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PaGouas mporpamma cocraBnera Ha ocioBe @I'OC BO - cnermanurer mo
cnernransaocTr 21.05.04 T'opHoe neno (mpuka3z MunoOpHayku Poccun ot 12.08.2020 1. Ne
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Pabouas nporpamma paccMoTpeHa 1 0100peHa Ha 3ace/laHuu Ka(bez[pbl I'opubIx
MalIlH U TPAHCIIOPTHO-TEXHOJOTUYECKIX KOMILJIEKCOB /
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3aB. kadeapoii A.N. Kypoukun
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JIner akTyanusanuu padoyeil nporpaMmsl

Pabouast mporpamMma nepecMoTpeHa, 00CykaeHa U 0100peHa s peanuzaruu B 2026 - 2027
y4eOHOM ToJIy Ha 3acefaHuu Kadeapbl [ OpHBIX MAIIMH U TPAHCIOPTHO-TEXHOIOTHYECKHUX

[Iporokonm ot 20 . Ne
3aB. kadenpoii A.WN. Kypoukun

PaGouas mporpamma nepecMoTpeHa, oocyxieHa u ogoopena s peanusanuu B 2027 - 2028
y4eOHOM ToJ1y Ha 3aceaHuu Kageapsl [ OpHBIX MAIIUH ¥ TPAHCTIOPTHO-TEXHOIOTHUECKHUX

[Iporokonm ot 20 . Ne
3aB. kadenpoii A.WN. Kypoukun

Pabouas mporpamMma rnepecMoTpeHa, 00CykaeHa u ogo0peHa ais peanmsanuu B 2028 - 2029
y4eOHOM Troj1y Ha 3aceqaHuu Kadeapsl ['OpHBIX MAIIMH U TPAHCIIOPTHO-TEXHOJIOTHIECKUX

[Iporokon ot 20 . Ne

3aB. kadenpoit A.I/I.fypquHH

PaGouas mporpamma nepecmMoTpeHa, oocyxaeHa u ogodpena st peanuszanuu B 2029 - 2030
y4eOHOM TrojTy Ha 3aceqanuu Kadeapsl ['OpHBIX MAIIMH U TPAHCIIOPTHO-TEXHOJIOTHIECKUX

IIporokom or 20 . Ne
3aB. kadeapoii A.UN. Kypoukun

Pabouas mporpamma nepecMoTpeHa, odcyxieHa u ogoopena s peanusanuu B 2030 - 2031
y4eOHOM roJly Ha 3aceJaHuu Kadeapbl [ OpHBIX MAIllMH U TPAHCIOPTHO-TEXHOJIOTHICCKIX

[Iporokom ot 20 . Ne

3aB. xadenpoit A.I/I.fypquHH

PaGouas mporpamma nepecmMoTpeHa, odcyxieHa u ogoopena s peanusanuu B 2031 - 2032
y4eOHOM ToJTy Ha 3acefaHuu Kageapsl [OpHBIX MAIIUH ¥ TPAHCHIOPTHO-TEXHOJIOTHUECKUX

[Iporokom ot 20 . Ne

3aB. kadeapoit A.I/I.fypquHH

Pabouas mporpamma nepecMoTpeHa, o0cykieHa u ooopena s peanusanuu B 2032 - 2033
y4eOHOM ToJly Ha 3aceaHuu Kageapbl ['OpHBIX MalIMH U TPAHCTIOPTHO-TEXHOJIOTHYECKUX

IIporokomor 20 . Ne
3aB. kadeapoii A.N. Kypoukun




1 Leau ocBOeHMS TUCHUNIIMHBI (MOIYJIA)

[{enbio TUCHUIIINHBI SBISETCS:

- U3y4YCHHE U OBJIAJICHUE CTYIEHTAaMU 3HAHUH 3aKOHOB T'UAPOCTATUKH U
TUAPOJIMHAMUKY U peaiu3alii UX B THIPOIPHUBOAX FTOPHBIX MAIlIMH U 000pYyI0BaHUH,

- OBJIaJICHUE HABBIKAMH BBIMIOJIHEHUS SKCIIEPUMEHTAIbHBIX U Ja00paTOPHBIX
UCCIIEIOBaHHM, MHTEPIIPETALIMU MTOJIYYEHHBIX PE3YIbTaTOB, COCTABICHHUS U 3alllUThl OTYETOB
IO MpOJIeTaHHOM padore,

-OBJIa/ICHUE JOCTATOYHBIM YPOBHEM MPOPECCHOHATBHBIX KOMIIETEHIIUN B
cootBetcTBUH ¢ TpeboBanusmMu OI'OC BO no vanpasnenuro noarorosku 21.05.04 I'opuoe
neno crneunanu3anus [logzeMuas pa3paboTka pyIHBIX MECTOPOKICHHIA.

2 MecTo JUCUMILIMHBI (MOIYJIs]) B CTPYKTYpe 00pa3oBaTe/ibHOI MPOrpaMMbl

Juctummaa ['uapomMexanruka BXOIUT B 4aCTh yu4eOHOTO M1aHa GopMupyeMyro
ydacTHUKaMHU 00pa30BaTeNbHBIX OTHOIICHUH 00pa30BaTeILHOM MPOTPAMMEL.

JIist u3ydeHusl TUCIUTUTMHBI HEOOXOTMMBI 3HAHUS (YMEHUS, BIAJCHHS),
c(OpMHPOBAHHBIC B PE3YJIbTATEC U3YUCHHSI TUCIIUILTHH/ IPAKTUK:

["opHbIe MaIIUHBI U 000PYIOBAHHE

®dusuka

3uanus (yMEHUs, BIa/ICHNUs), TOTYYSHHbIE IPU U3yUYE€HUU JaHHOMN JUCIUTUIUHBI
OyayT HeOOXOAUMBI [T U3YUCHHUSI TUCIIUTUTHH/TIPAKTHK:

BeirosHeHe, MOAroToOBKa K MPOIISIyPe 3alUThI M 3al1Ta BBITYCKHON
KBaTM(UKAITMOHHON PabOThI

ABTOMAaTH3aIUS U SJEKTPUPHUKAIUS TOPHOTO TIPOU3BOACTBA

3 Komnerenuuu odyyaromierocsi, popmupyemsbie B pe3y/ibTaTe 0CBOCHHS

AUCHUILVIMHBI (MOYJIS1) M IJIAHMPYeMble pe3yJIbTaThl 00y4eHus

B pesynbrare ocBoeHus TUCHUILTHHBI (MOy s)  «[ MapoMexaHnka» o0ydaroniics
JOJKEH 00J1a/1aTh CIEAYIOIIUMU KOMIIETCHIIUSAMU:

KO,[[ HHAUKATOpa I/IHI[I/IKaTop JAOCTHIKCHUA KOMIICTCHIITNNU

[TK-3 Crioco6en pa3pabatbiBaTh U JOBOJUTH /10 UCTIONHUTENEH HApSIIbI U 3aJJaHUs Ha
BBITIOJTHEHHUE MTOA3EMHBIX TOPHBIX, TOPHO-CTPOUTEIBHBIX U OYPOB3PBIBHBIX paldoT,
OCYIIECTBIISATH KOHTPOJIb KaueCTBa padOT U 00ECIIeUnBaTh MPABMIIBHOCTH BBITTOJIHEHUS UX
HCIOJIHUTEINISIMU, COCTaBIISATh TpaduKy padOT U NEPCIIEKTUBHbBIE TUIaHbI, UHCTPYKLIUU, CMETHI,
3asdBKHN HAa MAIlIMHbI U O60py,Z[OBaHI/I€, 3allOJIHATH HCO6XOI[I/IMI)IC OTUCTHBIC TOKYMCHTEI B
COOTBETCTBHUH C YCTAHOBJICHHBIMU (hOpMaMu

I1K-3.1 Crioco6eH IaHupoBaTh U OPraHU30BbIBaTh FOPHbIE Pa0OTHI 110
CTPOMTENBCTBY BCKPBIBAIOIIUX, OATOTOBUTEIBHBIX, OYMCTHBIX U
Hape3HbIX TOPHBIX BBIPAOOTOK, BECTH OUYHUCTHBIE pabOoThHI,
OpPraHU30BBIBATH TPAHCIIOPT U MOIBEM T'OPHOI MacChl, BEHTUIISILIUIO,
BOJIOOTJIMB U JIpYT'€ BCIIOMOTraTeIbHbIE MPOLIECCHl OJ3EMHBIX TOPHBIX
pabot

I1K-3.2 OcymiecTBiIsieT KOHTPOJIb KauecTBa MOJI3EMHBIX TOPHBIX padoT U
o0ecreynBaTh MPaBUIBHOCTD BBIMOJIHEHUS UX UCIIOTHUTEISIMH,
COCTaBJIATH TPaQUKH OpraHu3aluu padboT, NEPCHEKTUBHBIE MIIAHbI
TOPHBIX PadOT, MHCTPYKIMH U CMETHI U APYT'YIO PYKOBOISIIYIO
JIOKYMEHTAIMIO

I1K-3.3 OdopmasieT 3a8BKH Ha MaIIMHbBI, MaTEPHAIIBI U 000PYAOBAHUE,
MTOJIy4EHHUE B3PhIBYATBIX BELIECTB T CPEICTB HHUIIMUPOBAHMS, 3aII0JIHATh
HEO0OXOIUMBbIE€ OTYETHBIE JOKYMEHTBI B COOTBETCTBUH C
YCTaHOBJIEHHBIMU (hOpMaMu, HOPMaMH U MTPaBUIIAMHU.




4. CTpykTypa, 00b€M U copepkaHue TUCUUIIMHBI (MOXYJIs1)

OO6mias TpyA0€MKOCTh AUCIUIUIMHBI COCTABIISIET 4 3a4eTHBIX eauHuI] 144 akaja. yacoB, B TOM

qHCIIe:

— KOHTaKkTHast pabora — 8,4 akaJ. 4yacos:

— ayIuTOpHas — § akaJl. 4acos;

— BHeayauTopHas — 0,4 akaj. 4acos;

— camocTosTenbHas pabora — 131,7 akaj. 4acos;

— B (popme npakTudeckoil moaroroBku — 0 akai. yac;

— MOJTrOTOBKA K 3auéty — 3,9 akaj. yac
®dopma arrecTalyu - 3a4eT

AynuropHas ] o
KOHTaKTHas paboTa E z ®dopma Tekyero
S B
B aKaJl. yacax 5] un KOHTPOJIS
Paznen/ Tema 2 (B axan ) == . P Kox
> & © | caMOCTOATENBbHOH | ycleBaeMOCTH U
JTUCLUTUTAHBI R £ o . | xommerenyu
g g paboThI TIPOMEKYTOYHOM
Tex mal. | mpakT. 'S aTTeCTaluu
3aH. 3aH. | U &
1. Tema 1
ITouck
JIOTIOTHUTENBHOMN
UH(}OPMAIUH T10
3aJlaHHOM TeMe IIpoxoxnenne
[Hoaroroska BBOJIHOTO
1.1 Kupcocts u ee nabo IIa TOPHOM TecTa Cz/:[[aqa 3amaq
¢usuyeckue cBoiicTBa. pa~TOPHOMY : IK-3.1, IK-
. 3 0,1 0,1 4 3aHATHIO. 10 TEME
Cuibl, ACUCTBYIOIINE B 3.2, IIK-3.3
Pemenne «Kunkocts u ee
JKUJIKOCTH.
3a[JaHHBIX 3a/1a4 (uznueckue
10 TeMe CBOMCTBaY.
«Kunkocts u ee
¢busnueckue
CBOMCTBa»
Wroro no pazneny 0,1 0,1 4
2. Tema 2
TTouck
JIOTIOJTHUTENIbHON 3amura
2.1 I'mopocraruka: UHPOPMALIUH T10 nmabopaTopHOit
nuddepeHaibHbIe 3aJlaHHO Teme paboTsr Nel «
YPaBHEHUsI PABHOBECHUS [NoaroroBka duznyeckue
. N IIK-3.1, TIK-
JKUJIKOCTH; OC-HOBHOE 3 0,1 0,1 10 nabopaTopHOMY CBOICTBa 32 HK-3.3
ypaBHEHHUE THAPOCTATUKY; 3aHATHIO. HKHUJIKOCTI. - '
OCHOBBI THAPOCTATHUKH. Pemrenue Cnaua 3amay no
YpaBuenus Ditnepa. 3aJJaHHBIX 3a/1a4 paszenam
10 pasjenam THIPOCTATHKH.
THIPOCTATHKH.
HWroro o pazneny 0,1 0,1 10
3. Tema 3
3.1 I'mopoaunamuka: ITouck Cnaua 3a1a4 mo
KHHEMAaTHKa KUIKOCTH, 3 02 03 8 JIOTIOJTHUTEIHLHOM TeMe "PexxuMebl TIK-3.1, TTK-
BUJIbI IBUOKCHUS )KUIKOCTH, ! ! UHPOpMAIIH TIO TBYDKEHUS 3.2, IIK-3.3
3aKOH COXPAHEHHUS MaCCHI, 3aJJaHHOU TeMe. AKHUIKOCTH".




YpaBHCHUE HEPA3PHIB-
HOCTH.OCHOBBI JUHaMHUKHU
KUIOKOCTH.

Pabora ¢
KOMITBIOTEPHBIMH
o0yuaromumMu
MIpOrpaMMaMH.
TToaroroBka k
naboparo-HOMY
3aHATHIO.
Pemenne 3amau
0 paszienam

THIPOCTATHKH.
Hroro no paszneny 0,2 0,3 8
4. Tema 4
ITouck
. 3amura
JIOTIOJTHUTENILHON .
nabopatopHoOn
nHdopManuy 1o
. paboTsr Ne2
4.1 OcHOBHBIE ypaBHEHHS 3aJJaHHOU TEME.
«M3yuenue
TUAPOTUHAMHUKHA ITogroroska k I1K-3.1, T1IK-
. N 0,2 1 10 puOOPOB ISt
OJTHOPOIHOM HECIKUMAECMON nabopaTopHOMY 3.2, IK-3.3
U3MEpEHHS
JKHIKOCTH. 3aHATHIO.
JTABJICHHS.
Pemenue 3agau
o Craua 3ama4 o
THAPOANHAMHUKE.
THIPOJNHAMUKE. 7pox
HWroro no pazaeny 0,2 1 10
5. Tema 5
ITouck
JOTIOJTHUTENIbHOU
5.1 Tema. [IBmxeHue UH(}OPMAIUH 10
U/ICANbHON )KUIKOCTH, 3aJJaHHOM TeMe.
ypaBHeHue bepnymniu, 01 02 6 IlonroroBka k 3amuTa 33124 10 IK-3.1, IIK-
(uznyeckas HHTEp- ' ' nabopaTopHOMY THPOINHAMUKE. 3.2, IK-3.3
TIpeTanys ypaBHEHUS 3aHATHIO.
Bbepnymnu. Pemenue 3angau
o
THIPOJNHAMUKE.
HWroro no pazaeny 0,1 0,2 6
6. Tema 6
3amura
nabopaTtopHOH
. ITouck patop
6.1 JIBmxeHue BSI3KOMH . paboTer Ne3
N JIOTIOJTHUTELHOU I1K-3.1, T1IK-
HEC)KMMaeMOM KUAKOCTH. 0,2 0,2 15 «3mepenne
UHPOPMALIUH T10 3.2, IK-3.3
Ypasuenusa Hasbe-Crokca. . THIPOCTATHYECKOTO
3aJlaHHOM TeMe.
JTABJICHHS
JKHUIIKOCTHY.
HWroro no pazaeny 0,2 0,2 15
7. Tema 7
7.1 OcHOBBI TEOpUU
THPOIMHAMUYECKOTO
noﬂl())6211451 Kpurepun Honcx 3amura 3a1a4
a -RpHTCP JIOIIOJIHUTEILHON = . I1K-3.1, T1IK-
TUIPOIUHAMHYECKOTO 0,1 1,2 2,4 IIpoxoxnenue
“HGOPMALIUH T10 3.2, IK-3.3
nono6ust. IIpumepst . TecTa.
3aJJaHHON TeMe.
HCIIONIb30BAHUS B PEIICHUN
THIPOJMHAMUYECKHX 3a/1a4.
HWroro o pazneny 0,1 1,2 2,4
8. Tema 8
8.1 I'mapaBnuueckue morepu ITouck 3amura K-3.1. TIK-
SHEepruu. PexXuMbI TeueHUsI 0,1 0,2 10 | JDOMOJHUTENLHOM nabopaTtopHoi 32 1;[12_3 3
)kuakoctu. Yucmo “HPOPMALIUH T10 paboter Ne4 - '




Peltnonbaca. JlamuHapHbIi «H3yuenne
PEXKUM TE€UEHUS! HKHUJIKOCTH. Sa/IAHHOI TeMe. CTPYKTYpBI
®dopmyna Ctokca. MMOTOKOB
3akon ["arena-Ilyazeiins KUIAKOCTI.
HWroro no pazaeny 0,1 0,2 10
9. Tema 9
9.1 MecTHbIe TOTEpH [Tonck Samuta sanaq
sHepruu. BeiBoa hopmysist JIOTIOTHUTENBHON o pat MK-3.1, TIK-
0,1 1,1 8 IIpoxoxaeHue
Bopna — Kapno. Bunst uH(popMaIUy 10 Tecta 3.2, 1IK-3.3
MECTHBIX COTPOTHBIICHHUH. 3aJJaHHOU TeMe ’
HWroro no pazaeny 0,1 1,1 8
10. Tema 10
3amura
10.1 Knaccudukanus Towcx 1abopaToOpHOI
Tpybonposozios . JTOTIOTHUTETHHON paGort Ne [IK-3.1, TIK-
I'unpaBnugeckuii pacuer 0,1 0,1 10 «Omnpenenenue
HHPOPMAITHH 10 3.2, TIK-3.3
TpyOonpoBoaoB. [Ipumepsr . peXuMa TeUYeHHs U
3aJJaHHOH TeMe.
pacueta TpyOOIPOBOIOB. ero
XapaKTePUCTHK.
HWroro no pazaeny 0,1 0,1 10
11. Tema 11
11.1 Ucreuenue »xuaKocTu
U3 OTBEPCTUI U HACa/IKOB.
Knaccugukanus orBepcruii [Tonck
o o 3amura 3a1a4.
u ucredeHuit. OcoOeHHOCTH JTOTIOTHUTETBHON IK-3.1, TIK-
" 0,1 0,1 9 IIpoxoxaeHne
HCTEYEHUS U3 OTBEPCTHH. UHPOPMAIIH 1O Trecta 3.2, TIK-3.3
OCo0eHHOCTH | 3aaHHOH TeMe ’
XapaKTePUCTUKH UCTEUESHUS
JKHJKOCTH M3 HACAIKOB.
Hroro no pazaeny 0,1 0,1 9
12. Tema 12
12.1 I'mppasnuueckuii ynap 3amura
B TpyOax. [IpuanHbt [Tounck nmabopaTopHOit
BO3HUKHOBeHUs. [Ipsmoii 01 01 10 JIOTIOTHUTETHHON paboTer Ne6 IK-3.1, TIK-
HEeTPSIMOU THAPOYIAp. ' ' HHPOPMAIHH 110 «nmrocTparust 3.2, TIK-3.3
Mepsl IpeaoTBpaIeHHs 3aaHHOH TeMe. ypaBHEHHS
THIpOYAapa. bepnymnmm».
HWroro no pazaeny 0,1 0,1 10
13. Tema 13
13.1T .
3 UAPOTPHBOABI TMowck
Crpyxrypa OIIOJTHUTENBHOM 3amuTa 321249
KJaccupuKanus A : [IK-3.1, TIK-
0,1 0,3 8 JUTEPATYPHI 110 TIpoxoxaeHne
TUAPOIPHBOJIOB. . 3.2, TIK-3.3
paccMaTpuBacMoi TecTa.
I'mapoanmaparypa
TEeMe.
yIIpaBJICHHS.
HWroro no pazaeny 0,1 0,3 8
14. Tema 14
14.1 TuppomanivHe.
VICTOYHHKY MTUTaHUS U 3amura
[Monck o
UCTIOJIHUTEJIbHBIC O — nabopaTtopHOn
YCTpOMCTBA — KOHCTPYKLHH, A paboter Ne 7 [IK-3.1, TIK-
0,1 0,1 10 HHPOPMAIHH 10 "
HapaMeTphl, N Omnpenenenue 3.2, TIK-3.3
paccMaTpHBaeMOi
knaccudukanus. Pacuer Teme MECTHBIX ITOTEPb
TmapaMeTpoB U BEIOOD Haropa"

THUAPpOMAIIWH IO KaTaJloram




HWroro no pazaeny 0,1 | 0,1 | | 10 |
15. Tema 15
TTouck
15.1 MeToauka pacuera ZONONHUTEILHO | 3aIMTa 3824 | e 3 4 g
0,1 0,4 4 “HPOPMALIUH T10 [Ipoxoxnenue
00BEMHOT0 THAPOIIPUBO/IA. . 3.2, 1IK-3.3
paccmaTtpuBaeMoit TecTa.
TEME.
HWroro no pazaeny 0,1 0,4 4
16. Tema 16
3amura
16.1 TypGoManmHbL. TTouck ) nabopaTopHO
JIOTIOTHUATEILHOMN pabothr Ne§
TunpomydThI. " IK-3.1, TIK-
0,1 0,1 3,5 | undopmamuu no Onpenenenue
T'unporpancdopmaTopsl. . 3.2, 1IK-3.3
paccMaTpuBaeMoi MOTEph HAropa
IIpumenenue.
TeMe. TpyOOpOBOIA MO
nauaHe"
HWroro no pazaeny 0,1 0,1 3,5
17. Tema 17
17.1 Pacdetr OCHOBHBIX TTouck Craaua
napameTpoB JIOITOJIHATEILHOMN 11ab0paTOPHBIX
IIK-3.1, TIK-
THIPOANHAMUYICCKHUX 0,1 0,1 0,3 3,8 JIUTEPATYPHI 110 pabort u 3a1au. 32 TIK-3.3
MAIIFH U CHCTEM paccmarpuBaeMoin [Ipoxoxnenne - '
BOJIOOTIINBA. TEME. HWTOTOBOTO TECTA.
17.2 3auer
HWroro no pazaeny 0,1 0,1 0,3 3,8
Hroro 3a cemectp 2 2 4 131,7 3a4éT
Hroro no aucuuruinae 2 2 4 131,7 3a4eT




5 O0pa3oBaTesibHbIE TEXHOJIOTHH

OO0pa3oBarenbHbIE TEXHOIOTUN

Jns peanuzanuu nperycCMOTPEHHBIX BUJIOB Y4eOHOI pabOThI B KauecTBE
00pa30BaTeNbHBIX TEXHOJIOTUN B MIPENOAaBaHUK JUCIUIUIMHBL «[ HApOMEXaHUKa
UCIOJIb3YIOTCS TPAJUIIMOHHAS, UHTEPAKTUBHASL U MH(OPMAlMOHHO-KOMMYHHUKAIIHOHHAS
00pa3oBaTeNbHbIC TEXHOIOTHH.

Ha 3ansTusix npeaycmaTpuBaeTcsi HCIOIb30BaHUE SJICKTPOHHOTO
J€MOHCTPALIMOHHOT0-y4e0HOT0 MaTepHala COACPKAIIETO CI0KHBIE CXeMbl, TAOIHUIIbI U
MaTematuueckue Gopmyibl. MynbTuMeuitHoe 000py10BaHUE MOXKET ObITh HCIIOJIB30BAHO
TaK)Xe U CTYACHTaMU JJIs JJIeMOHCTPALIUU PE3YJIbTATOB BBIIIOJIHEHUS J1a00paTOPHBIX padoT.

1. TpagumoHHble 00pa30BaTENIbHBIC TEXHOJIOTUN OPUECHTUPYIOTCS] HA OpraHU3aUIo
00pa30BaTeNpHOr0 MpoIiecca, MPEIOoIaraolyo IPSMYIO TPAHCISIUIO 3HAHUN OT
npenojaBaTesis K CTyJIeHTY (IPEeUMYIIeCTBEHHO Ha OCHOBE O0BSICHUTENbHO-
WUTIOCTPATUBHBIX METOAOB 00y4eHus1). YueOHast AesITeIbHOCTh CTYJIeHTa HOCUT B TAaKUX
YCIIOBUSIX, KaK IIPaBUJIO, PENPOTYKTUBHBIN XapakTep.

@®opMbl yUeOHBIX 3aHATHI C NCIOJIB30BAHUEM TPAJUIIMOHHBIX TEXHOJIOTUM:

WNupopmanirnoHHast 1eK1us — MOCIe10BaTebHOE U3JI0KEHUE MaTepraa B
JUCHUILIMHAPHOM JIOTUKE, OCYIIECTBIIIEMOE IPEUMYILIECTBEHHO BEPOATIbHBIMU CPEICTBAMU
(MOHOJIOT TIpeno1aBaTeis).

[TpakTHueckoe 3aHsATHE, OCBAILIEHHOE OCBOEHUIO KOHKPETHBIX YMEHUHN 1 HaBBIKOB
IO MPEAJIOKEHHOMY aJIFOPUTMY.

2. lHTepakTHBHBIE TEXHOJIOTUHN — OpTraHU3aIys 00pa30BaTeIbHOTO MpoIiecca,
KOTOpasi IpeIoJaraeT akTuBHOE U HEJIMHEWHOE B3aUMO/IEHCTBUE BCEX YUACTHUKOB,
JOCTUKEHHE Ha ATOM OCHOBE JINYHOCTHO 3HAYMMOTO /Il HUX 00pa30BaTeIbHOIO pe3yJibTara.
Hapsiny co cnenuanu3upoBaHHBIMU TEXHOJIOTUSMHU TAKOTO PO/ia MPUHIIUIT HHTEPAKTUBHOCTHU
MIPOCIICKUBACTCS B OOJIBIIMHCTBE COBPEMEHHBIX 00Pa30BaTEIbHBIX TEXHOJIOTHH.
HHTEpakTHBHOCTH MO/IPa3yMeBAET CyObhEKT-CyOBEKTHBIE OTHOIICHHUS B X0/1€
00pa3oBaTeNBLHOTO IpOIIecca U, KaK CIeJCTBHE, JOPMHUPOBAHUE CaMOpa3BUBAIOLICHCS
MH(POPMAIIMOHHO-PECYPCHON CPEIBI.

@®opMbl yUeOHBIX 3aHATHI C UCIIOJIB30BAHUEM CIEIMAIM3UPOBAHHBIX MHTEPAKTUBHBIX
TEXHOJIOTH:

Jlexuus «oOpaTHON CBA3M» — JIEKIHUSI—TIPOBOKaLMs (M3J10KEHHE MaTepHala C 3apaHee
3arJIaHUPOBAHHBIMU OIIMOKaMN), TEeKLUsA-0ece1a, TeKINs-TUCKYCCUs, JTEKIUs-
npeccKkoH(epeHIus.

3. UudopManinoHHO-KOMMYHUKAIIMOHHBIE 00pa30BaTeIbHbIC TEXHOJIOTUU —
opraHmsaiysi 00pa3oBaTeIbHOrO MPoLecca, OCHOBaHHAsI HA TPUMEHEHUN
CHEIHaATM3UPOBAHHBIX IPOTPAMMHBIX CPEJl U TEXHUYECKUX CPENICTB PAOOTHI C
nHpopmanuen.

@®opMbl yUeOHBIX 3aHATHH C NCIOJIB30BaHUEM MH(POPMAIIMOHHO-KOMMYHUKAIIMOHHBIX
TeXHOJIOTuI: JIeKInA-BU3yAIn3alus — U3JI0)KEHHUE COAECPIKaHUSI COITPOBOKIAETCS
Ipe3eHTaluen (1eMoHCTpaluel yueOHbIX MaTepUasIoB, MIPEICTABICHHBIX B Pa3INYHbBIX
3HAKOBBIX CHCTEMax, B T.4. WITIOCTPATUBHBIX, IpaUUeCcKuX, ayIuo- U BUJEOMATEPHAIIOB).

JlaGopaTopHoe 3aHsTHE B (JOpME BUPTYAITHHOW BU3YyaIM3aIlAN MTPOIIECCOB U SBJICHHM,
MIPOUCXOJSIINX B )KUJIKOCTH U JESTEIIbHOCTH C UCIOJIB30BAaHUEM CIIEINATN3NPOBAHHBIX
IIPOrPaMMHBIX CPEL.

[TepenoBbie TEXHOIOTHH, TIPUMEHSIEMBbIE JUIs JOCTHXKEHHsI 00pa30BaTENIbHOM LeNu:

1. B yueGHOM mporiecce mpeaycMOTpEHbI 3aHATHS B (hopMe pazdopa KOHKPETHBIX
CUTYalUH, CBSI3aHHBIX C TUAPABINKON U TMAPOITHEBMOIIPUBOIOM.

2. Hcnonb3oBaHue B yueOHOM IpolieCCe BUPTYaIbHOTO J1a00paTOPHOTO MPAKTUKYMa
10 pa3jenaM TEXHUYECKON THPOMEXAHUKH.



3. Ilpu npoBeaeHnH 1a00PaTOPHBIX pabOT paccMaTPUBAIOTCS TECTHI IO pas/esiaM B
WHTEPaKTUBHOHN Qopme.

4. Ha nexnusix UCHOIb3yeTCsl KOMIBIOTEP C MIPOEKTOPOM JJIsi OTOOpaXKeHUS U
JY4IIEro OCBOEHHS U3y4aeMOro MaTepuara.

6 YueOHO-MeTOqUYEeCKOE 0OOecTIeYeHHe CAMOCTOATEIbHOM padoThl 00y4YarommXxcst

[TpencraBieHo B npuaoxeHuu 1.

7 OueHo4YHbIe CPeCTBA JIJIA IPOBeeHNsI IPOMEKYTOYHOM aTTecTAlNU
[TpencraBieHbl B IPUIOKEHUU 2.

8 YueOHo-MeTOaMUeCcKOe M UH(pOPMALIMOHHOE O0ecTieYeHHe QU CUMILTUHBI

a) OcHoBHas JIMTepaTrypa:

1. Homanckuii, 1.B. Mexanuka ’KHJIKOCTH U ra3a : yueOHoe nocodue / 1.B.
Homanckuii, B.A. HekpacoB. — Cankr-IletepOypr : Jlanb, 2018. — 140 ¢. — ISBN 978-5-
8114-3158-8. — TekcT : 31eKTPOHHBIN // DNEeKTPOHHO-0MOIMoTeyHas cucteMa «JlaHb :
[caiir]. — URL.: https://e.lanbook.com/book/110915

2. Cazanos U. U. I'mapasnuka [DnekTpoHHbIN pecypc]: yueOnuk / Cazanos 1.

N., Cxuptinamze A. I'., Meanos B. U. - M.: KYPC, HUL] MH®PA-M, 2017. - 320 c.: 60x90
1/16. - Pexxum nocrymna: http://znanium.com/bookread2.php?book=601869 . - 3ari. ¢ skpaHa.
- ISBN 978-5-906818-77-5.

0) lonoJiHUTeILHAS JIUTEpPaTypa:

1. 1. CokomoBaM. C. MexaHukaxuakocTuuraszos : mpaktutkym / M. C. CokoJioBa, A. B.
Tuxonos, M. A. Jlememiko ; MI'TY. - Marauroropck : MI'TY, 2017. - 1 aneKTpoH. OOT. AUCK
(CD-ROM). - URL: https://host.megaprolib.net/MP0109/Download/MObject/1945. - Tekcr :
JJIEKTPOHHBIN.
name=3404.pdf&show=dcatalogues/1/1139648/3404.pdf&view=true. - MakpooOBEKT.

2. Ocumnos, II. E. I'mapasnuka, rujpaBaudecKie MalliHbl U THIPOIPUBO/L
[Tekcr] : yaeOHOE TOCOOUE. - 3-€ U3, Tepepad. u gor. - Jlunenk : Marerpan, 2011. - 424 c.

3. JloimsHckuid, JI. T'. Mexanuka skuakocT u raza [ Tekcrt] : yueOHuk. - M. :
Hpoda, 2003. - 840 c.

4. Konera A Jl., UsanoB C.A., Tounnkun B.B., ®unatos A.M., 3anopoxHbIii
B.J., Barun B.C. OcHOBBI (GyHKIITMOHUPOBAHUSI THAPABINYECKUX CUCTEM
METaJITypruueckoro ooopy-noBanus: yued. nocooue. Marauroropek: M3a-so
Maruurtoropck. roc. TexH. yu-ta uM. I.1.Hocosa, 2011. - 197 c. (zonymeno YMO no
00pa3oBaHMIO B 00JIACTH METAJUTYPTUH B KAYECTBE yUeOHOTO TOCOOUS ISl CTYJICHTOB
BBICIINX YYEOHBIX 3aBEJICHUM, 00YJaAIONIUXCS TI0 CIIEIMAIBHOCTH «MeTamypruieckue
MamuHbl 1 o0opynoBanue»). ISBN 978-5-9967-0224-4.

5. Tounnkun B.B., ®unatoB A.M., 3anopoxusiii B.J1., IBanos C.A., Konsra
A 1., Barun B.C. OcHOBbI pyHKIIMOHUPOBAHUS THIPABINYECKUX CUCTEM
METaJLITypruueckoro ooopy-aoanus. JJaboparopHslit MpakTUKYM MO THAPONIPUBOAY U
TUApOaBTOMAaTHKe. Yuel. moco-o6ue. Marautoropck: M3a-Bo MarHuToropck. roc. TeXH. yH-



ta uMm. [.M1.Hocoga, 2009. - 105 c. (momymeno YMO mno ob6pazoBanutio B 001acTu
METAJUTYPIHH B Ka4eCcTBE Y4eOHOr0 OCO-0Ms Ul CTYJICHTOB BBICIINX YUE€OHBIX 3aBEJICHUH,
o0yJaromuxcs Mo CneruaibHOCTH «Me-Taurypruueckie MalliHel U o0opyaoBanue»). ISBN
978-5-9967-0085-1.

7. Tounnkun B.B., ®unatoB A.M., UBanoB C.A., UnueneB H.A., Konbra A /L.,
Barun B.C. HccnenoBanne paboThl U XapaKTEPUCTUK SJIEMEHTOB THIPOIIPHBOIA
METAJUTYPrHUECKUX MAIIuH: yuel. mocobue. Marauroropck: M3a-8o Marauroropck. roc.
TexH. yH-Ta uM. [.M1.HocoBa, 2014. - 207 c. (nonymeno YMO 1o 06pa3oBaHuio B 00JIacTH
METAJUTYPTHH B Ka4eCcTBE y4eOHOT0 MOCcOOus IS CTYICHTOB BBICIIMX YU€OHBIX 3aBEICHHIA,
00yJaromuxcs Mo CHeruatbHOCTH «MeTaurypriuuecKkue MaliiuHbl 1 00opynoBanuey). ISBN
978-5-9967-0451-4.

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

B) MeToanuyeckue ykasaHus:

1. Tounnkun B.B., ®unatoB A.M., Manko E.lO. 'ungponpuBoa. Mertonuueckue
yKa3aHus K 1a00paTopHBIM paboTam Ajs CTyAeHTOB creruanbHocT 170900.
Marnutoropck: MI'TVY, 2001. 24 c.

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

r) lIporpammHuoe obecnneuenue u UHTepHeT-pecypcebl:

IIporpamMHoe odecnevenue

Haumenosanue .

1o Ne norosopa Cpoxk neicTBUS TUIICH3UH
7Zip cB00OIHO pacnipocTpansemoe [10 0eccpovHO
ONEKTPOHHBIE
TLIARATR O KYPEY | 1 95712 o1 11.09.2012 GeccpouHo

I'mppasnuka u
ruaponpuson”

Hpocbeccnonanbm,le 0a3bl JAHHbIX U l/lH(l)OpMalH/IOHHI)Ie CIIPaBOYHBLIC CUCTEMBI

HasBanue kypca Cchlka

DnekTpoHHbIe pecypchl oudimoreku MI'TY uwm. I'.1. https://host.megaprolib.net/M
Hocoga P0109/Web

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

Poccuiickas I'ocynapctBennas 6ubnnoreka. Karaigoru
/catalogues/

DjekTpoHHas 0a3a mepruoIuUecKux u3nanuii EastView
InformationServices, OO0 «1IBUC»

https://dlib.eastview.com/

9 MaTtepuajibHO-TeXHHYECKOe o0ecreyeHne TUCUUIINHbI (MOLYJIs1)

MaTepHaHBHO-TCXHquCKOG obecneyeHne JUCIHHUIIIIMHBI BKIIIOYACT:




B cooTBercTBUY ¢ yueOHBIM IUTAHOM IO JUCHUIUIMHE TPEAYCMOTPEHBI CIIEAYIOIINE
BUJIBI 3aHATHUIN: JIGKLINH, IPAKTHYECKUE 3aHATHUS, Ta0OpaTOPHbIE 3aHATHUS, CAMOCTOATEIbHAS
paboTa, KOHCYNbTAIlUH, 3a4eT , IK3aMEH.

VY4eOHble ayIUTOPUH JJIs IPOBEACHUS 3aHATHH JIEKIIMOHHOTO THUIIA:
- MyJIbTUMEUIHBIE CPEJICTBA XPaHEHHUs], [Iepe/laull U MPpeICTaBICHIs UHPOPMALIUH.

Y4eOHble ayAUTOPUH [T IPOBEACHUS 3aHATUI ISl IPOBECHUS MTPAKTUIECKUX
3aHATUN:

- MyJbTUMEUIHbIE CPECTBA XPAaHEHHS, IepeAayn U IPEACTaBICHUs HHPOPMAIIUH;

- I0CKa, MYJIbTUMEANIHBINA IIPOEKTOP, IKPaH.

VYueOHble ayIUTOPUU AJIs1 TPOBEACHUS TPYIIOBBIX U MHIUBUYaTbHBIX
KOHCYJIbTAIIN, TEKYIIero KOHTPOJIS U MPOMEKYTOUHOM aTTecTaluu

- MyJIbTUMEUITHBIE CPEJICTBA XPaHEeHHUs], [Iepelayy U MpeIcTaBIeHus HHpopMaLnu;

- TOCKa, MYJIbTUMETUINHBIA TPOEKTOP, IKPaH.

[TomerieHus A1 CaMOCTOSITENIbHOM pabOThl 00Y4arOIIHUXCS:
- IepCOHAJIbHBIC KOMIBIOTEPHI ¢ makeTrom MSOTffice, BbIX010M B HHTEPHET U C
JOCTYIIOM B 3JIEKTPOHHYIO 00pa30BaTEIbHYIO CPEy YHUBEPCUTETA.

[Tomemenus anst XpaHeHUs ¥ MPOPHUIAKTUYECKOTO 0O0CTYKUBaHUS y4eOHOTO
000pyIOBaHUS:

- CTEJUTAXKHU JIJISl XpaHEHUsI YIeOHO-HAIJISIIHBIX TTOCOOMH M y4eOHO-METOUYECKOM
JIOKYMEHTAIUH.

Y4eOHble ayAUTOpUH I IPOBEICHUS JTa0OPATOPHBIX PaOOT:

Kommuiekc yueOHbIit «I uapaBindeckue mpuBOAbl U CPEACTBA aBTOMATH3AIUI,;
Kommuiekc yueOHblIit «I'uapoaBToMaTuKa;

Kommuiekc nist oTpaboTKH HAaBBIKOB MMPOESKTHUPOBAHMUS;

Jlaboparopus yuebHas ruapasnudeckas «Kamenpkay



MpunoxeHue 1

YyebHO-meToaUYECKOe obecnevyeHne camocTonaTelbHOU paboTbl o6yyatowmxca

Ilpumepnuie 3a0auu  no meme « PuzuuecKue C6OUCMEA HCUOKOCHIUN:

3amada 1. ABTOKIIaB 00beMOM 25,0 7T HAIOJTHEH JKUIKOCTHIO M 3aKPBIT TepMeTndeckd. Koaddunment
TEMIIePaTypHOTO PACIIUPEHHS KHUIKOCTH [Py, ee Moaynb yipyrocta K. OnpenennTs MOBBIIICHHE aBICHUS B
aBTOKJIABE MPH YBEIIMYCHUN TEMIIEPaTypPhI )kuAKocTh Ha Benuunny AT. O0bemHol nedopmanneli aBTokIaBa
peHeOpeyn.

3amaya 2 (puc. 1). Onpenenuts CKOPOCTh V PABHOMEPHOTO CKOJIBKEHHS PSMOYTOJIbHOM TacTUHBI (a- b -¢) mo
HaKJIOHHOM IVIOCKOCTH MOJ YIIIoM o= 12°, ecim MeXay IUIACTUHOM U IJIOCKOCTBIO HAXOAUTCS CIION Macia
tomuuHOH o. Temmepatypa macna 30 °C, mIoTHOCTh MaTepHalia IaCTHHBIp.

3agaua 3 (puc. 2). 3a30p Mexay BaJOM U BTYJIKOH 3aII0JIHEH

MACIIOM, TOJIIMHA CJ105 KOTOPOro pasHa 8. [lnamerp Bana D, 1=

JuinHa BTyJKku L. Ban Bpamaercs paBHOMepHO 1oJ \

BO3JIEHCTBHEM Bpawjaromero Mmomenta M. Onpenenuts V7

YacTOTY BpAIllCHUS Bajia, €CIIU TeMIlepaTypa Macia paBHa 40
°C

Ilpumepnuie 3a0auu  no meme «l uopocmamuxar:

3agada 1 (puc.). 3aKpbITHI pe3epByap 3aroJHEeH
JM3eIbHBIM TOIUIMBOM, TeMIepaTypa kotoporo 20 = |
°C. B BepTHKaJIIbHOM CTEHKE pe3epByapa HUMeeTCst

npsimoyrosisHoe otBepctre (D x D), 3akpbiToe :I:
MOy IAINHIPHYECKOH KpbIKoi. OHa MOXET ]
MOBEPHYTHCSA BOKPYT TOPU30HTAIBHOMN ocH A.
ManoBakyymmerp MY noka3ssiBaet

MaHOMETPUUYECKOE aBJICHUE Py UIH
BaKyyMMETpHUYECKOe p,. [ TyOuHa TormBa Haj I
KpBIKoil paBHa H. Onpenenuts ycunme

F,xoTopoe HeoOX0UMO TTPUIIOKUTH K HIKHEH

YacTH KPBILIKH, YTOOBI OHA HE OTKPBIBAJIACD.




Cutoit TsDKECTH KPBIIKY TIpeHeOpedb. Ha cxeme moka3aTh BEKTOPHI ACHCTBYIOMHUX CHJI.

{A

3anaga 2 (puc.). Beprukansnas
MUIMHIpHYECKAas [ICTEPHA C TIOIYCPEepHUUECKON KPBIIIKOH A0 CaMOTo
BEpXa 3aI0JIHEHA XXUIKOCTHIO, INIOTHOCTh KOTOPOH p. JnameTp

nucTtepHbl D, BricoTa ee nuuHaprdeckoi yactu H. Manomerp M

IMOKAa3bIBAECT MAHOMETPHUYCCKOC JABJICHUC Py;.

Omnpeaenuts CUITy, pacTATMBAIOLIYIO O0ITHI A, M TOPU30HTAIIBHYIO CHITY,

Pa3phIBAIONLYIO ITUCTEPHY MO cedeHuto 1—1. Cuitoil TsbKecT KPBIKT
npeneGpednb. BeKTOphI CHII MOKA3aTh HA CXEME. Boga A R

3amaua 3 (puc. ). Kpyrioe orBepctre Mexay AByMs pe3epByapamMu

3aKpBITO KOHMYECKOH KpBIIKOH ¢ pa3mepamu D H L 3akpbIThIit -

pe3epByap 3aroHEeH BOJIOH, a OTKPBITHIN - )kuaKkocThio XK. K 3akpsiToMy pezepByapy cBepxy
NpUCOEANHEH MaHOBaKyyMMeTp MV, moKa3bIBarOINi MaHOMETPHUYECKOE IABICHHUE Py HIIH BAKYYM Ps.
Temneparypa sxuakocteii20 °C, riayounst h u H. OnpenenuTs CHTy cpe3bIBaIOIIy0 O0NTH A, 1
TOPU3OHTAIBHYIO CHITY, IEHCTBYIONIYIO Ha KPBIIIKY. CHIIOH TSHKeCTH KpBIIKH NpeHeOpedb. BekTopsl cui
MI0Ka3aTh Ha CXEME.

Ilpumepnuie 3a0auu no meme «l uopoounamuray:

3agauya 1. Boma neperekaer u3 HarmopHOro 0aka, rie U30BITOYHOE TABICHUE BO3/IyXa p= 03
d =50
Yemy 10/KEH OBITh PaBeH KO3(P(PHUIIMEHT CONPOTUBIICHHUS KpaHa JUIs TOr0, YTOOBI paCXO0/1 BOJIbI COCTABJISI

Q=87 H,=1, , H,=3
£=05

Mlla, B OTKpBITHII pe3epByap 110 KOPOTKOW TpyOe TuaMeTpoM MM, Ha KOTOPOH YCTaHOBJIEH KPaH.

71/c? BrICOTHI ypOBHEH M. YdecTh MOTEPIO HAarlopa Ha BXOe B TPyOy

Y Ha BBIXOJIC U3 TPYOBI (BHE3AITHOE PACIIUPECHHE).

3amaya 2. Macno BcaceiBaeTcsi HacOcoM Ha BbIcoTy h,. = 0,5 M mo TpyOe amamerpom 20 MM U
uHOH 1,2 M, KoTOpasi uMeeT jABa pe3kux u3rnda. Hacoc pasBuBaer momauy 20 n/mun. Macio

nnoTHOCTE0 900 Kr/mM° MMeeT KMHeMaTHuecKyio Bs3kocTh v = 4 - 10° m%/c. B Gake naBieHue



BO3/yXa — atMocdepHoe. OnpenenuTts, Kakoil BakyyM pa3BuBaeT Hacoc. IIpuHSTH A MaciasHOro
¢bunbTpa K03)GHUIMEHTHI MECTHBIX CONPOTHUBIIEHUH (4 = 6, U1 BX0Ja BO BCACHIBAIOLIYIO M0JOCTh

Hacoca C, =2 u Juig u3ruda BcaceiBaromeit Tpyos C,,- = 0,8.

IIpumepnuie 3a0auu no meme «l'udpasnuueckuii pacuem mpyoonpoeooos»
3a0aua 1. OnpenenuTs BENTWYWHY TIOTEPh JaBIEHHUS, BBI3BAHHBIX ITIOBOPOTOM

TpybonpoBoaa auamerpoMm d = 200 MM Ha yroa o = 90°. Tpy6onpoBOI HOBBIN CTATBHOM, PAIHYC
noBopoTa R = 40 m. JKugkoe macio munepansHoe(v = 14,5x10™ m%/c; p = 800 kr/ m°). Pacxox
xuakoctn Q = 0,5 m/c.
3amaya 2.
3amaua 4.8. JKHaKocTh ¢ IWIOTHOCTBIO p = 900 Kr/M° 1 Bsi3kocThio v = 0,01 CT HarHeTaercs
[0 TOPU3OHTAILHOMY TpyOompoBoay mmuHoi L = 4 M u guamerpom d = 25 mm. OnpeaenuTsb
JIABJICHHEC B HA4YallbHOM CEYCHHH, €CJIM B KOHEYHOM CEYEHHHM TPYOOIpPOBOJA JaBJICHUE
aTMocdepHoe, pacxol )KuakocTu Q = 6 J1/c; mepoxoBaTocTh CTEHOK TpybonpoBoaa A = 0,06 MM.
3adauu no pacuemy I1EMeHM 08 2UOPORPUBOOA
3agaua 1. J[na nompema rpy3a G co ckopocthio V=0,15 M/C HCIONB3YIOTCS JBa
ruaponmunapa auamerpom D= 100
MM. ['py3 cMeleH OTHOCHTEIILHO OCH

sz s o CUMMETPUH Tak, 4TO Harpy3ka Ha
F' mroke lro muwmHapaF; =6 kH, a Ha

mTOKe BTOporo mwimnHapaF, =5 kH.

|
)
Il’x!l

Kakum momkeH OBITH KOX(pGUIHEHT

0 MECTHOTO COIPOTHUBICHUS JIPOCCEIS
Q? f Exp» UTOOBI TUIATGOPMA TIOJHMMATIACH
0e3 nepeKalBaHus: Huamerp
tpybomnpoBoga d= 10 MM; IIIOTHOCTH

skugkoctu p= 900 K/, IToTepsimu no

JUTHHE TPYOBI .[IpeHeOpeyb.

3amauya 2. Onpenenutb pacxon
JKAJIKOCTH, MPOIYCKAeMBI OTrpaHUYUTENIEM pPAcxXo/a, KOTOPBIM pPAacCMOTPEH B 3a7ade 8 , eciH
JUHaMHU4ecKasl BS3KOCTh kuakoctd L = 0,04 Ila:c m ee mmotHOCTE 0 =890 kr/M° Bocronb30BaThes

(bopMyIIoii U1 TIOTEpH HANoOpa Ha TPEHUE NPU TYPOYJIEHTHOM pEXUME

2

:@:EIU

hl‘l
P D2g

rac D— FI/I,Z[paBJ'II/ILICCKI/Iﬁ JAUAMETpP CCYCHUS U U — CPECIHAS CKOPOCTh.

[IpuHKMMass BUHTOBOM KaHaJ THAPABIMYCCKU INIAJIKAM, KOA(DDHUIIUCHT

COTIPOTHBIICHHS TPEHHS OTPEAEIIATH 10 (hopMyIIe

0316 )

rae uucno Peitnonenca  Re=—.

_‘{/%’ %

3agaya 3. OrpaHuudTens pacxoia, KOTOPBIM CIYXKHAT Ui aBTOMaTHYECKOTO
MOJIEPKaHMsI TOCTOSHHOTO pacxoja B CHUCTEME IPH IMOCTOSHHOM BXOJHOM JIAaBJICHHH [, U
NEPEMEHHOM NPOTHBOJABIEHUH P, COCTOUT U3 MOABIKHOTO mopuiHsa 1 auamerpoM D = 60 mm,
umerorero orseperue 0=10MM u HarpyKE€HHOTO TIPYKUHOI 2.



[Tpu M3MEHEHUH POTHBOIABICHHUS P MOPIICHB IEPEMEIIACTCS, U3MEHSS OTKPhITHE D OKOH

B KopIryce 3 TakuM 00pa3oM, YTO pacxo Yepe3 OrpaHUuIUTENh OCTACTCS MOCTOSHHBIM.

BhICOTa HPSIMOYTOJIBHBIX OKOH B KopIyce by =5 MM, HX cymmapras miomans fo= 1,5 cm®.

Cunras ycunme npy>KUHBI TOCTOSHHBIM U paBHBIM R = 550 H, onpeaenuts a7 BXOJHOTO

JaBJICHUS Macia, paBHOTO P, = 15 Mlla:

1. Benmuuny pacxona Q, moiepKuBacMoro OrpaHuuUTEIICM.

2. 3aBUCUMOCTh OTKPBITUA b oxon ot IMMPOTUBOAABJICHHUSA p U BEJIMYNHY OTKPBITHA IIPU p:O

3. MakcumManbHOE 3HAUYCHUE MPOTUBONABICHUS Prmax , HAUMHAS C KOTOPOTO Pacxoj 4yepes

OIr'paHUYUTEIIb 6yz[eT YMEHBIIATHCA.

by Koaddumment pacxoga oTBEepCcTHS B IMOPIIHE M OKOH B
AT xopmyce npunste A = 0,6. TlnotHocTs Macia P =850 kr/iv’.
v, A , Yxazanue. BocCIonb30BaThCs  YCIOBHEM  PAaBHOBECHS
Po. :4 CJ s . e MOPILHS B CICAYIOLUIEM BUJE:
1Tr— 2 Hx: i
=l obofl 5 71 4 aD?
1 v Ap——=R
Z 4
s
RN rne 4 p — nepenan naBIeHHit Mo 06e CTOPOHE! OTBEPCTHS
B TIOPIIHE.

3ajauu 1o cheAseMy IpuBOIY

3anaua 1. B 1ByXCOIJIOBOM FHAPOYCUITUTENE
3aCJI0OHKa MepeMelleHa B CTOPOHY OJHOTO U3 COIUI Ha
BeNMMYMHY N OT cpeHero mooxeHus Ny, ueM BhI3BaH
nepenaj JaBieHusdp Ha TOpIax paclpeaeuTENbHOTO
30JIOTHHKA U, KaK CJIEJICTBUE 3TOTO, €r0 IMepeMeleHIe T
OT HEUTPAIBbHOI0 NOJO0XKEHUs. CUUTasl, 9YTO CHIIBI
JaBJICHHSI HA TOPLAx 30J0THUKA yPaBHOBEILIUBAIOTCS
TOJILKO MPYKUHAMH, OIIPE/ICITUTD X, €CIIH JIaBJICHUE
nUTaHus ruapoycunTens  p; =6-10° ITa u nepementenue
3acionkuh = 0,5h,.

JKecTkocTb Kaxka0# U3 MpyKuH 3010THUKA ¢ =130
H/mwm, ero muamerpD = 10 Mm.

Pacxon gepes como onpenessTs no popmyie

2p
Q = upmdy(hg — h) Ik

rae L - K03huIueHT pacxoga cora; p -
JIaBJIEHHE NIEpeJ1 COIUIOM; P - IFIOTHOCTb KHUIKOCTH.

3ajauy pemnTs A ciIyuast, Kornaad,ng =ad°y/4 i py = iy, Te iy, - K03 dUIEEHT pacxoaa

BXOJIHOTO JIPOCCEIILHOTO OTBEPCTHS U () - €ro 1uamerp.

8 audpoqunundp

Ll

33).18.‘13 2. PaGouas KUAKOCTD IMMOJACTCA K THAPOYCUIIUTECIIIO TUTIA COIIO-34CJIOHKA IO

MOCTOSIHHBIM AaBieHueM Po=10 MIla. KomanaHbii 31€MEHT THAPOYCUITUTENS BKIIOYAET MOCTOSIHHBIN

~

-

~

AT

Po

>

Jpoccesb B BH/E KuKiepa d; = 3MM U peryaupyeMblii pocceb
B BHJIE cotuia 0,=2MM ¢ TIOBUIKHOM 3aCIIOHKOM Ha BBIXOJIE.
JHaBnenue p, B KaMepe MEXIy APOCCENsIMH IIEpeaaeTcs B
Ppabo4yIo MOJIOCTh UCTIOJIHUTENBHOTO TuApoInHapa (D= 35
MM), TIOPIIIEHb KOTOPOTO OIEPT Ha NPYKUHY JKeCTKOCThIo C =
200 H/cm n narpysxen cunoid R= 7500 H.

Ipu u3meneHnu 3a30pa h MEXIy COMIOM U 3aCIIOHKOM

M3MEHSIETCS JaBJICHUE ) BBI3BIBAS CIICASIICE TePEMEIICHIE
MOPILHA.



IMTocTpouTh rpadvik 3aBUCUMOCTH MEXKITY 3a30pOM h U CMeIeHHeM S OPIIHS U3 KpaitHero
nosoxenusi, orevaroniero h= 0. Onpenenuts S pu h = 1 Mmm. Pacxon uepes xukiep paBeH

md? -
[ 4\ 0
08 =
| ' - rne *h 0,8, u yepe3 coIn-3acIoHKYy.
a6 2
T . d; |, Py
P Q,=m,—% 2
02 " L
re KodpPUIMEeHT pacxofa /2 3amaH Kak (QyHKIUI
001 02 03 044, h
OTHOCHUTEJILHOTO 3a30pa 2 .
h
u="f

ITocTponTh MOTMOTHUTENBEHO TPpadK 3aBUCHMOCTH 2/ s ko duupenta pacxomxa #

COIlIa-3aCJIOHKH, OIIPEACIIAEMOI'O U3 BBIPAKCHU A

Q, = p md;h |2 Pe
Ve
3anaua 3. VIcmomHHUTENbHBIN MUIHHIP TUApoycuauTens (quaMeTp nopuHsa D; = 60mMMm u mToka D,
=30 mm) HarpyxkeH cuioi R = 3500 H. Pabouast »xuIkocTh ('0 = 850 Kkr/M° 0JAeTCs B HIKHIOKO [IOJIOCTh
nwmHIpa HacocoM H non naBnenuem p,= 5 MIla (mognep:kuBaeTcsi MOCTOSHHBIM C TIOMOIIBIO

nepenuBHoro kinanana [1K). -

KoMaHIHbIH 0JJHOKPOMOYHBIN 30I0THUK (auameTp miykepa d; = 10 Mm), ynpasisiet
MEPEMCUICHHUAMMU IITOKA NUJIMHAPA ITYTEM U3MCHCHHA OTKPBITUA HNUINHAPUYICCKOTO OKHA, Y€PE3 KOTOPOC
JKUAKOCTh TIOCTYTIAeT U3 BEpPXHEH MOJOCTH IINHAPA Ha CIUB.

B nopriiee nuitMHIpa UMeeTcs apoccenupyomiee otBepetre (d; = 4 Mm), Giaromapsi KOTOpoOMy
MOYKHO TP ONPEAEIEHHBIX OTKPBITHIX 30J0THHKA PEBEPCUPOBATH ABMKCHHUE ITOPIIHS.

ITocTpouts rpad)vk 3aBUCIMOCTH CKOPOCTH Uy YCT@HOBUBIIETOCS IBMXKEHUSI TTOPILIHS OT

OTKPBITHSA X 30JIOTHUKA.

1%
YkazaTh, IPY KaKOM X MopiieHb ocraHaBiuBaercs (1 = 0). KakoBo Oyner 3HaueHue ~ " mpu
3aKpBITOM 30JI0THUKE?

Pacxo uepes Ipoccenpyrolee OTBEPCTUE ONPEAETIATH
o popmyiie
a
2 ;{4“? | Q=44 ﬂdf
Zi
T 5‘,/’; iﬁ‘ff 4\ P
Al 1 9epe3 30JI0THUK

% EH D

} | Q.= ﬂzﬂdzx\ 270

rae p, — JaBJIICHHC B BerHefI MMOJIOCTHU HUJIMHpPA.

Koadduumentsr pacxona npuHATH H=H=0e.
TpeHuneM u yTeukamy B HWIMHAPE NPeHEOperaTh.

Ykazanue. Bocnonp3oBaTbes YpPaBHCHUCM PaBHOBCCHSA MMOPIIHA:

2

P, "o +R =p, 7 (D} - DY)

4

1 BBIPAXXCHUECM pacCXxoJa KUJAKOCTH U3 BerHeﬁ IIOJIOCTH B 30JIOTHUK IIpEAIiojiaras, 4To nopucHb

JABWKETCA BBEPX, UMECEM

2

7D
Q0:Q1+Un 41




IIpuMmepHoe 3a1aHMe 110 J1a00paTOPHOI padoTe.

ITo ncxoaHBIM JaHHBIM IS ABYX THIPOCUCTEM, TIOKA3aHHBIX Ha PHC. |, ONIpeenTs CKOPOCTHBIE U
CWJIOBBIC MapaMeTPhl TUAPOIMINHApa. Pe3ynbrarsl BBecTH B Ta0uily. OOBSICHUTh TOJTYYCHHBIC
pe3yabTaThL.

OXEMA T XM 2

npsnad Xoi /i npamou xod /]
oopamHsi Xod oopamvsi Xo0
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TEST

U g

. o0parmsid KaanaH
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Pucynok 1 — 'ugpaBandeckue cXeMbl NOAKIIOUEHUS THAPOLMIINHIPA

3anmaga 3 (puc. 2). 3a30p MEXIy BaJOM W BTYJIKOW 3aIIOTHEH

MAacJIOM, TOJIIIMHA CII0St KOTOporo paBHa O. J{namerp Bana D,

JuinHa BTynKku L. Ban Bpamaercst paBHOMEpHO 1o
BO3JIe¥icTBHEM Bpamaroiero MoMmenra M. Onpenenurs

YacTOTY BpAIllCHUS Bajia, €CIIU TeMIlepaTypa Macia paBHa 40
°C

Ilpumepnuie 3a0auu  no meme «l uopocmamuxar:

3amaua 1 (puc.). 3aKpeITHIA pe3epByap 3amoITHEH
JU3ebHBIM TOTUTMBOM, TeMIiepaTypa Kotoporo 20 o |
°C. B BepTUKaJIbHOM CTEHKE pe3epByapa UMeeTcst

npsimoyrosisHoe otBepetre (D x b), 3akpbiroe :1_-:
MOy IUIMHIPUUECKOI KpbIKoi. OHa MOXKET )
MTOBEPHYTHCSA BOKPYT TOPU3OHTAIBHON OcH A.
ManoBakyymmerp MY noka3ssiBaet
MaHOMETPUUYECKOE aBJICHUE Py WU

BaKyyMMETpHYECKOe p,. [ TyOuHa TormBa Haj +
KpBIIKOH paBHa H. Onpeaenuts ycunue

F,xoTopoe HeoOX0UMO TIPUIIOKUTH K HIKHEH

YacTH KPBILIKH, YTOOBI OHA HE OTKPBIBAJIACH.

Curoii TshKeCcTH KpBIIKH npeHedpeys. Ha cxeme
MOKa3aTh BEKTOPHI ACHCTBYIOIIHX CHI.




A}f > ¢A

3anaga 2 (puc.). Beprukansnas
MUITMHIpHYECKas ICTEPHA C TIOIYCPEePHUECKON KPBIIIKOH A0 CaMOTro

BEpXa 3aM0JHEeHA )KUAKOCThIO, INIOTHOCTH KOTOPOii p. Auametp

nucTepHbl D, BricoTa ee nuuHapuueckoi yactu H. Manomerp M
MOKa3bIBAET MAHOMETPUUECKOE AABICHUE Py

OnpenennuTs CUITy, pacTATHBAIOLIYIO OONTHI A, M TOPU30HTATILHYIO CHITY,

Pa3phIBAIOLIYI0 HUCTEPHY N0 cedeHuto 1—1. Cuitoil TsbKecTH KPBILKU
npeHeOpedn. BEKTOpHI CHII TOKa3aTh Ha CXEME. Bona A K

3anaga 3 (puc. ). Kpyrioe oTBepcTie MeXIy ABYMS pe3epByapaMu

3aKpBITO KOHMYECKOM KPBILIKOM ¢ pasmepamu D H L 3akpbsIThit 7 )

pes3epByap 3arojHEeH BOJIOH, a OTKPBITHIH - )kuakocThio XK. K 3akpeiToMy pesepByapy cBepxy
NpUCOEANHEH MaHOBaKyyMMeTp MV, moka3bIBarOIMi MaHOMETPHUYECKOE JIABICHHUE Py HIIH BAKYYM Ps.
Temneparypa sxunkocreii20 °C, riayounst h u H. OnpenenuTs CHTy Cpe3bIBaIOILy0 O0NTH A, 1
TOPHU30HTAJIBHYIO CHITY, JEHCTBYIOLIYIO Ha KPBILKY. CHIOH TSHKECTH KPBIIKH NpeHeOpedb. BekTops! cui
IIOKA3aTh Ha CXEME.

Ilpumepnuie 3a0auu no meme «l' uopoounamuray:

3anaua 1. Bona neperekaer u3 HaropHoro 0aka, rjie 30bITOYHOE JIaBICHUE BO3/IyXa p=03
d=50
Yemy j0inKeH OBITh paBeH KO PHUIMEHT CONPOTUBIICHUSI KpaHa JUIsl TOTO, YTOOBI pacXoj] BOJIBI COCTABIISLIT

Q=87 H,=1_ , H,=3
£=05

MllIa, B OTKpBITHIN pe3epByap MO KOPOTKOH TPyOe AuaMeTpoM MM, Ha KOTOPOU yCTaHOBJIEH KPaH.

1/c? BricoTHI ypoBHEH M. YUeCTh MOTEPIO HArlopa Ha BXOZE B TPyOy

Y Ha BBIXOJIE U3 TPYOBI (BHE3AITHOE paCIIPEHHE).

3amaua 2. Macso BcackiBaeTcsi HACOCOM Ha BbicoTy h,. = 0,5 M mo Tpybe auamerpom 20 MM U
uHON 1,2 M, KoTOpasi uMeeT jABa pe3kux u3rnda. Hacoc pasBuBaer momauy 20 n/muH. Macino
moTHOCTEI0 900 Kr/M° MMeeT KMHeMaTHdecKyio Bs3KocTh v = 4 - 10° m%/c. B Gake naBieHue
BO3/yXxa — arMocdepHoe. OnpenenuTts, Kakoil BakyyM pa3BuBaeT Hacoc. IIpuHsTh A MacisHOro



¢bunbTpa K03 GHUIMEHTHI MECTHBIX CONPOTUBIIEHUH (= 6, U1 BX0Ja BO BCACHIBAIOLIYIO M0JOCTh

Hacoca C, = 2 1 Juig u3ruda BcaceiBaromeit Tpyos C,,,- = 0,8.

IIpumepnuie 3a0auu no meme «l'udpasnuueckuii pacuem mpyoonpoeooos»
3adaua 1. Onpenenuth BEIWYUHY TMOTEPh NaBICHHSA, BBI3BAHHBIX IOBOPOTOM

TpybonpoBoaa auamerpoMm d = 200 MM Ha yroa o = 90°. TpyO6onpoBOI HOBBIN CTATBHOM, PAIHYC
noBopoTa R = 40 m. XKuaxoe mMacno munepansHoe(v = 14,5x10™ m%/c; p = 800 kr/ m°). Pacxox
xkuaxoctd Q = 0,5 Mc.

3amaya 2.

3amaua 4.8. KimKkocTs ¢ mWIoTHOCTBIO p = 900 Kr/M° 1 Bsi3kocTsio v = 0,01 CT HarHeraercst
[0 TOPU3OHTATLHOMY TpyOompoBoay mmuHoi L = 4 M u guamerpom d = 25 mm. OnpeaenuTsb
JIABJICHUEC B HAYaJbHOM CCUCHHM, €CJIM B KOHCYHOM CCUCHUHM TpyOONpOBOJA JaBJICHHC
aTMocdepHoe, pacxol )Kuakoctu Q = 6 J1/c; mepoxoBaTocTh CTEHOK TpydonpoBoaa A = 0,06 Mm.

3aoauu no pacuemy rnemennos 2uOpoOnPUEoOa

3agaua 1. J[na nogpema rpy3a G co ckopocthio V=0,15 M/C HCIOIB3YIOTCS JBa
ruapoumunapa auamerpom D= 100
MM. ['py3 cMelIeH OTHOCHTEILHO OCH
CUMMETPUU Tak, 4TO Harpy3ka Ha

mroke lro mummHAgpaF; =6 kH, a Ha
mrToke BToporo mwimHapaF, =5 kH.

4]
Il

Kakum nomkeH ObITh Kod(PuimeHt

M

Q; Ol Exp, UTOOBI MIAT(GOpMA MOJHUMATIACH

MECTHOTO COIIPOTHUBJICHUA APOCCEIIA

0e3 nepeKalBaHus: Huamerp
TpybompoBoaa d= 10 MM; MIOTHOCTH

s)kugkocta p= 900 K/, IToTepstmu no

JUTHHE TPYOHI .IIpeHe0peyb.

3amauya 2. Onpenenutb pacxon
JKUJIKOCTH, TIPOMYCKAeMbId OTpaHUUYUTENIeM pacxoja, KOTOPhI paccMOTpPEeH B 3ajgade 8 , ecCliu
JUHaMu4ecKas: BA3KocTh skuaxoctd = 0,04 Ila-c u ee miotHocts p =890 kr/M° BOCmonb30BaThCs

dbopMyIoii 1J1s TOTEpH HANoOpa Ha TPEHUE PU TYPOYJIEHTHOM pEeKUMe

2

=@=g|')

hII
pg  D2g

rae D — runpaBaudeckuit JuaMeTp CEUeHHsI U U — CPETHSS CKOPOCTb.

[lpuHKMMass BUHTOBOM KaHaJ THAPABIMYCCKU IIAJIKAM, KOADDHUIIUCHT

COIIPOTHUBIICHUS TPEHUS OTIPENEIATh 1o (hopMyIie

0316 D

rae uucno Peitnonenca  Re=—.

_‘{/@’ %

3agaya 3. OrpaHuumrens pacxofa, KOTOPBIM CIYyKHUT Ui aBTOMAaTHUYECKOIO
MOJIEPKaHMsI TIOCTOSHHOTO pacxoja B CHUCTEME IPH IMOCTOSHHOM BXOJHOM JABJICHHH [, U
MEPEeMEHHOM MPOTHUBOJABICHUN P, COCTOUT W3 MOABIXKHOTO mopimHs 1 auamerpoMm D = 60 MM,
umerorero orseperue 0=10MM u HarpyKE€HHOTO TIPYKUHOI 2.

[Tpu u3MeHeHNH IPOTHBOIABIICHUS P MOPIICHB IEPEMEIIaeTCs, U3MEHsS OTKphITHE D OKOH
B KOpIIyce 3 TakuM 00pa3oM, YTO pacxo[] Uepe3 OrpaHUUYHUTENb OCTAETCs IIOCTOSIHHBIM.



BricoTa mpsMOyTOIBHBIX OKOH B Kopiryce by =5 MM, ux cymmapHas mwiomans fo= 1,5 oM’
Cunras ycuiue npy>KWHBI TOCTOSIHHBIM | paBHBIM R = 550 H, onpepenuTs 11t BXOTHOTO
JaBJIeHUs Macia, paBHOTO P, = 15 Mlla:
1. Bennuuny pacxona Q, moaaepKuBacMoro OrpaHuIHTEIICM.
2. 3aBUCHUMOCTH OTKPBITHsI D OKOH OT POTHBOIABIICHUS p ¥ BETMYUHY OTKPBITHS pH p=0.
3. MakcumanbHOE 3HaUY€HHE TPOTHBOIABIICHUS Prax » HAYHHAS C KOTOPOTO PACX0]] depes
OTPaHUYUTEIh Oy/IeT YMEHBIIIATHCS.
Koaddumuent pacxomga oTBepCTHsi B TOPIIHE U OKOH B

_a-Lb_Q.‘_
P xopryce npunste = 0,6. Tlnotrocts Macta © = 850 kr/v’.
/ L , Ykazanue. Bocnonp3oBaTbCsd  yCIOBUEM  PaBHOBECHS
by :‘-/4 o M 4/ MOPIIIHS B CICIYIONIEM BUJIC:
- +4—= 2 H<- o~
] oboflJ [ 0 D?
N 4" =R
pir st

b rne 4 p — neperaz naBiIeHHit Mo 06 CTOPOHBI OTBEPCTHS

B IIOPLIHE.

IIpumepHoe 3axanue no jadopaTopHoii padoTte.

[1o McxX0aHBIM TaHHBIM 7151 IBYX THAPOCHCTEM, ITIOKa3aHHBIX Ha pUC. 1, ONPEeIUTh CKOPOCTHBIE U
CHJIOBBIE NTapaMeTPbl THAPOLMINHIPA. Pe3ynbraTsl BBecTH B TaOnuity. OOBSICHUTH MOTyYEHHBIE

pE3yIbTaThI.
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PI/IC}’HOK 1- FI/IILpaBJ'IPI‘IeCKHe CXCEMbI NOAKIIFOUCHU S THAPOIUIINHAPA




Cxema 1

Cxema 2

IIpsimoit xox

OO6patHsIii X011

IIpsimoit xon

OO6partHsIii X0

Juamerp nopuss
D, mMm

Juamerp mroka d,
MM

[aBnenue
HOMUHAJIBHOE P,
MIIa

HomunansHEIHN
pacxon Q, 1/MuH

[Inomans
MOPIIHEBOM
MOJIOCTH, SII

ITnomane
IIITOKOBOU
MOJIOCTH, SIIT

CKOpOCTh IITOKA
Vv, M/c

Ycunne Ha mITOKE
F.H







[pnioxenune 2

OueHovHbIe CpeACTBA AJIs NPOBeJeHHUA MPOMEKYTOYHOM aTTecTalNu

a) Ilnanupyembie pe3yJbTaThbl 00y4eHHUS M OLIEHOYHbIE CPeACTBA AJIs NPOBeAeHHS IPOMEKYTOYHOMH ATTECTALMU:

Kon
WHIAUKATOpa

Nuaukatop 10CTHKEHUS KOMIETEHIUN

OrneHOYHBIE CpeACTBA

IIK-1: Cnioco0en pa3padaTbIBaTh pa3/iesbl NPOEKTOB CTPOUTEIBCTBA, PEKOHCTPYKIMH 1 TEXHUYECKOI0 NMepeBoopyKeHUsI 00beKTOB OTKPBITHIX FTOPHBIX

PadoT, IPOEKTHYIO M TEXHMYECKYIO TOKYMEHTAIUIO ¢ y4eTOM TPeOOBaHUii MPOMBINLIEHHOH 6€30MacHOCTH

T1K-1.1:

OO60CHOBBIBACT TJIaBHBIE MTAPAMETPHI
Kapbepa, BCKPBITHE KapbePHOTO TIOJIS,
CHCTEMBI OTKPBITON pa3pabOTKH, PexKUM
TOPHBIX paboT, TEXHOJIOTUIO U MEXaHHU3AIIUIO
OTKPBITBIX TOPHBIX pabOT, METOIBI
MPO(UIAKTUKY aBapuil i CIIOCOOBI
JUKBUIAINH UX TIOCIIEICTBUIA

Ilepeuenv meopemuueckux 60npocos K 3auemy:

CgoticTBa pabounx xuaxocteil. OCHOBHBIE TIOHSATHUS U OTIPEACIICHHS KUIKOCTH.
IL10THOCTH U yAENBbHBIN BEC KUJIKOCTH.

CXMMaeMOCTB KHUIKOCTH.

Koaddunuent o6beMHOTO CoxaTusl.

Koaddumuent terioBoro pacumpeHust.

Mopyns ypyrocTH JKHIKOCTH.

Bs3kocTh JKHUIKOCTH.

KoaddurmeHT kuHeMaTHYECKOM BSI3KOCTH KHUIKOCTH.

© ©®© N o g ~ w b P

KaBI/ITa]_[I/ISI KHUIKOCTH, CITOCOOBI npeaoTBpallCHUA.

10. OGauTepanys KUIKOCTH.




Kon
HWHJUKATOpa

WNHaukaTop TOCTIKEHHS] KOMIICTCHITHH

O11eHOYHBIE CPEeICTBa

11

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.

. 'mapocraTtika, OCHOBHBIE TIOHSTHS U ONPENEICHUS.
IToHsTHE THAPOCTATUYECKOTO JABJICHUS.
Enunniel namMepenus ruipocTaTHUECKOro JaBlIeHHUS.
CBoiicTBa rUAPOCTATHUECKOTO IaBJICHMUS.
IToHATHS THAPOCTATHYECKOTO IABJICHUS: a0COIIOTHOE, aTMOC(EepHOE, H30BITOYHOE U BaKyyM.
Hduddepennmanbabie ypaBHEHUS Dilepa sl paBHOBECHS YKHIKOCTH.
OcCHOBHOE ypaBHEHHUE TUAPOCTATUKH.
3akoH Apxumena.
3akoH [lackans.
MexaHHU3M € UCIOJIBb30BAHUEM yPaBHEHUS THIPOCTATUKH, JOMKPAT. U MYJIbTUILTUKATOP.
MexaHu3M ¢ UCOJIb30BaHUEM YpaBHCHUA TUAPOCTATUKH, MYJIbTUILIMKATOP.
W3mepenue naBieHus XKUIKOCTH.
PaBHOBecHe KHIKOCTH B COOOLIAIONINXCS COCYAAX.
Cuita JOaBJICHUS JKUAKOCTU HAa BEPTUKAJIbHYIO CTCHKY.
Cuita JOaBJICHUS JKUAKOCTU HA TOPU30OHTAJIBHYIO CTCHKY.
Cuna aBieHHs KUIKOCTH HAa HAKIIOHHYIO CTEHKY.
OnpeneneHne TONMIUHBI CTEHKH.

I'maponrHaMuKa, OCHOBHEIE OIIPEICTICHUSI.




Kon
HWHJUKATOpa

WNHaukaTop TOCTIKEHHS] KOMIICTCHITHH

O11eHOYHBIE CPEeICTBa

29.
30.
31.
32.
33.
34.
35.
36.

37.
38.
39.
40.

41.
42.
43.
44,
45.

['eomeTpusi MOTOKOB KUJKOCTH.

Kiraccudukarus moTOKOB KHUIKOCTH
PexxnMpl gBmkeHus sxuakocTy. Yucnno Pelinomnbaca.
JlamMuHapHBINA PEXUM JIBHKEHUS KUAKOCTH U €r0 3aKOHOMEPHOCTH.
Pacxon u cpenHsist CKOPOCTh NOTOKA MPH JJAMUHAPHOM PEXKUME.
TypOyneHTHBIA PEXUM IBIKESHHS KUIAKOCTH U €r0 3aKOHOMEPHOCTH.
3aK0H HEPa3PHIBHOCTH IMOTOKA KUIKOCTH.

3aK0H COXpaHEHMsI SHEPTUHU TSI IOTOKA KUIKOCTU. YpaBHeHHE bepHyum it moToka
UIeaJIbHOMN JKUIKOCTH.

YpaBHenue bepHyiu 11 CTpyHKU UAEATbHOMN X KUIKOCTH.
VYpaBHeHne bepHynu 1715 MOTOKA peabHOM KUIKOCTH.
VYpaBHeHne bepHynnu 1715 CTpyHKH peanbHON )KHIKOCTH.

IIpuMeHeHrEe OCHOBHBIX YPABHEHUH JABUKECHUSI [IOTOKOB JKMJIKOCTH JUIsl H3MEPEHMS CKOPOCTEN U
pacxo10B KUIKOCTH.

I'mapocratuueckuit yaap. ®opmyna Kykosckoro H.E. i runpoynapa.

Croco0bl TpeIOTBpAIICHAS THAPABINIECKOTO yaapa..

[lorepu Hamopa (gaBneHus), onpeaensiemMble JUIMHOK TpyOonpoBoaa, popmyna Japcu.
Omnpenenenne MECTHBIX MOTEPh HAMopa (JaBiieHus) B Tpyoonposoae, popmyna Belicbaxa.

Onpenenenune moTephb Haropa (AaBieHus) B Tpyoomnposoe, popmyna dapcu-BeiicOaxa.
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46.
47.
48.
49.
50.
o1.
52.
53.
54,
55.
56.
S7.
58.
59.
60.
61.
62.
63.

Pacuer o0miero conpoTHBIIEHHUS B IPOCTOM TPYOOIIPOBOJIE.

[locnenoBarensHOE COEMHEHUE IIPOCTHIX TPYOOIIPOBOAOB.

[NapannensHOE coenMHEHUE MTPOCTHIX TPYOOIPOBOOB.

Onpenenenune NoTephb AABIECHUS B peaIbHOM THAPOCUCTEME.

®opmyna Topuuennu.

Hcreuenue )XUIKOCTU Yepe3 MaJloe OTBEPCTUE B TOHKOW CTEHKE.

JocTonHcTBa 1 HEIOCTATKU TUAPOIIPUBO/IA.

Ycnosuble 0003HaYCHHUS B THIPONPUBOIAX.

CTpyKTypa ruponpHuBoAa.

CxeMbl ¢ 00bEMHBIM PETYIMPOBAHIUEM CKOPOCTH KHIKOCTH.

CxeMmBl C peryIupoBaHNEM CHITbI HCOTHUTEIHHOTO OPTraHa;

CxeMbl ¢ 00bEMHBIM PETYIMPOBAHIUEM CKOPOCTH KHIKOCTH.

Hacocs! ruaponprBonoB, yciaoBHbIe 0003HaueHUs. THITbI

l'unponsurarenu, ycioBHbIE 0003HAYEHNS.
I'upponunuHApEL, yCIOBHBIE 0003HAYECHMS.

Pacuer oCHOBHBIX apaMeTpOB T'MAPOLMIINHIPA.

I'uapopacnpenenuTeny, ycioBHbIE 0003HAUCHHS.

3anopHbIe KJIanaHbl, yCIOBHbIE 0003HAYECHHS.
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65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.

79.
80.
81.

. Knanane! naBnenus, yciioBHbIe 0003HAYCHUSI.
[MpenoxpaHuTeNbHBIE KIIATAHBI, YCIOBHBIE 0003HAYCHUSI.

IToTouHBIe KJIANaHbl, YCIOBHBIE 0003HAUCHHS.

Jpoccenu, yclioBHBIE 0003HAYCHHUSL.

I'uapoakKyMyIsITOpPBI, YCIOBHBIE 0003HAUCHHS.

OUnbTPHI, YCIOBHBIE 0003HAYCHUS.

ITpuGOpPHI KOHTPOJIS THAPOIPUBOIA. Y CIIOBHBIE 0003HAUCHHUSL.

lunpaBiuyeckas cxema npuMeHeHUs AuddepeHIMaTLHOr0 THAPOLIMITHHIPA.

I'uaponpuBo 3aKPBITON THAPOCUCTEMBI, OCHOBHON KOHTYD.

I'uaponpHBO OTKPBHITON THAPOCHCTEMBI.

Jlorudeckue 371€MEHTBHI.

Peanuzanus noruyeckux GyHKIMNA B THAPO- U THEBMOCHUCTEMAX.

IMocTpoeHue cucTeM yrnpaBieHUss KOMOMHAITMOHHOTO THTIA.

MCTO)II)I IMOCTPOCHNUE MHOT'OTAKTHBIX CUCTEM YIIPABJICHUS.

Cratnueckue XapaKTCPUCTUKU UCTIOJIHUTEIIbHBIX MEXaHU3MOB ITOCTYIIATCJIBHOTO U
BpalaTeJIibHOTO ﬂeﬁCTBHH: (MeXaHI/I‘leCKaH, CKOpOCTHaﬂ).

HcnonuuTtebHbIe MEXaHU3MBI C 00bEMHBIM pPEryJInpoBaHUEM CKOPOCTH.
HcnonHutenbHBIC MEXaHU3MEL C APOCCCIIbHBIM PETYJIMPOBAHUCM.

[IponopunonansHeie Knanausl, [IpuHIHIE pabOTHL
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82. KomrieHcanust Harpy3Ku ¢ MOMOIIBIO KJIAIIAHOB MOCTOSHHON Pa3sHOCTH JaBJICHHH.
83. DileKTpoHUKA YIIpaBJIEHHs IS TPOIMOPIHOHAIBHBIX KIIAIIAHOB.

84 KpI/ITepI/II/I AJI1 ONPCACJICHUSA MMapaMCTPOB YIIPABJICHUA ¢ TIOMOIINBIO NPOTTOPIUOHAIBHBIX
KJIaITaHOB.

85. Ceproknanansl. [IpuHImnbs: paGoThI.

86. AnmnapaTHasi TeXHHUKA.

87. Kouryp peryiupoBaHusi.

88. BimsHHe TMHAMHYECKUX CBOMCTB CEPBOKIIANIAHA HA KOHTYp PETyIHPOBAHUSL.

89 q)I/IJII)TpaHI/IH Ha TUAPABINYCCKHUX YCTAHOBKAX C CEPBOKJIAlIaHAMHU U MPONOPIIUOHAIIBHBIMHU
KJIallaHaMH.

90. TIpuMepbl BBINOJIHEHHBIX YCTAHOBOK C UCIIOJIB30BAHUEM MPOIIOPIIMOHATIBHBIX KIIATIAHOB.
91. TIpuMepbl BBINOJIHEHHBIX YCTAHOBOK C UCIIOJIB30BAHUEM CEPBOKJIATIAHOB.

92. DkcrutyaTalys MpONOPHHOHAIBLHOM TEXHUKHU U CIIEIAIIETO THAPOIPHBO/IA.

IK-1.2: ITpoekTHPyET MPUPOAOOXPAHHYIO Ilpumepnvie npakmuueckue 3a0anus 014 3avema:
JCSITENIBHOCTD TMPH OTKPBITHIX TOPHBIX

paBorax 1. B aBycTopoHHEM rufpoimIuHape nuameTp nopmHsa D = 160 MM, quaMeTpsl ITOKOB

d;=80mm u d, = 100 mm. ITpu pabouem masiaennu p = 10 Mlla, IpOTHBOIABIIEHUH B CJAMBHOM
HOJIOCTH Py, = 0,15 MIla n pacxone macna padodeit nonoctsio 0,1 11/c onpenenuTs ycuame u
CKOpOCTh, Pa3BHBaEMbI€ IITOKOM IPH JBHKCHUH BIIPABO U BJIEBO. [IpHHATH MEXaHHUUECKHUIA
KIIA runponunuagpa 0,96; o0bemusbiii — 1.
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YKumkocTs, uMeromast mwioTHocTh 1200 Kr/M> 1 MHAMITYecKHit KOA(PUIMEHT BA3KOCTH
2-107 Ia-c, u3 6aka ¢ MOCTOSHHBIM YpOBHEM | CaMOTEKOM MOCTYIAET B PEAKTOP 2.
Omnpenenute, KAKOE MAKCUMAJIBHOE KOIUYECTBO KUIKOCTH (P MOJHOCTHIO OTKPHITOM
KpaHe) MOXKET TOCTYTaTh U3 0aka B peakTop. Y pOBEHb KUAKOCTH B OaKe HAXOAUTCSA Ha 6 M
BBIIIE BBOJIA )KUAKOCTH B peakTop. TpyOOnpoBo/I BEITIOIHEH U3 AIFOMUHHEBBIX TPYO €
BHyTpeHHUM quametrpom 50 mm. O61mas aimmHa TpyOOIpoBoa, BKIIFOYasi MECTHBIS
compoTuBienus, 16,4 M. Ha TpybonpoBoe uMeroTcst Tpu KoJieHa U kpaH. B Oake u peaktope
naBiieHHe aTMoc(epHoe.

H=6Mm

[Nono6paTh HEOOXOIUMBII AMaMETp UWIMHAPHUYECKOro Hacaaka (4=0,82) ¢ TaKUM pacdyeToM,
4T0GBI Yepes Hero BerTekano 77000 kr/a Hedn mI0THOCTHIO 865 Kr/M°. Harop H
[IOCTOSIHHBIN M paBeH 12 M.
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[1K-1.3:

Hcnonsiyet nHOpMaIMOHHBIE TEXHOIOTUN
MIpU OPOCKTUPOBAHUU KaPHEPOB

2/ ¥,

Ilpumepnoie 3a0anua Ha peutenue 3a0ai u3 npoheccuoHabLHOL odacmu

4

I

#

=)

Ha pucynke noka3zana ympolieHHas cxema 00beMHOTO THAPOTIPHBOIA TIOCTYATEIEHOTO
JBHKEHHS C IPOCCEBHBIM PETYINPOBAHNEM CKOPOCTH BBIXOJHOTO 3BeHa (1IToKa), rae 1 -
Hacoc, 2 - perynupyemslii qpoccens. LLtok runpormmmaapa 3 HarpyxeH cwioi F = 1200 H;
nmuametp ropuras D = 40 mm. [IpenoxpanurensHblil kinanan 4 3akpsIT. OnpenennTs JaBieHne
Ha BBIXOJI€ U3 HACOCA U CKOPOCTh MEPEMEILIECHHS MOPLIHS CO IITOKOM V,, IPX TAKOM OTKPBITHH
JIPOCCENs, KOT/Ia €r0 MOYHO PacCMaTpHBaTh KaK OTBEPCTHE ILIomasio Sy = 0,05 cm’ ¢

ko3¢ puimertTom pacxoaa = 0,62. [Togaya vacoca Q = 0,5 n/c. [1I0THOCTB KUIKOCTH p =
900 kr/m°. TToTepsiMu B TpyGOMpoBoaax npexedpeds. [I0CTPOHTh THAPABIHYECKYIO CXeMY,
3a]aTh HACTPOIKY KianaH 4, cMojenuposats padoty I'C.

CornacHo 3aJaHHOM TUArpaMMBbl TIEPEMEIICHHUS pa3paboTaTh CUCTEMBI YIpaBieHus: 1 -
HCTIONB3Ys PENICHHO-KOHTAKTHBIC CXEMBI; 2 - UCTIOJB3Ysl (CUMYJIATOP) KOHTpOJIIepa B
mporpamme FluidSim-H. B 3agannn: A u C — ruapoitaausapsl, B — ruapomoTop ais Beex
BapuaHTOB. HeueTHble BapuaHThl 10 9: unmuHap C IBYCTOPOHHETO JACHCTBUS BEPTUKATHHOTO
pacnionoxkenus. Harpyxen 6o BecoM. IIpeycMOTPETh TO3UIIMOHUPOBAHUE B TEYEHHUE
JUTUTEITLHOTO BpeMeHHU. YeTHble BapuaHThl 10 10: uanHAp A JBYCTOPOHHETO IEHCTBHUS
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BEPTUKAIBHOrO pacnojioxeHus. I[IpeaycMoTpeTs 0AMHAKOBYIO U OBICTPYIO CKOPOCTh
nepeMeleHHs Kak Py BBLABHKCHUH, TaK ¥ MPU BTSATUBaHUU. 11 - 16 BapuanTsl
IIPESYCMOTPETh BO3MOXKHOCTh AUCTAHLIMOHHOTO yIpaBieHus ycuiausimMu B I'1] u MomeHTOM B
THIIPOMOTOPE B TIOCIICAHEH TPETH BPEMEHH IUKIa. [ BceX BapuaHTOB 00eCIeUnTh
IUTaBHBIN pa3roH TMJIPOMOTOPA U €T0 TUIABHOE TOPMOYKEHHUE, a TaKXKe MPeTyCMOTPETh
pexumMbl padboTsl «Komanmay, « Lk, «ABTomary. [IpemycMoTpeTs BO3MOXKHOCTh

3¢ (HEeKTUBHOTO MCIIOJIb30BaHUS SHEPTUU HACOCOB. JJOOUTHCS, 0 BO3MOXKHOCTH,
makcuManbHoro KITJI ruagpocucteMsl.




Kon WHIUKATOp TOCTHXEHHUS KOMIIETEHIIMN OueHOYHEIE CPeICTBA
UHIMKaTOpa
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6. Vcxozst 3 KOHTAaKTHO-pENIEHHOM CXeMbl yIpaBlieHHsS MHOTOJIBUTATEIIbHBIM THAPOIIPHUBOIOM

HOCTpOfITC AuarpamMmmy «IepeMeICHuC-1ar, 1Jjs 4r H,I[pOZLBI/IFaTeJIeﬁ
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0) Iopsinok npoBeaeHNs MPOMEKYTOUHON aTTeCTAMM, MOKA3ATE]H U KPUTEPUH OLIEHUBAHUS

HpOMe)KYTO‘IHa}I arTecTaluAa 110 JUCIIUIIIINHE <<FI/IIIpOMeX3HI/IKa» BKJIIOYa€T TCOPETUYCCKUEC BOIIPOCHI,
IMMO3BOJIAONIUC OICHUTH YPOBEHL YCBOCHUA 06y‘IaIOHII/IMI/IC}l 3HaHHfI, U MPAKTHUYCCKHUEC 3a1aHu,
BBIABJIAIOIIHUEC CTCIICHDb C(pOpMI/IpOBaHHOCTI/I yMCHI/Iﬁ nu BHaﬂCHHﬁ, IMPOBOJUTCS B (1)OpMC 3a4cTa.

3adeT Mo JAaHHOU AMCIMILTHHE MPOBOJUTCS B BUJIC OTBETOB HA TECTOBLIC 3a/1aHUs. TEeCThI BBIKJIAIBIBAIOTCS
Ha noptaie MI'TV.

Ilokazamenu u Kpumepuu ouenueanusn zauema:

«3a4TeHO» - BBICTABIISICTCS IIpy yCJIOBUH, €CJIN CTYJCHT MMOKA3bIBACT XOPOIINE 3HAHUA yqe6H0r0
Matcpuajia mo TeMaM Kypca, 3HaCT OCHOBHBIC 3aKOHbI THAPOMXAaHUKH, yCTpOfICTBO " IpUHIUIT pa60Tm
ruapoaniapaToB, yMECT COCTABIIAThL NPUHIUIINATIBHBIC TUAPABINYCCKUC U JICKTPUYCCKHUEC CXCMI)I.HpI/I
9TOM CTYACHT JIOTUYHO U IMOCJICAOBATCIbHO U3JIaracT MaTepuall, paCKpbIBa€T CMBICJI BOIIpOCa, Ja€T
YAOBJICTBOPUTECIIBHBIC OTBETHI HA JOIMMOJIHUTCIIBHBIC BOIIPOCHI.

«He 3a4TeHO» - BBICTABISIETCS IPU YCIOBUHU, €CIIU CTYACHT BIIaJCET OTPHIBOYHBIMU 3HAHUSIMU IO TEMaM
Kypca, JaeT HEMOJIHbIE OTBETHI HA BOIIPOCH! U3 OCHOBHOW JINTEPATYpPbl, PEKOMEHIOBAHHOM K KYpCy.

MeTO}II/I'leCKHe PEKOMEHIalUMM JIsl NOATOTOBKH K 3a4€Ty

ITpy mOArOTOBKE K 9K3aMEHY Y CTYJEHTA JOJKEH OBITh XOPOLIMH y4eOHUK UM KOHCIIEKT JIUTEPATYPHI,
MIPOYUTAHHOMN IO YKA3aHUIO MPEIo1aBaTeld B TeueHne ceMecTpa. KoHcrieKTupoBaHue T0KHO
OCYILLECTBISTHCS O0YUAIOLIMMCS TOJIBKO JIMIIB CAMOCTOATENBHO. [IpocMOTp COOCTBEHHBIX KOHCIIEKTOB
MO3BOJISIET 00yYaromeMycst ObICTPO BOCCTAHABIMBATE B MAMSATH COJIEpyKaHNE NCTOYHHKA.

B Hauase ciiesyet mpocMOTpeTh BECh MATEPHAI O CIABACMO JTUCIUIUINHE, OTMETUTD JJIs Ce0s TPY/AHbIC
Borpockl. O0s3aTeNIbHO B HUX pa3o0paThes. B 3akiroueHue ene pa3s 1esecooopa3Ho MOBTOPUTh OCHOBHBIE
MOJIOXEHUS, UCTIONB3YS MPHU 3TOM OTIOPHBIC KOHCIICKTHI KA. [Ipu 3TOM HY»KHO 00paTUTh 0c000e
BHUMAHHUEC HA TEMbI y'—Ie6HI)IX 3aH$[TI/II‘/II, MPOMYIECHHBIX CTYACHTOM I10 pa3HbIM IPpUYWHAM.

Ecnu B poriecce camocTodTenbHONH pabOThI HA/I M3YYEHHUEM TEOPETUIECKOT0 MaTepralia Wi pu
peIIeHu  3a1a49 y CTYACHTa BO3HUKAIOT BOIIPOCHI, pa3pelIuTh KOTOPHIE CAMOCTOSITEILHO HE YAaeTCs,
HEO0XOMMO 00PaTUTHCS K MPETOJaBaTeItO oIS IOTYUYeHHS y HErO Pa3bsiICHEHWH WITH yKa3aHui. B cBonx
BOTPOCAxX CTYACHT JAOJDKEH YETKO BHIPA3UTh, B YEM OH UCIIBITHIBACT 3aTPYAHEHUS, XapaKTep 3TOTO
3aTpyaHEeHHs. 3a KOHCYJIbTallueH ClieyeT 00palaTbes U B Ciydae, eCiii BOZHUKHYT COMHEHUS B
MPaBUIBHOCTH OTBETOB Ha BOMPOCHI CAMOMIPOBEPKHU.
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