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PabGouast mporpamma cocraBiena Ha ocHoBe @OI'OC BO - cmemumamurer 10
cnenuanproctu 21.05.04 'opHoe neno (npuka3 Munooprayku Poccuu ot 12.08.2020 r. Ne 987)

PaGouas nporpamma paccMoTpeHa 1 oo0peHa Ha 3aceganuu kadeapsl ['OpHBIX MalIH U
TPAHCIIOPTHO-TEXHOJIOTUYECKUX KOMIIJIEKCOB
10.02.2023, mpotokon Ne 4 %
3aB. kadeapou A.M. MaxuToB

Pabouast mporpamma o006peHa METOIUYECKON KOMUCCUEH %[{HT

13.02.2023 r. mporoxomn Ne 3 %
[Ipencenareiis H.A. IlerTanes
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JIucT akryanusanuu padoueil nporpaMmbl

PaGouast mporpamMma repecMoTpeHa, 00CykKaeHa u 0100peHa s peanusamnuu B 2024 - 2025
yueOHOM rojly Ha 3aceaHuu Kadeapsl [OpHBIX MAIIMH U TPAHCTIOPTHO-TEXHOJIOTHIECKHX

IIporokomor 20 1. Ne

3aB. kadempoii A.M. MaxuTos

Pabouas nmporpamma nepecMoTpeHa, oocyxaeHa u ogqodpena st peanmsanuu B 2025 - 2026
y4eOHOM roy Ha 3acenaHuu kageapbl ['OPHBIX MAIIMH M TPAHCIIOPTHO-TEXHOJOTMIECKUX

[Ipotokom ot 20 . Ne

3aB. kadenpoii A.M. Maxuros

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogodpena st peamsanuu B 2026 - 2027
y4eOHOM rojy Ha 3aceqaHuu Kadeapsl ['OpHBIX MAIIMH U TPAHCIIOPTHO-TEXHOJIOTHUECKUX

IIporokomor 20 r. Ne
3aB. kadeapoii A.M. Maxwutos

Pabouas nporpamma nepecmotpeHa, odcyxieHa u ogoopena st peanuszanuu B 2027 - 2028
y4eOHOM oy Ha 3acefaHuu Kadeapsl [OpHBIX MAIIMH U TPAHCIIOPTHO-TEXHOJIOTHICCKHX

[Iporokomn ot 20 1. Ne

3aB. kadenpoii AM. MaxutoB

Pabouas mporpamma nepecmMoTpeHa, o0cyxieHa u ogoopena s peanuszanuu B 2028 - 2029
y4eOHOM T'oJTy Ha 3acefaHuu KadeaApbl [ OpHBIX MAIllMH U TPAHCIOPTHO-TEXHOJIOTHICCKHX

[Iporokom ot 20 . Ne

3aB. kadenpoii A.M. Maxuros

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogodpena st peanm3anmu B 2029 - 2030
y4eOHOM rojTy Ha 3aceqaHuu Kadeapsl ['OpHBIX MAIIMH U TPAHCTIOPTHO-TEXHOJIOTHUECKUX

IIporokomor 20 1. Ne

3aB. kadenpoit A.M. MaxuTos




1 Iles1u ocBOEHUSI I CHMTLTHHBI (MOLYJIs1)

[{enbro MTUCIIUTUIMHBI SIBIISIETCSL:

- U3YYCHHE M OBJIaJICHUE CTYICHTAMH 3HaHUI 3aKOHOB THAPOCTATUKH U TUIPOTAHAMUKHI
U pealIM3aliy UX B THIPOIPUBOIaX TOPHBIX MAIIMH U 000pYIOBaHUH,

- OBJIAJICHUEC HaBbIKAMHU BBIMIOJHEHUS OSKCHEPUMEHTAIBHBIX U JJAOOPATOPHBIX
WCCJICIOBAHM, HHTEPIIPETAI[UU MTOJTYICHHBIX PE3yJIbTaTOB, COCTABIICHUS U 3aIIUTHI OTYETOB 10
MpoJieJIaHHOM padoTe,

-OBJIQJICHHE JIOCTATOYHBIM YPOBHEM MPOECCHOHATHHBIX KOMIIETEHINI B COOTBETCTBHH
¢ TpeboBanusmu DPI'OC BO mno wnHanpasnenwto mnoaroroBku 21.05.04 Toproe nemno
cnenuanu3auus [TonzemHas pa3paboTka pyaHBIX MECTOPOXKACHUMN.

2 MecTo TMCHMIIMHBI (MO/1YJIs1) B CTPYKTYpe 00pa30oBaTe/ibHON MPorpaMmMbl

HucuuiuinHa ['uapomexaHuka BXOAUT B 4YacTh y4eOHOro IulaHa (GopMUpYyeMYIO
y4aCTHUKAaMHU 00pa30BaTeIbHbIX OTHOIIEHUI 00pa30BaTebHON IPOTPAMMBI.

Jns  u3ydeHUs  JUCLUIUIMHBI ~ HEOOXOOUMbI  3HaHUS  (YMEHMs,  BIJIQJICHUsA),
c(OpMHUPOBAHHBIC B PE3YIIBTATE U3YUCHHSI JUCITUTUTAH/ IPAKTUK:

I'opHble MalHbI 1 000pyIOBaHHE

®dusuka

3HaHus (YMEHHUs, BIaJIeHHs), IOJIYYEeHHbIE MIPU U3YYEHUHU AAHHOW TUCLUIUIMHBI OyayT
HEOOXOAUMBI [Tl U3yUCHUS TUCIUTLTIH/TIPAKTHK:

ABTomaTHu3anus 1 3JIeKTpUPHUKALUSA TOPHOTO IPOU3BOCTBA

BeimonHenue, MOAroTOBKa K  IMpOLEAype 3allUThl M 3alllUTa  BBITYCKHOMH
KBaJIM(DUKALIMOHHOM pabOThI

3 Komnerenuun odyuarouierocs, popMupyembie B pe3y/ibTaTe 0CBOEHUS

AUCHMILIMHBI (MOAYJISA) U IVIAHUPYeMbIe pPe3y/ibTaThbl 00y4eHHUs

B pesynbTare ocBoeHHMs AUCHMIUIUHBI (Moayns) «[‘MapoMexaHuka» oO0ydarouuiics
JIOJKEH 0071a/1aTh CIICAYIOUIMMU KOMIIETEHIIUSMU:

KO)I HHJUKaTopa I/IHILI/IKaTOp JOCTHIXXCHUA KOMIICTCHIITN

[1K-3 Cmocoben paspabaThiBaTh W JOBOJIUTH 0 WCIOJHUTENCH HApsAasl M 3aJaHus Ha
BBINOJIHEHHE IOJJ3€MHBIX TOPHBIX, TOPHO-CTPOUTEIBHBIX U OYPOB3PBIBHBIX pabOT, OCYLIECTBIATh
KOHTPOJIb KadyecTBa padoT W oOecreynBaTh MPaBHIILHOCTH BBHIMOJHEHUS MX WCHOJHHUTENSMHU,
COCTaBJIATh I'paduKu pabOT U MEPCHEKTUBHBIEC TUIAHbI, MHCTPYKLIUU, CMETHI, 3aBKH HAa MAIIMHBI
u o0opynoBaHWE, 3aMONHATH HEOOXOMUMBIE OTYETHBIE JOKYMEHTHI B COOTBETCTBHH C
VCTaHOBJIEHHBIMU hopMamu

[1K-3.1 CrocobeH 1uIaHMpOBaThb M OPraHU30BBIBATH TOpHBIE pPabOTHl IO
CTPOUTENILCTBY BCKPBIBAIOLIHX, IOATOTOBUTEIBHBIX, OYUCTHBIX U HAPE3HBIX
TOPHBIX BBIPA0OTOK, BECTH OUYHCTHBIE PAOOTHI, OPraHU30BEIBATH TPAHCIIOPT
U TOAbEM TOPHOM Macchl, BEHTWIALMIO, BOJOOTIMB M Jpyrue
BCIIOMOTATENIbHBIE MPOIECCHI MTOI36MHBIX TOPHBIX padoT

[1K-3.2 OcyiiecTBieT KOHTPOJb KadecTBa IMOA3EMHBIX TOpPHBIX padoT u
obecreynBaTh MPABUIBHOCTD BBHIIIOJIHEHUS UX UCTIOJHUTENSIMHU, COCTABIIATh
rpaduku opraHu3anuu padoT, MEPCHNEKTUBHBIE IJIaHbl TOPHBIX padoT,
MHCTPYKLUHU U CMETHI U IPYT'YI0 PYKOBOJSIYIO TOKYMEHTALIUIO

[1K-3.3 OdopmiiseT 3asgBKM Ha MAIIMHBI, MaTepUAIbl U 000PYIOBaHHE, ITOIyUYEHHE
B3pPbIBYATHIX BEIIECTB T CPEICTB MHUIIMMPOBAHUS, 3AIIOJIHSITh HEOOXOJUMbIE
OTYETHBIE JOKYMEHTHI B COOTBETCTBUU C YCTAHOBJIEHHBIMH (OpMamu,
HOpPMaMH Y IIpaBUJIaMHU.




4. CTpyKTYpa, 00bEM U coiep:kaHue TUCHHUIINHBI (MOIYJIS)
OO0mias Tpy10€MKOCTh JUCIUIUIMHBI COCTABIIACT 4 3aueTHBIX eAnHuI] 144 akaj. 4acoB, B TOM UHKCIIE:
— KOHTaKTHas padora — 73,9 akaj. 4acoB:

— ayIUTOpHas — 72 aKaJ. 4acos;

— BHeaynuTopHas — 1,9 akaj. yacos;

— caMocTosiTenbHas padora — 70,1 aka. yacos;
— B (hopme npakTraeckoit moarotroBku — 0 aka. yac;

dopma arTecTaluuy - 3a4eT

AynuropHas s
o | KOHTaKTHas pabota E QE dopma TeKyIIEero
Pasyen/ Tema § (B akaj. yacax) E > Bun 5 KOHTPOJISI Kon
[ — : g O camoCTOATENbHOH | ycTIeBaeMOCTH U KOMITETeHIIHH
O g £ padoThI MIPOMEKYTOUHOM
Tex. mab. | mpaKT. zZ aTTecTaluu
3aH. 3aH. | U &
1. Tema 1
[Tonck
JIOTIOTHATENBHON
uH(popMaIMHy 10
3aJaHHOM TeMe IIpoxoxnenue
1.1 Kugkocte u®  ee IToaroroBka BBOJHOT'O MK-3.1
¢dusnyeckue CBOMCTBaA. 5 2 2 4 nmabopa-topHomy | Tecta.Cmada 3amad HK-3. 2’
Cunbl,  JAedcTByIOIIME B 3aHsaThio. Pemrenue| mo reme «KuakocTs HK-S. 3’
JKUJIKOCTH. 3aJaHHBIX 3371349 | U ee Qu3Myeckue '
o TeMe CBOMCTBaY.
«Kunxocts u ee
(usnueckue
CBOWCTBa»
HWroro no pazaeny 2 2 4
2. Tema 2
[Tounck
JIOTIOJTHUTEILHON 3amura
21 T'unpocraruka: nH(OpMaIH 110 nabopaTtopHOH
muddepeHraibHbIe 3aJaHHOU TeMe padotsr Nel «
YpaBHEHUs paBHOBECHS ITogroroBka dusndeckue IK-3.1,
KHUAKOCTH; oc-HOBHOE| 5 2 2/21 5 71a00paTOpHOMY CBOIicTBa IK-3.2,
YpaBHEHHE  THIPOCTATHKH; 3aHATHIO. SKUJIKOCTID. MK-3.3
OcHOBBI TUAPOCTATUKU. Pemenue Cnayva 3amad 1o
YpaBuenus Diinepa. 3aJJaHHBIX 3a]1a4 paszenam
1o pazaenam THIPOCTATHKH.
THIPOCTATHKH.
Hroro no paspeny 2 2/21 5

3. Tema 3




ITouck
JIOTIOJTHUTEITLHOM
uH(opMaIUHy 10

3.1 T'uaponnHaMuka: 3aJJaHHOW TeMe.
KAHEMaTHKa JKUJIKOCTH, Pabota c
Craua 3a1a4 1o
BUJIbI JBWDKCHHS JKUAKOCTH, KOMIIBIOTEPHBIMA " IK-3.1,
TeMe "Pexxumer
3aKOH COXPaHEHHs MaccChl, 4 o0yyaromumu TIK-3.2,
JIBHKEHHUS
ypaBHECHHUE MpOTrpaMMaMH. " TK-3.3
JKUKOCTH".
Hepa3pbIB-HOCTH.OCHOBBI [onroroska x
JTUHAMHUKH JKUJIKOCTH. nabopaTto-HOMY
3aHATUIO. PemeHue
3aj1a4 1o pasjeiam
THJPOCTATHKH.
HUroro no pazaeny 4
4, Tema 4
IMouck 3amura
JIOTIOJTHUTENILHOM naboparopHon
nHpopmaluu no a00ThI No2
4.1 OcCHOBHBIC YpaBHCHHUS (bop " p
FHAPOMHAMHKH 3aaHHON TeMe. «H3yuenue TIK-3.1,
P . . 3/31 5 IMoaroToBka k npubOpoB Ui IK-3.2,
OJTHOPOIHOM HECKHUMAEMOH
nabopaTopHOMY HU3MEpPEHHS TIK-3.3
JKUJIKOCTH.
3aHATHIO. Pemenne JTABJICHHS.
3a1a4 o Crada 3ama4 110
THIPOJMHAMUKE. | THUAPOAMHAMUKE.
Hroro no pazneny 3/3U 5
5. Tema 5
ITouck
ONOJIHUTEIbHON
51 Tema. JIBrmxeHue A
. uH(popMaIHy 10
U/ICaNbHON JKHUJIKOCTH, .
aBHEHHE Bepnyim 3a/aHHON TEMC. 3arura 3aga4 1o IK-3.1,
Z)I;lanecxaﬂ P 2 Honrotoska THIPOANHAMUKE MIK-3.2,
nabopaTopHOMY ApoaL ’ TIK-3.3
MHTEP-TIPeTalis YpaBHCHHUS
3aHsATHIO. PereHue
bepnyinn.
3a7a4 1o
THJPOIMHAMUKE.
Wroro no pazneny 2
6. Tema 6
3ammura
Tonck 71a00paTOpHOI
6.1 JIBmkenue BSI3KOM OTOHATELHOM paboter Ne3 TIK-3.1,
HEC)KMMAeMOM  JKHJKOCTH. 221 5 «3mepenne TIK-3.2,
uHpopMaIH 10
Ypasuenus HaBre-Crokca. . TUAPOCTaTUYECKOIO TIK-3.3
3aJJaHHOM TeMe.
JIABJICHUS
SKUJIKOCTIY.
Hroro no paspeny 2/21 5
7. Tema 7
7.1 OcHOBBI TEOpUHU
THIPOANHAMHYECKOTO
JIPOR [Touck
nono6ust. Kpurepun . 3amura 3amay. IK-3.1,
JIOTIOJTHUTEJILHON
THIPOANHAMHYECKOTO 2,4 TIpoxoxaeHne T1K-3.2,
HHPOPMAIHH 110
noxo0usL. IMpumepsr . TecTa. IK-3.3
3aJJaHHOW TeMe.
UCIIOJIb30BaHUS B PEIICHUU
THIPOJANHAMUYCCKHX 3a/1ay.
Hroro no pazneny 2,4

8. Tema 8




8.1 I'mapasnuveckue morepu

3amura
sHepruu. Pexumbl TeueHus N
IMouck nabopaTtopHOH
KHJKOCTH. Hncno OITOJIHUTEILHON a0oTer Ned IK-3.1,
Peiinonbaca.  JlamuHapHbIHA 2/21 A p N IK-3.2,
UHPOPMAIIH 110 «M3yuenue
PEXKUM TEUCHUS IKHUAKOCTH. . I1K-3.3
3aaHHOM TeMe. | CTPYKTYpPHI HOTOKOB
®dopmyna Crokca.
. SKUJIKOCTID.
3akoH I'arena-Ilya3zeiis
Hroro no pazgeny 2/21
9. Tema 9
9.1 MectHbIe TOTEPH IMouck
P N 3ammra 3a1a4. TIK-3.1,
sHepruu. BwiBon Qopmyms JIOTIOJTHUTENILHON
bopma - Kapno. Bugsl HHPOPMAIHH 10 Tpoxoxnere TIK-3.2,
P pHo. B pmat TecTa. MK-3.3
MECTHBIX CONPOTHUBIICHHH. 3aJJaHHOU TeMe
Hroro no pazgeny
10. Tema 10
3amura
10.1 Knaccudukanus nabopatopHoOn
[Tonck
TpyOOIPOBOIOB . pabotbr Ne5 TK-3.1,
. JOTIOJTHUTENHHOM
Tunpasnuyeckuit pacuer 221 «OrmpenencHue TIK-3.2,
uH(popMaIMHy 10
TpybonposonoB. ITpumepsl . peXuMa Te4eHUs U IK-3.3
3aaHHOH TeMe.
pacdera TpyOOIIpOBOIOB. ero
XapaKTEPUCTHK.
Wroro no pasneny 2/21
11. Tema 11
11.1 HcreyeHue >KUOKOCTH
U3 OTBEPCTUH U HACaIKOB.
Knaccudukanus orsepcTuit Iounck
b uu p . 3amura 3a1a4. TIK-3.1,
u ucredenuit. OcoGeHHOCTH JIOTIOJTHUTEJIbHOU
. IIpoxoxnenue TIK-3.2,
UCTEYCHUS U3 OTBEPCTHH. UH(POPMAIUH 1O
. TecTa. MK-3.3
OcobeHHocTH u 3aJaHHOM Teme
XapaKTePUCTUKU HCTCUCHHUS
JKHJKOCTH M3 HACAIKOB.
Hroro mo pazneny
12. Tema 12
12.1 Tunpasnuueckuil yaap 3amura
B TpyOax. IIpruunbl [Tounck nmabopaTopHOit MK-3.1
BO3HUKHOBeHMA. [Ipsimolt u 201 JOTIOJTHUTENIbHOU paboTsr Ne6 HK-SIZ’
HenpsMOi THApOYyaap. nH(OpMaIH 110 «Unmroctpanus HK-3. 3’
Mepst [IPEAOTBPALICHUS 3a/laHHON TeMe. YpaBHEHUS '
THApOYyapa. bepHymm.
Hroro no pazneny 221
13. Tema 13
13.1 T'uapornpuBoabL.
CrovETyDa ApOTPHBOA u [onck
PYKTYP JIOMOJHUTEILHOM 3amura 3a1a4. TIK-3.1,
KJIaccuprKanus
JUTEpaTypsl IO IIpoxoxnenue TK-3.2,
THIPOTIPUBOIOB. N
paccMaTpUBaeMOi TecTa. TIK-3.3
T'mppoanmaparypa
TeMe.
yIIpaBJICHHS.
Hroro mo pazaeny
14. Tema 14
14.1 T'uppomamuHeL.
Wcroynukn  muTaHus = H 3amuTa
ITonck o
WCIIOJTHUTEbHBIE . JTabopaTOPHOI
CTDONHCTBA — KOHCTDVKLIH JIOTIOJTHUTEITILHOM aGoTh No 7 TIK-3.1,
yerp PyKHuH, 2 HHPOPMAIHH 10 "p " T1K-3.2,
napaMeTphl, . Omnpenenenue
paccmaTpuBaemMoit TK-3.3
KJIaccu(pUKaIIMS. Pacuer e MECTHBIX MOTEPh
napaMeTpoB u BBIOOD Harnopa"

TUAPOMAIINH 10 KaTaJoram




HUroro no pasaeny 2 2 | 5 |
15. Tema 15
Iounck
151 Meromuka pacucta JIOTIOJTHUTEILHOM 3amura 3a1a4. TIK-3.1,
O6LEMHOIO MADOLPHEOLA 2 2 4 HHPOPMAIHH 10 IIpoxoxaeHue IK-3.2,
AAPOTIPHBOMA. paccMaTpuBaeMoii TecTa. I1K-3.3
TeMe.
HUroro no pazaeny 2 2 4
16. Tema 16
3ammra
[Tonck nabopaTtopHOi
11_31'1 om (bTHTyp6OMamHHH' JIOMIOJIHUTEILHOM paboTbr Ne8 TIK-3.1,
FI/IHpOT ych CI)’O MATODEL 2 2/1,41 3,5 | unbopmarmu mno "Onpenenenue TIK-3.2,
n iﬁdelfe}me P PP paccMaTpuBaeMoii | moTephb Harmopa TK-3.3
P ’ TeMe. TpyOOpoBOAa 10
mmae"
Hroro no pazneny 2 2/1,41 3,5
17. Tema 17
Iounck Cnaua
7.1 Pacuer  ocnosmbix JIOTIOTHUTENBHOMN 11a00paTOPHBIX IK-3.1,
napaMeTpoB
DO AMHAMUICCKIX MALIHH 2 1 1 3,2 | nuTepaTypsl o paboT u 3a1a4. TIK-3.2,
" fIECTiM BOIOOTIBA paccMaTpuBaeMou IIpoxoxaenne IK-3.3
A ) TeMe. UTOTOBOTO TECTA.
HWroro no pazneny 2 1 1 3,2
Hroro 3a cemectp 36 [18/14,41| 18 70,1 3a4u€T
Wroro no aucuuminze 36 18/11/'14'4 18 70,1 3a4yer




5 O0pa3oBartejibHbIE TEXHOJIOTHH

OO0pazoBarenbHbIC TEXHOJIOTUU

Js  peann3anuu  NpPelyCMOTPEHHBIX BHMJOB  yuyeOHOM paboTbl B KauecTBe
0o0pa30BaTeNbHbIX  TEXHOJOTMH B  IpEenojaBaHUU  JAUCHUIUIMHBL  «[‘MapomexaHuka»
UCTONB3YIOTCSl  TPAJULMOHHAs, MWHTEPAKTHBHAas1 M HMHGPOPMALMOHHO-KOMMYHUKAI[MOHHAs
00pa3oBaTesibHbIE TEXHOJIOTHH.

Ha 3aHATHUAX npeaycMaTpuBaeTcs UCIIOJIb30BaHHE JIEKTPOHHOIO
JIeMOHCTPAIlMOHHOTO-y4e0HOTO MaTepuasia COJEpIKalllero CJIOXKHBIE CXEMBbl, TaOMUIBl U
mareMaThueckue QGopmyibl. MynabTUMeIUHOE 000pYIOBaHHE MOXET OBITh MCIIOJIB30BaHO
TaKXe ¥ CTYCHTaMH JIJIsl JEMOHCTPALIUU PE3YIbTaTOB BHIIOJIHEHHS JTa00OPaTOPHBIX padoT.

1. TpanuuuonHsle 00pa3oBaTeNbHbIE TEXHOJOIMM OPUEHTHPYIOTCS Ha OpraHHU3aluio
00pa30BaTeNIbHOTO  IIpOLlEcCa, MPEANOJJAralllyl0 MPSAMYH TPaHCISALUIO 3HAHUM  OT
IpernojiaBaTess K CTyIeHTY (IIPEeUMYLIECTBEHHO Ha OCHOBE OOBSCHUTEIbHO-MILTFOCTPATUBHBIX
METOOB 00ydeHus1). YueOHasi esTeIbHOCTh CTYJACHTAa HOCUT B TAaKUX YCJIOBHSX, KaK MPaBUIIO,
PENpOIYKTUBHBIN XapakTep.

®opmbl y4eOHBIX 3aHATHI C UCTIOIB30BAHUEM TPAAUIIMOHHBIX TEXHOJIOTHIA:

WudopmannvoHHas JeKuus — IOCJeloBaTelbHOE  H3JIOKEHHE MaTepuaja B
JUCLUIUIMHAPHON JIOTHKE, OCYIIECTBISIEMOE MPEUMYIIECTBEHHO BepOalIbHBIMU CpENCTBAMU
(MOHOJIOT MperoaaBaTes).

[IpakTueckoe 3aHsTHE, MOCBSIIEHHOE OCBOEHUIO KOHKPETHBIX YMEHUN U HAaBBIKOB I10
HPEI0KEHHOMY aJITOPUTMY.

2. VlHTepaKTUBHBIC TEXHOJOTUU — OpPTaHU3alUs 00pa30BaTEIBLHOIO IMpoIlecca, KOTopas
IperonaraeT akTUBHOE U HEJIMHEIHOe B3aUMO/IeHCTBHE BCEX YUaCTHUKOB, IOCTHKEHUE HA STON
OCHOBE JIMYHOCTHO 3HAYMMOIO Il HHUX oOpa3oBaTelbHOrO pe3ynbrara. Hapsny co
CHEIUAIN3UPOBAaHHBIMUA  TEXHOJOTMSAMM  TakOro  pojJa  INPUHIUIN  HUHTEPAaKTUBHOCTH
IPOCJIEKUBAETC B OOJIBIIMHCTBE  COBPEMEHHBIX  00pa30BaTENbHBIX  TEXHOJIOTHH.
WHTEepakTUBHOCTH MOAPA3yMEBAET CYOBEKT-CYyOBEKTHBIE OTHOLLIEHHS B X0€ 00pa30oBaTeIbHOIO
npolecca 1, Kak cieicTBre, GopMHpoBaHHE caMOpa3BUBalOLIEiics HHPOPMAIIMOHHO-PECYPCHOM
CpeJBl.

@®opMbl yuyeOHBIX 3aHATHI C HMCHOJB30BAaHUEM CHELMATU3UPOBAHHBIX MHTEPAKTHUBHBIX
TEXHOJIOTHUI:

Jlexuusi «0OpaTHON CBS3M» — JIEKIMS-TIPOBOKALMs (M3JI0’KEHUE MaTepHualia C 3apaHee
3arJaHUPOBAHHBIMU omnokaMn), nexkuus-oecena, JEKIUA-TUCKYCCHs,
JEKIUS-TIPECCKOH(PEPEHIINS.

3.  HudopmannoHHO-KOMMYHUKAIIMOHHBIE ~ 00pa3oBaTeNbHBIE  TEXHOJIOTUH  —
oprasu3zaiysi 00pa3oBaTeIbHOIO MPOIecca, OCHOBAHHAS HA MPUMEHEHNH CHEelUaTIU3UPOBAHHBIX
MPOrPaMMHBIX CpeJl U TEXHUUYECKUX CPEJICTB pabOThI ¢ HH(OpMaLIKEH.

@®opMbl Y4eOHBIX 3aHATUH C MCHOJIb30BAHUEM HH(POPMAIMOHHO-KOMMYHHUKAIIHOHHBIX
TexHoJoruil:JIekus-pu3yann3anus — U3J0KEHUE COEPKaHUs COMPOBOXKAAETCS Mpe3eHTalren
(TemMoHCTpaluel yueOHbIX MaTepHaioB, MPEACTABICHHBIX B PAa3IMUHBIX 3HAKOBBIX CUCTEMax, B
T.4. WUTIOCTPAaTUBHBIX, pauuecKux, ayJuo- U BUAEOMaTEPUaJIOB).

JIaGopatopHoe 3aHsiTHE B (pOpMe BUPTYalIbHOH BH3YyalM3allMU MPOLECCOB M SBJICHUH,
MPOUCXOSAIMIUX B JKUAKOCTH U JESATENBHOCTH C HCHOJIb30BAaHUEM CHEIHAIN3UPOBAHHBIX
IIPOrPaMMHBIX CpEZ.

[lepenoBbie TEXHOIOTUH, TPUMEHSIEMBIE JIISI JOCTHUKEHHSI 00pa30BaTEeIbHOM LENH:

1. B y4eOHOM mpoliecce NpeayCMOTpeHBl 3aHATHS B (hopMe pa3dopa KOHKPETHBIX
CUTYallUH, CBSI3aHHBIX C TUAPABINKOMN U THAPOITHEBMOIIPUBOIOM.

2. Ucnonp3oBaHue B y4eOHOM IMPOIECCE BUPTYAIbHOTO JIAOOPATOPHOTO MPAKTHKyMa IO
paszziesiaM TEXHUUECKON THAPOMEXaHUKH.

3. Ilpu mpoBeneHuu 1a0OpaTOpHBIX pabOT paccMaTpUBAIOTCS TECTHI IO pasjesiaM B



4. Ha nexuusix MCIONb3yeTcsi KOMIBIOTEP C MPOEKTOPOM ISl OTOOPaKEHUS U JYYILIEr0 OCBOCHHUS
M3y4aeMOro Marepuaia.

6 YueOHO-MeTOAUYECKOE 00eciedeHUe CAMOCTOSITeJIbHOI PadoThl 00y4aroIIMXCst
[Ipencrasneno B npuioxxenuu 1.

7 OueHOYHBIE CPeACTBA /sl IPOBeeHHs POMEKYTOUHOI aTTecTAlMI
[IpencraBieHbl B IPUIOKEHUU 2.

8 YueOHo-MeTOAMYeCcKOEe H HH(POPMALIMOHHOE O0ecneyeHue TUCIUIIHHbBI (MOTYJIs1)

a) OcHoBHas1 IMTEpPaTypa:

1. lomanckuii, M1.B. MexaHnuka »HIKOCTH U Ta3a . yueOHoe mocooue / V.B. Jfomanckuid,
B.A. HekpacoB. — Cankr-IlerepOypr : Jlanp, 2018. — 140 c. — ISBN 978-5-8114-3158-8. —
Tekct : anekrponHbld // DnekrponHo-OmbnuoreuHas cucrema «Jlanb» : [caiit]. — URL:
https://e.lanbook.com/book/110915

2. CazanoB U. U. T'ugpanuka [DnektpoHHblii pecypc]: yueOonuk / Cazano U. U.,
Cxuprimanze A. I'., Usanos B. . - M.: KYPC, HUI] UH®PA-M, 2017. - 320 c.: 60x90 1/16. -
Pexxum noctyna: http://znanium.com/bookread2.php?book=601869 . - 3arn. ¢ skpana. - ISBN
978-5-906818-77-5.

0) JlomostHUTEIbHAS JIATEPATYpA:

1. 1. Cokonoa M. C. MexaHHKa KUAKOCTH U Ta30B [ DIEKTPOHHBIN pecypc] : MpakTUTKyM /
M. C. CoxkoioBa, A. B. Tuxonos, M. A. Jlememko ; MI'TY. - Marauroropck : MI'TY, 2017. - 1
AJIEKTPOH. OIIT. JIUCK (CD-ROM). - Pexum JOCTYyTIa:
https://magtu.informsystema.ru/uploader/fileUpload?name=3404.pdf&show=dcatalogues/1/113964
8/3404.pdf&view=true. - MakpoOOBEKT.

2. Ocwunos, I1. E. l'uppasnuka, rupaBiIndecKue MalliHbI U THIpONpuBo [ Teker] | yueOHOE
nocobwue. - 3-¢ u3., nepepad. u gor. - Jluneuk : Marerpan, 2011. - 424 c.

3. Jlotingackuid, JI. I'. Mexanuka xuakoct u rasa [Tekcr] : yaeOnuk. - M. : JIpoda, 2003. -
840 c.

4, Manko E. [O. TumpaBnuka u TUIPOMHEBMOMNPHUBOJ [DJIEKTPOHHBIA pecypc]
naboparop-ubiii mpaktukyM / E. FO. Mariko, U. T'. YcoB ; MI'TV. - Marauroropek : MI'TY, 2014. - 1
anekTpoH. onT. guck (CD-ROM). - Pexxum noctyna:

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

5. Komera A /1., UBanos C.A., Tounnkun B.B., ®unaroB A.M., 3anopoxusiii B.Jl., Barun
B.C. OcHOBBI (yHKIIMOHUPOBAHUS TUAPABINYECKUX CHCTEM METAJLTyprHuecKoro 00opy-J10BaHUs:
yueb. mocobue. Maruuroropck: M3a-Bo Marauroropck. roc. Texs. yH-ta uM. I.M1.Hocoga, 2011. -
197 c. (momymero YMO 1o o0pa3oBaHuIo B 00JIACTH METALTYPTHHA B Ka4eCTBE YIeOHOTO MTOCOOHS
JUIST  CTYACHTOB  BBICIIMX  Y4eOHBIX  3aBeleHUH, OOy4arommxcs 1O  CHEIUAIbHOCTH
«Meramryprudeckre MalimHbl 1 o0opyaoBanuey). ISBN 978-5-9967-0224-4.

6. Tounnkun B.B., ®unatoB A.M., 3agopoxusiii B.Jl., IBanos C.A., Konsra A.Jl., Barun
B.C. OcHOBbI (QyHKIITMOHUPOBAHMS THIIPABINYECKUX CHUCTEM METAJUTyprH4ecKoro o0opy-10BaHMS.
JlabopaTopHBIil MPakTUKyM TI0O TUAPONPHBOAY U THApPOABTOMATHKe. Yueb. moco-Oue.
Maruurtoropck: U3n-Bo Marauroropck. roc. TexH. yH-ta um. I.M.Hocosa, 2009. - 105 c. (momymieHo
YMO no o6pazoBaHHI0 B 00JIACTH METAUTypTHH B KadecTBE y4eOHOTrO MOCO-Ousl NIl CTY/EHTOB
BBICIINX y4E€OHBIX 3aBEJICHUI, 00 yJarOIIHXCS



IO CIIeNUAILHOCTH «Me-TajuTyprudeckue MaHel 1 o0opynoBanuey). ISBN 978-5-9967-0085-1.

7. Tounnkun B.B., ®unatoB A.M., UBanoB C.A., UnueneB H.A., Konsra A.Jl., Barun B.C.
HccnenoBanune paboOThl U XapaKTEPUCTHK DJIEMEHTOB THAPONPUBOAA METAUTYPrHUYE€CKHX MAIIMH:
yueb. mocobue. Marauroropck: M3a-Bo Marauroropck. roc. Texs. yH-ta uMm. I.M1.Hocoga, 2014. -
207 c. (momymieno YMO 1o 06pa3oBaHHIO B 00JIaCTH METAJUTYPTUU B KAYECTBE YUECOHOTO MOCOOHUS
JUISET  CTYACHTOB  BBICIIMX  Y4YeOHBIX  3aBEJCHUH, OOy4arommxcs 1O  CHEIUAIbHOCTH
«Metammyprudyeckrue MalHel 1 00opynoBanue»). ISBN 978-5-9967-0451-4.

8. I'mmpaBnuka u ruaponpuBoxa [Tekcr]| : yueOnoe mocobue / H. C. I'ymunun, E. M.
Kpusen-ko, b. C. Maxosukos, W. JI. [lactoes ; mox o6m. pexa. . JI. [Tacroera ; pen. coser : JI. A.
[TyukoB (mipen.) u 1p. - 2-€ u3a., crep. - M. : MI'TY, 2001. - 519 c.

B) Meroauyeckue ykasaHus:

1. Tounnkun B.B., ®unaros A.M., Manko E.1O. I'maponpusoa. Metonuueckue yka3aHus K
nabopaTopHBIM paboTam s cTyaeHToB crienuaibHoctd 170900. Marautoropek: MI'TY, 2001. 24
c.

2. Manko E.1O., Ycos W.I'. 'mapasivka u THIAPOITHEBMOIIPUBOA: METOIUYECKIE YKa3aHUs K
KOHTpPOJIbHBIM paboTam ains crynentoB Hampasienuid 190100, 150400, 150900 u crenmanbHO-CTEH
190205, 260301, 260303, 151001, 150400 Bcex ¢opm oOydeHHs. [DICKTPOHHBIA pecypc],
Marnuroropck: ®I'bOY BITIO « MI'TV», 2012.

r) [Iporpammuoe o6ecneuenue u UnTepuer-pecypceni:

IIporpammuoe o0ecnneyenne
HanmenoBanme
110
7Zip CBOOOIHO 0eCCPOUHO
ONEKTPOHHBIE
WTARATHL IO KYPEY e 997.12 o1 11.09.2012 GecepouHo
I'mppasnuka u
THAPONPHUBOJT"
KC Ilnoc
HMHTepakTUBHBIN
tpenaxep 3D
ATtnac2.0
«Y CTpOMCTBO
TUAPaBINYECKUX I[-744-22 or 29.07.2022 GCCCPO‘-IHO
HAaCOCOB,
00BEMHBIX
TUAPOJBUTATENEH
Y HACOCHBIX
CTAHIII

Ne norosopa Cpok neiicTBHS JTULEH3UH

IIpodeccnonasibubie 0a3bl JAHHBIX 1 HHPOPMALMOHHBbIE CIIPABOYHBbIE CHCTEMbI
HasBanue xypca Ccbuika
DneKkTpoHHbIE pecypchl Oubmmnorexku MI'TY
uM. [.1. Hocosa
Poccuiickas ['ocynapcTBenHas 6ubanoTeka.
Karanoru

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

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




Nudopmannonnas cucreMa - EquHOEe OKHO JOCTyma K

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

ITouckosas cucrema Akagemus Google (Google Scholar) |URL: https://scholar.google.ru/

DnekTpoHHas 0a3a mepuoandeckux u3ganui East View
Information Services, OO0 «MIBUC»
9 MaTtepuajibHO-TeXHHYECKOe o0ecriedeHne JUCIUTLITNHBI (MO JIs1)

https://dlib.eastview.com/

MaTepI/IaJ'IBHO'TCXHI/ILIeCKOC obOecrieueHue JUCHHUIIIIMHBI BKJIIFOYACT:

B cootBercTBUM C y‘-IGGHLIM IIaHOM IO JUCHUIIIMHC IMTPEAYCMOTPCHBI CIICAYIONNE BUABI
3aHATHI: JICKOWH, IMPAKTUYCCKUC 3aHATHA, na60paT0pHLIe 3aHATHUA, CaMOCTOATCIIbHAA pa60Ta,
KOHCYJIbTalluH, 3a4€CT , DK3aMCH.

VuebOHbIe AYJAUTOPUU IJIA IIPOBCACHUA 3aHATHH JICKIDMOHHOI'O THUIIA:
- MYHBTHMGHHﬁHbIe CpCACTBA XpaHCHUA, ICPEAAYN U ITPCACTABICHUA HH(l)OpMaIII/II/I.

VY4eOHble ayJUTOPUH U1 IPOBEACHUS 3aHATUI [T IPOBEICHHSI IPAKTUYECKUX 3aHATHIMA:
- MyJIbTUMEIMHHBIC CPENICTBA XPAHEHUS, IEPEAayy U MPECTaBIeHU HH(popMaImy;
- 10CKa, MYJIbTUMEIUNHBINA IIPOEKTOP, IKPaH.

VY4eOHble ayAUTOpUU JUIsl IPOBEIECHUS IPYNIOBbIX U MHAUBUAYAIbHBIX KOHCYJIbTALlUH,
TEKYILEro KOHTPOJIS U IPOMEXYTOUHOM aTTECTAllN

- MyJIbTUMEIUHHBIC CPENICTBA XPAHEHUS, TIEpEAayy U MPeCTaBIeHUS HH(popMaImy;

- 10CKa, MYJIbTUMEIUNHBINA IIPOEKTOP, IKPaH.

[Tomernenust 1715t CaMOCTOATEIHLHOM PaOOTHI 00YUAIOITUXCSI:
- IepcoHaJIbHbIE KOMIIbIOTEPHI ¢ TTakeToM MS Office, BbIX010M B HHTEPHET | C TOCTYIIOM
B 2JICKTPOHHYIO 00pa30BaTEeNbHYIO CPETY YHUBEPCHUTETA.

[Tomemenuss anst  XpaHeHHs] U TOPOPUIAKTHUECKOTO OOCIYXHBaHHS Y4eOHOTO
000pyIOBaHUSA:

- CTeNJIaXKH /I XpaHeHHUs Yy4eOHO-HAIJSIAHBIX TOcoOMid M yueOHO-MEeTOIUYEeCcKOM
JOKYMEHTalWH.

Y4eOHble ayTUTOPUH LIS POBEACHUS Ta0OPAaTOPHBIX PaboT:

Kommiekc yaeOnbIit « napaBaudecKkre IpUBOJIbI U CPEICTBA aBTOMATH3AIINI;
Komrmnekc yae6Hsi «I napoaBToMaTHKaY;

Komriekc u1st oTpabOTKH HABBIKOB POEKTUPOBAHUS;

Jlaboparopus yueOHas ruapaBnnyeckas «Kamenpkay



[Tpunoxxenue 1
YueOHO-MeTOANYeCKOE o0ecTieYeHrne CAMOCTOSITeILHON padoThl 00y4yaromuxcs

MpumepHsoie 3a0a4u  no meme «PusuyecKue ceolicmea HUoKocmu»:

3apayva 1. ABTokNaB 06bemom 25,0 1 HANONHEH XUAKOCTBIO M 3aKPbIT repMmeTudeckn. Kosdpdnumnent
TEMMEePATYPHOro paclnpeHuns Xuakoctm Bt, ee moaynb ynpyroctu K. Onpegenntb nosbleHWe AaBNEHUA B
aBTOKNABE NPU YBENNYEHUN TEMNEPATYPbI XKUAKOCTU HA BeAnUYnHY AT. O6beMHol aAedopmaumeli aBToKNaBa
npeHebpeyb.

3apaua 2 (puc. 1). OnpeaennTb CKOPOCTb V PABHOMEPHOTO CKOJIbXKEHUA NPAMOYTroNbHOM NAacTuHbI (a- b -c) no
HaK/IOHHOM NIOCKOCTM Mo yraom o= 12°, ecnn mexkay NAacTUHOW U NNOCKOCTbIO HaX0AMUTCA C0M macna
TonwmHol &. TemnepaTypa macna 30 °C, N1O0THOCTb MaTepuana NNacTuHbI p.

. /|
<] | — 8

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

3aMNOJIHEH MaC/1OM, TO/ILLMHA CNOA KOTOPOTOo paBHa 6.

OnameTtp Bana D, gavHa BTynKkM L. Ban BpawaeTca
paBHOMEPHO NoJ BO34eNCTBMEM BPALLLAOLLErO0 MOMEHTA Wk 4

M. OnpeaenunTb 4acToTy BpalLeHusa Bana, ecau

TemnepaTtypa macna pasHa 40 °C.

MpumepHobie 3ada4yu o meme o |
«fuopocmamuka»:

I

3apava 1 (puc.). 3aKkpbITbiit pe3epByap 3anoHeH ]
AV3eNbHbIM TOMIMBOM, TemMNnepaTypa KOTOPOro
20 °C. B BepTuKanbHOM CTEHKe pe3epByapa

nmeeTcs npAmoyronbHoe oteepctre (D x b),

3aKpbITOE NONYUNANHAPUYECKON KpbIWKOM. OHa
MOXKET MOBEPHYTHCA BOKPYN FOPU30HTAIbHOM OCK
A. MaHoBakyymmeTp MY nokasbliBaet




MaHOMETPUYECKOE AaBNEHUE Py UM BaKYYMMETPUYECKOE Ps. TNYyOMHA TONMBA Hag, KPbIWKOW paBHa H.
Onpegenntb ycunme F,KOTopoe HEOBXOAMMO MPUNOKUTDL K HUMKHEN YacTU KPbILWKK, YTOObI OHa He
OTKpbIBanacb. CUIOM TAXKECTN KPbIWKM NpeHebpeyb. Ha cxeme NoKasaTb BEKTOPbI AeNCTBYHOLLMX CUJL.

{A

T
3apaua 2 (puc.). BepTuKkanbHas MV
LUNMHOPUYECKAA LMCTEPHA C NoaychepnyecKkom KpbILWKOW A0 CaMOro
BepXa 3anoJIHEHA }KUAKOCTbIO, MJIOTHOCTb KOTOpOK p. AnameTtp — |/—
umcTepHbl D, BbicOTa ee umanHapuyeckoi Yactu H. MaHomeTtp M T e ik L 1'.
NOKa3blBaeT MaHOMETPUYECKOe AaBNEHUE Py. h H
y &

OnpeaennTb CUAY, PacTATMBALOLLYI0 6ONTbI A, U TOPU3OHTANbHYIO CUAY,
pa3spblBaloOLLYIO UMCTEPHY NO cevyeHnto 1—1. CUNOM TAKECTUN KPbILWKK

Bona A K

npeHebpeyb. BEKTOPbI CU MOKa3aTb Ha CXeMe.

3apgauva 3 (puc. ). Kpyrnoe otBepctve mexay AByMa pesepByapamu T -
3aKPbITO KOHWMYECKOW KpbILWKOM ¢ pazmepamm D H L 3aKkpbITblli pe3epByap 3anosiHeEH BOAOM, @ OTKPbITbIN -
KuakocTbio XK. K 3akpbIToMy pesepByapy cBepxy NpUcoeanmHeH maHoBakyymmeTp MV, NoKasbiBatoLLni
MaHOMETPUYECKOE AaB/iEHME Pw MW BaKyyM Pe. Temnepatypa xuakocteii20 °C, raybuHbl h n H.
OnpegennTb Uy CpesbiBatoLLyto 60ATbI A, U TOPU3OHTANbHYIO CUAY, AEUACTBYIOLLYIO HA KPbIWKY. Cuiol

TAXKECTU KPbIWKN I'IDEHEGDG‘-Ib. BeKTOpr ChN NOKAa3aTb Ha CXeme.

MpumepHsie 3ada4u no meme «FUOPOOUHAMUKA»:

=0,3
3apaua 1. Boga nepeTekaeT U3 HanopHoro 6aka, rae u3bblITo4HOE AaBieHne Bo3ayxa P ™ Mna,

B OTKPbITbIV pe3epByap No KOPOTKOM Tpybe AnameTpom d=50 MM, Ha KOTOPOW YCTaHOB/IEH KpaH. Yemy
A0NKeH 6bITb paBeH K03pMLMEHT CONPOTUBAEHMA KpaHa A1A Toro, YTobbl pacxod BoAbl COCTaBAAN

Q=87 H,=1, , H,=3
£=05

N/c? BbICOTbl ypoBHeEWt M. YUecTb NoTepto Hanopa Ha BxoZe B Tpyby

M Ha BbIxoae M3 Tpy6bl (BHE3anHoe paclunpeHue).



3amaua 2. Macjo BcachlBacTCsi HACOCOM Ha BbICOTY Ny = 0,5 M 1o TpyOe auamerpom 20 MM 1
uHOM 1,2 M, KOTOpast UMeeT JiBa pe3kux n3ruda. Hacoc passuBaer nogauy 20 n1/muH. Macio
WIOTHOCTEIO 900 Kr/M° MMeer KHHEMATHYECKYIO BSI3KOCTh V = 4 - 10" m?%/c. B Gake naBiieHue
Bo3nyxa — armocteproe. OmpenennuTts, Kakoil BakyyM pa3BuBaeT Hacoc. [IpuHATH st
MacisHOro (GuiIbTpa KOd(PQHUIMEHTH MECTHBIX compoTuBieHud Cp = 6, Ui BXoIa BO

BCACBIBAIOIIYIO MOJIOCTh Hacoca Cy = 2 U AJig u3rubda BcackiBaromieit Tpyost Cusr = 0,8.

Ilpumepnuie 3a0auu no meme «l'uopasnuueckuii pacuem mpyoonpoeoooe
3aoaua 1. Onpenenuth BEIUYMHY I[OTEPHb JABJICHUS, BBI3BAaHHBIX IIOBOPOTOM

Tpybomnposoaa guamerpom d = 200 MM Ha yron o = 90°. TpybGompoBoa HOBBIN CTaJIbHOM,
paamyc moBopota R = 40 M. XKuxoe Macio munepansHoe(v = 14,5x10% m%/c; p = 800 xr/ M3).
Pacxon xuaxocta Q = 0,5 M%/c.
3anayva 2.
3amaua 4.8. XKumkocts ¢ muotHOCTEIO p = 900 Kr/M® 1 Bsskocteio v = 0,01 Cr
HarHeTaeTcs 1o rOPU30HTAIBHOMY TpyOonpoBoay anuHOM L =4 M u quamerpom d = 25 mm.
Onpenenuth JaBiIeHHE B HAYAIBHOM CEUCHHH, €CIM B KOHEUYHOM CEYCHHH TPYOOIpOBOJA
naBieHue armocdepHoe, pacxom xuakocth Q = 6 1/c; MEpPOXOBATOCTh CTEHOK
TpyoonpoBoga A = 0,06 Mm.
3aoauu no pacuemy rn1emeHmMo8 2UOPONPUBOOA
3agaua 1. /{ng moxgsema rpy3a G co ckopocthio V=0,15 M/c MCHONB3YyIOTCS J1Ba
rugporumnapa auamerpom D= 100
MM. [py3 cMeleH OTHOCHTENBHO OCH
— Upnz Unt e CUMMETPUU TaK, 4YTO Harpy3ka Ha

mToke lro mummaapa F1 =6 xH, a Ha
mToKe BTOporo muinuHapa F, =5 kH.

’_ﬁ;
IHE
L ldy

o

M. Kakum nomxeH ObITh KOd(DUIIUEHT
Q? 0, MECTHOTO COIPOTHBIICHHUS JPOCCEIS
Enp, UTOOBI TUIATOpPMA MOAHHUMAJIACH
0e3 TepeKanuBaHus: Huametp
TpyoonpoBoga d= 10 MM; MJIOTHOCTH

sxuaxocts p= 900 kr/m>. [loTepsamu mo

JUTMHE TPYOBI .IpeHeOpeyb.
3apaua 2. Onpepenntb pacxon *KUOKOCTWU, MPOMYCKaeMbli OrpaHMuYMTENEeM pacxona, KoTopbli
PaCCMOTPEH B 3ada4e 8, ecnu ANHaMUYeCKaAa BA3KOCTb UOKOCTU U = 0,04 Ma-c 1 ee NNOTHOCTb P =

890 kr/m3 Bocnonb3osatbcsa GOPMYION ANA NOTEPU HaNopa Ha TpeHue Npu TypbyIeHTHOM pexnme

2

A | v Pe
~ g & o
raoe D — ruapaBAMYecKMin auameTp cedeHuMa U L — cpeaHas * 7
CKOpOCTb. i dﬁ
= R
B

MpUHMMas BMHTOBOWM KaHa/i rMApPaBAMYECcKU TNaakum, KoadpduumeHT ] = [



COMPOTUBAEHMUA TPEHMA onpeaensaTs no dopmyne

0,316 . oD
= , Fae uncno PeltHonbaca Re="—.

2= 290
4/Re v

3agaya 3. OrpaHuuuTens pacxoAa, KOTOPBIA CIYKUT [UIsl aBTOMAaTHYECKOIO
NOJEPKAHUS MOCTOSIHHOTO pacxo/]ia B CUCTEME MPU IOCTOSSHHOM BXOJHOM JaBJIEHUU Po U
NEPEMEHHOM MPOTUBOJABICHUH P, COCTOUT U3 MOJABMKHOTO mopiHs 1 auamerpom D = 60
MM, UMeroIIero orepcrue 0=10MM 1 Harpy>KEHHOTO MPYKUHOH 2.

[Tpu u3MEeHEHUHU IPOTHBOIABIICHHS P MOPIICHD IEPEMEIACTCsl, U3MEHSISI OTKPBITHE D
OKOH B Kopmyce 3 TakuM 00pa3oM, 4TO PACXO Yepe3 OrPaHUUUTENb OCTACTCS OCTOSHHBIM.

BbicoTa nmpsMOyroibHBIX OKOH B Kopiyce Do =5 MM, ux cymmapHas miomanb fo= 1,5
cM”.

CunTtas ycunue npyXHHbI IIOCTOSHHBIM M paBHbIM R = 550 H, ompenenuts ans
BXOJ/IHOTO JIaBJICHUS Maclia, paBHOTO Po = 15 MIla:

1. Benmmunny pacxona Q, moaaepkuBaeMoro OrpaHuIUTEICM.

2. 3aBHCUMOCTb OTKPBITHS D OKOH OT POTUBOJIABIICHHUS p U BEJTMUUHY OTKPBITHS TIPU
p=0.

3. MakcumanbHO€ 3HA4EHHE NMPOTUBOJABICHUS Pmax , HAUMHAs C KOTOPOTO Pacxoj

yepe3 OrpaHuuUTENb Oy/I€T YMEHbIIATHCS.

by, KoadduimenT pacxona oTBEpCTUs B MOPIITHE M OKOH B
—— -
T A AP xopmyce npunats = 0,6. [TnotHocts Macna # = 850 kr/m®.
Zr Vkazanue. Bocnonb3oBaTbcs yCIOBUEM PpPaBHOBECHS
[, TIOpIIHS B CJIEAYIONIEM BH/IE:
z K 2
7D
Ap—=R
2 4
rne 4 p — mepenan jaBneHuii 1Mo 006e CTOPOHBI

OTBEPCTHS B IOPILIHE.

3amauu 1o cleasAnEeMy MpPUBOIY

3amava 1. B 1ByXCOII0BOM TUAPOyCUTUTENE
3acJIOHKA MepeMeIeHa B CTOPOHY OJTHOTO U3 COIUT Ha
BenMuKHY N OT cpeiHero mosnoxkeHus ho, 4em BbI3BaH
neperna 1aBleHus Ap Ha Topiax
pacipenenuTeILHOTO 30JI0THUKA U, KaK CIEACTBUE
3TOrO, €0 MepeMENIeHNEe T OT HEUTPAIILHOTO
nostockeHust. CuuTast, 9TO CHIIBI IAaBJICHUS HAa TOPIIAxX
30JI0THUKA YPaBHOBEIIMBAIOTCS TOJIBKO MPYKUHAMH,
OTIPEICITUTH X, €CIIN JaBJICHUEC TUTAHHS
ruapoycunutens pi =6-10° ITa u nepememenne
3acionku h = 0,5ho.

JKecTkocTh KaX10# U3 MPYKUH 30JI0THHKA C
=130 H/mm, ero quametp D = 10 mm.

Pacxon uepes comto onpeaensrts mo Gopmyne

Cnul

8 eudpoyunurap




Q = upmdy(ho — h)

rae 2 - KoahGUIUEeHT pacxoa coIuia; P - JaBJlIeHUE NePe]] COIIIOM; P - IUIOTHOCTD

JKHIKOCTH.
3anauy pemmTs s caydas, koraa 7dzho = 70%1/4 u p1 = p2, Tae pa, - Koo duIueHT pacxoaa

BXOIHOT'O APOCCECIBHOI0 OTBEPCTUA U d]_ - €TI0 ANaMeTp.

3anaya 2. Pabouas ®UAKOCTh MOIAETCS K THIPOYCHIIUTEINIO TUIIA COIJIO-3aCIIOHKA MO/
MIOCTOSIHHBIM ;[aBJIeHHeM Po=10 MIla. KomaHHBIi 37IEMEHT THAPOYCUITUTENS BKIIIOUAET
x MOCTOSHHBIN ApOccesb B BUjIe xukiepa di1 = 3mMm u
— 3 ﬁ - peryaupyemsblii Ipoccenb B Buje coruia do=2mm ¢
i MOABUKHOM 3aCIIOHKOM Ha BbIXo€. JlaBieHue px B Kamepe

- L L)
v
—L@ ) E MEJKLY IPOCCEISIMHU MEPENAETCSA B pabO9yIO MOJIOCT

~

Fo HCIIOTHUTENIBHOTO ruaponuausapa (D= 35 mm), nopiieHn
KOTOPOTO OMEepT Ha MpykuHY )kecTkocThio C =200 H/cm n

e HarpyxeH cuioit R=7500 H.
‘W : IIpu n3meHeHnu 3a3opa h Mexay comiom u
- 3aCJIOHKOI H3MEHSICTCS TaBICHUE Pk BBI3bIBAs CIIC/SIICE
IIePEMEIIICHHUE MTOPIIHS.
[Toctpouts rpahuk 3aBUCUMOCTH MEXy 3a30pOM h 1 cMelleHneM s HOPIIHS U3 KpaifHero

nosoxxeHus, oreevaroniero h= 0. Onpenenuts S ipu h = 1 mm. Pacxoj yepes xukiep paBeH

M2 : =
-
08 _ ’
06 1 ) r rie “h ~ 0,8, 1 yepe3 CoI0-3acIOHKY.
a4 2 T M2
/ 40 p
0,2
e ko3 duument pacxona 2 3anan kax GyHKIus
h

0 01 42 B3 04 f%,p _
OTHOCHUTEJIBHOI'0 3a30pa

pu=f d.
[TocTpouTs JONOTHUTENBHO IpadiK 3aBUCHMOCTH 2/ nns kodddunmeHTa pacxoaa

H COILIA-3aCJIOHKH, OIPCACIACMOTO U3 BBIPAKCHU A
Q, = p nd,h. |2 Pe
Yo,

3anayva 3. McrnonHUTENBHBIN IIIMHAP THApoycHinTeNs (quamerp nopins D1 = 60mMm u
mroka D, = 30 Mm) Harpysxen cuoii R = 3500 H. PaGouas sxuakocts (© = 850 xr/m° moyaetcs B
HIDKHIOIO MTOJIOCTh IMIIMHpa HacocoM H nmox paBnenuem py= 5 Mlla (monnep:xuBaercs

MOCTOSTHHBIM € TIOMOIIIbIO nepenuBHOro kinanana [1K). -

KomaH/HBIH 0THOKPOMOYHBIH 30JI0THUK (AuameTp ruryrxkepa d2 = 10 mm), ynpasiser
nepeMenIeHISIMA TITOKA IHJIMH/PA TyTeM U3MEHEHHS OTKPBITHS IIMIIMHAPHYECKOTO OKHA, Yepe3
KOTOPOE JKUAKOCTh MOCTYINAET U3 BepXHEH MOJIOCTH LMIMHAPA Ha CIIUB.

B nopise nuuHapa umMeeTcs apoccenupyroinee oteperue (di = 4 mm), 6maromaps
KOTOPOMY MOXHO TPH OIPEIEIEHHBIX OTKPBITHUSAX 30JI0THUKA PEBEPCHUPOBATH ABH)KEHHE MOPIIIHS.



TTocTpouts rpapuk 3aBHCUMOCTH ckopoctn U

OTKPbLITUS X 30JIOTHUKA.

m YCTAaHOBUBIIECTOCA ABUXKCHUA IMMOPIIHA OT

VKazarh, Opy KakoM x nopmens ocranapmusaercs (Un = 0). Kakoso 6yner 3Hauenne Un

IIPU 3aKPBITOM 30JIOTHUKE?
Pacxon yepe3 npoccenupyroiiee OTBEpCTHE
ornpenensTh no hopmysie

&
-
NN

NN
-

aN
|
==

U yepe3 30J0THUK

N

Q, = p,md, X 2&
D

Ir'ZIe Po — JaBJICHHUC B BerHefI IMOJIOCTH TWJIMHAPA.

_ Koadumments pacxoma npuaats 4 = H2 =0,6.
TpeHnem U yTeukaMu B LUJIMHIPE IPEHEOPEraTh.
Vkazanue. Bocronb30BaTbCsl ypaBHEHUEM PABHOBECHS TOPIIIHSL:
Dy
Po 4
¥ BHIPOKEHUEM PACXO0/1a )KUAKOCTH M3 BEPXHEN MOJOCTH B 30JI0THUK MPEAIIOJIAras, uTo

MOpHICHb ABUKETCA BBCPX, HMECM
2

7D
Q0=Q1+Un 41

+R=pﬂ%(Df—D§)

IIpumepHoe 3axaHue MO J1a0OpPaTOPHOIi padoTe.

IIo HUCXOJHBIM JaHHBIM JJIA ABYX TMAPOCUCTEM, ITOKa3aHHBIX HAa PUC. 1, OIpEaACIINTD
CKOPOCTHBIC U CUJIOBBIC MMAPaMETPbl THAPOUHUIIMHAPA. PeBy.HBTaTLI BBCCTH B Ta6J'II/II_Iy. OOBSICHUTD

IMMOJIYYCHHBIC PC3YJIbTAaThI.

XEMA 1 XM 2
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Pucynok 1 — I'mnpaBnnueckue cxeMbl MOAKIFOYEHUS THIPOIMINHIPA




3apaua 3 (puc. 2). 3a30p mexKay BasioM U BTY/KOM

3aNOJ/IHEH MaC/1OM, TO/ILLMHA CN10A KOTOPOro paBHa 6.

OnameTp Bana D, gamHa BTyAKK L. Ban BpawaeTca
paBHOMEPHO NoJ, BO34eUCTBUEM BPALLAIOLLErO MOMEHTA f

M. Onpegenutb YacToTy BpalleHWA Bana, ecnm

TemnepaTtypa macna pasHa 40 °C.

MpumepHsie 3ad0ayu  no meme «fudpocmamuKa»:

3apaua 1 (puc.). 3aKpbiTbil pe3epByap 3ano/iHeH
AM3€eNbHbIM TONIMBOM, TEMNEPATypa KOTOPOro N |

20 °C. B BepTuKanbHOM CTEHKe pe3epByapa

nmeeTca npamoyronbHoe oteepctue (D x b), :I: i r

3aKpbITOE NONYUMANHAPUYECKON KpbIWKOM. OHa | | 5,____! L’;
MOKET NOBEPHYTbCA BOKPYT FOPM30HTaIbHOM OCK i e - H
A. MaHoBakyymmeTp MY nokasbiBaet

MaHOomeTpuyeckoe gasseHne py Uam

— -
-

BaKyymmeTpuyeckoe ps. FnybuHa Tonamea Hag,
KpblLWKOM paBHa H. Onpeaenuntb ycunune
F,koTOpoe HeoBX0ANMO NPUNOKNUTL K HUKHEN
YaCTU KPbILWKK, YTOObI OHA He OTKPbIBANACh.
Cunol TAXKeCTU KpbILWKK npeHebpeyb. Ha cxeme

MOKa3aTb BEKTOPbI AEeNCTBYIOLMX CUA.

}
3apaua 2 (pwc.). BepTuKanbHas h
UMAMHAPUYECKan LMCTEePHA C Nofychepryeckoi KpbILWKOM 40 Camoro II|

-

Bona A K

e .



BEpXa 3aMo/IHEHA }KUAKOCTbI, MNOTHOCTb KOTOPOW p. [lnameTp unctepHbl D, BbicOTa ee LMAMHAPUYECKOM
yactn H. MaHomeTp M nokasbiBaeT MaHOMETpPUYECKOe AaBAEHUE Py.

OnpeaennTb CUY, PacTATMBatoLLY0 60ATbl A, U FOPU3OHTANbHYIO CUAY, Pa3PbIBalOLLYIO LUMCTEPHY NO
ceyeHuio 1—1. CUno TAMKECTU KPbILWKK NpeHebpeyb. BeKTopbl CU MOKas3aTh Ha cxeme.

3apayva 3 (puc. ). Kpyrnoe otBepcTve mexay ABYMA pe3epByapamm 3aKpbITO KOHUYECKON KPbILLKOM C
pasmepamm D H L 3akpbITbili pe3epByap 3ano/HEH BOAOW, @ OTKPbITbIN - })UAKOCTbIO K. K 3akpbiTomy
pesepByapy CBEpXYy NPUCOeaMHEH MaHOBaKyyMmmeTp MV, NoKasbiBatloWwmMii MaHOMETPUYECKOE AaBEHNE Py
WU Bakyym ps. Temnepatypa *xungroctein20 °C, rnybuHbl h n H. Onpeaenntb cuny cpesbiBatoLLyto 60Tl A,
N TOPU3OHTANbHYIO CUAY, AENCTBYHOLLYHO HA KPbILWKY. CUAI0M TAXKECTU KPbIWKK NpeHebpeyb. BekTopbl cna
MOKa3aTb Ha cxeme.

MpumepHsbie 3a0a4u no meme «FUOPOOUHAMUKA»:

p=03

3apgava 1. Boga nepeTtekaeT u3 HanopHoro 6akKa, rae nsbbiTouHoe AaB/eHne Bo3ayxa MMa,

B OTKPbITbIN pe3epByap Nno KOpoTKon Tpybe anameTtpom d =50 MM, Ha KOTOPOW YCTaHOB/EH KpaH. Yemy
[0J1KeH bbITb paBeH KO3pPMLUMEHT CONPOTUBIEHNS KpaHa A/1a TOro, YTobbl pacxo BoAbl COCTABAAN

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

n/c? BbicOTbl ypOBHEW "
=05

M. YyecTb noTepto Harnopa Ha Bxoje B Tpyby

M Ha Bbixoae 13 Tpybbl (BHE3aNHOE paclnpeHune).

Baxaua 2. MACJIO BCACBIBACTCS HACOCOM Ha BBICOTY hye = 0,5 M mo TpyOe auamerpom 20 MM |
JUIMHOH 1,2 M, KoTOpast nMeeT /iBa pe3kux u3ruda. Hacoc passuBaet nogauy 20 i1/muH. Macio
MIoTHOCTBIO 900 Kr/M® MMeeT KHHeMaTH4ecKyIo Ba3kocTh v = 4 - 10”° m%/c. B Gake maBienue
BO3AyXa — arMmocgepHoe. Ompenenurtb, Kakol BakyyM pa3BuBaeT Hacoc. [IpuHATH s
MaciIiHOro (uiabTpa KO3(p(UIMEHThl MECTHBIX conpoTuBieHuid (¢ = 6, A1 BXoaa BO

BCAaCBIBAIOILYIO MOJOCTh Hacoca Gy = 2 U U1 n3ruba BecackiBaromed Tpyos! Cusr = 0,8.

Ilpumepnwie 3a0auu no meme «Il'uopasnuueckuii pacuem mpyoonpoeoooe»
3aoaua 1. Omnpenenuth BEIUMYMHY IOTEPb JABJIEHHS, BBI3BAHHBIX IOBOPOTOM

TpybonpoBoaa auamerpom d = 200 MM Ha yron oo = 90°. TpyOompoBoa HOBBIIl CTaTbHOM,
pammyc moBopota R = 40 M. XKnnkoe Macio munepansHoe(V = 14,5x10%* m%/c; p = 800 kr/ M°).
Pacxox xuaxocta Q = 0,5 m¥/c.

3amava 2.

3agava 4.8. Xunkocte ¢ mioTHOCTEIO p = 900 KI/M® ¥ BS3KOCTBIO V = 0,01 Cr
HArHeTaeTcs 1Mo rOPU30HTAIBHOMY TpyOonpoBoay AnuHOM L =4 M u quamerpom d = 25 MMm.
Onpenenuth AaBlieHWE B HAYaJlbHOM CEUYEHMH, €CIIM B KOHEYHOM CEYEHHH TpyOOompoBoaa
JaBlieHHe aTMocdepHoe, pacxox kuakocth Q = 6 I/c; MEepoXoBaTOCTh CTEHOK
TpyOomnposoga A = 0,06 mm.

3aoauu no pacueny 31eMeHmM 08 CUOPONPUBOOA



3apava 1. Jlng moawsema rpyza G co ckopocthio V=0,15 M/c HCTONB3YIOTCS IBa
ruapornmapa auamerpom D= 100

MM. [py3 cMelIeH OTHOCHUTENBHO OCH

~— Up2 Unt e CUMMETPHM TakK, 4YTO Harpyska Ha

mToke Iro munmaapa F1 =6 xH, a Ha

{

:I "1

- : mTOKEe BTOpOro muiuHapa F, =5 kH.

Kakum nomkeH ObITh KO3(dUIIMEHT

Q { MECTHOTO COTIPOTHUBIICHUSI JAPOCCENs
Enp, UTOOBI TUIATOpPMA MOJAHUMATIACH
6e3 MepeKaliBaHus: Huamertp
Tpybonposoga d= 10 MM; IJIOTHOCTH
xuakoctr p= 900 kr/m°. ITotepsiMu 10

JUTMHE TPYOBI .MpeHeOpeYb.
3apaua 2. Onpenenuth pacxod >KUIKOCTH, IMPOIMYCKAEMbIA OrPAHUYUTENEM PAacXodd, KOTOPBIM
paccMOTpeH B 3aaue 8 , ecii TnHaAMHI4YecKas Bs3KocTh xuakocta 4 = 0,04 [la-c u ee motHOCT 0 = 890

kr/m® Bocrosb3oBathest GOPMyYIION [T OTEPHU HAMOPa Ha TPEHUE MPU TyPOYJIEHTHOM PEKUME

2

A | v
B
/g D2
rae D — rugpaBouMuecKkmii IMAMETp CEUYEHHS M U — CPEIHss
CKOPOCTb. e
m — ] !
[IprHKMMas BUHTOBOM KaHall T'MAPaBIMYECKH TIIAAKMM, KOO(QQHIHEEHT E M M% - I—T”w
COIIPOTHBJICHUS TPEHHUS OIPENENATH 10 POpMyJIe P )
0,316 . uvD
A= , rzie uncio Peiinonpica  Re = —.

4/Re v

3agaya 3. OrpaHuyuTenh pPACXOfa, KOTOPBIA CIYXKHT JUISI aBTOMATHYECKOTO
NOJJIEPKaHUS TIOCTOSIHHOTO pacxo/ia B CUCTEME MPU MOCTOSSHHOM BXOJHOM JaBJIEHUU Po U
MIEPEMEHHOM MTPOTHUBOJIABICHUH P, COCTOUT M3 MOJABMKHOTO mopiiHs 1 auamerpom D = 60
MM, UMeroIIero orepctue 0=10MM 1 Harpy>KEHHOTO MPYKUHOH 2.

[Tpu U3MeHeHUU IPOTHBOIABIICHHS P MOPIICHD EPEMEIAeTCs, U3MEHSSI OTKPBITHE D
OKOH B Kopmyce 3 TakuM 00pa3oM, YTO pacxo/l 4Yepe3 OrpaHUuUTENb OCTAETCS MOCTOSIHHBIM.

BbicoTa mpsAMOyTroNbHBIX OKOH B Kopiyce Do =5 MM, ux cymmapHas miommaapb fo= 1,5
cM”.

Cuntas ycunue npyXHHBI MOCTOSHHBIM M paBHbIM R = 550 H, ompenenuts ans
BXOJIHOT'O JIaBJICHUSI MAcJia, paBHOTO Po = 15 MITa:

1. Bemnunny pacxoja Q, moaiep>kuBaeMoro OrpaHHIUTEIICM.

2. 3aBHCUMOCTb OTKPBITHS D OKOH OT MPOTUBOABIICHHUS p U BETHUUHY OTKPBITHS TIPU
p=0.

3. MakcuMallbHOE 3HAY€HHWE MPOTHUBOAABICHUS Pmax , HAUMHAS C KOTOPOTO Pacxoj
Yyepe3 OrpaHUuUTelNlb OyIeT YMEHbIIAThCA.
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KoshdummenT pacxoma oTBepcTHs B TIOPIIHE U OKOH B Kopmyce npunats # = 0,6.
IInorHocTh Macia © = 850 kr/m®.

Yxazanue. Bocnonb3oBaThbes YCJIOBUEM pAaBHOBECHS ITOPHIHA B CJICAYIOIIICM BU/IC:

aD?
Ap——=R
P 4

rie 4p — mepenan naBneHuii no 06e CTOPOHbI OTBEPCTHS B MOPLIHE.

IIpumepHoe 3axaHue MO J1aGOpaTOPHOIi padoTe.

ITo HUCXOJHBIM JaHHBIM JJIA ABYX TMAPOCUCTEM, ITIOKAa3aHHBIX HAa PUC. 1, OIpCaACIUTb

CKOPOCTHBIC U CUJIOBBIC MMAPaMETPbl THAPOUHUIIMHAPA. PeBy.TIBTaTBI BBCCTH B Ta6J'II/II_[y. OOBICHUTH

IMMOJIYYCHHBIC PC3YJIbTAaThI.
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Mpamoit xo4,

O6paTHbIN Xo4,

Mpamoit xo4,

ObpaTHbIN X04,

OnameTp nopwHA
D, mm

OnameTp WTOKa
d, mm

Jasnenune
HOMWHa/bHOE p,
Mna

HomWHanbHbIN
pacxog Q, n/mMuH

Mnowagb
nopLIHEBOWM
nosocTtun, Sn

Mnowagb
LITOKOBOM
nosocTun, Swt

CKOpOCTb WITOKa
v, m/c

Ycunnune Ha WToke
F,H




[Tpunoxenue 2

OueHovHbIE CpeCcTBA /IJIs1 MPOBeAeHHs POMEKYTOUYHOM aTTeCTAlNU

a) [lnanupyembie pe3yabTaThl 00y4eHHUSs] H OLIEHOYHbIE CPeJACTBA /IJIsl IPOBeAeHHU

HpOMe)RyTO‘lHOﬁ aTTreCranmum:

Kon Nunukarop
AHOIUKA OCTHIKEHUSI OneHouHbIE CpEeACTBA
TOopa KOMIIETEHI[UHA

IIK-3: Cnocoden pa3padaTbiBaTh 1 JOBOJAUTH 10 HCIOJHUTEIEH HAPSIABLI U 3a1aHUs Ha
BBIINIOJIHEHHE IO3€MHbIX TOPHBIX, TOPHO-CTPOUTEIbHBIX H OYPOB3PLIBHLIX PadoT,

OCyHIECTBJIATH KOHTPOJIb Ka4YeCTBa paﬁor u o0ecreunBaTh NPaBUJIBHOCTDb BBINIOJTHCHUA UX

HCIOJTHUTEJISIMH, COCTABJISATH rpaduk padoT M NepcneKTUBHbIE MJIaAHbI, HHCTPYKIUH,
CMeThl, 3asiBKH Ha MallIUHbI K 000PY/10BaHHE, 3aATI0JHATH HE00X0AMMbIe OTYETHbIE
JOKYMEHTHI B COOTBETCTBHHU C YCTAHOBJIEHHbIMH (hopMamu

[1K-3.1:

Cnocoben
IJIAHUPOBATh u
OpraHHU30BBIBATH
ropHble pabOThI MO
CTPOUTENHCTBY
BCKPBIBAIOIIHX,
MIOATOTOBUTENBHBIX,
OUYUCTHBIX u
Hape3HbIX TOPHBIX
BBIPa0OTOK, BECTH
OUYHCTHBIE PadOTHI,
OpraHU30BHIBATH
TPaHCIIOPT u
oabEM TOPHOM
MAacCBhl,
BEHTHJIALIMIO,
BOJIOOTIIUB u
Apyrue
BCIIOMOTaTeNbHbIE
MIPOIIECCHI

MOJI3EMHBIX TOPHBIX
pabort

Hepeuenb meopemu4ecCKux 6onpocoe K zauemy:

1.

RRO©oOoN O~ WD

16.

17.
18.
19.
20.

21.

22.
23.
24,
25.
26.
27.
28.
29.
30.

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

CaoticTBa padouunx xuakocteid. OCHOBHBIC TIOHATHUS U
onpeeaeHus KUIKOCTH.

[IIOTHOCTB ¥ yAEIbHBIN BEC KUIAKOCTH.
CxMMaeMoCTh KUJKOCTH.

KoaddunmeHT 006eMHOTO CHKATHS.

KoaddunmenT TemnnoBoro pacumpeHus.

Mopyns ynpyroctu *uaKoCTH.

Bs3kocTh )KMIKOCTH.

Koadurment kuaeMaTHIECKOM BA3KOCTH KUIKOCTH.
KaButanust >KuakocTu, ciocoObl MpeaoTBpaIlEeHUSI.
O6nuTepanus >KUIKOCTH.

I'mapocTaTuka, OCHOBHBIE MMOHATUS U ONIPEIETICHUSI.

[TonsiTHE THAPOCTATUIECKOTO AABJICHHUS.

Enunuiel nsmMepeHust TiApOCTaTUYECKOTO TABICHHUS.
CBoiicTBa THUIPOCTATHYECKOTO JIABJICHMUSI.

[ToHsATHS THAPOCTATUYECKOTO NaBIEHUS: a0COIIOTHOE,
aTMochepHoe, N30BITOYHOE U BAKYyM.
Juddepennnansabie ypaBHEeHUs Diijiepa A paBHOBECHS
KHUJIKOCTH.

OcHOBHOE ypaBHEHHE T'MPOCTATUKH.

3akoH Apxumena.

3akoH [lackans.

MexaHu3M C UCTIOIB30BAHUEM YPaBHEHUSI THIPOCTATUKH,
JIOMKpAaT. U MYJIbTUILIUKATOP.

MexaHu3M C UCTIOIB30BAHUEM YPABHEHHUSI THIPOCTATUKH,

MYJIbTUILUTUKATOP.
N3mepenue naBieHus! )KUIKOCTH.
PaBHOBecHe KUIKOCTH B COOOIIAIOIINXCS COCYIax.
Cwuita naBieHUs KUIKOCTH HA BEPTUKAIBHYIO CTEHKY.
Cuiia naBneHus KUIKOCTH HA TOPU3OHTAIBHYIO CTEHKY.
Cuita naBieHUs KUIKOCTH HA HAKJIOHHYIO CTCHKY.
OrnpezenieHne TONUHBI CTEHKH.
IM'uapoamHamMuka, OCHOBHBIEC OIIPEICIICHUS.
I'eomeTpus IOTOKOB KUAKOCTH.
Kraccudukaiiys noTOKoB KHJIKOCTH




Kon
AHIUKA
TOpa

Nunuxarop
IOCTHIKEHUS
KOMIIETEHIINU

O1neHOYHBIC CPEACTBA

31.
32.

33.
34.
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Pexxumsbl aerxenus xuakoctu. Yucno PeitHonbaca.

JlaMHHApHBIN PEXXUM JBUKECHUS KUIKOCTH U €TI0

3aKOHOMEPHOCTH.

Pacxon u cpeansisi CKOPOCTh MOTOKA MPH JAMUHAPHOM pPEKHUME.

TypOyneHTHBIH PeKUM IBUKECHUS )KUKOCTH U €r0

3aKOHOMEPHOCTH.

3aKOH HEpPa3pbIBHOCTH ITOTOKA KUAKOCTH.

3aKOH COXpaHEeHUsI SHEPTUH JJIsl TOTOKA )KUJIKOCTH. Y paBHEHHE

bepnynnu 11t moToka ujieanbHON )KUIKOCTH.

VYpaBuenue bepHyinu 15 CTpYHKH UACATBHON HKUJIKOCTH.

VYpaBHenue bepHyiun 715 MOTOKA peAIbHOM KUAKOCTH.

VYpasuenne bepuymnu 11t cTpyHKH peaibHOM SKUIKOCTH.

[IpuMeHeHre OCHOBHBIX YpaBHEHUHN JBUKEHUS TOTOKOB

KUJKOCTHU I U3MEPEHUSI CKOPOCTEH U PACXOJIOB JKUIKOCTH.

I'mapocratuueckuii ynap. @opmyina XKykosckoro H.E. nis

ruapoyaapa.

CniocoOsI peIoTBpalleHUs] THPABINYECKOTO YAapa..

[loTepu Hanopa (naBieHus), OnpeneIsieMble ITUHON

TpyOompoBoja, hopmyna Jdapcu.

OrnpezienieHe MECTHBIX TIOTEPh Haropa (J1aBJIeHUs) B

TpyOompoBoje, hopmyna BeiicOaxa.

Ormpenenenue noTeps Haropa (JAaBjieHus) B TpyOOIIpoBoIe,

¢dopmyna [lapcu-Beiicoaxa.

Pacuer o01iero conpoTuBIIEHHs B IPOCTOM TPYOOTIPOBOJIE.

[TocnenoBarenbHOE cOeIMHEHHE IPOCTHIX TPYOOIIPOBOIOB.

[TapannensHOE COeTMHEHNE MMPOCTHIX TPYOOIIPOBOIOB.

Omnpenenenne NoTeps AABIECHUS B PEAIbHOU TMAPOCHCTEME.

®opmyna Topuuennu.

Hcredenne )kMIKOCTH YEPE3 MajIoe€ OTBEPCTHE B TOHKOM CTEHKE.

JlocTOMHCTBA U HEAOCTATKU TUIPOIIPUBO/IA.

YcnoBHbIE 0003HAYEHUS B TUAPOIPUBOIAX.

CtpyKTypa ruiponpuBoa.

CxeMbl ¢ 00BEMHBIM PETYTUPOBAHUEM CKOPOCTH KUIKOCTH.

CxeMbl ¢ peryaupoBaHUEM CHJIbI HCOJIHUTEIBHOIO OpraHa;

CxeMbl ¢ 00BEMHBIM PETYTUPOBAHUEM CKOPOCTH KUAKOCTH.

Hacocs! rumponpuBo/10B, YCIOBHBIE 0003HAUCHUS. THIIBI

l'unponBurarenu, ycioBHbIE 0003HAUEHUSI.
lMunpounnuHApsL, ycI0oBHBIE 0003HAYECHHUS.

Pacuer oCHOBHBIX TapamMeTPOB TUAPOLUIUHIPA.

lMunpopacnpenenureny, ycaoBHble 0003HAYEHHUS.

3anopHbIe KJIamnaHbl, YCIOBHBIE 0003HAYCHHUS.

Krnanans! naBnenus, ycaoBHble 0003HAYEHHUS.
[IpenoxpaHuTeNnbHbIC KIIAMAHbI, YCIOBHBIE 0003HAYCHHUS.

[ToTouHbIE KIanaHbl, YCIOBHBIE 0003HAUEHUS.

Jpoccenu, ycinoBHbIE 0003HAYECHHUS.

['upoakKyMymnsITOpbl, YCIOBHBIE 0003HAUEHUSI.

OUIBTPHI, YCIOBHBIE 0003HAUYCHUSI.

[TpuGopbI KOHTPOJIS THAPOTIPUBOIA. Y CIIOBHBIC 0003HAYCHHSI. .

I'mapaBnrueckas cxema npuMeHeHus JudQepeHInanbHOro
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TUAPOLUIUHAPA.
I'upponpuBox 3aKpBITON THIAPOCUCTEMBI, OCHOBHOU KOHTYP.
I'maponpuBOL OTKPBITON TMAPOCUCTEMBI.
Jlornyeckue IEMEHTHI.
Peanuzanus noruueckux QyHKIUI B THAPO- U THEBMOCHUCTEMAX.
ITocTpoeHnue cucreM ynpapieHHsi KOMOMHAIMOHHOIO THIIA.
Mertoas! TOCTPOEHNE MHOTOTAKTHBIX CUCTEM YIIPABIICHHUS.
CraTtuyeckue XapaKTEpUCTHKU HCIIOJIHUTEIbHBIX MEXAHH3MOB
[IOCTYIIATEJIbHOTO U BpAIllaTeIbHOIO JEHCTBUSA: (MEXaHUYECKA,
CKOPOCTHas).
WcnonuuTenbHble MEXaHU3MbI C 0ObEMHBIM PETYIMPOBAaHUEM
CKOpPOCTH.
HcnonHuTenbHble MEXaHU3MBI C JPOCCEIbHBIM
pEryJIMpOBaHUEM.
[IponopuuoHanpHble KianaHsl, [IpuHIMIEl paboThI.
KomrnieHcarus Harpy3ku ¢ TOMOUIIBIO KJIAITAHOB TOCTOSIHHOM
Pa3HOCTH JIaBJICHUM.
DNEeKTPOHUKA YIPaBICHUS /ISl IPONOPLMOHATIbHBIX KJIAlIaHOB.
Kpurepun 11 onpeneseHns napaMeTpoB yIpaBIeHUs C
IIOMOILIBIO ITPONIOPIIMOHAIIBHBIX KJIAllaHOB.
Cepsoxkinanansl. [TpuHiuns! paboTsl.
ArnmapartHas TEXHUKA.
KoHTyp perynupoBaHnusi.

BinsiHne nMHAMUYECKUX CBOMCTB CEPBOKJIANIAHA HA KOHTYD
peryaupoBaHusl.
@uibTpanys Ha THIPABIMYECKUX YCTAHOBKAX C
CepBOKJIAaNlaHaMU U IIPONOPLIMOHAIIBHBIMU KIIallaHAMU.
[IpuMeps! BBIITOTHEHHBIX YCTAHOBOK C MUCIOJIb30BaHUEM
MIPONOPLUOHAIBHBIX KJIAIIaHOB.

[IpuMeps! BBITOTHEHHBIX YCTAHOBOK C MCIOJIb30BaHUEM
CEPBOKJIAIaHOB.
DKcmtyatanus NpornopLUuOHATIbHON TEXHUKHU U CIESIIEr0
TUAPOIIPUBOAA.

I1K-3.2:

OcymecTBisieT
KOHTPOJIb KadecTBa
MOJI3EMHBIX TOPHBIX
pabor u
obecrieunBaTh
NPaBUILHOCTD
BBITTOJTHEHUS ux
WCTIOTHUTEIISIMH,
COCTaBIISITh
rpaduxu
OpraHu3aIuu pador,
NEPCIEKTUBHBIC

Hpumepnble npakmuueckue 3a0anus ona 3auema:

1. B aBycTOpOHHEM THIPOIMINHAPE AuaMeTp rmopiras D = 160
MM, quamerpbl mTokoB d1=80mwm u d2 = 100 mwm. [Tpu
pabouem nasnenuu p = 10 Mlla, npoTuBOaBIEHNH B
CIIMBHOM MOJOCTH prp = 0,15 MIla u pacxone macna paboueit
nosioctbio 0,1 J1/c onpenenuTh YCUINE U CKOPOCTb,
pa3BHBaeMbl€ IITOKOM IIPU JABM)KEHUU BIIPaBO U BIIEBO.
[Tpunare mexannueckuii KII/I rugpourmagpa 0,96;
00beMHBIH — 1.
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Kon HNuaukarop
UHNKA JOCTUKCHUS OneHoyHbIE CpECTBA
TOpa KOMIICTCHITHH
IJIaHbI TOPHBIX 2. XKuakocth, wuMeromas mwiotHocth 1200  kr/mM°  m
pabot, MHCTPYKIMH nuMHAMHUYecKuil kodddumuenT Baskoctu 2-107 [Ta-c, u3 6aka
U CMETHL U IPYI'yro C NMOCTOSIHHBIM YpOBHEM | caMOTEKOM MOCTYHAET B PEAKTOP
PYKOBOZAILYIO 2. Omnpenenuth, Kako€ MaKCUMAJIbHOE  KOJHUYECTBO
AOKYMCHTAIIMIO KUAKOCTU (IIPH IIOJHOCTBIO OTKPLITOM KpaHe) MOXKET
nocrynarh u3 0aka B peakTop. YpOBEHb KUAKOCTU B Oake
HaxOQUTCsl Ha 6 M BBINIE BBOJA J>KUJIKOCTH B PEAKTOP.
TpyOonpoBoa BBINOJIHEH U3 AJIIOMHHHEBBIX TpyO ¢
BHYTpeHHUM guamerpom S50 wmm. OOmas  jaiuHa
TpyOOIIPOBOJIa, BKIIIOUAsi MECTHBIE COMPOTUBICHHS, 16,4 M.
Ha tpy6ormpoBoae umeroTcsi Tpu KolieHa U KpaH. B Oake u
peakTope AaBlieHue aTMochepHoe.
~
E
L
$
x
2
3. TlomoOparh HEOOXOMUMBIA JUAMETP IMHIMHIAPUYICCKOTO
Hacagka (U=0,82) ¢ Takum pacdyeToM, 4YTOOBI 4Yepe3 HEro
BEITeKano 77000 Kr/4 HedyTH MIOTHOCTBIO 865 kr/M®. Hamop
H nocTosHHBI U paBeH 12 M.
[1K-3.3: | Odopmunsier 3asiBku | IIpumepnvie 3a0anusn Ha pewienue 3a0ay u3z npogheccuoHaIbHOuU

Ha MaIIWHBbI,
MaTepHaIbl u
obopynoBaHue,
MOJTyYCHHE
B3pPBIBYATHIX
BEIIECTB T CPEJICTB
WHUITUUPOBAHUS,
3aIOTHSTh
HEOOXOMMBIC
OTYETHBIE
JTIOKYMEHTBI B
COOTBETCTBUU c
YCTaHOBJICHHBIMU
dbopMamu, HOpMaMu
Y TIPaBHJIAMH.

oonacmu

4. Ha pucyHke moKka3zaHa YIpOIIEHHas CcXeéMa OOBEMHOIo
TUAPONPHUBO/IA MTOCTYNATENBHOTO JBMXKEHHS C JPOCCENBHBIM
PEryJIupoBaHHEM CKOPOCTH BBIXOAHOTO 3BeHa (IToKa), rae 1 -
Hacoc, 2 - perynupyemslil 1poccens. ITok ruapormmuHipa 3
HarpyxeH cuioi F = 1200 H; quamerp nopmas D = 40 mm.

Onpenenutsb

IIpenoxpanuTtensbHbIi  KiamaH 4 3aKpbhIT.




Kon Nunuxarop
HHIAKA JOCTHKEHUS O1neHOYHBIC CPEACTBA
TOpa KOMIIETEHIINHU

JIaBJICHUE Ha BBIXOJIE M3 HACOCAa U CKOPOCTh TEPEMEIICHHUS
HOPIIHS CO IITOKOM Vy; TIPH TAKOM OTKPBITUH APOCCEIS, KOrIa
€ro MOYKHO paccMarpvBaTh KaK OTBEPCTHE ILIOMIAJBI0 So =
0,05 cm? ¢ koadurmentom pacxoma p = 0,62. ITogaua Hacoca
Q= 0,5 /c. [InotHOCTH 3KHIKOCTH p = 900 KI/M°. [ToTepsamu B
TpybonpoBogax npeHedpedb. [IocTpouTh ruapaBIMYEcKyIO
CXeMy, 3aJ1aTh HACTPOUKY KJianaH 4, CMOACIUPOBaTh PadOTy
IcC.

CornacHo 3ajaHHOM JuarpamMmmbl iepeMeIleHns pa3padoTaTh
CUCTEMBI YIpaBlieHUs: 1 - UCHOJB3YS peleHO-KOHTAKTHbIE
CXEMbI; 2 - HUCHOJB3YyS (CHUMYJATOp) KOHTpoJIIepa B
nporpamme  FluidSim-H. B samammu: A u C -
TUAPOLMIUHAPEL, B — rHapoMoTop aisi BceX BAapUaHTOB.
Hedernbie BapuanTel 10 9: mwmHap C IBYCTOPOHHEIO
JEHCTBUS  BEPTUKAJIBHOIO  pacnosiokeHus. Harpyxken
O6onbmMM BecoM. llpeaycMoTpeTh MO3MLMOHMPOBAHUE B
TE€YEHHUE JUIMTEIBHOr0 BpeMeHU. YeTtHble BapuaHTsl 10 10:
LWIMHAP A JBYCTOPOHHErO JI€HCTBUS BEPTHKAJIBHOIO
pacriosioskeHusi. I[IpenycMoTpeTb OJMHAKOBYIO M OBICTPYIO
CKOPOCTb IIEPEMEUICHMS KaK IIPU BBIIBWKEHUH, TaK U MPU
BraruBanuu.l1 - 16 BapuaHTbl  IPELYyCMOTPETH
BO3MOXXHOCTb JUCTAHIIMOHHOTO YIPABJICHUS YCWIMSIMH B
I'll ¥ MOMEHTOM B THMAPOMOTOpPE B IIOCIECAHEW TpETU
BPEMEHM ILIMKJIA. Jlns  Bcex BapuUaHTOB OOECIEeYHUTh
IJIaBHBIMA Pa3roH T'MIPOMOTOpPA U €ro MJIaBHOE TOPMOKEHHUE,
a TaKXke IMpeaycMOTpeTh pexuMbl paboTsl «KomaHmay,
«uxim», «Aptomat». IlpemycMoTpeTh  BO3MOKHOCTH
5G(GEKTUBHOTO  HCHOJb30BAHUS ~ HHEPIUU  HACOCOB.
Jlobutbes, 1O BO3MOXKHOCTH, MakcumanbHoro  KITJ]
TUIPOCUCTEMBI.




TUarpaMMy «IepeMeleHue-mar s 4 THAPOABUTraTeen

Kon Nunuxarop
WHINKA JNOCTUKCHUS Onenounsle cpencTaa
TOpa KOMIIETEHIIMH
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6. Hcxomss W3 KOHTAKTHO-PENICHHON CXEMBI  YIPaBICHHS
MHOTO/IBUTaTEIbHBIM TUAPOIPUBOAOM ITOCTPOMTE




0) Ilopsiiok mpoBeaeHUS MPOMEKYTOUYHOM aTTECTAIlUN, IOKA3ATE/IN U KPUTEPHH
OLlCHUBAHMUSL:
[IpomMexyTouHas aTTecTanus 1o aucuuIuinie «[ uapomMexanuka» BKIOYAeT TEOPETHUECKHE

BOIIPOCHI, TO3BOJISIOIINE OLEHUTh YPOBEHb YCBOCHHUS O0YJAIOIIMMUCS 3HAHUH, U TIPAKTHYECKUE
3a[]aHMsl, BBIABIISIONINE CTETIEHb CPOPMUPOBAHHOCTH YMEHUN U BIIaICHUH, TPOBOIUTCS B (hopme
3a4era.

3ader 1o JaHHOM TMCUHUILIMHE TPOBOJUTCS B BU/IE OTBETOB HA TECTOBBIC 3aaHus. TecTbl
BbIKJIa/IbIBatOTCS Ha noptaie MI'TY.

Hoxkazamenu u Kpumepuu ouenueanun zauema.:
«3a4TeHO» - BEICTABIISETCS IIpU YCJIOBUH, €CJIU CTYACHT ITOKA3bIBACT XOPOIIKUC 3HAHUA

y4eOHOro Marepuasa 1o TeMaM Kypca, 3HaeT OCHOBHBIC 3aKOHbI THIPOMXaHUKH, YCTPOUCTBO U
MPHUHIAI PAOOTHI THIPOANTIAPATOB, YMEET COCTABIISITh MPUHITUITHAIILHBIC THAPABIHYSCKUAC U
AIIEKTpUYECKUE cXeMbl. [Ipyr 3TOM CTyIEHT JIOTUYHO U MOCIEA0BaTENbHO U3JIaraeT MaTepuail,
PacKpbIBaeT CMBICI BOIIPOCA, IAa€T yIOBJIETBOPUTEIbHBIC OTBETHI HAa JTOMOJIHUTEIbHBIE BOMPOCHI.

«He 3auTeHO» - BBHICTABIISIETCS [IPH YCIOBUU, €CIIU CTYACHT BIaJCeT OTPHIBOYHBIMU
3HAHUSAMU 10 TeMaM Kypca, 1aeT HeMOJIHbIe OTBETHI Ha BOIIPOCHI U3 OCHOBHOM JIMTEPATYHI,
PEKOMEHIOBAaHHOM K KypCy.

MeToanyeckue peKOMeHIAUM 1JIsl TOATOTOBKH K 3a4eTy

[Ipu moAroToBKe K 3K3aMEHY Y CTYJEHTa J0JDKEH ObITh XOPOIIU y4eOHUK WIIM KOHCIEKT
JUTEpaTyphl, MNPOYUTAHHOM 1O  yKa3aHUIO IpenojaBareiss B TEUCHHE CeMecTpa.
KoHcnekTupoBaHue OMKHO OCYLIECTBIATHCS OOYYArOIIUMCS TOJIBKO JIMIIb CaMOCTOSITENIBHO.
[TpocMOTp COOCTBEHHBIX KOHCIIEKTOB MO3BOJIAET O0ydarolemMycsi OBICTPO BOCCTAHABIMBATH B
HnaMsTH COJiepKaHNEe HCTOUHUKA.

B Hagane cienyer mpocMOTpETh BECh MaTepuall M0 c1aBaeMOM TUCIUIUIMHE, OTMETUTh JJIS
cebs TpynmHble Bompochkl. OOs3aTenbHO B HHUX paszoOparhcs. B 3akmodeHue eme pas
11€J1€C000pa3HO MOBTOPUTH OCHOBHBIE IOJIOKEHUS, UCIOJIb3YS MPU 3TOM ONOPHBIE KOHCIEKTHI
nexkuui. Ilpu sTOoM HyXHO oOpaTuTh OCO0O€ BHMMaHHME Ha TEMbl YYEOHBIX 3aHITHUH,
HPOMYIIEHHBIX CTYJEHTOM 10 pa3HbIM IPUYHHAM.

Ecnu B npotiecce caMoCTOSTENbHOW PabOThl HAJl U3y4YEHHEM TEOPETHUYECKOTO MaTepuaa
WIY TIPU PEIIEHUH 33J1a4 Y CTY/I€HTa BO3HUKAIOT BOIPOCHI, Pa3pelIUuTh KOTOPhIE CAMOCTOSTENLHO
HE yJaeTcs, Heo0X0AUMO 0OPATUTHCS K MPETOAABATEINO AT TOJTYUYEHUs Y HETO pa3bsICHEHUH nin
yKa3zaHuid. B cBOMX BoOmpocax CTYAEHT JOJKEH YeTKO BBIPAa3UTh, B YEM OH HCIIBITHIBACT
3aTpyJHEHMs], XapaKTep 3TOro 3aTpyJHEHHS. 3a KOHCYJIbTalUel cienyeT oOpaliaTses U B cllydae,
€CJIM BOBHUKHYT COMHEHUS B IPABWJILHOCTH OTBETOB Ha BOIPOCH! CAMOIIPOBEPKHU.
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