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JIner akryaauszanuu padoyeil mporpaMmbl

Pabouas nmporpamma nepecMoTpeHa, oocyxaeHa u ogqodpena st peanmsanuu B 2020 - 2021
y4eOHOM rojTy Ha 3aceqaHuu Kadeapsl ['OpHBIX MallMH U TPAHCIIOPTHO-TEXHOJIOTHUECKUX

[Ipotokom ot 20 . Ne

3aB. kadeapoii AN Kousra

Pabouast mporpamMmma repecMoTpeHa, 00CcykaeHa u 0100peHa s peanuzamnuu B 2021 - 2022
yueOHOM rojly Ha 3acefaHuu Kadeapsl [OpHBIX MAIIMH U TPAHCIOPTHO-TEXHOJIOTHIECKHX

IIporokomor 20 1. Ne

3aB. kadeapoii AL Kousra

Pabouas nporpamma nepecmotpeHa, o0cyxieHa u ogoopena s peanuszanuu B 2022 - 2023
y4eOHOM Trojly Ha 3acefaHuu Kadeapsl [OpHBIX MAIIMH U TPAHCIIOPTHO-TEXHOJIOTHICCKIX

[Iporokomn ot 20 1. Ne

3aB. kadeapoii AL Konbra

Pabouas nmporpamma nepecMoTpeHa, 00cyxaeHa u ogodpena st peanmsanmu B 2023 - 2024
y4eOHOM rojy Ha 3aceqanuu Kadeapbl ['OpHBIX MALIMH U TPAHCIIOPTHO-TEXHOJIOTHUECKUX

IIporokomor 20 . Ne
3aB. kadenpoit A.Jl. Konbra

Pabouas mporpamma nepecMoTpeHa, 00cyxeHa u ogodpenHa st peanm3anuu B 2024 - 2025
yueOHOM roly Ha 3acefaHuu kadeapsl ['OpHBIX MalIMH U TPAHCHOPTHO-TEXHOJIOTHYECKUX

IIporokomor 20 1. Ne

3aB. kadenpoit AL Kosbra

Pabouas mporpamma nepecMoTpeHa, o0cyxaeHa u ogoopena st peanuszamnuu B 2025 - 2026
yu4eOHOM ToJTy Ha 3acefaHuu Kadeapsl [ OpHBIX MAIIWH U TPAHCTOPTHO-TEXHOJIOTHICCKHX

[Iporokom ot 20 1. Ne

3aB. kadenpoii AL Komsra




1 Iles1u ocBOEHUS TN CHMILTHHBI (MOZYJI51)

Lenbro TUCIUIUINHEI SBISETCS:

- U3y4YeHUE W OBJIAJICHUE CTYJCHTAMH 3HAHUI 3aKOHOB TUAPOCTATHKH ¥ TUAPOTUHAMUKH
U pealii3aliy UX B THIPONIPUBOIaX TOPHBIX MAIIMH U 000pyI0BaHUH,

- OBJIQJICHUEC HAaBBIKAMU BBITIONHEHHUS OJKCIEPUMEHTANBHBIX H  JaOOPaTOPHBIX
MCCJICIOBAaHUM, HHTEPIIPETALIUU [TOJYUCHHBIX PE3yJIbTaTOB, COCTABICHUS U 3aIUTHI OTUYETOB IO
IpOJIeTaHHOM padoTe,

-OBJIaJICHUE JIOCTATOYHBIM YpOBHEM OOHIenpodecCHOHAIbHBIX U NMPO(PECCHOHANBHBIX
KOMIIETEHIIMM B cooTBeTCTBUU ¢ TpeboBanusiMu OI'OC BO mno HampaBieHHIO MOATOTOBKU
21.05.04 I'opHoe aeno npoduias DINeKTpUPUKALIKI U aBTOMATH3aIHsI TOPHOTO IMMPOU3BO/ICTBA.

2 MecTo TMCUHMIIMHBI (MO1YJIsI) B CTPYKTYpe 00pa3oBaTe/bHOil IPOrpaMMbl

HucuuiuinHa ['mapomexaHuka BXOJUT B BAapHMAaTUBHYIO 4YacTh Y4eOHOro IUIaHa
00pa3oBaTeIbHOI IPOrPaMMBI.

Jns  u3ydeHUs  JUCLUIUIMHBL ~ HEOOXOOUMbI  3HaHUS  (YMEHMs,  BIJIQJICHUsA),
c(OpMHUPOBAHHBIC B PE3YIIbTATE U3YUCHHSI JUCITUTUTUH/ IPAKTUK:

I'opHble MalHbI 1 000pyIOBaHHE

®dusuka

Maremaruka

I'mpponHEeBMOIIPUBOA M TUAPOITHEBMOABTOMATHKA T'OPHBIX MAIIUH

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

ABTOMAaTHKa MAIlIMH ¥ YCTAHOBOK F'OPHOT'O IIPOU3BOJICTBA

JlnarHocTyka 1 Hag&KHOCTb aBTOMaTU3UPOBAHHBIX CUCTEM

Mexanuka

[ToaroroBka K 3aIyTe U 3alUTa BBITYCKHOMN KBaJIM(UKAIIMOHHONW pabOThI

3 Komnerenuun odyuarouierocs, popMupyemMbie B pe3yJibTaTe 0CBOEHUS

AUCHUILUIMHBI (MOAYJIS) ¥ IJIAHUPYEMBbIe Pe3yIbTAThI 00y4YeHH s

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

CTpyKTypHBIit [Tnanupyemsble pe3ynbTaThl 00y4eHUs
JIEMEHT
KOMIIETEHIINH

[TK-16 rOTOBHOCTBIO BBIMOJIHATH SKCIIEPUMEHTAIbHBIE U TAOOpaTOPHBIE UCCIEA0BAHNUS,
UHTEPIPETUPOBATH MTOJYYECHHBIE PE3YJIbTaThl, COCTABJIAThH U 3aLUIIATh OTYETHI

3HaTB OCHOBHBIC 3aKOHBI FI/I)IpOMeXaHI/IKI/I;

MIPOIIECCHI, TPOUCXOIAIINX B paO0OUNX KHUIKOCTSIX TPU MX JIBUKCHUHU U B
ITOKOE;

CIOCOOBI MOJICTTUPOBAHHUSI ITPOIIECCOB MEXAHHUKH KUIKOCTH U Ta3a

YmMmeth COCTaBJIATh PACUETHBIE CXEMBI ISl MOACIMPOBAHHUS ITPOLIECCOB MEXAHUKNU
XKHUJIKOCTHU U rasa

pemare 3a1a4l KHHEMATUKYU U JUHAMMKH JKUKOCTH;

CaMOCTOSITENIbHO MPUOOPETATh 3HAHUS B 00JIACTH MEXAHUKH >KUJIKOCTH U
rasa ¢ MCIOJIb30BaHHEM y4eOHOM 1 CipaBOYHOM JIUTEpaTyphl,
roCy/IapCTBEHHBIX CTAaHJAPTOB M HAYYHBIX MMyOJIMKALIUN;

IIPUMEHSITDH [TOJIyYE€HHBIE 3HAaHHS HA MEXIUCLHUIIIIMHAPHOM YPOBHE;
BBIOMpATh U MPUMEHATh MaTEMAaTUYECKUE METObI, PU3NYECKrEe 3aKOHBI IS
pelIeHNs MPaKTUYECKUX 3a7a4




Bnanets

npodeccnoHaNbHBIM S3BIKOM IMIPEIMETHONW 00J1aCTH 3HAHUS,

OCHOBHBIMH METOJIaMHU MOJICIMPOBAHUS MTPOLIECCOB MEXAHUKH KUJIKOCTH U
rasa;

OCHOBHBIMH METOJIaMHU PEIICHUS 3a7a49 B 0071aCTH MEXaHUKH JKUIKOCTH U
rasa;

MEeTOJaMH NPOEKTUPOBAHUS U pacueTa rMApaBINnYECKUX U MTHEBMATUYECKHUX
CHCTEM C UCIOJIb30BaHUEM MAaTEeMAaTUYECKOT0 aHaJIN3a U KOMIIIOTEPHOTO
MOJICJIUPOBAHNS;




4. CTpyKTypa, 00bEéM U coep:KkaHue TUCHUIIMHBI (MOAYJIS)
OO01mas Tpy1I0eMKOCTb JUCIUILINHBI COCTABIISIET 4 3a4eTHBIX enuHuI] 144 akaJl. 4acoB, B TOM YHCJIC:
— KOHTaKTHas pabora — 69,8 akas. yacos:

— ayauTopHas — 68 akaJ. 4acos;
— BHeayauTopHas — 1,8 akaj. yacos
— caMmocTosTeIbHas paboTa — 74,2 akaj. 4acos;

®dopma aTTecTaluu - 3a4ET

AynutopHast g
o | ¥oHTakTHas pabora E 3 dopma TEKyIIEero
=
= B aKaJl. 4acax 5} Bnu KOHTPOJIS
Paznen/ tema 3 (B axaj. uacax) == A y p Kon
S 3 © | caMOCTOSITENbHOM | yCIIeBaeMOCTH U
JUCLUTUTAHBI 5 S . | xoMnereHMK
@) Q & padoThI MIPOMEKYTOUHOM
na6. | mpakr. | € 8
Tlex. Z'g aTTecTaluu
3aH. 3aH. | QU &
1. Tema 1
Iounck
JIOTIOTHUTENBHOMN
nH(OpMaIH 110
bop \],'[ IIpoxoxnenue
3aJJaHHOH TeMe
1.1 Kupkoctb u  ee BBOJIHOTO
¢dusnyeckue CBOHCTBa Toxrotoska tecra.Craua 3agaq
N 1 6 2 2 4 n1abopa-TOpHOMY ) TIK-16
Cunbl,  JeHcTBylOLIME B o teme «KuaxkocTp
3aHsTHI0. Pemenue
JKHIKOCTH. U ee pu3nIecKue
3alaHHBIX 33124 110 o
CBOWCTBaY.
teme «Kuakocts n
ee pusnueckue
CBOWCTBa»
HWroro no pazaeny 2 2 4
2. Tema 2
[Touck
JIOTIOTHUTENBHOMN 3amura
21 I'mapocraTuka: nH(OpMAaIIH 110 nabopaTtopHO
muddepeHraibHbIe 3aJaHHOU TeMe pabotsr Nel «
ypaBHEHHS paBHOBeCHs IoaroroBka dusznueckue
KHJIKOCTH; oc-HOBHOe| 6 2 221 5 nabopaTopHOMY CBOIiCTBa TK-16
YpaBHEHHE  THUIPOCTATHKH; 3aHSTHIO. JKUIIKOCTH.
OcHOBBI TUIPOCTATHKY. Pemenue Cpnayva 3a1a4 1o
YpaBuenus Diinepa. 3aJIaHHBIX 33124 10 paszaenam
paznenam THJPOCTATHKH.
THIPOCTATHKH.
Hroro no paspeny 2 2/21 5

3. Tema 3




ITouck
JIOTIOJTHUTEITLHOM
uH(popMaIUy 10

3.1 T'uaponuHaMuka: 3aJJaHHOW TeMe.
KHHEeMaTuKa KHJIKOCTH, Pabota c
Cpauga 3a1a4 10
BUJIBl JABW)KEHHS >KUAKOCTH, KOMITBIOT€PHBIMH "
Teme "Pexxumbl
3aKOH COXpPaHEHUs Macchl, oOyyaromumu I1K-16
JIBYDKEHHS
ypaBHEHHE pOrpaMMaMH. "
KHUIKOCTH".
Hepa3pbIB-HOCTH.OCHOBBI [onroroska x
JMHAMUKH JKHJIKOCTH. nabopaTo-HOMY
3aHsTHI0. Pemenne
3aj1a4 10 pasjenam
THJPOCTATHKH.
Uroro mo pazneny
4. Tema 4
IMouck 3amuTa
JIOTIOJTHUTENILHOM nabopaTopHO
HnH(pOpMaIUH 110 a00ThI No2
4.1 OcHOBHBIC YpaBHCHHS (bop " p
A p— 3aJaHHOH TEME. «3yuenne
P . N 2/21 Ionroroska npubOpoB JUIs IIK-16
OHOPOJHOW HEC)KUMaeMOMH
JTa00paTOPHOMY H3MEpEHUs
JKUJIKOCTH.
3aHATHIO. Pemenne JTABJICHUS».
3a7a4 1o Crnaua 3a/1a4 110
THAPOJMHAMUKE. | THIPOIUHAMUKE.
Hroro no pazneny 221
5. Tema 5
[onck
JOTIOJTHUTENBHOM
51 Tema. JBrxeHue uH(popMaIHK 10
UJIeaTbHOM JKHIKOCTH, 3aaHHOH TeMe.
3arura 3aga4 1o
ypaBHEHHE bepnymnu, Ioaroroska x IIK-16
THPOIMHAMUKE.
(busnyeckas MHTEP-IPeTAIHS 71a00paTOPHOMY
ypaBHeHus bepHysn. 3aHATHIO. Pemenue
3a1ad 1o
THIPOIMHAMUKE.
HWroro no pazgeny
6. Tema 6
3amura
nabopaTopHOH
o [Tounck paTop
6.1  [IBmxeHue BS3KOM . pabotsr Ne3
N JIOTIOJTHUTEJIbHON
HEC)KUMAEMOU  JKHUIKOCTH. 2/21 «3mepenune [K-16
nuH(opMaIH 10
Ypasuenus HaBre-Crokca. . THAPOCTATHIECKOTO
3aaHHOI TeMe.
JTABJICHUS
JKUJIKOCTHY.
Hroro no paspeny 2/21
7. Tema 7
7.1 OCHOBBI Teopun
THIPOJMHAMUYECKOTO
APOL ITonck
nonobust. Kpurepun . 3amura 3a/1a4.
JIOTIOJTHUTEIbHOU
THIPOJMHAMUYECKOTO IpoxoxaeHue IK-16
HHPOPMAITHH 10
noxo0usL. IIpumepst TecTa.

HCIIOJIb30BaHUsA B PCHICHUUN
TUAPOJVUHAMHUYCCKUX 3aa4.

3aJJaHHOM TeMe.

Uroro mo pazneny

8. Tema 8




8.1 T'mapaBiruecKue MoTepu

3amura
SHEepruu. Pexumbl TeueHus N
IMounck nabopaTopHOi
AHROCTH. Hueno OTIOJTHUTENBHOM a00Th1 N4
Peiinonbaca.  JlaMuHapHBII 221 o p - TIK-16
UHPOPMAIIH 110 «M3yuenue
PEKUM TEUSHHS IKUJIKOCTH. o
3aJaHHOM TeMe. | CTPYKTYpHI TOTOKOB
®dopmyna Crokca.
. JKUIIKOCTI.
3akoH I'arena-Ilya3zeiis
Hroro no pazgeny 2/21
9. Tema 9
9.1 MectHbie norepu IMouck
sHepruu. BeiBon Qopmyisl JOIOJHUTENILHOR 3auma sanas.

’ ITpoxoxaeHue I1K-16
bopna — Kapno. Bunser HHPOPMAIHH 0 recra
MECTHBIX CONPOTHUBIICHHH. 3aJJaHHOU TeMe )

Hroro no pazgeny
10. Tema 10
3amuTa
10.1 Knaccuduxarms TMonck nabopaTopHO
TpyOOIpOBOIOB . paboTsr Ne5
. JIOTIOJTHUTENIbHON
Tunpasnuyeckuit pacuer 221 HHGOpMAIIH T «OrmpenencHue TIK-16
TpyOonpoBosoB. [Ipumepsr pMal peXuma Te4eHus 1
3aaHHOH TeMe.
pacdera TpyOOIIpOBOIOB. ero
XapaKTEPUCTHK.
Wroro no pasneny 2/21
11. Tema 11
11.1 HcredeHue KUAKOCTH
U3 OTBEPCTMH M HACaIKOB.
Knaccubukarms otBepcTuit [Tonck
. o Samura 3a1a4.
u ucreueHnit. OcoOeHHOCTH JIOTIOTHUTENBHOMN
o IIpoxoxnenue TK-16
UCTEYCHUS U3 OTBEPCTHIA. UH(POPMAIIH 1O recta
OcobeHHocTH u 3aJaHHOM TeMe ’
XapaKTePUCTUKU HCTEUCHHS
JKHJKOCTH M3 HACAIKOB.
Hroro mo pazneny
12. Tema 12
12.1 Tunpasnuyeckuil ynap 3amura
B TpyOax. IIpruunbl [Tounck n1abopaToOpHO
BO3HUKHOBeHMA. [Ipsamoil u 201 JOTIOJTHUTENIbHOU paboTsl Ne6 MK-16
HenpsMoi Turpoyxaap. Mepbt nH(OpMaIH 110 «Mnnroctpanus
MPEJO0TBpAIICHHS 3aJJaHHOH TeMe. YpaBHECHUS
THApOyapa. Beprymmmy.
Hroro no pasneny 2/21
13. Tema 13
13.1 T'unponpusosr.
APOTIPHBO [onck
CrpykTypa u N
JIOTIOJTHUTENILHON 3amura 3aay.
KJIaccuprKanus
JUTEpaTypsl IO IIpoxoxnenue TK-16
THIIPOIPUBOIOB. N
paccMaTpUBaeMOi TecTa.
T'mppoanmaparypa
TeMe.
yIIpaBJICHHS.
Hroro mo pazaeny
14. Tema 14
141 I'uppomatuHel.
3amura
Ucrounnkn  mutaHus  u ITounck "
. nabopaTopHO’
UCTIOJHUTEIbHBIE JOIOJIHUTEBHOM
. pabotsr Ne 7
YCTpPOHCTBa — KOHCTPYKIIUH, 2 UH(POPMAIIH 11O "OmpeIenCHIE I1K-16
HapaMeTpsl, KIacCu(UKaIHsL. paccMmatpuBaeMoi peit
MECTHBIX IT0TEPb
Pacuer mapameTpoB u BbIOOD TeMe "
Haropa

TUAPOMaAIIWH 10 KaTaJoram




HUroro no pasaeny 2 | 2 5
15. Tema 15
Iouck
JIOTIOJTHUTEITbHOM 3ammTa 3a/1a4.
151 Meromuka  pacdera 2 2 4 HHPOPMAITHH 10 IIpoxoxaeHne TIK-16
00BEMHOTO THAPOTPHBOJIA. .
paccMaTpUBaeMoit TecTa.
TeMe.
HUroro no pazaeny 2 2 4
16. Tema 16
3amura
16.1 TypGomarmHs. IMouck § nabopaTopHOH
TuapoMydo: JIOTIOTHUTETHHON pabotbr Ne8
’ 2 2 4 uHpopMaIUHy 10 "Onpenenenue I1K-16
T'uapotpanchopmMaTopsi. N
paccMaTpuBaeMoii | TOTeph Harmopa
IIpumenenue.
TeMe. TpyOOpoBOza 0
JHe"
Hroro no pazneny 2 2 4
17. Tema 17
17.1  Pacuer  OCHOBHBIX Homex . Chaza
HapameTpos JIOTIOJTHUTEITbHOM 7Tab0paTOPHBIX
2 1 1 3,2 | muteparypsl Mo paboT u 3a1ad. TIK-16
TUAPOANHAMUYESCKUX MAITUH N
paccMmarpuBaeMoit IIpoxoxaeHue
Y CUCTEM BOJIOOTIINBA.
TeMe. HTOTOBOTO TECTA.
HWroro no pazneny 2 1 1 3,2
Uroro 3a cemectp 34 (17/121 17 74,2 3a4uéT
Wroro no pucuumninne 34 (17/121| 17 74,2 3aueT TIK-16




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

O6paSOBaTeJ'II>HI)IC TEXHOJIOTHH

Jns  peanu3anuu  NPEIyCMOTPEHHBIX BHJOB  yueOHOM paboOTBl B KauecTBe
o0pa3oBaTeNbHbIX  TEXHOJOTM B  MpenoJaBaHUU  AUCHUIUIMHBL  «[‘mapomexaHuKa»
UCTIONIB3YIOTCSL  TPAIUIIMOHHAS, WHTEPAKTUBHAAI W WHQGOPMAIMOHHO-KOMMYHUKAIIMOHHAS
o0pa3oBaTeibHbIE TEXHOJIOTUH.

Ha 3aHSITHSIX npeaycMaTpuBaeTcs UCTIOJIb30BAHUE 3IIEKTPOHHOTO
JEMOHCTPAIIMOHHOT0-y4e0HOr0 MaTepuaia COAEPHKAILLEro CIOXKHbIE CXEeMbl, TaOJIULbl U
MareMaThueckue Qopmynbl. MyiabTuMeaniiHoe 000pyIOBaHHE MOXKET OBITh HCIOJIH30BAHO
TaK)Ke U CTYJICHTaMU JIJIsl IEMOHCTPALIMU PE3YJIbTaTOB BBIIIOJIHEHUS TAOOPATOPHBIX PadoT.

1. Tpapuuumonusie oOpa3oBaTeNbHBIE TEXHOJOTHMH OPUEHTHPYIOTCS Ha OpPraHHU3aluio
00pa3oBaTeNbHOTO  MpOLlecca, MPEANONArailyl0 MPAMYI  TPaHCISAIUIO 3HAHWHA  OT
IpernoiaBaTess K CTyIeHTY (IIPEeUMYIIECTBEHHO Ha OCHOBE OOBSICHUTEIHHO-MILTFOCTPATUBHBIX
METOJIOB 00y4eHHUst). YueOHas AesITeNbHOCTh CTYJ€HTa HOCUT B TaKHX YCJIOBHUAX, KaK MPaBUIIO,
PENpPONYKTUBHBIA XapaKTep.

@®opmbl y4eOHBIX 3aHSATHI C UCIIOJIB30BAHUEM TPAAUIIMOHHBIX TEXHOIOTHIA:

Wudopmannonnas JeKnus — MOCIENOBATEIbHOE H3JIOKEHHE MaTrepuaja B
JTUCIUIIMHAPHON JIOTHKE, OCYIIECTBISIEMOE MPEUMYIIECTBEHHO BEpOaIbHBIMU CpEICTBAMU
(MOHOJIOT Mpeno1aBaTes).

[IpakTuueckoe 3aHsTHE, MOCBSIIEHHOE OCBOCHUIO KOHKPETHBIX YMEHUU M HABBIKOB IO
NPEUIOKEHHOMY aJITOPUTMY.

2. VlHTepakTUBHBIE TEXHOJOTUU — OpPTraHu3allusg 00pa3oBaTENIbHOIO IMpoliecca, KoTopas
NpeoiaraeT akTHBHOE U HEIMHEHHOE B3aMMO/ICHCTBHE BCEX YUaCTHUKOB, IOCTHKEHUE HA dTON
OCHOBE JIMYHOCTHO 3HAYMMOTO [JJIs HUX 0Opa3oBaTeNbHOTO pe3ynbrata. Hapsmy co
CICIUAIM3UPOBAHHBIMA ~ TEXHOJIOTHSIMH  TAaKOrO  poJa  MPUHIUN  HWHTEPAKTHBHOCTH
MPOCIEKMUBAETCS B OONBIIMHCTBE  COBPEMEHHBIX  0Opa30OBaTENbHBIX  TEXHOJOTHUH.
WHTEpakTHBHOCTH TOAPA3yMEBAET CyOBEKT-CyOBEKTHBIE OTHOIICHHS B X0€ 00pa30BaTeIbHOTO
mpolecca 1, Kak ciecTBrue, GopMUpOBaHHE caMOpa3BUBAIOLIEICS HHPOPMAITMOHHO-PECYPCHOM
Cpenpl.

@opmbl yueOHBIX 3aHATHI C MCMOJIB30BAHUEM CHEIHATU3UPOBAHHBIX MHTEPAKTHBHBIX
TEXHOJIOTHIA:

Jlexiusi «0OpaTHOW CBS3M» — JICKIHMSI-TIPOBOKAIMS (M3JI0KEHUE MaTepHala C 3apaHee
3aIJIaHUPOBAHHBIMU omuoOKamm), nekuusi-Oecena, JEKIUSA-TUCKYCCHS,
JEKIUSA-TIPECCKOH(EePEeHIIHS.

3.  HH)popManmOHHO-KOMMYHUKAIIMOHHBIE  OOpa3oBaTeNbHBIE  TEXHOJOTHUH  —
opraHu3zais 00pa3oBaTeIHLHOTO MPOIecca, OCHOBAHHAS HA IPUMEHEHNH CCIIHATH3HPOBAHHBIX
MPOrPaMMHBIX CpeJl U TEXHHUUECKUX CPENICTB pabOThI ¢ MH(OpMALIHEH.

®opMBI YIEOHBIX 3aHATHA C HCIIOJIH30BAaHUEM HH(POPMAITMOHHO-KOMMYHHUKAIIMOHHBIX
TexHoJoruil:JIekus-Bu3yanu3anus — U3JI0KEHUE COIEeP KaHUs COTMPOBOXKAACTCS Tpe3eHTaleH
(TeMoHCTpaIe yaeOHBIX MaTepPHaJIOB, MIPEJICTABICHHBIX B Pa3JIMYHBIX 3HAKOBBIX CHUCTEMaX, B
T.4. WIUTFOCTPATUBHBIX, TpauuecKux, ayIuo- U BUACOMATEPUAIIOB).

JlabopaTopHoe 3aHATHE B (hOpME BUPTYaJIbHON BU3YaIM3allMH MPOIIECCOB U SBIICHUM,
MPOUCXOSAIIUX B JKUIKOCTH U JESATEIBHOCTH C WCIOJIb30BAaHUEM CIHEIHAIU3HPOBAHHBIX
MIPOTPaMMHBIX CpeJl.

[TepenoBbIie TEXHOIOTUH, IPUMEHSIEMBIE JIJISI TOCTHKESHHSI 00pa30BaTEIbHOM ENH:

1. B yueOHOM mporiecce MpeaycMOTpeHbI 3aHATHA B (GopMme pa3dopa KOHKPETHBIX
CUTYyaIli, CBSI3aHHBIX C TUAPABINKOMN U THAPOITHEBMOIIPHBOIOM.

2. Vcnonp3oBanue B yueOHOM IMPOIECCE BUPTYATHHOTO Ja00OPaTOPHOTO MPAKTHKyMa IO
paszeniaM TeXHUYEeCKOW THAPOMEXaHUKH.

3. Ilpu mpoBenenun nabopaTopHBIX PabOT paccMaTPUBAIOTCS TECTHI MO pasneiaM B



4. Ha nexuusix UCTONb3yeTcs KOMIIBIOTEP C TPOSKTOPOM JIJIsl OTOOpaKEHUS U JTYUILIEro 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. Tomanckuii, 1.B. MexaHuka >kHIKOCTH | ra3a . yuebHoe nmocobue / M.B. JlomaHCKHii,
B.A. HekpacoB. — Cankr-IlerepOypr : Jlanp, 2018. — 140 c. — ISBN 978-5-8114-3158-8. —
Tekcr : anektponHblid // DaekTpoHHO-OMOMMOTEUHas cuctema «Jlamb» @ [cait]. — URL:
https://e.lanbook.com/book/110915

2. CazanoB U. W. I'mapasnuka [DnexTpoHHbId pecypc]: yueonuk / Cazanos U. U.,
Cxupmianze A. I'., Usanos B. U. - M.: KYPC, HUI] UTH®PA-M, 2017. - 320 c.: 60x90 1/16. -
Pexxum mocrtyma: http://znanium.com/bookread2.php?book=601869 . - 3arn. ¢ skpana. - ISBN
978-5-906818-77-5.

0) JlonosiHuTebHAS JIUTEPATYpA:

1. I'ynunun H.C. u np. I'mapaBnuka v ruaponpuBo: YuedbHoe nocobue. — 4-e uza. M.:
MITYVY.-2007.-520c.

2. I'ynunun H.C. T'napasnuka u tuaponpuBo: Yu. moc. [ DnexkrponHsii pecype |, bC

<< Jlanp>>. — 2007.

3. Komera A.Jl., UBano C.A., Toumnkua B.B., ®wiator A.M., 3agopoxHsii B./I.,
Barun B.C. OcHOBBI (yHKIMOHMPOBAHUS TUAPABIMYECKHMX CHCTEM METATypruyeckoro
o6opy-noBanus: y4ed. mocoobue. Maruuroropck: M3a-Bo MarHuToropck. roc. TeXH. yH-Ta HM.
I'1.Hocoga, 2011. - 197 c. (monymeno YMO 1o o0pa3oBaHMIO B O0JIACTM METAJIypruu B
KayecTBe y4yeOHOro mocoOus Ajsl CTYyJEHTOB BBICHIMX Y4EOHBIX 3aBEACHMM, 00yJaromuxcs o
crenuanbHOCTH «MeTamTypruieckie MalHbl 1 o0opynoBanue»). ISBN 978-5-9967-0224-4.

4. Tounnkun B.B., ®unatoB A.M., 3anopoxusiii B.Jl., UBanoB C.A., Komsra A.Jl.,
Barun B.C. OcHOBBl (YHKIMOHUPOBAHUS THUIAPABIMYECKHUX CHCTEM METaTyprudeckoro
o0opy-noBanus. JlabopaTopHbIM MPaKTUKYM IO THAPONPUBOAY U THApPOABTOMATHKE. Y4eO.
noco-6ue. Marauroropck: M3a-Bo Marauroropck. roc. Texs. yH-ta uM. I.M1.Hocosa, 2009. - 105
c. (momymeno YMO mo 006pa3oBaHuI0 B 00JaCTH METALTYPIHH B KaueCTBE Y4EOHOTO MOCOOMS
JUIS  CTYAEHTOB BBICIIMX Yy4eOHBIX 3aBeleHHH, oOyJaromuxcs MO0 CHEeNHaIbHOCTH
«Merauyprudeckre MalimHbl 1 o0opynoBanuey). ISBN 978-5-9967-0085-1.

5. Tounnkuu B.B., ®unaroB A.M., Bano C.A., UnueneB H.A., Konsra A.Jl., Barun
B.C. UccnenoBanue paboThl U XapaKTEPUCTUK 3JIEMEHTOB T'MJPONPHUBOJA METALITYPrHUECKUX
MamuH: y4e0. mocobue. Marnutoropck: M3a-B0 MarHutoropck. roc. TeXH. YH-Ta HUM.
["'M.Hocosa, 2014. - 207 c. (monymeno YMO mo o0pa3oBaHHIO B OOJIACTH METAJLTYpTHUU B
Ka4yecTBe y4yeOHOro MocoOus Ui CTYIACHTOB BBICIIMX y4eOHBIX 3aBEICHUN, 0Oydaromuxcs 1o
CIeNUaTbHOCTH «MeTauTyprudeckue MaHel 1 o0opynoBanue»). ISBN 978-5-9967-0451-4.

6. Anexcees ['.B. BupryanbHsiii 1abopaTopHbIi IpakTUKYM 1O Kypcy «OCHOBBI



runponpusosaay. — CI16.: TUOP/, 2007. -152c.

7. T.M. bamra, C.C. Pynues, b.b. Hekpacos, O.B. baiibakos, F0.JI. Kupumiosckuii I[Tox
pen. mpod. T.M. bamrel 'mapaBnuka, THIPaBIMYECKUE MAIIMHBI U THAPABIMYECKAC TPUBOIBL. —
M.: Mammnoctpoenne, 1970. — 503 c.

8. I'etiep B.I'. ,[lymun B.C. ,3aps A. H. , 'mapasnuka u ruaponpuox . —M.: Heapa,1991.
-331c.

9. Bunenep S.M., Kosanes f1.T., HekpacoB b.b. CnipaBounoe mocobue 1mo rujipaBiuke,
TU-pOMaIIMHaM U THApONpUBoiaM. — MH.: Beicimas mikona, 1985. -382c., ui.

10. Kosans II.B. T'mgpaBnmka u ruzponpuBoa. YueOHMK it BysoB. - M.:
Mammunoctpoenue. 1979 -319 c.

11. 3amauyHuK MO TUAPABIMKE, THAPOMAIIMHAM U TUApoNpuBOAY/ YueOHuK 1 Bys3os.
b.b.Hekpacos u ap. M.: Beiciias mikoma. 1989. — 192 c.

12. JLIL. IlocmenoB I'mapaBiMka M THAPONPHUBOA: YYEOHHMK IS TEXHHUKYMOB.— M.:
He-npa,1989. - 118 c.

B) Meroauyeckue ykasaHus:

1. Toumnkun B.B., ®unatoB A.M., Manko E.IO. T'maponpuBona. Metomuueckue
yKa3aHus K J1a0opaTopHbIM paboTam aisi cTyaeHToB crernuansHoctd 170900, MarnuTtoropek:
MI'TY, 2001. 24 c.

2. Manko E.1O., Ycor WN.I'. T'mapaBiawka W TUAPOMHEBMOINPHUBOA: MeToauduecKue
yKa3aHHug K KOHTPOJbHBIM paboraMm amnsi cryaentoB Hampasiuenuit 190100, 150400, 150900 u
cnenuanbHo-cterd 190205, 260301, 260303, 151001, 150400 Bcex d¢opM o0Oy4eHHS.
[DnexTponnslii pecype], Marautoropck: ®I'bOY BITIO « MI'TY», 2012.

r) [Iporpammuoe o6ecneuenue u UnTepHer-pecypceni:

IIporpamMmMHoe oGecrieyeHue

Haumenosanue I10 Ne norosopa Cpok neicTBuUS TULIEH3UU

MS Windows 7
Professional(mms  [[1-1227-18 ot 08.10.2018 11.10.2021
KJIACCOB)
MS Office 2007
Professional
7Zip cB0OOHO pacrpocTtpansemoe [10 OCCCPOUHO
ONEeKTpOHHBIE
WLIAKATRI IO KYPCY 1. 297-12 o1 11.09.2012 Gecepouno
I'mppasnuka u
THApOOpUBOJT"
MathCAD v.15
Education J1-1662-13 ot 22.11.2013 0eccpovHO
University Edition

Ne 135 o1 17.09.2007 O6eccpouHo

IIpodeccnonanbHble 0a3bl JaHHBIX M MH(POPMAIMOHHBIE CIPABOYHbIE CHCTEMbI

Hassanue xypca CchlIKa
DnexkTpoHHas 0a3a mepHoAMUYeCKUX u3maHuii East View
Information Services, OO0 «IBUC»

https://dlib.eastview.com/

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

Nudopmannonnas cucrema - ExmHOe OKHO JocTyma K

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




9 MaTepuajibHO-TeXHHYeCKOe o0ecreyeHue TUCIUIIUHBI (MOTYJIs1)

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

B cootBercTBUHM C yLIe6HBIM IIJIaHOM IIO JUCHUIINIMHE NPEAYCMOTPECHEI CJICAYIOIIUE BU/bI
3aHATHUH: JICKIUH, MPAKTUYCCKUC 3aHATUA, na60paT0prle 3aHATHA, CaMOCTOATC/IbHAaA pa60Ta,
KOHCYJIbTAallMH, 3a49€T , DK3aMCH.

VY4eOHble ayJUTOPUH JUIsl IPOBEACHUS 3aHATUHN JIEKLIMOHHOI'O THIIA!
- MyJBTUMEIUMHBIE CPEJICTBA XPAHEHUS, IEPEAAYH U NPEACTaBICHUS HH(DOpMALIUH.

VY4eOHble ayJUTOPUH JUIsl IPOBEACHUSI 3aHATUHN JIJIsl TPOBEACHUS TPAKTUUECKUX 3aHATHI:
- MyJIbTUMEIMHHBIE CPEJICTBA XPAaHEHNUS, [IEpeayuy U IPeCTaBIeHUs HH(popMaIy;
- IOCKa, MYJIbTUMEAUMHBINA ITPOEKTOP, SKPaH.

VY4eOHble ayIUTOPUM Ul IPOBEIEHUs IPYNIOBBIX U UHAUBUIAYAIBHBIX KOHCYJIbTALUH,
TEKYILEro KOHTPOJISA U IPOMEKYTOUHOM aTTECTALNN

- MyJIbTUMEIMHHBIE CPEJICTBA XPAaHEHUs, IEpeaayy U IPpeCTaBIeHUs HH(popMaIuy;

- IOCKa, MYJIbTUMEANIMHBIA IIPOEKTOP, IKPaH.

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

[Tomemenust s XpaHeHUS W NPOPHIAKTUYIECKOTO OOCIYKMBaHHUS  y4eOHOTO
000py10BaHUS:

- CTeJUTAXHU JUIA XpaHEHUS Y4eOHO-HATJSAHBIX TOCOOMH U y4eOHO-METOIUYECKOM
JIOKYMEHTAIUU.

VY4eOHble ayTUTOPUH U1 TPOBEACHUS J1a0OpaTOPHBIX paboT:

Kommnnekc yuebHsIit «I uapaBanueckue NpuBoAbI U CPEJCTBA aBTOMATHU3ALIUN,;
Kommnekc yue6HbIl «I MapoaBTOMaTHKaY;

Kommeke 11 0TpabOTKH HaBBIKOB MPOEKTUPOBAHUS;

JlabopaTopus yueOHas ruspaBiandeckas «Kanembpkay



IMPUJIOKEHME 1
YueOHO-MeTOANYECKOE O0ecTieYeHre CAMOCTOSITeIbHON PadoThl 00y4arouxcst

Ilpumepnuvie 3a0auu  no meme « Duzuueckue c6OUCMEA HCUOKOCHIUN:

3amaua 1. ABToKIaB oObeMoM 25,0 J1 HAITOJTHEH JKUJIKOCTBIO M 3aKpbITrepMeTndecku. Koadduiment
TEMIIEPaTypHOTO PACIIUPEHUS KUAKOCTH P, eeMoaynb ynpyroctu K. Onpenenuts noBbiieHne JaBIeHHS B
ABTOKJIABE NMPUYBEITMYCHUH TEMIIEPATYPHI KUAKOCTH Ha BenuuuHy AT. O0bemMHO# nedopmanueit
aBTOKJIaBa MPEHEOPEUb.

3amaya 2 (puc. 1). OnpenenuTb CKOPOCTh V PABHOMEPHOTO CKOJIbKEHHUSIPSIMOYTOJIHOM ITaCTHHBI (a° D -¢)
10 HaKJIOHHOM IUIOCKOCTH IOA YIJIoM 0= 12°, eciiu MeXy IUIACTUHOM U IJIOCKOCTBIO0 HaXOAUTCS CIOU
Mmacia TonmuHoid. Temnepatypa macna 30 °C, mIoTHOCTh MaTepuaa MIaCTHHBI p.

3amaua 3 (puc. 2). 3a30p MEXKIy BAJIOM U BTYJIKOI

3aI10JIHEH MAacJIoM, TOJIIIIMHA CJI0S KOTOPOTo paBHa o.
Huamerp Bana D, nnuna Brynku L. Ban Bpamaercs 7N\
PaBHOMEPHO IO/ BO3JIEHCTBUEM BpPaLIAIOIIETO \
MomeHTa M. OnpeenuTs 4acTOTy BpallleHUs BaJa, \( )
ecsn Temneparypa macia pasHa 40 °C. L '

Ilpumepnvie 3a0auu  no meme «l uopocmamukay:
3anaua 1 (puc.). 3akpbITHIi pe3epByap

3aI0JIHEH JU3EIbHBIM TOILIMBOM, £ |
temneparypa koroporo 20 °C. B

BEPTUKAJIBHON CTEHKE pe3epByapa UMeeTcs i
npsimoyroibHoe otBepeTre (D x b), 3akpriToe ]
MOTYIMIUHAPUIECKOU KPBITITKOH. OHA MOXKET
MIOBEPHYTHCSI BOKPYT TOPU30HTAIILHOM OCH A.
ManoBakyymmerp MV nokassiBaet
MaHOMETPUYECKOE JaBJICHUE Py UITH ]
BaKyyMMETPHYECKOE Ps. | TyOMHa TOIUIMBa
HaJl KpblIKoi paBHa H. Onpenenuts ycusue
F,xoTopoe HeoOX0IMMO PUIIOKUTH K HIDKHEN
YacTH KPBIIIKH, 4YTOOBI OHA HE OTKPHIBAJIACH.
Cwto# TSKECTH KPBIIIKH npeHeopeds. Ha
CXEMe€ II0Ka3aTh BEKTOPHI AEUCTBYIOIINX CHJI.

I e e T e o P




{A

3amaua 2 (puc.). BeprukanbHas
LWIMHAPUYECKas IUCTEpHA ¢ MOTyc(hepruyecKoi KpbIIKOH 10
€aMoro Bepxa 3arojHeHa KUAKOCTbIO, IJIOTHOCTh KOTOPOi p.
Juametp mucrepss! D, BeicoTa ee nunuuapuyeckoit yactu H.
MasnoMerp M noka3biBaeT MAaHOMETPUYECKOE TABJIICHUE Py,
OnpenenuTts CUITy, pacTATMBAIOLLYIO OOJITHI A, U TOPU3OHTAIBHYIO
CHJTY, pa3phIBAIOIIYIO IIUCTEPHY 10 ceuenuto 1—1. Cumoit
TSYKECTH KPBIIIKH NpeHeOpeub. BEeKTOphI Cuil T0Ka3aTh Ha CXEME.
3anaua 3 (puc. ). Kpyrioe otBepcTre MeXay IByMsl pe3epByapamMu Bona A
3aKpbITO KOHUYECKOW KphIIIKOM ¢ pazMepamu D H L 3akpeITbiit
pe3epByap 3al0JHEH BOJOM, & OTKPBITHIN - )KuAKOCThIO K. K
3aKpBITOMY pe3epByapy CBEpXy MPUCOEANHEH MaHOBaKyyMMETP
MYV, noka3bIBaronuii MAaHOMETPUYECKOE JIaBJICHUE Py UM BaKYyM pPs. TemnepaTypa xxuakoctein20
°C, ryouns! h u H. OnpenenuTh CHITy Cpe3bIBAIOIIYIO OONTHI A, U TOPH30HTAIBHYIO CHITY,
JeHCTBYIONLYIO Ha KpbIIKY. CHIION TSKECTH KPBILKY peHeOpeub. BekTopsl cuil mokasaTh Ha
CXeMe.

e .

Ilpumepnuie 3a0auu no meme «l'uopoounamuray:
3anaua 1. Bona nepetekaer u3 HanmopHOTO Oaka, r7ie M30BITOYHOE JaBICHUE BO3TyXa p=03

MIIa, B OTKpBITHIH pe3epByap M0 KOPOTKOI Tpyde AuaMeTpom d =50 MM, Ha KOTOPO# YCTaHOBJICH
KpaH. Uemy 10ikeH ObITh paBeH KO (UIIMEHT CONPOTUBIICHHS KpaHa Ui TOr0, YTOOBI pacxos
Q=87 H =1 H,=3

M H 2
£=05

BOJIbI COCTaBJISLI 1/c? BbICOTBI ypOBHEH M. YUecTb OTEpIo Harnopa

Ha BXOJI€ B TpyOy Y Ha BBIXO/JIC U3 TPYOBI (BHE3AIMHOE PACIIHUPEHHUE).

3amaua 2. MacJjio BcachIBaeTCsi HACOCOM Ha BbICOTY Ny = 0,5 M 1o TpyOe auamerpom 20 MM U
JuHOM 1,2 M, KOTOpast UMeeT JiBa pe3kux u3ruda. Hacoc passuBaet nogauy 20 i1/muH. Macio
I0THOCTBIO 900 Kr/M° UMeeT KHHEMATHYECKYIO BSI3KOCTh V = 4 - 10° M%/c. B 6ake JTaBJICHUE
Bo3ayxa — arMmochepHoe. OmpenenuTh, KakoW BaKyyM pa3BHBaeT Hacoc. [IpuHATH IS
MacisHOro (GuiubTpa Kod(PQUIMEHTH MECTHBIX compoTuBieHud (g = 6, uid BXOoAa BO
BCACBIBAIOIIYIO MTOJIOCTh Hacoca Cy = 2 W [T U3ruda BecackiBaroie Tpyos! Cy,r = 0,8.

Ilpumepnuwie 3a0auu no meme «l'uopasnuueckuii pacuem mpyoonpoeoooe»
3aoaua 1. Onpenenuth BEIWYMHY IOTEPb AAaBJICHUS, BBI3BAHHBIX IMOBOPOTOM

tpybompoBoaa auamerpom d = 200 MM Ha yroa o = 90°. TpyOornpoBo HOBBIH CTaTBHOM,



pamuyc moBopota R =40 M. XKumxoe Maciio munepansroe(v = 14,5x10™ M%/c; p = 800 kr/ m°).
Pacxon xuakoctu Q = 0,5 Mlc.
3anayva 2.
3agava 4.8. Xunkocts ¢ miaoTHOCTEIO p = 900 KI/M® U BA3KOCTBIO V = 0,01 Cr
HarHeTaeTcs 1o rOPU30HTAIBHOMY TpyOonpoBony anuHoM L =4 M u quamerpom d = 25 mm.
Onpenenuth AaBlieHWE B HAYaJIbHOM CEUYEHUHU, €CJIM B KOHEUHOM CEYEHHH TpyOOIpoBoja
naBieHue armochepHoe, pacxonm kuakocth Q= 6 J/c; MEPOXOBATOCTh CTEHOK
TpyoomnpoBoga A = 0,06 mm.
3aoauu no pacuemy rnemeHmMo8 2UOPONPUBOOA
3apaya 1. Jlng moawsema rpyza G co ckopocthio V=0,15 M/c HCHONB3YIOTCS JBa
rugpormnunapa auamerpom D= 100
MM. ['py3 cMellieH OTHOCUTEIBHO OCH
CUMMETPUU TaK, 4YTO Harpy3ka Ha
£ mToke lro mumuaapaF; =6 xH, a Ha
! mToke BTOporo mwiuniapaF; =5 kH.
: Kakum nomxeH ObITh KO3(@HUIMEHT
M MECTHOTO COMPOTHUBIIECHUSI APOCCEIS
; 0' Enp, UTOOBI IUIAT(GOpPMA MOJHUMANACH
0e3 MepeKalviBaHus: Huamerp
TpybomnpoBoaa d= 10 MM; IIOTHOCTH
)kuakoctu p= 900 KI/MC. [Torepsamu no
JUTMHE TPYOBI .MpeHeOpeYb.
3agaua 2. Onpenenutb pacxon
KUIKOCTH, MPOIyCcKaeMbli
OTPAaHUYUTEJIEM pacxofa, KOTOPHIi
paccMOTpEH B 3ajaue 8 , eclii JUHAMUYEeCKas BSI3KOCTh Kuakoctu u = 0,04 Ila:c u ee mIIOTHOCTH

’_ﬁ;
HE
I

=890 kr/m® Bocrons3oBatbcsi GOPMyYIIOi IS TIOTEPH HATIOpA HA TPEHHE IPH TYpOYICHTHOM
pexXuMe

2
P ) i
h = ap_, 1o ye )8
A D2g
rne D — runpaBnuueckuil AuaMeTp CEYEHHS U U — CPEHHSS
CKOpOCTb. ,
IIpyarMas BUHTOBOM  KaHal  TUAPABIMYECKH  TJIAJKHUM, prvie d .
KOA((UILIMEHT COIPOTUBIICHUS TPEHUSI ONIPENENISTh 110 popMyJie e — l@
0,316 . vD . é_\_l
A =——, rne uncio Pelinonpnca Re=-—. 5 = b
*/Re v Va

3agaya 3. OrpaHuuMTEns pacxoAa, KOTOPBIA CIYKUT [UIsl aBTOMAaTHYECKOTO
MO//IEpKaHU TOCTOSTHHOI'O Pacxo/Jia B CUCTEME IIPH IMOCTOSSHHOM BXOJHOM JIaBJIEHUH P, U
NEPEMEHHOM MPOTHUBOJABIEHUH P, COCTOUT U3 MOJABMXKHOTO mnopiHs 1 auamerpom D = 60
MM, UMeroIIero orepctue 0=10MM 1 Harpy>KEHHOTO MPYKUHO# 2.

[Tpu u3MeHeHNU IPOTHBOIABICHHS P OPIICHD NIEPEMEIAeTCsl, U3MEHSSI OTKPBITHE D
OKOH B Kopmyce 3 TakuM 00pa3oM, YTO pacxo/l Yepe3 OrpaHUuUTENb OCTAETCS MOCTOSHHBIM.

BeicoTa mpsAMOYTONBHBIX OKOH B KopIyce by =5 MM, ux cymmapHas miomanp fo= 1,5
M.

Cunras ycuiane NpyXHHBI HOCTOSHHBIM W paBHBIM R = 550 H, ompenenuts ms
BXOJIHOT'O JIaBJICHUSI MacJia, paBHOTO P, = 15 MIla:

1. Benmnunny pacxonaa Q, moaaepkKuBaeMoro OrpaHuIUTEICM.

2. 3aBUCHMOCTb OTKPBITHS D OKOH OT IPOTHUBOAABIICHUS p ¥ BEIMYHHY OTKPBITHS IIPH
p=0.



3. MakcumanbHOE 3HAYEHUE MPOTUBOAABICHUS Pmax , HAUYMHAS C KOTOPOI'O Pacxoj
4yepe3 OrpaHuYUTENb OyIeT YMEHBIIAThCA.

by Koadduuuent pacxona orBepcTus B MOPIIHE U OKOH B
7 - - xopmyce npunste 4 = 0,6. ITnotHocTh Macna £ = 850 Kr/ne.
V A Vkazanue. Bocmonb30BaThCsl  YCIIOBHEM PAaBHOBECHS
Po\ZQ N ]/ TIOpIIHA B CIEAYIOLIEM BUJE:
tH==ad —— 72 - 2
R e R Z 4™ _R
/ oy - 4
L/’L # 7|
. 5 £ % rne 4 p — mepenan naBneHuii 1Mo 06e CTOPOHBI
- OTBEPCTHS B IMOPIIHE.

3amauu 1o crueAsieMy NpUuBOIy

3amaua 1. B 1ByXCOIIOBOM IHAPOYCHIIATETIE
3aCJIOHKa MepeMelleHa B CTOPOHY OJTHOTO U3 COIUT Ha
BenuurHy h OT cpeiHero mosnoxenus ho, 4em BbI3BaH
nepernaj AaBleHusAp Ha Topiax
pacnpeneIuTeabHOro 30J10THUKA U, KaK CJIEJICTBUE
3TOT0, €ro NepeMelieHre I OT HeUTPaIbHOTO
nostockeHust. CuuTasi, 4TO CUIIBI IaBJICHUS Ha TOPIIAX
30JI0THUKA YPaBHOBEIIUBAIOTCS TOJIBKO MPYKUHAMH,
OTIPENICTTUTH X, €CITU JIABJICHUE TUTAHUS
TUAPOYCHINTENSA p1 =6 10°Ma u nepeMeIeHue
3acinonkuh = 0,5hq.

JKecTkocTh KaX10# U3 MPYKUH 30JI0THUKA C
=130 H/mm, ero quametpD = 10 mm.

Pacxop uepes cormo onpeaensTs o Gopmyse

Q = upmd;(ho — h)

8 eudpoyunurap

r7e |z - KoahHUIMEHT pacxoja coIuia; P - JaBJICHHUE Mepe]l COMIIOM; P - IIIOTHOCTh
JKHJIKOCTH.

3agaqy pemuTh s ciydas, koraazdahg =7d%/4 u W1 = Mg, TAE W1, - KOO UIIUEHT pacxoaa
BXOJIHOTO JIPOCCETBHOTO OTBEPCTHS U U1 - ero quamerp.

3amava 2. Pabodas ®UAKOCTh MOAETCS K THIPOYCHIUTENIO TUTIA COTIIIO-3aCIIOHKA TIO]]
MOCTOSIHHBIM JIaBJ'IeHI/IeM Po=10 MIIa. KoMaHAHBII 3JIEMEHT THAPOYCUITUTENS BKIOYAET
. MOCTOSIHHBIH JIpOcceNb B BUE xuKiepa d; = 3MM u

TS s ﬁ : pEryIupyeMbIil Ipoccenb B BujE coruia dy=2mMM ¢
{ MOJIBIKHOM 3aCIIOHKOM Ha BbIxoze. JlaBieHue p; B KaMepe
E MEXTy IPOCCEIISIMU TiepesiacTcs B pabovyro MOJIOCTh
HCIIOHUTENBHOTO TUapoIunHapa (D= 35 mm), nopiieHb

KOTOPOTO OTepT Ha Mpy)uHYy kecTkocThio C =200 H/cm n
HarpyxeH cuioit R= 7500 H.

[Tpu u3menenuu 3a3opa h mexay cormiom u
3aCIIOHKOM U3MEHSIETCS JaBIIEHUE Py BbI3bIBAs CIEAsIIEe
MEPEMEIECHUE TTOPIIHS.

0,8 [MocTpouTh rpadvik 3aBUCUMOCTH MEXIy 3a30poM h u
. v 1 CMEILICHUEM $ TTOPIIHS U3 KpaiHero MmojoxeHus, orBedaroniero h= 0.
Ompenenuts S ipu h = 1 mm. Pacxop uepes xukiep paBeH

36
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ad; |5 Po — P,

Ql = /’ll 4 \ p
rne 1 70,8, u yepes cOMIO-3aCIOHKY.
a? p
Q= — = 27
2 2 4 »\ D |

h

d
e ko3 urment pacxona 2 3aman kak pyHKIHS OTHOCHTEIBHOTO 3a30pa 2 .

p=f -
[TocTpouTh JOMOTHUTENBHO IPahUK 3aBUCUMOCTH Ut KodpuuueHTa pacxoaa

H COIlIa-3aCJIOHKH, OIPCACTIACMOIO U3 BBIPAKCHU A

Q, = u md,h pr
e

3anaya 3. McrnonHUTENbHBIN IIMHAP TUApoycrinTens (quamerp nopina D, = 60mMm u

mtoka Dz = 30 Mm) Harpysken cuitoii R = 3500 H. PaGouast xuakocts (X = 850 kr/m® momaercs B
HIDKHIOIO [TOJIOCTh IMIMHApa HacocoM H nmox naBnenueM py= 5 Mlla (nmonnep:xuBaercs
MIOCTOSIHHBIM € TIOMOIIIbIO nepenuBHOro kinanana [1K). -

KoMmaH/IHBII 0IHOKPOMOYHBII 30J0THUK (AuaMeTp rryHxepa dp, = 10 Mm), ynpasiser
nepeMeneHISIMUA ITOKA [UJIMH/PA TyTeM U3MEHEHHS OTKPBITHS IMIMHAPHYECKOTO OKHA, Yepe3
KOTOPOE JKUAKOCTh ITOCTYINAET U3 BEpXHEN MOJIOCTH LMINHAPA Ha CIIUB.

B mopiise muimuHapa uMeeTcs apoccenupyioiiee orseperue (0 = 4 Mm), 6iaromaps
KOTOPOMY MOXHO IpH OINPEIEIEHHBIX OTKPBITUSAX 30JI0THUKA PEBEPCUPOBATH ABMKEHHE MOPILIHS.

HOCTpOI/ITB Fpa(l)I/IK 3aBUCUMOCTH CKOPOCTU Uy YCTAHOBUBIICTOCA ABUKCHUS ITOPIIHA OT

OTKPBITUA X 30JIOTHUKA.

VKasath, IpH KaKoM x MopiieHs ocranasiueaercst (Un = 0). KakoBo 6yzaer 3HaueHne Un

IIPU 3aKPBITOM 30JI0THUKE?
Pacxon yepe3 npoccenupyrolee OTBEpPCTHE
OTpeNeNsTh o GopMyIie

H 4Cpe3 30JIOTHUK

Q, = ppmd X 2p70
I p

rae Po — AABJIECHUE B BEPXHEW MOJOCTU UIIMHIPA.

, Kosdduuments! pacxona npunsats 4 = #2 =0,6.
TpeHreM K yTeUKaMH B IUIMHIPE NPEHEOPEraTh.

Vkazanue. Bocrionbp3oBatrbcs YPaBHCHUCM PABHOBCCHUS MMOPHIIHA:
7D? T
1 _ 2 2
po +R—pH*(D1_D2)
4 4
" BBIPAKCHUCM pacCXxoJa XKUJAKOCTH U3 BerHeﬁ IIOJIOCTH B 30JIOTHHUK IIpeAIiojaras, 4To

MOPIICHDb ABMXXETCA BBEPX, HMECM
2

7D
QO:Q1+UH 41




IIpumepHoe 3axanue mo JjadbopaTtopHoii padore.

[To ucxoHBIM JaHHBIM IS ABYX THAPOCUCTEM, MIOKA3aHHBIX Ha pUc. 1, onpenenuTsb
CKOPOCTHBIE ¥ CHJIOBBIE TapaMeTpbl TUApOUMINHIpa. Pe3ynbTarsl BBecTH B Ta0auIy. OOBSCHUTH

MMOJIYYCHHBIC PC3YJIbTAaThI.
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Pucynok 1 — I'unpaBnuueckue cxeMbl MOAKIIOYSHUS THAPOLIMIUHAPA

3amaua 3 (puc. 2). 3a30p MEXKIy BAJIOM U BTYJIKOI
3aI0JIHEH MacJIoM, TOJIIIMHA CJI0S KOTOPOTO paBHa o.
Huamerp Bana D, nnuna Brynku L. Ban Bpamaercs
PaBHOMEPHO IO/ BO3JIEHCTBUEM BPALIAOLIETO
MomeHTa M. OnpeenuTs 4acTOTy BpallleHHUs BaJa,
ecsn Temneparypa macia pasHa 40 °C.

Ilpumepnvie 3a0auu  no meme «l uopocmamukay:
3anaua 1 (puc.). 3akpbIThI pe3epByap

3aIOJTHEH JU3EIbHBIMTOILITHBOM,

temneparypa koroporo 20 °C. B

BEPTUKAJIBHON CTEHKE pe3epByapa UMeeTcs I
npsimoyroibHoe otBepeTre (D x b), 3akpsiToe ]
MOTYIMIUHAPUIECKOU KPBITITKOH. OHA MOXKET
MOBEPHYTHCSI BOKPYT TOPU3OHTAIBHON OCH
A.ManoBakyymmeTrp MV nokassiBaer
MaHOMETPUYECKOE JaBJICHUE
PuHIINBAKyyMMETpUYeCcKoe py. [ TyOuHa
TOTIJIMBA HaJ KpbIIKoW paBHa H. Onpenenutsb
ycunue F,xoTopoe He00X0MMO MPHIIOKUTD K
HIDKHEH 4acTH KPBIIIKH, YTOObI OHA He
OTKpbIBaJIach. CHUIION TSKECTH KPBIIIKU
npeHedpeus. Ha cxeme mokaszars BEKTOPHI
JIEUCTBYIOIIUX CHJI.

— —
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3amaua 2 (puc.). BeprukanbHas
LWIMHAPUYECKas IUCTEpHA ¢ MOTyc(hepruyecKoi KpbIIKOH 10
CaMoro Bepxa 3arojHeHa XUAKOCTbIO,IJIOTHOCTh KOTOPOH p.
Juametp mucrepss! D, BeicoTa ee nunuuapuyeckoit yactu H.
MasnoMerp M noka3biBaeT MAaHOMETPUYECKOE TABJIICHUE Py,
OnpenenuTts CUITy, pacTATMBAIOILYIO OOITHI A, M TOPU30HTAIIBHYIO
CHJTY, pa3phIBAIOIIYIO IIUCTEPHY 10 ceuenuto 1—1. Cumoit
TSYKECTH KPBIIIKH NpeHeOpeub. BEeKTOphI Cuil T0Ka3aTh Ha CXEME.
3anaua 3 (puc. ). Kpyrioe otBepcTre MeXay IByMsl pe3epByapamu Bona A
3aKpbITO KOHUYECKOW KphIIIKOM ¢ pazMepamu D H L 3akpeITbiit
pe3epByap 3al0JHEH BOJOM, & OTKPBITHIN - )KuAKOCThIO K. K
3aKpBITOMY pe3epByapy CBEpXy MPUCOEANHEH MaHOBaKyyMMETP
MV, noka3bIBaronuii MAaHOMETPUYECKOE JIABICHUE Py UM BaKyyM ps. TemnepaTypa xxuakoctein20
°C, ryouns! h u H. OnpenenuTs iy Cpe3bIBarOIIyi0 OONThI A, U TOPH30HTAIBHYIO CHITY,
JeHCTBYIONLYIO Ha KpbIIKY. CHIION TSKECTH KPBILKY peHeOpeub. BekTopsl cuil mokasaTh Ha
CXeMe.

e .

Ilpumepnuie 3a0auu no meme «l'uopoounamuray:
3anaua 1. Bona nepetekaer u3 HanmopHOTO Oaka, r7ie M30BITOYHOE JaBICHUE BO3TyXa p=03

MIla, B OTKpBITHII pe3epByap MO KOPOTKOM TpyOe AMaMeTpoM d =50 MM, Ha KOTOPO# YCTaHOBJICH
KpaH. Uemy 10ikeH ObITh paBeH KO (UIIMEHT CONPOTUBIICHHS KpaHa Ui TOr0, YTOOBI pacxos
Q=87 H =1 H,=3

M H 2
£=05

BOJIbI COCTaBJISLI 1/c? BbICOTBI ypOBHEH M. YUecTb OTEpIo Harnopa

Ha BXOJI€ B TpyOy Y Ha BBIXO/JIC U3 TPYOBI (BHE3AIMHOE PACIIHUPEHHUE).

3amaua 2. Macjio BcachIBaeTCsi HACOCOM Ha BbICOTY Ny = 0,5 M 1o TpyOe auamerpom 20 MM U
JuHOM 1,2 M, KOTOpast UMeeT JiBa pe3kux u3ruda. Hacoc passuBaet nogauy 20 i1/muH. Macio
I0THOCTBIO 900 Kr/M° UMeeT KHHEMATHIECKYIO BSI3KOCTh V = 4 - 10° M%/c. B 6ake JTaBJICHUE
Bo3ayxa — arMmochepHoe. OmpenenuTh, KakoW BaKyyM pa3BHBaeT Hacoc. [IpuHATH IS
MacisHOro (GuiubTpa Kod(PQUIMEHTH MECTHBIX compoTuBieHud (g = 6, uid BXOoAa BO
BCACBIBAIOIIYIO MTOJIOCTh Hacoca Cy = 2 W [T U3ruda BecackiBaroie Tpyos! Cy,r = 0,8.

Ilpumepnuie 3a0auu no meme «l'uopasnuueckuii pacuem mpyoonpoeoooe»
3aoaua 1. Onpenenuth BEIWYMHY IOTEPb AAaBJICHUS, BBI3BAHHBIX IMOBOPOTOM

TpyOompoBoaa auamerpom d = 200 MM Ha yroa o = 90°. TpyOompoBo HOBBII CTaBHOM,



pamuyc moBopota R =40 M. XKumxoe Maciio munepansroe(v = 14,5x10™ M%/c; p = 800 kr/ m°).
Pacxon xuakoctu Q = 0,5 Mlc.
3anayva 2.
3agava 4.8. Xunkocts ¢ miaoTHOCTEIO p = 900 KI/M® U BA3KOCTBIO V = 0,01 Cr
HarHeTaeTcs 1o rOPU30HTAIBHOMY TpyOonpoBony anuHoM L =4 M u quamerpom d = 25 mm.
Onpenenuth AaBlieHWE B HAYaJIbHOM CEUYEHUHU, €CJIM B KOHEUHOM CEYEHHH TpyOOIpoBoja
naBieHue armochepHoe, pacxonm kuakocth Q= 6 J/c; MEPOXOBATOCTh CTEHOK
TpyoomnpoBoga A = 0,06 mm.
3aoauu no pacuemy rnemeHmMo8 2UOPONPUBOOA
3apaya 1. Jlng moawsema rpyza G co ckopocthio V=0,15 M/c HCHONB3YIOTCS JBa
rugpormnunapa auamerpom D= 100
MM. ['py3 cMellieH OTHOCUTEIBHO OCH
CUMMETPUU TaK, 4YTO Harpy3ka Ha
£ mToke lro mumuaapaF; =6 xH, a Ha
! mToke BTOporo mwiuniapaF; =5 kH.
: Kakum nomxeH ObITh KO3(@HUIMEHT
M MECTHOTO CONPOTHUBIIECHUS APOCCEIS
; 0' Enp, UTOOBI IUIAT(GOpPMA MOJHUMANACH
0e3 MepeKalviBaHus: Huamerp
TpybomnpoBoaa d= 10 MM; IIOTHOCTH
)kuakoctu p= 900 KI/MC. [Torepsamu no
JUTMHE TPYOBI .MpeHeOpeYb.
3agaua 2. Onpenenutb pacxon
KUIKOCTH, MpOIycKaeMbli
OTPAaHUYUTEJIEM pacxofa, KOTOPHIi
paccMOTpEH B 3ajaue 8 , eclii JUHAMUYEeCKas BSI3KOCTh Kuakoctu u = 0,04 Ila:c u ee mIIOTHOCTH

’_ﬁ;
HE
I

=890 kr/m® Bocrons3oBatbcsi GOPMyYIIOi IS TIOTEPH HATIOpA HA TPEHHE IPH TYpOYICHTHOM
pexXuMe

2
P ) i
h = ap_, 1o ye )8
A D2g
rne D — runpaBnuueckuil AuaMeTp CEYEHHS U U — CPEHHSS
CKOpOCTb. ,
IIpyarMas BUHTOBOM  KaHal  TUAPABIMYECKH  TJIAJKHUM, prvie d .
KOA((UILIMEHT COIPOTUBIICHUS TPEHUSI ONIPENENISTh 110 popMyJie e — l@
0,316 . vD . é_\_l
A =——, rne uncio Pelinonpnca Re=-—. 5 = b
*/Re v Va

3agaya 3. OrpaHuuMTEns pacxoda, KOTOPBIA CIYKUT [UIsl ABTOMAaTHYECKOIO
MO//IEpKaHU TOCTOSTHHOI'O Pacxo/Jia B CUCTEME IIPH IMOCTOSSHHOM BXOJHOM JIaBJIEHUH P, U
NEPEMEHHOM MPOTHUBOJABIEHUH P, COCTOUT U3 MOJABMXKHOTO mnopiHs 1 auamerpom D = 60
MM, UMeroIIero orepctue 0=10MM 1 Harpy>KEHHOTO MPYKUHO# 2.

[Tpn u3MeHeHNU IPOTHBOIABICHHS P MOPILIEHD MEPEMEIIaeTC s, H3MEHSSI OTKpBITHE D
OKOH B Kopmyce 3 TakuM 00pa3oM, YTO pacxo/l Yepe3 OrpaHUuUTENb OCTAETCS MOCTOSHHBIM.

BeicoTa mpsAMOYTONBHBIX OKOH B KopIyce by =5 MM, ux cymmapHas miomanp fo= 1,5
M.

Cunras ycuiaue NpYyXHHBI HOCTOSHHBIM W paBHBIM R = 550 H, ompenenuts s
BXOJIHOT'O JIaBJICHUSI MacJia, paBHOTO P, = 15 MIla:

1. Benmnunny pacxonaa Q, moaaepkKuBaeMoro OrpaHuIUTEICM.

2. 3aBUCHMOCTb OTKPBITHS D OKOH OT IPOTHUBOAABIICHUS p ¥ BEIMYHHY OTKPBITHS IIPH
p=0.
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3. MakcumanbHOE 3HAYCHUE MPOTHUBOAABICHUS Pmax , HAUWHAS C KOTOPOTO PacXoj
4yepe3 OrpaHUuUTeNb OyIeT YMEHBIIATHCA.

KoshdummenT pacxoma oTBepcTHs B TIOPIIHE H OKOH B Kopmyce npunats 4= 0,6.
ITnotsocts Macia P = 850 xr/m’,

Vkasanue. Bocnoap30BaThCsl YCIIOBUEM PAaBHOBECHS TIOPIIHS B CICIYIOIIEM BH/IC:

aD?
Ap——=R
P 4

rae 4p — nepenan naBieHuit 10 06€ CTOPOHBI OTBEPCTHS B IOPIIHE.

IIpumepHoe 3axanue mo JjadbopaTtopHoi padore.

ITo MCXOaHBIM TaHHBIM JUISI IBYX TUJIPOCUCTEM, MIOKa3aHHbBIX Ha pUc. 1, onpenenuTs
CKOPOCTHBIE U CUJIOBBIC TTapaMeTpPhl THAPOIMINHAPA. Pe3ynbTaTsl BBeCTH B TaOHIy. OOBSICHUTH

MMOJIYYCHHBIC PC3YJIbTAThI.
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Pucynoxk 1 — I'mapaBnuueckue cxeMbl NOAKIIOYEHUS THIPOLMIIUH]IPA




[Ipsamoit xon

\ OO6patHbIN X011

\ [Ipsamoii xox

\ OOGpatHbBIN X0

Huamerp
nopuHsa D, Mmm

Juamerp mroka
d, Mmm

JlaBnenue
HOMHHAJIBHOE D,
MlIIa

HomunansHEIN
pacxox Q, ji/mMuH

IImomrane
MOPIIHEBOU
MOJIOCTH, SII

IInomans
IITOKOBOM
MOJIOCTH, SIIT

CkopocTb HITOKa
V, M/c

Ycunne Ha
mroke F, H




IMPUJIO)KEHUE 2

OueHovHbIe CpeACTBA J1JIsl MPOBEIEHUs MPOMEKYTOUHOM aTTecTAlMU

a) [lnanupyembie pe3yabTaThl 00y4eHHUs] U OLIEHOYHbIE CPeJACTBA /1JIsl IPOBeAeHHUS
NMPOMEKYTOYHOM aTTeCcTalluM:

Crpykry
PHBIA
JJIEMEHT
KOMIICTC
HIIUHA

[Inanupyemsle
pe3yJIbTaThl
oOyueHus

O1eHOYHEIE cpe€acTBa

IIK-16 roTOBHOCTHI0 BHINOJHATH IKCIIEPUMEHTAJIbHbIE U JIA00PaTOPHBbIE UCCIIET0BAHMS,
HHTEPNPETUPOBATH NMOJYYeHHbIE Pe3yJbTaThl, COCTABIATH U 3a1UIIATH OTYETHI

3HaTh

byHIaMeHTaIbHBIC
3aKOHBI MPUPOIBI H
OCHOBHBIC

(hu3nIecKue 3aKOHBI
B obiactu
MEXaHUKH,

OCHOBHBIC  3aKOHBI
TUAPOITHEBMOMEXaH
UKH W TPHUMEHSTH
UX JUISL  peIICHUS

MPaKTUYECKHUX
3aJad;

METOIBI
TEOPETUIECKOTO |
HKCIIEPUMEHTAIBHOT
0 HCCIIEIOBAHUS

JIBUDKCHUSI TIOTOKOB
JKUJIKOCTH M rasa;
obnactu
IMPUMCHCHUA
3aKOHOB MEXaHHUKH
KUOAKOCTU U Tra3a B
npodeccnoHanbHOMI
JESITETbHOCTH.

Hepeuenb meopemu4ecKux 6onpocoe K zauemy:

1.

RRO©OoN O~ LN

16.

17.
18.
19.
20.

21.

22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.

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

CaoticTBa pabouunx xuakocteid. OCHOBHBIC MOHATHUS U
onpeeaeHus KUIKOCTH.

[IIOTHOCTB U yAEIbHBIN BEC KUIAKOCTH.
CxMMaeMoCTh KUJKOCTH.

KoaddunmeHT 006eMHOTO CHKATHS.

KoaddunmenT TennoBoro pacuupeHus.

Mopynb ynpyroctu *uaKoCTH.

Bs3kocTh KHUIKOCTH.

KoaddunmeHT knHeMaTHIeCKON BA3KOCTH KHUIKOCTH.
KaButanus >KuakocTu, ciocoObl MpeaoTBpaIleHuUsI.
O6nuTepanust >KUIKOCTH.

I'mapocTaTuka, OCHOBHBIE MOHATHS U ONIPEEIICHUS.

[TonsiTHE THAPOCTATUIECKOTO JTABJICHHUS.

Enunuiel usmMepeHust TiApOCTaTUYECKOrO IaBJICHHUS.
CBoiicTBa THIPOCTATUYECKOTO JIABJICHUS.

[ToHsATHS THAPOCTATUYECKOTO aBIEHUS: a0COIIOTHOE,
aTMochepHoe, N30BITOYHOE U BaKYyM.
Juddepennnansabie ypaBHEeHUs Diiepa Ui paBHOBECHS
KUJIKOCTH.

OcHOBHOE ypaBHEHHE T'MPOCTATUKH.

3akoH Apxumena.

3akoH [lackarns.

MexaHu3M C UCTIOIB30BAaHUEM YPAaBHEHUSI THPOCTATUKH,
JIOMKpAaT. U MYJbTUILIUKATOP.

MexaHu3M C UCTIOIB30BAaHUEM YPABHEHHSI THIPOCTATUKH,

MYJIbTUILUTUKATOP.

N3Mepenne naBiaeHus )KUIAKOCTH.

PaBHOBecHe KUIKOCTH B COOOIIAIOIINXCS COCYIax.
Cwuta naBieHUs KUIKOCTH HA BEPTUKAIBHYIO CTECHKY.
Cuiia naBneHus KUIKOCTH HA TOPU3OHTAIBHYIO CTEHKY.
Cuna naBieHus )KUIKOCTH Ha HAKJIOHHYIO CTEHKY.

OrnpezenieHne TONUHBI CTEHKH.

I'mapoarHamuka, OCHOBHBIE OIIPEIEIICHHUS.

I'eomeTpus IOTOKOB KUAKOCTH.

Krnaccudukanus noTokoB KHJIKOCTH
Pesxumebl aBmkenus xxkuakoctu. Yucio PeriHonbaca.
JlaMrHApHBIN PEKUM ABUKEHUS HKUJIKOCTH U €T0




Crpykry
PHBIA
3JIEMEHT
KOMIIETE
HIUHU

[Inanupyemsle
pe3yJIbTaThl
oOyueHus

O1eHOYHEIE cpe€acTBa

33.

34.

35.
36.

37.
38.
39.
40.

41.

42.
43.

44,

45.

46.
47.
48.
49.
50.
51.

52.
53.
54,
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.

3aKOHOMEPHOCTH.

Pacxon u cpeassist cKopocTh OTOKA IIPU JJAMUHAPHOM

pexuMme.

TypOyneHTHBINH PeXUM IBHKEHUS KUIKOCTH U €r0

3aKOHOMEPHOCTH.

3aKOH HEpa3pbIBHOCTH ITOTOKA KUAKOCTH.

3aKOH COXpaHEeHUsI SHEPTUU JIJISl TOTOKA SKUIKOCTH.

VYpaBHenue bepHyiuuy 1715 MOTOKA UACAITBHOM )KUAKOCTH.

VYpaBaenue bepHymiu 11st CTpYHKH UI€ATbHOMN KUIKOCTH.

VYpaBHenue bepHyiun 715 MOTOKA peAIbHOM KUAKOCTH.

VYpasuenne bepuymnu st cTpyHKH peaibHOM SKUIKOCTH.

[IpuMeHeHre OCHOBHBIX YpaBHEHUHN JBUKEHUS TIOTOKOB

KUJKOCTHU I U3MEPEHUS CKOPOCTEN U PacX0I0B KUIKOCTH.

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

ruapoyaapa.

CrniocoOsI peIoTBpalleHUs] THIPABINYECKOTO yaapa..

[loTepu Hanopa (naBieHus), OnpeneIsieMble ITUHON

TpyOompoBoza, hopmyna dapcu.

Omnpenenenre MECTHBIX MOTEPH HaIlopa (J1aBJIeHUs) B

TpyOompoBoe, hopmyna Beiicbaxa.

Ompenenenue nNoTeps Haropa (AaBjieHus) B TpyOOIIpoBoOIE,

¢dopmyna [lapcu-Beiicoaxa.

Pacuer o01iero conpoTUBIEHHs B IPOCTOM TPYOOTIPOBOJIE.

[TocnenoBarenbHOE cOeTMHEHHE IPOCTHIX TPYOOIIPOBOIOB.

[TapannensHOE COeTMHEHHE MTPOCTHIX TPYOOIIPOBOJIOB.

Omnpenenenne NoTeps AABIECHUS B PEAIbHOU TMAPOCHCTEME.

®opmyna Topuuennm.

Hcredenne xKUIKOCTH Yepe3 MAJIOE OTBEPCTHE B TOHKOMN

CTEHKE.

JlocTOMHCTBa U HETOCTATKU TUAPONPUBOA.

VYcnoBHble 0003HaYEHUS B THAPOIPUBOJIAX.

CrpykTypa ruAponpuBojaa.

CxeMbl ¢ 00BEMHBIM PETYIUPOBAHUEM CKOPOCTH KUAKOCTH.

CxeMblI ¢ peryJMpoBaHUEM CUJIbI HCOTHUTENBHOTO OPTraHa;

CxeMbl ¢ 00BEMHBIM PETYITUPOBAHUEM CKOPOCTH JKUIKOCTH.

Hacocsl rugponpuBo1oB, yciaoBHbIE 0003HauUeHHs. THITBI

l'unponBurarenu, ycioBHbIE 0003HAYEHUS.
MunpouunMHAPEL, YCIOBHBIE 0003HAYCHUS.

Pacuet oCHOBHBIX MapamMeTpOB TUAPOLMINHIPA.

I'uapopacnpenenuTeny, ycaoBHbIE 0003HAUEHHUS.

3anopHbIe KIanaHbl, YCIOBHBIE 0003HAYCHHUS.

Krnanans! naBnenus, ycnoBHbIe 0003HAYCHHUS.
[IpenoxpanuTenbHble KJallaHbl, yCIOBHbIE 0003HAUYEHUS.

[ToTouHbIe KIamaHbl, YCIOBHBIE 0003HAUCHUSI.

Hpoccenu, ycioBHbIE 0003HAUYEHUS.

'upoakKyMymnsITOphl, YCIOBHBIE 0003HAUCHUSI.

OWIBTPHI, YCIOBHBIE 0003HAUYEHUS.
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[Ipubopsbl KOHTPOJIS TUIPONPUBO/IA. Y CJIOBHBIE 0003HAUCHUSL. .
IunpaBnuueckas cxema npuMeHeHust U HepeHInaITbLHOTO
TUAPOLUUIUHAPA.
I'maponpuBoA 3aKpBITOM TMAPOCUCTEMBL, OCHOBHOM KOHTYP.
['maponpuBOa OTKPHITON THAPOCUCTEMBI.
Jlornyeckue 37€MEHTHI.
Peanuzanus nornueckux pyHKUUN B THIPO- U
ITHEBMOCHCTEMAX.
[Toctpoenue cuctem ynpapiieHUss KOMOMHAIIMOHHOTO TUTIA.
Meroas! TOCTPOEHNE MHOTOTAKTHBIX CUCTEM YIIPABIICHUS.
Craruueckue XapakTepUCTUKU UCIIOTHUTENIbHBIX MEXaHU3MOB
IIOCTYIIATEIHOIO u BpaLIaTEIbHOTO JEUCTBHS:
(MexaHW4YecKasi, CKOPOCTHas ).
HcnonuuTenbHble MEXaHU3MBI C 00bEMHBIM PETYIMPOBAHHEM
CKOPOCTH.
HcnonnuTenbHble MEXAHU3MBI C JPOCCETbHBIM
peryaupoBaHUeEM.
[IponopunonanbHble Kiananel, [IpuHINIB paOOTHL.
KomrnieHcarnus Harpy3ku ¢ TOMONIIBIO KJIAITAHOB TOCTOSIHHOM
Pa3HOCTHU JaBJIECHUM.
DNEeKTPOHUKA YIPaBICHUS ISl IPONOPIMOHATbHBIX
KJIAITaHOB.
Kpurepun juist onpenenenns napaMmeTpoB yIPaBICHHUS C
MIOMOIIIBIO TPOMIOPIIMOHATIBHBIX KJIalaHOB.
CepBoxnanansl. [IpuHIUIBI pabOTHI.
AnmnapaTHas TEXHUKA.
KoHntyp perynupoBanusi.

BnusiHue nMHaMUYEeCKUX CBOMCTB CEpBOKIIAaHa HA KOHTYP
peryaupoBaHusl.
OunbTpalys Ha THAPABIMYECKUX YCTAHOBKAX C
CepBOKJIaNlaHaMH ¥ IPOMOPLMOHAIBHBIMU KIIAITAHAMU.
[IpuMepsl BHIOTHEHHBIX YCTAHOBOK C UCIOJIb30BaHUEM
MIPONOPIMOHAIBHBIX KJIAIIAaHOB.

[IpuMepsl BBITIOTHEHHBIX YCTAHOBOK C UCIIOJIb30BAHUEM
CEPBOKJIAaHOB.
DKCIuTyaTalus NponopLUUOHATbHON TEXHUKH U CIEISIIET0
TUAPONPUBOJA.

YmMmern

—  BBINOJ
HATH
THpPaB
JMYECK
ne
pacuer
bl,
CBsI3aH
HbIE C

Ilpumepnvie npaxmuueckue 3a0anus 011 3auema:

1. B nBycTOpoHHEM TUAPOUWIHHIPE TuameTp nopias D =
160 mm, quamerpsl mTokoB d;1=80mm u dp = 100 mm. [Ipu
pabouem nasienuu p = 10 MIla, npoTuBo1aBIeHUH B
CIIMBHOM IOJIOCTH prp = 0,15 MIIa u pacxone macna
paboueii monocteio 0,1 11/c onpenenuTs ycuiane u
CKOpOCTb, Pa3BUBAEMbIE IITOKOM IMPHU JIBU>)KEHUU BOPABO U
BieBo. [IpunsteMexannueckuit KIT/ ruagpounnunapa
0,96; 00beMHBIH — 1.
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MOTOKO 2. Xunkocts, wuMeromas 1mIoTHOCTE 1200 kr/M®  u
B JTUHAMUYECKHH KOA(P(GUIIMEHT BSI3KOCTH 2-107° Ila-c, u3
PEKUM 0aka C MOCTOSIHHBIM ypOBHEM | CaMOTEKOM IOCTYMAaeT B
OB peaktop 2. OmnpenenuTh, Kakoe  MaKCUMAaJIbHOE
pabor KOJIMYECTBO KHUAKOCTH (TIPU TIOJHOCTHIO  OTKPBITOM
bl KpaHe) MOKET IMOCTynaTh u3 0aka B peakTop. YPOBEHb
rujipaB KHUJAKOCTH B Oake HaXOAWTCS Ha 6 M BHIIIE BBOJA
JITYECK KHUJKOCTH B peakTop. TpyOompoBOJ BBIIOIHEH U3
Hux ATIOMUHHUEBBIX TPYO C BHYTPEHHHM auaMeTpoMm S50 MM.
MalInH OOmast panuHa  TpyOONpOBOJA, BKJIOYas  MECTHBIE
c conpotusneHus, 16,4 M. Ha TpybomnpoBoie UMEIOTCS TpH
1IpuME KOJICHA u KpaH. B Oake u
HCHHC peakTopeaaBieHneaTMOCPeEpPHOE.
M
TEOpET 3
WYECKO E
ro !
JKCIIEp f
MMEHT _
aITBHOT ;
0
METO]T
OB .
uecren 3. TlomoOpath HEOOXOAWMBIN IUAMETP IHMIMHIAPHICCKOTO
OBAHISI Hacajaka (u=0,82) c TakuM pacueToMm, 4TOObI dyepe3 Her?f)
BeiTekasio 77000 kr/u HepTH IUIOTHOCTHIO 865 Kr/Mm'.
HanopHnoctosHHbIN 1 paBeH 12 M.
Brnanmets | MeTomamu Ilpumepnuvie 3a0anua na peuienue 3a0a4 U3 npoPheccuonantbHou
IIPOCKTUPOBAHUS oonacmu
pacueta 4 Up
THAPABIHIECKHX rz’/ 3 p—r— F
MMHEBMAaTHYECKUX et Ej——
CUCTEM; I_J
MPaKTUYECKUMU
HaBBIKAMH
WCIIO0b30BAHUS
3JIEMEHTOB
TUAPOMEXAHUKHU
PYTHUX e e
TMCITUITINHAX, 4. Ha pucyHke TmOKa3zaHa VIPOIUIEHHAS cxeMa OOBEMHOTO

3aHATUAX
ayIUTOpUU U

TUAPOIIPpHUBOAA IMOCTYNATCIILHOI'O ABHXKCHUA C APOCCCIIbHBIM
pPEryIupOBaHUEM CKOPOCTH BBIXOJHOTO 3BEHa (IITOKA), TIIE
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MIPaKTHUKE; 1 - mHacoc, 2 - perymupyembiii apoccenb. IITok

ruapouiHApa 3 HarpyxkeH cwioi F = 1200 H; muamerp
nopias D = 40 mM. [IpenoxpaHuTenbHbIN KiianaH 4 3aKphIT.
OnpenenuTh JaBICHUE Ha BBIXOJEC M3 HAcoca U CKOPOCTH
MepeMEelIeHHs TIOPIIHS CO IITOKOM V; IPU TaKOM OTKPBITHU
Jpoccensi, KOraa ero MOKHO paccMaTpuBaTh KaKk OTBEPCTHUE
womansio So = 0,05 v ¢ KO3 PHUIIMEHTOM pacxoja | =
0,62. IMomaua Hacoca Q = 0,5 n/c. ILTOTHOCTH KUAKOCTH p =
900 Kr/m>. [Totepssmu B TpyOompoBojax mpeHedOpeUb.
[TocTpouTh THIPABIMYECKYIO CXEMY, 33JaTh HACTPOHKY
knamnas 4, cmoaenupoats padoty ['C.

CormacHo  3aJaHHOM  JAMarpaMMbl  [E€pEMELIEHUs
pazpaboTaThb CHCTEMbl yHpaBleHus: 1 - HCHIONB3Ys
peNeHO-KOHTAKTHBIE CXEMBI; 2 - UCIOJIb3YS (CUMYJIATOD)
KoHTpoJutepa B mporpamme FluidSim-H. B 3aganun: A u
C — rugpoumnusipsl, B — ruzpomorop st Beex
BapuaHTtoB. HeuerHele Bapuantsl 10 9: ummuaap C
JIBYCTOPOHHETO JIEHCTBUSl BEPTUKAIBHOTO PACIOI0KEHUS.
Harpyxen O0JIbIINM BECOM. IIpenycmotpers
MO3UIIMOHUPOBAHUE B TEUYEHHE JJIUTEIHHOIO BpPEMEHHU.
Yernbie BapuanTsl 10 10: mwmHAp A JBYCTOPOHHETO
nercTBUsS BEPTUKAJIBHOTO PacmoiIoKeHHs.
IIpenycMoTpeTh OAMHAKOBYIO M OBICTPYIO CKOPOCTh
MepeMelleHns] Kak [pU BBIABMKEHMM, TaK U IpuU
BraAruBanuu.l1 - 16  BapuaHTBl  NPERYCMOTPETH
BO3MOYXHOCTh JTUCTAHIIMOHHOTO YIPAaBJICHUS YCUIIUSMHU B
I'll ¥ MOMEHTOM B THUAPOMOTOPE B IOCIEAHEW TPETH
BpeMeHM LuKia. Jlnsg Bcex BapuaHTOB 00ECIEUYUTH
IUIaBHBIA ~ pasroH  TUAPOMOTOpPa M €ro  IUIaBHOE
TOPMOXKEHHE, a TaKXKe MPEAYCMOTPETh PEKUMBI pabOThI
«Komanga», «lukm», «ABtomar». llpenycMoTpersb
BO3MOXKHOCTh 3(()EKTUBHOTO HCIIOIB30BAHUSI JHEPTHHU
HacocoB. J[0OUTBCS, MO BO3MOXKHOCTH, MaKCHMAaJbHOTO
KIIJl rungpocucreMsl.
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6. Hcxomss W3 KOHTaKTHO-PEIEWHOW CXEMBI YIpPaBICHUS
MHOI'OJIBUTaTEIbHBIM TUAPOIPUBOAOM IIOCTPOUTE
IUarpamMmy «IepemerieHue-mar» Juist 4 TuapoaBUrarenei




0) [Hopsinok npoBeeHUsI MPOMEKYTOYHOM ATTEeCTAIUM, OKA3aTeJIH U KPUTEPUH
OLlCHUBAHUA:

[IpomexxyTounas arrectanus no gucuuruinie «['mapoMexanukay BKIIIOYAET TEOPETHUECKUE
BOITPOCHI, TIO3BOJISIONINE OIICHUTh YPOBEHb YCBOCHUS 00YJAOIITMMUCS 3HAHUH, U PAKTHYECKUE
3a/1aHusl, BBISIBIISFOIINAE CTETICHh CDOPMUPOBAHHOCTH YMEHUHN U BIIaJICHUH, POBOUTCS B opme
3a4eTa.

3ader 1o JaHHOM UCUHUILIMHE TPOBOJUTCS B BUJI€ OTBETOB HA TECTOBBIC 3a/1aHusl. TecThbl
BBIKJIa/IbIBatOTCS Ha noptasie MI'TY.

Hokazamenu u Kpumepuu ouenueanun zauema.:

«3a4TEHOY - BBICTABIISCTCS IIpU yCJIOBHH, €CJIU CTYACHT IOKA3bIBACT XOPOIIUC 3HAHUA
yqe6Hor0 Marepualia 1o TéMaM Kypca, 3Ha€T OCHOBHBIC 3aKOHBI THAPOMXAaHHKH, YCTPOﬁCTBO nu
IIPUHIUIT pa6OTLI ruapoanmapaToB, YMECT COCTABJIATH MIPUHIUIIUAIIBHBIC TUAPABIIMYCCKHUEC U
QJICKTPHUUYCCKUC CXGMBI.HpI/I 9TOM CTYACHT JIOTHUYHO U ITOCJICAOBATCIBHO U3JIarac€T MaTepHrall,
PACKPBIBACT CMBICII BOIIPOCa, 4ACT YAOBJIICTBOPUTCIIbHBIC OTBETHI HA JOITOJTHHUTCIBHBIC BOIIPOCHI.

«He 3auTeHo» - BrICTaBIsSCTCS IIpu yCJIOBUH, €CJIN CTYACHT BJIAACCT OTPBIBOYHBIMU
SHAaHUAMU 110 TEMaM Kypca, JaCT HCIIOJHBIC OTBETHI HA BOIIPOCHI U3 OCHOBHOI JIUTCPATYpPBhI,
peKOMeHZ[OBaHHOﬁ K KYpCy.

MeTtoauyeckue peKoMeHAAlNHU /sl IOATOTOBKH K 3a4eTy

[Ipu mMoOATOTOBKE K 3K3aMEHY y CTYJEHTA JIOJKEH OBITh XOPOIIHA y4COHUK MM KOHCIIEKT
JUTEpaTypbl, TMPOYMUTAHHOW 1O YKa3aHHUIO TperojaBaTrelss B  TEUEHHUE CeMecTpa.
KoHcnektupoBanue JOMKHO OCYHIECTBIIATHCS OOYYAIOUIMMCSI TOJBKO JIMIIb CAMOCTOSATEIBHO.
[TpocMOTp COOCTBEHHBIX KOHCIEKTOB MO3BOJISET OOyuaromemMycs ObICTPO BOCCTaHABIUBATH B
MaMSTH COJICpKAaHNE HCTOYHUKA.

B Hagane cienyer mpocMOTpETh BECh MaTepHall MO CaBAEMOM TUCITUIUINHE, OTMETUTD TS
cebsi TpynmHble Bompochkl. OOs3aTenbHO B HHUX paszoOparbcs. B 3akimodenue emie pas
1[€1eCO00Pa3HO TMOBTOPHUTH OCHOBHBIE TMOJIOKEHUS, UCMONB3YS MPU ITOM OMOPHBIE KOHCIIEKTHI
nexkuuii.  Ilpuw 3ToM HyX)HO 0OpaTuTh 0Cc000€ BHHMaHHWE Ha TEMbl YYEOHBIX 3aHSITHH,
MPOMYIIEHHBIX CTYACHTOM 10 Pa3HBIM MPHUUHUHAM.

Ecnu B mpotiecce caMocTosATENbHONM padOThl HAJl M3YYEHUEM TEOPETUYECKOr0 MaTepuaia
WM TIPH PEIICHUH 3a/a4 Y CTYJCHTa BOSHUKAIOT BOIIPOCHI, Pa3pelIuTh KOTOPHIE CAaMOCTOSATEIHHO
HE YJIaeTCsl, HEOOXOIMMO OOPAaTUTHCS K MTPEMOIABATEIIO JUISI TTOTYUEHUS Y HETO Pa3bsICHEHUHN HIIN
yKazaHuil. B cBOMX Bompocax CTYACHT JOHKEH YEeTKO BBIPa3UTh, B YeM OH HCIIBITHIBAET
3aTpyJHEHMsI, XapaKTep ATOro 3aTpyJHEHHs. 3a KOHCYbTAIMeH cielyeT o0palaTecs U B cllydae,
€CJIM BOBHUKHYT COMHEHUS B IPABIJILHOCTH OTBETOB Ha BOMPOCHI CAMOIIPOBEPKHU.



