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PabGouass mporpamma cocraBieHa Ha ocHoBe PI'OC BO - choenuanurer 1o
criermanbrocth 21.05.04 T'opHoe neno (nprka3 MunoopHayku Poccun ot 12.08.2020 r. Ne 987)

Pabouas mporpamMma paccMoTpeHa 1 0J00peHa Ha 3aceianuu Kadeaps! [OpHBIX MalTuH U

TPAHCIIOPTHO-TCXHOJIOTHICCKHUX KOMIIJICKCOB
10.02.2023, mpotokoun Ne 4 M
3aB. kadeapoit A.M. MaxxutoB
A\ /
Pabouas mporpamma omobpena metouaeckoit komuccued UI'IuT

13.02.2023 r. mpotoxoi Ne 3 44}
[Ipencenarens N.A. ITpiTanes

CornacoBaHo:
3aB. kadeapoii ['eonorun, MapKIeIepckoro aena u 000TameHus MoJIe3HbIX
HNCKOITaEMBbIX ///’

/;/ <l
) _W.A.Tpumun

PabGouas nporpamma cocraBiieHa: %ﬁ
notieHT kadeapel [MuTTK, kauz. TexH. HayK A M.Dunatos

N

Peniensenr: %
3am. Haganpauka KPI[-2 OO0 "OCK" , / C.B. Hemkos
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JIner akryaamzanuu padodeil mnporpamMmsl

Pabouas mporpamma nepecMoTpeHa, 00cyxieHa u ogo0pena uist peanusarmu B 2024 - 2025
y4eOHOM rojly Ha 3aceaHuu Kadeapsl [OpHBIX MalllMH ¥ TPAHCIIOPTHO -TEXHOJIOTHUECKUX

[Iporokom or 20 1. Ne

3aB. kadenpoii A.M. MaxuTos

Pabouas mporpamma nepecMoTpeHa, 00CcyxieHa u ogo0pena it peanmsarmu B 2025 - 2026
y4e0OHOM roJly Ha 3aceqaHuu Kageapsl [ OpHBIX MAIIWH ¥ TPAHCTIOPTHO-TEXHOJIOTHISCKHX

[Iporoxom oT 20 1. Ne

3aB. kadenpoit A.M. Maxutos

Pabouas mporpamma nepecMoTpeHa, 00CykieHa u oo0pena juist peanm3armu B 2026 - 2027
y4eOHOM rojly Ha 3aceJaHuu Kadeapsl [OpHBIX MalllMH ¥ TPAHCIOPTHO-TEXHOJIOTHYECKUX

[IpoTokomor 20 . Ne

3aB. kadenpoit A.M. Maxutos

Pabouas mporpamma nepecMoTpeHa, 00CykieHa u oo0penHa it peanm3armu B 2027 - 2028
y4eOHOM ro/1y Ha 3aceaHuu Kadeapsl ['OpHBIX MaITUH ¥ TPAHCIIOPTHO -TEXHOJIOTHIECKUX

[IpoTtokonm oT 20 1. Ne

3aB. kadenpoit A.M. Maxutos

Paboyas nmporpamma nepecMoTpeHa, 00CyxieHa 1 o100peHa s peanusarmu B 2028 - 2029
y4eOHOM roay Ha 3aceqanuu Kadeapsl ['OpHBIX MAalTMH U TPAHCTIOPTHO-TEXHOJIOTUICCKUX

[Ipotokom ot 20 r. Ne

3aB. kadenpoit A.M. MaxuToB

Paboyas nmporpamma nepecMoTpeHa, 00CyXxieHa 1 o100peHa s peanusaruu B 2029 - 2030
yueOHOM roay Ha 3acenanuu Kadeapsl ['OpPHBIX MAITMH U TPAHCTIOPTHO-TEXHOJIOTUIECKUAX

IIpotokomor 20 . Ne
3aB. kadenpoii A.M. MaxurtoB




1 e ocBOeHUS THCHUILTHHBI (MO/TYJI51)

Llenbro AMCIMIUIAHBI SBISICTCS:

- U3Y4YCHHUE U OBJIA/ICHUE CTYJIICHTAMH 3HAaHUI 3aKOHOB TUAPOCTATUKU M THIPOJMHAMHUKH
U pealIM3alliy X B TUAPOIIPHUBO/IAX TOPHBIX MALIIMH U 000PYyI0BaHHH,

- OBJIQJICHUEC HABBIKAMHU BBINOJHECHUS OKCIICPUMEHTAJIBHBIX W  Ja0OpaTOPHBIX
UCCJICIOBAHU, MHTEPIIPETAIIMU MOJTYUYCHHBIX PE3YJIbTATOB, COCTABICHUS M 3aIUThI OTYETOB I10
IIpO/JIeIaHHO M padoTe,

-OBJIaJICHUE JIOCTATOYHBIM YPOBHEM NPO(ECCHOHAIBHBIX KOMIETEHIIMH B COOTBETCTBHU
¢ TpeboBanusmu O@I'OC BO no nanpasienuto noarorosku 21.05.04 T'opHoe aeno

Crennanusanus O6oramieHue Nojae3HbIX HCKONAaeMbIX

2 MecTo THCHMIIIMHBI (MOYJIs1) B CTPYKTYpe 00pa3oBaTe/ibHOI MPOorpaMMsbl

Hucuunnuua ['mapomexaHuka BXOJUT B 4YacTh y4uyeOHOro IiaHa (GopMHUpyeMyro
y4acTHUKaMH 00pa30BaTelbHbIX OTHOLIEHUH 00pa30BaTeIbHOM IPOTrpaMMBbl.

JUia  u3ydeHus  JUCUUIUIMHBI  HEOOXOAMMBbI  3HaHMsS  (YMEHHUs,  BIJIAJCHUS),
c(OpMUPOBaHHBIE B PE3YJIbTATE U3YUEHUSI JUCIUIUINH/ IPAKTUK:

['opHble MaiHbI 1 000pyIOBaHKE

dusuka

3HaHus (YMEHHUS, BJIAJICHUs ), TIOJYYEHHbIE TIPU U3YyYEHUH JaHHOM JAUCUUIUIMHBI OyIyT
HE0OXO0IUMBI JJ1s1 U3YyYEHUS] AUCIUTLITUH/TIPAKTHK:

Boimonnenue, mOAroTOoBKAa K - MpOLEAYpe  3allUThl W 3alllUTa  BBITYCKHOM
KBaJIN(DUKAIIMOHHOM pabOTHI

3 Komnerenuuu odyuyarwierocsi, opMupyembie B pe3yJibTaTe 0CBOCHUS

AMCUUIJIMHBI (MOYJISA) M IIJIAHUPYEMBbIe pPe3yJbTAThl 00y4eHUs

B pesynbrare ocBoeHus aUCHMIUIMHBI (Moayns) «['mapoMexaHuka» oO0y4aromuiics
JOJIKeH 001a1aTh CAeIYIOIMMH KOMIETEHITUSAMHU:

Ko nanukaTtopa NHaukaTop J0CTHKEHUS KOMIICTCHITUN

ITIK-2 Cnocoben pa3pabaTeiBaTh TEKCTOBYIO M rpaMuecKyl0 4acTHU MPOEKTHON JOKYMEHTALUU
110 000TaIIEHHIO MTOJIE3HBIX HCKOTIAEMbIX U IIepepaboTKe MUHEPATbHOTO ChIPhS

IIK-2.1 Komnonyer obGopynoBaHue W HM3JENHs, MPUMEHIEMbIC MPU OOOTAIlCHUH
TI0JIC3HBIX HCKOTIAEMbIX

[K-2.2 OneHuBaeT COOTBETCTBUE paboyeil TOKYMEHTALUH MPUHSATHIM MPOCKTHBIM
PELICHHSIM IIPOCKTHOM JIOKYMEHTAIIUU




4. CTpyKTypa, 00b€éM H coep:KaHue T CHUIIJIMHBI (MOYJIs1)
OO0mast Tpy1I0eMKOCTh AUCIUILTMHBI COCTABISICT 4 3a4eTHRIX equHuI 144 akan. yacoB, B TOM YHCIIE:
— KOHTaKTHas pabora — 61,6 akaj. 4acos:

— aynutopHas — 60 akaj. 9acos;

— BHeayauTopHas — 1,6 akaj. 9acos;

— camocTosTenbHas pabota — 82,4 akaJ. 4acos;
— B popMe npakTuieckoi moarotopku — 0 aka. gac;

dopma aTTeCcTaluy - 3a4eT

AynurtopHast I =
o KOHTaKTHasd pa60Ta E E Dopma TeKyLero
S B
5 B aKaJ. yacax 15 it KOHTPOJIst
Paznen/ Tema 3 ( A ) E R . e Kon
g 3 ©| caMOCTOSITENBHOM |  yCIeBaeMOCTH U
JACLIMITIIMHEI 3 2 = . | xoMmereHmH
O 2 & paboThI MPOMEKYTOTHON
nmab. | mpakT. | 33
Jlek. = aTTecTaluu
3aH. 3aH. | ) &
1. Pazgen 1. PabGoune >KHUIKOCTH.
(OCHOBBI THAPOCTATHKH
TTouck
JIOTIOJTHUTEIILHOM
nHpOpMAIUHU 10
bop . [Ipoxoxnenue
3aJJaHHOM TeMe
1.1 JKugkocte © ee BBOJIHOT'O
. IToaroroBka
¢uznveckue CBOWCTBA. tecta.Crayva 3amaq I1K-2.1,
N 1 1 4 nabopa-ToOpHOMY
Cunbl, JCWCTBYIOIIME B o TeMe «OKuakoctpb [K-2.2
3aHATUIO. Perienne
YKUJIKOCTH. U ee pU3nIecKue
3aJ[aHHBIX 33734 110 .
CBOMCTBaY.
Teme «KuakocTs u
ee (husnyeckue
CBOMCTBa»
6
TTouck
JIOTIOJHUTEIHHOM 3amura
1.2 T'uapocraTuka: UHPOPMAIIH IO nabopaTopHOU
nuddepeHanbHbIe 3aJJaHHOW TeMe paboter Nel «
ypaBHEHUS paBHOBecCHS IToaroroBka duznueckue K21
YKUJIKOCTH, OCHOBHOE 2 2 5 nabopaTopHOMY CBOMCTBa TIK 2' 2’
YpaBHEHHE  T'HIPOCTATHKH, 3aHATHUIO. SKMIKOCTHY. '
OCHOBBI TUAPOCTATHKU. Pemenne Cpraya 3a1a4 o
VpaBuenus Diinepa. 3aJaHHBIX 3a7a4 I10 pasnenam
pazaenam THJIPOCTATHKH.
THIIPOCTATHKH.
HWroro no pazaeny 3 2 1 9

2. Paznen 2. T'unponuHaMuka




ITouck
JIOTIOJTHUTENTbHOM
UH(POPMAIUH 10

2.1 I'mnponunamuka: 3aJaHHOM TEME.
KAHEMaThKa KHUIKOCTH, Pabora ¢ Criaua a1 10
BUJIBI JIBHXKCHHS JKUJKOCTH, KOMIIBIOTEPHBIMH rene "PeKiMbL [K-2.1
3aKOH COXpaHEHHsS MaccChl, 2 8 00y4aIOIIUMH BHOKCHI HK-ZI 2’
ypaBHEHUE HEPa3pbIB-HOCTH. MpOrpaMMaMmH. ——" '
OCHOBBI JIMHAMUKHU [ToaroroBka k ’
KHUIKOCTH. n1ab0paToOpHOMY
3aHATHIO. Pemenue
3a/1a4 Mo pasjenam
THIPOCTATHKH.
IMouck 3amura
JIOTIOJTHUTENIbHON nabopaTopHOi
HUH(POPMAIHH 10 paboTbr Ne2
2.2 OcHOBHBIE aBHCHUS .
P 3a7IaHHOM TEMe. «H3yuenue
TUIPOJMHAMUKHI I1K-2.1,
N N 2/21 8 IoaroroBka x puOOPOB LIS
OITHOPOAHOM HEC)KHMaeMOi [K-2.2
KIIKOCTH nabopaTopHOMY WU3MepeHHs
’ 3aHsATHIO. Pemenue JIaBJICHUSD).
3a/1a4 1o Cnaua 3a1a4 1o
TUAPOAMHAMHUKE. | THIAPOAUHAMUKE.
Tlouck
JIOTIOTHUTENBHON
2.3 JIpwkeHHEe HIEaIbHOM UHPOPMAIIH IO
KHUIKOCTH aBHEHUE 3aITaHHOI TeMe.

’ yp 3amuTa 3a1a4 1o I1K-2.1,
Bepnyimnu, (dusnyeckas 1 5,2 TTonroroBka k HAPOIHHAMIKE K-2.2
HHTEpIpeTalys ypaBHEHUS nabopaTopHOMY P ’ '
bepnynnu. 3aHsATHIO. Pemenue

3a1ay 1o
TUAPOIUHAMHUKE.
3amura
nabopaTopHOH
o Tlouck paTop
24  JIBwkeHue  BS3KOH . paboter Ne3
M JIOTIOJTHUTETbHOM I1K-2.1,
HECKUMAEMOW  KHJIKOCTH. 221 5 HHGOpMALIH 10 «3mepenue K-2.2
YpaBuenus Habe-Crokca. 3az[afI1)H0171 Teme. | TAAPOCTATHHECKOTO '
) JIaBJICHUS
SKHJIKOCTI).
25 OcHOBBI TEOpPHUH
THAPOANHAMUYECKOTO Towcxk
o100MSI. Kpurepun . 3amura 3aaa4.
purep JIOITOJTHUTEIBHON A I1K-2.1,
THIPOIUHAMHYECKOTO 2 4 HH(OPMALIH 110 [poxoxkaeHue K-2.2
o100MSI. ITpumepsr 3a/:La1?H0171 reme TecTa. '
WCIIONIb30BAHUSL B PELICHUU )
THAPOANHAMUYECKUX 3a71a4.
2.6 T'uapaBiarueckue MoTepu TTownck ammra
SHepruu. PexxuMbl TeueHus JIOTIOTHUTENHHON 1aBopaTopHOH
HKHIKOCTH. qncn(v) I/IH(I)OpMaj_[I/II/I o paborst Ned MK-2.1,
Pefinonpaca.  JlamuHapHbIN 221 5 3aJJaHHOU TEME. 3vacHie K-2.2
PEKUM TEUEHHS >KUAKOCTH. Brmmonuaenne c N y:I HOTOKOB '
®opmyna Crokca. 3akoH nabopaTopHOH pr;ylﬁiocm»
Iarena-Ilyasetins paboThI. ’
Tlouck
2.7 MectHbie noTepu .
OTIOTHUTETHHON 3ammra 3a7a4.
ouepruu. Brison  dopmymer 221 4 II[/IH(I)O Maluu 1o HH;xom;(e;}[me IK-2.1,
Bopna — Kapno. Buasl pMal p [K-2.2
3aJJaHHOM TeMe. TecTa.

MCCTHBIX COHpOTHBHEHHﬁ.

Pemenue 3amauy.




Ionck 3ammra
2.8 Krnaccnduxaris JIOIOJIHUTENBHON 71a00paTOpHOH
TpyOOIIPOBOIOB HUH(POPMAIUH 1O paboTsr Ne5 K-2.1
I'unpaBnnueckuit pacuer 2 221 5 3a/JaHHOM TeEMeE. «Ormpenenenue HK-Z. 2’
TpybomnpoBonoB. IIpumeps BeimonaeHne pexrMa TSUSHUS U '
pacdera TpyOOIPOBOIOB. nabopaTopHOit ero
paboThI. XapaKTEePUCTHK.
2.9 VcreyeHne KUIKOCTH U3
OTBEPCTMM M HACaJKOB. TMowucxk
K i .
naccn(bI/IKauum oTBepeTHH JIOTIOTHUTEIBHOM 3amiuta 3aaa4.
1 ucredeHuid. OcoOeHHOCTH 2 2 4 HHGOpMAIH 110 M oXOK IeHIE IIK-2.1,
WCTEYCHUS! M3 OTBEPCTHH. s aIfHOI;TeMe p TeCTj IK-2.2
OcobeHHoCTH u Peijelme s aq‘ ’
XapaKTePUCTHKNA HUCTCUCHUS flad.
JKHJIKOCTH U3 HACAIKOB.
. [ouck
2.10 TuapaBmuueckuil ynap S — 3ammura
B TpyOax. Ipuuune 8 nabopaTopHOi
N HUH(POPMAIHH 10
BO3HMKHOBeHHMs. [Ipsmoit u 2 201 5 SATAHHOMN TeMe paboTbr Ne6 IK-2.1,
HENpsIMON ruapoynaap. A ’ «Hnmoctpanys IK-2.2
OdopmieHne
Mepsl MIPEIOTBPAICHNUS naGopaTopHof ypaBHEHHS
THApOyaapa. paboThi. Beprymmy.
Hroro o pasneny 17 |10/101( 9/21 | 53,2
3. Paznen 3. T'maponpuson
3.1 TI'mpponpuBoms. Tlouck
C Typa u OITOJTHUTENBHOM
TPYKTYP n 3amura 3aaay.
KJ1acCUpUKAIINS JIUTEPATYPHI 110 [K-2.1,
2 2 4 . [poxoxxaenue
THIPOTIPHBOJIOB. paccMaTpuBaeMoi Tecta [K-2.2
I'mnpoanmaparypa Teme. Pemenue ’
yIIpaBJIEHHUS. 3a1au.
3.2 T'uapomarvHel. TTouck
Ucrounnkn  nuraHus U JIOTIOJTHUTENIbHON 3ammra
WCTIOJIHUTEIIbHBIC UH(POPMAIIH IO nabopaTopHOH
YCTPOMCTBA — KOHCTPYKIIMH, 2 1 5 paccMaTpuBaeMoi paboter Ne 7 [K-2.1,
rapaMmeTpsl, TEMe. "Onpenenenue [K-2.2
KJ1acCU(UKAIIHS. Pacuer OdopmiieHne MECTHBIX MOTEPb
rapaMeTpoB u BBIOOD nabopaTopHOH Haropa"
THAPOMALINH 10 KaTajJoram paboThI.
Tlouck
JIOTIOJTHUTENIbHOM Samuita 3a0a4
3.3 Meronmuka  pacuera UHPOPMAIIH IO H padt. [K-2.1,
2 2 4 . [poxoxxaenue
00BbEMHOT0 THAPOIPUBOJIA. paccMaTprBaeMoi Tecta [K-2.2
Teme. Pemenue ’
3ajay.
Tlouck 3amura
JTOTIOJTHUTENLHOM nabopaTopHOM
3.4 Typboma .
YPOOMATIIHHBL UHPOPMAIIH IO pabothr Ne8
TunpomydThI. . " [K-2.1,
2 1 4 | paccmaTpuBaeMoi OnpezaencHue
T'unporpanchopmaTopsl. [K-2.2
T HMeHEHC Teme. opopmieHnEe|  TOTeph Hamopa
P ’ nabopaTopHOH TpyOOnpoBoa 1O
paboThI. e
TTouck Cnaya
3.5  Pacuer OCHOBHBIX .
JIOTIOJTHUTENBHOM n1a00paTOPHBIX
rapaMeTpoB [K-2.1,
2 1 1 3,2 | murepatypsl o pabort u 3aa4.
THIPOJTUHAMUYCCKAX MAIlIuH . [K-2.2
1 CHCTEM BOOOTINBEA paccMaTprBaeMoi IMpoxoxaeHue
’ TEME. HUTOTOBOI'O TECTA.
Uroro no pazneny 10 3 5 20,2
HUroro 3a cemectp 30 |[15/10M| 1521 | 82,4 3a4€T
Hroro o gucumumae 30 |15/101| 1521 | 82,4 3a4eT




5 O0pa3oBaTe/ibHbIE TEXHOJIOTHH

OO6pazoBarenbHBIC TEXHOJIOTUI

JUia  peanmu3zauuM  NPEeAYyCMOTPEHHBIX BUJOB Y4eOHOM paboThl B  KayecTBE
00pa3oBaTeNIbHBIX ~ TEXHOJIOTMA B  MPENOJIAaBaHWUU  JUCHUIUIMHBL  «[mapomMexaHWKay
WCIOJIL3YIOTCS  TPAIUIIMOHHAS, WHTCPAKTUBHAI W HWHPOPMAIMOHHO-KOMMYHUKAITMOHHAS
00pa30BaTEIIbHBIC TEXHOJIOTHH.

Ha 3aHATHUAX peaycMaTpuBaeTcs UCII0JIb30BaHNE AJIEKTPOHHOTO
JEMOHCTPAIIMOHHOT0-y4e0HOr0 MaTepuanga COJAEPXKALLEro CIOXKHBIE CXEMbl, TaOMuIbl U
MaTeMatuieckue (Gopmynbl. MyJabTHMEIHITHOE 000PYIOBAaHHE MOXET OBITh HCIOJIB30BAHO
TaK)Ke U CTYACHTaMU JUIsl IEMOHCTPAIMK PE3Yy/IbTATOB BHINOJIHEHUS JIA0OPATOPHBIX paboT.

1. TpaguuuoHHble 00pa3oBaTeIbHbIE TEXHOJIOTMH OPUEHTUPYIOTCS HA OpraHU3alUIo
00pa3oBaTeIbHOTO  Mpollecca, MPEANOJaralllyl0 NpsSMYyH0 TPaHCIALMIO 3HAHUH  OT
IpenojaBaTelisd K CTYyIEeHTY (MPEeUMYIECTBEHHO Ha OCHOBE OOBSICHUTEIbHO-UIUTFOCTPATUBHBIX
METOJIOB 00y4ueHus1). YueOHasi IeITeIbHOCTh CTY/IEHTa HOCUT B TaKUX YCJIOBUSX, KaK MPaBHUIIO,
PENpPOLYKTUBHBIN XapaKTep.

@®opMbl y4eOHBIX 3aHATHIH C HCIOJIB30BAHUEM TPAJUIIMOHHBIX TEXHOJIOT Uil

Nndopmanrionnas yekuust — TOCIEAOBATEIbHOE  H3JIOKEHHE Marepuaga B
JTUCHMIUTMHAPHON JIOTHKE, OCYILECTBISIEMOE MPEUMYILECTBEHHO BepOalbHBIMU CpPEICTBAMU
(MOHOJIOT TIpeTIo1aBaTes).

[IpakTUueckoe 3aHATHE, MMOCBIIICHHOEC OCBOCHUIO KOHKPETHBIX YMEHHUM M HABBIKOB TIO
MPEI0)KEHHOMY aITOPUTMY.

2. lHTepakTUBHBIE TEXHOJOTUU — OpraHu3alus 00pa3oBaTeIbHOIO Ipoliecca, KoTopas
MIpeInoiaraeT akTHBHOE U HEJIMHEHHOE B3aMOIEUCTBUE BCEX YUaCTHUKOB, IOCTH)KEHHE HA 3TON
OCHOBE JIMYHOCTHO 3HAYMMOIO JJsi HUX oOpa3oBaTelbHOro pesynbrata. Hapsay co
CHEIHATM3UPOBAHHBIMU ~ TEXHOJIOTHUSIMH  TaKOro  poJia  MPUHIMI ~ MHTEPAKTUBHOCTH
MPOCIEKUBACTCA B OOJBIIMHCTBE  COBPEMEHHBIX  00pa30BaTeNbHBIX  TEXHOJOTHUH.
HHTEepakTUBHOCTD MOJpa3yMeBaeT CyOBbEKT-CyObEKTHbIE OTHOIIEHUS B X0Jie 00pa30BaTEIbHOTO
mpolecca H, Kak ciejacTsue, GopMupoBaHUE camMopa3BHUBarolIeiics HHPOPMAIIHOHHO-PECYPCHON
Cpebl.

@opMbl yUEOHBIX 3aHSITHH C MCHOJIB30BAHUEM CHELMATU3UPOBAHHBIX WHTEPAKTHUBHBIX
TEXHOJIOTUI:

Jlexusi «0OpaTHOM CBSA3M» — JIGKIMSI-TIPOBOKAIMs (M3JI0KEHUE MaTepHuala ¢ 3apaHee
3arIaHUPOBAHHBIMU omunoKamu), nekuus-oecena, JeKIUS-AUCKYCCHUS,
JEKIUSA-TIPECCKOH(EepeHITHSL.

3.  HuadopmManmoHHO-KOMMYHUKAIIMOHHBIE  OOpa3oBaTeibHbIE  TEXHOJOTUU  —
opranusanus 06pa3zoBaTeNILHOTO MPOIECCca, OCHOBAHHAS HA MPUMEHEHUH CHEIHAIN3UPOBAHHBIX
MIPOrPAMMHBIX CPE/l U TEXHUUYECKUX CPEJICTB paOdOThI C HHGOpMAaLIUEH.

@opMbl Y4eOHBIX 3aHATUNA C HCIOJIH30BAaHUEM HH(POPMAIUOHHO-KOMMYHUKAITMOHHBIX
TexHoJorui:JIekusa-su3yann3anus — U3J10KeHHEe COAEepP KaHUsI COTIPOBOXKIAETCS Ipe3eHTalnen
(meMoHcTpanuei yueOHbIX MaTEepPHUAaIOB, MPEACTABICHHBIX B PA3IMYHBIX 3HAKOBBIX CUCTEMaX, B
T.4. WILTIOCTPATUBHBIX, TPaQUUECKUX, ayTU0- U BUEOMATEPHAIIOB).

JlaboparopHoe 3aHsATHE B (hopMe BUPTYyalbHON BHU3yalU3allid MPOIECCOB U SIBICHUIA,
MPOUCXOJAIINX B JKMJIKOCTH M JIEATEIBHOCTH C MCHOJIb30BAaHUEM CHEIUAIM3UPOBAHHBIX
MIPOTPaMMHBIX CPE/I.

[TepenoBbIe TEXHOIOTHH, TPUMEHSIEMBIE TS JOCTHIKEHHSI 00pa30BATENBHOM 1ENH:

1. B yueGHOM mpolecce NpeaycMOTPEHBl 3aHATHA B (opMme pa3dopa KOHKPETHBIX
CUTYaIINH, CBSI3aHHBIX C TUAPABIUKON U THIPOITHEBMOIPUBOIOM.

2. Vcnionp3oBaHue B yueOHOM MPOIECCE BUPTYAIBHOTO TaOOPaTOPHOTO MPaKTUKyMa 0
pazzenam TeXHUYECKOU THIPOMEXaHUKH.

3. Ilpu mpoBeneHnn 1a0OPaTOPHBIX PadOT pacCMATPHUBAIOTCS TECTHI MO pas3jeiaM B



4. Ha nexuusix UCIONIb3yeTCsl KOMIIBIOTEP C IIPOEKTOPOM JUIsl OTOOPAKEHUSI U JTYYILIEr0 OCBOCHMS
M3y4aeMOro MaTepuaa.

6 YueGHO-MeTOANYeCKOe 00ecTiedyeHHe CAMOCTOSITe/IbHOI padoThl 00yUyaroLmMXxcs
[Ipencraneno B nmpuiioxxenuu 1.

7 OueHOYHBIE CPEACTBA /ISl POBEJeHU POMEKYTOYHOM aTTeCTAlMN
[IpencraBieHbl B IPUIIOKEHUH 2.

8 YueOHo-MeTOMYecKOe H HH(OPMANIMOHHOE 00ecTiedeHrue TUCIIHIITHHBI (MOTYJIs1)

a) OcHoBHas1 TMTEpPaTypA:

1. lomanckuii, M1.B. MexaHuKa KHAKOCTH H ra3a . yueOHoe mocobue / 1.B. JlomaHCKwHii,
B.A. HekpacoB. — Cankr-IlerepOypr : Jlanp, 2018. — 140 c. — ISBN 978-5-8114-3158-8. —
Tekcr : snekTpoHHBIH // DnexTpoHHO-OMOMMOTeuHas cucrtema «Jlamb» : [caiit]. — URL:
https://e.lanbook.com/book/110915

2. CazanoB M. U. TwapaBnumka [DnekTpoHHBIH pecypc]: yueonuk / CaszanoB U. U,
Cxuptname A. T'., Usanos B. U. - M.: KYPC, HUI] UH®PA-M, 2017. - 320 c.: 60x90 1/16. -
Pexxum noctyna: http://znanium.com/bookread2.php?book=601869 . - 3arx. ¢ skpana. - ISBN
978-5-906818-77-5.

0) lonoJiHMTEILHAS JIATEpaTypa:

1. CokonoBa M. C. MexaHuKa KUAKOCTH U Ta30B [ DJIEKTPOHHBIN pecypc] : mpakTutkym / M.
C. CokosoBa, A. B. TuxonoB, M. A. Jlememko ; MI'TY. - Maruautoropck : MI'TY, 2017. - 1
AIIEKTPOH. OIIT. JICK (CD-ROM). - Pesxum JOCTyIa:
https://magtu.informsystema.ru/uploader/fileUpload?name=3404.pdf&show=dcatalogues/1/113964
8/3404.pdf&view=true. - MakpooOBEKT.

2. Ocurnios, I1. E. 'mnpaBiauka, rTuapaBIndecKue MaluHbl 1 ruaponpuBo [Tekcer] | yueOHoe
nocobue. - 3-¢ u3., nepepad. u xor. - Jlunenk : Marterpan, 2011. - 424 c.

3. Jlowmsuckuid, JI. I'. Mexanuka xunkoctu v rasa [Teker] : yueOnuk. - M. : JIpoda, 2003. -
840 c.

4, Manko E. lO. T'mmpaBnuka W THIPOTTHEBMONPHBOJA [DJIEKTPOHHBIA pecypc]
nabopatop-ueiii mpaktukyM / E. 0. Manko, . T'. Ycos ; MI'TV. - Marauroropck : MI'TY, 2014. - 1
anekTpoH. onT. auck (CD-ROM). - Pexxum moctyna:

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

5. Konera A.Jl., UBanor C.A., Tournkun B.B., ®unatoB A.M., 3agopoxusiii B./I., Barun
B.C. OcHOBBI (yHKIIMOHUPOBAHUS TUIPABINYECKUX CUCTEM METAILTyPrHUECKOT0 000pY-JA0BAHHUS:
yueb. mocodue. Maruuroropek: U3n-Bo Marauroropcek. roc. Texs. yu-ta uM. [.M.Hocoga, 2011. -
197 c. (monymeno YMO 1no o6pa30BaHUIO B 00JIACTH METAUTypruu B KauecTBE y4eOHOTO mocooust
JUIS  CTYACHTOB  BBICIIMX  y4eOHBIX  3aBEJCHHH, OOy4JaromuXcs MO0  CHEHUAIbHOCTH
«Metamtypruueckie MamuHsl 1 o6opynoBanue»). ISBN 978-5-9967-0224-4.

6. Tounnkun B.B., ®unatoB A.M., 3agopoxnsriit B.Jl., IBanos C.A., Konsra A.Jl., Barun
B.C. OcHOBBI (hyHKITMOHHPOBAHUS THAPABIMUYECKUX CHCTEM METaJUTyprudeckoro o0opy-I0BaHHUS.
JlaGopaTopHBIil TMpakTUKyM MO TUAPONPHUBOAY M THUIpOaBTOMaTHKe. Y4eld. moco-Oue.
Marnutoropck: M31-8o Maraurtoropck. roc. Texs. yu-ta um. I'.M.Hocosa, 2009. - 105 c. (nomymieHo
YMO no o6pa3oBaHHI0 B 00JaCTH METAJUIYPIUU B KadeCTBE y4eOHOTO MOCO-Ousl Ul CTYJICHTOB
BBICIINX YUeOHBIX 3aBEJICHUH, 00YUaIOIIUXCS



IO CTIEHUANBHOCTH «Me-Tajurypruueckie MamuHbl 1 o6opynoBanuey»). ISBN 978-5-9967-0085-1.

7. Tounnkun B.B., ®unaros A.M., sanoB C.A., Unuene H.A., Konsra A./Jl., Baruun B.C.
HccnenoBanue pabOThl U XapaKTEPHCTHK 3JIEMEHTOB TUAPONPUBOIA METAJUTYPTUUCCKIX MAIIHH:
yue0. mocobue. Marauroropck: M3n-so Marauroropck. roc. Texs. yH-ta um. [.11.Hocoga, 2014. -
207 c. (nomymmero YMO 1o 00pa3oBaHUIO B 00JIACTH METAILTYPTUU B KAUYECTBE yU4EOHOTO MOCOOUS
JUIL  CTYJCHTOB  BBICHIMX  Y4YEOHBIX 3aBEJCHUH, OOy4aroUMXCS MO  CHEHUAIBHOCTH
«Metamryprudeckie MamuHbl 1 00opynoBanue»). ISBN 978-5-9967-0451-4.

8. I'mapasnuka u ruaponpuson [Tekcr] : ydeonoe nocobue / H. C. I'ymumun, E. M.
Kpusen-xo, b. C. Maxosukos, U. JI. [1actoes ; mox o6ui. pen. W. JI. [Tactoesa ; pexn. coser : JI. A.
[TyukoB (mpen.) u ap. - 2-e u3., crep. - M. : MITVY, 2001. - 519 c.

B) Meroauyeckue yKasaHus:

1. Tounnkun B.B., ®unatos A.M., Manko E.1O. 'maponpusoa. Meroauueckne yka3zaHus K
nmabopatopHbIM pabotaM s ctyaeHToB crienuanbHocT 170900, Marautoropek: MI'TY, 2001. 24
C.

2. Manko E.1O., Ycos N.I'. 'mapaBnvka 1 THAPOITHEBMOIIPUBOA: MeTOAMYECKHE yKa3aHHS
K KOHTPOJBHBIM paboram s cryneHtoB Hampaenenmii 190100, 150400, 150900 wu
cnernmansHo-cTer 190205, 260301, 260303, 151001, 150400 Bcex hopm oOyueHHUS. [ DINEKTPOHHBIN
pecypc], Marautoropck: ®I'BOY BITO « MI'TVY», 2012.

r) [IlporpammHuoe o0ecnieuenne u UHTEepHET-pecypcehl:

IIporpamMmmHoOe o0ecnieyeHue

Haumenosanue [10 Neo norosopa CpoOK IeHCTBUS TULEH3UH

7Zip c¢B000HO pacaopocTpansemoe [10 0eccpoyHO
DJIEKTPOHHBIE
TARATRI IO KYPEY  1K_227-12 01 11.09.2012 GecCpoUHO

I'mapaBnuka u
TUIPONPUBOLT"

KC Imroc
HNHTepakTUBHBIN
TpeHaxep 3D
Atnac2.0

«Y cTpoiCTBO J-744-22 o1 29.07.2022 0eccpovHO
TUIPABIHMYECKUX
HacoCOB, 00BEMHBIX
TUIPOJIBUTATENEH U
HACOCHBIX CTaHIIHI»

KC Ilmroc
BupryanbHslii
TPEHaXKeP-CUMYIIATOP
«Texmiriecxoe J-744-22 ot 29.07.2022 GeccpouHo
00CITy)KMBaHUE U
PEMOHT
THJIPABINYECKUX
HAcOCOB»




IIpodeccuonaibHbie 6a3bI JAHHBIX H HH(POPMAIHMOHHBIE CIPABOYHbIE CHCTEMbI
Hassanue xypca CchLIKa
DJNEeKTpOHHBIE  pecypchl  OMOIMOTEKH
MI'TVY um. I'"1. HocoBa
Poccniickas I'ocynapcrBennas
oubnmmoreka. Karamoru
Nudopmanmonnas cucrema - EnmnHoe
OKHO JIOCTyHna K HMH()OPMAIMOHHBIM
[TouckoBast cucrema Akanemusi Google
(Google Scholar)
OnekTpoHHas  0a3a  NEPUOJAUYECKUX
m3mannii East View Information Services,
9 MaTepuajbHO-TeXHHYeCKOe o0ecniedeHue TUCIHIIHUHBI (MOIYJIs1)

https://magtu.informsystema.ru/Marc.html?locale=ru

https://www.rsl.ru/ru/4readers/catalogues/

URL.: http://window.edu.ru/

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

https://dlib.eastview.com/

MaTepI/IaJ'II)HO-TCXHI/ILIGCKOC oOecrieucHue JUCHUITTIMHBI BKJIFOYACT:

B cootBeTcTBUM C y‘~I€6HI>IM IJIaHOM IO JUCHUIIIMHE MPEAYCMOTPCHBI CICAYIONIUE BUABI
3aHATHH: JICKOOUH, MNPAKTHYCCKHUEC 3aHATHUA, J'Ia60paTOpHI>I€ 3aHATHUA, CAMOCTOATCIIbHAs pa60Ta,
KOHCYJIbTAallhH, 3a4€T , OK3aMCH.

VY4eOHble ayqUTOPUH U1 IPOBEACHUS 3aHATUN JIEKIIMOHHOTO THUIIA:
- MyJbTUMEAUMHBIE CPEJICTBA XPAHEHUS, IEpeIaduy U NpeACTaBIeHUS HH(OPMALIHH.

VY4eOHbIe ayTUTOPUH JJI IPOBEACHUS 3aHATUH JIJIS TPOBECHUS IPAKTUICCKUX 3aHITHIA:
- MyJBTUMEAUMHBIE CPEJICTBA XPaHEHUs, IEpeIaduy U MpeAcTaBIeHUs HHOpMaLNH;
- OCKa, MYJIbTUMEANNHBINA TPOCKTOP, IKPaH.

Y4eOHble ayAUTOPUM JUISI MPOBEACHUS TPYNIOBBIX M HHIWBUIYAIBHBIX KOHCYJbTAIHi,
TEKYILETr0 KOHTPOJIS U IPOMEXYTOUHOM aTTeCTalluu

- MyJBTUMEAUMHBIE CPEJICTBA XPAHEHUs, IEpeIaduyl U MpeAcTaBiIeHUs HHOpMalLnH;

- I0CKa, MYJIbTUMEIUNHBIN IPOEKTOP, SIKPaH.

[Tomemnienus st caMOCTOSATENBHON pabOThI 00yJaIOIINXCS:
- epcoHaNbHbIE KOMIbIOTEPHI ¢ makeTtom MS Office, BbIX010M B HHTEPHET U C JJOCTYIIOM B
AIIEKTPOHHYIO 00Pa30BaTENbHYIO CPEly YHUBEPCUTETA.

[Momemenuss i XpaHeHUS ©  NPOMUIAKTUYECKOTO  OOCIYy)KMBaHUS — Y4eOHOTO
o0opynoBaHuUs:

- CTEJUIXH JUISI XPAaHCHUs YYEeOHO-HArJISIHBIX TOCOOMH W y4eOHO-METOJNYEeCKOMN
JOKYMCHTAIHH.

Y4eOHbIe ayAUTOPHUH I POBEACHUS JIA0OPATOPHBIX PabOT:

Kommueke yueOnsblIit «I uapaBarueckue NpuBo/bl U CPECTBA aBTOMATH3ALMNY;
Kommuieke yueOnslii «I napoaBToMaTHKaY;

Kommuieke 1 0TpabOTKH HaBBIKOB POEKTUPOBAHUS;

JIaGopatopus ydebHas ruapaBiuyeckas «Kanenbka»



[Tpunoxxenue 1
Y4eOHO-MeTOAUYECKOE 0O0ecTIeYeHHe CAMOCTOATeIbHOMH padoThl 00yYaromuxcs

lMpumepHsbie 3a0a4u Mo meme « PusuvecKue ceolicmea HuoKocmu»:

3agayva 1. ABTOK/1IaB 06bemom 25,0 1 HAaNOAHEH KUAKOCTbIO U 3aKPbIT repmeTndeckun. KoapoumumeHT
TemnepaTypHOro paclwmnpeHnsa Xuakoctm By, ee moaynb ynpyroctn K. OnpeaenvTb NoOBbIlEeHWE AaBNEHUSA B
aBTOKJ/1aBe Npu YBEANYEHUN TEMMEPATYPbI }KUAKOCTU Ha BeindmMHy AT. O6bemHoM aedopmaumelt aBToK/1aBa
npeHebpeyb.

3apgayva 2 (puc. 1). OnpenenmTb CKOPOCTb V PaBHOMEPHOIO CKOJIbXKEHUSA NPAMOYrobHOM NAacTuHbI (a- b -c) no
HAK/IOHHOM NIOCKOCTU NOA yraom a= 12°, ecan mexay NNacTUHOM M NAIOCKOCTbIO HAXOAUTCA CNON macna
TonwmHoi 6. Temnepatypa macna 30 °C, NAOTHOCTb MaTepuana NaacTUHbI p.

% /i
<] | ——— 8

3agaua 3 (puc. 2). 3a30p MeKAy BasIOM U BTYJIKOM

3aMOJIHEH MAC/IOM, TOJILLMNHA C/10A KOTOPOro paBHa 6.

Onametp Bana D, aavHa BTynKK L. Ban BpalaeTca

PaBHOMEPHO NoL, BO3,D,EI7ICTBVIeM Bpalarowero MOMeHTa ‘\f

M. OﬂpEAEJ’IMTb 4acCTOTy BpalWleHWMA Bana, eCnhun

TemnepaTtypa macsa pasHa 40 °C.

MpumepHole 3a0a4u o meme «fuépocmamuka»:

3agaua 1 (puc.). 3aKpbITbil pe3epByap 3ano/HeH L |
OV3eNbHbIM TOMJIMBOM, TeMNepaTypa KOTOPOro

20 °C. B BepTUKanbHOM CTEHKe pe3epByapa :I:
umeeTca npamoyronbHoe oteepctue (D x b), L)
3aKpbITOE NOAYUMANHOPUYECKON KpbIWKoW. OHa

MOMKET NOBEPHYTbCA BOKPYT FOPU30HTa/IbHOM OCK

A. MaHoBakyymmeTp MY nokasbisaeT

R T T S o e S —

— —

MaHOMETPUYECKOE AaBAEHME Py UK
BaKyyMMeTpuieckoe ps. FNybuHa Tonamea Hag,




KpblWKoW paBHa H. Onpeaennts ycunune F,koTopoe HeobX0aMMO NPUNONKUTD K HUMKHEN YacTU KPbILWKK,
4yTO6bI OHa He OTKPbIBaAaCck. CUION TAXKECTM KPbIWKK NpeHebpeyb. Ha cxeme NoKasaTb BEKTOPDI
OeNCTBYIOLWNX CUA.

3apaua 2 (pwuc.). BepTuKanbHas

UUAMHAPUYECKAn UMCTEPHA € NoslychepmnUecKomn KpbILWKOM 40 caMoro MV

BepXxa 3ano/IHeHa XMUAKOCTbIO, MIOTHOCTb KOTOPOK p. AnameTp — |/—

uuctepHbl D, BbicoTa ee unanHapuyeckon yact H. MaHomeTp M T e ik L 1'.

NMOKa3blBaeT MAaHOMETPUYECKOE AaBEHUE Py. h H
y &

OnpenennTb cuMay, pacTATMBAIOLLYIO 60NTbI A, U TOPU3OHTAIbHYIO CUAY,
Pa3pbIBaOLLYIO LIUCTEPHY NO cevyeHunto 1—1. CUNoi TAKECTU KPbILWKK

Bona A K

npeHe6peqb. BeKTOpr CUN NOKa3aTb Ha CXeme.

3apgaya 3 (puc. ). Kpyrnoe oTBepcTue mexay ABYyMs pesepByapamu T p
3aKPbITO KOHUYECKOW KPbILWKOM ¢ pasmepamu D H L 3aKpbITbI pe3epByap 3anoNHEH BOLOM, @ OTKPbITbIN -
XungKocTbio K. K 3aKpbIToMy pesepByapy CBEpXY NpUcoeanHeH MaHoBaKyymmeTp MV, nokasbiBatowmii
MaHOMETPUYECKOE AaBNEHME Py AW BaKYYM Ps. TeMNepaTypa Kuakocten20 °C, raybuHsl h u H.
OnpeaennTtb cMay CPesblBatoLLyto 60ATbl A, U TOPU3OHTANIbHYIO CUAY, AEWACTBYIOLLYIO Ha KPbIWKY. Cnaoi
TAXKECTM KPbIWKKN NpeHebpeyb. BeKTOPbI CMA NOKa3aTb Ha CXEME.

lMpumepHsbie 3a0a4yu no meme «UOPOOUHAMUKA»:

=0,3
3apaua 1. Boga nepeteKkaet U3 HanopHoro 6aka, rae u3bbiTouHOe AaBieHue Bo3ayxa P ™ MMa,

B OTKPbITbI pe3epByap No KOpoTKol Tpybe aAnameTpom d =50 MM, Ha KOTOPOI YCTaHOB/IEH KpaH. Yemy
A0/KeH bbITb paBeH KoapULMEHT CONPOTUBAEHMA KPaHa A1 TOro, YTobbl pacxos, BoAbl COCTaBAAN

Q=87 H,=1, , H,=3
£=05

Nn/c? BbicOTbl ypoBHeW M. YUecTb noTepto Hanopa Ha BxoAe B Tpyby

1 Ha Bbixoae 13 Tpybbl (BHE3anHoe paclinpeHne).



3anaua 2. Macio BcacklBaeTCsi HACOCOM Ha BBICOTY Nge = 0,5 M 1o TpyOe nuamerpom 20 MM U
amuHOM 1,2 M, KOTOpasi UMeeT JiBa pe3kux n3ruda. Hacoc passuBaer nogauy 20 n/muH. Macio
mIoTHOCTEIO 900 Kr/M° HMeeT KuHeMaTHYecKyro BazkocTs v = 4 - 10° m?/c. B Gake naBnenune
Bo3ayxa — artmoctepHoe. OnpenenuTth, Kakol BaKyyM pa3BHBaeT Hacoc. lIpuHATH s
MaciisTHOTO (puibTpa KOA(PQPHUIMEHTH MECTHBIX compoTuBieHuid (p = 6, s BXoAa BO

BCACBIBAIONIYIO TIOJIOCTh Hacoca Cy = 2 W s u3ruda BcachIBaromen Tpyos! Cusr = 0,8.

Ilpumepnuie 3a0auu no meme «l'uopasnuueckuit pacuem mpyoonpoeoooe»
3aoaua 1. OnpenenuTh BEIUYHMHY IOTEPb JABJICHUS, BBI3BAHHBIX ITOBOPOTOM

Tpybonposoaa guamerpoM d = 200 MM Ha yron o = 90°. TpyOonpoBoj HOBBIN CTaIbHOM,
paamyc moBopoTa R = 40 M. XKuxoe Macno muaepansHoe(v = 14,5x10* m%/c; p = 800 kr/ m%).
Pacxo xuaxocta Q = 0,5 M%/c.
3anayva 2.
3amaga 4.8. KumkocTs ¢ maoTHOCTEIO p = 900 kr/M® u Bsskocteio v = 0,01 Cr
HArHeTaeTcs M0 rOPU30HTAIBHOMY TpyOoTpoBOYy AauHOM L =4 M u quamerpom d = 25 mwm.
OmnpenenuTh JaBlIeHHE B HAYaJIbHOM CEUYEHHUH, €CJIM B KOHEYHOM CEUSHHH TpPyOOIpoBOja
naBieHHe aTtMmocdepHoe, pacxox kuakocth Q = 6 J/c; MIEepoXoBaTOCTh CTEHOK
TpyoornpoBosa A = 0,06 mm.
3adauu no pacuenty 31eMeHmM 08 2UOPONPUBOOA
3apaua 1. Jlna moawsema rpyza G co ckopocteio V=0,15 M/c ucCHonab3ylOTCS IBa
rugpouuunapa auamerpom D= 100
MM. ['py3 cMeleH OTHOCUTENFHO OCH
—~— Uz Ut —»- CUMMETPUM TaK, 4YTO Harpy3ska Ha

= f,

mToke Iro mummaapa F1 =6 xH, a Ha

= _ MTOKEe BTOporo muiuHapa F» =5 xH.

43
Il

')7. Kakum nomxen ObITh KOA(hdUIHEHT
Q? Q ( MECTHOTO COTPOTHBIIEHUS JAPOCCENs
Enp, UTOOBI TUIATGOpPMA MOJHUMATIACH
0e3  mepeKanIuBaHUs: Huamertp
TpyborpoBoaa d= 10 MM; IIOTHOCTH

xuakocta p= 900 kr/m3. TToTepsiMu o

JUTUHE TPYOBI .MpeHeOpeyb.
3apgaua 2. OnpefesuTb Pacxof, KUAKOCTM, MPOMYCKaembll OrpaHUYMTENeM PacxoAaa, KoTopbiit
PacCMOTPEH B 3ajade 8 , M AMHAMUYECKan BA3KOCTb Kuakoctu 4 = 0,04 MNa-c u ee NAOTHOCTb P =

890 kr/m3 Bocnonb3osaTtbca GopmMyoit Ana NnoTepu Hanopa Ha TPeHUe Npu TypbyNeHTHOM pexnme

2

A | v Pe
U Rt -
A g o =
raoe D — ruapaBanyeckMin anameTp cedeHua M U — cpeaHas * 7
CKOpPOCTb. i dﬁ
= R
. EE—.'_—“:_._-JW
MpUHMMaA BMHTOBOW KaHan rMApaBAUYEcKU rNagkum, KospduumneHt M =8 [



COMpPOTUBAEHUA TPEHUA onpeaensaTb no popmyne

0,316 . vD
= , Foe yncno PeitHonbaca Re=—.

2= o0
4/Re v

3agauya 3. OrpaHuyuTelb pacxoja, KOTOPBIA CIYKUT [ aBTOMAaTHYECKOIrO
MOJJIEP’KaHUsl TIOCTOSIHHOTO PAacXxo/ia B CUCTEME IPU MOCTOSTHHOM BXOJHOM JaBJIEHUU Po U
MEPEMEHHOM TPOTUBOJIABICHUH P, COCTOUT M3 MOABMXHOTO mopirHsa 1 auamerpom D = 60
MM, uMeroIIero oteeperue d=10MM U Harpy>KEHHOTO MPYKUHOH 2.

[Tpu U3MEHEHUU POTHBOAABJICHUSI P MOPIICHb MTEPEMEIIAeTCs, U3MEHSS OTKpbITHE D
OKOH B KOpIyce 3 TakuM 00pa3oMm, YTO pacxo/i Yepe3 OrpaHUUUTENb OCTAETCS TOCTOSHHBIM.

BricoTa npsIMOYTroJIbHBIX OKOH B Kopiyce Do =5 MM, ux cymmapHast miomanp fo= 1,5
cM”.

Cuntass ycunue npyXHHBI NMOCTOSHHBIM M paBHbIM R = 550 H, ompenenuts ans
BXOJTHOTO JIaBJIEHUS Macia, paBHOTO Po = 15 MIla:

1. Bemmauny pacxona Q, moiep>kuBaeMoOro OrpaHHIUTEIIEM.

2. 3aBUCHMOCTh OTKPBITHS D OKOH OT MPOTHUBOIABIICHUS p U BEIMYUHY OTKPBITHSI TIPU
p=0.

3. MakcuMallbHOE 3HAY€HWE MPOTHUBOAABICHUS Pmax , HAUMHAS C KOTOPOTO pacxoj
4yepe3 OrpaHuuUTellb Oy/IeT YMEHbIIAThCS.

by, Koaddumuent pacxoma oTBepcTUsi B MOPIIHE U OKOH B
—— -
5 A AAPAAIAL, kopryce npunate = 0,6. ITnotHoCcTh Macna £ = 850 kr/v®.
Zr Vkazanue. Bocmnonb30BaThCid YCIOBHEM PaBHOBECHS
. TIOPIIHS B CIEYIONIEM BUJIE:
—1 @ 2
7D
Ap—=R
¥ 4
rne 4 p — mnepenan naBieHMii 0 00 CTOPOHBI

OTBCPCTHA B IIOPIIHE.

3ajauy Mo cieAsemMy NpuBoLy

3anaua 1. B 1ByXCOMIOBOM ripOycuiInTene
3aCJIOHKa IepeMelleHa B CTOPOHY O/IHOTO U3 COIUT Ha h
BenMuuHy h oT cpeanero nosoxeHus ho, 4emM BbI3BaH !
nepenaj AaBieHus Ap Ha TopLax
pacrpeieIuTeIbHOTO 30JI0THUKA U, KaK CIIeICTBUE
3TOTO, €r0 NEPEMEIICHHUE I' OT HEUTPAIBHOTO
nosioxkeHust. Cumrasi, 4TO CHIIbI JJaBJICHHs HA TOpLAax
30JI0THMKA YPaBHOBEUINBAIOTCS TOJIBKO MPYKUHAMM,
OTIPENIENUTB X, €CIIH JJaBJICHUE MUTaHUS
ruapoycunutens pi =6-10° INa u nepememenue
3acioHku h = 0,5ho.

XKecTkocTh KaxI0H U3 MPYKUH 30JI0THHUKA €
=130 H/mmM, ero quametp D = 10 mm.

Pacxon uepes corio onpeaensTs no Gopmyie

8 audpoyunundp




Q = upmd,(ho — h)

rae p2 - KoO3(hPUIHEHT pacxo/a CoIIa; P - JaBJICHHUE MEPEJT COIIIOM; p - IUIOTHOCTh
YKHIKOCTH.

3amauy pemmTh 11 caydas, koraa 70zh = 70%1/4 1 p1 = o, TaE 1, - KodpPUIHEHT pacxoa
BXOJIHOTO JIPOCCEIHLHOTO OTBEpCTHS U (1 - ero auamerp.

3amaua 2. Paboyas >kMIKOCTh TOJAETCS K TUAPOYCHIUTEIIO THITA COILIO-3aCIOHKA 0T

MOCTOSTHHBIM }IaBJ'IeHI/IeM po=10 MIla. KomaHaHbIH 371€MEHT THAPOYCUITUTEINS BKIFOUAET

. x MIOCTOSIHHBIH JAPOCCeNb B BUE kuKiepa d1 = 3MM u
TS S ﬁ : peryaupyeMblit Ipoccenb B BujIe cotuia do=2Mm ¢

i MOJIBKHOM 3aCIIOHKOM Ha BbIXoie. [laBienue px B kamepe

- L L)
v
—L@ ) E MEKLY JIPOCCEIAMH MEPENAETCs B pab0uyrO TI0JI0CTh

Po MCIIOJIHUTENILHOTO ruapoubapa (D= 35 mm), nopuieHb
KOTOPOTO OTEPT Ha NMpyXuHY xkecTkocThio C =200 H/cm n

o : HarpyeH cwioit R= 7500 H.
Sf Qi : [pu u3MeHeHnu 3a3opa h Mexay coriom u
- 3aCIIOHKOM M3MEHSETCs TaBJICHHE Pk BBI3BIBAS CIIESIICe

IepeMenIeHNe MOPIIHS.
[Moctpouts rpaduk 3aBUCUMOCTH MEX]Ty 3a30pOM h U cMellieHreM s MOPIIHS U3 KpaHero

noJjioxenus, oreevaroniero h= 0. Onpenenuts S ipu h = 1 mM. Pacxon depes xukiep paBeH

2
M2 Q_ﬂlﬂdl 2p0_p1<

[ e 4 yo,
08 _ '
rae %41 70,8, 1 yepes COIIO-3aCIIOHKY.

0,6 1 2
. Q, = d 2 o P
o4 2 = M 74 0
02 / : '
- rae Ko3pGUIUEeHT pacxoa Hz sanam kak byHKIUSA
h
0 a1 62 83 04 ”Afg _

OTHOCHUTEJIBHOI'O 3a30pa

pu=f =
[TocTpouTh TOTOJHUTENHHO rpadK 3aBUCUMOCTH 2/ s ko3 uUIMeHTa pacxoaa
H COIlIa-3aCJIOHKH, OIIPCACIACMOI'O0 U3 BBIPAXKCHUA

Q, = umd,h 2 P
(-

3amaua 3. VcnonHUTEIbHBIN IIIMHAP THApOYycunuTens (quamerp nopiHs D1 = 60mM u
mToka D2 = 30 mm) HarpyxkeH cuinoit R = 3500 H. Paboyast sxuakoctb (,0 = 850 kr/m° mogaeTcs B
HUKHIOIO MOJIOCTh HUIMHApa HacocoM H mon paBnenuem py= 5 Mlla (moanepsxuBaercs
MOCTOSIHHBIM € TIOMOIIIBIO TiepeuBHOTO knanaHa [1K). -

KomaHIHbIH 0 JHOKPOMOYHBIHN 30JI0THUK (quameTp ruryHxepa d2 = 10 MMm), yrpasiser
MepeMeIeHUsIMU IITOKA IMIMHPA MTyTeM U3MEHEHUS OTKPBITHS [IMIUHAPUIECKOTO OKHA, Yepe3
KOTOPOE KUIKOCTh MOCTYMAET U3 BEPXHEH MOJOCTH IUIMHIPA HA CIIHB.

B nopriHe nuimuHIpa umeercs apoccenupyroinee otBepetue (di1 = 4 Mm), 6maroaapst
KOTOPOMY MO>KHO TIPH OIIPEICTICHHBIX OTKPBITUSAX 30JI0THUKA PEBEPCUPOBATH JBIKEHUE MOPIIIHS.




[ocTpouts rpadyK 3aBUCHMOCTH CKOPOCTH U

OTKPBITHA X 30JIOTHHKA.

1 YyCTAaHOBUBHICTOCS ABUKCHHA IMOPIIHA OT

VKka3aTh, HpH KAKOM X HOpIIeHs ocTanapmueaercs (Un = 0). Kakoso 6yzer 3nauenne U

IIPU 3aKPBITOM 30JI0THUKE?
Pacxox yepe3 apoccenupyromiee oTBepcTre
ompeneniTs no Gopmyie

N
-
NN

NN

aN
|
==

U yepe3 30J0THUK

N

Q, = uynd,X |2 Po
Yo,

I1€ Po — JABJIEHUE B BEPXHEH MOJOCTH LIWJINH]IPA.

_ Koa¢durmenTs pacxona npuasts £ = H2 =0,6.
TpeHuem U yreukamu B IWJIHHIPE IPEHEOPEraTh.

Vxazanue. Bocnionn3oBaThcs YPaBHCHHUEM PAaBHOBCCHS IMMOPIIHS:
2

P, ”Sl +R=p, 7 (0} - Dj)

" BBIPpAXXCHHUEM pacxoJa XUIKOCTHU U3 BerHeﬁ ITOJIOCTH B 30JIOTHHUK IpeArnojaras, 4Tro

MOPIICHBb ABMIXETCA BBEPX, NMECM
2

7D
QO:Q1+UH 41

IIpumepHoe 3a1aHue MO Ja00pPaTOPHON padoTe.

Ilo HUCXOJHBIM JAHHBIM IS ABYX T'HMAPOCUCTEM, ITOKA3aHHBIX Ha pHUC. 1, OIIpCACIINTD
CKOPOCTHBIEC K CUJIOBBIC IMApaMETPLI THUAPOIHUIIMHAPA. Pe3y.]'II)TaTI)I BBCCTH B Ta6J'II/IHy. OOBICHUTE
IIOJIYYCHHBIC PE3YJIbTAaTHI.

XEMA 1 XM 2

npsrod Xod 1 npsmod xod i/

oopamHsi Xod oopamvsi Xo0

Dacrpeceumess Pacrpesenumess

I o L g

: o0pamsid KaanaH
[lpedoxpaumestsii
Knana

|

| o | | o

PI/ICYHOK 1- FI/I)IpaBJ'II/I‘-IeCKI/Ie CXCMbI IMOAKIIKOUCHUSA TUAPOIHUIINHAPA




3azaua 3 (puc. 2). 3a30p MeXKay BasiOM U BTY/IKOM

3an0JIHEH MAC/IOM, TOJILLLMHA C/N0A KOTOPOTo paBHa 6.

OwvameTp Bana D, anmHa BTy KM L. Ban BpawaeTtca
pPaBHOMEPHO Mo BO34eNCTBMEM BPaALLAOLLErO MOMEHTA (

M. Onpegenntb 4acToTy BpaLleHWA Baaa, eCau

TemnepaTtypa macna pasHa 40 °C.

MpumepHoie 3a0a4u  no meme «fuépocmamuxa»:

3apgayva 1 (puc.). 3aKpbITbIi pe3epByap 3anoaHeH
AN3enbHbIM TONAMBOM, TEMNEpPaTypa KOTOPOro il |
20 °C. B BepTMKanbHOM CTEHKe pe3epByapa |
nmeeTcs npamoyrosbHoe oteepctue (D x b), :I: i r —
3aKpbITOE NONYLUANHAPUYECKON KpbIWKOW. OHa | | =,_“_':r_e.' L’;
MOKET NOBEPHYTbCA BOKPYT FOPU30HTa/IbHOMN OCK i e - H
A. MaHoBakyymmeTp MY nokasbiBaeT

MaHOMETpPUHECKOE gaBsieHne py nWan

— -
-

BaKyyMMeTpuueckoe ps. FybuHa Tonamnea Hag,
KpbILW KoM paBHa H. Onpegenutb ycunune
F,KoTOpoe HeEoH6X0AMMO NPUNOKUTL K HUKHEN
YaCTW KPbILWKK, YTOObI OHA HE OTKPbLIBANACD.
CuNoW TAXKECTU KPbIWKK NpeHebpeyb. Ha cxeme

NMOKa3aTb BEKTOPbI Ael\aCTBy}OLLI,MX cun.

}
3apaua 2 (puc.). BepTuKkanbHas h
UMAMHAPUYECKan LMCTepHa ¢ nonychepryeckoi KpbILKOW 40 Camoro II|

-

Bona A K

s .



Bepxa 3aMo/IHEHA *KMAKOCTbIO, MIOTHOCTb KOTOPOI p. [AnameTp umctepHbl D, BbICOTa ee LMANHAPUYECKO
yactn H. MaHomeTp M nokasbiBaeT MaHOMETPUYECKOe AaB/IEHUE P.

OnpeaennTb CUNy, PacTATMBaoLLY0 60ATbI A, N TOPU3OHTANBbHYIO CUAY, PA3PbIBAIOLLYIO LLUCTEPHY MO
ceyeHunto 1—1. Cuaon TAXKeCTU KpbIWKKN NpeHebpeyb. BeKTopbl C1 NOKasaTb Ha cxeme.

3apaua 3 (puc. ). Kpyrnoe otBepctve mexay ABymA pe3epByapamMm 3aKPbITO KOHMUYECKOMN KPbILWKOM C
pasmepamu D H L 3aKpbITbili pe3epByap 3anosIHEH BOAOW, @ OTKPbITbIN - XXUaKocTbio K. K 3akpbiTomy
pesepByapy CBEpXY NPUCOeMHEH MaHOBaKyyMmMeTp MV, NoKasblBatoWwmMii MaHOMETPUYECKOE AaBAEHME Py
WU/IM BaKyyMm ps. Temnepatypa kuarocten20 °C, rnybunbl h n H. Onpeaenntb cuay cpesbiBatoluyto 60Tl A,
W TOPU3OHTA/IbHYIO CUAY, AEeNCTBYIOLLYIO HA KPbILKY. CUI0M TAXKECTM KPbILWKK NpeHebpeyb. BekTopbl cna
NOKa3aTb Ha cxeme.

lMpumepHoie 3a0a4yu no meme «UOPOOUHAMUKA»:

=0,3

3apava 1. Boga nepeTtekaeTt U3 HanopHoro 6aka, rae M3bbITOYHOE AaBAeHME BO3AyXa P MMa,

d=50
AOJTKEH 6bITb paBeH KOQd)d)MLI,MEHT conpoTnBneHUA KpaHa gnaa Toro, YyTOObI pacxon soabl COCTaBAAN

Q=87 H=1, , H,=3

n

B OTKPbITbI pe3epByap No KOPOTKoM Tpybe aAnameTpom MM, Ha KOTOPOM YCTaHOB/IEH KpaH. Yemy

N/c? BblcoTbl ypoBHeW M. YUecTb noTepto Hanopa Ha BXxoae B Tpyby

=05
M Ha BbixoAe 13 Tpybbl (BHE3anHOe paclnpeHne).

Baxaua 2. MACJIO BCACBIBACTCS HACOCOM Ha BBICOTY hye = 0,5 M mo Tpyde auamerpom 20 MM H
JuTHOM 1,2 M, KOTOpast UMeeT aBa pe3kux n3ruda. Hacoc passusaer nomauy 20 ji/muH. Macio
wIoTHOCTHI0 900 Kr/M° HMeeT KHHEMATHYECKYIO BSI3KOCTh V = 4 - 10”° m%/c. B Gake naBiieHue
Bo3lyxa — armocdepnoe. Ornpenenutb, Kakoil BakyyMm pa3BuBaeT Hacoc. [IpuHsaTH s
MacisiHoro (uibTpa Ko3(h(GUIMEHThl MECTHBIX cOmpoTuBieHUN Cjp = 6, A8 BXOoga BO

BCACBIBAIONIYIO MOJIOCTh Hacoca Gy = 2 u Juig u3ruba BcaceiBaromieit Tpyosl Cusr = 0,8.

Ilpumepnwie 3a0auu no meme «l'udpasnuueckuii pacuem mpyoonpoeooosy
3adaua 1. OnpenenuTb BEIUMYHMHY HOTEPb JaBJICHUS, BBI3BAHHBIX IOBOPOTOM

TpybompoBoaa quamerpom d = 200 MM Ha yroi o = 90°. TpyOompoBO HOBBIH CTAIBHOM,
paauyc nosopota R = 40 M. Kuxoe Macno munepansHoe(v = 14,5x10% m%/c; p = 800 kr/ m®).
Pacxon sxunxoctu Q = 0,5 m%/c.

3anauva 2.

3amaua 4.8. XKumkocth ¢ muotHocThio p = 900 kr/mM® u Baskocteio v = 0,01 Cr
HArHETaeTCs 10 TOPU30HTAIBHOMY TpyOOTIpoBOIY AauHOM L = 4 M u quamerpom d = 25 MMm.
Onpenenuth AaBlieHWE B HAYaJIbHOM CEUYEHUHU, €CIIM B KOHEYHOM CEYCHHH TpyOOIpoBOIa
naBlieHHe aTMocgepHoe, pacxoa kuiakocth Q = 6 J/c; IIepoXOBaTOCTh CTEHOK
TpyOonposoja A = 0,06 MMm.

3aoauu no pacuemy nemMeHmMo8 2UOPONRPUBOIA



Zagaua 1. [Insg nogpema rpy3a G co ckopocthio V=0,15 m/c MCHONB3yIOTCS aBa
ruaponnapa guamerpom D= 100
MM. ['py3 CMeIIeH OTHOCHTEIBHO OCH

~— Upz Unt e CUMMETPHHM TakK, YTO Harpyska Ha
Fz =7 = FI wroke 1ro mumnapa F1 =6 xH, a Ha

r—e L - -
—— = 7 mrToke BToporo wiuHapa F2 =5 xH.

' v
i Kakum momxker ObITh KOA(DGUITUEHT
Q Q ( MECTHOTO COIPOTHBJICHUS JPOCCEIIS
2

Exp, UTOOBI TUTAT(OpPMA TTOHUMAIIACH
0e3 nepeKaniBaHus: Huametp
Tpydonposoga 0= 10 MM; MIOTHOCTH

sxuakoct p= 900 kr/m®. Tlotepsamu mo

JUTHHE TPYOBI .ITpeHeOpeyb.
3agaua 2. Onpenenuth pacxoa >KUAKOCTH, MPOMYCKAEMBIN OrpaHHYUTEIEM pPacxXona, KOTOPBIH
PaccMOTpEH B 3ajaue 8 , eciii JuHaAMHYecKas BA3KOCTh xuakoctu 4 = 0,04 I1a-c u ee mumotHocts 0 =890

kr/m° Bocrionb3oBaThest OPMYIIOit JUIS TOTEPU HATIOPA HA TPEHHE IIPU TyPOYIESHTHOM PEXIME

2

A |l v
ot 1
/g D2g
rne D — rugpaBnvuecKMii IMAMETP CEYEHUS M U — CPENHss
CKOPOCTb. i
. 7
.  — —
[IprHKMMas BMHTOBOM KaHaJl T'MAPABIMYECKH TIIAIKHM, KO>()QHIMEHT E o = i Y/
CONPOTHBIICHHS TPEHHS ONPENEIIATH 110 (POpMyIIe A )
0,316 vD
A= , rae uucio Peitnonsnca Re=—.

4/Re v

3agaya 3. OrpaHuyuTelb pacxoia, KOTOPBIA CIYKUT Ul aBTOMAaTHYECKOIO
MoJJIep>KaHusl IOCTOSIHHOTO Pacxojia B CUCTEME MPU MOCTOSTHHOM BXOJHOM JAaBJICHUU Po U
MIEPEeMEHHOM MPOTHBOIABICHUH P, COCTOUT U3 MOJBIKHOTO mopiHs 1 auamerpom D = 60
MM, UMeroIero otBepcTre d=10MM U Harpy)KEHHOTO MPYKUHOM 2.

ITpu W3MEHEHUHU TPOTHBOAABJICHHS P MOPIICHD IEPEMEIAeTCsI, U3MEHsIA OTKphbITHE D
OKOH B KOpIyce 3 TakuM 00pa3oM, 4TO Pacxo/1 4Yepe3 OrpaHUUUTENb OCTACTCA TOCTOSHHBIM.

BbicoTa psAMOYTroOJIbHBIX OKOH B Kopiryce Do =5 MM, ux cymmapHast miomaap fo= 1,5
cM*.

CuuTtas ycunue TpYXHHBI MOCTOSHHBIM U paBHbIM R = 550 H, ompenenuts ans
BXOJHOTO JIaBJICHUsI Maclia, paBHOTO Po = 15 Mlla:

1. Benmuunny pacxoaa Q, moanep>;KkMBaeMoro OrpaHuIuTeIeM.

2. 3aBUCHMOCTh OTKPBITHS D OKOH OT MPOTUBOIABIICHUS p M BEIMYUHY OTKPBITHS TIPH
p=0.

3. MakcumManbHO€ 3HAYeHUE MPOTHBOJABICHUS Pmax , HAUMHASL C KOTOPOIO Pacxojl
4yepe3 OrpaHuvHUTeNh Oy/IeT yMEHBIIAThCS.
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Ko>dduimenT pacxoma oTBepCTHs B TIOPIIHE U OKOH B Kopmyce npunats # = 0,6.
MnotHOCTS Macma # = 850 xr/m®.

Vkazanue. Bocnionp30BaThCS YCIOBHEM PaBHOBECHS MOPILIHS B CIEIYIOLIEM BUJIE:
D?

Ap—=R
p4

rae 4 p — mepenas qaBiaeHuii Mo 06e CTOPOHBI OTBEPCTHS B TIOPILHE.

IIpumepHoe 3a1aHue MO Ja00pPaTOPHOI padoTe.

Ilo HUCXOJHBIM JAHHBIM I ABYX T'MAPOCUCTEM, ITIOKA3aHHBIX Ha pHUC. 1, OIIpCACIINTD

CKOPOCTHBIE ¥ CHJIOBBIE TapaMeTpbl TUIPOUMINHIpa. Pe3ynbrarel BBecTH B Ta0nuily. OOBSICHUTD

IIOJIYYCHHBIC PE3YJIbTAaThHI.
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Mpamoi xo4,

O6paTHbIN Xon4,

Mpamoi xopa,

ObpaTHbIN X04,

OnameTp nopuHA
D, mm

dnameTp WwToKa
d, mm

[Jasnenwne
HOMWHANbHOE P,
MTMMa

HomuHanbHbIN
pacxoa Q, n/MuH

MNnowaab
NopLUHEBOM
nosocTtun, Sn

MNnowaab
LITOKOBOWM
nosaocTtu, SwTt

CKOpOCTb LITOKA
v, M/c

Ycunne Ha WwToke
F, H




[Tpunoxxenue 2

OIIeHO'lHBIe cpeacrea AJisi IpoBEACHUSA HpOMe)KyTO‘lHOﬁ aTrecranuu

a) HﬂaHpreMble Pe3yJdbTaThbl Oﬁy‘-lel-[l/lﬂ H OICHOYHBIC CPEeACTBA IJIA IPOBECACHUSA

l'lpOMC)KyTO‘lHOﬁ arrecranmmn.:

Kon Nupuxarop
HHOIUKA JIOCTHKEHUS OneHoYHBIE CPEACTBA
TOpa KOMIIETEHIINH

IIK-3: CnocodeH pa3pabdaTbiBaTh U JIOBOAUTH 10 MCIOJHUTEJIEH HAPSIAbI M 3aaHUsl Ha
BbINOJIHEHNE MOI3€MHBIX TOPHbIX, TOPHO-CTPOUTEIbHBIX H OYPOB3PBIBHBIX PadoT,
OCYIIECTBJISATH KOHTPOJIb KayecTBAa padoT U o0ecneYynBaTh NMPAaBUJIbHOCTH BHINMOJHEHUS HX
HCIOJHUTEJISIMH, COCTABJISATH rpa¢uku padoT U NepcrneKTUBHbIE MJIAHbI, HHCTPYKIIHH,
CMeThbI, 3asIBKM HA MAIIMHBI M 000PYy/I0BaHNeE, 3aNI0JHATH HEOOX0AMMBbIE OTYETHbIE
JOKYMEHTbI B COOTBETCTBUM C YCTAHOBJIEHHbIMH (hopMaMu

T1K-3.1:

Cnocoben
TJIAHUPOBATh 51
OPraHN30BHIBAThH
rOpHBIE PabOTHI 10
CTPOUTEIBCTBY
BCKPBIBAIOIIUX,
MOATOTOBUTEIIBHEIX,
OYHCTHBIX 51
Hape3HbIX TOPHBIX
BBIPAOOTOK, BECTH
OYHUCTHBIC PaOOTEHI,
OpraHU30BBIBAThH
TPaHCIIOPT u
IIOIBEM TOPHOM
MAacchl,
BEHTHJISILIMIO,
BOJOOTJINB H
Apyrue
BCIIOMOTaTeIbHbIE
IIPOIIECCHI

TIOJI3EMHBIX TOPHBIX
pabort

Hepeueub meopemuiecCKux 60npocoe K zauemy.

1.

RBROOoN O A~LN

16.

17.
18.
19.
20.

21.

22.
23.
24.
25.
26.
27.
28.
29.

0.
1.
12.
13.
14.
15.

CgoiictBa pabouux xkuakocteid. OCHOBHBIC MOHATHS U
OTIPeIeTICHUS KHUIKOCTH.

I1OTHOCTD M yAEIBHBIN BEC )KUIKOCTH.
CXMMaeMOCTh KUJIKOCTH.

Koaddumnment oo6bemMHOTO CoKaTHSA.

KoaddumumenT TennoBoro paciumpeHus.

Moynb ypyrocTu KuaIKOCTH.

Bs3KkoCTE JXKHUIKOCTH.

KoaddunmeHT knHeMaTuuecKol BSI3KOCTH KHUJKOCTH.
KaBuTarus >KHUIKOCTH, CHOCOOBI MPEIOTBPALICHUS.
OO6nuTepanus >KUIKOCTH.

['mapocTaTka, OCHOBHBIC IMOHATHS U OTIPEICTICHUSI.

[ToHsATHE THAPOCTATUIECKOTO TABJICHHS.

EquHUIBI H3MEPEeHHS THIPOCTATUYECKOTO JIaBJICHUS.
CBO¥CTBa THAPOCTATUIECKOTO JTaBJICHHS.

[ToHATHS THAPOCTATHUECKOTO JTABJICHHS: A0COTIOTHOE,
atMochepHoe, U30BITOYHOE U BaKyyM.
Huddepenunanbabie ypaBHEeHUS Diliepa Al paBHOBECHUS
JKUIKOCTH.

OcHOBHOE ypaBHEHHE TUAPOCTATHKHU.

3akoH Apxumena.

3axoH Ilackais.

MexaHu3M C UCTIOJIb30BAaHUEM YpaBHEHUS THIPOCTATUKH,
JIOMKpAT. ¥ MyJIbTUILUIMKATOP.

MexaHu3M ¢ UCTIOJIb30BAHUEM YPABHEHUS TUAPOCTATUKH,

MYIBTUILUTUKATOP.
W3mepenue naBieHus )KUIKOCTH.
PaBHOBecHE )XKHIKOCTH B COOOIIAIOIINXCS COCYIax.
Cuia naBieHus KUIKOCTH HA BEPTUKAIbHYIO CTEHKY.
Cuina naBieHus KUAKOCTH HA TOPU3OHTAIBHYIO CTEHKY.
Cuina naBieHus KUIKOCTH HAa HAKJIOHHYIO CTEHKY.
OrnpeneneHre TONIUHBI CTEHKU.
I'maponuHamMuka, OCHOBHBIE ONPEACTICHUS.
I'eomeTpust MIOTOKOB KUAKOCTH.




Kon
HNHAWKA
TOpa

Nupukarop
JIOCTHKECHUS
KOMIICTCHIIHU

OneHouHbIE CpeCcTBA

30.
31.
32.

33.
34.

35.
36.

37.
38.
39.
40.

41.

42.
43.

44,

45.

46.
47.
48.
49.
50.
ol.
92.
53.
54,
55.
56.
S7.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.

Krnaccudukaiys moTokoB KUIKOCTH
Pexxumbl nerkenus xuakoctd. Yucmo PeliHombaca.
JlaMyHapHBIN pEeXUM JBUKEHUS KUAKOCTH U €TO
3aKOHOMEPHOCTH.
Pacxon u cpeassisi CKOpoCTh MOTOKA MPH JJAMUHAPHOM PEXKHUME.
TypOyneHTHBIN PEKUM JIBIKCHUS )KUJIKOCTH U €r0
3aKOHOMEPHOCTH.
3aKOH HEpa3pbIBHOCTH MOTOKA KUIKOCTH.
3aKOH COXpaHEHMsI SHEPTUH JJIsl TOTOKA KUIKOCTH. Y paBHEHHE
bepnymu /uid noToka uaeanbHOM JKUIKOCTH.
VYpaBHeHue bepHyinu s CTpYWKA HACATBHOM KUIAKOCTH.
YpaBHeHue bepHyiu 1 MOTOKa peaIbHOM KUAKOCTH.
VpaBHeHue bepHymn Uit CTpyMKH peaabHOMN )KUIKOCTH.
[IpuMeHeHre OCHOBHBIX YPaBHEHUH JABUKEHUS MMOTOKOB
KUAKOCTHU I U3MEPEHUSI CKOPOCTEH U pacX00B KUIKOCTH.
I'mapocratnuecknii ynap. @opmyia XKykosckoro H.E. s
rupoyaapa.
CriocoObl peAoTBpalleHus! THIPABINYECKOTO yaapa..
[ToTepu Hanopa (naBieHust ), onpeaensieMble JUIMHON
TpyOompoBoa, hopmyna Japcu.
Ornpenenenne MECTHBIX TIOTEPh Haropa (JaBJIeHUs) B
TpyodompoBoie, hopmyna Beiicbaxa.
Onpenenenue nMoTeps Hamopa (JaBJIeHHs) B TpyOOIIPOBO/IE,
dopmyna Jlapcu-Beiicbaxa.
Pacuer 00111ero conpoTHBICHHS B IPOCTOM TPYOOTIPOBOJIE.
[TocnenoBarenbHOE COETMHEHUE MMPOCTHIX TPYOOIIPOBOIOB.
[TapamnensHOE COEAMHEHUE IPOCTHIX TPYOOIIPOBOIOB.
Omnpenenenre NoTeph AABJICHUS B PEaIbHON THIPOCUCTEME.
®opmyna Topuuenu.
HcTeuenue KxUIKOCTH Yepe3 Majoe OTBEPCTHE B TOHKOW CTEHKE.
JlocTouHCTBa U HEJOCTATKU THIPOIIPUBO/IA.
YcnoBHble 0003HaUEHUS B THIPOIPUBOIAX.
CrtpykTypa ruponpuBoa.
Cxembl ¢ 00BEMHBIM PETYIUPOBAHUEM CKOPOCTH KUIKOCTH.
CxeMbl ¢ peryaupoBaHUEM CHIIbI HCOTHUTEIHHOTO OpraHa;
Cxembl ¢ 00BEMHBIM PETYIUPOBAHUEM CKOPOCTH KUIKOCTH.
Hacocsl ruiponipiBo/10B, yCIOBHbIE 0003HaYeHUS. THIIBI
lMunponBurarenu, ycioBHbIE 0003HAUCHUSI.
lMunpounnuHIps, YCIOBHBIE 0003HAUYCHUSI.
Pacuer 0CHOBHBIX apamMeTpOB TUAPOLUIUHIPA.
I'uapopacnpenenureny, ycioBHbIE 0003HAUCHHUSL.
3anopHble KJIamnaHbl, YCIOBHbIE 0003HAYCHHUSI.
Knanans! naBienusi, ycaoBHbIe 0003HAYCHHUSL.
[IpenoxpaHuTensHble KIanaHbl, yCIOBHBIE 0003HAYEHUS.
[ToTouHble KIanaHkbl, YCIOBHBIE 0003HAUCHUSI.
Hpoccenu, ycinoBHbIe 0003HAUESHHUS.
IM'unpoakKyMmynsaTopsl, yCIOBHBIE 0003HAYCHHUSI.
OUIBTPHI, YCIOBHBIE 0003HAUCHUSI.
[TpuGops! KOHTPOJIS TUAPONPHUBOAA. Y CIOBHBIE 0003HAYCHHUSL. .




Kon
HNHAWKA
TOpa

Nupukarop
JIOCTHKECHUS
KOMIICTCHIIHU

OneHouHbIE CpeCcTBA

71. T'uppaBnudeckas cxema npuMeHeHus auddepeHnnaisHoTo
TUAPOLMIIUHAPA.

72. T'uaponpuBOT 3aKPBITON TUAPOCUCTEMBI, OCHOBHON KOHTYP.

73. T'uaponpuBO OTKPBHITON THAPOCUCTEMEI.

74. Jlornueckue 371€MEHTBHI.

75. Peanu3anus noruueckux pyHKIUI B THAPO- M THEBMOCHCTEMAX.

76. TTocTpoeHue cucreM yrpaBieHHss KOMOMHAITMOHHOTO THIIA.

77. MeTopl IOCTPOEHUE MHOTOTAKTHBIX CUCTEM YIPABICHUS.

78. CraTHuecKie XapaKTePUCTUKUA HCIIOJHUTEIFHBIX MEXaHH3MOB
MOCTYNATEIbHOTO U BpaIllaTeIbHOTO JEHCTBUS: (MEXaHUUECKas,
CKOPOCTHas).

79. UcnonHuUTENbHBIE MEXaHU3MBI C 0OBEMHBIM PETYIIMPOBAHUEM
CKOPOCTH.

80. NcnomHuUTEIbHBIE MEXaHU3MBI C IPOCCETbHBIM
perynupoBaHUEM.

81. IIpomoprrioHaTbHBIE KiIanaHbl, [[puHIHAIIEL paboTHI.

82. KoMmieHcanust Harpy3Ku ¢ MOMOIIBIO KIJIAITAHOB TIOCTOSTHHOM
pa3HOCTH JIaBJICHUH.

83. DiekTpoHUKa YIIPaBJICHUS TSI POTIOPIIHOHATBHBIX KJIallaHOB.

84. Kputepun [t onpeieIeHns TapaMeTpOB YITPABICHHUSI C
MOMOUIBIO TPOTIOPIIUOHATIBHBIX KJIAIIaHOB.

85. CepBoxutamansl. [IpuHITUTIBEI paOOTHI.

86. AnmapaTHasi TEXHHKA.

87. KoHTyp perynupoBaHusi.

88. BinusHue IMHaMUYECKUX CBOMCTB CepBOKJIANaHa Ha KOHTYP
perynupoBaHusl.

89. OunpTpanus Ha THIPABIUYECKUX YCTAHOBKAX C
CEpBOKJIallaHAMU M MPOMOPIMOHAIBHBIMY KJIallaHAMU.

90. IIpuMeps! BBIOTHEHHBIX YCTAHOBOK C HCIIOIb30BAaHUEM
IPONOPLUOHANIBHBIX KJIAllaHOB.

91. IIpumepsl BBHIIOJIHEHHBIX YCTAHOBOK C UCIOJIB30BAaHUEM
CEpBOKJIANIAHOB.

92. DkcruryaTanys IpONOPIUOHATEHOM TEXHUKH U CIEISIIET0
TUAPOTIPUBO/IA.

[1K-3.2:

OcymiecTBisieT
KOHTPOJIb KadecTBa
MO/I3EMHBIX TOPHBIX
paboTt u
obecrieunBaTh
MIPaBUIILHOCTD
BBITIOJTHEHU S 170'¢
WCTIOJTHUTEIISIMH,
COCTaBIIAATh
rpaduxu
OpraHu3zaum pador,

Ilpumepnvle npakmuueckue 3a0anus 014 3a4ema:

1. B aBycTropoHHeM ruapouuiauHape nuametp nopmas D = 160
MM, qrameTpbl mTokoB d1=80mm u d2 = 100 mm. Ipu
pabouem nasienuu p = 10 MIla, npoTUBOIaBNIEHNH B
CJIMBHOM MOJOCTH prp = 0,15 MIla u pacxone macna paboueit
nosiocThio 0,1 J1/c onpenenuTh yCUiane u CKOpocTh,
pa3BHUBaeMbIE IITOKOM MPH JIBWKEHUU BIIPABO U BIIEBO.
[Ipunsare mexannueckuit KITJI runpormnunapa 0,96;
00BbeMHBIN — 1.

|
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]
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Kon Nupukarop
WHJIMKA JOCTHKEHUS OrneHovHbIE CpPeCTBA
TOpa KOMITETEHITUH
MEePCIEKTUBHBIE 2. Xumkoctb, wuMmeromas wiotHocts 1200  kr/mM®  m
IJIaHBI TFOPHBIX JTUHAMUYECKHIA KOA(DUITUEHT BSI3KOCTH 2 107 Ia-c, u3 6axa
paboT, MHCTPYKIHMH C IIOCTOSIHHBIM YPOBHEM | CaMOTEKOM IOCTYMAET B PEAKTOP
h CMCTbl U JIPYI'yto 2. Ompenenutb, Kakoe€ MaKCUMaJIbHOE KOJIMYECTBO
PYKOBOZAIIYIO KUIKOCTH (IIPU  TIOJHOCTBEO OTKPBITOM KpAaHE) MOYKET
AOKYMCHTAIMIO nocTynarh u3 6aka B pPeakTop. YPOBEHb JKHUIKOCTH B Gake
HaXOJWTCS Ha 6 M BBINIC BBOJA JKHJIKOCTH B PEAKTOP.
TpyOonpoBoJ BBINOJHEH U3 AJIIOMHUHHEBBIX TpyO ¢
BHyTpeHHUM  auamerpoM 50 wmm. OOmas juiMHa
TpyOOTIPOBO/Ia, BKIIIOUAsi MECTHBIC CONMPOTUBICHUS, 16,4 M.
Ha tpybomnpoBoje umeroTcst Tpu KoJieHa U KpaH. B Oake u
peakTope AaBiieHHne aTMOochepHoe.
~
E
L
$
x
2
3. IlomoOpaTh HEOOXOMUMBIA aUAMETP IMUIMHIAPHUYIECKOTO
Hacagka (U=0,82) ¢ Takum pacdyeTom, YTOOBI Uepe3 HEero
BBITEKaI0 77000 Kr/u He(hTH MIOTHOCTHIO 865 Kkr/™M>. Hamop
H nocTtosiHHBIN U paBeH 12 M.
[IK-3.3: | Obopmisier 3asiBku | IIpumepnsle 3a0anus na peuiernue 3a0au u3 npogheccuoHaibHou

Ha MAIIHHBI,
MaTepHuabl u
obopynoBaHue,
MOJTYYEHHE
B3PbIBYATHIX
BEIIECTB T CPEJICTB
UHUIUUPOBAHUS,
3aI0JIHATh
HE00XOAUMBIE
OTYETHEIE
JOKYMCHTBI B
COOTBETCTBUU c
YCTaHOBJICHHBIMH
(dhopMaMu, HOpMaMH
Y TIpaBUJIaMHU.

oonacmu

4. Ha pucyHke moKazaHa YIpPOIIEHHas CXeéMa OOBEMHOIO
TMJPONPUBO/A MOCTYMATEIbHOTO ABM)KEHHS C JPOCCETbHBIM
PEryIMpOBaHUEM CKOPOCTHU BBIXOJHOTO 3BeHa (1ToKa), rie 1 -
Hacoc, 2 - perynupyemslii 1poccens. 1ITok ruapormnuaapa 3
HarpyxeH cuinoit F = 1200 H; auametp nopurast D = 40 mm.

Onpenenutb

[IpenoxpanutenbHblii  KiamaH 4  3aKpBIT.




Kon WNunukarop
HHJIMKA JOCTHKCHUS OneHo4HbIE CpeACTBA
TOpa KOMIIETECHIIUU

JIaBJICHUE Ha BBIXOJIE M3 HAcoca M CKOPOCTh IMEPEMEIICHHUS
MOopuIHA CO IITOKOM Vn P TaAKOM OTKPBLITHUH APOCCEIIA, KOTAa
€ro MOXKHO paccMarpuBaTh KaK OTBEPCTHE IUIOIIAIBI0 So =
0,05 cm? ¢ xoaddurmentom pacxoma p = 0,62. Iogaua Hacoca
Q = 0,5 w/c. [TnotHOCTH 3KHAKOCTH p = 900 Kr/M°. [ToTepsamu B
TpyOoIrpoBoax npeHedpeub. [1ocTpouTh rUIPaBINYECKYIO
CXEMY, 33/1aTh HaCTPOMKY KJanaH 4, CMOJIETUPOBaTh padoTy
I'C.

CoracHo 3aJJaHHOM TMarpaMMbl iepeMelieHnst pa3padboTaTh
CHUCTEMBI YIpaBJIeHUs: | - UCTIONB3Ys peleiHO-KOHTAKTHBIC
CXeMBI;, 2 - WHCHOJB3YysAd (CUMYISATOpP) KOHTpOJUiepa B
nporpamme  FluidSim-H. B 3amammu: A u C -
TUAPOIMIUHAPE,, B — TuapomMoTOp ISl BCEX BapUaHTOB.
Heuetrnsie Bapuantel n0 9: mumHAap C IBYCTOPOHHETO
JNEUCTBUSI  BEPTHKAIBHOTO  pacmojiokeHus. Harpyxen
O6onpmM BecoM. [IpeaycMoTpeTh MO3MIMOHUPOBAHHE B
TEUEHHE JTUTEIBbHOrO BpeMeHu. UeTHble BapuaHThl A0 10:
HWIMHAP A  JBYCTOPOHHErO JEWCTBUS BEPTUKAIBHOTO
pacnoniokenusi. [IpenycMoTpeTh OJUHAKOBYIO U OBICTPYIO
CKOpOCTh IIEpEMENICHUs] KaK IPHU BBIABMKEHUH, TaK U MpHU
BTSTUBaHuu. 1 1 - 16  BapuaHThl  MPEIYCMOTPETH
BO3MOJKHOCTh JIUCTAHLIMOHHOTO YIPABJICHUS YCUJIUSMH B
I'll © MOMEHTOM B THIPOMOTOpPE B IOCJIEAHEH TpETH
BPEMEHH LIMKJIA. Jlis Bcex BapuaHTOB O0ECIEYUTh
IJIaBHBIM Pa3roH rMAPOMOTOPA U €ro MIABHOE TOPMOKEHHUE,
a TaKkKe MPeayCcMOTpeTh pexumbl padoThl «Komanmay,
«ukn», «Astomat». IlpenycMoTpeTb  BO3MOYKHOCTH
3¢ (GEeKTUBHOIO  HUCIOJIB30BAHUS ~ SHEPTrUUM  HACOCOB.
JloOuThbcsi, 1O BO3MOXKHOCTH, MakcumainbHoro KIIJI
TUAPOCUCTEMBI.




Kon WNunukarop
HHJIMKA JOCTHKCHUS OneHo4HbIE CpeACTBA
TOpa KOMIIETECHIIUU
13 14
A I A Ul

6. Hcxonss W3 KOHTAKTHO-PEJICHHOM CXEMBl YIIpaBJCHUS
MHOTO/IBUTaTEIbHBIM TUAPOTIPUBOIOM MoCTpoiiTe
Iyarpammy «IepemeleHue-mar Uit 4 TUIpoIBUraresiei




6) HOpHL[OK NMpOBEACHUA HpOMe)KyTO‘{HOﬁ aTTeCTaluy, 1N0Ka3aTe/im 1 KPpUTEPpUH
OICHUBaAHUA:
HpOMe)KYTO‘-IHaSI arrecragus 1o JUCHUIIIMHC <<F1/mp0MexaHHKa» BKJIFOYACT TCOPCTHYCCKUC

BOTIPOCHI, MO3BOJISIOIINE OLEHUTh YPOBEHb YCBOCHHUS O0YJaIONIUMHUCS 3HAHUH, U TIPAKTHUYECKUE
3aJJaHus, BBIABIIIONINE CTETIEHb C(POPMUPOBAHHOCTH YMEHUI U BIaJICHUIA, IPOBOJUTCS B hopMe
3a4era.

3ader 1o JaHHOW NUCUMIUIMHE TPOBOJIUTCS B BUJIE OTBETOB HA TECTOBBIC 3a/1aHUs. TeCThbI
BBIKJIAAbIBAIOTCS HA nopraie MI'TVY.

Iloxkazamenu u Kpumepuu oueéHuesanus zauema:
«3auTeHOo» - BLICTABIISIETCS IIpu YCJIIOBHUH, €CJIN CTYACHT NNOKA3bIBACT XOPOIIHUEC 3HAHUA

y4eOHOTro MaTepuala Imo TeMam Kypca, 3HaeT OCHOBHBIE 3aKOHBI THIPOMXaHUKH, YCTPOMCTBO U
MPUHIUI PaOOTHI THIPOAIIAPATOB, YMEET COCTABIATh MPUHITUTTHATBHBIC THAPABINYECKUE U
NEKTPUYECKUE CXeMbl. [Ipr 3TOM CTYAEHT JIOTMYHO U MOCIEA0BATENBHO U3J1aracT MaTepuall,
PAacKpBIBAET CMBICII BOMPOCA, JAET YAOBJIETBOPUTEIbHBIE OTBETHI HA IOMIOJIHUTEIbHBIE BOPOCHI.

«He 3a4TeHO» - BBICTABJISETCS IIPHU YCIIOBUH, €CIIN CTYJIEHT BJIAJICET OTPHIBOYHBIMHU
3HAHUSIMU [0 TEMAM Kypca, Ja€T HEMOJHBIE OTBETHI HA BOMPOCHI U3 OCHOBHOM JINTEPATYPHI,
PEKOMEHIOBAHHOM K KYpCYy.

MeToauyeckne peKOMEHIAINHU JIA MOATOTOBKH K 3a4eTy

[Ipu moAroTOBKE K 9K3aMEHY Yy CTYJEHTA JIOJHKEH OBITh XOPOIIN yUeOHUK MU KOHCIEKT
JUTEpaTyphl, MPOYUTAHHOM TO  YKa3aHWIO [IpernojaBaTelis B  TEYEHHE CEMEecTpa.
KoHcrnekTupoBaHue OJIKHO OCYHIECTBIATHCS OOYYalOUIMMCS TOJIBKO JIHIIb CAMOCTOSITEIIBHO.
[IpocMOTp cOOCTBEHHBIX KOHCIEKTOB IMO3BOJIIET OOyuaromeMycs ObICTpO BOCCTaHABIMBATh B
MaMsTH CoJIep>KaHue HUCTOUHHKA.

B Hauyane cnenyer mpocMOTpeTh BECh MaTepual Mo CIaBaeMOil TUCIUIUINHE, OTMETHTD IS
cebs Tpynueie Bompochl. OO0si3aTeNbHO B HUX pa3zoOparhes. B 3akimiouenue emie pas
1enecoo0pa3Ho MOBTOPUTh OCHOBHBIE MOJIOKEHUS, UCIOJIb3YS MPU 3TOM ONOPHBIE KOHCIIEKTHI
nexuuid.  Ilpu sTomM HyXHO 00paTuTh Oco0O€ BHHMaHHE HAa TEMbl YUeOHBIX 3aHSATHUH,
MPOMYIIEHHBIX CTYACHTOM IO Pa3HbIM MIPHUUMUHAM.

Ecnu B npouecce camocTosATenbHOH pabOTHI HAJl M3YYEHHUEM TEOPETHUECKOT0 MarepHasa
WJIM TIPH PEIICHUH 3a71a4 y CTYACHTa BOZHUKAIOT BOIIPOCHI, Pa3pelIuTh KOTOPbIE CAMOCTOSATEIHHO
HE y/1aeTcs, He0OX0AMMO 0OPAaTUTHCS K IIPETIOAABATENIO ISl TOJIYYEHUS Y HEro Pa3bsICHEHUN WU
yka3zaHuii. B cBOMX BoOmpocax CTYAEHT AODKEH YEeTKO BBIPa3UTh, B UYE€M OH HCHBITHIBACT
3aTpyaHEHHS, XapaKTep STOTO0 3aTpyaHEeHHs. 3a KOHCYIbTAIMeH cienyeT oOpaliaTses U B ciiydae,
€CJIM BOBHUKHYT COMHEHUS B IPABUJILHOCTA OTBETOB HA BOIPOCHI CAMOIIPOBEPKH.
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