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JIncrakryaausanuupadodeiinporpaMmbl

Pabouast mporpamMma nepecMoTpeHa, 00CykaeHa U 0100peHa s peanuzaruu B 2026 - 2027
y4eOHOM ToJTy Ha 3aceaHuu Kageapsl [OpHBIX MAIllMH U TPAHCIOPTHO-TEXHOIOTHYECKHUX

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

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

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

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

[Iporokon ot 20 . Ne

3aB. kadenpoit A.I/I.fypquHH

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

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

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

[Iporokom ot 20 . Ne

3aB. kadeapoit A.I/I.fypquMH

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

[Iporokom ot 20 . Ne

3aB. kadeapoit A.I/I.fypquHH

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

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




1 Heau ocBOeHMS TUCHUIIIIMHBI (MOIYJIA)

dbopMupOBaHUE y CTYIEHTOB 3HAHUI 110 MPOEKTUPOBAHUIO U PACUETY CIEIAIINX
CHCTEM T'HAPONPUBOJOB TOPHBIX MAIIUH U 000PYJOBAHUS U YMEHUMN MO UX HCIIOIb30BAHUS B
MIPOEKTHBIX PEIICHUSX.

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

Jucuunnuna [IpoekTupoBaHue U pacueT CIeIsIIuX CUCTEM THAPOIIPUBOAOB TOPHBIX
MaIluH ¥ 000pyI0OBaHUS BXOJHT B YaCTh Y4€OHOTO I1aHa (opMUPYEMYIO yHaCTHUKAMHU
00pa3oBaTeNbHBIX OTHOIIEHUI 00pa30BaTEIbHOM TPOrpPaMMBI.

JUia n3yyeHus JUCUUIUIMHBL HE0OXO0AUMBI 3HAaHUS (YMEHUS, BIIa/ICHU),
c(OpMHUPOBAHHBIE B PE3yJIbTAaTe N3YUYEHUs TUCLMILUIMH/ IPAKTUK:

MexaHn4eckoeo00py10BaHHEKAPhEPOB

CranuoHapHble MalIMHBI (IIaXT, KAPHEPOB U 000TaTUTEIBHBIX (pabpuK)

Teopust HaIeKHOCTH TOPHBIX MAIIUH U 000PYIOBaHUS

TpaHCOPTHBIECUCTEMBITOPHBIXIIPE A PUATUI

3HaHus (yMEHUs, BIIAICHUs ), OJYyYEHHbIE IPU U3yYECHUH JAHHOM JTUCLUIUIMHBI
OyayT HeOOXOAUMBI JUI U3YUSHHSI JUCLUIUIMH/IPAKTUK:

[TporpamMupyembie KOHTPOJIEPHI B CUCTEMaX aBTOMATH3AIMK ITPOU3BOACTBEHHBIX
IIPOLIECCOB

OKcIutyaTanus, TEXHUYECKoe 00CITy)KUBAaHHE U PEMOHT I'OPHBIX MaIlIUH

3 Komnerenuun ody4aromerocsi, popmupyemsbie B pe3y/ibTaTe 0CBOCHHUS

AUCHUILIMHBI (MOYJI1) M IJIAHMPYeMble pe3yJIbTaThl 00y4eHus

B pesynbrare ocBoeHus aucuuiuinebl (Moayis) «lIpoektupoBanue u pacuer
CIIESIIIUX CUCTEM THUAPOTIPHUBOIOB TOPHBIX MAIIUH U 000PYIOBaHU» 00yUYarOIIUHACS
JOJKEH 00J1a/1aTh CIEAYIOIUMU KOMIETCHIIUSAMU:

Komunaukaropa WNHIuKaTOp10CTHKEHUSIKOMIIETEHITUT

ITK-3 CniocoGen pa3pabaThiBaTh U JOBOIUTH 10 HCIIOJTHUTEIICH HAPSIBI M 3aJaHHsI HA
OCYILIECTBIIEHUE MPOESKTUPOBAHUS U SKCIUTyaTallul TOPHBIX MALIUH U 000PYA0BaHNUA,
KOHTPOJINPOBATH KaueCcTBO PabOT M 00ecreuynBaTh MPAaBUJILHOCTh BBITIOJIHEHUS X
WCIIOJIHUTEIISIMU, COCTaBIISATh TpaduKy padOT U NEPCIIEKTUBHbBIE TUIaHbI, UHCTPYKLIUHU, CMETHI,
3asdBKHW HAa MAIIIMHbI U O60p}’ILOBaHI/IC, 3aIlOJIHATH HGO6XOI[I/IMI)IG OTUYCTHBIC TOKYMCHTEI B
COOTBETCTBHUH C YCTAHOBJICHHBIMU (hOpMaMu

[1K-3.1 [Tnanupyer u opranu3oBbIBaeT 3P PEKTUBHYIO pabOTy TOPHBIX MAIIUH U
000pyTI0BaHUS

[1K-3.2 Ocy1iecTBiIsieT KOHTPOJIb Ka4eCTBa IPOEKTUPOBAHUS U IKCIUTyaTalluy U
PEMOHTA TOPHBIX MALINH U 000PYAOBAHHUS C II€JIbIO MOBBIILIEHUS UX
HAaJIC’KHOCTH

I1K-3.3 OdopmisieT 3a8BKM Ha MallIMHBI U 000pYy10BaHUE, 3aMOTHSITh
HE0OXOIUMBbIE€ OTYETHBIE JOKYMEHTBI B COOTBETCTBUH C
YCTaHOBJIEHHBIMU (hOpPMaMHU.




4. CTpykTypa, 00b€M U cofepkaHne TUCUUIIMHBI (MOTYJIs1)

OO6mias TpyA0€MKOCTh JUCIHUIUIMHBI COCTABIISIET 2  3a4€THBIX €IMHMI] 72 aKaj. 4acoB, B TOM

HHUCJIIC:

— KOHTaKkTHast pabora — 6,4 akaJ. 4yacos:
— ayuTopHas — 6 akaJl. 4acos;
— BHeayauTopHas — 0,4 akaj. 4acos;

— camocTosTenbHas pabora — 61,7 akaj. 4acos;

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

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

AynuropHas % s
KOHTaKTHas paboTa E g dopma TeKyIero
B aKaJ. yacax SRS Bun KOHTPOJISI
Paszen/ Tema 2 (B axan ) £ y P Kox
> 8 © | camocrosiTenpHOM | ycmeBaeMOCTH U
JUCLUATUINHBI < g ® . | xommerenyu
8 5 paboThI MIPOMEKYTOUHOM
it mab. | mpakt. | 38 aTTeCcTaluu
eK. s 8
3aH. 3aH. | O
1.
1.1 I'mopaBnuueckue
HCTIOTHUTEIIbHBIE
MEXaHU3MBI.
Cratuueckue
XapaKTepUCTUKU
THIPABINYECKUX
AP [Tounck
UCTIOJIHUTEIIBHBIX .
JOTIOJTHUTENBHOM
MEXaHU3MOB JIPOCCEIBHOTO Iposepka
HHPOPMAIHH 10
pETyIHPOBaHUS. . BBITIOJTHEHHSI TIK-3.1, TIK-
2 3a/laHHON Teme N
KoadduumeHTts! mosesHoro TMoxroToska nabopaTopHO 3.2, IK-3.3
JeWCTBUS THAPOIIPUBOIOB C paboThI
1a00paTOpHOMY
JPOCCETBHBIM
3aHSTHIO.
peryJiupoBaHUEM.
Junamuueckue
XapaKTePUCTUKU
HCTIOTHUTEIBHBIX
MEXaHU3MOB JIPOCCEITHLHOTO
PEeryJIupOBaHHSI. 6
1.2
DNeKTpOoruapaBIndecKue IMouck
ClIIeIIIUe TIPUBOJIBI C JOTIOJTHUTENBHOM
INEKTPHYECKUMHA nHOpMAIIH 110
00paTHBIMU CBSA3SIMHU 3a/laHHOM TeMe
IIpunuunuansHas u IMonroroska 3amura
MK-3.1, ITK-
cTpykrypHas cxema OI'CIT ¢ 2 nabopaTopHOMY n1abopaTopHBIX 39 1K-3.3
HEXKECTKOH OMOpPOii. 3aHsaTuio. Pabora pabot - '
JluHamuueckue c
xapakrepuctiku D' CII ¢ KOMITBIOTEPHBIMH
HEXECTKOH OMOPOH. oOyyaromumu
Craruueckue IpOrpaMMaMH.
xapaktepuctuku I CII.
1.3 ITowuck ITpoBepka
ONeKTpOruapaBInIecKuit 12 JIOTIOTHATENBHON BBITIOJTHEHHSI TIK-3.1, TIK-
MIPUBOJ] IPOCCENHHOTO uHpopMaluu no | pacueros u 3amura | 3.2, [IK-3.3
perynupoBaHus ¢ 00paTHOU 3aJJaHHOW TeMe. nabopaTopHBIX




CBSI3bIO TI0 CKOPOCTH
OnucaHue CXeMbI U
MIPUHIIMIT ICHCTBHUS

JNEKTPOTUAPOIPHBOJIA C PaGora ¢
POTHAPOTIP KOMITbIOTEPHBIMHU
00paTHOH CBS3BIO O
o0yJarommmu
ckopocTH. CBA3b MEXIY DOIDAMMAMI aGoT
anementamu OI'TI ¢ porp ) p ’
. IToxroroBka k
00paTHOH CBS3BIO 11O
nabopaTopHOMY
ckopocti. OcoOeHHOCTH
N 3aHSATHIO.
pabots! OI'TI ¢ ob6paTHOI
CBSI3BIO 110 CKOPOCTH Ha
MHEPLUHOHHYIO HarPy3Ky
1.4
DNEeKTPOTruIpaBINIECKIE
CIIeIsIIUe IPUBOJEI C
MeXaHMYECKOH 00paTHOM Ilouck
CBSI3BI0 T10 TIOJIO’KEHHIO JIOTIOJTHUTENILHON [Tposepka
CxeMa ¥ MPUHIMI ACHCTBHSA UH(pOpMAIH 1O BBINOJTHEHUS 1
N . MK-3.1, K-
OI'CII ¢ MmexaHU4eCcKOM 22,7 3a/1aHHOM TeMe 3amuTa 32 TK-3.3
00paTHO# CBS3BIO 1O IToxroroBka 11a00paTOPHBIX - '
nonoxenuto. O nabopaTopHOMY pabor.
JOOPOTHOCTH MO CKOPOCTH 3aHATHIO.
OI'CII ¢ MexaHU4eCcKOM
00paTHOH CBS3BIO IO
TMIOJIOKEHUIO
1.5 OcoOeHHOCTH 3aLTUTHI Iouck
anementoB OI'CII ot JIOTIOJTHUTEIbHON [TpoBepka
3arps3HEeHUH UH(pOpMAIH 1O BBINOJIHEHUS 1
. MK-3.1, K-
3ammra 3nementoB D' CIT 12 3aJJaHHOM TeMe. 3ammra 37 [K-3.3
OT MEXaHWYECKHUX YaCTHII. IMonroroBka 11a00paTOPHBIX - '
KoHcTpykTHBHBIC nabopaTopHOMY pabor.
0COOEHHOCTUTHIPOOAKOB. 3aHATHIO.
1.6 IIpoexTupoBanue
TUJIPOMEXaHUYECKOM
CHCTEMBI
ITposepka
dopmupoBaHue TTouck
. . BBIMOJTHEHUS 1
KOMITOHOBOYHBIX PEIICHHUH JIOTOJIHUTEILHOMN I1K-3.1, TIK-
8 3almra
THIPONPHUBOAA. UH(OPMAIHH 10 3.2, TIK-3.3
. 1ab0paTOPHBIX
Onpenenenue MpUBEICHHBIX 3aJIJaHHOM TeMe aGoT
MapaMeTpoB T'MIPOIPHUBOLIA p ’
U Hecylel cu-
CTEMBI.
1.7 OcHOBEI
MIPOCKTUPOBAHNUS
THIPOCUCTEM MaIlInH
OyHKIUH THAPOCHCTEMBI H
TIOPSJIOK ee
MIPOEKTUPOBAHUSI. Iouck
Ilonydenue JIOTIOTHUTENBHOMN [Iposepka
MPUHIMITHATEHON UH(OpMAIMH IO BBIMOJTHEHHUS 1 TK-3.1. TIK
THIPOCXEMBI U PACUETHI 10 3aJlaHHOH TeMe 3ammra -
3.2, 1IK-3.3
BBIOODPY Odopmienne 11a00paTOPHBIX
T'unpoobopynoBanusi. nabopaTtopHoOi pabor.
Br160op snemMeHToB paboTHI.
rugpocucteMsl. Ternosoit
pacyeT rUIpOCHCTEMBI.
Bri60op Tpy6onpoBo0B.
JluHaMuYeCcKre pacuyeThl
THIPOCUCTEM
1.8 IIpoexTupoBanue TTouck [IpoBepka K-3 1. TIK
TUAPOMEXaHUYECKON 3 JIOTIOJIHUTENBHOMN BBITIOJIHEHHS K 32 HIZ 3.3
CHCTEMEI HHPOPMAITUHIIO 3amuTa - ’




dopmupoBanue
KOMITOHOBOYHBIX PEIIeHHH
THAPOIPUBO/A.

3aJIaHHOU TeMe

Odopmienue J1a00PaTOPHBIX

Omnpenenenue TpUBeISHHBIX .
apaMeTpoB THIPONIPUBO/IA 1abopatopHoii pador.

. paboTHI.
U HeCyIeH cu-
CTEMBIL.
1.9 OcHoBEI
MPOCKTHPOBAHUS
THIPOCUCTEM MAIIuH
OYHKIUH THAPOCUCTEMBI H
HOPSIJIOK e
MPOEKTUPOBAHUSI. ITouck
ITomy4yenue JIOTIOJTHUTENIbHOM Tposepka
HNPUHIUTTHATEHON nH(opMaK 10 BLIIOHEHHA
THIPOCXEMBI U PACUETHI 1O 2 3aJlaHHOH TeMe TPAKTHHACCKOro TIK-3.1, TTK-

3aJaHus. 3anmra 3.2, IIK-3.3
BBIOODY Odopmienne
. 71ab0PaTOPHBIX

TUPOOOOPYIOBAHMS. JabopaTopHOit 6
Br16op anemeHTOB paboThI. pabor.
TUAPOCHUCTEMBI. TeroBoit
pacdeT rHAPOCHCTEMBIL.
Bri6op TpyO60onpoBoI0B.
JuHammaeckue pacyeTs
TUZIPOCUCTEM
1.10 YcroitunBocTh
TUAPOMEXAHUUYECKUX CHCTEM
ObecnieueHne yCTOHUYMBOCTH Touck
JBIDKSHUSI padOYNX OpraHOB JOTIOJTHUTENHHOM IpoBepka
MAIlFH € THAPOTIPHBOJIOM. nH(OpMAaIIH IO BBITIOJTHEHHUS U ITK-3.1. TIK-
Crabunusanus 2 3aJaHHOU TeMe 3aIUTa 32 1'[123 3
TUAPOCHCTEM. Odopmienne 71a00PaTOPHBIX - '
Crabunmm3arust nabopaTopHOi pabor.
HEYCTOHYUBBIXKOHTYPOB paboTHI.
ruapocucteMsl. Cresiue
TIPUBOIBI
Hroronopazneny 61,7
Hrorozacemectp 61,7 3a4éT
Hroromnonucuumninae 61,7 3a4eT




5 O0pa3oBaTeIbHBIETEXHOJIOTHH

Jnis peanu3anuu npeaycMOTPEHHBIX BUJIOB yueOHOM paboThI B KauecTBe
00pa3oBaTEeNbHBIX TEXHOJIOTHH B MPETOaBaHUH JUCIUTUIMHBI UCTIOIB3YIOTCS TPaIUIIUOHHAS
Y MOZYJIbHO-KOMIETEHTHOCTHASI TEXHOJIOTHH.

Ha 3ansTusax npenycMaTpuBaeTcst HCIOIb30BAHUE SIICKTPOHHOTO
JEMOHCTPAIMOHHOTO y4eOHOT0 MaTepHaa, COJIEpHKAaIIEro CI0KHbIE CXEMbI, TAOIUIIbI U
MaTeMaThdeckue Gopmynbl. MyiabTUMeaniiHOE 000pyI0BaHNE MOXKET OBITh NCIIOIH30BAHO
TaKXXe U CTyIEHTaMH JJIsl IEMOHCTPAILIUH PE3YIbTATOB BHIIIOTHEHHUS JTA00PATOPHBIX paboT.

Jlexuu mpoXoAAT KaK B TPAJAULMOHHON (hopMme, Tak U B (hopme JIeKnu-
nH(pOpMaIKY, KOTOpasi OPUEHTHPOBAHA HAa U3JIOKEHUE M OOBSCHEHNE CTYIEHTaM HAyYHOH
nH(pOpMaINY, TTO-JIEXKAIIEH OCMBICIICHUIO M 3aIOMUHAHUIO, a TAKXKE B (POPME JICKIIHIA-
KOHCYJIbTAIIHH, TJIe TEOPETHUECKUI MaTepuall 3apaHee BhIAACTCS CTYACHTAM JUIs
CaMOCTOSITENILHOT'O U3YyUEHHsI, U151 TIOJ-TOTOBKH BOIIPOCOB JIEKTOPY, TAKUM 00pa3oM, JICKIIUs
MPOXOHUT IO TUITY BOIPOCHI-OTBETHI-TUCKYCCHSI.

1. B yueOHnoM mporiecce npexycMOTpeHb! 3aHATHS B (hopMe pa300pa KOHKPETHBIX
CHUTYaIMi{, CBSI3aHHBIX CO CJIE/ISAIINM TUIPOITHEBMOIIPHBOIOM.

2. Hcnonp3oBanue B yueOHOM nporecce BupTyansHoro madoparopHoro npakTukyma
0 pa3zenaM TeXHUYECKOH THPOMEXaHHKH.

3. IIpu npoBeneHn 1a00PaTOPHBIX pabOT PacCMaTPUBAIOTCS TECTHI IO pa3JiesiaM B
MHTEPaKTUBHOI hopme.

4. YacTp 3aHATHUI JEKIMOHHOTO TUIIA IPOBOASTCS B BUJIE IIPE3CHTAIIHH.

6 YueOHO-MeTOAMYECKOE 00ecriedeHre CAMOCTOATEIbHOI padoThl 00y4ar0IHXCH

[IpencraBieHo B npuaoxeHuu 1.

7 OueHO4YHbIE CPEACTBA VISl IPOBEIeHUsI IPOMEKYTOYHOM aTTeCTAIlUN
[IpencraBieHbl B IPUIOKEHUU 2.

8 YueOHo-MeTOonMuecKkoe M UH(pOpMALIMOHHOE 00ecTiedeHHe U CUMILTUHBI

a) OcHoBHasLIMTEpaTypa:

1. ITamkos, E. B. Cnensuiyrie npuBoabl IPOMBIIUIEHHOT'O TEXHOJIOTHUECKOTO
obopynoBanus : yuebnoe nocodue / E. B. [1amkos, B. A. Kpamaps, A. A. KaGanos. — 2-¢
u3n., crep. — Cankr-IlerepOypr : Jlans, 2015. — 368 ¢. — ISBN 978-5-8114-1848-0. —
Texcr : anexTpoHHbI // JIaHb : 31eKTpoHHO-OMbIMoTeuHas cucrema. — URL:
https://e.lanbook.com/book/61367 (mnata obparenus: 09.06.2020). — Pexxum qocTyma: ajist
aBTOPU3. MTOJIb30BATEIEH.

2. PacueT ¥ npoeKTHUpPOBaHUE HIIEKTPOTUAPABIMUYECKIX CHCTEM U 000py10BaHHUS
TPaHCIOPTHO-TEXHOJIOTUYECKUX MaIIuH : yueOHuk / B. B. Jlo3oseukuit, E. I'. Komapos, I'.
. Konapanuenko, B. I1. Myparues ; non penakuueit B. B. Jlozoseukoro. — 2-e u3f., ucnp.
— Cankr-IlerepOypr : Jlanb, 2017. — 420 c. — ISBN 978-5-8114-2101-5. — TekcrT :
9JIeKTPOHHBIH // JlaHb : anekTpoHHO-Onbmmoreunas cucrema. — URL:
https://e.lanbook.com/book/92616 (nata oopammenus: 09.06.2020). — Pexxum goctyma: st
aBTOPH3. NIOJI30BATENIEH.

3.Ky3nenos, B. B. ['mapaBnvka u OCHOBBI THIPO- U THEBMOIIPUBO/IA : y4eOHOE
nocobue / B. B. Ky3nenos, K. A. AnanbeB. — Kemeposo : Ky3['TY umenu T.®. I'opbauesa,
2013. — 221 c. — Tekcr : 2neKTpOHHBIH // JIaHb : 3IeKTPOHHO-OMOINOTEYHAs CHCTEMA. —
URL.: https://e.lanbook.com/book/69471 (nara obpamienus: 09.06.2020). — Pesxxum gocryma:
JUIsl aBTOPHU3. MOJIB30BATENEN.
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MPELU3NOHHBIX TOKAPHBIX CTAHKOB // MeTtaiuiopexyiiye cTanku: Pecr. MexBe/1. HaydHO—
TexH. c0., 1983. — Boim. 11.

7. Tuxenko B.H., I'nattok A.Il., Bonkos A.A. Mcnonp30BaHue MHTErpaIbHBIX
OLIEHOK KauecTBa MpU pa3paboTKe CAEIANINX THAPOIIPHUBOIOB C OOPATHBIMH CBS3SIMU 1O
Harpy3ke // Tpyabl MexXTyHapoIHON HaydHO—TexHUYeckoi koHpepermmu, K.; HTYY KIIN,
1998. — Toml.

8. Ilanapun I'. M. Pacuér nuHaMu4ecKux XapakTepUCTUK CUCTEM YIIPaBJICHUS C IIPH-
MEHEHHEM OMEPAIMOHHOT0 METO/Ia peuieHus AudQepeHnnanbHbIX ypaBHEHUH.
http://www.twirpx.com/files/automation/tau/ft.article/

9.Kombapos A. H., [Tanapun I'. M., Jlonsipés H. H. IIpaktudeckue BOmpocs
MIPOEKTUPOBAHMSI caeasux npuBoaos. - M.: IIHWUU undopmanuu, 1982. 164 c.

B) MeTtoanueckue yKazaHus:

1. Kypoukun A.W., Aitbames J[.M., ®unaroB A.M., [lon6onoros C.B.

OcHOBBI (DYHKITHOHUPOBAHUS THIPO- U DIIEKTPOTPUBOJIOB: MIPAKTHKYM,
Marnutoropck: ®I'BOY BO «MI'TY», 2019.- 210 c. ISBN

2. B.C.bessepxuii, A.Jl.Konsra, C.B. [Togbonoros, A.M.®unaros, Kypouku A.U,
Toumnkun B.B, JIJaGopTOpHBIN PaKTHUKYM IO 3JEKTPOrHAPOABTOMATHKE: yuel. mocodue.
Marnutoropck: 'OY BITO «MI'TY», 2019. 133 c. ISBN 978-5-9967-0085-1

r) [lporpammuoe odecnieuenue u UnTepHeT-pecypcehi:

IIporpammHoeoGecnieyenne

HaunmenoBanue .
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9 MaTepuajibHO-TeXHHYeCKOe o0ecneyeHue JUCHUIIMHBI (MO1yJIs1)

MaTepHaHBHO-TCXHquCKOG obecneyeHne JUCHHUIIIIMHBI BKIIIOYACT:




MYJIbTUMEIMIHBIC CPEICTBA XPaHEHHS, TIepeadyl 1

npe/ICTaBICHUs] HH)OPMALTUH

2. Y4eOHble ayJUTOPUH JJIS IPOBEICHHS IPAKTHYCCKUX 3aHATHH, TPYNIOBBIX H
WHJIUBHUIyIbHBIX KOHCYJIBTALUH, TEKYILIETO KOHTPOJIS 1

POMEXKYTOYHOM aTTECTAIMKU: IEPCOHANBHBIC KOMIIbIOTEpHI ¢ makeToM MSOffice,
BBIX0JIOM B VIHTEpHET U C JOCTYIIOM B 3JIEKTPOHHYIO HH()OPMALMOHHO-00pa30BaTEIbHYIO
Cpeay yHUBEpCUTETA

3. AymuTopuu JUisi CAMOCTOSITENIBHOM PadOThl: KOMIIBIOTEPHBIC KIIACCHI; YATAIbHBIC
3a11bl OMOJIMOTEKH: TEPCOHANIBbHBIE KOMIIbIoTEpHI ¢ makeToM MSOffice, BbI-

X010M B IHTEpHET U ¢ I0CTYIOM B 3JICKTPOHHYIO HH(OPMALIUOHHO-
00pa3oBaTeNbHYIO CPEy YHUBEPCUTETA

4. ITomerienue st XpaHEHHsI U TPOPHIAKTHYECKOT0 00CITy)KUBaHUS Y4€OHOTO
obopynoBanusi: CTeuIaxu sl XpaHeHHs y9eOHO-HATIISTHBIX TIOCOOHIA 1

y4e0HO-METOINYECKON JOKYMEHTAIUH.



Ipuioxkenne 1
Y4eOHO-MeTOAMYECKOE 00ecTiedYeHue CaAaMOCTOSITeIbHOH padoThl

[To muctummae «IIpoeKkTUpOBaHKE U pacyeT CIEAAIUX CUCTEM THIPONPUBOIOB TOPHBIX
MAaIIiH U 000pyIOBaHUs» MPEAYCMOTPEHA ayTUTOPHAS M BHEAYAUTOPHAS CAMOCTOSITEIIbHAS
paboTta 00yJaromuxcs.

CamocrosTenbHas paboTa 110 OCBOCHUIO AUCIUIUINHBI HE0O0X0IUMa AJIsl YTIIyOJICHHOTO
u3ydeHus Marepuaia Kypca. CamocTosTeNnbHas padoTa CTYACHTOB periiaMeHTUpyeTCs rpaguxkamu
y4eOHOTrO0 mporecca U CaMOCTOATENILHON pabOTHI.

CamMocTrosTenbHas pa60Ta CTYACHTOB COCTOUT U3 CICAYIOMUX B3AUMOCBA3AHHBIX YacTeH:

1) M3ydeHne TeOpETHYECKOro MaTepuaia B popme:

e CaMocToATeNbHOE U3yUeHHE YIeOHOM U HayYHO JIUTEPATYPhI IO TEME

e Jlouck pnomomHuTensHOW wuHMOpManuu 1O Teme(pabora ¢ OubmHOrpaduuecKum
Marepuaiamy, c AJIEKTPOHHBIMH oubnmmorekamu u 90P,
MH(pOPMallMOHHO-KOMMYHUKALMOHHBIE ceTu HTepHeT).

OcraTto4Hble 3HaHUS ONPEAEIAIOTCA PE3yIbTaTaMH CIa4uM 3a4eTa.

2) ITonroToBka K MPakTUYECKUM 3aHSATHSM M BBIITOJHEHUE MPAKTHYECKUX paboT
CamocrosiTenpHas paboTa BHIOIHIECTCS CTYACHTAMH HAa OCHOBE y4eOHO-METOTUIECKUX

MaTCpraJIOB JUCHUIIIIMHBI.

ITpumepHBbIe 3a1aun:

3anaua 1. B 1ByXCOTIOBOM THAPOYCHIIUTENE

3aCJIOHKa MepeMEICHa B CTOPOHY OAHOI'O U3 COILT Ha i hy
BCJIIMYUHY h or CpCAHCTO IOJIOKCHUSA ho, YCM BbI3BaH

repenaz JaBjieHuss Ap Ha Topiax
pacHpeaeIuTEeNbHOrO 30J0THUKA U, KaK CIIEJCTBHE
3TOTO, €ro NEPEMENIEHHUE ' OT HEUTPATTBHOTO

ITOJIOKCHHUA. C‘-II/IT&?I, 4TO CUJIbI JaBJICHHA Ha TOpLAX

30JIOTHHUKA YPaBHOBCIINBAIOTCA TOJIBKO IIPYKUHAMU,

OIPEAEIUTS X, ECIIN JABJICHNUE TUTAHUS
6

ruapoycwinrenss pi =610 [1a u nepememenne

3aciouku h = 0,5h,.

XKecTkocTh KaXx 01 U3 PYXHUH 3010THUKA ¢ =130
H/mwm, ero nuametp D = 10 mm.

Lol

8 audpoqunukdp

Pacxon uepes cormio onpeaensTs mno Gpopmymne

2p
Q = ppmdy(hy — h) ? )



rac | - KOB(i)(bI/II_[I/IeHT pacxoga comia, P - AJaBJICHUE IIEpe] COIJIOM; P - INIOTHOCTD JKUAKOCTH.

3agauy pemuTh I cirydas, koraa ndahg = nd21/4 U [1 = Up, TAE W1, - KODUIMEHT pacxoia
BXOJIHOT'O IPOCCEILHOrO OTBEPCTHs U O; - ero auamerp.

3agauya 2. Pabouast KUIKOCT TOJIAETCS K TUAPOYCHIUTEIO THUIIA COTLIIO-3aCTIOHKA MO
MOCTOSIHHBIM J1aBiieHueM Po=10 MIla. Komanansii
AJIEMEHT THIPOYCHUITUTEIS BKIIIOYAET MOCTOSTHHBIN

—_— St/ ﬁ - - Jpoccenb B BUe xuKiepa d; = 3MM U peryaupyeMblii
a E i Jpocceb B Bue coria 0,=2MM ¢ IOABHKHOM 3aCIOHKOMR
Po 4 : Ha BeIxojie. J[aBneHue pi B Kamepe Mexay ApoccesiMu
FRAAN ' R nepeaaeTcsi B pabovyro MoJI0CTh UCIIOJHUTEIEHOTO
| = rugpoumubapa (D= 35 MM), mopiieHb KOTOPOro Onept
F - Ha npyxuHy xectkocthio C = 200 H/cm u HarpyxeH

cuior R= 7500 H.

[pu u3mMeHeHnu 3a30pa h Mex 1y COIIIOM U 3aCTIOHKOM U3MEHSETCS IaBICHHUE Py BHI3bIBAS

cIeaiamee nepeMCeiCHUC ITOPIITHA.

[TocTpouTh rpaduik 3aBUCHMOCTH MEXTy 3a30pOM N 1 CMEleHUeM S TIOPIIHS U3 KpailHero
noJoxeHwus, orevaromero h= 0. Onpenenuts S ipu h = 1 Mm.

M2 , Pacxon uepes xxukiep paBeH
-
28
| \ r .
0,6 ,
0,4
02 /| - roe *170,8, u yepes comIO-3acIOHKY.
0 07 02 83 044 ad; |,
4 (] Sy ’ Aj? Q2 = ﬂz - = 2 -
4\ p ’
h
e ko3hdumment pacxoaa 2 3anan kak QyHKIHS OTHOCHTEIBHOIO 3a30pa -~ 2 .
h
u="f -
[TocTpouTh NOMOTHUTENBHO IPaUK 3aBUCUMOCTH 2/ nna xoodduiuenta pacxona

COILIA-3aCJIOHKH, OIPCACTIAEMOTIO U3 BBIPAKCHUA
— h p](
Q, =umdyh 27
e

3anaua 3. UcnoaHUTENBHBIA HUIUHIDP TUAPOYCHHATENs (AuameTp nopiras D = 60MM 1 mToka
D, = 30 mm) HarpyxeH cuioii R = 3500 H. PaGouas xuaxocts (£ = 850 Kr/M° nojaeTes B



HIDKHIOIO TIOJIOCTh IMTHHApa HacocoM H mop naBiennem py= 5 MIla (mognep:xuBaercs
MTOCTOSTHHBIM C TTOMOIIIBIO TiepenuBHOro kianaHa [1K). -

KomaH1HBIH 0JHOKPOMOYHBII 30J0THUK (IuameTp miyHkepa d, = 10 MM), yrpaBiser
NepeMelICHUSIMH IITOKA [IIMHAPA TyTeM U3MEHEHUsI OTKPBITHS IMIUHAPUIECKOTO OKHA, Yepe3
KOTOPOE XKHUAKOCTb MOCTYMAET U3 BEPXHEH MOJIOCTH LUIMHIPA HA CIIHB.

B noprine nuimnHapa uMeeTcs JpoCcCceNupyroliee OTBEPCTHE
(d1 =4 Mm), 6iarogapsi KOTOPOMY MOKHO TIPH

OMPECACIICHHBIX OTKPBLITHUAX 30JIOTHHKA PEBEPCUPOBATH

KA |

e

%' ‘é JBHKCHUE ITOPIIHS.

8 ,4|? :_|£

iF=iliy !
EH [Toctpouts rpaduk 3aBUCUMOCTU CKOPOCTH 1

YCTAaHOBUBIICTOCA ABUKCHUA ITOPUIHA OT OTKPBITHS X

30JI0OTHHKA.

VYKazark, Iy KaKOM X MOpIIeHb ocTanapuaercs (Un = 0).

KaxoBo 6y,Z[CT 3HAUYCHHUC " IIPpHU 3aKPBITOM 30J10THHKE?

Pacxon uepe3 npoccenupyroiiee 0TBEPCTHE OMPEACISATh 0 GopMyJie

U 4epE330JI0THUK
— wdx 2P

Qz = My7md, X
e

IA€ Po — AABJIECHUE B BEPXHEHN MOJOCTH LIWIMH]IPA.

Kosddurments! pacxona npunats 4 = H2 =0,6. Tpennem u yreukamu B UIHHIpE

npeHeOperarTh.
Vkazanue. Bocrionbs30BaTbest ypaBHEHUEM PaBHOBECHS ITOPILHS: 71
aD? T |
1 _ 2 2
po -+ +R=p, (D} -D}) C
4 4 mp
. Z
Y BBIPQXKCHHUEM PacXo0/ia KHUAKOCTU U3 BEPXHEN NOJIOCTU B 30JI0THUK
IpeJIoaras, YTo NOpUIEHb IBUYKETCS BBEPX, UMEEM
m
D?
— 1
QO - Ql + Un 4
b

3amauya 4.Mexanuueckas KojieOaTeIbHas




cucTema, okasaHHas Ha puc. 1.1, coctout u3
NPYXUHBI | )KECTKOCTBIO CIIP U TUIAPABIHMYECKOTO
nemrdepa 2. Pabouas miomaas aemmdepa o,
POBOIUMOCTh JIPOCCEIBHOTO OTBEPCTHS 4 B
nopmHe 3 nemmndepa Kp.

Macca moABMKHBIX YacTeH, MPUBEICHHAS

K HITOKY THpaBiInueckoro aemidepa, T. Cuny
TpeHus: FTp MEeXIy MOPIIHEM U KOPITYCOM
nemriidepa U MEKIY IITOKOM U KOPITYCOM JIEMII-
(depa npUHATH MPONOPIIHOHATILHON CKOPOCTH UX
HepeMEIeHIs] OTHOCUTEIBHO JIPYT JpyTa ¢ KO-

s unmentTom nponopunonaasaocTa Kp (T. €.

d=
F =K _—).
"e "E (fr)

Monynb 00beMHOI ynpyrocTu
KUAKOCTU paBeH Bix .
CocTaBuTh MaTEMaTUYECKOE OITMCAHUE CUCTEMBI
B (hopMe “BXOJ-BbIX0/”. 3a BHIXOAHYIO BEIMUUHY
IIPUHSTH NIEPEMELLIEHUE Z MacChl T. BxonHoe
BO3/ICICTBUE HA CUCTEMY OCYIIECTBIISETCS TEpe-
MEIIEHUEM BEpXHEN OMopbl NPY>KUHbBI HAa BEJIHU-

yuHy Z1.
1.1.

3aBUCUMOCTH pacxojia kuaKoctu Qup, mpoTekaromleil uepes aApoccenbHoe oTBepeThe 4, oT
nepenasja aasiaeHus AP Ha mopIiHe IpuHATH JTUHEHHOH (T. €.

Qunp =KmpAP,

Puc.



rae Kap - mpoBoIMMOCTb JPOCCENBHOTO OTBEPCTHS), UTO CIPABEUIUBO AJIs TAMUHAPHOTO
pexxumMa TeueHus. BozaelictBue z1 mpuiokeHo B MOMEHT, KOrJja 00beMbl KHUAKOCTH Ha MOPIIHE U
[0J1 MOPIIHEM OJMHAKOBHI U paBHBI VO .

CocTaBuTh MaTeMaTUYECKOE OMMCAHUE U ONPEACTUTH MePEAATOUHYIO (QYHKIIUIO:

a) 0e3 yuera Macchl OJBUKHBIX YaCTEH, CUIIbI TPEHUS U COKMMAEMOCTH KUIKOCTH;

0) 6e3 yueTa CUIIbI TPEHUS U CKUMAEMOCTH KUJKOCTH, HO C YYETOM MAaCChI MTOJIBUKHBIX YaCTeH;
B) 0€3 y4yera COKMMAeMOCTH JKUAKOCTH, HO C YYETOM CHJIBI TPEHHUSI M MACChl TIOJIBM)KHBIX YacTel;

F) C YY€TOM C)KUMACMOCTH XKHUJIKOCTHU, CUJIbI TPCHHA U MACCBI ITOABHUKHBIX JacTeH.

3anaua 5.I'uapaBnrdeckoe yCTpOHCTBO, TOKa3aHHOE HA pUC. 1.3, Ha3bIBAIOT KaTapaKTOM U
MPUMEHSIOT B aBTOMAaTHYECKHUX PETYIATOpaXxX JUIsl OCYLIECTBICHUS U30pOMHON 00paTHOM CBS3H.
KaTapakT COCTOMT U3 MOPINHS 3 MI0Iaabk0 fi1 1 Maccoi T,MMEIOIIEro APOCCEIbHOE OTBEPCTHE 4,
WIMHJpA 2 ¥ NPYXKUHBI | )KECTKOCTHIO CIp. 3aBUCUMOCTh pacxoia )uakoctu Qup, mpore-

Karomieu qepe3 ApOCCCIIbHOC OTBEPCTUC 4 ot nepemaga naBJICHUSA DP na IOPHIHEC ITPHUHATD

Z> 2 4 7

B S \""‘_

Cop ] b, P,

JIMHEUHOU 3

Puc. 1.3.

(1. e. Qup =KnpAP,

rie Kap - mpoBoAMOCTB IPOCCETBHOIO OTBEPCTHS ), UTO CIPABEAIUBO JIJIs TJAMUHAPHOTO PEeXUMa
tedeHus. Cuny TpeHust FTp Mexay nmopurHeM U HUIMHIPOM MPUHITH TPONOPLHUOHATIBHON
OTHOCHUTEJIbHOM CKOPOCTH MX B3aUMHOTI'0 IiepeMeleHHs ¢ Ko uimenTom
nponopuroHansHocTH KTp T. €.

d(z, -z, )
F;;':p mp df
Moayis 00BEMHOM YIIPYTOCTH XKHUIKOCTH paBeH Bik. CocTaBUTh MaTEMaTHYECKOE OMMCAHUE B

dbopme “BXOI-BBIXOJ KaTapakTa. BXoaHOE BO3IEHCTBUE OCYIIECTBIISIETCS IepeMenieHrnem z1
MUATUHAPA. 32 BRIXOAHYIO BEJIMUYMHY PUHITH IEPEMEIICHHE Z2 TTOABHUKHOTO KOHIIA TIPYKUHBI C



nopuiHeM. BoznielictBue Z1 mpuiiokeHo B MOMEHT BPEMEHH, KOTJja 00bEMBbI JKUIKOCTH B OOIINX
MOJIOCTSIX IMJIMHpPA OAWHAKOBHI U paBHbI VO . Onpenenuts nepenatounyro ¢yHkiuio. [1o-

MEPEeYHBIMU pa3MepaMHy MITOKa MpeHeOpeyb.

CocTaBUTh MAaTEMAaTUICCKOE OMMCAHKUE U ONPEACTUTH MEPEAATOUHYIO (DYHKIIHIO:
a) 6e3 ydera Macchl OJBIKHBIX YaCTEH, CUIIBI TPEHUS U CYKIMAEMOCTH KU -
KOCTH;

0) 6e3 yueTa CUJIbI TPEHUS U COKUMAEMOCTH JKUKOCTH, HO C YU€TOM MAaCChI

MOJIBIKHBIX YacTel;

B) 0e3 yuera C)KMMAaeMOCTH JKUIKOCTH, HO C YUYETOM CHJIbl TPEHHUS U MacChl
MOJIBIKHBIX YacTel;

T) C yYETOM CKMMAEMOCTH KHJIKOCTH, CUJIbl TPEHHUS U MAcChl OJIBUKHBIX Yac-
TEH.

3agaya 6. CocTaBUTh MaTEMATUYECKOE ONTMCaHKE B (pOpMeE “BXO/-BBIXOA
TUIPABIMYECKOI0 yCTPOUCTBA, OMMCAHHOTO B 33/1a4€ 3. 3a BBIXOAHYIO BEIUUYHUHY
IPUHSTH [TepeMeleHne Z2 cBOOOAHOIO KOHIA NpYyKuHbl. BXonHoe Bo3nelicTBrE
OCYIIECTBIISICTCS BHEIIHEW cuiioi F, mpunoxeHHoU K unianaapy 2 (puc. 1.4).
CocTaBuTh MaTEMaTUYECKOE OMMCAHKUE U ONPEAETUTH MEPEAATOUHYIO (QYHKIIUIO:
a) 0e3 yuera Macchl OJBUKHBIX YaCTEH, CUIIbI TPEHUS U COKUMAEMOCTH KU/ -
KOCTH;

0) 0e3 ydeTa CHIIbI TPEHUSI M CKUMAEMOCTH KHUIKOCTH, HO C YUETOM MaCChl
MMOJBIKHBIX YaCTEH;

B) 0€3 yuera CXKMMAeMOCTH JKUJIKOCTH, HO C YUYETOM CHJIbl TPEHUS U MacChl
MMOJBMKHBIX YaCTEH;

T) C yYETOM CKMUMAEMOCTH KHMJIKOCTH, CHUJIbI TPEHUS U MacChl IOJBUKHBIX Yac-
TEN.

3agaua 7. ['mapaBnuueckas cuctema (puc. 1.5) COCTOUT U3 HEPETYTUPYEMOTO
JPOCCEIs C TOCTOSTHHBIM THJIPABIMYECKUM conpoTuBieHueM R1, perynupyemoro
JpOCCensi C IEPEMEHHBIM THIPABINYECKUM COMPOTUBIIeHHEeM R2 u ruapouuauHapa ¢
nopurHeM Maccoi T. Ha mopiiens ¢ 01HOM CTOPOHBI IEUCTBYET AaBiieHue P2 sxu-
KOCTH, a C IPYTOM - MPYKUHA )KECTKOCTHIO crip . [lopiieHb HaXOAUTCSI B pABHOBECHUH,
KOTJla CHJia JJABJICHHS PaBHA CHJIE MPYXKUHBI. Peryinupys ruJipaBindyeckoe COnpoTHB-
nenneR2, MoxHO U3MeEHATH 1aBneHue P2 1 TeM caMbIM BBI3BIBAThH TIEPEMEIICHHE YIT
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p] \E_J, p2 % pa
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ITOPILIHS. -

Puc. 1.5. 'mapocuctema

[Tpu n1BUXKEHUM MOPILIHS CUITY TPEHUS MEKIY NOPLUIHEM U TMAPOLUINHAPOM
MPUHSTH MPOMOPLHUOHATBHON CKOPOCTH ABMKEHHUS MOPIIHS ¢ KO3 PULIMEeHTOM po-
NOPLUHOHATBHOCTUKTD T. €.

Hasnenust P1 u P2 Gynem cuutaTh U30BITOUHBIMY, a JaBJIEHHE [TOCIIE BTOPOTO JPOCCEIS -
paBHBIM atMochepHOMYy Pa.
Kpome Toro, nasnenns P1 n Pa nprumeM MOCTOSHHBIMU U IIyCTh BBIITOJIHAETCS yCIIO-
Bue P1> P2 . CoctaBuTh MaTeMaTHUECKOE ONKMCAHUE THPOCUCTEMBI IIPU MaJbIX OT-
KJIOHEHUSX MOPIIHS OTHOCUTENIBHO MOJI0KEHUS! paBHOBECH S, IPUBECTH YPaBHEHUS K
OJTHOMY YpaBHEHHIO B (popme “BXO/A-BBIXOT” .
3a BXOJIHOE BO3/I€HCTBUE IPUHATH U3MEHEHNE THPABINYECKOTO COIIPOTUBIIE-
HUAR2 ,a 32 BBIXO/IHYIO BEJTMUUHY - ITepeMelienne yn nopuss. [Tpu nonoxenun
paBHOBECHSI 3HAUYEHUS IEPEMEHHBIX BEJIMYNH NPUHATH paBHbIMU: P2 P20 = ;monoxe-
Hue nopiHs ynyn = 0 , THApaBInYecKOe CONMPOTUBIIEHUE PETYIUPYEMOTO IPOCCEIS
R2 R20 =, 00beM XHJIKOCTH B TUAPOIMIIHHIPE U TPYOOTIPOBOIAX (MEXKIY JPOCCEIIs-
MU U TUAPOLMIINHAPOM) paBHEIM V0. Moayinb 00beMHOM YyIPYTOCTH KUJIKOCTH MPHU-
HATBh PaBHBIM Bx .
CocTaBuTh MaTEMaTUYECKOE OMMCAHUE U ONPEAETUTH MEPEAATOUHYI0 QYHKIIHIO:
a) 6e3 yuera Macchl MOJIBUKHBIX YaCTEH, CHIIBI TPEHUS M CKMMAEMOCTH JKUAKOCTH;
0) 6e3 yueTa CUIJIbI TPEHUS U CKUMAEMOCTH KUJKOCTH, HO C YYETOM MAaCChI
MOJIBUKHBIX 4acTeH;
B) 0€3 y4yera COKMMAeMOCTH JKUIKOCTH, HO C YY€TOM CHJIBI TPEHHUSI K MACChI
MMOJBIKHBIX YaCTEH;
) C YYETOM CKHUMAEMOCTH KMJIKOCTH, CUJIbI TPEHUS U MAcChl IOJIBUYKHBIX YacTeil.

3anaua 8. CocTaBUTh MaTEMAaTUYECKOE ONMMCAHUE THIPABIMYECKOTO YCHIIUTE-

JIs1 ¢ HAarpy>KeHHBIM IPY>KUHAMH 30J0THUKOM (pHc. 1.6). Onpenenuts nepeaaToyHyko
byHkuuio. ['uaApoycUINTENh COCTOUT U3 30JIOTHUKA |, IPYXUH 2, HEPETyIUPYEMbIX
npoccenelt 3, 3aciaoHku 4 u conen 5. B ruapoycunuTene nepenaj 1aBacHUs
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pc:JI p1 p2 pcn
Puc. 1.6. 'uapoycunurens

Py= Py1 —Py», B nonoctsax A u b, Heo6X01UMBIH 1151 yIpaBieHUs (IEPEeMELICHNUA)
30JI0THHKOM 1, CO31aeTCs IpH OTKIOHEHUH Ny 3aCIIOHKH OT HEHTPAIbHOTO MOJIOXKe-
HUSI BCIEJCTBUE U3MEHEHUS pacxoioB uepes apoccenu 3. [Ipu oTkIoHeHUH 3aCTIOHKHU
BJIEBO OT HEUTPAIBHOTO MOJIOKEHUS PACCTOSIHUE OT JIEBOTO COILJIA 10 3aCIIOHKH
YMEHBILIAETCS, @ OT MPABOT'0 COIIA JIO0 3aCIIOHKH - YBEIIMUUBAETCSA, YTO BEJIET K
YMEHBIIEHUIO PACX0/1a KUJIKOCTH YEPE3 JIEBOE COILIO0, UTO, B CBOKO OUEPEb BEAET K
YBEJIMUCHUIO JIABJICHUS MOCTIE JIEBOTO IPOCCENS U YMEHBIIEHUIO JaBJICHUS TIOCIIE
MpaBoro apoccensd. Beaeactsue 3Toro n3MEeHEeHHs 1aBJIEHUS B JIEBOM MMOJOBUHE TU/I-
POYCUIIMTENS YaCTh KUJIKOCTH MOCJIE JIEBOTO IPOCCENS MOTEYET B MOJOCTh A U J1aB-
JICHUE B TIOJIOCTU A YBEJIMYMTCS, B IIPABOU e TOJOBUHE THAPOYCUIIUTENS KUIKOCTh
MOTEYET U3 NOJIOCTH b K mpaBomy coIuly U AaBieHHE B OJA0CTH b ymenbimtcs. [Tox
Pa3HOCTBHIO CUJI JaBJIEHUS B MOJNOCTAX A U b 30J0THUK HaUHET nepeMenaTbcs BIpa-
BO, CKMMasi IPABYIO MPYKUHY U PaCTATUBas JEBYIO, IOKA CUJIbI 1aBJICHUS, JEHUCT-
BYIOILIME HA 30JI0THHUK, HE YPABHOBECATCS CHJIAMHU, NIPUII0KEHHBIMU CO CTOPOHBI
npy>kuH. [Ipu ABHKEHUU 30JI0THUKA Ha HETO JIEUCTBYIOT TAKXKE TUIPOIMHAMUYECKAs
CHUJIa U CUJIa TPEHUS.

3a BXOAHOE BO3/ICHCTBUE MPUHATH OTKJIOHEHHUE 3aCIOHKH OT HEUTPaJIbHOTO
MOJIOKEHUS, a 32 BBIXOJIHYIO BEJIMYMHY - IEPEMENICHHUE 30JI0THUKA.

YpaBHEHHE JIMHEAPU30BAHHON PACXOIHO-TIEPEATHON XapAKTEPUCTUKHU YCHUITH -
TEJIbHOM CTYIEHHU C COTUIOM-3aCIIOHKOW MPUHSTH B BUJIE

O, =Ko, h, Ko P,.
rac Qy - pacxoa KUJIKOCTH, O6CCHC‘-II/IB3.IOH_II/II‘/JI ABHUIKCHUC YIIPABJIACMOT'O 30JIOTHHUKA
OoT HeﬁTpaﬂBHOFO ITIOJIOXKCHU A, hy - OTKJIOHCHHUEC 3aCIIOHKH OT HeﬁTpaHLHOTO IIOJIO-
xenust; Py= Py; —Py, - pasHocTh ynpasmstronux nasieHuii B mosoctsx A u b run-
POYCHIIUTENS.
I'maponuHaMuyecKkyro Cuily, NPUJIOKEHHYIO K 30JIOTHUKY CO CTOPOHBI TOTOKA



KHUIKOCTH, OOTEKAIOIIETO KPOMKHU €ro OypTOB, OMPEAEATh 0 GopMyIie

‘F:‘ 8 _26: é rs‘

1€ Cr 5 - KOOPPHUIMEHT )KECTKOCTH THIPOAMHAMUYECKOM MPYKUHBI,

IMPUHATDH IMIOCTOAHHBIM; X 3 - CMCUICHUEC 30JIOTHUKA OTHOCHUTCIIBHO HeﬁTpaﬂBHOFO Io-
noxenus). Cuity Tperust Fr o Mexay 30J10THUKaMU U KOPITyCOM CUUTATh BbI3BAHHOM
YKUJKOCTHBIM TPEHUEM U OMPEJECIUTH IO COOTHOIIEHUIO

. dx,
'F;i‘.‘p = "'Knip F

rae Ky, -koadpuient Tpenus.

O6bemsbl nosocredt A u b cuntarh oguHakoBbIMU U paBHBIMH VY . Macca 30JI0THUKOB paBHA Ts.
Mopayns 00beMHON YIPYTOCTH KUIKOCTH paBeH Bk .

CocTaBUTh MaTeMaTUYECKOE OMMCAHUE U ONPEAETIUTh NePEeAATOUHYI0 (QYHKIHIO:
a) 6e3 ydyera Macchl OJIBUKHBIX YaCTEH, CHIIbI TPEHUS M CKUMAEMOCTH JKUAKOCTH;
0) 6e3 yueTa CUIIbI TPEHUS U CKUMAEMOCTHU JKUJIKOCTH, HO C YYETOM MAacChl
IIOJIBWKHBIX 4acTeH;

B) 0€3 y4yera COKMMAeMOCTH JKUAKOCTH, HO C YI€TOM CHJIBI TPEHHUS K MAaCChI
MMOJBMKHBIX YaCTEH;

) C YYETOM CKUMAEMOCTH KMJIKOCTH, CUJIbI TPEHUSI U MacChl IIOJBUKHBIX Yac-
TEH.

IpumepHoe 3a1aHue MO J1a0OPaTOPHOIi padoTe

ITpoBectu Ha crenae HacTpolky PID- perynsrop, ucnonssys meroz 3uriepa — Hukosnca.

1. YcranoBieHne rpaHUIbl YCTOMYMBOCTH 3aMKHYTOTO KOHTYpPA PETYIUPOBAHUS (IMITUPUUECKH),
2. BeluncieHne napamMeTpoB peryjasTopa B COOTBETCTBHH CO CTaHIAPTHBIMU (popMyIaMu.
1. 'panuna ycToiMYUBOCTH OMpPEENIeTCs MOCPEACTBOM P- perymnstopa. Y cIoBHEM 3TOTO
SIBJISIFOTCS TTOSIBIGHUE YCTAHOBUBIIUXCS KOJIEOaHM. DTO MO3BOJISIET OMPEETUTh
Kputndeckuii Kodpdunnent ycuneHus: Kperit 1 KpUTHYIECKUH TIEPHOJT KoaeOaHus T ¢rit (CM.
puc.).
2. Koo durueHTs! peryiasTopoB, HCXOsI U3 3TOTO, PACCUUTHIBAIOTCS HA OCHOBE (hOpMYIT (CM.

tab. .1).
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Ko duunenTsl peryasitopa corsiacHo Mmeroay 3uriepa-Hukosca

Tunperyasitopa Boluuc/jieHHe3HAYeHUHXapPaKTePUCTHK
Kp Tn Tv Ki Kb
P 0.5-Kerit | - - - -
PD 0.8-Kegrit | - 0.12-Tcyit | - Kp:- Ty
Pl 0.45-Kcrit | 0.85-Teyrit | - Ke/Tn | -
PID 0.6:Kerit | 0.5 Terit | 0.12:Terit | Ke/Tn | Kp- Ty
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OuneHoYHBIE CpeICTBA A/ NPOBeEIeHUs] IPOMEKYTOUYHOM aTTecTAlNU

HpOMe}KYTOIIHaH arTeécTanusda UMECT LCIIBbI0 ONPEACTIUTE CTCIICHD JOCTHXKCHUSA

3aIIaHUPOBAHHBIX PE3YIHTATOB O0YUEHUS IO TUCITUIUIMHE (MOIYIIO) 32 Mepruol 00ydeHus U
poBOAMTCS B (hopme 3aueTa.

a) [lnanupyembie pe3yabTaThl 00y4eHHUSsI U OLIEHOYHbIE CPeACTBA ISl POBedeHHs

MPOMEKYTOYHOM aTTEeCTALMHU:

CrpykrypH

BIM DJIEMEHT

KOMIIETEHI]
5071

[Inanupyemsle
pe3yabTaThl
oOyueHus

OneHouyHbIe CpPEACTBA

ITK-3 Cnoco0eH pa3padaTbiBaTh 1 J0BOIMTH 10 MCIIOJTHUTEJIel HAPSAABI U 3a/1aHUS HA

ocyllecTBJIeHHe MPOEKTHPOBAHMS M IKCILIYaTAIlUM FOPHBIX MALIUH ¥ 000PYy/10BaHMS,
KOHTPOJIMPOBATH KAa4eCTBO PadoT 1 o0ecneYyuBaATh NPABUJIbHOCTH BbINOJIHEHUS UX

HCIOJIHUTEISIMH, COCTABJATH Irpadguku padoT U nepcrneKTUBHbIE MJIAHbI, MHCTPYKIHH,

CMEThbI, 3afiBKH HA MAallIMHbI U 060pynonaﬂne, 3aI10JIHATD HGOﬁXOI[I/IMLIe OT4YE€THbIC

JOKYMEHTBI B COOTBETCTBUM C YCTAHOBJICHHBIMHA (l)OpMaMI/I

I1K-3.1

IInmanupyer u
OpraHU30BbIB
aer

3¢ (eKTUBHY
10 paboTy
TOPHBIX
MallluH 1
00opynoBaHU
b

1.

o

10.

11.

Craruyeckue XapaKTepPUCTUKHU TUJIPaBIMYECKUX
UCTIOJIHUTENbHBIX MEXAHU3MOB JPOCCEIIBHOTO
peryIupoBaHHsl.

KoadduurenTtsl mone3Horo AeHCTBHS THAPOIPUBOAOB C
JPOCCENIbHBIM PErYIHMPOBaHUEM.

JuHamuueckue XapaKTEpUCTUKU VCIIOJIHUTEIIBHBIX
MEXaHU3MOB JIPOCCEIBHOIO PETYIUPOBAHUS.
[TpuaumnuaneHas u crpykrypHas cxema OI'CII ¢ HexxecTkon
OTIOPOH.

Hunamuueckue xapakrtepuctukn OI'CII ¢ HexecTkon
OTIOPOH.

Crarnueckue xapakrepuctuku OI'CIIL.

Onucanue CXEMBI " IIPUHLIAIT JNeNCTBUSA
ANEKTPOTUIPONIPUBOJIA C OOpAaTHOW CBSI3bI0 IO CKOPOCTH.
Ces3p mexay anemeHntamu OI'TI ¢ oOpaTHOH CBSI3bIO 110
CKOPOCTH.

Oco6ennoctu pabotst DI'TI ¢ 00paTHOM CBA3BIO IO CKOPOCTH
Ha MHEPLUOHHYIO HAIPY3KY

Cxema u mnpunuun pgeiictBus OI'CII ¢ Mexanumueckoit
oOpaTHON CBS3pI0 MO MONOXKEeHHI0. O 10OpOTHOCTH IO
ckopoctu OI'CII ¢ mMexaHndeckoil 0OpaTHOH CBSA3BIO IO
MOJIOKEHUIO

Bammura »iaemMeHToB OI'CII oT MexXxaHHMYeCKUX 4YacTHII.
KoHcTpyKkTHBHBIE 0COOEHHOCTH THIPOOAKOB.
DopMHUpOBaHNE KOMIIOHOBOUHBIX PEIIEHUI TMAPONPUBOAA.




CTpyKTypH

BIHA DJIEMEHT

KOMIICTEHI]
HHn

[Inanupyembie
pe3ynbTaThl
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13.
14.

15.
16.
17.
18.

19.
20.

21.
22.
23.
24,
25.
26.
27.
28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

OmnpezneneHue MpUBEICHHBIX MApaMETPOB TI'MIPONPUBOIA U
HECYILEH CUCTEMBI.

OyHKIUHU TUAPOCUCTEMBI U TIOPSIIOK €€ IPOEKTUPOBAHUSI.
[lony4yeHne NPUHIMITUAIBLHOW TUAPOCXEMBI U PACUETHI IO
BBIOOPY TUPOOOOPYIOBAHMS.

Br100p 311€MEHTOB THAPOCUCTEMBI.

TennoBoil pacuer ruxpocucreMsl. Beibop TpyO60onpoBoioB.
JlnHaMU4ecKue pacueThl THIPOCHCTEM

ObecnieueHre yCTOMUMBOCTU JBMKEHMsS PabOYUX OpPraHOB
MAaIlliH C THJIPOIPUBOIOM.

Crabunuszanus ruIpocucTeM.

Crabunm3anus HEYCTOWYMBBIX KOHTYPOB THAPOCHUCTEMEI.
Crensmue npuBo/IbI

[IpoexTrpoBaHUE IEKTPOTUAPABINIECKIX CHCTEM
OCHOBHbBIE TEHJICHLIUU PAa3BUTHS.

[NoBbiienue nemmdupoBaHus.

O0BemMHOE perynupoBaHHUe.

Hudpossie 1K TPOTUAPABINYECKIE TPUBO/IBI.
OcoOeHHOCTH CXEMBbl Ha/IeXKHOCTHU T'HIPOCUCTEM.

[opsimok pacdyera 0€30TKa3HOCTH THAPOCUCTEM.

Cpennee BpeMsi  BOCCTaHOBIEHMs.  JlMarHocTuka
pe3epBHUpOBaHUE.

TpeboBaHMsI K KOHCTPYKIIMH THIPOCUCTEM

Oco0eHHOCTH  TUAPONPUBOAOB  TOPHBIX  MAllUH H
000pyIOBaHUs.

IuaponpuBoasl  pabodero  oOOpYIOBaHUS  KapbepHOTO
9KCKaBaTopa (CHCTEMBI C Pa30MKHYTOH LUPKYJISAIUEH U
00BEMHBIM PETYJINPOBAHUEM )

I'maponpuBonel  Oynbro3epa (CUCTEMBI € PAa3OMKHYTOM
MUPKYISAINAEH ¥ MO3UIIMOHHBIM YIIPABICHUEM )
I'maponpuBobl XOA0BOH TPAHCMUCCHM ITHEBMOKOJIECHOTO
norpy3unka  (peBEpCHBHBIE  CHUCTEMBI C  3aMKHYTOH
LHUPKYJIALIKed 1 00bEMHBIM PETyIUPOBaHUEM )

I'uaponpuBo Bl Ipy30M0TLEMHOTO MeXaHu3Ma
MOTPY30YHO-A0CTABOYHON MalIuHbl (CUCTEMBI C 3aMKHYTOMH
MUPKYIANUeH, OOBEMHBIM PEryJIMPOBAHUEM U IOYTHOMN
Harpy3Koi)

CrymneHdaTo-peryianpyeMbie THIIPOTIPUBO/IBI
6eToHOCMecuTeNs U OyIIba03epa.
CryneH4yaTo-peryaupyeMslii  THAPONPUBOJ  KOJECHOTO
MOTpy34HKa.

CrymneHJaTo-peryanupyeMblii  THAPOIPHBOJ TYCEHUYHOTO
TATa4ya ¢ IUCTAHIIMOHHBIM YIIPaBIEHUEM

JnHamMuueckuit pacuer CTYIIEHYATO-PEryJIUPYEMBIX
TUIPOTIPUBOJIOB
OcobennoctH [I0CJIEOBATEIBHOTO COEIMHEHUS

TUIAPOABUTATEIEN B MHOT'OIIOTOYHBIX CTYIIEHYaTO
pPETYJIMPYEMBIX THAPOIPUBOIAX




CTpyKTypH

. [Inanupyembie
Bl 3JIEMEHT
pe3yIbTaThl OrneHoYHBIE CPECTBA
KOMITETEHI]
oOyueHus
uu
[1K-3.2 OcymectBiser | IIpumephbie npakmuueckue 3a0anus ons F
KOHTPOJIb 3auema:
KauecTBa 1
npoektupoBa | Cocmasums mamemamuieckoe onucaiue 6 C
[ » Hp
ui 1| hopme “6x00-6b1x00"" cucmembi,
OKCITYATal | 4 e0ennoli na credyroweli cxeme. Z
u peMOHTa
TOPHBIX
MaIIiH u
o0opynoBanus | 3a BLIXOOHYI0 8eIUYUHY NPUHAMb nepeme-
c LEJbI0
MOBBILIEHUS UX | wenue maccel m om enewneli cunvt F, a cuny
HAJEKHOCTH F- 3a
6X00HOe 8030eticmalue. p1 /
|
Cocmasums mamemamuieckoe onucanue u ;
onpeoenums nepedamounyro QyHKyuio: P2
. A W
a) be3 yuema maccvl NOOBUICHBIX Yacmell,
CUTIbL MPEHUSL U CHCUMAEMOCTIU HCUOKOCIU,
0) 6e3 yuema cuiibl MpeHusi U CHCUMAEMOCTU HCUOKOCMU, HO C
Vuemom MAaccvl NOOBUINHCHBIX Yacmell,
8) 6e3 yuema coHcumMaemocmu HCUOKOCMu, HO C Y4emom CUbl
MPEHUsL U MACCbL NOOBUNCHBIX Ydcmell;
2) € yUemom CHCUMAEMOCU HCUOKOCMU, CUTbL MPEHUs. U MACChl
NOOBUMCHBIX Yacmell.
[1K-3.3:
Odopmiser .
Ilpumepnvie 3a0anun na pewrenue 3a0ay u3 npogheccuonanbHou
3asIBKU Ha
oonacmu
MaIIHHbI u
obopynoBanue | IlpuBeneHa cxema rHAPOOOHEMHON TPAHCMUCCHH TYCEHHYHOTO
, 3alOJHATE | Tsarada. YKakKuTe 0COOEHHOCTH JaHHOH cxeMbl. Bo3MoskHOCTH
HE00X0AUMBIE PETYJIMPOBKU U HACTPOUKH.
OTYCTHBIC [TpuBenuTeanropuTMpacueTaInHaMUIECKUXPACUETaTaHHOT OTH/IP

JIOKYMEHTBHI B
COOTBETCTBUU
c
YCTaHOBJICHHBI

OIpuBOJA.
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6) HOpﬂ)IOK MMpOBEACHUSA l'lpOMe)KyTO‘-IHOﬁ aTTeCTalluM, IOKA3aTE/JIn U KPUTCPUH
OICHUBAHUA:

[IpomexyTrouHas aTTectauus 1o aucuuiuinae «IIpoexkTupoBaHue U pacuer CleqIIuX
CUCTEM THAPONPUBOOB FTOPHBIX MAILIMH U 000PYJOBaHUS» BKIIOYAET TEOPETUUECKUE BOIIPOCHI,
MO3BOJISIOIINE OLEHUTh YPOBEHb YCBOCHHUS 00yUarOIIUMUCS 3HAHUH, U IPAaKTUYECKUE 3a1aHus,
BBISBIISAIOLINE CTETIEHb CPOPMUPOBAHHOCTH YMEHUHN U BIIAICHUI, TPOBOIUTCA B (hopMe 3aueTa.

3aueT no JaHHOW AMCUMILIMHE MPOBOJUTCS B BU/I€ OTBETOB HAa TECTOBBIE 3a/1aHus. TecThl
BBIKJIaJ(bIBatOTCA Ha noprane MI'TY.

IToxa3zatenu u KPUTEPHUHA OLICHUBAHUA 3a4Y€Ta:

«3a4TeHO» - BBICTABJISIETCS IIPU YCIIOBUH, €CIIN CTYJEHT IT0Ka3bIBAET XOPOIINE 3HAHUS
yueOHOro MaTepuasa o TeMam Kypca, 3HaeT OCHOBHBIE IOJ0XKEHHS MPOEKTUPOBAHUS U pacyera
CIEISAINX CUCTEM TUAPONPUBOAOB FOPHBIX MAILIUH U 000PYAOBaHMS, YCTPOMCTBO U MPUHIUI
paboTsl rupoanmnaparoB. Ilpu 3TOM CTyIEHT JIOTHYHO U MOCJIEI0BaTEeNIbHO U3JIaraeT MaTepual,
PaCKpBIBAET CMBICII BOIIPOCA, JAET yIOBIETBOPHUTEIBHBIE OTBETHI HA JOIIOJHUTEIBHBIE BOIIPOCHI.

«He 3auTeHo» - BBICTABISAETCS MPU YCIOBHUH, €CJIH CTYJICHT BIaJAEET OTPHIBOYHBIMHU
3HAHUSAMU 10 TEMaM Kypca, 1aeT HEMOJIHbIE OTBETHI HA BOMIPOCHI K3 OCHOBHOMW JIUTEPATYPHI,
PEKOMEHJIOBAHHOM K KYpCY.

MeToguueckmue peKoOMeHAALUM 414 NOATOTOBKM K 3aueTy



[Ipn moArotoBke K 3a4eTy y CTyIEHTa JIOJDKEH ObITh XOpOLIUN Y4eOHUK WM KOHCIEKT
JUTEPaTyphl, MPOYUTAHHON 1o YKa3aHUIO npenojaBaTens B TE€YECHHE
cemectpa.KoHCIEKTUpOBaHUE  JTOJDKHO  OCYLIECTBISATHCS ~ OOYYAIOIIMMCA  TOJIBKO  JIMIIb
camocrosTenbHo. [IpocMOTp cOOCTBEHHBIX KOHCIEKTOB IO3BOJSET OOydaromeMycs ObICTpO
BOCCTAHABJIMBATh B AMATHU COAEPKAHUE UCTOUHHUKA.

Bnauaine cnenyer npocMOTpeTh BECh MaTepuai IO CIaBaEMOU JIUCLUUIUIMHE, OTMETUTD JUIS
cebss Tpyanele Bompochl. OOs3aTensHO B HUX pa3oOparbcs. B 3akmrouenue emie pas
11€J1€Cc000pa3HO IOBTOPUTH OCHOBHBIE IIOJIOKEHUS, UCIIOJIb3YS MPU 3TOM OIOPHBIE KOHCIIEKTHI
nexuui. Ilpu sTOoM HyXHO 00paTHUTh 0co00€ BHUMAHHE HAa TEMbl Y4YEOHBIX 3aHATHIA,
MPOMYIIEHHBIX CTYACHTOM M0 Pa3HbIM MIPUUHUHAM.

Ecnu B mporecce caMocTosATeNbHON pabOTHl HAJ MU3yYEHUEM TEOPETHUECKOro MaTepuaia
WM TIPU PEILIEHUH 3a/a4 Y CTYACHTa BO3ZHUKAIOT BOIIPOCHL, Pa3peUINTh KOTOPhIE CAMOCTOSTEIIEHO
HE yJaeTcs, He0OX0AUMO 00PATUTHCS K MPETIOAABATEINO ISl HOTYUYCHHUS Y HEroO pa3bsICHEHUH WIN
yKazaHui. B cBoMX Bompocax CTYAEHT JOJDKEH YETKO BbIPAa3UTb, B YEM OH HCIIBITHIBAET
3aTpyJHEHUS, XapaKTep 3TOro 3aTpyIHEHUs. 3a KOHCYJIbTAIUEH cielyeT oOpalaThcs U B cllydae,
€CJIM BOZHUKHYT COMHEHUS B IPABUJIBHOCTU OTBETOB Ha BOIIPOCHI CAMOIIPOBEPKHU.
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