuraTh “ = 0,6. TInotHocTs Macma # = 850
Vé /L Kr/MC.
Po Tk - 7 He. 47 Vkazanue. Bocnoyib30BaThCsl YCIOBUEM DPaBHOBECHS
k/’;/j( Blaassoss >4 5 71 ¢  nopwms B crenyomen Buze:
| L = prrsrt ApﬁzR
>t

rae Ap — mepenaj JaBIeHUH MO 06€ CTOPOHBI OTBEPCTHS B TIOPIIIHE.

3ajauu 1o ciesIeMy IpUBOILY



3agauva 1. B 1ByXCOIJIOBOM THIPOYCUIUTENE
3aCIIOHKA MIEpEeMeIleHa B CTOPOHY OJTHOTO U3 COILT Ha
BenMuuHY h 0T cpenHero nonoxeHus hy, uem BbI3BaH
nepenaj naBieHusAp Ha Toprax
pachpeneUTebHOTO 30JI0THUKA |, KaK CIICJACTBHUE
3TOTO, €r0 MePEeMEIIeHHEe T OT HEUTPAITBHOTO
noJio>keHusi. CUuTass, 4T0 CUIIBI JABJICHHS HAa TOPLIAX
30JI0THUKA YPAaBHOBEIIUBAIOTCS TOJILKO TPYKHHAMHU,
OTIPEJICIUTH X, €CIIU JIaBJICHUE TTUTAHUS
THIPOYCUWIIUTENS  Pi =6 10° ITa n MepeMeIlIcHUE
3acimoukus = 0,5hg.

JKecTKoCTh KaXKI0M U3 MPYKUH 30JI0THUKA C
=130 H/mm, ero nuamerpD = 10 mm.

Pacxon uepes corio onpeaensTs no Gopmyiie

2p

Q = ppmdy (L — 1)

e W - KO3QPUIIMEHT pacxo/ia CoIuia; p - AaBJICHHUE MEePE] COIUIOM; P - INIOTHOCTh
JKHIKOCTH.

3amauy pemmTh s ciydas, Kornandohy =md’ /4 n W = W, T W1, - KOIPPUITUESHT
pacxojia BXOAHOTO APOCCEILHOTO OTBEPCTHS U d; - €r0 TuameTp.

3anayva 2. Pabouas ®HIKOCTb NOJACTCs K THAPOYCHINUTEIIO THIIA COILIO-3aCTIOHKA MO
MIOCTOSIHHBIM ,Z[aBJIeHI/IeM po=10 MIIa. KomMaHHBIN 3JIEMEHT TUAPOYCHIUTENS BKIIIOYAET
. " MIOCTOSTHHBIN Apoccenb B Bue xkukiiepa d; = 3mMm u
SR ﬁ - perymupyemslii Ipoccenb B Buje comia dy=2Mm ¢

’ ! i IIOJABIYKHOM 3aCIIOHKOM Ha BeIXOJ1€. [laBieHue px B kKamepe

MEXIY APOCCENSIMU TepeaacTcs B pabodyro MOJI0CTh

WCIOJIHUTENBHOTO Tuapoiinaapa (D= 35 Mm), nopiieHb

. KOTOPOTO OTEepT Ha pyKuHy xkectkocThio C =200 H/cm

e u Harpy»xeH cuinoi R= 7500 H.

- ﬁ : [Tpu u3menenuu 3azopa h mMexy comioMm u
3aCTIOHKOW U3MEHSIETCS IaBJICHUE Py BBI3BIBAS CIIE/ISIIICE

NEPEMEILEHHUE TTOPILHS.
[Toctpouts rpadk 3aBUCUMOCTH MEXKITY 3a30pOM h 1 CMeIIeHHeM S MOPIIHS U3 KpaiHero
noJjioxenusi, orevaroniero h= 0. Onpenenuts s npu h = 1 mm. Pacxox yepes xukiep paBeH

M2

. " 7Zd2 _
!_ Q1 — /11 1 2 pO p](
08 4 yo,
N \ I 9
06 , e =08, u yepes3 COIUI0-3aCIOHKY.
04 d?
/ , Q,=pm > 2p7K
02 7 4 Yol
001 62 83 o4y, e koddduuuent pacxona 2 3anan xak gyHkiua
h

OTHOCUTEILHOI'0 3a30pa d, .

“=Ha
[TocTpouTh TOTIOIHUTENBHO IpauK 3aBUCUMOCTH 2/ s ko3 duuueHTa



pacxoga H COINIa-3aCJIOHKH, OMPECACIIACMOTO U3 BBIPAKCHUSA

Q, = u md;h 2 B
Yol

3anaua 3. MlcronHUTENBHBIN UIMHAP TUAPOYCUIUTENS (quameTp nopiuHs Dy = 60mm n
mroxa Dy = 30 MM) Harpyxen cunoit R = 3500 H. PaGouas xunxocts (# = 850 kr/m’ nogaercst B
HIDKHIOIO MOJIOCTh IMUuIMHApa HacocoM H non naBnenuem py= 5 Mlla (mognepsxuBaercs
IIOCTOSIHHBIM € IOMOIIBIO NiepenuBHOro KianaHa [1K). -

KoMaH/1HBI# 0THOKPOMOUHBIH 30JI0THUK (JuaMeTp miaymkepa d, = 10 M), ynpasisier
NEPEMELLEHUSAMM IITOKA [MJIMHIPA ITyTEM U3MEHEHUS] OTKPBITHS LIMIMHIPUYECKOTO OKHA, Uepe3
KOTOPOE KUAKOCTH IIOCTYIIAET U3 BEPXHEH MOJIOCTH LIUIIMHIPA HA CIIUB.

B nopune nunmuapa uMeeTcst apoccenupytoiiee orsepetre (d; = 4 mm), 6marogaps
KOTOPOMY MO3KHO IIPH OIIPENEIEHHBIX OTKPBITHSX 30JI0THUKA PEBEPCUPOBATH IBHKEHHUE ITOPILIHS.

HOCTpOI/ITI: l"pa(bI/IK 3aBUCUMOCTH CKOPOCTH Uy YCTaHOBHUBUICTOCA ABUIKCHUA MMOPIUIHA OT

OTKPBITHUA X 30JIOTHUKA.

YKazath, IpH KaKOM X Topiuens octanapmmaercs (Un = 0). Kakoso 6yner 3nauenue Un

IIPY 3aKPBITOM 30JIOTHUKE?
Pacxon uepe3 npoccenupyroliee OTBEPCTHE
OTIpeNeNATh 1o popMyJie

0,

%

N

%

Nl

TN
G

=

1 4yepe3 30J0THUK

N

AN

Q, = p,md,x 2 Po
P

rAC po — AaBJICHUC B BerHeﬁ MOJIOCTH NUJIMHAPA.

- KoaddummenTs pacxoaa npunsats £ = H2 = 0,6.
Tpenuem u yreukamu B LIMJIMHAPE IpeHeOperarsh.

Ykazanue. Bocronb30BaThCsl ypaBHEHUEM PAaBHOBECHS ITOPIIHS:
2

7D T
1 _ 2 2
Po +R_pH7<D1 _Dz)
4 4
nu BBIpa>KeHI/IeM paCXO,Z[a KUAKOCTHU U3 BerHeﬁ ITIOJIOCTH B 30JIOTHUK Hpe,Z[HOJIaFaH, qTO
HOpHICHI: ABUXKETCS BBer, HMECEM
2

7D
Qo =QI +U, 41

IIpumepHoe 3a1anue M0 Ja00paTOPHOI padoTe.

Ilo uCcXOAHBIM TaHHBIM JUI IBYX FMIPOCHCTEM, IOKAa3aHHbIX HA pUC. 1, onpenennTh
CKOPOCTHBIE U CWJIOBBIE TIapaMeTPhl THAPOILMINHAPA. Pe3ynbTaThl BBECTH B TaOJIHILY.
OOBSACHUTD MOTyYECHHBIE PE3YJIbTAaTHI.
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Pucynok 1 — I'ugpaBinnyeckue cxeMbl MOAKIIOUEHUS THAPOLMINHIPA

3amaua 3 (puc. 2). 3a30p MexI1y BaJIOM U BTYJIKOM

3aM0JIHEH MACJIOM, TOJIIMHA CJIOS KOTOPOTO paBHa . Q \M |
Huamertp Bana D, nimua Brysiku L. Ban Bpamaercs ﬁ Q
PaBHOMEPHO IO/ BO3JEHCTBHEM BPAIIAIOILETO N

MoMeHTa M. OnpenenuTs 4acToTy BpallleHUs Baja,
eciu Temmneparypa macia paBna 40 °C.

Ilpumepnoie 3a0auu  no meme «l'uopocmamuka»:

3anauva 1 (puc.). 3aKpbIThIN pe3epByap
3aI10JIHCH AU3CIIbHBIMTOILIMBOM, =0 |
temmneparypa kotoporo 20 °C. B

BEPTUKAIBHOMN CTEHKE pe3epByapa UMEETCs I
npsmoyroJibHOe oTBepctue (D x b), 3akpriToe |
HOJTy IUWJIMHAPHUYECKOM KpBIIKONW. OHAa MOXKET
MIOBEPHYTHCSI BOKPYT TOPU30HTAIBHON OCH

A ManoBakyymmerp MY nokasbiBaer

I e T e o e e —

— —

MaHOMETPHUYECKOE JaBICHUE
pPuHIIMBaKyyMMeETpUIeckoe py. [ myOuna
TOIUIMBA HaJl KpblIKoi paBHa H. Onpenenurs
ycunue F,xoTopoe Heo6X0IuMO NPUIT0KUTE K
HIDKHEH 9acTu KPBILIKH, 4YTOOBI OHA HE
OoTKpbIBasiach. CHUJIOMN TSKECTU KPBILLIKH
npeHedpeub. Ha cxeme mokaszaTs BEKTOPHI ACHCTBYIOIIUX CHJL.




3agaua 2 (puc.). Beprukanbnas

. . MV
MJTMHIIPUYECKas IIUCTEPHA C MOy c(hepHIECKON KPBIIIKON J10
CaMOr0 Bepxa 3aIl0JIHEHA KUIKOCTBIO,INIOTHOCTh KOTOPOH p. — [
Juametp mucrepHsl D, BeicoTa ee nunuHapudeckoit yactu H. T sl AL }
Manomerp M noka3siBa€T MAHOMETPUUECKOE JABICHUE Py h H
y b

OnpenenuTs CUITY, paCTSITHBAIONIYIO OONTH A, U TOPH30HTAIBHY IO
CUIIy, pa3phIBAIOIIYI0 LIUCTEPHY MO cedeHuto 1—1. Cuoit

Bona A K

TSKECTHU KPBIIIKK TpeHeOpeyb. BeKTopsl cHil moka3aTh Ha cXeMe.

3anaua 3 (puc. ). Kpyrioe otBepctue Mexay AByMs pe3epByapamMu " .
3aKpBITO KOHWYECKOM KpBIIKON ¢ pazmepaMu D H L 3akpeIThlii pe3epByap 3aroIHEH BOIOH, a
OTKPBITHIN - kuakocThio K. K 3akpeITOMy pe3epByapy CBEpXy NPUCOEIUHEH MAaHOBAKYyMMETP
MYV, noka3bIBaronnii MAHOMETPUUECKOE TaBJICHUE Py WU BaKyyM pi. Temmeparypa
xuakocteii20 °C, riayounst h u H. Onpenenuts cuily cpesbIBalolyto O0ITH A, 1
TOPU30HTAIBHYIO CHITY, IEHCTBYIONIYIO HA KPHIKY. CHJION TS)KECTH KPBILIKU PEeHEOpeyb.
BekTopsl cuil mokazaTh Ha CXEME.

Ilpumepnvie 3a0auu no meme «l'uopoounamukar:

3anaua 1. Bona neperekaer u3 HanmopHOro 0aka, rae u30BITOYHOE AaBJICHHUE BO3/1yXa

p=03 MIla, B OTKpHBITHIN pe3epByap 1Mo KOPOTKOM TpyOe TuaMeTpom d =50 MM, Ha KOTOpO#
yCTaHOBJIEH KpaH. YeMy 1o/bkeH ObITh paBeH KO3((UIIMEHT COMPOTUBIICHHS KpaHa JJIs TOTO,
H, =1 H,=3

9TOOBI PACX0/1 BOABI COCTABIISLIT 0=87 1/c? BBICOTHI ypOBHEH M KA 2 M. YuecThb

MOTEPI0 HAropa Ha BXoJie B TpyOy ¢=05 yya BBIXO/JIC U3 TPYOBI (BHE3AIMHOE PACIIUPCHIUE).

3amaua 2. Macno BcackIBaeTcsi HACOCOM Ha BBICOTY /15 = 0,5 M o TpyOe auamerpom 20 MM
u JumHOM 1,2 M, KOTOpas uMeeT ABa pe3kux u3ruda. Hacoc passuBaer nogauy 20 ji/MUH.

Maco mIoTHOCTE0 900 KI/M® HMeeT KHHEMaTHUeCKyo BA3KocTh v =4 - 10™ m?/c. B Gaxe



JaBJIeHUE BO3TyXa — atMochepHoe. OnpenenuTs, Kakoi BakyyM pa3BuBaeT Hacoc. [[puHsATH
IJIs1 MaclstHOro (hrutbTpa K03(pUIIEHTH MECTHBIX conpoTuBIeHU (g = 6, A7 BX0Ja BO

BCACBIBAIOIIYIO MOJIOCTh Hacoca Cy = 2 M 71 M3ruda BcachIBaroie TpyOs! Cysr = 0,8.

Ilpumepnuvie 3a0auu no meme «l uopasnuueckuil pacuem mpyoonpoeoooe»
3aoaua 1. Onpenenutb BEJIWYMHY IOTEPH AABJIEHUS, BBI3BAHHBIX IOBOPOTOM

TpybomnpoBoaa quamerpom d =200 MM Ha yroa o = 90°. TpyOonpoBo 1 HOBBIN CTATBHOM,
pamuyc mosopota R = 40 m. XKuakoe maciio MusepansHoe(v = 14,5x10™ m?/c; p = 800 kr/
m°). Pacxox xuaxoct Q= 0,5 m'/c.
3amaua 2.
3agaua 4.8. XKugkocts ¢ miotHocThi0 p = 900 KI/M> U BA3KOCTBIO V = 0,01 Cr
HarHeTaeTcs Mo ropu30HTAIbHOMY TpyOornpoBoay mumHOM L = 4 M u nuamerpom d = 25
MM. Ompenenuts JaBleHUE B HAYaJbHOM CEUYEHHMH, €CIM B KOHEYHOM CEUCHHUH
TpyOOIpoBOa naBieHue aTMochepHoe, pacxoa Xuakoctu Q= 6 Jy/c; mepoxoBaToCTh
cTeHOK TpyOompoBoaa A = 0,06 Mm.
3aoauu no pacuemy nemenmos 2uopoOnpPuU6ooa
3amaua 1. {ng mogbema rpy3a G co ckopocthio v=0,15 M/c Ucmoyb3yloTCs 1Ba
TUAPOLMIMIIAPA JaAuaMeTpoM D=
100 MM. I'py3 CMEILIEH

—— U2 Ut —- OTHOCHTENILHO OCH CUMMETPHUH TaK,

Ea
[
|
i
il
-

YTO Harpy3ka Ha IITOKe Iro

,‘r;.-

|

umwuHapaF; =6 xH, a Ha mroke

'

BTOporo wwmHapaf, =5 «kH.

 J 'Dr Kakum JOJKEH OBITH
K03 pHULMeHT MECTHOTO
CONPOTHUBIEHHUA  Apoccens  &up,

4TOOBl TUIATGOpPMA TOAHUMAIIACH

6e3 nmepexkammBaHusA: Jlmamerp

TpyOompoBoga d= 10  wmmMm;
IIIOTHOCTD XUAKOCTH p= 900 /M’ . [TOTEPSMHE 110 JUTHHE TPYOHI .IpeHEOPEUb.
3agaya 2. OmnpenenuTh pacxod KUAKOCTH, INPOIYCKAEMbBIH OIPaHUYMTEIEM pacxoja,
KOTOPBII pacCMOTPEH B 3aaue § , eciu AMHaMHUUYecKas BA3KOCTh kuakoct = 0,04 I1a:c u ee
mioTHOCTh o =890 kr/M° Bocmons3oBathess GOPMYIIOi I MOTEPH HAIOpPA HA TPEHHE MPH

TypOyJICHTHOM peXHMe

2
P
pg D2g
rae D — ruapaBavMyeckuil AUaMeTp CEYEHUS U L — CPEAHss

CKOPOCTb.

[IpyHrMass  BUHTOBOW  KAaHAJI  THAPABIMYECKA  [JIAJKUM,

KO3 HUIMEHT COMPOTUBIICHUS TPEHHS OTIPEAEIATH Mo (hopmyIie
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3agaya 3. OrpaHuuMTeNp pacxona, KOTOPBIH CIYXHUT IJIs1 aBTOMAaTH4YECKOTO
MO/I/IEP>KAaHUS IOCTOSIHHOTO pacX0/ia B CUCTEME ITPU IOCTOSIHHOM BXOJTHOM JaBJIEHUH Py U
NIEPEMEHHOM IIPOTUBOJIABJICHNUH P, COCTOUT U3 MOABMKHOTO nopiHs 1 nuamerpom D = 60
MM, umeroIiero orsepctue d=10Mm 1 Harpy>KeHHOTO MPYKHUHOM 2.

[Ipy wu3MEHEHMM TPOTHBOJABIECHHS P NOPLIEHb MEPEMELIACTCS, HW3MEHIA
OTKpBITHE b OKOH B KOpIyce 3 TakuM 00pa3oM, UTO Pacxo]] Yepe3 OrpaHNYUTEIb OCTACTCS
IIOCTOSIHHBIM.

BeicoTa npsiMOYTOJIbHBIX OKOH B KopIryce by =5 MM, ux cymMmapHas miomazab fo=
1,5 eM?.

Cunras ycuiue npy>kHMHBI IOCTOSIHHBIM U paBHBIM R = 550 H, onmpenenuts s
BXO/JIHOTO JIaBJICHUS Maclia, paBHOTO p, = 15 MIIa:

1. Bennuuny pacxona Q, moanepKuBacMoro OrpaHUYUTENEM.

2. 3aBHCUMOCTb OTKPBITHA b OKOH OT MPOTUBOJIABIICHUS p M BETMYUHY OTKPBITHS
pu p=0.

3. MakcumalibHOE 3HaU€HHUE IIPOTUBOAABIECHUS Pmax , HAUMHASA C KOTOPOI'O PacxXoj
yepe3 OrpaHudUTeNb Oy €T YMEHBIIATHCS.

by Koaddunuent pacxoaa oTBepCcTHs B HOPIIHE U OKOH B
> T xopryce mpunate = 0,6. TlnotHocts macma © = 850
7 Z
‘Z Lz Kr/MC.
Po K H.z 7 He. o A Vkasanue. Bocrionb30BaTbCA yCIOBHEM PABHOBECHS
’//7 weeseeéofl 5 1 @ opmmg B crenyromen Buze:
e S : 2
7 }C: 4 o, /Z A 7D =R
b Py
——

rae Ap — mepenaj JaBaeHUi M0 06€ CTOPOHBI OTBEPCTHS B TIOPIIHE.

I[IpumepHoe 3a1anue M0 Ja00paTOPHOI padoTe.

Ilo HUCXOJHBIM JAaHHBIM U1 ABYX THAPOCUCTEM, ITOKAa3aHHbIX Ha PHUC. 1, OonpecacCIIUTb

CKOPOCTHBIE U CUJIOBBIE TTapaMeTPhl THAPOILMINHAPA. Pe3ynbTaThl BBECTH B TaOJIHILY.
OOBSACHUTD MOTyYECHHBIE PE3YJIbTaTHI.
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Pucynok 1 — 'mapaBinyeckue CXeMbl MOJKIIOUECHUS THAPOIMIMHAPA
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Juamerp mroka
d, MM
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HOMUHAJIBHOE P,
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pacxox Q, ii/mMuH

IInomane
MOPLIHEBOM
IIOJIOCTH, S

IImomanse
IITOKOBOH
IIOJIOCTH, SIIT

CxopocTb mTOKa
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VYcumme Ha
mroke F, H




1IPUJIO’KEHUE 2

OneHoYHBIE CPECTBA AJIS IPOBEIECHUS MPOMEKYTOUHOM aTTECTALUN
a) Illianupyemble pe3yabTaThl 00y4eHHsI M OLlCHOYHBIE CPEACTBA U1 MPOBEACHMs IPOMEeKYTOYHON aTTeCTaliu:

Kon
WHIUKATOpa

NHpukatop 10CTHXKEHUS

OneHouHbIE CpelICTBA
KOMIETEHIUH

IIK-1: Cnocoben Da3DaﬁaTBlBaTb Pa3aejbl IPOCKTOB CTPOUTECIbCTBA, PEKOHCTPYKIIMHA U TEXHUYIECCKOI'O IIEPEBOOP VKCHUSA 00bLEKTOB
OTKPBITBIX M'NOPHBLIX pa60T, NMPOCKTHYIO U TEXHUYCCKYHO TOKYMEHTAIINIO C YYE€TOM TPQGOBaHI/Iﬁ HpOMLIIHHeHHOﬁ 0e30IacHOCTH

IIK-1.1: TJIaBHBIC
BCKPBITHE
CHCTEMBI
PEKUM

TCEXHOJIOTHUKIO H

Ilepeuensy meopemuueckux 60npocos K 3auemy:

CaoiicTBa pabouunx xugkocteid. OCHOBHBIE TIOHSATHS U ONIPEIEICHUS KUAKOCTH.
[I10THOCTB U yI€TIBHBIN BEC KUIKOCTH.

CKumMaeMoCThb )KUIKOCTH.

OOOCHOBBIBAET
mapaMeTphl  Kapbepa,
KapbepHOTO OJIs1,
OTKPBITON  pa3pabOTKH,

TOPHBIX PadoT,
MEXaHHU3AIMI0 OTKPBITBIX TOPHBIX
pabot, Meroabl MPO(UIAKTHKI
aBapuil U CIIOCOOBI TMKBUIAIIUH UX

Kosddummentr o6beMHOTO CHKATHS.
Koa¢unueHt TemnoBoro pacumpeHus.
Moyib yOpyrocTH KUIKOCTH.
Bs3kocTh KUAKOCTH.

NN R =

Kosddumment kuHeMaTndeckoit BSI3KOCTH KHUIKOCTH.
KaBuranust KUIKOCTH, CTIOCOOBI IPETOTBPAIICHHUS.
. Obnureparust KUIKOCTH.
. 'mnpocrarrka, OCHOBHBIEC TOHITHUS M OTIPEICIICHHUS.
[ToHsITHE THIPOCTATUYECKOTO JTABIICHUS.
EnvHUIBI H3MEepeHus TUIPOCTATUYECKOTO JTaBIICHUS.
. CBolicTBa TUAPOCTATUUECKOTO JIABJICHUS.
[ToHATHS THAPOCTATUUECKOTO JaBJICHHS: a0COIOTHOE, aTMOC(HEPHOE, U3OBITOYHOE H BaKYYM.
. uddepennunanbupie ypaBHeHHs Dityiepa sl paBHOBECHS KUIKOCTH.
. OcHOBHOE ypaBHEHHE THIPOCTATUKU.
. 3akoH Apxumena.
. 3axoH ITackans.
. MexaHu3M C UCTIOTb30BaHUEM YPAaBHEHHS THIPOCTATHKH, TOMKPAT. H MYJIbTUILTUKATOP.
MexaHu3M ¢ UCTIOJIb30BAaHUEM YPABHEHUS TUAPOCTATUKH, MYJIBTHUILTUKATOP.
. I3MepeHne naBieHus KUIKOCTH.
. PaBHOBecHe )KUIKOCTH B COOOIIAIONINXCS COCY IAX.

HOCJIECTBUMN

DN DN N = = = = e = = = = = \©
M— OV WD~ O

[\
(98]




Konx
WHIUKATOpa

NHpukatop 10CTHXKEHUS
KOMIIETCHLIU U

OneHouHbIE CpesICTBA

24.
25.
26.
27.
28.
29.
30.
31
32.
33.
34.
35.
36.

37.
38.
39.
40.

41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
5L

52

Cuna naBieHMs KUIKOCTU Ha BEPTUKAJIBHYIO CTEHKY.
Cuna naBieHMs KUIKOCTH HA TOPU30HTAIBHYIO CTEHKY.
Cuna naBieHMs )KUIKOCTH HA HAKIIOHHYIO CTEHKY.
Onpenenenue TOMINUHbBI CTEHKH.
I'maponuHamuka, OCHOBHBIE OIIPEICICHUS.
['eomeTpus NOTOKOB KUAKOCTH.
Knaccudukaiys moTokoB KHIKOCTH
Pexxumpl nBmkeHus ;xxuakoctu. Yucio PeHonsnca.
JlaMHUHApHBIN PEXKUM IBUKEHUS KUAKOCTU U €70 3aKOHOMEPHOCTH.
Pacxon u cpenHsst CKOpOCTh IOTOKA IIPY JJAMUHAPHOM PEXUME.
TypOyneHTHBIN pexXUM JBMKEHUS KUAKOCTH U €r0 3aKOHOMEPHOCTH.
3aKOH HEpa3pbIBHOCTHU MOTOKA )KUIKOCTH.
3aKOH COXPAHEHUs SHEPTUHU JJIs IOTOKA )KUIKOCTH. Y paBHEHUE bepHyM 1i1s notoka
HUAeaIbHOU KUAKOCTH.
Ypasuenue bepHyum 1 CTpyHKH UI€aIbHOMN )KUIKOCTH.
YpasHeHnue bepHyum 1 IOTOKa peabHOU KUJKOCTH.
Ypasuenue bepHyium 1 CTpyHKH peabHOU KUIKOCTH.
IIprMeHeHne OCHOBHBIX YPAaBHEHUM JIBUKCHUS ITIOTOKOB KUAKOCTH IS U3MEPEHUS CKOPOCTEH U
Pacxo0B KUIKOCTH.
I'mapocratuueckuii ynap. @opmyna Xykosckoro H.E. nis ruapoynapa.
Crioco0Obl peAoTBpaIIeHHs THIPABINYECKOTO yaapa..
[Torepu Hamopa (aBieHus ), onpeaessieMble JUIMHON TpyOompoBoaa, popmyna Japen.
Omnpenenenue MECTHBIX MTOTEPH HaMopa (1aBneHus) B TpybonpoBoe, hopmyina BelicOaxa.
Omnpenenenue noTepb Haropa (1aBjeHus) B Tpyoomnposoae, popmyna Jlapcu-Beiicbaxa.
Pacuer o0111ero cOnpoTHBIICHUS B IPOCTOM TPyOOTIPOBOJIE.
[TocnenoBaTenbHOE COETMHEHHE IPOCTHIX TPYOOIPOBOIOB.
[MTapannensHOE COEAMHEHUE MPOCTHIX TPYOOIIPOBOIOB.
Omnpenenenue NoTeps 1aBICHUS B peaJIbHON THIPOCUCTEME.
®opmyna Topuuen.
HcreueHune )XUAKOCTH Yepe3 MaJloe OTBEPCTUE B TOHKOM CTEHKE.
. JIOCTOMHCTBA U HENOCTATKU T'HAPOIIPUBOLA.
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VYcioBHBIE 0003HAYEHHS B TUAPOTPUBOJIAX.
CrpykTypa ruiponpuBoa.
Cxembl ¢ 00bEMHBIM PETYJIUPOBAHIEM CKOPOCTH JKUAKOCTH.
CxeMblI ¢ peryIupoBaHUEM CHJIbI HCOJIHUTEIIBHOTO OpTaHa;
Cxembl ¢ 00bEMHBIM PETYJIMPOBAHIEM CKOPOCTH JKUAKOCTH.
Hacocsl ruiponpuBoioB, yCIoBHBIE 0003HaUeHHUS. THITBI
['uppoaBUraresn, ycioBHbIE 0003HAYCHHUS.

['uapoIMAMHIPEI, YCIOBHBIE 0003HAYCHHUSI.
Pacuer 0CHOBHBIX apaMeTpOB THAPOLWINHAPA.
I'uppopacmnpenenuTend, yCIoBHbIe 0003HAUCHHS.
3anopHble KJanaHbl, yCIOBHbIE 0003HAUCHHS.
Knanansl naBneHus1, ycioBHbIe 0003HAUCHHS.

[IpenoxpaHuTeNnbHBIE KIIAaHbl, yCIOBHBIE 0003HAUYEHUS.
[ToTouHbIe KIanaHel, yCIOBHBIE 0003HAYCHHSI.
Jlpoccenu, ycinoBHbIE 0003HAYCHHS.
I'uapoakkyMyJIsITOPHI, YCIOBHBIE 0003HAUCHUS.
OUABTPHI, YCIOBHBIE 0003HAYCHHS.
[TpuGops! KOHTPOJIS TUAPOIIPUBOA. Y CIOBHBIE 0003HAUEHHS..
I'mppaBanyeckast cxema npuMeHeHUs AuddepeHImaIbHOTro THAPOIMINHAPA.
I'uapornpuBo 3aKpbITON TMAPOCUCTEMBI, OCHOBHON KOHTYD.
I'naponpuBog OTKPBITOM THIPOCUCTEMBI.
Jlornueckue 37eMEHTHI.
Peanu3anus normueckux QyHKIHI B THAPO- U THEBMOCHCTEMAX.
[TocTpoenue cucteM yrpaBiieHUss KOMOMHAITMOHHOTO THIIA.
MeToapl IOCTPOCHUE MHOTOTAKTHBIX CUCTEM YIIPABIICHUS.
Crartuyeckue  XapaKTEpPUCTUKU  MCIHOJHHUTEIBHBIX ~ MEXaHM3MOB  IOCTYNATEIbHOTO
BpAILIATENbHOTO IEUCTBUS: (MEXaHUYECKAsl, CKOPOCTHAs ).
VcnionHuTEIbHBIE MEXAHU3MBI C 00BEMHBIM PETYJIUPOBAHUEM CKOPOCTH.
HcnonHuTebHbIE MEXaHU3MBI C IPOCCEIbHBIM PErYJIMPOBAHUEM.
[TponopimoHanbHble Kianansl, [IpuHIIUIBI paOOTHI.
KomneHcanys Harpy3Kku ¢ IOMOIIBIO KJIAIIaHOB ITOCTOSIHHON pa3HOCTH J1aBJICHUIL.
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83. DeKTpoHUKa yIIpaBJeHUs AJI NPONOPLHUOHAIBHBIX KIIallaHOB.

84. Kpurepuu 117151 onpeienieHus: NapaMeTpoB YIPaBIEHHUS ¢ IOMOLIbIO PONOPLUOHAIBHBIX
KJIallaHOB.

85. CepBokanansl. [TpuHIIUIBI pabOTHI.

86. AnmapaTHasi TEXHHKA.

87. Konrtyp peryiaupoBaHnusl.

88.

BnusiHue nuHaMU4YECKUX CBOMCTB CEPBOKIIANIaHa HA KOHTYP PEryJIUPOBaHUS.

89. ®unpTpanys Ha r’UIPaBIMUECKUX YCTAaHOBKAaX C CEpPBOKIJIANIAHAMHU U MPONOPLUOHAIbHBIMU
KJIallaHAMH.
90. ITpuMephl BBINIOJHEHHBIX YCTAHOBOK C UCIOJIb30BAHUEM MPONOPLUOHAIBHBIX KJIAIIAHOB.

91

HpI/IMepBI BBIINIOJIHCHHBIX YCTAHOBOK C MCIIOJIb30BAHUEM CCPBOKIIAIIAHOB.

92. Dxcmyaraiys NpoNopLUUOHATBHON TEXHUKH U CIEAILIETO THAPOIIPUBO/IA.

T1IK-1.2:

[TpoekTupyeT npupoI00XpaHHY IO
JesITebHOCTD MPU OTKPBITHIX
TOpHBIX paboTax

Hpumepuble npakmudeckue 3a0anus 0na 3auema:

L.

B nBycTopoHHeM rugpoumiauHape quamerp nopuss D = 160 MM, JuaMeTphl IITOKOB
d1=80mM u d = 100 mm. IIpu pabouem nasnenuu p = 10 Mlla, mpoTHBO1aBICHUH B CIIMBHOM
HOJIOCTHU prp = 0,15 MIla u pacxozae macia paboueit nosoctsto 0,1 11/c onpenenurs ycunme u
CKOpPOCTb, pa3BUBAEMbI€ IIITOKOM IPH ABM)KEHUH BIPABO U BJIEBO. [IpHHATEMEXaHNYECKUI
KIIJ runpoummusapa 0,96; o0bemMHbIH — 1.
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2. KuakocTh, uMeromas WIOTHOCTH 1200 Kr/M® M uHAMMUECKHiT KO3(D(HUIMEHT BA3KOCTH

2:107 Ila-c, u3 6aKka C TOCTOSHHBIM ypoBHEM | caMOTEKOM IMOCTyIMaeT B peakTop 2.
OnpenenuTh, KaKO€ MaKCUMaJbHOE KOJMYECTBO JKUAKOCTH (MPU MOJHOCTHIO OTKPBITOM
KpaHe) MOXKET MOCTynaTh U3 0aka B peakTop. Y POBEHb KUIKOCTU B 0ake HAXOIUTCS Ha 6 M
BBHIIIIE BBOJIa KHJIKOCTH B peakTop. TpyOOmpoBOA BEHITIONHEH W3 AMIOMHUHHUEBBIX TPYO ¢
BHyTpeHHUM nuamerpoMm 50 mMm. OOmias qiuHa TpyOOTpPOBOAA, BKIFOYAs MECTHBIC
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comportuBienus, 16,4 m. Ha tpybGompoBosne umeroTcst Tpu KojeHa U KpaH. B Oake u
peaxkTopenaBiIeHneaTMoCcepHoe.

H=6M

3. TNonmo6parb HEOOXOIUMBIN AUAMETP IITHHApPUIecKoro Hacanka (4=0,82) ¢ TakuM pacdyeTom,
aTOGBI Yepe3 Hero BhiTekano 77000 kr/a HeTu MIOTHOCTHIO 865 Kr/m° . Harmop HIoCTOSHHbII
U paBeH12 M.

I1IK-1.3:

Hcnonezyer  uHbOpMaAIMOHHBIE
TEXHOJIOTMM IIPU IIPOEKTUPOBAHUU
KapbepoB

IIpumepnuvie 3a0anus na pewienue 3a0ay u3 npogeccuoHaIbHou oonacmu

4. Ha pucyHke moOKa3aHa YIPOIIEHHas cxeMa OObEMHOIO THIPOIPUBOAA MOCTYIATEIHLHOTO
JBIKEHUS C IPOCCEIBHBIM PETYJIMPOBAHUEM CKOPOCTH BBIXOIHOTO 3BEHA (ILTOKA), I1ie / - Hacoc,
2 - perymupyemblii apoccens. Lltok runpommmaapa 3 HarpyskeH cwioit /= 1200 H; nuamerp
nopuiss D = 40 mm. [IpenoxpanurenbHblil kiana 4 3akpbIT. ONpeaenuTh 1aBJIeHUE Ha BBIXOJE
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U3 HAcOoCa M CKOPOCTh MepeMEIeH s TIOPIITHS CO ITOKOM Vy IPH TaKOM OTKPBITHHU JPOCCEIS,
KOTJIa €r0 MOJKHO PacCMaTpUBAaTh KaK OTBEpPCTHE IOmansio Sy = 0,05 cM* ¢ KodddHimeHTom
pacxoza p = 0,62. TTogaua zHacoca O = 0,5 1/c. [lnotHOCTH XKuuKkocTH p = 900 kr/m’. TToTepsiMu B
TpybompoBogax mpeHeOpeub. IlocTpouTh THAPABIMYECKYIO CXEMY, 3aJaTh HACTPOUKY
knamaH 4, cMoaenupoBath padoty I'C.

CornacHo 3amaHHOM OUarpaMMbl IMepeMelleHus pa3paboTaTh CUCTEMbl ynpaBieHus: 1 -
UCIIOJIb3YSl PENEHHO-KOHTAKTHBIE CXEMBI;, 2 - MCNONb3ys (CUMYJSTOpP) KOHTpoOJUIEpa B
nporpamme FluidSim-H. B 3aganuu: A u C — ruapoummmHapsl, B — ruagpoMoTtop aist Beex
BapuaHToB. HeueTHsle BapuanTsl 10 9: nunuHap C 1ByCTOPOHHETO NEUCTBUS BEPTUKAIBHOTO
pacnionoxxenus. Harpyxen 6onbimm BecoM. [IpenycMoTpeTs Mo3UIMOHUPOBAHUE B TEUCHUE
JUINTENILHOTO BpeMeHu. YeTHble BapuaHThl A0 10: nunuHAp A JBYCTOPOHHETO NEWCTBUS
BEPTHKAJIBHOTO pacrnoyioxeHus. IIperycMoTpeTb OJIMHAKOBYIO M OBICTPYIO CKOPOCTh
NEpPEMEIEHU KaK @pH BBIABIKEHUM, TaKk M npH BTaruBaHuu.l1l - 16 BapuaHTh
IIPEYyCMOTPETh BO3MOYKHOCTD AUCTAHIIMOHHOTO ynpasieHus ycumsamu B 'Ll u momeHToM B
THAPOMOTOpE B MOCHEIHEH TpeTH BpeMeHM Lukia. JIns BcexX BapHaHTOB 0O0ECICUYHTh
IUIaBHBIM Pa3roH THAPOMOTOpPAa M €ro IJIABHOE TOPMOKEHHUE, a TaKXKE IPELYyCMOTPETH
pexumbl  pabotel «Komanpma», «luxm», «Astomat». IIpemycMoTpers BO3MOXKHOCTD
3((}HEeKTUBHOTO  WCIMOJNB30BAHUS JHEPTHU HACOCOB. JOOWTBCA, MO BO3MOXKHOCTH,
MakcumanbHoro KIIJ] rungpocucremsl.
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6. Hcxons U3 KOHTaKTHO-PENEHHON CXEMBbI YIIPABJIEHUS] MHOTOJIBUTaTEIbHBIM THIPOIIPUBOIOM

MIOCTPOMTE JUarpamMmmy «IepeMelieHne-1man 1 4 ruApogBuratenei
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0) Ilopsinok npoBegeHNUsI NPOMEKYTOYHOM aTTeCTALMM, TOKA3aTeJ U U KPUTePUH
OLICHUBAHMA:

IIpoMexxyTOUyHas aTTecTanus 10 JUCHUILIMHE «[ HapOoMeXaHHuKa» BKIHOYAET TEOPETUUECKUE
BONPOCHI, TO3BOJISIONIHE OLIEHUTH YPOBEHb YCBOCHHSI 00YUaIOLMMUCS 3HAHUH, U IPAKTUYECKUE
3aJJaHus, BBISBIIIONIHE CTETICHb C(OOPMUPOBAHHOCTH YMEHUH U BIaICHUMA, IPOBOAUTCS B (popme
3a4era.

3ayeT no JaHHOUW JUCHUILIMHE IPOBOAUTCS B BUJI€ OTBETOB HAa TECTOBBIE 3a/1aHUs. TeCThbl
BBIKJIQAbIBAIOTCA Ha nopraie MI'TY.

llokazamenu u kpumepuu OyeHUEaHUA 3a4ema.

«3a4TeHO» - BBICTABJIACTCS TIPU YCIOBUH, €CIIU CTYJICHT MOKa3bIBAET XOPOLINE 3HAHUS YUEOHOTO
Marepuaa 1o TeMaM Kypca, 3HaeT OCHOBHBIE 3aKOHBI THAPOMXAHUKH, YCTPOUCTBO U MIPUHIIUI
paboThI THAPOANIIAPATOB, YMEET COCTABIISATH IPUHIUITHAIbHbBIE THIPABINYECKUAE U
JJIEKTpUUECKUE CXeMBL.IIpH 3TOM CTYIEHT JIOTMYHO U MOCIEA0BATENBHO U3JIaraeT MaTepual,
PAaCKpBIBAECT CMBICI BOIIPOCA, AACT YAOBJIETBOPUTENBHBIE OTBETHI HA JOTIOJHUTEIbHBIE BOIPOCHI.

«He 3auTeHO» - BBICTaBIISIETCS IIPU YCIOBUU, €CJIA CTYICHT BJIaJ€E€T OTPHIBOUYHBIMU 3HAHUAMU
10 TEMaM Kypca, 1aeT HEIMOJIHBIE OTBEThI Ha BOIIPOCHI U3 OCHOBHOM JIMTEPATYPHI,
PEKOMEHIOBaHHOMU K KypCYy.

Memoouueckue pekomenoayuu 0711 LOO20MOBKU K 3a4emy

[Tpu NOATOTOBKE K AK3aMEHY y CTYJICHTA JOJDKEH OBITh XOPOIIHN YUSOHUK UITH KOHCIIEKT
JIMTEPATYPbI, IPOYUTAHHOM M0 YKA3aHHUIO MMPEIOAaBaTels B TCUCHHE CEMECTpa.
KoHcnekTupoBaHue J0HKHO OCYIIECTBIATHCS 00YYarOIIMMCS TOJIBKO JIUIIb CAMOCTOSITEIIBHO.
ITpocMOTp COOCTBEHHBIX KOHCIIEKTOB MO3BOJIIET OO0y YarOMIeMyCsi OBICTPO BOCCTAHABIUBATD B
NaMsITH COJIEpKaHUE UCTOYHHKA.

B Havasne ciegyer mpocMOTpeTh BECh MaTEpHall MO CAABAEMOM JUCHUIUIMHE, OTMETUTH JUIs
ceOst TpyaHble Bonpockl. O0s3aTeNbHO B HUX pa3o0parbes. B 3akmoueHue eme pa3
1es1ecoo0pa3HO MOBTOPUTH OCHOBHBIE TIOJIOKEHUS, UCTIONB3YSI IPH ATOM OTIOPHBIE KOHCTICKTHI
nekuui. [Ipu 3TOM HY>XKHO 00paTUTh 0CO00E BHUMAHKE HA TEMbl YUEOHBIX 3aHITHI,
NPOMYIIEHHBIX CTYASHTOM MO Pa3HbIM MPUYUHAM.

Ecnu B mporiecce caMoCTOATENbHOM  pabOTHI HaJl U3YUEHUEM TEOPETHYECKOTO MaTepuana
WIM NIPU PEIICHUN 33124 Y CTyJE€HTa BOZHUKAIOT BOIIPOCHI, PAa3pEIIUTh KOTOPBIE CAMOCTOSATEIILHO
HE yJIaeTcs, He00X0IMMO 0OPaTUTHCS K IPENOJaBATENIO IS ITOJIyYEeHHs! Y HETO pa3bsiCHEHUH WK
yKa3aHui. B cBOMX BOIpOCax CTYACHT JOJKEH YETKO BBIPA3UTh, B YEM OH UCIBITHIBACT
3aTpyIHEHHUS, XapaKTep 3TOTO 3aTpyAHEHH. 3a KOHCYJIbTallMen ciieayeT oOpaiaThes U B caydae,
€CJIM BO3HUKHYT COMHEHUS B IIPABUJILHOCTH OTBETOB HAa BOIIPOCHI CAMOIIPOBEPKH.
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