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Pabouas mporpamma cocraiena Ha ocHoBe @I'OC BO - GakanaBpuat 1o HarpaBJIeHHIO
noarotoBku 15.03.06 MexaTpoHuka m poOoToTexHuKa (mpuka3 MwuHOOpHayku Poccum oT
17.08.2020 r. Ne 1046)

Pabouas nporpamma paccMoTpeHa 1 0J00peHa Ha 3aceJaHuu Kaheapbl [ opHBIX MaIIMH 1
TPaHCIIOPTHO-TEXHOJIOTUIECKUX KOMILICKCOB
13.02.2024, nporoxon Ne 4
3aB. kadenpoi A.N. Kypoukun

Pabouas mporpamma ogobpeHa meroaudeckoi komuccuendr U AuT
19.02.2024 r. mporokon Ne 3
IIpencenarens 7 A. IlbrTanes

CornacoBaHo:
3aB. xadeapoit ABTOMaTH3HPOBAHHOTO IEKTPONPHBOIAA H MEXATPOHHKH

Pabouas mporpamma cocraBieHa:
noteHt kapeapel [ MuTTK, kana. TeXH. HAYK A.M.Ounaros

Penensent: %
3am. HayanpHuka KPI[-2 OO0 "OCK" 4 C.B. HemkoB




JIner akryaauszanuu padoyeil mporpaMmbl

Pabouast mporpamMmma repecMoTpeHa, 00cykaeHa u ojgo0opena s peanusaruu B 2025 - 2026
yueOHOM rojly Ha 3acefaHuu Kadeapbl [OpHBIX MAIIMH U TPAHCIOPTHO-TEXHOJIOTHIECKHX

IIporokomor 20 1. Ne

3aB. kadempoii A.H.iypOIIKI/IH

Pabouast mporpamMmma repecMoTpeHa, 00CykaeHa u 0100peHa s peanuzanuu B 2026 - 2027
yueOHOM rojly Ha 3acefaHuu Kadeapbl [ OpHBIX MAIIMH U TPAHCIOPTHO-TEXHOJIOTHICCKUX

IIporokomor 20 1. Ne

3aB. kadempoii A.H.iypOIIKI/IH

Pabouas mporpamma nepecMoTpeHa, oocyxaeHa u ogqodpena st peanmsanuu B 2027 - 2028
y4eOHOM roy Ha 3aceqaHuu Kageapbl ['OPHBIX MAIIMH ¥ TPAHCIIOPTHO-TEXHOJOTHIECKUX

IIporokomor 20 1. Ne

3aB. kadeapoii A.I/I.EypquHH

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogoopena st peamzanuu B 2028 - 2029
y4eOHOM roy Ha 3aceqaHuu Kageapbl ['OPHBIX MAIIMH ¥ TPAHCIIOPTHO-TEXHOJOTHIECKUX

IIporokomor 20 1. Ne

3aB. kadeapoii A.I/I.fypqunH




1 Iles1u ocBOEHUS TN CHMILTHHBI (MOZYJI51)

[esbr0 AUCHUIIINHBI ABISETCA:

- U3YYEHHUE U OBJIAJICHUE CTYACHTAMH 3HAHWN 3aKOHOB TMPOCTATUKU U TUAPOJUHAMUKA
U peaju3alyy UX B THAPOIIPUBOAAX TEXHOJOTHUECKOro 000PYA0BaHUS U MAIlIUH,

- OBJIQJICHHE HAaBBIKAMU BBINIOJHEHUS HKCIEPUMEHTAIBHBIX M Ja0OpaTOPHBIX
UCCIICIOBaHUH, HHTEPIPETALlMU MTOJIyYE€HHBIX PE3yJIbTaTOB, COCTABJICHUS U 3alUTHl OTYETOB 110
IpOJIeTaHHOM padoTe,

-OBJIaJICHUE JI0CTaTOYHBIM YPOBHEM NPO(ECCHOHANBHBIX KOMIETEHIUI B COOTBETCTBUU
¢ tpeboBanmsimu PI'OC BO mno nampasnenuto mnoaroroBku 5.03.06 Mexarponuka wu
poOOTOTEXHHKA

[Tpodube MexaTpoHHBIE CUCTEMBI B aBTOMAaTU3UPOBAHHOM ITPOU3BO/ICTBE.

2 MecTo TMCHHMIIMHBI (MO/1YJIsI) B CTPYKTYpe 00pa3oBaTe/bHOil IPOrpaMMbl

JuctunmuHaa ['mapomMexaHwka BXOAWT B 4YacTh Y4YeOHOro IutaHa (GOpMHPYEMYIO
y4acTHUKAaMU 00pa30BaTEIbHBIX OTHOIICHH 00Pa30BaTeIbHOM MPOTPAMMBI.

Jisa  u3ydeHus  AMCUUIUIMHBL  HEOOXOAMMBI  3HAHUS  (YMEHHMs,  BJIAJCHUSA),
c(OpMHUPOBAHHEIC B PE3YJIbTATE U3YUCHUS TUCITUTUINH/ TIPAKTHK:

dusuka

Maremartuka

Texunueckas MexXaHUKa

3Hanus (YMEHUS, BIaJICHUs), MOTYICHHBIC TIPH M3yYEeHUHW TAHHOW IUCIUILIMHBI OyIyT
HEOOXOUMBI IJIS1 U3YUCHUS] JUCIUILITNH/TPAKTHK:

[logroroBka Kk  mpouenype 3alldThl M TPOLEAypa  3allUThl  BBITYCKHOU
KBTI (UKAIIMOHHON pabOThI

3 Komnerenuun odyuarouierocs, popMupyembie B pe3y/ibTaTe 0CBOEHUS

AUCHMILIMHBI (MOAYJISA) U IVIAHUPYeMbIe pPe3y/ibTaThbl 00y4eHHUs

B pesynbrare ocBoeHMs AMCUMILIMHBL (Monyisd) «l'mapomexaHuka» oOydaromuics
JIOJDKEH 00J1a/1aTh CIISAYIOUIMMU KOMITETEeHLIUAMU:

KO,[[ HHJUKATOpa I/IHI[I/IKaTOp JOCTHIXKXCHHUA KOMIICTCHIIMH

[1K-3 CmocoOGHOCTh pa3pabaThiBaTh TPOCTHIE Y376l M OJOKH MEXaTPOHHBIX CHCTEM,
BKJTIOYAIOLINX 3JIEKTPONPHUBO/IbI, THIPOIPUBO/IbI M THEBMOIIPUBO/IBI

[1K-3.1 Pemraer crangapTHble mpodeccoHaIbHbIE 3ajaul MO pa3paboTKe MPOCTHIX
y3J710B M OJIOKOB MEXAaTPOHHBIX CHUCTEM, BKJIIOUAIOLINX 3JIEKTPOIPHUBOJIBI,
T'MJIPOIPUBO/Ibl 1 THEBMOIPUBO/IBI




4. CTpyKTypa, 00bEéM U coep:KkaHue TUCHUIIMHBI (MOAYJIS)
OO0m1as Tpy10€MKOCTh JUCIIUTUTMHBI COCTABIISIECT / 3a4ETHBIX €AMHMI] 252 aKaj. 4acoB, B TOM YHCIIE:

— KOHTaKTHas pabora — 148,1 akan. yacos:
—aynutopHas — 140 akaz. 4acos;

— BHeayauTopHas — 8,1 akaj. 4acos;

— caMmocTosTeabHas padboTa — 32,5 akaj. 4acos;

— B (popMe npakTHuecKoil moarotoBku — 0 akazn. yac;

— MOJTOTOBKA K DK3ameny — 71,4 akaj. dac

®dopma aTTecTaluy - SK3aMEH

AynutopHast s
o | KOHTaKTHas pabora E QE ®dopma TeKyILero
Pasyen/ Tema § (B akaz. yacax) E > Bun 5 KOHTPOJIS Kox
[ — : g O | camocToATENbHOM yerieBaeMocTH H KOMITETEHIIHH
@) 5 g & paboTs TIPOMEKYTOYHOH
Tlexk. J;‘H' HE:II:T' 5 % aTTecTalun
1. Tema 1
[Ipoxoxnenne
Touck BBOJHOrO TecTa.Cnaua
11 mwwoern u rassl Ux JIOTIOJTHUTENIbHON 3a7a4y Mo TeMe
.  Cosl UHPOPMAIIH 1O «Kunkoctp u ee
(I)HE ITCCKIE CBOMCTRA 3aJaHHOM Teme ¢busnueckue
i{;;d;;BonmHe ?Iﬁgjﬁ?;i; ITogroroska CBOICTBaY. 3
hEpeHIATbHbIC nabopa-topHomy |3amuTa 1abopaTopHOH
ypaBHeHHs paBHOBeCHS 4 4 4 3aHATHIO. pabotsr Nel « IK-3.1
KUTKOCTH: OCHOBHOG Pemenne dusndeckre CBONCTBA
ypaBHEHHG FHApOCTATHKH; 3aJJaHHBIX 3a/1a4 JKUIIKOCTHY. 3
OCHOBEI B — o TeMe 3amuTa abopaTopHOH
Vpasnenus Ditepa. «KuakocTH 1 ra3sl pabotsr 2
1 UX pU3MIecKue «Onpenenenne
CBOWCTBa» THPOCTATHYECKOTO
JTaBJICHUS»
Hroro no pazneny 4 4
2. Tema 2
21 I'mnpocraTuka: 3amura 1abopaTopHOi
g dhepeHnuaIbHbIe Toucxk paboTsr Ne3
YpaBHCHHUS paBHOBeCHS [ — «Omnpenenenne
JKUJIKOCTH; OCHOBHOE HH(OPMALIH 110 IUIOTHOCTHU
ypaBHECHHUE THIPOCTATHKY; | -, 4 4 SAAHHOI TeMe HECMEIINBAIOIIHNXCS MK-3.1
OcCHOBBI TUJIPOCTATUKH. Toxrotoska SKUJIKOCTEI
VYpaBHeHUs Oiinepa. 3amuTa 1a00paTopHOi
OcHOBHbIE YpaBHEHUS nabopatopHomy paboTsl Ne4
THIPOJUHAMHUKHN OJHOPOJHON SAHITHIO. «"uppaBianueckuit
HEC)KMMaeMOM >KUAKOCTH. pece»
Wroro no pazneny 4 4
3. Tema 3




TTouck
JIOTIOJTHUTEILHOM
HHPOPMAITHH O
3aJIaHHOM TeMe.

Cpaua 3a7a4 110 TEME
"PeXUMBI IBUKECHHS
JKMJIKOCTH".

Pabora ¢ 3amura 1a60paTopHOi
KOMITBIOTEpHBIME |  paboThl Ne5 «Cua
00y4JaroIMu ABJICHHUS JKUJIKOCTH
3.1 Yaaot A A TK-3.1
IpOrpaMMaMH. Ha IJIOCKYIO
IToaroroBka K MMOBEPXHOCTH
nabopaTto-HoMy | Ne6 «OTHOCUTENbHOE
3aHATHIO. paBHOBECHE >KUAKOCTH
Pemenue 3amau BO BpallIaloNIeMcs
110 paszgenam cocyzae»
THAPOCTATHKH.
Uroro mo pazneny
4. Tema 4
3amuTa 3a1a4 1Mo
THAPOANHAMHUKE.
4.1 Tema. BIDKEHHE
. A Iouck Ne7 «Iloctpoenue
U/IeabHOM JKHIKOCTH, . N
JOTIOJTHUTENBHOM HaIOpHOM
ypaBHEHUE Bepnyinu, .
UHPOPMAIMK [0 | TMBE30METPUYECKOI
¢usnyeckas MHTEPIPETAINS . o’
3aaHHOH TeMe. JIMHUH IS MK-3.1
ypaBHeHus bepHysn.
N IMonroroBka TpybompoBoia
JIBmxeHme BSI3KOH
N 1ab0paTOpPHOMY CONPOTHUBIICHUS»
HEC)KUMaEeMOU JKUJIKOCTH.
3aHATHUIO. Ne8 «Ompenenenue
VYpasuenns HaBbe-Crokca.
peXIMa IBIDKEHUS
KHUKOCTH
Hroro no pazneny
5. Tema 5
3amuTa 1abopaTopHOH
paboTh
Ne9 «Onpenenenne
TTouck 3aBUCHUMOCTU MEXKIY
JOTIOJTHUTENBHOM THAPaBIHIECKAM
HH(pOpMaIUH 110 KJIOHOM U CpeHel
51 Kpurepuu  nomoOus. (bop " Y pel
3aaHHOH TeMe. CKOPOCTBIO TIPH
IIpumenenne KpHTEPHEB
IloxroroBka k TypOyJIeHTHOM IK-3.1

nonooust IpU  pELIeHUU
9KCIIEPUMEHTANBHBIX 3a/1a4.

nabopaToOpHOMY
3aHSATHIO.
Pemrenue 3aiay mo
THAPOJMHAMHKE.

JBIKEHUH BOJIBI»
NelO «MccnenoBanue
poliecca UCTeUCHUS
gyepes Majoe Kpyrioe
OTBEPCTHE U BHEIIHUH
LMIMHIPUYECKU T
HaCaJ0K»

Hroro no pazneny

6. Tema 6




6.1 Yucno  PeiiHonbjca.
JlamMuHapHBIA PEXUM TEUESHHUS

3amura 1abopaTopHOi
paboThbI

sxugkoctd. @opmyna Crokca. Iownck
. . | Nell «Teuenue raza
3axon ["arena-Ilya3zeiis. JIOTIOTHUTETHHON
0,1 o coruty JlaBams» TIK-3.1
MecTHbIe MOTEPH  DHEPTHUH. UHPOPMAIIH 110
o Nel2 «HcnpiTanue
BreiBon dopmyner bopma — 3a/laHHON TEMe.
LEHTPOOEIKHOTO
Kapmno. Bunasr MECTHBIX
N BEHTHJISTOPA»
CONPOTHUBIICHUI.
HUroro no pazaeny 0,1
7. Tema 7
3ammra 3aay.
IIpoxoxaeHue recra.
3amura 1a60paTopHOi
7.1 WcreueHue >XUAKOCTH W3 pabotbeiNel3
OTBEpCTHil u HAaCa/IKOB. «Omnpenenenne
Knaccudukanus orBepcTuil u Ilouck K03 PUIIIEHTOB
UCTEUCHUH. OcobeHHOCTH 01 JOIOJTHUTENFHOM |pacxona qpocceTbHOro K-3.1
HUCTEYEHUsI U3  OTBEPCTHH. ' UH(POPMAIIH 11O npubopa '
OcobenHoctn u 3aIaHHOW TEMe. (mmad—parmer) u
XapaKTePUCTUKU  UCTEUYCHHUS BostIoMepa Bentypu»
JKUIKOCTH M3 HACagKOB. Nel4. «Apmanramus
JTaTYUKA JTABJICHUS U
M3MEPHTENS pacxo/ia B
Fluid-Lab»
HWroro no pazneny 0,1
8. Tema 8
3amuTa 1abopaTopHOi
paboter Nel5
«IIpoBenenune
IKCIIEPUMEHTa C
8.1 T'mppaBnuueckuii yaap B 3aMKChIO IABICHUS U
Tpybax. [Mpuauser Iounck €ro TAPHPOBKH B
BO3HUKHOBeHHs. [Ipsmoli u JIOTTOJTHUTEILHOM Fluid-Lab» K31
HenpsMON THapoynap. Mepsl uHpopmaruu mo | Nel6 «IIpoBenenue '
MPEO0TBpAIICHHS 3aJJaHHOH TeMe. IKCHEPUMEHTA C
THApoyIapa. 3aIHCBHIO BEJTMINHBI
pacxona.
KonmyecTBeHHBIE
XapaKTePUCTUKHU B
Fluid-Lab»
Hroro mo pazneny
9. Tema 9
3amura 3aay.
IMpoxoxaeHue TecTa.
9.1 Knaccuguxarms p N
IMowuck 3amura 1abopaTopHOi
TpyOONpOBOAOB .
. JIOMOJHUTEILHOM pabotsr Nel7
T'unpasnuyeckuit pacuer 0,1 MK-3.1
uHpopMaIH 110 «PacxonHas
TpybonpoBonoB.  IIpumepsr N
3aaHHOM TeMe |XapaKTepUCTHKa OJIoKa
pacuera TpyOOIpoOBOIOB.
THJPABIMYECKOTO
MTUTAHAS
Wroro no pazneny 0,1




Uroro 3a cemectp

34 | 34 |

[ 03 |

OK3aMCH

10. Tema 10

10.1 OBILAS

XAPAKTEPMCTHKA
TUJIPOITPMBOJIA

TTouck
JOTOJHUTEIbHOM
HHPOPMAITHH 10
3aJJaHHOM Teme.

3amuTa 1abopaTopHOii
paboter Ne 2.1
Onpenenenue
XapaKTePUCTHKH
00BEMHOT0 Hacoca
IIpakTiueckoe
3ansatue 1 Ctpykrypa
THAPOIIPUBOAA
O603HaueHH
HOJICHCTEM U
a1emeHToB. [lopsmok
n300paKeHUs
THAPOCXEM.

2. YupasieHue
TIOJIO’KEHAEM
BBIXOJIHOTO 3BCHA
HCTIOTHUTEIHHOTO
MEXaHH3Ma ...
3anopHbie U
HaIpaBJIIOIIHe
THAPOATIApPaTEL.
Pacnipenenutenu 2/2,
312, 412,4/3.
MouHoCTh MpUBOJA.
(MoOuIBHBII Tparl.
[pecc. Mydenbhas
T1eYh)

IK-3.1

HWroro no pazneny

11. Tema 11




KUIKOCTU
I'MAPOCUCTEM.
I'NAPABJIMYECKUE
JIMHUU

111 PABOUYME

UL

TTouck
JIOTIOJTHUTEILHOM
HHPOPMAITHH 10

3aJIaHHOM TeMe

3ammra 3aay.
IIpoxoxneHue recra.
3amura 1a60paTopHOi
pabotsr 2.2
HccnenoBanue
XapaKTePUCTHK
paboThI HATIOPHOTO
THAPOKIIaNaHa
MPSIMOTO IEHCTBHS
IMpakTudeckas padbota
2 2. YnpagsneHue
MOJIOKEHUAEM
BBIXOJTHOTO 3BEHA
HCTIOTHUTEIIHLHOTO
MeXaHN3Ma HallopHbIe
Y HaTIPaBILIIOLIHE
THAPOATIApaThL.
Pacnipenenutenu 2/2,
312, 412,4/3.
MouHoCTh MpHUBOJA.
(MoOuUIBHBII Tparl.
Ipecc. Mydenbhas
T1eYh)

IK-3.1

Wroro no pazneny

12. Tema 12

121 HACOCBI
TUJIPOMOTOPEHI

)41

Tlouck
JIOTIOJTHUTEIILHOM
HHPOPMAIHH 110
3aJJaHHOM TeMe.

3amura 1a6opaTopHOi
pabotbr Ne2.3:
HUccnenoBanue
XapaKTePUCTHK
paboTHl HAIOPHOTO
THPOKIIaNaHa
HETIPSMOTO JIEHCTBHSD.
IIpaxTuueckoe
3aHsTHE 3.
Ynpasnenue
TIOJIOKEHAEM
BBIXOAHOI'O 3BCHaA
HCTIOTHUTEIHHOTO
MEXaHHu3Ma
3anopHbie U
HaIpaBJIsIoIe
ruapoamnmnaparsl.
Pacnpenenurens 4/3.
I'ugposzamok.
(Bummounsrit
HOTPY34HUK)

MK-3.1

HWroro no pazneny

13. Tema 13




3amura 3aay.
[Ipoxoxxaenue Tecrta.
3amuTa 1abopaTopHOii

padoThI
2.4:WccnenoBanue

XapaKTePHCTHK

paboThI
TMonck TPEXJIMHEWHOTO
JIOIOJIHUTENIbHOM PEAYKIMORHOTO
JIUTEPATYPHI 110 HApOKTIaTiaa . TK-3.1

., |IIpaxTuueckas pabora:

paccMmaTpuBaeMoit Vrpassenue
TeMe.

HOJ0XKEHUEM
BBIXOJTHOTO 3BEHA
UCIIOJIHUTEIBHOTO

MeXaHu3Ma

3amopHble u
HAIPAaBJISIOIINE
THAPOATIIApPaTEL.
Jloruueckue 3agayu.

13.1 TUIPOLWUIMHPEL | 5 | 2

Wroro no pasneny

14. Tema 14

3amura 3aay.
IIpoxoxnenue Tecta
3amura 1abopaTopHOi
pabotsr 2.5
Omnpenenenne
HEKOTOPBIX
XapaKTepUCTUK
paboThI TUAPONIPUBOJA
THowucxk IMpakTryeckas padora
. 5 Ynpasnenue
14.1 JIOTIOTHUTENBHOMN
T/IPOPACTIPEJIEJIUTEN | 5 unopmargi o |[YC o 18 BRIXOAROM - pe 3.
n paccmarpuBaeMoit 3BCHC
Tene HCTIOJIHUTEILHOTO
MEXaHHu3Ma
Pacuer
TUAPOLUIUHIPOB.
Ycunue Ha WITOKE.
I'uppasnuyeckas
MOII[HOCTb.
(ABTOMOOMJIBHBIN
nogbeMHUK. Peunoit

Oykcup)

Wroro no pazneny

15. Tema 15




15.1 Jlexrus
PET'YJIMPYIOLIA
HATIPABJISIIOIIA S
T'MAPOAIITIAPATYPA

ITouck
JIOTIOJTHUTENIbHOM
uH(popMaIUy 10
paccmarpuBaeMoin
TeMe.

3amura 3a1a4.
[Ipoxoxxaenue Tecra.
3amuTa 1abopaTopHOii
paboter 2.6
Hccnenoanue
XapaKTePUCTHK
padoThI
JBYXJIMHEHHOTO
perynsaTopa pacxozaa
IMpakTuyeckas padbota
6 IIpeoOpa3zoBanue
JIaBJICHUS HA TOPLIHE.
Cx1MaeMoCTh
JKUJIKOCTH
HcnonszoBanue
rpeoOpa3oBaHus
JIaBJIeHMSI Ha MOPIIHE
B pabote
HCTIOTHUTEIHHOTO
MeXaHu3Ma
ruapomnpusona. (IIpecc
U1l TOPUPOBAHHUS
JTUCTA)

IK-3.1

Wroro no paspeny

16. Tema 16

16.1 BCTIOMOT' ATEJIbHBIE

YCTPOMUCTBA
TUJPOCUCTEM

TTouck
JIOTIOTHUTENBHOMN
HHPOPMAIHH 110
paccmatrpuBaemMoit
TeMe.

3amuTa 3a1a4.
[Ipoxoxnenne Tecra.
3amuTa 1a00paTopHOi
paboThr Ne7
OKCIEpUMEHTAJIBHOE
HccIe0BaHue PadOThI
THAPOIPUBOAA C
JPOCCEIHUPYIOIINM
JeIuTeNeM IoToKa
IMpakTryeckas padora
7 Ioctpoenue
JuarpaMmm
(hyHKIIMOHUPOBAHUS
THIPOCHCTEM
Juarpamma
COCTOSIHUM.
Juarpamma
HepeMEILECHUH.
(Tepmormact-aBTOMAaT)

MK-3.1

HWroro no pazneny

17. Tema 17




3amuTa 1abopaTopHOii
pabotsr 2.8
OKCNIepUMEHTAIbHOE
HCCIICIOBAaHUE PaOOThHI
THAPOIIPUBOJA C

THAPO3aMKOM
Homck OJHOCTOPOHHETO
17.1 Jlexuus 8. . JICHCTBUS
I'nJPABJIMYECKUE Hﬁ;:;gg;;;f;i(:)ﬂ IMpakTuyeckas pabora K-3.1
CJEJSINE MMPUBO/BI . 8 OcHoBHEBIE
THUAPOYCUJIUTEIIN) PaCCMATPHBACMOH TU/IpaBINYECKUE
reme. TapaMeTpsl: JaBJIeHHE
U pacxoj
T'mnpaBnmuyeckue
CONPOTHUBIICHUSL.
IloTepu naBnenus B
rugpocucteme. (Lex
MPEccoB)
Uroro no pasneny
18. Tema 18
3amuTa 1abopaTopHOi
pabotsr 2.9
O3HaKOMIIEHUE C
181 CUCTEMBI ITouck PeryIHupOBKOMA
PA3TPY3K HACOCOB U JIOTIOJTHUTEJIbHON KJIaMaHOB U
PEIY TMPOBAHIS JIHTEPATYPEI 1O (hYyHKIIMOHUPOBAaHHEM
TUIPOIBUT ATEJIEI paccMmaTpuBaeMoil HACOCHOTO
TeMe. THAPONPUBO/IA CO
CTYIEHYAThIM
HN3MEHEHHEM pacxoja
paboueii )KuIKocTH
Hroro mo pazneny
19. Tema 19
Monck 3amuTa 1a00paTopHOi
JOTIOJTHUTENBHOM
19.1 CXEMBI THUIIOBBIX pabotsr 2.10
TUJPOCUCTEM JMTEPATYPEITIO | 1y o rpoiika perte
paccMmaTpuBaeMoit ABJCHI
TEMe.
Hroro mo pazneny
20. Tema 20
IMpakTuyeckas padbora
9 OrpanuyeHue
TTouck MMUKOBLIX JIaBJICHUI B
201 THEBMATHYECKHI JOTOJTHUTENHHOM THAPOTIPUBOAAX
IPUBO/ JIUTEPATYPBI 10 Perynupyromas
paccMmaTtpuBaeMoit anmaparypa.
TEME. Hanopusle knanaHs!.

TopMO3HBIE KIIamaHbl.
(PoTopHblit KOMOaiiH)

Wroro no pazneny

21. Tema 21




211 MOHTAX

)44

TTouck

OKCIUTY ATAL ) 2 | mercpurypramo | Cnene seme
accMaTprUBaeMOi sanatun

THIPOITPUBO/IOB p Te‘; N

HUroro no pazaeny 1 2

HWroro 3a cemectp 36 18 18 32,2 9K3aMeH

Hroro no aucumruinye 70 52 18 32,5 SK3aMeH




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

O6pazoBarenbHble TEXHOJIOTUU

Jns  peanu3anuu  NPEIyCMOTPEHHBIX BHJOB  yueOHOM paboOTBl B KauecTBe
o0pa30oBaTeNbHBIX  TEXHOJOTMM B  IpenoJaBaHUM  JAUCUUIUIMHBI  «[ MApOMEXaHUKa»
UCTIONB3YIOTCSl  TPAAUIMOHHAs, MHTEPAKTHBHAsA ¥ WH(POPMALMOHHO-KOMMYHUKAIIMOHHAS
o0pa3oBaTesIbHbIE TEXHOJIOTHH.

Ha 3aHATHSIX IIpelyCMaTPUBAETCS HCII0JIb30BaHNE 3JIEKTPOHHOI'O
JIEMOHCTPAllMOHHOI0-y4e0HOr0 MaTepuajia COJEpKallero CJIOXKHbBIE CXEMBbl, TaOMULbl U
MareMaThueckue Qopmynbl. MyiabTuMeaniiHoe 000pyIOBaHHE MOXKET OBITh HCIOJIH30BAHO
TaKXe ¥ CTYAEHTaMU JJIs1 JEMOHCTPALUU PE3yIbTaTOB BhINOJIHEHH 1a00paTOPHBIX padoT.

1. TpagunuoHHble 00pa30BaTENbHBIE TEXHOJOIMM OPUEHTHUPYIOTCS HAa OpraHU3alUio
00pa30BaTEeNLHOrO  Ipolecca, MPEANOJAraloly0 MpsAMYI  TPAHCISALMIO  3HAaHUH  OT
npernoiaBaTess K CTyIeHTY (IIPEeUMYLIECTBEHHO Ha OCHOBE OOBSICHUTEIHHO-MILTFOCTPATUBHBIX
METO/0B 00y4eHus1). YueOHas NesTeIbHOCTh CTYJAEHTAa HOCUT B TaKUX YCJIOBHSX, KaK IPaBUIIO,
PENpPONYKTUBHBIA XapaKTep.

®opmbl y4eOHBIX 3aHATHUI C UCIOIb30BAHUEM TPAAULIMOHHBIX TEXHOJIOTHI:

Wudopmannonnas JeKnus — MOCIENOBATEIbHOE H3JIOKEHHE MaTrepuaja B
JUCLUIUIMHAPHOM JIOTHKE, OCYIIECTBISIEMOE NPEUMYIIECTBEHHO BepOaJbHBIMU CpEICTBAMU
(MOHOJIOT Mpeno1aBaTes).

[IpakTHyeckoe 3aHATHE, MOCBAIIEHHOE OCBOCHUIO KOHKPETHBIX YMEHHMH M HaBBIKOB I10
IPEJIOKEHHOMY aIrOPUTMY.

2. VlHTepakTHBHbBIE TEXHOJIOIMH — OpraHu3anus oOpa3oBaTebHOrO Mpolecca, KOTopas
IpeJioiaracT akTUBHOE U HEJTMHEHHOE B3aUMO/IEHCTBUE BCEX YUACTHUKOB, JTOCTH)KEHHE HA ATON
OCHOBE JIMYHOCTHO 3HAYMMOro Il HHUX oOpa3oBaresbHOro pesynbraTa. Hapsny co
CHEIUAIM3UPOBAHHBIMU ~ TEXHOJOTUSMHU  TakOro  poja  INPUHIUIN  HMHTEPAKTUBHOCTH
IOPOCIEXHUBAETCSI B OOJBIIMHCTBE  COBPEMEHHBIX  OOpa30BaTENbHBIX  TEXHOJIOTMH.
WHTEpakTHBHOCTH TOAPA3yMEBAET CyOBEKT-CyOBEKTHBIE OTHOIICHHS B X0A€ 00pa30BaTeIbHOTO
npoliecca U, Kak clieZicTBUe, (OpMUpPOBAHUE caMOpa3BUBarolIeiicss HH()OpMaIIMOHHO-PECYPCHOM
CpEeJbL.

@®opMbl yueOHBIX 3aHATHH C MCIIOJIB30BAaHMEM CIIELUAIN3UPOBAHHBIX WHTEPAKTUBHBIX
TEXHOJIOTHI:

Jlekuust «oOpaTHOM CBS3M» — JEKIMS—IPOBOKalUs (M3JI0’)KEHHE MaTepHuaja ¢ 3apaHee
3aIUIAHUPOBAHHBIMU omunoKamu), nekuus-oecena, JEKIHSI-TUCKYCCHS,
JEKIUS-TIPECCKOH(PEPEHIINS.

3. HHbpopmManMOHHO-KOMMYHUKALIMOHHBIE ~ 00pa3oBaTeNbHbIE  TEXHOJOTUH  —
opranusaius 00pa3zoBaTeIbHOTO Mpolecca, OCHOBaHHAsI HA MPUMEHEHUH CIIEUAIN3UPOBAHHBIX
IPOTPaMMHBIX CpeJl U TEXHUYECKHUX CPEJCTB PabOThI ¢ HH(POPMALUEH.

@®opMmbl y4eOHBIX 3aHATHH C HCIOJIb30BaHMEM HH(POPMAIMOHHO-KOMMYHUKAIIMOHHBIX
TEeXHOJOTHil:JIeKIMsI-BU3yanu3anus — U3JI0KEHUE CONEP KAHUS CONPOBOKAAETCS NPE3CHTALNEN
(eMoHcCTparel yueOHbIX MaTepHaoB, MPEJICTABICHHBIX B Pa3IMYHbIX 3HAKOBBIX CUCTEMAX, B
T.4. WUTIOCTPATUBHBIX, IPaUIEeCcKUX, ayJH0- U BUIEOMATEPHATIOB).

JlabopaTopHoe 3aHATHE B (hOpME BUPTYaJIbHON BU3YaIM3allMH MPOIIECCOB U SBIICHUM,
IMPOUCXOJAIIUX B JKUIKOCTH M JEATEIBHOCTH C HCIOJIb30BAaHUEM CHELUAIN3HPOBAHHBIX
IIPOrPaMMHBIX CpeJ.

IlepenoBbie TEXHOIOTUHU, TPUMEHSIEMBIE IS TIOCTHXKEHUSI 00pa30BaTeIbHON 11eTH:

1. B yueGHOM mpolecce MpeaycMOTpeHbl 3aHATHS B (opme pa3dopa KOHKPETHBIX
CUTYallUH, CBSA3aHHBIX C TUAPABIMKOMN U THAPOITHEBMOIIPUBOIOM.

2. Ucnonp3oBaHne B y4eOHOM IPOIECCEe BUPTYAIBHOTO JIAOOPATOPHOTO MPAKTHKYMa TIO
paszzesaM TEXHUYECKON THAPOMEXAHUKH.

3. Ilpu mpoBeneHnu 1a0OpPaTOPHBIX pabOT paccMATPUBAIOTCS TECTHI IO pasjesiaM B



4. Ha nexiusax MCHOIb3yeTCsl KOMIBIOTEP C MPOEKTOPOM JUIsl OTOOPAKEHUS M JTYUIIEro OCBOCHUS
U3y4aeMoro Marepuaia.

6 YueOHO-MeTOAuYecKOe 00ecneueHHe caMOCTOSITeIbHOI padoThI 00y4Yalommxcst
[Ipencrasneno B mpuioxxenuu 1.

7 OneHoOYHBIE CPeACTBA AJIsl IPOBeAeHHs IPOMEKYTOYHOM aTTeCTAMI
[IpencraBieHbl B IPUIIOKEHUH 2.

8 YueOHo-MeTOAHYecKOe M MHPOPMAIMOHHOE 00ecnedyeHue JUCIUITIMHBI (MOYJIs1)

a) OcHoBHas TUTEpaTypa:

1. lomanckuii, 1.B. MexaHnuka KHIKOCTH U Ta3a . yucOHoe mocooue / M.B. JfomaHckuid,
B.A. HekpacoB. — Cankt-IlerepOypr : Jlanb, 2018. — 140 c. — ISBN 978-5-8114-3158-8. —
Tekcr : anektpoHHbd // DnekrponHo-Ombnmoreunas cucrema «Jlamp» : [caiit]. — URL:
https://e.lanbook.com/book/110915

2. CazanoB U. W. T'mapasnuka [DnektpoHHbii pecypc]: yuebnuk / Caszano U. U.,
Cxupmianze A. I'., Usanos B. . - M.: KYPC, HUI] UH®PA-M, 2017. - 320 c.: 60x90 1/16. -
Pexxum noctyma: http://znanium.com/bookread2.php?book=601869 . - 3arm. ¢ skpana. - ISBN
978-5-906818-77-5.

0) JlonosiHuTebHAS JIUTEPATYpA:

1. CokonoBa M. C. MexaHHKa KUIKOCTH U ra30B [ DIEKTPOHHBIH pecypc] : mpakTutkym / M.
C. CokonoBa, A. B. Tuxono, M. A. Jlememko ; MI'TY. - Marautoropck : MI'TY, 2017. - 1
AIIEKTPOH. OIIT. JICK (CD-ROM). - Pexum J0CTyma:
https://magtu.informsystema.ru/uploader/fileUpload?name=3404.pdf&show=dcatalogues/1/113964
8/3404.pdf&view=true. - MakpooOBbEKT.

2. Ocumnos, I1. E. I'mapaBnuka, rupaBiryeckie MauHbl 1 ruponpuBoa [Tekct] : yuebHoe
nocoowue. - 3-¢ U3 ., nepepad. u got. - Jlunenk : Marerpan, 2011. - 424 c.

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

4. Manko E. FO. TumpaBnmuka W TUAPOMHEBMOIPHUBOA [DIEKTPOHHBIN pecypc]
nabopatop-ueiid mpakTrkyM / E. 0. Manko, . T'. Ycos ; MI'TV. - Maraurtoropck : MI'TY, 2014. - 1
a5ekTpoH. onT. guck (CD-ROM). - Pexxum moctyma:

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

5. Konwra A.Jl., UBanoB C.A., Tounnkun B.B., ®unatoB A.M., 3anopoxusiii B.Jl., Barun
B.C. OcHOBBI (pyHKIITMOHUPOBAHMS THAPABINYECKHX CHUCTEM METAJUTyPrHYECKOro 00Opy-I0BaHUS:
yuaeb. mocobue. Marauroropck: M3a-Bo Marautoropck. roc. Texs. yH-ta uMm. I.M1.Hocoga, 2011. -
197 c. (nonymeno YMO no o0pa3oBaHuIO B 00JIACTH METAIIIYPTUU B Ka4eCcTBE y4eOHOro MOcoOus
JUIE  CTYACHTOB  BBICIIMX  YYEOHBIX  3aBEJCHH, OOyJalOImUXCs 10  CHEIHaTbHOCTH
«Metamtypruueckue ManHel 1 ooopyznoBanue»). ISBN 978-5-9967-0224-4.

6. Toumnkua B.B., ®unaroB A.M., 3agopoxnsiii B.J1., UBanos C.A., Konsra A.Jl., Barun
B.C. OcHOBBI (yHKIIMOHMPOBAHUS THJPABIUUECKUX CHUCTEM METALTypru4ecKoro o0opy-a0BaHHUS.
JlaGopaTopHBIi TPAKTHKYM TIO THAPONPHBOAY H THAPOAaBTOMAaTWKe. Yueb. Tmoco-0ue.
Marnutoropck: M3n-so Marautoropek. roc. Texs. yH-ta uM. I.M1.Hocosa, 2009. - 105 c. (romymieHo
YMO 1o o6pazoBaHuio B 00J1aCTH METAUTyprHH B KadecTBE y4eOHOIro Moco-Ousi NIl CTYJIEHTOB
BBICHIMX YU4€OHBIX 3aBe/IeHU, 00yJaromuxcs



o  coenuaidbHOCTH  «Me-Tajulypruyeckie  MammHel W oOopynoBanue»).  ISBN
978-5-9967-0085-1.

7. Tounnkun B.B., ®unmarop A.M., BanoB C.A., UnueneB H.A., Konera A.Jl., Barun
B.C. UccnenoBanue paboThl U XapaKTEPUCTUK 3JIEMEHTOB T'HMAPONPUBOAA METATyprHUYeCKHX
MamuH: y4eb. mocobue. MarHutoropck: M3a-Bo MarHuTroropck. roc. TEXH. YH-Ta HM.
I''.Hocosa, 2014. - 207 c. (momymeno YMO mo oOpa3oBaHHIO B 00JacTH METAUTyPTHH B
KadyecTBe yu4eOHOTO MocoOus JUIsl CTYIEHTOB BBICIIMX yYEOHBIX 3aBEICHHIA, 0OYyYaIOIIMXCS MO
CIIEUATILHOCTH «MeTauTyprudeckue MaHbl U o0opynoBanue»). ISBN 978-5-9967-0451-4.

8. T'mnpasnuka u rugponpuBox [Tekcr] @ yue6Hoe mocobue / H. C. I'ynunun, E. M.
Kpusen-ko, b. C. MaxoBukos, W. JI. [Tactoes ; mox o6mr. pex. U. JI. IlacToera ; pex. coset : JI. A.
[TyukoB (mipen.) u np. - 2-€ u3a., crep. - M. : MI'TY, 2001. - 519 c.

B) MeTonuyeckue ykazaHusi:

1. Touunkun B.B., ®unatoB A.M., Mauxo E.IO. T'maponpuBon. Metonuueckue
yKa3zaHus K jabopaTopHbIM paboTtam miisa cTyAeHToB cnernuansHoct 170900. MarauToropck:
MI'TY, 2001. 24 c.

2. Manko E.IO., Ycor WN.I'. I'mapaBiuka W THUIPOIHEBMONPUBOI: MeETOaUYECKUE
yKa3aHUsl K KOHTPOJBHBIM paboram st ctyaeHtoB Hampasienuid 190100, 150400, 150900 u
cnenmansHo-crerr 190205, 260301, 260303, 151001, 150400 Bcex d¢opm o00ydeHuUs.
[DnexTponnsIii pecype], Marautoropck: ®I'6OY BITO « MI'TY», 2012.

3. Jlenemwkun A. B. I'mapaBiuka u TuaponHEBMONPUBOA. [ HapaBiInyeckue MaliuHbl U
THPO-ITHEBMOTIPUBO/I [ DJIEKTPOHHBI pecypc]: yueonuk / A. B. Jlenemkun, A. A. MuxaiinuH, A.
A. Hleiimak. — 6-e m3a., nepepad. u pom. — M. : UHOPA-M, 2017. — 446 c. — (Bsicmiee
o0Opa3oBaHue: bakanaBpuar). — Pexum JOCTyTIA:
http://znanium.com/bookread2.php?book=548219 (mara ob6pamenus: 17.04.2024). — 3arn. ¢
JKpaHa

4.Ilonoe, I1. E. I'mapomHEBMONPHUBOJT TEXHOJOTHYECKOTO OOOpYIOBaHUsS : ydeOHOe
noco6wue / I1. E. Tomos, /I. A. broxun, I1. B. Hazapos. — Omck : OMI'TY, 2022. — 82 ¢. —
ISBN 978-5-8149-3443-7. — Tekct : anekrtpouHbiii // JlaHb : 31eKTpoHHO-OMONIHOTEUHAS
cuctema. — URL.: https://e.lanbook.com/book/343601 (nata obpaienus: 16.02.2024). — Pesxxum

TOCTVIIA® TITTS ARTONUR TTOTRRORATETTET

r) IIlporpammHuoe ob6ecnieyenune u MHTEpHET-pecypehl:

IIporpamMmmHoe oGecieueHue

Haumenosanue [10 Ne noroBopa Cpoxk neicTBuUS TUIICH3UU

7Zip ¢B000IHO pacupocTpansgeMmoe I10O 0eccpoyHO

DNeKTpPOHHBIE

TARATRL IO KYPEY g 997-12 o1 11.09.2012 GeccpouHo
I'mppasnnka n

ruaponpusoa’




KC Ilmroc
NHTepaKkTUBHBIN
Tpenaxep 3D
Atnac2.0

«Y CTpOMCTBO
runpapindeckux  |[-744-22 ot 29.07.2022
HacoCOB,
00BEMHBIX
TUJpOIBUTATEICH
M HACOCHEIX
CTAHTTA

OeccpouHO

IIpodeccnonanbHbie 0a3bl JaHHBIX U HHPOPMALMOHHbIE CIIPABOYHbIE CUCTEMbI

Hassanue xypca

CchUIKa

OnekTpoHHas 0a3a MepuoAMYEeCKUX W3maHmii East
View Information Services, OO0 «IBUCy»

https://dlib.eastview.com/

ITouckoBas cucrema Axamemus Google (Google
Scholar)

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

Poccuiickas l'ocynapcrBenHas oubanoTexa.
Karamoru

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

OnekTpoHHble pecypcbl Oubnmoreku MITY wum.
['.1. HocoBa

https://host.megaprolib.net/MP0109/Web

9 MaTtepHaJbHO-TEXHHYECKOE o0ecTeueHne TUCIUTIIHHBI (MOLYJIs1)

MaTepI/IaJ'IBHO'TeXHI/ILIeCKOG obOecrieueHue JUCHUIIIIMHBI BKIIFOYACT:




B cooTBeTcTBUY ¢ yueOHBIM IIAHOM IO JUCIHUILTUHE MIPETYCMOTPEHBI CIISAYIONINE BUIbI
3aHATUN: JIEKIIMH, TPAKTUYECKUE 3aHATHS, J1a00paTOpHbIE 3aHATHSA, CAaMOCTOSTEIbHas padora,
KOHCYJIbTAIIH, SK3aMEH.

VY4eOHble ayJUTOPUH JUIsl IPOBEACHUS 3aHATUHN JIEKLIMOHHOI'O THIIA!
- MyJbTUMEIUMHBIE CPEJICTBA XPAHEHHUS, IEPEIAYH U NPEeACTaBICHUS HH(DOpMALIUH.

VY4eOHble ayJUTOPUH JUIsl IPOBEACHUSI 3aHATUHN JIUIsl IPOBEACHUS TPAKTUUECKUX 3aHATHI:
- MyJIbTUME/IMHHBIE CPEJICTBA XPAaHEHNUs, [IEpeayuy U IPeCTaBIeHUs HH(popMaIuy;
- IOCKa, MYJIbTUMEAUMHBIA ITPOEKTOP, KPaH.

VY4eOHble ayIUTOPUM Ul IPOBEIEHUs IPYNIOBBIX U MHAWBUIAYAJIBHBIX KOHCYJIbTALUH,
TEKYILEro KOHTPOJIS U IPOMEKYTOUHOM aTTeCTAllK

- MyJIbTUME/IMHHBIE CPEJICTBA XPAaHEHNUs, [IEpeayuy U IPeCTaBIeHUs HH(popMaIy;

- IOCKa, MYJIbTUMEAUMHBIA ITPOEKTOP, KPaH.

[TomerteH s U151 CAMOCTOSITENBHO# pabOThl 00YYAOIHXCS:
- IepCcOoHaNIbHBIC KOMITbIOTEPHI ¢ makeToM MS Office, BBIX010M B MHTEPHET U € AOCTYIIOM
B DJICKTPOHHYIO 00pa30BaTEIbHYIO CPE/ly YHUBEPCHUTETA.

[Tomemenuss nmns  XpaHeHHS ¥ NPOQHUIAKTHYECKOrOo OOCTYXUBaHUS  y4eOHOTO
00opynoBaHus:

- CTeUI&XU JUIA XpaHEHUS Y4eOHO-HATJSAHBIX MOCOOMH U y4eOHO-METOIUYECKOM
JIOKYMEHTAI1H.

VY4eOHble ayJUTOPUH JUIsl IPOBEACHUS 1a00paTOPHBIX padoT:

Kommeke yuebHsblit «I uapaBauueckue NpuBOAbI U CPECTBA aBTOMATU3ALIUN,;
Komruiekc yue6Hsbii «I upoaBToMaTHKaY;

Kommeke 11 0TpabOTKH HaBBIKOB MPOEKTUPOBAHUS;

JlabopaTopus yueOHas ruspaBiandeckas «Kanempkay



MHNPUJIOXEHHUE 1
Y4eOHO-MeTOAMYECKOE 00ecTedyeHHe CAMOCTOSATEIbHOM PadoThl 00y4aArOINXCSI

MpumepHsie 3a8a4u o meme «Pusuyeckue ceolicmea udKocmu»:

3apgaya 1. ABToKkNaB 06bemom 25,0 1 HaMOTHEH XUAKOCTBIO M 3aKpbIT repmeTndeckn. Koadduumnent
TEMNEPATYPHOrO PacUMPEHUA XKULKOCTH B, ee moaynb ynpyroctn K. OnpeaennTb NOBbIWEHWE AABAEHUA B
aBTOK/1aBe Npu yBeAMYEHUM TEMMEPATYPbI }KUAKOCTU Ha BendmMHy AT. O6bemHol aedopmaumelr aBToK/1aBa
npeHebpeyb.

3apaua 2 (puc. 1). OnpeaennTb CKOPOCTb V PABHOMEPHOTO CKOJIbXKEHUA NPAMOYIroNbHOM NAacTuHbI (a- b -c) no
HaK/NIOHHOM NNIOCKOCTM NoA yraom o= 12°, ecan mexay NAacTUHOM U NNOCKOCTbIO HAXOAMUTCA CNOM Macna
TonwmHo 6. Temnepatypa macna 30 °C, N10THOCTb MaTepurana naacTmHbI p.

% /i
) — S|

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

3aN0J/IHEH MAC/1I0M, TO/1LLMHA CN0A KOTOPOTo paBHa 6.

OnameTp Bana D, gavHa BTyAKK L. Ban BpawtaeTca

pPaBHOMEPHO Noa, BO3A€V1CTBM€M BpalaloWwero MOMeHTa

M. OnpeaennTb YacToTy BpalleHUs Bana, ecnm
TemnepaTtypa macna pasHa 40 °C.

MpumepHsie 3adayu  no meme «fudpocmamuKa»:

3apayva 1 (puc.). 3aKkpbITbiit pe3epByap 3aMoHeH
AN3eNbHbIM TON/IMBOM, TEMMNEPATYpPa KOTOPOTro L |

20 °C. B BepTMKanbHOM CTEHKe pe3epByapa
nmeeTcs npaAmoyronbHoe oteepctre (D x b), :I:

3aKpbITOE NONYUNANHAPUYECKON KpbIWKOM. OHa 1
MOEeT NOBEPHYTbCA BOKPYT FOPU30HTa/IbHOM OCK
A. MaHoBakyymmeTp MY nokasbiBaeT

MaHOMETpPUYECKOEe daBneHne p,, naun J.

I e T e o e e —

BaKyymmeTpuueckoe p,. FnybuHa Tonavea Hag,
KpbILWKOM paBHa H. Onpegenutb ycuaune
F,KoTOpoe HeobX0ANMMO MPUNOKUTbL K HUXKHEN




YaCTU KPbILWKK, YTOObI OHA He OTKPbIBanacb. CUNON TAMKECTU KpbILWKK NpeHebpeyb. Ha cxeme noKasatb
BEKTOPbI AEeNCTBYHOLLMX CUA.

A

I M M M M N A A

f

3apaua 2 (pwuc.). BepTuKanbHaa UMAMHAPUYECKAsA LUCTEPHA C
nonychepmnyeckoit KpbILWKOM A0 CAMOro Bepxa 3amno/IHEHA KUAKOCTbIO,
NNIOTHOCTb KOTOPOI p. AnameTp uucTepHbl D, BbicoTa ee MV

uMnMHapudeckon yactm H. MaHomeTp M nokasbiBaeTt

MaHOMETpPpUNYECKOE OaBNneHNE Py,.

OnpeaennTb CUY, pacTArneatoLLyo 60aTbl A, U FOPU3OHTA/IbHYIO CUAY,
paspblBalOLLYIO UMCTEPHY NO cevyeHnto 1—1. CUNOoM TAKECTU KPbILWKK

npeHe6peL|b. BeKTopbl cMA NOKa3aTb Ha Cxeme.

3apgauva 3 (puc. ). Kpyrnoe otBepctve mexay AByMa pe3epByapamu

3aKPbITO KOHMYECKOW KPbILWKOM ¢ pasamepamm D H L 3aKkpbITbii

A .
pesepByap 3ano/HEH BOAOW, @ OTKPbITLIN - }KUAKoCTbio XK. K

3aKpbITOMY pe3epByapy CBEPXY NpUcoeanHeH MaHoBaKyymmeTp MV, NoKasbiBalOWMn MaHOMETpUYeckoe
AaBAeHMeE p,, UIN BaKyyM pg. Temnepatypa xugrocteii20 °C, rnybunsl h u H. Onpeaenuntsb cuny
cpesbliBatoLLyto 60Tbl A, U FOPU3OHTANbHYIO CUAY, AENCTBYIOLLYIO Ha KPbIWKY. CUNON TAXKECTU KPbILWKK
npeHebpeyb. BeKTOpbl CU/ NOKa3aTb Ha CXeMe.

MpumepHsie 3ada4u no meme «FUOPOOUHAMUKA»:

p=03

3apaua 1. Boga nepeTekaeT U3 HanopHoro 6aka, rae 3bbIToYHOE AaB/ieHMe BO34yXa MTa,

d =50
AOoNXKeH 6bITb paBeH KOE)(I)CI)VIL],VIGHT conpoTuneBaneHnNA KpaHa anAa Toro, yTObbI pacxoa BoAbl COCTaBAAN
Q=87 H,=1, , H,=3
£=05

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

n/c? BbicOTbl ypoBHEW M. YyecTb noTepto Hanopa Ha BxoAe B Tpyby

M Ha BbIxo4e M3 Tpybbl (BHE3anHoe paclinpeHune).



3amaua 2. Macjo BcachIBaeTCsi HACOCOM Ha BBICOTY Ny = 0,5 M o TpyOe auamerpom 20 MM 1
uHOM 1,2 M, KOTOpast UMeeT JiBa pe3kux n3ruda. Hacoc passuBaer nogauy 20 n/muH. Macio
I0THOCTBIO 900 KI/M° HMeeT KHHeMaTHYecKyio Bi3kocTh v = 4 - 10° m?/c. B Gake napienne
Bo3Ayxa — arMmocdepHoe. Ompenenuts, Kakoi BakyyM pa3BuBaeT Hacoc. [IpuHAThH s
MaciasgHOro GuibTpa Ko3(pQUIUEHTHI MECTHBIX compoTuBileHuil (g = 6, U1 BXoxa BO

BCACBIBAIOIIYIO MOJIOCTh Hacoca Cy = 2 U i u3rubda BcackiBaromie Tpyost Cy,r = 0,8.

Ilpumepnuie 3a0auu no meme «l'uopasnuueckuii pacuem mpyoonpoeooosy
3aoaua 1. Onpenenuths BEIMYMHY IOTEPb JABJICHUS, BBI3BAHHBIX IIOBOPOTOM

TpyOonpoBoaa quamerpom d = 200 MM Ha yron o = 90°. TpyOonpoBoa HOBBIN CTaIbHOM,
paauyc noBopoTa R =40 m. XKunakoe maciio MuaepaabHoe(V = 14,5x10™ m?/c; p =800 kr/ M3).
Pacxox xuaxoctu Q = 0,5 m%/c.
3anayva 2.
3amaua 4.8. XKugkocts ¢ mioTHOCTRIO p = 900 kr/M° 1 BsskocTbio v = 0,01 Cr
HArHeTaeTcs 1o rOPU30HTAIBHOMY TpyOonpoBony anuHOM L =4 M 1 quamerpom d = 25 M.
Onpenenuth AaBiIeHUE B HAYAIBHOM CEUCHHH, €CIM B KOHEYHOM CEYCHHH TPYOOIpOBOJA
naBieHue armocdepHoe, pacxom xuakocth Q = 6 11/c; MEPOXOBATOCTh CTEHOK
TpybonpoBoga A = 0,06 Mm.
3aoauu no pacuemy rnemeHmMo8 2UOPONPUBOOA
3agaua 1. /{ng moxsema rpy3a G co ckopocthio V=0,15 M/c MCHONB3YyIOTCS J1Ba
rugporunapa auamerpom D= 100
MM. [py3 cMelIeH OTHOCHUTENBHO OCH

CHMMETPUM TaK, YTO Harpy3ka Ha

mtoke lro mumuaapa F; =6 xH, a Ha

mToKe BTOporo muiuHapa F, =5 xH.

Kakum nomkeH ObITh KO3 GUIIUEHT
0, MECTHOTO COIPOTHBIICHHUS IPOCCEIS
Enp, UTOOBI TUIATGOpPMA TOTHHMANIACH
0e3 TepeKanuBaHus: Huamerp
TpyoonpoBoga d= 10 MM; MJIOTHOCTH

xuakoctu p=900 Kr/mC. [Torepsimu o

JUTMHE TPYOBI .IpeHeOpeYb.
3apaua 2. OnpepennTb pacxon *KUOKOCTWU, MPOMYCKAEMbl OrpaHMYMTENEM pPacXona, KoTopbli
PaCCMOTpPEH B 3ada4e 8, ecnu ANHamMn4yecKkana BA3KOCTb XUAKOCTU UL = 0,04 Ma-c 1 ee NNOTHOCTb P =

890 kr/m> Bocnosib3oBaTbCcA dopmynoit 4na notTepm Hanopa Ha TpeHne Npu TYpOyAeHTHOM pexnme
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CKOPOCTb.

MpUHMMas BMHTOBOW KaHa/ rMAPaBAMYECKU TNaakum, KoadpduumeHT
COMPOTUBAEHMA TPEHMA onpeaensaTb no dopmyne [/
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3agaya 3. OrpaHuuuTeNb pacxoja, KOTOPBIM CIYXKUT JJIs aBTOMAaTHYECKOIO
MOJJIepKaHUsl TOCTOSIHHOI'O PacxoJa B CUCTEME IPH IMOCTOSSHHOM BXOJHOM JIaBJIEHUU P, U
MEPEMEHHOM MPOTUBOJABJIICHUU P, COCTOUT M3 MOJBUXKHOTO nopiHs 1 auamerpom D = 60
MM, HMEIOIIIEro orBepctre 0=10MM 1 HArpy>KEHHOT'O MPYKHHOH 2.

[Tpu U3MEeHEHUH IPOTHBOIABIICHHS P MOPIICHD EPEMEIACTCs, U3MEHSISI OTKPBITHE D
OKOH B KopImyce 3 TakuM 00pa3oM, YTO pacxo/l Yepe3 OrpaHUuUTENb OCTACTCS TOCTOSHHBIM.

BbicoTa mpsMOyTroibHBIX OKOH B Kopiyce by =5 MM, ux cymmaphas miommaapb fo= 1,5
M.

Cuuras ycunue NpyXHHBI TOCTOSHHBIM M paBHBIM R = 550 H, ompexenuth mis
BXOJIHOT'O JIaBJICHUSI MacJia, paBHOTO P, = 15 MIla:

1. Bennuuny pacxoga Q, moaaep>;KuBaeMoro OrpaHuIuTeNeM.

2. 3aBHCUMOCTb OTKPBITHS D OKOH OT MPOTUBOIABICHHUS p U BETHUUHY OTKPBITHS IIPH
p=0.

3. MakcumasibHOE 3HAYEHUE MPOTUBOJABICHUS Pmax , HAUMHASA C KOTOPOI'O Pacxojl
Yyepe3 OrpaHrurTeNb OyIeT YMEHBIIAThCS.
Koadduiment pacxona oTBepcTrs B MOPIIHE U OKOH B

ilay

7 xopmyce npunste 4 = 0,6. ITnotHocTh Macna £ =850 Kr/ne.
Zr Ykazanue. Bocronb3oBaTbcs yCIOBUEM PaBHOBECHS
[, TOPIIHS B CJCAYIONIEM BH/IC:

a
Z Ap Qz =R
¥ 4
rme 4 p — nepenman naBiaeHWH 10 00€ CTOPOHBI

OTBCPCTHA B ITOPIIIHE.

3agauu 1Mo crueAsueMy npuBoay

3anava 1. B 1ByXCOIIJIOBOM THIPOYCUIIUTEIE
3acJI0HKa MepeMelIeHa B CTOPOHY OJIHOTO U3 COIUT Ha
BennurHy h OT cpesiHero mosnokenus ho, 4em BoI3BaH
nepenaj AaBjIeHUs Ap Ha TopLax
pacIpeeInTeNIbHOTO 30JI0THUKA U, KaK CIE/ICTBUE
3TOTO, €ro MepeMenIeHne T OT HEUTPATLHOTO
nojoxenus. Cuuras, YTo CHIIbI AaBJICHHS HA TOPLAX
30JIOTHHKA YPaBHOBEIIMBAIOTCS TOIBKO MPYKUHAMH,
OTIPENIENIUTD X, €CIIU JIaBICHUE MUTAHUS
TUJPOYCHIIUTENST P =6-10° ITa u MepeMeICHIE
3aciiouku h = 0,5hg.

JKecTkocTh Kax 01 U3 MPY>KUH 30JIOTHUKA C
=130 H/mm, ero auametp D = 10 mm.

Pacxox gepes coruto onpenensaTs o Gpopmyie

8 audpoqunundp




Q = ppmdy(hy — h)

e Wy - K03 GHUIMEHT pacxo/a coruia; P - JaBJICHUE MEPE] COIUIOM; P - IFIOTHOCTh
JKUJKOCTH.
3anauy pemuTh I ciydas, korjaa zdahg = 7d?1/4 n W = W, TAC U1, - KOADHUIMEHT pacxoaa

BXOAHOTO APOCCCIBHOI0 OTBCPCTUA U d]_ - €0 ANaMceTp.

3anaua 2. Paboyast )kMIKOCTh MOJAETCS K TUIPOYCHIIMTEIIIO TUIIA COTII0-3aCIOHKA 0T
OCTOSIHHBIM I[aB.]'IeHI/IeM Po=10 MIla. KoMaHaHBII 3JIEMEHT THAPOYCUITUTENS BKIOYACT
x MOCTOSIHHBIH JIpOcceb B BUE kuKiepa 01 = 3MM u
— 3 ﬁ . pEryIupyeMblil Ipocceib B BHE coruia dy=2MM ¢
i MOJIBU>)KHOM 3aCIIOHKOM Ha BbIXOJi€. [laBiieHHE px B Kamepe

— : :
_@ 4 5 E MEX1y IpOcCemsiMU nepeaaercs B pabouyro MoJIOCTh

~

Fo HCIIOMHUTENBHOTO ruapounnuuapa (D= 35 mm), nopiieHn
KOTOPOTO OMepT Ha NpykuHy kectkocThio C =200 H/em u

:j:__— HarpyxeH cwioi R= 7500 H.
‘W : ITpu u3mMeHeHuu 3a30pa h Mex 1y coriom u
- 3aCJIOHKOI M3MEHSIETCsI JABJICHUE Py BHI3BIBASI CIICASIICES
HepeMeIeHHE TTOPIITHS.
[ToctpouTth rpaduk 3aBUCKMOCTH MEXKTY 3a30pOM h U cMeleHrneM s MOPIIHS U3 KpaiHero

nosiokeHus, oteevarorniero h= 0. Onpenenuts S ipu h = 1 mm. Pacxos yepes kukiiep paBeH
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[TocTpouTh NOMOTHUTENBHO IPaUK 3aBUCUMOCTH 2/ nns kod(uIMeHTa pacxoaa

H COILIA-3aCJIOHKHU, ONIPCACIACMOTO U3 BBIPAKCHUA

Q, = uad,n 2P
e

3agaua 3. VIcogHUTENbHBIN HUIMHIP THIpoycuinTens (nuamerp nopuas Dy = 60mMM u
mrroka Dy = 30 Mm) Harpysken cuoit R = 3500 H. PaGouas sxuakocts (£ = 850 kr/mM° monaercs B
HIDKHIOIO TIOJIOCTH IuthHApa HacocoM H mox maBnenunem py= 5 MIla (mognepxuBaercs

MOCTOSTHHBIM C TIOMOIIIBIO TepenuBHOro kinanaHa [1K). -

KomaH1HBI# 0JHOKPOMOYHBIN 30J0THHUK (IuameTp miymkepa d, = 10 Mm), yrpaBiser
MEPEMEILECHUSMH IITOKA HUJIMH/IPA ITyTEM U3MEHEHUS OTKPBITUS UIMHIAPUYECKOIO OKHA, YEPE3
KOTOPOE KUIKOCTh MOCTYIAET U3 BEPXHEH MOJIOCTH LIWJIMHAPA Ha CIIHB.

B nopriise nuimuHIpa umeercs apoccenupytoiiee orseperue (0 = 4 Mm), 6iaromaps
KOTOPOMY MOKHO MPH ONPEICTCHHBIX OTKPBITUAX 30J0THUKA PEBEPCUPOBATH IBUKEHHUE MOPIIHS.



[TocTpouTh rpah MK 3aBUCHMOCTH CKOPOCTH Un YCTAHOBHBIIETOCS JABMKEHHS TIOPIIHS OT

OTKPBITUA X 30JIOTHUKA.
19

ot

YKasaTh, IpH KaKOM X mopiiens octanasiupaercs (Un = 0). KakoBo 6y/er 3HaueHne
IIPU 3aKPBITOM 30JI0THUKE?
Pacxon yepe3 npoccenupyroinee OTBEPCTHE
ompeaensiTh mo Gopmyre
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M 4€PE3 30JI0THUK
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Q, = p7d,X 2p70
P

rae Po — AABJIECHUE B BEPXHEU IMOJOCTU LAJIMH/IPA.

Kosdduuuents pacxona npunsats 44 = #2 =0,6.

TpenueM U yTeyKaMu B IIMJIMHPE TIPeHEOperaTh.
Vkazanue. Bocrionp30BaThCsl ypaBHEHHEM PAaBHOBECHS TOPIIIHS:
2
T
1 2 2
Po +R=p 7(D1_D2)
4 |
Y BBIPQKEHHEM PacXoa KHUIKOCTH U3 BEPXHEH MOJIOCTH B 30JIOTHHK TIPEJIIIOIAaras, 4To

MMOpHICHb ABUXXCTCA BBCPX, UMCCM
2
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Q0=Q1+Un 41

IIpumepHoe 3axanue mo JjadbopaTtopHoi padore.

ITo MCXOIHBIM TaHHBIM ISl IBYX THJIPOCUCTEM, ITOKa3aHHBIX HA pUC. 1, onpeaenuTh
CKOPOCTHBIE U CUJIOBBIC TTapaMeTpPhl THAPOIMINHAPA. Pe3ynbTaTsl BBeCTH B TaOHIy. OOBSICHUTH

MMOJIYYCHHBIC PC3YJIbTAThI.
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PI/IcyHOK 1- FI/IIlpaBJ'II/ILICCKI/IC CXCMBbI IMOJKIIIOYCHUA TUAPONUIINHAPA



NPUNOXHUE 2

OueHouHble cpeacTBa ANA NPOBEAEHUA NPOMENKYTOUHOM aTTectauum

a) MnhaHupyemble pe3yabraTbl 06yyeHUA M OLEHOUYHbIE CPpeacTBa 418 NpoBeaeHUA NPOMEXKYTOUHON aTTecTauum:

Koa MHANKaTOp OOCTUKEHMA

OueHouHble cpeacTsa
MHAMKaTopa KoMneTeHLUmMm

MK-3: Cnoco6HocTb pa3pabaTbiBaTb NPOCTbIE y3Jibl U 6/IOKM MEXAaTPOHHbIX CUCTEM, BKJIIOUAIOLWNX 3/IEKTPONPUBOAbI, rMAPONPUBOAbLI U MHEBMONPUBOADI

MK-3.1 Pewaer CTaHAAPTHbIE | [lepeyeHb Meopemu4yecKux 80Mpocos K 3avyemy:
npodeccmoHanbHble  3agaunM Mo

pa3paboTke TMpOCTbIX Y3/10B MU
6/I0KOB  MEXaTPOHHbIX  CUCTEM,
BK/IOYAIOLLMX 3N1EeKTPONpPUBOAbI,
rMAPONPUBOAbLI U MHEBMOMPUBOAbI

CeoiicTBa pabounx Kungrocten. OCHOBHbIE NOHATUA U ONpeLeneHns KNULKOCTH.
MNOTHOCTb U YAENbHbIV BEC }KUAKOCTU.
CXKMMaemMOoCTb KUOKOCTU.
KoaddpuumneHt 06beMHOro cxraTua.
KoapdumumneHT TennoBoro paclumpeHms.
Moaynb ynpyroctn }XUaKoCTu.
BA3KOCTb XXNAKOCTU.
KoaddruMeHT KUHEMATUYECKOM BASKOCTM HKUAKOCTMU.
KaBuTauma KMAKOCTW, cnocobbl NpeaoTBpaLLeHums.
. O6auTepaLma KUAKOCTH.
. TngpocTaTka, OCHOBHbIE NOHATUA U ONpPeaeNeHuUs.
MoHATME r’MAPOCTAaTUYECKOTO AaBNEHMA.
EAMHMLBI U3MEPEHMUA TMAPOCTATUYECKOTO AABEHMA.
. CBOICTBa rMApOCTaTUYECKOrO AaBAEHUS.
15. MoHATMA rmapocTaTUyeckoro aasneHus: abcontoTHoe, aTMochepHoe, M36bITOYHOE U BaKyyM.
. OnddepeHumanbHble ypaBHeEHWA ditiepa 15 PaBHOBECUS KUOKOCTU.
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Koa
MHOMKaTopa

NHAMKaTOP AOCTUNKEHMSA
KOoMneTeHLUMm

OueHouHble cpeacTsa

17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

37.
38.
30.
40.

41.
42.
43.
44,

OcHOBHOE ypaBHEHUE rMAPOCTaTUKM.
3aKoH Apxumega.
3akoH Mackans.
MexaHn3M C UCMOJIb30BAaHNEM YPaBHEHUA TMAPOCTATUKN, AOMKPAT. U MybTUNANKATOP.
MexaHW3M C UCMOJIb30BAHNEM YPABHEHUA TMAPOCTATUKN,  MYJIbTUMIMKATOP.
N3mepeHune faBneHna }XUAKOCTU.
PaBHOBecHe XNAKOCTM B COOOLLALOLLMXCA COoCyAax.
Cuna gaBneHmA }XNOKOCTU Ha BEPTUKAIbHYIO CTEHKY.
Cuna gaBneHmA }XUOKOCTU Ha TOPU3OHTA/IbHYIO CTEHKY.
Cvna paBneHus KNOKOCTU Ha HAKNOHHYHO CTEHKY.
OnpegeneHune TONWMHBI CTEHKMW.
MmapoamMHaMMKa, OCHOBHbIE onpeaeneHus.
FeomeTpurA NOTOKOB KMUAKOCTU.
Knaccudumkauma noToKOB KUAKOCTH
PeXKMmbl ABUKEHMA HKUAKOCTU. Yncno PeHonbaca.
JTaMUHapHbBIN pPeXnUM OABUKEHMUA HKUOKOCTU U €ro 3aKOHOMEPHOCTMU.
Pacxopa, v cpeaHAs CKOPOCTb MOTOKA NPU JAMUHAPHOM peXume.
TypOyNEeHTHbIN PeXUM OBUKEHUA KULKOCTU N €r0 3aKOHOMEPHOCTU.
3aKOH HepaspbIBHOCTM MOTOKA XUAKOCTH.
3aKOH COXpPaHEHMs IHEPIUKN SN NOTOKA XKUAKOCTU. YpaBHeHWe BepHynaun gns NoToka naeanbHoM
HKUOKOCTW.
YpagHeHWe bepHyAnu ana cTpyMKu naeanbHOM KUAKOCTHU.
YpasHeHWe bepHyAnn AN NOTOKa peasibHOM KUOKOCTU.
YpasHeHue bepHyAnu ana cTPYMKU peanbHOM XKUOKOCTU.
MprMmeHeHMe OCHOBHbIX YPaBHEHWUI ABUXKEHMUA NOTOKOB XMUAKOCTU ANA U3MEPEHUA CKOPOCTEN U PacxonoB
KUOKOCTH.
MppocTaTnyeckunii yaap. Popmyna Mykosckoro H.E. ans rugpoyaapa.
Cnocobbl NpeaoTBpalLeHnsa rmapaBANYecKkoro yaapa..
MoTepw Hanopa (faBnexHusa), onpegensemble 4aMHol Tpybonposoaa, dopmyna Japcu.
OnpegfeneHne MecTHbIX NOTepb Hanopa (AasneHus) B Tpybonposoae, dopmyna Belicbaxa.
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45.
46.
47.
48.
49.
50.
51.

OnpegeneHue notepb Hanopa (gasneHus) B Tpybonposoae, popmyna Japcu-Belicbaxa.
PacyeT 0bLLero conpoTMBAEHMA B NPOCTOM TRyHonpoBoae.

MocnepoBaTenbHoOe coeaAnHeHWe NPoCTbiX TPybonpoBoaos.

MapannenbHoe coeguMHeHMe NPOCTbIX TPYyH6ONpoBOA0B.

OnpegaeneHune NoTepb AaBAEHUA B peasibHOW rMapocucTeme.

dopmyna Topuuennm.

McTeueHme KMAKOCTU Yepes Maloe OTBEPCTUE B TOHKOW CTEHKe.

lNepeyeHb meopemuyecKux 80rnpPocos K IK3aMeHYy:

52

53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.

. loCTOMHCTBa M HeJOCTaTKM rMAponNpMUBoAa.

YcnoBHble 0603HaYeHUn B rMaponpuBoaax.

CTpyKTypa rugponpusoaa.

Cxembl C 06BEMHBIM PeryiMpoBaHNeM CKOPOCTU KUAKOCTU.

CXeMbl C perynnmpoBaHMem Cubl UCONHUTENBHOTO OPraHa;

Cxembl C 06BEMHbIM peryiMpoBaHNEM CKOPOCTU KUAKOCTU.

Hacocbl ruaponpuBoaos, ycaoBHble 0603HaYeHus. Tunbl

rMapoasuraTenu, ycioBHble 0603HaYeHNs.
MMAPOLMANHAPLI, YCNOBHbIE 0603HAYEHUS.

PacyeT OCHOBHbIX NapameTPoB rMAPOLUANHAPA.

rMapopacnpeaenvTenu, ycnosHble 0603HauYeHus.

3anopHble KnanaHbl, yCNoBHble 0603HaYeHus.

KnanaHbl faBneHuns, yc10BHble 0603HaYeHU .
MpeaoxpaHuTesIbHbIE KanaHbl, YC10BHblE 0603HaYeHus.

MoToYHbIE K/AanaHbl, yCI0BHble 0603HaYeHMs.

[poccenu, ycnosHble 0603HaYEHUS.

TMAPOAKKYMYNATOPSI, YCI0BHblE 0603HaYeHWs.

®dunbTpbIl, ycN0BHbIE 0603HAYEHWA.

Mprbopbl KOHTPONA TMAPONPMBOAA. YC/IOBHbIE 0603HAYEHUS..

MMApaBAMYecKas cxema NnpuMmeHeHusa anbdepeHLManbHOro rmapounavHapa.

TMAPONPMBOA 3aKPbITON MTMAPOCUCTEMBI, OCHOBHOM KOHTYP.

TMAPONPUBOA OTKPLITOM MMAPOCUCTEMBI.
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74.
75.
76.
77.
78.

79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.

Jlornyeckme anemeHTbI.
Peanunsauma normyecknx GyHKUUN B TMAPO- U MHEBMOCUCTEMAX.
MocTpoeHne cuctem ynpasaeHna KOMBMHALMOHHOTO TMNa.
MeToabl NOCTPOEHME MHOTOTAKTHbIX CUCTEM YNpaBAeHUA.
CTaTMyecKkMe XapaKTepUCTUKM WCMONHUTENIbHbIX MEXaHM3MOB MNOCTYNaTeNbHOrO0 U  BpaliaTeNbHOro
AencTBuA: (MexaHUYecKas, CKOpoCTHas).
NcnonHuTenbHble MeXaHN3Mbl C 0OBEMHbBIM PEFYIMPOBAHNUEM CKOPOCTM.
NcnonHuTenbHble MeXaHU3Mbl C 4POCCeIbHbIM PeryimpoBaHMeM.
MponopumMoHanbHble KnanaHbl, MpUHUMNbLI paboTbl.
KomneHcauma HarpysKkm ¢ NOMOLLbIO K/1anaHOB MOCTOSIHHOM Pa3HOCTU AaBJ/IEHUN.
JNeKTPOHUKa ynpaBaeHMa a0 NPonopuMoHabHbIX KAanaHoBs.
Kputepum ana onpeneneHnsa napameTpoB yNpaBieHMsA ¢ MOMOLLbIO NPONOPLMOHa/bHbIX KN1anaHoB.
CepBsoknanaHbl. MpuHuMnbl paboTbl.
AnnapaTHaA TexHUKa.
KoHTyp peryanposaHua.
BansHWe gMHamMUYeCcKMX CBOMCTB CEPBOK/IANaHa Ha KOHTYP peryamMpoBaHus.
PuUNbTPaLMA HA TMAPABANYECKMX YCTAHOBKAX C CEPBOKIANaHaMmn 1 NPONOPLMOHA/IbHBIMM KNanaHamu.
MpuMmepbl BbINOJHEHHbIX YCTaHOBOK C MCNO/b30BaHMEM MPOMNOPLMOHA/bHbBIX K/1anaHoB.
MpuMepbl BbINOJHEHHbIX YCTAaHOBOK C MUCMNO/Ib30BaHMEM  CEPBOKIAMNAHOB.
3KcnayaTauma NPoNopPLMOHANbHON TEXHUKM M CAeaaLLero rmaponpmeoaa.

MpumepHsbie npakmuyecKue 3adaHus 01 3a4ema:

1. Xwunakoctb, umetowasa nnotHocTb 1200 Kkr/m3 n AMHaMMYECKUin KoadPULMEHT BA3KOCTU 2:10° Ma-c, u3
6aKa C nocToAHHbIM YypoBHemM 1 camoTeKOmM mMocTynaeT B peaktop 2. Onpeaenutb, Kakoe
MaKCMMasibHOE KOJIMYECTBO KMAKOCTM (NPU NONHOCTbIO OTKPLITOM KpaHe) MOXeT NocTynaTb U3 6aka B
peakTop. YpoBeHb KMAKOCTM B OaKe HaxoauTcA Ha 6 M Bbille BBOZA KWAKOCTU B pPeaKTop.
TpybonpoBos BbINONHEH U3 AaNtOMUHUEBBLIX TPYO C BHYTPeHHMM amameTpom 50 mm. Ob6uias AavHa
TpybonpoBoza, BKAOYanA MeCTHble conpoTusnenus, 16,4 m. Ha TpybonpoBoge UMetoTcsa Tpu KofeHa U
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KpaH. B 6ake v peakTope AaBneHue aTmocdepHoe.

H=6Mm

2. NopobpaTb HEOBXOAUMbBIA AMAMETP LUMAMHAPUYECKOro HacaaKka (u=0,82) c TakMm pacyeTom, UYTobbl
yepes Hero BbiTeKano 77000 Kr/4 HedTH NAOTHOCTbIO 865 Kr/m>. Hanop H NOCTOAHHbI 1 paseH 12 m.

MpumepHsbie npakmuyveckue 3a0aHUA 044 IK3ameHa:

1. B ABYCTOPOHHEM rMAPOLUANHAPE AMaMeTp nopwHa D = 160 mm, AnameTpbl WTOKoB d=80mMM U d, =
100 mm. MNpwu pabouem gasneHmn p = 10 Mla, npoTMBoAaBAEHUM B CIMBHOW NOAOCTU Py, = 0,15 MMNa n
pacxoge macna paboueii nonoctoio 0,1 n/c onpeaennTb yCUAUE U CKOPOCTb, Pa3BMBAEMbIE LUTOKOM
npv ABUXKEHMM BNPABO M BNEBO. MpUHATL mexaHu4yeckuit KMA ruapoumnmHapa 0,96; o6bemHbIl — 1.
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MpumepHble 3a0aHUA HA peweHuUe 3a0ay U3 npogeccuoHanbHolii obaacmu
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Ha pucyHKe noKasaHa ynpolleHHas cxema 06beMHOro rMaponpuBoAa MOCTYyNaTe/IbHOrO ABUMKEHMA C
OpOCCeNbHbIM PeryIMpoBaHMEM CKOPOCTU BbIXOAHOTO 3BeHa (LUToKa), rae 1 - Hacoc, 2 - peryampyemsiit
apoccenb. WTok rmagpoupnnHapa 3 Harpy:keH cunoihh F = 1200 H; amametp nopwHa D = 40 mm.
MpepoxpaHuTenbHbI KnanaH 4 3akpbiT. OnpeaennTtb AaBleHME Ha BbIXOL4E M3 Hacoca W CKOPOCTb
nepemeLL,eHmA MOPLLHA CO WTOKOM V,, NPy TaKOM OTKPbITUW APOCCeNA, KOr4a ero MOXHO paccMaTpmBaTb
KaK oTBepcTMe naowaabto So = 0,05 cm? ¢ KoadduumeHtTom pacxoaa U = 0,62. Noaaya Hacoca Q = 0,5 a/c.
MNOTHOCT KuaKocT p = 900 Kr/m®. MoTepamu B Tpy6onposoaax npeHebpeub. OCTPOUTHL
rMApPaB/MYECKYIO CXEMY, 3a4aTb HAaCTPOMKY KnanaH 4, cmoaenvpoBath paboty I'C.

CornacHo 3ajaHHON Auarpammbl nepemelleHnsa pa3paboTaTb cUcTeMbl ynpasaeHua: 1 - ncnonbsys
penenHo-KOHTaKTHble CXeMbl; 2 - UCNOAb3ya (CMMynaTop) KoHTponnepa B nporpamme FluidSim-H. B
3agaHuun: A n C — rmgpounanHapsl, B — rmgpomoTop Ana Bcex BapuMaHToB. HeueTHblie BapmaHTbl 4o 9:
unnnHgp C ABYCTOPOHHEro AeincTBMA BEPTUKA/IbHOMO PAcnosioKeHuaA. HarpyskeH 60/bliMM BECOM.
MpeaycmoTpeTb NO3ULMOHMPOBAHUE B TEYEHME AJIUTENbHOro BpemeHu. YeTHble BapuaHTbl go 10:
UMAMHAP A 0BYCTOPOHHErO AENCTBMA BEPTUKANBHOIO pacnofioxKeHuA. MNpeaycMmoTpeTb 04MHAKOBYHO U
ObICTPYIO CKOPOCTb MEPEMELLEHNA KaK NPU BbIABUMKEHUM, TaK U NpW BTArMBaHUK.11l - 16 BapuaHTbI
npeaycMmoTpeTb BO3MOHOCTb AUCTAHUMOHHOIO ynpasaeHua ycuamamu B L, n momeHTOM B
rMgpoMmoTope B MOC/AeAHeN TpeTu BpemeHu uuKkna. [nAa Bcex BapuvaHTOB obecneynTb NAaBHbIN
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pPasroH rMapomoTopa M ero njaaBHOe TOPMOMKEHMEe, a TaKKe MpeaycMOTpeTb pPexmMmbl paboTbl
«KomaHga», «Uukn», «AstomaT». [NpegycmoTpeTb BO3MOXKHOCTb 3PGEKTUBHOFO MCMNOAb30BaHMUA
3Heprum Hacocos. Jobutbca, No BO3MOXKHOCTU, MakcumanbHoro KIMA rmapocucremsl.
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4. Wcxopa wu3 KOHTaKTHO-pel'IEﬁHOﬁ CXemMmbl ynpasieHnA MHOrogsuratesibHbim rmaponpmneogom

NOCTPONTE AMarpammy «nepemelleHue-war» ans 4 rmapoasurareneii
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6) NopsaaoK NpoBeAeHMA NPOMEKYTOUHOM aTTecTauum, NoKasaTeamn U KpUTepPumn OLLeHUBaAHUA:

Mpy NOAroTOBKE K 3K3aMeHy Yy CTyAeHTa [O/KeH ObiTb XOPOWWM YyYeBHWK WMAM KOHCNEeKT
NMTepaTtypbl, MPOYMTAHHOM MO YKa3aHWIO NpenoaaBaTens B TeuyeHWe cemecTpa. KoHcnekTupoBaHue
AONKHO OCYLLECTBAATLCA OBY4YaloWMMCA TOMbKO /IMWb CamMoCTOATENbHO. [1pocMOoTp coBCTBEHHbIX
KOHCNEKTOB No3B0/ifieT obyyatowemyca 6bICTPO BOCCTaHABAMBATL B NAMATU COAEPHKAaHME UCTOYHMKA.

B Hauyane cneayet NPOCMOTPETbL BECL MAaTepUan No CAABAaEMON AUCUMUMNANHE, OTMETUTL 1A cebn
TpyaHble Bonpocbl. Ob6s3aTenbHO B HMX pasobpaTtbca. B 3akiloyeHMe elle pa3s LesecoobpasHo
MOBTOPWUTb OCHOBHbIE MOJIOXKEHUA, WUCMOJb3YA MPM 3TOM OMOPHbIE KOHCMEKTbl feKuuin. [pu 3Tom
HY»KHO 06paTUTb 0coboe BHMMaHME Ha Tembl y4ebHbIX 3aHATUIM, NPONYLEHHbIX CTYAEHTOM MO PasHbIM
npuymMHam.

Mpyn noarotoBKke K 3K3amMeHy HeobXoAMMO MOBTOPATb NPOMAEHHbIA MaTepuan B CTPOrom
COOTBETCTBUM C y4yebHOM pabouyeit NPOrpammoit AUCUUMNAWHLI, NMPUMEPHbIM NepedyHemM YyYebHbIX
BOMNPOCOB, BbIHOCALLMXCA HA 9K3aMeH U COLEPKALLMXCA B JAHHOM Nporpamme.

Ecnn B npouecce camocToATeIbHOW paboTbl HaA U3ydeHUemM TeopPeTUYECKoro maTepurana uam npu
peleHnM 3agay y CTyAeHTa BO3HMKAlOT BOMPOCHI, paspellmTb KOTOpble CaMOCTOATENbHO He yaaercs,
HeobxoAMMOo 06paTUTLCA K NpenoaaBaTento Aaa MoAyYeHUA Yy Hero pasbACHEHMI WMAKW yKasaHui. B
CBOMX BOMpPOCax CTYAEHT A0NXEH YETKO BbIPasuTb, B YeM OH UCMbITbIBAET 3aTPyAHEHUA, XapaKTep 3TOro
3aTpyaHeHna. 3a KOHcynbTaumel cnegyeT obpaliatbcd U B CAyyae, ecivM BO3HUKHYT COMHEHUA B
NpPaBUIbHOCTM OTBETOB Ha BOMPOChI CAMOMPOBEPKM.

lTokaszamenu u Kpumepuu oyeHUBAHUA:

— Ha OUEHKY «oTAnYHOY (5 6annoB) — 0byyatoWMIica 4EMOHCTPUPYET BbICOKUIA YPOBEHD
cpOpPMMUPOBAHHOCTM KOMMNETEHLMNI, BCECTOPOHHEE, CUCTEMATUYECKOE U r1yboKoe 3HaHWe yyebHoro
MmaTtepuana, cBobOAHO BbIMOJHAET NPaKTUYECKUE 334aHUSA, CBOOOAHO ONepupyeT 3HaHUAMM,
YMEHUAMMU, NPUMEHAET UX B CUTYyaLMAX NOBbILEHHOW CNOXKHOCTH.

— Ha OUEHKY «xopowo» (4 6anna) — obydaoWwmincs 4EMOHCTPUPYET CPEeHUI YPOBEHb
chOPMMUPOBAHHOCTM KOMMETEHLMIA: OCHOBHbIE 3HAHWA, YMEHWUA OCBOEHbI, HO AOMYCKAOTCA
He3Ha4YuTebHble OLLIVI6KVI, HETOYHOCTH, 3aTpyaAHEHUNA NPU aHATUTUYECKUX ONepaumnax, nepeHoce
3HAHWI M YMEHWIA Ha HOBble, HECTaHAAPTHbIE CUTYaLUN.

— Ha OLUEHKY «yA,0BAeTBOpUTENbHOY (3 6anna) — obydalowmincs 4eMOHCTPUPYET NOPOroBbIA YPOBEHb
chOpPMUPOBAHHOCTN KOMMETEHLMNI: B XOA4€ KOHTPOJIbHbIX MEPONPUATUI AONYCKAKOTCA OWNOKK,
NPosABAAETCA OTCYTCTBUE OTAENbHbIX 3HAHWUI, YMEHUI, HABbIKOB, 06yYatoLWMINCA UCMbITbIBAET

3HauYMTe IbHblE 3aTPYAHEHUA NPU ONEPUPOBAHMM 3HAHUSMM U YMEHUAMM MPU UX NEPEHOCE Ha HOBbIE
cUTyaumm.

— Ha OLLEHKY «HeyAOoBAeTBOpUTENbHO» (2 6anna) — obydyaroLmnncs AeMOHCTPUpPYET 3HaHUA He Bonee
20% TeopeTU4Yeckoro matepuana, LONYyCKaeT CyLEeCTBEHHbIE OLUMOKKU, HE MOXKET NoKasaTb
WHTENNIEKTYaIbHblE HaBbIKM PeLIeHNA NPOCTbIX 3a4a4.

— Ha OLEeHKY «HeyaoBneTBopUTeNnbHO» (1 6ann) — obyyatoWwmincs He MOXKET NOKa3aTb 3HAHMA Ha YPOBHE
BOCMpoun3BeaeHna U 06bACHEHUA MHPOPMALUKN, HE MOXKET NOKa3aTb MHTENEKTYalbHble HaBbIKM
pelleHna NPOCTbIX 3a4au.
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