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Bsenenue

MeToaudeckue yKa3aHusl 10 BBIMTOJTHEHUIO Ta00paTOpHBIX paboT pa3padoTaH B
COOTBETCTBUH C | OCyIapCTBEHHBIM 00pa30BAaTENbHBIM CTAHIAPTOM BBICIIETO IPO-
deccuoHanbHOrO0 00pa30BaHUs M pabOYMMH TporpaMMamMu o Kypey «lIpormeccol u
anmapaTthl MUIIEBBIX MMPOU3BOJCTB» U MpPEIHA3HAYEH ISl CTYACHTOB TEXHOJIOTHYE-
CKOTO (paKyJbTeTA.

[enp mabopaToOpHOTrO MpakTUKyMa — 3aKperieHue 3HaHUW MO Kypcy, MpaKTH-
YeCKOE O3HAKOMJICHHE C YCTPOMCTBOM U pabOTON OTIEIBHBIX ammapaToB, U3YUYCHHE
MPOLIECCOB Ha JCUCTBYIOMIMX allllaparax, MPaKTUYECKUX HaBBIKOB ITYCKa, UCIIBITAHUS
U aHanu3a paboThl anmapaToB, a TaKKE 3HAKOMCTBO C aBTOMATHU3HPOBAHHOW CHCTE-
Moii uamepenuii B cpene LabVIEW.

CTylIeHT JOJKEH HAaydyuThCs OOOCHOBBIBATH PALIMOHAJIBHBIE PEKUMBI PaOOTHI
anmnapaToB U MOCJIE JETAJIbHOTO M3Y4YEHMsI MPOLEecca YSCHUTh BIIMSHUE OTHEIIBbHBIX
apaMeTpoB PEXKKUMa Ha XOJI IpoIlecca, T.€. YMETh BbIOpaTh TAKOW PEKUM, KOTOPHIH
o0ecnieunBaeT HaMOOJIBIIUN TEXHUKO-3KOHOMHYECKUH 3((EKT IMpHU BHICOKOM Kaye-
CTBE MPOJYKTA.

JlaGopaTopHas padora Ne 1

Tewma: HOCJ’IG,Z[OB&TGJII)HOCTI) IMPOBCACHUS TCXHOJIOTHYCCKHUX OIICpa-
I_[I/Iﬁ B TCXHOJIOTUYCCKOM IIPOLECCC

L]env pabomul: 1) 03HAKOMUTHCSI C OCHOBHBIMU TIOHSITHSIMU KypCa;
2) U3y4UTh KJIACCU(PUKALIMIO OCHOBHBIX TEXHOJIOTHUECKUX
IPOLIECCOB MUIIEBBIX MPOU3BO/ICTB;
3) u3y4unTh KIaccupUKAIMIO TEXHOIOTUYECKOTO 000py10Ba-
HUS;
4) cOCTaBUTH MOCIIEOBATEILHOCTD MIPOBECHHS TEXHOJIOTHYE-
CKUX OTEpaluii MUIIEBBIX MPOU3BOJICTB U TIPOBECTH €€ aHAH3
Ha OCHOBE M3yYEHHOU KIIaCCHU(pUKAINH;
5) cocTaBUTh HKCITUKALIMIO 000PYAOBaHUS, UCIIOJIb3YEMOIO B
JTAaHHOM TIPOU3BOJICTBE.

IIpubopvl u mamepuanel: TEXHOIOTHUECKHUE CIIPABOYHUKH, KaTAJIOTH 000pyI0-

BaHUs, IMHEHKA.
Kparkue cBeieHus1 u3 Teopuu

HOCJIGI[OBaTeJIBHOCTI) BBIITOJIHCHUSA TCXHOJIOTIMYCCKHUX onepaunﬁ B ITMIIICBbBIX
IIPpOU3BOACTBAX IMPCACTABICHO B BUAC rpa(l)nquKoro I/I306pa)KGHI/I$I TCXHOJIOTHYC-
CKOro mpomnecca. TexHONOrn4eCKui npouecC — 3TO COBOKYITHOCTD IMOCJICA0OBATCIIb-
HBIX I[GﬁCTBPIfI, IMTPOBOJAUMMBIX HAITPABJICHHO C LCJIBIO IMOJYUCHH U3 UCXOAHOI'O ChI-
pbia IPOAYKTA C 3aIdHHBIMHU CBoMcCTBaMH. Te€XHOJOTMUECKUI mpouecc COCTOUT U3



OTJEJIbHBIX cTanui (oneparuit). TexHomoruueckas onepamus — eIMHUYHOE BO3/IEH-
CTBHE Ha MPOJYKT C IEJIbI0 U3BMEHEHHUS €r0 CBOMCTB (MOIKa, YUCTKA, PE3aHU U JIp.).

Kaxxnas oneparust ocymiecTBiIsieTcs ¢ MOMOIIBIO MAIlIMHbI WM allapara.

MaivHa — npeiHa3HauYeHa I IPOBEACHUS MEXAHUYECKUX U HEKOTOPBIX TU-
pPOMEXaHUYECKHUX MpoIeccoB. MarHa uMmeer pabounii opra (HOX, JOMacTh), KOTO-
PBIif MEXaHUYECKH BO3ACHCTBYET Ha Chiphe. Pabouuit opran NpuBOIUTCA B IBUKEHUE
OT JJIEKTPOINpHUBOAa (THEBMONPHUBOA, TUapornpuBoAa). [lpuBon Bkitouaer B cels
JBUTATENb U MEPENAIOIIEE YCTPOUCTRO.

MexaHu3M — yCTpOMCTBO, UMEIOIIee padounii OpraH u nepenaqy (rmepemaroriee
YCTPOWCTBO), HO HE UMEIONTUH COOCTBEHHOTO 3JIEKTPOABUTATENsI. MeXaHnu3M MPUBO-
JUTCA B ICCTBUE BPYUHYIO UIIM MIPUCOETUHSETCS K YHUBEPCAIBbHOMY MPUBOTY.

ArperaT - yCTPOMCTBO, BBITIOJIHSIONIEE HECKOJBKO TEXHOJIOTHYECKHUX OIepa-
MI 1 UMEIOIee HECKOJIBKO padO4HX OpraHOB.

ABTOMAT — arperar, BBIIOJIHSIOIINIA ONepallii B aBTOMAaTHUYECKOM PEXUME.

Armmapar - yCTpOMCTBO JJisi MPOBEACHUS TEIUIOBBIX, MACCOOOMEHHBIX U HEKO-
TOPBIX THIPOMEXAHUYECKHUX MPOLIECCOB. AMIMApaT BO3CUCTBYET HA MPOAYKT dHEpre-
TUYECKH (HArpeBaeT, OXJaXJaeT, CYIIUT, oOjy4daeT). MHorue ammapaTbl UMEIOT
BCTPOEHHBIE TPAHCHOPTEPHI ISl IEPEMEILICHHUS ChIPhSL OT 3arPY304YHOIO K pa3rpy304-
HOMY OyHKEpY I MEIIAJIKH JIJI1 UHTeHCU(PUKAIMKA OCHOBHOTO TMpOIlecca.

Knaccugurayus ob6opyoosanus
O6opynoBaHue KiIacCU(DUIMPYIOT MO CICAYIOIMIMM MPU3HAKaM: MO (YHKIHO-
HAJTHPHOMY HA3HAYEHUIO; TI0 BUIY DHEPTOHOCHUTENS; MO CTPYKType paboyero mukia
(oOopyioBaHME MEPUOTUUYECKOTO U HEMPEPHIBHOTO JEUCTBUS); IO ClIOCO0Y 00orpeBa
(ammapathl ¢ KOHTAKTHBIM, KOCBEHHBIM M HETIOCPEICTBCHHBIM HAIPEBOM); IO CTETIC-
HU aBTOMaTH3allMK (HEaBTOMATHU3MPOBAHHOE, IMOJYyaBTOMATH3UPOBAHHOE W aBTOMa-
TU3UPOBAHHOE 000PYI0BAHUE); IO KOHCTPYKTUBHOMY HCTIOJTHEHUIO.

Knaccugpuxayusa npoyeccos

Bce Texnonornueckue mporecchl (onepayn) MOXHO MOAPa3AeIuTh Ha YETHIPE
OOJBIIE TPYIIBI: MEXaHUYECKUE, TUAPOMEXaHUIECKUE, TETUIOBBIE M MAacCOOOMEH-
Hble (mudPy3noHHbBIE).

1. MexaHnueckue mpoIecChl HAIPaBJICHB HA H3MEHEHNE (PU3NUYECKUX CBOWCTB
CBIPBS, T.€. pa3MepoB, (HOPMBbI, TIIIOTHOCTH, OJHOPOAHOCTH. JIBMXKYIIEH CUIION Mpo-
LIECCOB SIBJISIETCS CUJIA MEXAHMYECKOTO JaBJICHUS WK LeHTpoOexHas cuna. K mexa-
HUYECKUM IIPOLIECCAM OTHOCHT:

- COPTUPOBAHUE — PA3AECIICHUE CBIITYYUX CHIPbS 110 KAYECTBY;

- KaTuOpoBaHUe —pa3/IeJICHUE ChIITYYEro ChIPhs Ha TPYIIIHI IO pa3Mepam;

- Apo0JeHne - U3MENbUYCHUE ChIPhs HA YACTUIIBI 33JIaHHBIX Pa3MEPOB, MPOU3BOJIHHOM
dbopmbl. [IpobneHure OCYIIECTBISIOT CHOCOO0aMHU pa3aBIWBaHUS, pPaCKaJIbIBAHUSA,
pa3mMoJia, UICTUPaHUs, yaapa;

- pe3aHue - U3MEIbYCHUE ChIPhS Ha YACTHIIBI 3aJaHHON (POPMBI U pa3MepoB; OTpe3a-
HHE YaCTH ChIPbsl OT €r0 MaCCUBA; U3MEJIIbYEHUE BOJIOKHUCTOI'O ChIPbAL.



- 00paboTka MaTepUaIoB JABICHUEM — OTKATHE YKUIKOCTH U3 BIAYKHOTO CHIPHS; TIO-
Jy4EHUE KyCKOBOTO MPOAYKTA U3 CBHITYYETO ChIPhs; (OPMOBAHUE TUIACTUYHBIX MaTe-
pHUAasoB.

2. T'mapomMexaHUYeCcKUe MPOIECCHl — MPOIIECCHI, CBS3AHHBIE C MIEPEMEIICHIEM
MOTOKOB HUAKOCTH U rasza. JIBuxylield CUIon mpoueccoB sIBISIETCS pa3HOCTD JaBJie-
HUM.

- MOWIKa CBIPbS U TapBhl;

- IEpEeKAYMBAHUE )XKUJAKOCTHU 10 TPYOOIIPOBOIaM;

- TIEpEMEIINBAHUE B KUIKUX CPEllaX — UCIOJb3YETCs JJIsl YCPEIHEHUS] KOHIEHTpa-
WA U TeMIOEepaTyp; NPeayNpeKICHUS PACCIOCHUS 3MYJIbCUI U BBINAJEHUS OCaIKOB
B CYCIEH3USX; MHTEHCU(PUKAIIMU TEIUIOBBIX, MAaCCOOOMEHHBIX U OMOXUMHUUYECKUX
MPOLIECCOB; MOTYYEHUSI HEOJHOPOIHBIX CUCTEM U3 HECKOJIIBKUX KOMIIOHEHTOB;

- OCAXJICHUE — IMPOLECC BBIICICHUS TBEPIBIX WM KUJIKUX YACTHUIL U3 KUIKUX WIH
ra3oo0pa3HbIX cpell. JIBuxKylel CUIION sBIE€TCS Pa3HOCTh TUIOTHOCTEH YacTHIIBI U
cpenbl. [Ipoiiecc MOKeT MPOTEKATh B MOJI€ CHIIBI TSHXKECTH, LIEHTPOOEIKHOMN CHUITBI HIIU
ANEKTPOCTATUYECKUX CUII,

- (UITBTPOBAHME — MPOIIECC BBIICICHUS TBEPABIX YACTHUI] U3 KUJIKUX WU ra3000pas-
HBIX CpeJl ¢ TIOMOIIBI0 MOPUCTOM Teperopoaku (puiabTpa). JIBrxKyIied cuiion mnpo-
1ecca sIBJIIeTCS Pa3HOCTh JaBJICHUH 10 00erM CTOPOHAM (PUIIbTPA;

- ynbTpaduiabTpaius U 0oOpaTHBIA OCMOC — MPOIECCHl pa3liesieHus] pacTBOPOB Be-
IECTB C PA3JIUYHOM MOJIEKYJSIPHOW MAacCOl C MOMOIIBIO MOJYIPOHUIIAEMON MEM-
Opanbl, 001a1aro1Iel N30UPATEIBHONU MPOHUIIAEMOCTHIO.

3. TeruioBble MPOLECCHI — CBSI3aHBI C U3BMEHEHUEM TEIIOBOTO COCTOSIHUA ChI-
pbs. JIBHXKyIIEH CUIION MPOIECCOB SIBIIETCA Pa3HOCTh Temmeparyp. Llemsimu temno-
BBIX TPOIIECCOB MOTYT OBITh OMOXMMHYECKHE W3MEHEHMS B ChIPhE (JI€HATypaIlus
OeJIKOB, KapaMeNu3allis caxapoB, KJIeHcTepu3alus Kpaxmalia, MeJIaHOuINHOO0pa3o-
BaHME) U MPEKPAIICHUE KU3HEACATEIHPHOCTH MUKPOOPTaHu3MOB. K TerioBbIM mpo-
1eccaM OTHOCST: HarpeBaHuUe, OXJIAXIEHUE, UCIApEHHE, KOHICHCAIMIO, BhIapuBa-
HUe (MIPOIECC CTYIICHUSI PACTBOPOB MYTEM UCIIAPEHUS PACTBOPUTEIIS IPU KUTICHHH).

4. Maccooomennsie (quddy3rMOHHBIE) MPOIECCHI — CBSI3aHbI C MEPEX0JI0M Ka-
KOro-nu0o0 BellecTBa (LIeJI€BOr0 KOMIIOHEHTA) uepe3 rpaHully pasnena ¢asz. [[Buxy-
IIeH CHUIJION TPOIIECCOB SIBISIETCS PAa3HOCTh KOHIIEHTPALMK 11€JICBOTO KOMIIOHEHTA B
noToke (ha3pl M Ha €€ TpaHUIIE.

- CyIIIKa — MPOIIECC YAaJICHUS BJIard U3 ChIPhs MyTEM €€ UCTIAPEHUSI C TTOBEPXHOCTH;

- azcopOIMs — MPoIIecC MOTIIOMIEHHUS Ta30B, KHUIKOCTEH M UX MapOB MOBEPXHOCTHIO
TBEPJAOTO Telia, B TOM YHcIie 00beMe Top.

- abcopOIus — IpoIIecC MOTJIOMICHUS Ta30B, KUJIKOCTEH M MX MapoB 00HEMOM KHJI-
KOTO TOTJIOTUTES;

- TEepEroHKa — pas3JeleHNe MNCTHHHBIX PACTBOPOB MYTEM YAaCTUYHOTO HCIIAPEHUS C
MOCJIEAYIOIEN KOHJEHcanueu mapoB. [Iponecc OCHOBaH Ha pa3iW4YHOW JIETY4ECTH
KOMITOHEHTOB;



- pekTu(UKaLK — MHOTOKpATHAas! EPEroHKa;

- DKCTPAarupoBaHUE — MPOLIECC U3BJICYEHHUS LIEJIEBOIO0 KOMIIOHEHTA U3 PACTUTEIBLHOIO
CBIPbS C MTOMOIIBIO PACTBOPUTEIIS, 00J1aJaI0IEr0 U30UpPATEIbHBIM JIEHCTBUEM;

- KpUCTaJUIM3allksl — MNPOLECC MOJY4YEHUS KPUCTAUIMYECKOTO MPOAYKTa U3 TMEpe-
OXJIAXKJEHHOIO pacIulaBa WM IEPEHACHIILIEHHOTO PacTBOpa MYTEM OXJIAXKICHUS U
WHTEHCUBHOI'O B30MBaHUS;

- PaCTBOPEHHE — IIPoLIecC, 0OPATHBIN KPUCTAIITU3AIINH.

IopsiioK BbINOJIHEHUS PadOThHI
1. [IpoBecTr aHaNM3 TEXHOJIOTUH MPOU3BOJICTBA MUIIEBOTO MPOAYKTA 110 UHAU-
BUAYAIBHOMY 33JaHUI0, TPEJI0KEHHOMY NPENOAABATEIEM.
2. CocTaBHUTh TEXHOJOTUYECKYIO CXEMY IMPOU3BOJICTBA MPOILIECCA MPOU3BOICTBA
MUILEBOTO POJIYKTA U MPOBECTH €€ aHAJIN3 Ha OCHOBE KJacCU(UKAIMK MPOLIECCOB.
3. [Tono6path 000pyI0BaHKE, UCTIOIB3YEMOE B JAHHOM IIPOIECCEe IMTPOU3BOJICTRA,
Y TIPOBECTH €T0 aHAJIM3 Ha OCHOBE Kiaccuukaruu o00py10BaHus.
4, OTtyeT 0OPMUTE B COOTBETCTBUH CO CIICAYIOIINM ITPUMEPOM






Ta6muma 1.1 — Dxcrmukarus 060pya0BaHUS

OIIEPALINA [TPOLHECC OBOPYJIOBAHUE
IPOCEHBAHKE MEXaHUYEeCKUI npoceuBatenb «bypar»
JI0O3UPOBAHUE MEXaHUUYECKU aBTOMYKOMED, BECHI
pPacTBOPEHHE MacCcOOOMEHHBIN conepactBoputenb XCP-3
bunbTpoBaHUE TUAPOMEXAHUYECKU I bubTp
3aMec JKHUJIKOW omapbl TUAPOMEXaHNYECKUN 3aBapoyHasi MallnHa
OpokeHue OMOXUMUYECKUN 3aBapoyHasi MalImHa

XM3-300, kopbITO
OporxeHust PabnHoBuua
3aMec TecTa TUIPOMEXAHUYECKUM TECTOMECWJIbHAs MallliHa
A2-XTb
pasznenka MeXaHU4YECKUN tectogenutens «Kyszoaccy
yKJIaJIKa MEXaHUYECKUN TECTOYKJIATYUK
paccroiika OMOXUMUYECKUN mKad okoH4YaTEIbHOU
paccroiiku A2-XPA
BBINCYKA TEIUIOBOM neyb [IXC-25M
yKJIaJIKa B JOTKHU MEXaHUYECKUI HUPKYJSIUOHHBIA CTOJ,

BAaroHETKu

NoabkowdE

KonTpoJsbHBIe BONPOCHI

COM U TE€XHOJIOTMYECKON CXeMOii?
8. Uto Ha3pIBaE€TCS MAIIMHOM, armapaToM, arperaToM, MEXaHu3MoM?
9. Kaxk knaccudunmpyercs obopyaoBanue mo crnocody odborpena?

JaTh kmaccuuKaIo OCHOBHBIX MPOIIECCOB MUIIEBBIX TPOU3BOICTB.
JlaTh kinaccudukanuo THAPOMEXaHUUECKUX MTPOIIECCOB.

JlaTh KiaccuuKanuio TEMIOBBIX MPOIECCOB.

JlaTh Ki1accupuKauo MEXaHUYECKUX MPOIIECCOB.

JlaTh kinaccudukanuo MaccooOMeHHbIX (IU((Yy3MOHHBIX) MPOIIECCOB.
JlaTh kiaccudukanyo o00py10BaHUs MUIIEBBIX TPOU3BOJICTB.

YTo Ha3bIBAETCA TEXHOJOTMYECKOW ONEpaLIMEl, TEXHOJIOTMUECKUM MPOIEC-




Jlaboparopnas pabota Ne 2

Tema: MoaenupoBaHHe IIPOIIECCOB U ammapaToB. Teopus 1moao0us

Lenv pabomur:. 1) I3ydenue Teopun mMoao0us;
2) U3yueHue Kputepues Moaoous;
3) U3ydeHue MeToia aHaau3a pa3MepHOCTEH.
KpaTkue Teopernueckue cBeAeHUs

PacueTHble METOIMKY JOJDKHBI CO3/1aBATHCS HA OCHOBE 3HAHUS B3aMMOCBSA3U
Pa3JIMYHBIX [IAPaMETPOB, XAPAKTEPU3YIOIIMX IPOLECC U UX BIUSAHUSA HA CKOPOCTh
npoTtekanus npouecca. CylecTByeT iBa OCHOBHBIX METO/1a U3YUEHUsI OObEKTOB: Me-
TOJ IIPSIMOTO DKCIIEPUMEHTA U AaHATUTUYECKUN METOL.

Merton npsIMOro 3KCIEpUMEHTA 3aKJII0YACTCSA B CO3aHUH HKCIIEPUMEHTAIbHON
YCTAaHOBKY M MPOBEICHUN HA HEH 3KCIIEPUMEHTOB 110 CIIELMAIbHOMY IlIaHy. Jlocro-
MHCTBOM SBJIAETCS IOJIy4YEHHE TOYHOI'O KOHKPETHOTO PE3ysIbTaTa; HEIOCTATKaMU -
3HAYUTENIbHBIE 3aTPaThl BPEMEHU, MAaTEPUAIIBHBIX U TPYAOBBIX PECYPCOB, IIPOU3BO/I-
CTBEHHBIX ILUIOIIAJCH, HEBO3ZMOXKHOCTh MPEACKa3aHUs MOBEACHUA OOBEKTa B H3MeE-
HEHHBIX YCJIOBHX UM 0000ILEHUS MOTYYEHHBIX PE3YIbTATOB JJIsl APYTHX OOBEKTOB.

AHaNUTUYECKUN METO/ 3aKJIF0YAETCs B BBIBOJIE U PEepeHIIMaNIbHBIX YpaBHE-
HUI MaTeMaTuyeckol (pU3MKH, OMUCHIBAOIIMX Mpolecc. HemoctaTkom siBasieTcs
IIPAKTUYECKAasi HEBO3MOKHOCTD MOJyYEHUSI TOYHOTO KOHKPETHOTO PE3yNbTaTa, a 10-
CTOMHCTBOM - OIIMCaHUE LIEJIOTr0 KJlacca sIBJICHUN. JIOCTOMHCTBA TOTO U APYTOro Me-
TO/1a 00BEANHSAET TEOPUS MOAO0USI.

Teopust mogo6ust — 3T0 yueHue o crocodax co3gaHus Mojelel, mpaBuiIax npo-
BEJICHUS HA HUX 9KCIIEPUMEHTOB, 00pabOTKU pe3yIbTaTOB B BUJIE PACUETHBIX 3aBH-
CUMOCTEHU U OIPEIECIICHHBIX I'PAaHULl IPUMEHUMOCTH ITUX PACUETHBIX 3aBUCHUMOCTH.

MoenrpoBaHreM Ha3bIBAIOT U3YYEHHE 0OBEKTA MO €r0 MOJIEIH C LEIbI0
npe/ICKa3aHus MOBEJCHUS 3TOT0 00bEKTa B MPOMBIIIIEHHBIX yciaoBUsX. K Monensm
NPEIBbABISAIOT CIEAYIOIINE TPeOOBaHMUS:

1. MOJIeJIb T0JKHA ObITh aJIeKBaTHA K pealbHOMY OOBEKTY, T.€. BOCIIPOU3BOIUTH
€ro CyLIECTBEHHBIE XaPAKTEPUCTUKH;

2. MOJIeJIb JJOJIKHA UMETh CYIIECTBEHHO MEHbIIIE Ta0apuThl, BEC, CTOMMOCTb;

3. HKCIIEPUMEHTHI Ha MOJIEH JI0J>KHBI IPOBOJUTHCS ObICTpEe, ObITh O0JIee mpo-
CTBIMU;

4, JIOJIKEH OBITh U3BECTEH AJITOPUTM MEPEBOIA PACUETHOU 3aBUCUMOCTH JJISl MO-

JIEJIM B paCYETHOM 3aBUCUMOCTH JJIsl OpPUTHMHATIA.

B Hacrosimee Bpemsi HCIIOJIb3YIOTCS TPU TUIIA MOJEIIEN: MaTeMaTHYECKHe, pe-
aJIbHbIe (PU3UYECKHE U aHAJIOTOBBIE.

Maremaruueckas MoJieib MPEACTaBIISET CO00M COBOKYMHOCTH MU depeHIu-
aJIbHBIX aNre0pandecKux U UHBIX YPaBHEHHM, OMUCHIBAIOIINX MPOLIECC. DKCIIEPUMEHT
Ha TAKOM MOJIENIU 3aKJIFOYAETCS B ONPEAEICHUH CKOPOCTH NPOTEKAHUS IPOLEcca pU
BCEX BO3MOXHBIX KOMOMHAIIMOHHBIX MapaMmeTpax (¢ nomoirsio 9BM). JloctounctBom
MOJIEJIH SIBJIIETCS OTHOCUTENIBHO HEOOJIBIINE 3aTPaThl ChIPhS, MATEPUAIIOB, IIOIIAJEH



Y IPOCTOTa, BHECEHUSI U3BMEHEHMI B 3Ty Moienb. HegocTaTtkoM MOJenH SBIISIETCS He-
BO3MOYKHOCTh y4eTa OyayIuX sIBICHUH.

Peanphas pusnyeckas Mozelb NpeACTaBIsieT COO0M YMEHBIIEHHYIO YIIPOIIeH-
HYIO KOMHUIO OpUruHana. JJ0CTOMHCTBO - MOyYeHHe TOYHOTO pe3ynbprara. Hemocrar-
KU1 — BeCbMa OOJIbIIIKE 3aTPAThl U CIOKHOCTh BHECEHUSI U3MEHEHUMN B 3Ty MOJIEINb.

AHaNoroBbIe MOJIETU OTIUYAIOTCS OT peajbHOro 00BEKTa Mo CBoeH Pusnye-
CKOM CYIIIHOCTH, HO OMUCHIBAIOTCS aHAJOTUYHBIMU U (D PepeHIInaTbHBIMU YPaBHEHH-
SIMU.

Pe3ynpTaThl, MOTyYEeHHbIE HA MOJEIN MOYXHO PaclpOCTPAHUTh HA PEaIbHBIN
00BEKT B TOM CiIy4ae, eCiii caMa MOJIeb U MTPOUCXOSAIINNA B HEHl Mpoliecc Mo 100HbI
peabHBIM.

[TomoOGHBIMM HA3BIBAIOTCS SIBJIEHUS, IPOUCXOASIINE B TEOMETPUUECKU MMOA00-

HBIX 00BEKTaX, B KOTOPBIX B CXOJCTBEHHBIX TOYKAX CUCTEMBI, B CXOJICTBEHHbIE MO-
MEHTBI BPEMEHH OJTHOMMEHHBIE ITapaMeTpbl IPONOPLHOHAIBHEL ['eoMeTprUIECKH I0-
NOOHBIMU Ha3bIBAIOTCSI OOBEKTHI, B KOTOPBIX BCE YIJIbl PaBHbI, CTOPOHBI IPOINOPIIHO-
HallbHbl. CXOJICTBEHHBIMU TOYKAaMH CHUCTEMbI HA3bIBAIOT TOYKH, OTBEYAIOLIUE TI'EO-
MeTpUyecKoMy 1oj100u10. CXO/ICTBEHHBIMM MOMEHTAMHM BPEMEHHM Ha3bIBAIOTCS MO-
MEHTBI, IPONIOPLUUOHAIIBHO OTCTOSIIME OT Hadaja npouecca. OJHOMMEHHBIMHU HA3bI-
BalOTCS BEJIMYMHBI, UMEIOIIME OJJMHAKOBBIN (PU3NUECKHUI CMBICT U pa3MEPHOCTb.

Teopembl nooobus

Tpu ocHOBHBIE TEOPEMBI MOAO0MS OTBEYAIOT Ha TPH OCHOBHBIX BOIIpPOCA:

1)  Kakue BEMYHHBI U3MEPATH B DKCIICPHUMEHTE;

2) B KaKOM BHJIC MPEJCTABIATH NOJTY4YCHHBIC PE3YIIbTaThI;

3) Ha KaKue SIBJICHUS MOKHO PACIIPOCTPAHSTH IMOJYyYEHHBIE PE3YyJIbTaThI.

Ha nepBsiii Bonpoc orBeuaet TeopeMa HproToHa: Mo 100HbBIE SIBIEHUS UMEIOT
YUCJICHHO PaBHbIE KPUTEPUHU MTOAOOUS.

Kpurepuit nonobust — 31o 0e3pa3mMepHblil KOMILIEKC, COCTOSIINNA U3 pa3HO-
MMEHHBIX BEJIMYMH, UMEIOIUX (pu3nueckuil cmbica. Kputepuii, kak mpaBuio, Xapak-
TEPU3YET COOTHOUIEHUE JBUKYIIEN CUJIBI B TIPOLIECCE C CUIIAMU CONIPOTHUBIIEHUS.
Kpome kputeprieB mo1001si HICHOIB3YIOTCSI CUMIUIEKCHI T€OMETPUUECKOT0 MO00HUs.
CumIiekc npecTaBisieT CO00M OTHOIIEHUE OJHOMMEHHBIX BEJTUYHH.

Ha BTopoii Bonpoc oTBevaeT Teopema denepmana-bykunrema: mobdast 3aBu-
CUMOCTb MEX/y MEpEMEHHBIMU XapaKTEPU3YIOIIUMHU MTPOLIECC MOXKET OBbITh MPEJ-
CTaBJICHA B BUJIE 3aBUCUMOCTH MEX/1Yy COOTBETCTBYIOLIMMHU KPUTEPUSIMHU NOI00US.

OOt BUA KpUTEPUATILHOTO YPaBHEHUS

K, =CKj} K K/, @
rae Ki- onpenensaemMpiii KpUTEpUn, COIEPKALINN UCKOMYIO BEJINUHHY;
K3, K3, K4 — onpenensironiue Kputepuu;
C — yucnoBoit k03(h(PULMEHT onpeaensieMblil SKCIIEPUMEHTAIbLHBIM TyTEM;
N, M, p — moKa3aTeau CTEINEeHU, ONPEAECISIONINECS IKCIEPUMEHTATBHBIM ITyTEM.



Kputepuu dpopmynupyrorcst Ha 0ocCHOBe aHaln3a JudHepeHIHaTbHBIX ypaBHe-
HUHI WIK METOJOM pa3MepHocTel. KonnuecTBo KpUTEepUeB B KpUTEPUATIBHOM YPaB-
HEHUU OIIPEIEISAET T-TeOpeMa:

7z —= N —n (2)

IJI€ T — KOJIMYECTBO KPUTEPUEB B KPUTEPUATIBHOM YPaBHEHUU;

N — 4nciI0 napaMeTpoB XapaKTEPU3YIOIIMUX IPOLECC;

N — Y9KCII0 €IMHULL U3MEPEHHUSI 3TUX NIaPAMETPOB B MEKYHAPOAHON CHCTEME.

Kaxxnas napa OTHOLIEHHS TapaMeTPOB JAET B KPUTEPUAIIBHOM YPAaBHEHUN
OJIMH KPUTEPUN CHUMILIECKC.

Ha tpertnii Bonpoc orBeuaer TeopeMa Kuprnnuepa-I'ykmana: mogoOHsbIe siBiie-
HUS OMUCHIBAIOTCS OJUHAKOBBIMU JU((epeHIIMaTbHBIMUA YPAaBHEHUSAMHU MIPH 110100-
HBIX YCJIOBUAX OJHO3HAYHOCTH.

Paznuyaror yeTkipe rpynmnsl yCI0BAKA OJHO3HAYHOCTH:

1. Tr€OMETPUYECKUE YCIOBUS XapaKTEPU3YIOT KOHPUTypalnio 00beKTa U
MPONOPLIMOHAIIBHOCTh €T0 OCHOBHBIX Pa3MEpOB;

2. dbu3nUecKue yCcIoBUs OJJHO3HAYHOCTH XapaKTEPU3YIOT CBOMCTBO OOBEK-
Ta pabo4mnx Ted;

3. IPAHUYHBIEC YCIOBUS XapaKTEPU3YIOT COCTOSIHUE CUCTEMBI Ha €€ TPaHHU-
[1aX ¥ B3aUMO/JICMCTBUE C OKPYIKAIOIIEN CPEHOM;

4, BPEMEHHBIE YCIIOBHUS XapaKTEPHU3YIOT COCTOSIHUE CUCTEMBI BO BPEMEHH.

Ta6nuna 2.1 - OCHOBHbBIE KPUTEPUH MOI00US THAPOMEXAHUYECKUX, TEMJIOBBIX
¥ MacCOOOMEHHBIX ITPOIIECCOB

Kpurepnii dopmyna OcHOBHO# (u3MUECKHiA
CMBICJTI
1. Kpurepuu ruipoMexaHu4ecKkoro nogo0ous
1. Kpurepuit pexu- XapakTepusyeT pexuM
Ma JIBUXKEHUS (UHC- JBUKEHUS KUIKOCTH; Me-
70 Pelinonbaca) wl Pe pa OTHOLICHUS CUJI UHEP-
Re = vV Pr MU U MOJIEKYJISIPHOTO
TPEHHUsI B IOTOKE
2. Kpurepuii ru- ) , Mepa oTHOILIEHUS CUIT
PaBIMYECKOrO 10- Er — W _ Re WHEPLUH U TSHKECTH B MO-
nobust (uucno Opy- gl Ga TOKE
aa)
3. Kpurepuii nono- Mepa OTHOILIEHHUS CUJT
Oust moJielt nasie- AP JABJICHUS U UHEPIIU B
HuUs (4ucio Disepa) Eu = - > notoke. be3pasmepnas
W IOTEPS HAIopa KUAKOCTH
B TpyOax
4. Kpurepuii nono- gl 3 Re?2 Mepa oTHOIIEHUS CHTT
6us moneii ceobon- | Ga = = TSPKECTH ¥ MOJIEKYJISIPHO-

2
HOT'O IBHXKXCHUA v I:r o TPCHUA




(aucno INanmnest)

5. Kpurepwnii cBo-
001HOM KOHBEHIIUU
(uncio Apxumena)

3 J—
ar 98 PP 5,80

v P1 P

XapakTepusyeT B3auMO-
JIEUCTBUE apXUMEIOBOU
CHUJIbI, BOSHUKAIOIIEH TIpH
Pa3HOCTHU IUIOTHOCTH Cpe-
JIbl ¥ CHJIBI BSI3KOTO TpeE-
HUS

2. Kpurepuu TermmoBoro noj

oous

6. be3pazmepHslii

XapakTepusyer CBA3b

KO3 PUIIEHT TeT- ol MEK]ly UHTEHCUBHOCTBIO
J00THa4H (KpUTe- Nu = — TEIUIOOTAA4YH U TEMIEpa-
puit Hyccenbra) A TYPHBIM II0JIEM B II0Tpa-
HUYHOM CJIO€ MOTOKA
7. Kpurepuii nono- v 7. Pe Xapakrtepuzyer uzuye-
OMsl TEeMIIEPATYPHBIX Pr=—-= = - | CKHE CBOMCTBA TEILIOHO-
U CKOPOCTHBIX MO- a A Re cutens (6e3pazmepHasi Be-
Jiel B MOTOKE (UuC- JMYUHA)
7o [Tpanatis)
8. Kpurepwnii Ten- wi Mepa oTHOLIEHUS MOJIE-
JIOBOT'O MOA00HUs Pe =—=Re-Pr KYJISIDHOT'O U KOHBEKTHB-
(uucno Ilekne) a HOTI'O IIEPEHOCOB TEIlIa B
IIOTOKE
9. Kpurepuii Ten- XapakTepusyer CBA3b
JIOBOM TOMOXPOHHO- ar ME¥XKy CKOPOCTBIO U3Me-
ctu (uucio dypee Fo = |2 HEHMs TEMIIEPATyPHOIO
TEIJIOBOE) noJist, PU3NYECKUMH CBOW-
CTBAMH M pa3MepaMH TeJia
10. Kpurepwuii kpa- Mepa OTHOILICHUS BHYT-
€BOT0 10J100Us ) ol PEHHETO U BHEIIHETO TEP-
(xputepuii buo- B1 = B MHUYECKUX COIPOTUBIIC-
TETJIOBOM) cm HUU; XapaKTEPU3YET CBA3b
MEK]ly TI0JIEM TEMIIEPATyp
B TBEPJIOM TEJIE U YCIIOBU-
MU TEIUIONIEpEIaun Ha
€ro IOBEPXHOCTU
11. Kpurepwnii cBo- Mepa oTHOLIEHUS CUIT
00HOI TermI0BOI gl 3 MOJIEKYJISIPHOTO TPEHUS U
konBekimu (uncnmo | Gr = R LG, TIObEMHOI CHIIBI ITPH

['pacroda)

pa3JIMYnM TUIOTHOCTEN B
OTAEJIBHBIX TOYKAX HEU30-
TEPMHUYECKOTO IMOTOKA




12. TennoBoi kpu-
Tepuii pazoBoro
npeBpaiieHust (Kpu-
tepuit Kyrarenansze)

_r _r
CAt Al

Mepa oTHOIIEHHS TemIo-
ThI (pa30BOTO MpeBpallie-
HUS K TEIUIOTE Meperpena
WJIM TIEPEOXJIAXKICHUS OJ1-
HOI1 U3 (ha3 mo oTHOIIIE-
HUIO K TeMIIepaType
HACBIIIECHUS

. Kpurepun muddysznonnoro nomodus

13. be3pa3mepHslii

XapakTepusyer CBA3b

ko3 dunreHT mac- NU — A MEXK]Ty HHTEHCUBHOCTBIO
COOT/a4yu (Macco- D MacCOOTJa4Y U KOHIICH-
OOMEHHBIN KpHUTE- TPALMOHHBIM I0JIEM B IO-
puii Hyccenbra, TPAHUYHOM CJI0€
kputepuu LlepBy-

1a)

14. Kpurepwuii no- XapakTrepusyer puzuue-
JI0OMST CKOPOCTHBIX .V Re’ CKHE CBOMCTBA KUJKOCTHU
Y KOHIIEHTPAIHOH- Pr= B - %

HBIX MOJIeH B MOTO-

ke (muddy3nonHoe

yucno [lpanaris)

15. Kpurepuii XapakTepusyer CBA3b
nudy3uoHHOM TO- ., Dr ME¥K]ly CKOPOCTBIO U3MeE-
MOXPOHHOCTH Fo' = |—2 HEHHUSI T0JIsI KOHIIEHTpa-
(muddysuonHoe 1, GU3NYECKUMU CBOM-
yucio Oypsne) CTBAMH, pa3MepaMH TeJia
16.Kputepunii kpae- Mepa OTHOILICHUS BHYT-
BOT'0O 110A00Us _ '6| PEHHETO U BHEIIHETO
(nuddy3noHHBIHI Bi' = < 11 Py3MOHHBIX COIPO-
Kputepuil buo) Dc TUBJICHUI

17 . Kputepuii mud- Mepa oTHOLIEHUS MOJIE-
(Gby3UOHHOTO MOJI0- Pe’ — ﬂ _ Re.Pr’ KyJspHOTO B 1udPy3noH-

oust (MaccooOmMeH-
Hoe uncio [lexe)

HOT'O B€IIECTBA B IIOTOKC

YcnoBHbIe 0003HAUCHUS
Ap - nepenan nasnenus, [la;

0 - YCKOpPEHHE CHJIIBI TSXKECTH, M/C?;
P1 M P2 — IIIOTHOCTU YACTHULLI M CPEIbI COOTBETCTBEHHO, KI/M°;
o - ko3 puiment remnooraauu, Br/m?K;

A - K03 HUIIUEHT TErIoNpoBOAHOCTH, BT/MK;




| - xapakTepHbIil TMHEHHBIN pa3Mep CUCTEMBI, M;

V - KHHEMATUYeCKast BA3KOCTh, M%/C;

a — TEMIIEPATYPOIPOBOHOCTD, M%/C;

Ll - IMHAMUYECKas BA3KOCTb, [1a c;

C — yJenabHas TeoeMKocTh, JIx/(krK);

T - BpeMs, C;

|c — xapakTepHbIil TMHEWHBIN pa3Mep Tena, M;

A — K0>()PHUIMEHT TEIIONPOBOAHOCTH TBEpAOTo Tena, Br/(m2K);

B - ko3 durmeHT 06beMHOTO paciupeHus Kuakoctu, 1/K;

¢ - pa3HOCTH MEXAY TEMIIEpaTypaMu TBEPAOU CTEHKH M IMOTOKA Ha yIaJICHUU
OT cTeHKH, K;

I - rerioTta ¢ha30BOro MpeBpamieHus ( UCrapeHus Uiu KOHACHCAIUH );

B - koaduimenT maccootaadu, M/c;

D — ko> punuent qupdysuu, m2/c;

D¢~ koo punment nuddysun B TBEPAOM Tese, M2/c.

Iopsinok BbINOJIHEHUS PadOThI

1. CocraBnsieTcs nepevyeHb HE3aBUCUMBIX (PaKTOPOB, ONIPENEISIOIINX SB-
JICHUMN.

2. Brinonssitorest hopmasibHble TpeoOpa3oBaHus:

- CocraBniseTcs nepeyeHb HE3aBUCUMBIX pa3MepHOCTEN. JlJIsl 3TOro BBINU-
CBIBAIOT 3aBUCUMBIE U MOBTOPSIOLIUECS PA3MEPHOCTH;

- OnpenenstoT pa3HOCTh MEXKY KOJMYECTBOM OINPEACIISIIONINX apaMeT-
POB M KOJIMYECTBOM UX HE3aBUCHUMBIX PA3MEPHOCTEN;

- KomOuHMpyt0 onpenesstonie napaMmeTpbl, COCTaBIAIOT HEOOX0IUMOE
KOJIMYECTBO HE3aBUCUMBIX 0e3pa3MepHbIX KOMOUHAIMI, KOTOPBIE SIBISIFOTCS OIpeie-
JSOUMME KputepusiMu. Kpurepun aHanu3upyroT ¢ Lelbio WASHTUPUKALUU — Onpe-
JIEJIEHHS] COOTBETCTBHS H3BECTHBIM.

3. CBsi3u MEX]ly KpUTEPHUSIMH YCTaHABIMBAIOT B OAHON U3 yIOOHBIX 1JIs UC-
nosib3oBanus opm. Eciiu opma 3T0i CBS3M 3apaHee HE U3BECTHA, PEKOMEHYeTCs
MPEACTABUTH €€ B BUJE 3aBUCUMOCTU HCKOMOI'O KPUTEPHUS OT MPOU3BEICHUS IPYTUX
KPUTEPHUEB B COOTBETCTBYIOIIMX CTEMEHAX, ONMPEAEISIIONINXCS SKCIEPUMEHTAIIBHO.

KoHTpoJbHBIE BONIPOCHI

YeM pa3innuaroTcs aHATUTUYSCKUHN B SKCTIEPUMEHTALHBIA METOIbI?
OxapakTepu3yiiTe JOCTOMHCTBA U HEOCTATKH BCE TUITBI MOZCIICH?
Uto Ha3bpIBaeTCs KPUTEPUEM U CUMILIEKCOM 1010017
Chopmynupyiite Tpu TEOpEMbI TO00MUS.

[lepeuncnuth KpUTEPUU TUIAPOMEXAHUUECKOTO MOJO0USI.
[lepeuncnuth KpUTEPUU TETIOBOTO MOAOOUS.

[lepeuncnute kputepun AUPHY3MNOHHOTO MOAOOUSI.

Yo Ha3bIBae€TCA YCIOBUSMHU OJJHO3HAYHOCTH?

LONoakrwdE



JlabopaTtopnas padota Ne 3

Tema: Mnmroctpanus ypaBHeHUs bepHyIM pu yCTAaHOBUBIIEMCS
JBUKEHUH JKUJIKOCTH B HAIIOPHOM TPyOOTPOBO/IE

Llenv pabomui: 1. HenocpencTBeHHOE HAOIOICHUE B3aUMOCBSI3H MEXK1y UJie-

HaMM ypaBHEeHMs bepHyIM U xapakrepa UX U3MEHEHUS IPU NEPEX0/Ie OT OJTHOTO
IOTIEPEYHOr0 CEUEHUs TPyOOIPOBOIA K IPYrOMY IPU U3MEHEHUH pacxoja BOJbI B
TpyOOIPOBO/IE;

2. V3mepeHne 3HaYeHUIl OTJENbHBIX YIEHOB ypaBHEHUs bep-
HYJUIA U IIOCTPOEHUE MTbE30METPUYECKON U HATIOPHOW JINHUN;

3. Hcnonp3oBanue ypaBHEHUs bepHymm 1 TapupOBKHU
TpyO4YaTOro pacxoaoMepa, B KaueCTBe KOTOPOTO MOXKET CIYKUTh Y4aCTOK TpyOompo-
BOJIa C MECTHBIM CY>KEHUEM TONEPEYHOr0 CEUEHHUS;

4. Onpenenenus Ko3(PUIIMEHTa CONPOTUBIEHUS TPyO4aTOro
pacxoznomepa.

IIpubopelr u mamepuansi: 1abopaTopHasi yCTaHOBKA, TbE30METPhI, TPYOKH [1u-
TO, pacxoJoMep.

KpaTkue TeopeTnyeckue cBeIeHHs

YcranoBuBIIEECS JBUXKEHUE — 3TO TAKOE JBHKEHUE, IPU KOTOPOM MApaMeETPhI
JBIDKYIIENCS Cpelibl (CpEeHsIsl CKOPOCTh, THAPOIMHAMUYECKOE JaBJICHUE) B KAXIOM
JAHHOM CE€YEHHMH MTOTOKA HE U3MEHSIOTCS BO BPEMEHH.

VYpaBHeHne bepHyIIM yCTaHABIMBAET CBSA3b MEXKAY CKOPOCTHIO, TABJICHUEM U
F€OMETPUYECKUM ITOJI0KEHUEM TOIO WJIM MHOTO IOIEPEYHOTO CEUEHUS IMOTOKA.

[IprMEHHUTENBHO K DJIEMEHTAPHOM CTPYMKE HUJICATBbHON JKUIKOCTH YPABHEHUE
bepHyn BeIpakaeT 3aKOH COXpPaHEHUS SHEPTUH U JJIS JTHO00TO MOMEPEYHOro ceve-
HHUS CTPYHMKHU UMEET BUJ:

p  v°
Z+—+—=H =const
P9 29

rJie Z — yJeJibHas MOTEHIMaIbHas SHEPTrUs MOJIOKEHUS CeUeHUs (reoMeTpuye-

CKHI1 Hamop), M;

L _ yhenbHAs MOTCHLHMANbHAS SHEPrHs NABICHHS (IIbE30METPUYCCKHIA
Pg
Harop), M;
V — CKOpOCTh JABM)KEHHS KMJIKOCTH B pACCMAaTPUBAEMOM CEUYEHHH, M/C;
L2
5 — yZieJibHas KHHETUYECKask SHEPTUs (CKOPOCTHOM HAIop), M;

H — nonnas ynenbHasi MEXaHUYECKask YHEPTUS JBUKYIIEHCS KUIKOCTH B
paccMaTpUBaEMOM CEUYEHHMH MOTOKA (TIOJHBIN HAMOP), M.



JIns moToka peasibHOM (BSI3KOM) KUJKOCTH ypaBHEHUE bepHyiuu sBisieT-
Csl ypaBHEHHEM OajlaHCa YHEPrUH, YUYUTHIBAIOUIUM €€ TOTEepH, U IJIsl ABYX IMPO-

HN3BOJIBHBIX ITOIICPCYHBIX CEUYCHHUM IMOTOKA 3aIIMChIBACTCS CJIcayromum 06pa30M:
2 2

ﬂ+alu—1=zz+&+a2£+hn (1)
rg 28 rg 2g
IZI€ Zj — BBICOTA PACHOJIOKEHUS LIEHTPA TSKECTH PACCMATPUBAEMOrO CEUCHHUS
HaJl TOPU30HTAIBHOM INIOCKOCTBIO CPABHEHUS, M;
pi — JABIICHUE XUJIKOCTH B pacCMaTpUBaeMoOM ceuyeHuu, [1a;
g — MOZyJIb YCKOPEHHs CBOOOJHOTO MaeHus, M/c?;
0 - INIOTHOCTh JKHUAKOCTH, KI/M,
¢ — KOPPEKTUB KUHETHYECKOM sHeprun (koddduuuent Kopuomnuca) B pac-
CMaTpUBAEMOM CEYEHWU;
0j — CpPEAHss CKOPOCThb JIBWXKEHUS KUIKOCTH B PACCMAaTPUBAEMOM cCede-
HHH, M/C;
h, — IoTepu MOJIHOTO Harmopa Ha y4acTKe MEXTy CCUeHUsAMHU 1 1 2, M.
KosdduimenT o nokaspiBaeT, BO CKOJBKO pa3 (pakTuyeckas KHHETHYECKas
SHEPrusl MOTOKA B CEYEHUU OO0JIbILIIE KUHETUYECKON YHEPIUH, BBIYUCICHHOMN 1O cpe-
HEU CKOPOCTH B 3TOM CEUECHUH.
[Ipu TypOynentHoM pexume nBuxenus o=1,05...1,15; B uHKeHepHOI Tpak-

THKE O0BIYHO NPUHUMAIOT o=1.

zZ, +

Onucanue IKCNEPUMEHTAIbHON YCTAHOBKH

[IpyHIMNMaANBHASA CcXE€Ma YCTAHOBKH JUI WLIIOCTPALMU ypaBHEHUs bepHyrum
npuBeneHa Ha puc. 2. OCHOBHOM 3JIEMEHT YCTaHOBKHM — ATO TUJIOCKUN TPpyOOIpPOBO/I
MEPEMEHHOTr0 ceueHus 15.

[Ipu paboTe ycTaHOBKHM BojAa U3 nmpuemHoro 0aka 12 Hacocom 11 momaercs B
HaropHbli O0ak 13, B KoTopoM mnepenuBHas TpyOa 14 moaaepx uBaeT MOCTOSHHBIN
ypoBeHb BOJbI. M3 HanmopHoro 6aka 13 Boja mocTynaeT B HaKJIOHHBIN MJIOCKUN TpY-
0ompoBoJ 15 mepeMEeHHOro CeYeHUs U 3aTeM CJIIMBAETCs B MPUEMHBIN O0ak 12; pacxon
BOJIBI Uepe3 TpyoOornpoBoa 15 perynupyercs kpanom 16.

B nsatu Hanbosee XapakTepHbBIX CEYEHHUSIX TPYOONpOBOIa yCTaHOBIJIECHBI 1O JBE
u3MepurensHbie Tpyoku. JleBsie TpyOku 1, 3, 5, 7, 9 saBastorcs TpyOkamMu craTude-
CKOro Haropa (Ibe30MeTpudecKrue TpyOkH), mpaBeie TpyOku 2, 4, 6, 8, 10 — TpyOku
nosiHoro Hamopa (Tpyoku Ilurto). Kaxnas nmapa TpyOOK MMeeT WIKaily AJis OTCYeTa
BBICOTHI PACMOJIOKEHHUS YPOBHEN BO/IbI B TPyOKax HaJ OChIO TPyOOIPOBOAA.

[IonoxeHne JNMHUM TOJHOTO NABJIEHUS U MbE30METPUYECKOW JIMHUM BIOJIb
TpybomnpoBoga 15 orHocuTenbHO IOcKocTU cpaBHeHUs1 0-0 dukcupyercs ¢ momo-
LIbI0 HUTOK 17; HUTKH 17 yaepKuBaroTcs KapeTKamu.

Iopsaok BeINOJTHEHUsSI padOTHI



1. Bxintounts Hacoc 11 ¥ OTKpbITh BEHTWIb 18 (BpallleHHeM NpOTHUB YacCOBOM
CTpEeJIKH). 3amoJIHUTh HAMOPHBIA 0ak 13 710 ypOBHS BEPXHErO CEUYEHHS NEPEIMBHOU
TpyObl 14. YpoBHU BOJBI B M3MEPUTEIBHBIX TPYOKax JOJKHBI YCTAaHOBUTHCS Ha
ypOBHE BOJIbI B Oake 13 1 Ha 0IHON TOPU3OHTATBHON JTUHUU.

2. IInaBHO OTKPBITh Ha HECKOJBKO JEICHHUH IIKajbl JIMMOA PEryIupOBOYHBIHI
KpaH 16 u 100UTHCS, YTOOBI CKOPOCTHOM HAIOp B CAMOM Y3KOM CE€YEHUU TPyOOIpo-
Boza 15 (B Tpyoke 6) Haxomuicsa B npenenax 20...30 mm. IIpoBeputs, obGecreunBa-
eTCs U Yepe3 TpyoKy 14 mepenuB BOJbI B HAITOPHOM Oake 13 u mpu HeoOX0AMMOCTH
MOJAPEryaupoBaTh nojavyy Hacoca 11 BenTuiem 18.

3. 3adukcupoBaTh MEPEeIBIKHBIMH KapETKaMHU BBICOTY PACIOJIOKEHUS YPOB-
HEl BOJBI B U3MEPUTEIBHBIX TPyOKax M MPOTAHYTh 4Yepe3 KapeTku HUTH 17. Hurh,
MPOIYIIEHHAs Ye€pe3 BEPXHUE KAPETKU, OTMETHUT IMOJIOKEHUE JIMHUU TTOJTHOTO THAPO-
JUHAMUYECKOI0 HAopa, a HUTh, MPONYIIEHHAs 4Yepe3 HUKHUE KapEeTKH — IOJI0XKe-
HUE NIbE30METPUYECKOM JINHUH.

4. B tabnuuy 1 3anucarh noka3zaHUs IbE30METPOB U TPYOOK MOJIHOIO HAmopa,
a TaKKe YMCIIO JIEJIeHUH Ha IKane tuMba Kpana 16.

5. Kpanom 16 ycTaHOBUTBH HOBBIN OOJBIINI pacxoj BOJbI B TpyOomnpoBojae 15
Y NTIOBTOPUTH BCE JECUCTBUS MO IL.I1 3 U 4.

Bcero BBIOJIIHATE TPU ONBITA IPU TPEX PA3IMYHBIX pacxoaax Boabl. IIpu mpo-
BEJICHUHM ONBITOB HEOOXOAMMO CIIEAUTH 3a MOCTOSHCTBOM BBICOTHI YPOBHSI BOJbI B
HaIlOpHOM Oaxe.

Tabnuua 3.1. - Pe3ynbrarsl u3aMepeHui

Ne, [Toka3aHus MEE30METPOB U TPYOOK MOJIHOTO Hanopa h,Mm
n/n 1 2 3 4 5 6 / 8

O06paboTKa IKCIEPUMEHTAJIbHBIX TaHHBIX

1. Ins AByX TEPBBIX OMBITOB IO JAaHHBIM TaOIHIBI 1 B MacmTabe MOCTPOHTH
JUHUY TIOJTHOTO M MbE30METPHUYCCKOTO HAIOPOB IO JUIMHE TpyoOorpoBoaa 15. Jlath
aHaJIN3 M3MEHEHWM YPOBHS JMHUHN MOJHOTO U MbE30METPUUYECKOTO HATIOPOB BIOJIb
TpyOompoBoa 15 B 3aBUCUMOCTH OT U3MEHEHHS €r0 MOTIEPEYHOTO CEUCHMS.

2. Ilo pe3ynpTaTaM OIMBITOB IPOBOJUTCS TAPUPOBKA TPYyOUATOTO pacxojoMepa,
B KaueCTBE KOTOPOTO MPUHUMACTCSA YUaCTOK TpyOOIpoBosia 15 ¢ MECTHBIM C yKEHH-
€M TornepeyHoro ceueHus (puc.l).

Cpennsisi CKOPOCTh B MOTMEPEYHBIX CEUCHUSIX PacXOoMepa:

Ulz—’ 02:

F r



rae Q- pacxoma Bojel uepe3 TpyoomnpoBoa; F, f— muromramy nomepevHbix ceve-
Huii 1 1 2, COOTBETCTBEHHO.

W3 ypaBHenus bepuyiu (1), 3amucaHHOTO IS IBYX CCUCHHI pacxojioMepa, C
y4eTOM 3aBUCUMOCTEH (2) HaXOJMM PaCUSTHBIM PacX0] BOIBI:

0, =AVAH , 3)

rIe

O / O

Pucynok 3.1 PacueTHas cxema TpybuaToro pacxoaomep (pacxonomepa Bentypu)

AH221—22+ﬁ—&—Ah; (5)
Pg P8
3HAYCHUS BEJIMYUH Z1 U Zp IPUHUMAIOTCS IO PUC. 2; BEJIMUUHBI L Py
rg  rg

MoKa3aHMs MbE30METPOB 3 M 5; MOTeps MOJHOTO Hamopa Ah ompenessiercs mo moka-
3aHUAM TPYOOK MOJHOro Hamnopa 4 u 6:
Ah=hy-hg . (6)
Tak kak B 1abopaTtopHOil paboTe TpyOKH MoaHOTro Hamopa (TpyOku Iluto) 4 u
6 U3MEPSIOT OCEBYIO CKOPOCTh BOJIbI, KOTOpasi OOJIbIIE CpelHEH 10 CEYEHUIO CKOPO-
ctu, To (hopmyna (3) maet 3aBbINIEHHOE 3HAaYeHUE pacxosa. [losTomy ms ompenerne-



HUS IEUCTBUTENBHOTO pacxoja Boasl Q B ¢popmyie (3) BBOIUTCS MOMPABOYHBINA KO-
s¢durmeHt K:

0=kQ, =kaVAH (7)
Trac
0
k==
Op ®)

TapupoBouHbIii KOAPGUIHEHT Ki B KaXIOM OIBITE ONPENesieTcs MO COOT-
BeTCTBYIOIIMM 3HaueHusM Qi u Qi JlelicTBUTEnbHBIE pacxosl BoAbl Q; MpUHUMaeM
IO PACXOJI0MEDY.

CpenHee 3Hau€HHE TAPUPOBOYHOTO KO3(puineHTa 11t TaHHOTO pacxooMepa
ompezensercs no Gopmyie:

kz%iki ©)

PesynbTaThl pacueroB koddduirenta K orpaxarorcs B Tabnuie 3.
3. KoadduuueHt conpotuBienus j Tpyo4aToro pacxoaoMepa B Kax oM OIIbI-
T€ ONPENEAETCS MO BBIPAKEHUIO:

¢, = N;" : (i=1, 2, 3 —=omep ombita) (10)

i

2g
Ahi :hz _hl(); (11)
2
V.
Z = hz - h] ’ (12)

rae Ahj —MecTHass motepst Hamopa B TpyOompoBoje 15 (morepei Hamopa o
JUTMHE Ha TPEHUE MpeHeOperaem), MM BOJI. CT.;

hz, h1o — mokazanus Tpy6ok mosHOTro Haropa 2 u 10, MM BoJI. cT. (cM. puc.3.2);

0i?/2Q — CKOPOCTHO# HAMOP (CKOPOCTHAS BBICOTA), MM BOI. CT;

hy; h1 — mokazanust Tpyook 2 u 1 (wm 10 u 9) Ha puc. 1, MM BoJI. CT.;

vi, § — TOXe, 4TO U B ypaBHeHUH (1).

Cpennee 3HaueHue Kod((pUIMEeHTa COTPOTUBICHUS pacXxogoMepa:

=3¢ (13)

PesynbpTaTel pacuera kodPUIIMEHTa COMPOTUBIICHUS { pacXo0Mepa 3aHOCST-
cs B Tabnuiy 3.2.

Tabnuma 3.2 - Pacuer ko3¢ duireHTa CONPOTHBIICHUS pacXxooMepa

No [Torepst Hanopa Ah;, | CkopoctHoit Hamop | Koaddumment
OTIBITA cM v’ COTIPOTUBJICHUS
—,com
28 i ¢

1 2 3 4 5




13 _ 190 _ 120 _ . 120

190

Pucynok 3.2 [IpyHuunuansHas cxeMa yCTaHOBKH

1, 3,5, 7,9 —mwe3omerpsr; 2, 4, 6, 8, 10 — tpyoku [Tuto; 11- Hacoc, 12 — npueMHBIH
0ax; 13 — HanopHbiid 0ak; 14 — nepenuBHas TpyOa; 15 — miockuid TpyOoONPOBO NEPEMEH-
HOTO ceueHust; 16 — perynupoBoYHbIi KpaH; 17 — HUTH A1 (PUKCALMK TTOJIHOTO Haropa u
IIbE30METPUYECKOI0 HAIlOpa; 18 - BEHTWIIb U1 peryJIMpOBKHU IToAadu Hacoca 11.

Tabnuna 3.3 - PacyeT TapupoBoyHOT0 KO3 duiimenTa TpyoyaToro pacxoiomepa.

No Pacxon Py _ ) , h, H, \/E A Qpi, ki k
mn| QM | 29 P9 cM cM cm/c
cM
1 2 3 4 5 6 7 8 9 10

KoHTpoJsbHBIE BONIPOCHI:

1. Kak paszusaTecst Mmexy coboii ypaBHeHusi bepHym aiis peanbHOl U uaeaib-
HOM XKUIKOCTU?

2. B yem 3akmrouaercs reoMeTpuUIeCKUi U (PU3UYSCKHUI CMBICT YpaBHEHUs bep-
HyJIn?

3. Uro BeIpakaet coboii kodpdurment Kopuomuca?

4, Urto HazbiBaeTcs HanopoM? Kakue Buibl HartopoB Bel 3HaeTe?

S5. Kak BbramcnuTh moTepu Haropa 1o JJIimHe TpyOoonpoBoa?

6. Kak omnpenenutb Ko3()pPUIUEHT TUIPABIMYECKOTO COMPOTHUBICHHUS A TPHU

Pa3HBIX PEKUMAX TEUCHUS KUJIKOCTH?
7. OOBSCHUTH CXeMY JTA0OPATOPHOM YCTAHOBKHU U IIPUHIIUII €€ IEHCTBUSI.




Jlabopartopnas padora Ne 4

Tema: U3yueHne pexxnuMoB IBUKEHUS KUIKOCTH

Lenv pabomui: 1. HabmrogeHne CTpyKTypbl IOTOKA MPHU PA3IAIHBIX PEKUMAaX
JBUKEHUE HKUIKOCTH.
2. OnpeneneHue pexuMoB ABUKEHUSA BOABI PACYETHBIM ITyTEM 10
yuciy PeliHomnbaca.

IIpubopwr u mamepuanwvi: 1Ta0OpaTOpHAs yCTaHOBKA «I MIpaBIuKa», CEKyHIOMED,
TEPMOMETP, YKa3aTellb YPOBHS.

KpaTkue TeopeTH4yecKkue CBeIeHUsI

[Tpu TedeHuu XUAKOCTH MO TpyOaM M KaHajaM MOTYT MMETh MECTO J[Ba pexuma
JBYKEHUS: JaMUHApHbIA U TypOyJeHTHbIU. [Ipyu naMuHApHOM peXHME KUIKOCThH JIBU-
KETCA OTAEJIBHBIMA CTPYMKAMH WM CIOSIMU; TPACKTOPUHU YACTHIL )KUAKOCTU HE Iepece-
KAIOTCS, @ JIMHUM TOKa COBMAJAIOT C TPAEKTOPUSAMHU YacTull. [Ipu TypOylneHTHOM pexuMe
JNBWKECHUS YaCTHLBI KUJIKOCTH NEPEMEMIMBAIOTCS, UX TPACKTOPUHU IEPECEKAIOTCS U
MMEIOT XaOTUYECKUN XapaKTep.

JlamuHapHbIA peXuM HAOII0AaETC MPEUMYILECTBEHHO MPH JIBHIKEHHH KUIKOCTEN
IIOBBIIIICHHOM BA3KOCTH, TPYHTOBBIX BOJ, @ TAKXKE IPU MaJbIX CKOPOCTIX JABUKECHHUS KUI-
KOCTH. JlaMUHapHBIN peXUM JJIs1 BOJBI U BO3yXa BO3MOXKEH IIPU UX JBHKEHUU B TpyOax
OYeHb MaJIOro aAuaMeTpa. B GoNbIIMHCTBE CilydyaeB MH)KEHEPHOW MPAKTUKU MPHU JIBUXKE-
HUU BOJIBI UMEET MECTO TYpOYJIEHTHBIM pexuM ABIKeHus. Hanuuue wnu namMuHapHOTO
WK TypOyJIEHTHOTO peXHMa 3aBUCUT OT CKOPOCTH TE€UEHUS, BA3KOCTU KHUAKOCTU U T€O0-
METPHUUYECKUX Pa3MEPOB KUBOI'O CEUEHUS ITOTOKA.

Omneitel O. PeiiHoub/Ica U APYTUX YUYEHBIX [MOKA3AJIM, YTO MPU ITOCTENEHHOM YBEIH-
YEHUN CKOPOCTH JIBUKEHUE COXPAHAETCS JIJAMUHAPHBIM JIMIIb JO KaKOTO-TO ONPEACICHHO-
ro 3HaY€HUs CKOPOCTH, MOCJIE KOTOPOro HACTYMaeT TypOyJdeHTHbIN pexum. U obpaTHo,
P YMEHBLIEHUU CKOPOCTU TYpPOYJIEHTHBIM PEXKHUM COXpaHSAETCA J0 KaKoro-To onpese-
JIEHHOT'O 3HAYEHUs CKOPOCTH, IOCIIE KOTOPOTO NEPEXOINUT B IAMUHAPHBIMN.

CKOpOCTh, IPU KOTOPOM MPOUCXOIUT CMEHA PEKUMOB JIBUKEHUS, HA3bIBAETCS KPH-
TUYECKON CKOPOCTBIO Vyp. Pa3InyaroT HUJKHIOIO M BEPXHIOK KPUTHYECKUE CKOpoCTH. 1Ipu
HIKHEW KPUTHYECKOM CKOPOCTU TypOYJIeHTHOE ABMXKEHUE MEPEXOIUT B JAMHUHAPHOE, MTPU
BEpXHEN KPUTHUECKON CKOPOCTH JJAMUHAPHOE JIBUKEHHE MEPEXOAUT B TYpOYJIEHTHOE.

B npakTuke 0 HAIMYUK JJAMUHAPHOTO WK TypOYJIECHTHOIO PEKUMOB TEUEHHS CYIST
0 3HAYEHUIO Oe3pa3MepHOTO KpuTepus PeliHonbca:

Rezu_€1
v

I7Ie L — CPEAHSS [0 CEUYECHUIO TOTOKA CKOPOCTh TEUEHUS KUIKOCTH, CM/C;
{ - XapakTepHbI JUHENHBIN pa3Mep KUBOTO CEYEHUS MTOTOKA, CM;
v — K03()PHUIMEHT KHHEMATHIECKOM BA3KOCTH JKHIKOCTU,M?/C.
B kaudecTBe xapaKTepHOro JIMHEHHOro pasMepa { MPUHUMAETCS TUAPABIUYECCKHI
panuyc R, a 1uist HAMOPHOTO TEYSHHSI B KPYTIIOH TpyOe — muamerp d TpyOsi.
Hwxuee kputnueckoe unciio PeliHonbaca cooTBeTcTByeT 3HaueHusMm Re,= 2300,
BepxHee - Re,=4000. Ecmu Re < Re, , To mMeeT MecTo JaMUHApHBIA PEXUM JBUKEHUS



xunkoctu. Ilpu Re > Re, pexxum aBmwxkenus TypOyneHtHblil. B obmactu 3HaueHui
Re, <Re < Re, UM€ET MECTO HEYCTOMYMBBIN PEXKUM JBUKEHUS, IPU KOTOPOM MOKET OBITH

KaK JIJAMUHAPHBIHN, TaK U TYpOYJICHTHBIM PEKUM JIBUKCHHUS.

Onucanne 3KCHepI/IMeHTa.]'IbHOl7[ YCTaAaHOBKM

[IpyHIMOMATbHASA CXEMA YCTAaHOBKHU ISl U3YUYEHUS PEKUMOB JIBUKEHUS KUIKOCTH
puUBElIcHA Ha puc.l.

[Tpu paGoTe ycTaHOBKM MOJAKpAIlIEHHAst BOJa M3 pe3epByapa 1 uepe3 TpyOky 8 TOH-
KON CTPYHKOHM MOCTYMaeT B CPEIHIOI0 YACTh MOMEPEYHOr0 CEYSHUS CTEKIISTHHOU TPyObl 9,
CITy>Kalllel Ji1 BU3YaJbHOTO HAOJIOJCHUSI PEKUMOB JIBUKEHUS BOJbl. BHYyTpeHHMIT nua-
MeTp TpyObl 9 cocTaBisieT 2 cM. B kauecTBe Kpacku UCHONIB3YIOTCSA yepHuiIa. B tpyOy 9
BOJla TMOCTYMaeT W3 HamopHOro 6aka 3. YpOBEHB BOJIbI B HAIOPHOM Oake MOJIepKUBaA-
€TCsl MOCTOSIHHBIM 32 CUET CJIMBA M3JUIIHEN BOJBI uepe3 TpYyOKy 5. CKOpPOCTh ABUKEHUS
BO/JIbI B CTEKJITHHOM TpyOKe 9 ycTaHaBiuBaeTcs kpaHoM 13. B 3aBUCHUMOCTH OT 3HAUYCHUS
ATON CKOPOCTHM MMEET MECTO Ta WM HMHAs KapTHUHA TEUYEHUs MOJAKPAIIEHHOW CTPYWKHU
KHUJKOCTH, KOTOpasi U TO3BOJSET CYIUTh O PEXUME ABUKEHHS BOJbl. U3 CTEKISTHHOM
TpyOBI 9 Bojia mocTynaeT B MepHbIi 6ak 10 u nanee cOpachiBaeTCs B KaHATU3AIIMIO.

IHopsinok BeIMOJIHEHNSI padOThI

1. OTkpeITh KpaH 14 BO m30exaHHE MEPENOTHEHHUs] MEPHOTO 0aka BO BpeMs pery-
JMPOBAHUS CKOPOCTH BOJIbI B CTEKIITHHOU TpyOe 9.

2. IToBOpOTOM pYKOATKM IPOTHUB YaCOBOW CTPEIKH OTKPBITH KpaH 12 W 3amOJIHUTH
HaIMopHbIN O0aKk 3 BOAOM U3 BOJOMPOBOJIA 10 BEPXHETO CEUCHUSI IEPEIIUBHOM TPYOHI 3.

3. IlpuoTkpeITh KpaH 13 (MPOTHB YACOBOM CTPENIKM) U YCTAHOBUTH HEOOJBIIYIO
CKOPOCTb T€YEHHUS BOJIbI B CTEKJISIHHOU TpyOe 9.

4. OtkpbiBas kpaH 15 (IpOTUB YaCOBOM CTPENKH), OTPETYJIUPOBATh MOCTYIUICHUE
MOJIKPAIIEHHON BOJIbI TaK, YTOOBI €€ CKOPOCTh ObLIa MPUMEPHO OAMHAKOBA CO CKOPOCTHIO
BOJIbI B CTEKJISIHHON TpyOe 9. CTpyiiuatoe NBUKEHHE KPACKU B IMOTOKE OYJET CBUICTENb-
CTBOBATh O HAJIMYUU JIAMUHAPHOTO PEXKUMa B CTEKIISTHHOM TpyoOe 9.

5. 3akpbITh KpaH 14 U U3MEpPUTH CEKYHIOMEPOM BpEMS 3allOJIHEHHUSI MEPHOTO Oaka
Ha 10-15 nenenuit mo ykazarento ypoBHs BoAsl 11.

6. OTkpbITh KpaH 14, ¥ MOBTOPUTH BCE JAEWUCTBUSA MO ILI. 1..5. mpu HOBOM, He-
CKOJIbKO OOJIbIIIEM 3HAYEHUU CKOPOCTH BOBI B CTEKJITHHOU TpyOe 9.

7. 1Ipn HEKOTOPOM JANBHEWIIIEM YBEIIMYEHUU PAcXOJa BOJBI Y€pe3 CTEKISHHYIO
TpyOy 9 OkpaleHHasi CTpyliKa Ha4HET KoJie0aThCs, MprUoOpeTasi BOJIHUCTBIN XapakTep C
MECTHBIMHU pa3MbIBaMu. Takoe MOBeIeHHE CTPYWKH COOTBETCTBYET PEXHUMY IEpexoja OT
JAMUHAPHOTO TEUEHHUS K TYpOYyJIECHTHOMY.

B 3TOT MOMEHT 1o I.II. 5 W3MEPUTh pacxoa BOAbl B TPYyOKe, COOTBETCTBYIOIIUI
HWKHEN KPUTUYECKON CKOPOCTH.

8. JlanmbHeiiiee yBeIudeHrEe pacxoja BOJIbl B CTEKJITHHON TpyOe 9 MpuBOUT K pe3-
KOMY M3MEHEHUIO XapaKTepa JBUKECHUS: CTPYHKa MOJHOCThIO pa3MbIBAeTCsl, BOAA B CTEK-
JSTHHOM TpyOKEe CTAaHOBHUTCS PAaBHOMEPHO OKPAIICHHONW — B TPYOKE yCTaHOBUTCS TypOy-
JICHTHBIN pexuM nBrkeHus. [Ipu aToMm mepexone K pa3BUTOMY TypOYJIEHTHOMY PEKUMY
TEUEHUS IO II. 5 U3MEPUTH PACXOJ BOJIbI, COOTBETCTBYIOIINN BEPXHEN KPUTUYECKOU CKO-
pOCTH.



9. IlpoBecT U3MepeHHne pacxoa BOAbI B PEXKUME TypOYJIEHTHOTO TEUEHHUS CO CKO-
POCTBIO OOJIBIIIEH BEpXHEH KPUTHYECKOM.
Pe3ynbrarel U3MEpEeHNH B KaXA0M U3 PEKUMOB JIBH)KEHUS 3aHECTU B Tabmuy 4.1.

Ta6nuna 4.1 - Pe3ynbraThl U3MEpEHUM

No N3mepenne pacxona BOJbI Temneparypa
OITBI- PexnMm OO0BEM BOBI Bpewms Bojbl, 1,°C

Ta JIBUKCHUS V, M T, C

1 2 3 4 5

[Tpumeuanus: 1) mioma s ;KUBOrO CeUeH s CTEKIAHHON Tpyokn F=3,14 cm?;
2) nuametp TpyOku d = 1,25 cm.
TeMmneparypa BoJbl U3MEPSAETCS OAUH pa3 B TeueHUe omnbIToB. [locne mpoBeneHus
OTBITOB 3aKPbITh KPaH MO/Ia4X BOJIbI U3 BOJOIPOBOAHOM ceTu 12, kpaH nojxauu Kpacku 15,
CJIUTh BOJly U3 HAMOpHOTo 0aka 3 u 3aKphITh KpaH 13.

O0padoTKa IKCIIEPUMEHTAJIbHBIX TaHHbBIX

1. ITo nanubIM TabuIBl 4.1 HAXOIUTCS pacXoj BOABI U€pPE3 CTEKIISTHHYIO TpyOy 9:
Q= Vo emde (1)
T

2. OnpenensieTcst CpeaHss M0 CEUYSHUIO CKOPOCTh ABMIKEHUSI BOJBI B TpyOE:

0
L=— cM/c, 2
E 2)
5.3. OnpenensieTcsi COOTBETCTBYIOIIEE 3HAUEHHE yncia PeitHonbaca:
vd
Re =—, 3
; 3)

rae d - BHyTpeHHHUI TUaMeTp CTCKIITHHOU TpyObI 9;
V - KHHEMaTH4ecKasi BS3KOCTh BOJIbI, IPUHUMAETCS MO MPUIOKEHHIO 4.1.
Pe3ynbTaThl 00pabOTKH OMBITHBIX TAHHBIX OTPa)KaroTCs B Tabnuie 4.2.

Tabnuma 4.2 - Pe3ynbTaThl 00pabOTKH HKCIIEPUMEHTA.

Pacxon | Cpen- | Koadpdumment ku- | Yuciao Re Pexnm
‘g BOJBI | HSA CKO- HEMATUYECKOH IBYKEHHUS
2 | Q,M%c | poctbv, | BA3KOCTH V, CM?/C
: cM/C
=
2 3 4 5 6
[Ipunoxenue 4 A
Koaddurment knaeMaTnueckoi BI3KOCTH BOJBI V
Temnepatypa °C 10 20 30 40

Bsizkocts v- 102, cm?/c 1,30 1,00 0,80 0,66




W3 BOMI

———

U \
B xaHanuzauro

Pucynok 4.1 CxeMa 3KCHEPUMEHTAIbHONW YCTaHOBKHU
1 — pe3epByap ¢ noAKpalleHHOW BOAOW; 2 - meperopojika nephopupoBaHHas; 3 — HAMOp-
HbI Oak; 4 — HamoOpHbBIA TPyOOINpPOBOA; S5 — mepeauBHas TpyOka; 6 — ciauBHas TpyoOka; 7
— CMOTpPOBOE CTEKJO; 8 —TpyOKa JUisl Mojayv BOJBI C Kpacko; 9 — cTekiisHHas TpyOkKa;
10 — mepHbIit Oak; 11 — yka3zarenb ypoBHS Bonabl B MepHOM Oake; 12, 13, 14, 15 —pe-
I'YJIMPOBOYHBIE KpaHBI.

KouTpoJsbHBIE BONIPOCHI:

1. UeM oTinyaeTcst uaeaibHas ) KUIKOCTh OT PEAIbHOW?

2. Kakue cyiecTBytoT pexKuMBbI IBKCHUS KUKOCTH U KaK OHU OTPENIETSIOTCS?

3. Kak onpenensiercst koahGUIMEHT TUAPABINYECKOTO COMMPOTUBIICHUS A TIPU pa3-
HBIX PEXUMaX TEUEHUS KUIKOCTH?

4, Kaxkue 30HbI TpEeHUS pa3IuvaroT MPHU YCTAHOBUBIIEMCS TypOYJICHTHOM PEXKUME
TEUEHHUS )KUIKOCTHU?

5. Kak nponcxoaut pacipeecHue CKOpOCTeH 10 CEUSHUTO IMMOTOKA TIPH JIAMHU-
HapHOM pEXUME ABUKCHUS KUIKOCTH?

6. B kakux ciydasx B MH)KCHEPHOH MPAKTUKE CTATKUBAIOTCS C JJAMUHAPHBIM U
TypOYJICHTHBIM PS)KHMaMH TCUCHHUSI )KUTKOCTH?

7. Kaxk mporcxoaut pacnpeneneHue CKOPOCTEH 10 CEUCHHIO TIOTOKA MPH TypOy-
JIEHTHOM PEXUME JBUKEHUS KUIKOCTH?

8. Omnucats cxemy 1a00paTOPHON YCTAHOBKH W MPUHITUII €€ JCHCTBUS.

JlabopaTtopnas padota Ne 5



Tema: M3ydeHue nporecca 0CAKIAECHUS B MOJIE CHIIbI TSKECTH.

Lenv pabomul: 1) U3y4UTh NPOLIECC OCAXKICHUS TBEPBIX YACTHI] B TIOJIE CHIIbI
TSIKECTH;
2) onpenenuTh CKOPOCTh OCAXKIEHUS TBEPABIX YaCTHUIL B )KUJIKOCTH;

Ilpubopwl u mamepuanvi: TEXHOIOTUYECKHUE CTIPABOYHUKH, KATAJIOTH 000Py10Ba-
HUS, JIMHEHKA.

KpaTKI/Ie TCOPETHYECCKUE CBCACHUSA

B caydae ocaxneHHs MENKOJAMCIEPCHBIX TBEPABIX YACTHIl B Ta3e WU >KHJIKOCTH,
HaOJII0Iaf0IIEMCS P THAPABIMYECKOW M MTHEBMATHYECKOW KaaccU(PUKAIMKU, Ta300UHCT-
KE M pa3JejeHUN CYCIICeH3UH, OCHOBHON XapaKTePHUCTUKOMN Ipoliecca SBISICTCS CKOPOCHb
0CAACOCHUS o

Jlns pacyeTa CKOPOCTH OCAKJICHHS IO JEHCTBUEM CHUJIBI TSHKECTH MOXKHO HCITOJIb30-
BaTh OOIIYIO JIJIS1 BCEX PEKHUMOB OCaXK/ICHUS 3aBUCHMOCTb:

Y E d.(p. —p)g.
o \l 3 {vp
OKCIEPUMEHTAIbHO YCTAHOBJICHBI TPU pEKUMa U3MEHEHUs K03 PUIMEHTa COMpo-
TuBJeHUs ( B 3aBUCUMOCTH OT uuciia PeliHonbaca. B mepBoit 06act — JaMUHApHOTO
ocaxJIeHns — MpHu Rege < 2:
¢ = 24/Re,,.
Bo BTopoii "(yacTo Ha3pIBaeMOU MEPEX0HOM) 00JacTH B Mpejesiax u3MEeHEeHHs 2 <
Reo. < 500:
{ =24 /Rel5.

B tpetheit o0nacTy — pa3BUTON TypOyJIEHTHOCTH — B mpenenax nudmeHeHus 500 <
Reqc < 20000:
¢ ~ 0,44
[Ipu namunapHom ocaxaeHuu (Re,c < 2) mjig oaQuHOYHON c(epuyecKor YaCTHUIIbI
(mpuHMMas IBMKEHHE MENKKUX JacTull ¢ O, <0,1 MM paBHOMEPHBIM) CKOPOCTh OCAXKICHHSI
PacCCUYUTHIBAIOT TI0 (popmyIie:
Wored = d%‘(,ﬂ'r _ ,ﬂ') gf(lg}'.i)
OTa 3aBUCHMOCTb HOCUT Ha3BaHue gopmynvr Cmokca. OHa cupaBenanuBa AJs THJl-
poarHaAMUYECKoM o0acTu yucen PeiHomnbaca 104 < Rey < 2.
Ecnu vactunbl uMeroT Hechepudeckyro (Gpopmy, TO MOIb30BaTHCA 3aBUCHUMOCTBIO
IUTSL pacyeTa (o HEIb3sl.
B o6miem cirydae MOXKHO HCTIOIb30BaTh KPUTEPUATBHYIO 3aBUCUMOCTb:
Re = f(Ar,{).

3nech Ar — kputepuid Apxumena:

Ar

3 .2
_dipTgp.—p
p p
C YUETOM 3aBUCHMMOCTH YPaBHCHUEC ITPUMCET BU:



Re = Ar/18.

[Ipu 3TOM KpUTHYECKOE 3HAUYECHHUE yuciaa ApXuMeaa, OrpaHMYMBAIOLIEE CYIIECTBO-
BaHUE JIAMUHAPHOTO pexuma, OyaeT Ar < 36. B nepexoaHoi 001acTu 3aBUCUMOCTb MPH-
HUMAaeT BUJI:

Re=0.152 Ar®-7t

OcaxeHre B MEpPexXoqHOM 00JacTH OrpaHUYMBACTCS HW3MEHEHUSIMU KpUTEpUs
Apxumena B npeaenax 36 < Ar < 8,3- 104,

[Ipu pa3BUTOM TYpOYJIECHTHOM OCaXKACHUU:

Re=1.74 Ar%®

B Tex cmydasix, Korjga CKOpOCTb OCaXKIEHHUS 3aJaHa IUTM W3BECTHA, JIJIs pacyeTa
JAaMeTpa OCAXKIAIOIINXCS YAaCTHI] YA0OHO MUCIOIb30BaTh rpapUuecKyro 3aBUCUMOCTh LYy
= f (Ar), rae kputepuii JISIIEHKO paBeH:

RS oip?
o Ar o p(p.—p)

B rpaduueckoii 3aBucumoctu Ly = f (Ar) uckimodeH K03 UIMEHT COTPOTUBICHUS
, koTopblil Ay Hechepruuecknx (0OBIYHO 00padaTHIBAEMBIX B XUMHUYECKOW TEXHOJOTHUH)
YacTHI] 3aBUCHUT OT UX (pOpMBI (OKpyIIIasi, yriioBas, IJacTUHYATAsI U T. 1.).

PacdeTsl o mpu m3BecTHOM O, st JTFOOOTO peXMMa OCAXKIACHUS MPHUOIMKCHHO
MOKHO BECTH TaK’Ke € MOMOIIbIO rpaduka Ha puc.l. Paccuntannas rpauuecku CKOpoCTh
OCKIECHMSI XOPOIIO COBMANAeT C OMBITHBIMU JAaHHBIMU JUIsl CBOOOJHO OCAXKIAIOIIMXCS
YacTULl B HEOTPAaHUUYEHHOM NpocTpaHcTBe. [ yacTui HenpaBuibHONU (HOPMBI CKOPOCTb
OCaKIEHUsI OOBIYHO MEHBIIIE, U IO3TOMY CKOpPOCTb, PACCUMTAHHYIO [ c(pepuueckoi ya-
CTHIIbI, HEOOXOJIUMO YMHOXHUTH (IIPU OTCYTCTBHHM COOTBETCTBYIOIIMX TpadUKOB) Ha TO-
MpaBOYHbBINA KOADPUIIEHT POPMBI:

Woe = Tnbwoc.ccl:u'

3nauenus ¢akropa (kordpduurenta) Gopmbl Yy I HEKOTOPBIX T'€OMETPUUYECKUX
ten (h— BeIcoTa; r — paauyc):

®opma yacTul] 7 dopMa gacTHuIl y

Ky0 0,806 [Mumuaap (h=10r) 0,691

[umuaap (h=3r) 0,860 Humuaap (h=20r) 0,580




Puc. .1. 3aBucumoctb kputepueB Re u Ly oT kputepust Ar 1Js ocaxIeHHs] OTIMHOYHOMH YaCTHIbI B HEIOABM:K-
HOJi cpene:
1 u 6 — mapooOpa3HbIe YaCTHIIBL; 2 — OKPYTIIEHHBIS; 3 — YTIOBaThIEe; 4 — MPOJOJITOBATHIE; 5 — IIACTUHYATHIE

[Ipu pacdere CKOPOCTH CTECHEHHOTO JBIKEHUS B hopmyiny CTOkca BBOIAT MOIpa-
BOYHBIN MHOXUTEIb, YYUTHIBAIOIINI BIUSHUE KOHIICHTPAIIMU CYCIICH3UU U €€ PeoJIoruye-
CKHE CBOICTBA.

Onucanmne yCTaHOBKH

YCcTaHOBKa COCTOUT M3 TPEX CTCKISIHHBIX IMIUHAPOB (d,>50 MM), 3amoJHEHHBIX
pa3HbIMU KUAKOCTSIMU. Du3nyeckue CBONCTBA KUAKOCTEH. MPUBEAEHBI B TaOJIMUIE HA
cTeHze. BBepxy U BHU3Y KaXJOro IWIMHAPA UMEIOTCS METKU, (PUKCUPYIOIIUE PacCcTos-
HUSI, KOTOPBIE YaCTHUIIBI MTPOXOJAT B MPOLIECCE OCAXKACHUS. 3aMepsisa CEKYHIOMEPOM Bpe-
Msl, B TEUEHHUE KOTOPOTO YACTULA MPOXOAUT PACCTOSIHUE MEXKIY METKAMH, MOXHO OITpe-
JEIIATh CKOPOCTh OCAXKICHUS YaCTULIBI.

C uenpro UCKIIIOYEHHS BIMSHUS HAYaJbHOTO YYaCTKa YCKOPEHHOTO JIBMKCHUS 4a-
CTHUIIBI B )KUIKOCTH BEPXHSA METKa pacnoiioxkena na 30—40 MM HUXKe YPOBHS OBEPXHO-
CTHU KUJIKOCTH.

ITopsaok BbINOJIHEHHUS Pa0OThI

Yactuupsl chepuyeckoil M HENpaBWIbHOKW (OPMBI M3BECTHOTO IUIM 3aMEPEHHOIO
auameTpa (WM HeoOXOAMMBIX T€OMETPUUYECKHX Pa3MEpPOB) BBOJAT B COCY/ HaJ MOBEPX-
HOCTBIO JKUJKOCTH M aKKypaTHO OINYCKAarT B KUIAKOCTh. CekyHAOMepOM (UKCHPYIOT
BpeMS ITPOXOXKACHUS YAaCTUIBI MEKIY MeTKamu. Kaxxplil 3amep nyonupyrot. Pe3ynbrarsl
OTIBITOB 3aHOCST B OTYETHYIO TaOJIUILY.

[Tpu Beruncnenun kputepueB Re, Ar u Ly ucnonp3yloT ocpeJHEHHbIE 3HAYCHUS
CKOPOCTH OCXKICHUS 0, M AHaMeTpa dacTuil d;.

s onpenesnenus CKOPOCTU OCAXKIAEHUS (W, CIEAYET NPOBECTH HE MEHEE 5 OIIBITOB,
B KaxJ10M o 3—4 3amepa.

Ecnm yactrma B mporecce OCaKIEHUs KOCHYJIACh CTEHKM LWJIMHIpPA WIA K Oca-
KIAOIIENCS YacTUIIE NPWIMI ITy3bIPEK BO31yXa, PE3yJbTaT TAKOTO OIIbITA HE CIIEIYET
YUHUTBIBATH U ONBIT HEOOXOJUMO MTOBTOPUTb.

O0padoTKa IKCIIEPUMEHTAJIBHBIX TaHHBIX

Ha ocHOBe 3KCTIeprMEHTAIBHBIX IAHHBIX

1. BBIUUCHSIOT CKOPOCTh OCAXKIACHUS B KAKIOM 3aMepe.

2. Onpenensitot 3HaUeHUs KpuTepueB Re, Ar u Ly nis kaxxoro onpita.

3. Ctpost skcnepuMeHTalbHbIe 3aBUCHMOCTH Re= C Ar" u Haxomat ko3hGHUITuEeHTHI
Cun.

CpaBHUBAIOT TIOJIYYCHHBIC 3aBUCUMOCTH C pacYeTHBIMU (POpMyTamMu

4. HaHocAT 3KCHIeprMeHTalbHbIe TaHHbie Ha rpaduk Ly =f (Ar).

5. BeruucnsioT ¢ nomoiisio 3aBucuMoct Ly= f (Ar) u u3BecTHOH CKOpPOCTH Oca-
KaeHus GakTop GopMbl ¢ IS 3aIlaHHBIX HEKPYTIIBIX YaCTHI] U CPAaBHUBAIOT C TIPHUBEICH-
HBIMU BBIIIIE JAaHHBIMHU.



KoHTpoJibHBIE BONPOCHI

1. Kakue criibl 7eHCTBYIOT Ma OCaKIAONTYIOCS YaCTUITY?

2. Kakue usznueckre BeIMUMHBI BXOAAT B 4MCiIO PeiHonbaca s ocaxkaaro-
IIAXCS YacTUIr?

3.Kakue pexxumpl ocaxaeHUs U3BECTHBI?

4. Kaxk ornpesieuTh CKOPOCTh OCXKACHUS IS HechepUueCKUX JacTHI?

5. Kak ompenenuTs tuamMeTp YacTHII, €CIIU H3BECTHA MX CKOPOCTh OCAXKICHUS?
5. Kak BimsieT HecepHuIHOCTh OCAKIAIOIIMXCS YacTUIl Ha 3aBUCUMOCTh Ly= f (Ar)?
7. C momouipio Kakoi rpauuecKkoil 3aBUCUMOCTH MOXKHO BECTH MPHUOJIKEH-
HBIC PaCUeThl Woc MUK Oy JIJIST TFOOOTO PEKIMA OCAKICHUS?

8. Kak MOXHO y4ecTh CTECHEHHOCTbD JIBUKEHHUS TMPU PACUETE Mo ?

9. Kak paccuutarh IUIONIAh OCAXKICHUS B OTCTOMHHMKAX, MBUICBBIX KaMe-

pax,lIMKIOHAX U OCATUTEIBIBIX EHTPU(YyTax?

JIaGopartopHas padorta Ne 6

Tema: M3yueHue mpoiiecca 0CaxkJIeHUs B ICHTPOOEIKHOM TI0JIE.



Llenv pabomor: 1) U3y4UTH NPOLECC OCAKIEHUS TBEPABIX YACTHI] B IIEHTPOOESKHOM
noJie;
2) onpeieTuTh XapaKTepPUCTUKHU pabOThl IUKIIOHA;

Ilpubopwvi u mamepuavl: TEXHOJIOTHYECKUE CIIPABOYHUKH, KaTaJIOTH 000py0Ba-
HUS, JIMHEMKA.

KpaTKI/Ie TCOPETHYECCKUE CBCACHUSA

O4rCcTKa TPOMBIIIICHHBIX Ta30BbIX MOTOKOB OT B3BEIICHHBIX B HUX TBEPJBIX Ya-
CTHUIl MOKET, OCYIIECTBISATHCS, HAIPUMEp, MTyTEM OCAXKJCHUS TBEPJbIX YACTHI] MO ACH-
CTBHEM Pa3JIMYHBIX CHII: TAKECTU, LICHTPOOCKHBIX, IEKTPOCTATUUECCKUX, aKYCTUUECKUX U
nap. OgHuM 13 HanboJiee MPOCTHIX U MIMPOKO PACTIPOCTPAHEHHBIX CIIOCOOOB SABJISICTCS 1ICH-
TpoOEKHOE pa3eieHHe TaKUX HEOJHOPOJHBIX CHUCTEeM. B KayecTBe ammapaToB-
MBUICYJIOBUTENIEH, B KOTOPBIX MOKHO OCYIIIECTBUTH ATOT CHOCO0, UCIOIB3YIOT ITUKIOHBI
Pa3ITUYHBIX KOHCTPYKIIH.

Huxnons! koHCcTpyKunun HUMOI'A3a tuna [IH-11, I{H-15, I1H-24 npenna3znadeHsl
JUTSI CyXOM OYMCTKHU Ta30BBIX MOTOKOB OT TBEPABIX YACTHUII, BBIJACISIONIUXCS B HEKOTOPHIX
TEXHOJIOTMUECKUX Tpolieccax (HarpuMmep, B MPOLECCax CYIIKA CHIMTYYUX TBEPABIX Ma-
TepUaJIOB, O0XHWra, arjoMepalnuu, COKUraHusl TOIUIMBA U Jp.), @ TaKXKE acCHUPaliOHHOIO
BO3/JyXa B PA3JUYHBIX OTPACISAX MPOMBIIIJIEHHOCTH (XUMUUYECKOH, HEe(DTEXUMHUYECKOM,
YEPHOU U IIBETHON METAJLUTypTrUM, TPOMBIIIJIEHHOCTH CTPOUTEIBLHBIX MAaTepUAJIOB, JHEpPTe-
TUKE U Jp.).

WX Henb3st UCIOIB30BaTh JUIsl YIABIMBAHUS CUJIBHO CIIUTIAIOIIEHCS MBLTH, & TAKXKE B
YCJIOBUSAX TOKCUYHBIX WJIM B3PBIBOOMACHBIX CPEI.

B 3aBucumoctu oT TpeOOBaHUMN, MPEIBIABISIEMBIX K OUUCTKE Ta30B, LIMKJIOHBI MOTYT
UMETb CaMOCTOSITEJIbHOE MPUMEHEHHUE WJIM MCTIOJIb30BaThCsl B KAUECTBE amrmapara nepBoi
CTYTIEHH OYUCTKU B COYETAHHUH C IPYTUMHU Ta300UYHNCTHBIMU alnapaTami.

[Iponecc paznaeneHrss HEOJHOPOJHBIX CUCTEM Ta3 — TBEPAbIC YAaCTULBI MOM JEH-
CTBUEM IIEHTPOOEIKHBIX CHJI 00YCIOBIMBACTCS PA3HOCTHIO INIOTHOCTEH ra30BOr0 MOTOKA U
TBEPJBIX YaCTHI], HAXOJ/SIIMXCA BO BpallaTeJbHOM JBIKEeHUU. L[eHTpoOeKHbIE CHIIBI,
BO3HHUKAIOIIKE TIPH ATOM, 00€CTICUMBAIOT OOJIBIIYIO 3 (PEKTUBHOCTD Mpoliecca 10 CpaBHE-
HUIO C MPOIIECCOM pa3eIeHUs, MPOXOSIINM B TTOJIE TOJIBKO CHII TshKeCcTU. COOTHOIIIEHUE
ATUX CHUJI Ha3bIBAIOT (hakmopom pazoeieHust:

f=P,/G.

3nech Py — llenTpobexHas cuiia, oTOpackiBaroIias TBEPAYIO YaCTHUILY M3 BPAIIAOMIErocs Ta30BOTO
MOTOKA K CTEHKaM ITUKJIOHA: -
P, = mw?/R.

m — Macca TBepJOW YacCTHIIbI, KT; m — OKpPY)KHas CKOPOCTh YacTHULbI (YCIIOBHO NMPUHUMAETCS PaBHOU

CKOPOCTH Ta30BOT'0 MTOTOKA BO BXOJHOM IaTpyOKe IUKIoHAa), M/c; R — pamnyc, nukinona, m; G = mg —
CHJIA TSDKECTH.

daxTop pa3lereHNs XapaKTepU3yeT YBEIMUECHNE Pa3AeIAoLEeil ClIOCOOHOCTH B
YCIIOBUSIX IEHCTBUS IIEHTPOOCKHOW CHITBI:

f =mw*/(Rmg) = w*/(Rg).



W3 BeIpaskeHUs1 BUTHO, 4TO 3 (HEKTHBHOCTH pa3AeiieHuUs OBBIIIACTCS C YBEIHMUCHH-
€M CKOPOCTH Ta30BOTO TIOTOKA M YMEHBIIICHUEM paanyca MUKiIoHa. OIHAKO 3HAYUTEITHHOE
YBEIIMYCHUE CKOPOCTH CBSI3aHO C PE3KMM BO3pACTAaHUEM THIAPABINYCCKOTO COMPOTHUB-
JICHUS ITUKJIOHA M YCHUJICHHEM MECTHBIX 3aBUXPEHUH, CPBIBAIOIINX Y)KE OCCBIINE HA BHYT-
PEHHEH TOBEPXHOCTH IUKJIOHA TBEP/BIC YACTHIIBI, YTO MPUBOJNUT K YXYAIICHUIO OUYNCTKU
raza. O0bruHO HambOosee Y3PPEKTUBHBIMU SBIISIOTCS CKOPOCTH Ta3a Ha BXOJIE B ITUKJIOH B
uHTepBane 15 :25 M/c win B pacueTe Ha MOJHOE MOTNEPEYHOE CEUCHUE IMIIHHIPUYECKOM
9JacTH MUKJIOHA B mHTEpBate 2,5—4,0 m/c.

PaboTa nukI0Ha OIIEHUBAETCS IO COBOKYITHOCTH €TI0 OCHOBHBIX XapaKTEPHUCTHUK:

1) sddekTHBHOCTH pa3aeiacHus (CTSICHH OYMCTKH HIH KOY(PPHUIIMEHTA [TOJIE3HOIO
JTEeUCTBUSA);
2) TUAPABIMYECKOTO COMPOTUBIICHUS (JOCTH)KEHUE BBICOKOW CTEIIEHU OYUCTKHU TIPH
MaJIOM TUIPABINYECKOM COMPOTUBIICHUH).
Cmenenv ouucmru (%) MOXKHO pacCUMTaTh, 3HAS HAYAIbHYIO Cy U KOHECUYHYIO Cx KOH-

OCHTpalluH TBCPAbIX YaCTHUIl B I'a30BOM ITIOTOKC, IIPOXOAAIICM YCPC3 IMUKIIOH!

n =27%.100.
CH
nimn
n=52"%.100=22.100.
Gy Gy

3neck Gy, Gk G Yy — PpacxXoJ TBEPAbIX YaCTHUI] HA BXOJE B [IUKJIOH, HA BBIXOJE U3 LIUKJIOHA U YIIOBJIIEHHBIX
YaCTHII, KI/C.

CrerneHb OYUCTKHU ra30BOr0 MOTOKA 3aBUCUT OT pa3Mepa M IJIOTHOCTH TBEPABIX Ya-
CTHUL, OT IJIOTHOCTH ¥ BSI3KOCTH I'a30BOr0 IIOTOKA, OT THIIA LIUKJIOHA W €r0 reoMerpude-
CKHMX pa3sMepOB U, KOHEYHO, OT CKOPOCTH Ia30BOr'0 MOTOKA HA BXOJE B LIUKJIOH.

Ha puc. 1 nokazana npuHuIunuanbHas cxema padoTsl nukioHa tumna [[H.

3anbUICHHBIM BO3AYX BXOJIUT B LMKJIOH 4Y€pe3 TAHMCHLMAJIbHO BCTPOEHHBIN maTpy-
00k 2 u, mpuobperas BpamaTeibHOE ABMKEHUE OIyCKAETCs CIUPaNeo0pa3HO BHHU3 BIOJIb
BHYTPEHHEW MOBEPXHOCTU CTEHOK LUIMHAPUYECKONM M KOHMYECKOM 4YacTe KopIlyca am-
napata. Bpaiasics BHayane B KOJIbIEBOM IPOCTPAHCTBE, 00PAa30BAHHOM LIMJIMHIPUYECKOM
4acThIO KOPITyCa IIMKJIOHA U BBIXJIOMTHOM TpyOOii 3, a 3aTeM B 30HE, PACIOJI0KEHHOU HIKE
TOPpILIa BBIXJIOMHOM TPYyOBbl, ra30BbIM MOTOK 00Opa3yeT BHEUIHUI Bpaliatonuiics Buxpb. [lpu
ATOM Pa3BUBAIOTCS LEHTPOOEKHBIE CHIIbI, MOJ JEHCTBUEM KOTOPBIX TBEPAbIC YACTHUIIBI,
HaxOJIAIMECs B Ta30BOM MOTOKE M 00J1a/1al0IIKe 3HAYUTENIbHO OOJIbIIEeH MIIOTHOCTHIO, YEM
ra3, oTOpachIBalOTCS K CTEHKAaM KopIyca LMKJIOHA. J[BM)KeHHE TBEPbIX YACTHIL [0 BHYT-
pEHHEN MOBEPXHOCTH LIUKIOHA K OyHKepY 4 00yCIIOBJICHO HE TOJIBKO BIUSHUEM CUJIBI TS-
’KECTH, HO ¥ BO3JIEUCTBUEM CWJIBI JABJICHUsI Ta30BOT0 ITOTOKA, HAPABIECHHOTO BHU3.

JIOCTUTHYB HMKHETO TOPLAa KOHUYECKON 4acTH KOpIlyca LUKIOHA, TBEPIbIEC YaCTH-
bl MOCTYNAIOT B OyHKeEp 4.

B xoHMYeCcKON 4acTy KOpITyca LMKJIOHA Ta30BbIM LIYTOK HAYMHAET MEHATH HAIPaB-
JIEHUE U TIEPEeMEIAThCsl BBEPX K BBIXJIOMHOM TpyOe, o0pa3ysi BHyTPEHHUN BpalllaroIIHiics
BUXPb. OCBOOOXKIEHHBIA OT OCHOBHOM MAacChl TBEPJIbIX YACTHUI] BO3AYIIHBII MOTOK MoMa-
JaeT B BBIXJIONHYIO TPyOy 3 M, MOJHUMASCh MO HEH BUHTOOOpPA3HO BBEPX, yJaseTcs W3
LIUKJIOHA.

OnTumanbHOE 3HaYEHHE CKOPOCTH ra3a Ha BXOJIE B ammapaTt, 00ecreunBaroIien Bbl-
COKYIO CTEIIEHb OYMCTKH, ONPEACIAIOT B KaXJOM OTAECIBHOM CIIyd4ae C Y4E€TOM CBONCTB
pas3ensaeMbIX HEOAHOPOAHBIX CHCTEM (HampuMep, GpaKkIMOHHOTO COCTaBa TBEPAOH (hasbl,



_QquuyeHren  CIIMIIAEMOCTH TBEPJABIX YaCTHII, JOIIYCTHMOI'O YHOCA TBEp-

2as JIBIX YaCTHI] U JIP.) ¥ €70 TUAPABIUIECKOTO COMPOTHBIICHUS.
Obwee cudpasiuyeckoe conpomugienue YUKIOHA,

Sanoinettvi ' YCTaHOBJICHHOTO, KaK MOKa3aHO Ha CXEME MOXXHO Tpe/CcTa-

eas BHUTH KaK CYMMY IIOTEPH JaBJICHHS:

1) npu BXOJIe B IIMKJIOH;

2) Ha TPEOJOJICHUE COMPOTHBIICHHUS TPEHHS B KOPITyCe

[IUKJIOHA;

3) mpu mepexojie ra3oBoro MOTOKa U3 BHEIIHEH 30HbBI IUK-

JOHa OOJIBLIOTO JAMaMeTpa BO BHYTPEHHIOIO 30HY (B BBI-

XJIOMHYIO0 TpyOy) ¢ moBoporoM Ha 180°; 4) Ha mpeomose-

HUE COMPOTHUBJICHHSI TPSHHSI B BBIXJIOITHON TpyoOe.

Bripaxast o01iee ruipaBIM4ecKoe COMPOTUBIICHUE UYepe3

Yrnobnenrsie i .
mBepobie ' JUHAMHYECKUN HArlop BO BXOJHOM NaTpyOKe U 3aMeHss
vacmuyel CYMMY YacCTHBIX KO3((PHUIIMEHTOB IT'HIPABINYECKUX COIPO-

TUBJICHUHN OOIIUM Koaphpuyuenmom 2uopasiuiecko2o co-
NpOMUBIEHUS YUKIOHA (,, NOTYUUM.

ﬂp: = flpngfz, Wy = V /iy

31ech p — IUIOTHOCTb Ta30BOM Cpelbl B pabouMX YCIOBHUSX,
KT/M®; (0 — CKOpPOCTh 'a3a BO BXOAHOM matpyoke, m/c; V — pacxon
razsa, M3/c; fax —ImTOIIATD MOTIEPEYHOr0 CEUYEeHHUS BXOJHOTO maTpyoKa,
M°.

[Ipu pacuere 00IIEro T'MIPABIUYECKOTO COMPOTUBICHUS
IUKJIOHA Yalle ero ONpeAessioT Kak (YHKIMIO YCIOBHOW CKOPOCTHU ra3a @y, T. €. OTHE-
CEHHOM K IUIOIIAu CBOOOJIHOTO MOMEPEYHOr0 CEYeHMs LUIMHIPUUECKON YacTu KopIyca
LMKJIOHA!
Ap, = Cpw3,/2.
VYcnoBHas CKOPOCTh raza B IUMKIIOHE, 0OecrneunBaroniasi BBICOKYIO CTEIEHb OUMUCTKH, Jie-
KUT B Tipenenax 3 + 3,5 M/c U pacCUnTHIBAETCS IO YPABHEHUIO:
w, = V/(0,785Dz%.
3neck Dy qauaMeTp 1UKIIOHA, M.

Puc.1 [lpuanunuansHas cxema JeUCTBUS ITUKIIOHA!
1 — xopmyc nnKIIOHa; 2 — BXOJHOM MaTpyOOK; 3 — BBIXJIONHAS Tpy0a; 4 — OyHKep — COOPHUK YIIOB-

JICHHBIX TBCPAbIX YaCTHUIL, 5 —knamnaun mIeJaeBoro 38;1’61?;)0})3; 6 =pbIyar KJjiariaHa, " — IIHEKOBOU TPAHCIIOP-

3nauenns .kod>PpPuuueHTos {, u ¢, 3aBUCAT OT KOHCTPYKTHBHBIX 0COOEHHOCTEH
ITUKJIOHOB.

CreneHb ynaBIMBaHUS TPU BCEX MPOYMX OJWHAKOBBIX YCIOBHUSAX 3aBHCUT OT CKOPO-
CTH Ta30BOTO IMOTOKA, a CJICIOBATEIbHO, U OT COOTHOIICHUsI Apy/p. Hammyumme ycmoBust
OYMCTKHM 3albLIEHHOTO Ta3a obecrneunBarorcsa npu Ap, = 500—750 m?%/c?. Bolie 5TUX 3Ha-
YeHHI OyJeT mepepacxoji SHEPruH MPHU MPAKTHYECKU MOCTOSHHOM CTENCHH OYMCTKH 1),
HIKE — CTETNICHh OYMCTKH Oy/IeT 3aMETHO CHUKATHCS.

Onucanue yCTaHOBKHU



TBepapie yacTuilbl U3 OyHKepa (puc.2) ¢ MOMOIIBIO J03aTopa 2 MOCTYMAalT B TPY-
6orpoBoa 3 ¥ 00pa3ylOT C ABMKYLIUMCS B 3TOM TPYOOIPOBOJI€ BO3AYXOM 3aIlbUICHHBIN
BO3/IYIIHBINA TOTOK. YJIOBJICHHBIC B IUKJIOHE TBEP/bIC YaCTHUIIBI COOMPAIOTCS B COOPHUKE
8.

Huxnon tuna I{H-15 sBnseTcss OCHOBHBIM amnmapaToM B INPEICTABICHHOU CXEME;
BHYTPEHHHUI JuaMeTp ero uuiuHapuydeckod yactu 170 mm  (BXoJHOM maTpyOOK HMMeEeET
pasmepsl (115X35 MM); M3roTOBIIEH U3 CTaldM (ISl BU3YyaJIbHOI'O HAOJIOJCHUS 3a IMPO-
[IECCOM IMKJIOH MOKET OBbITh BBIMOJHEH M3 CTEKJa WJIM U3 OPraHMYECKOro CTEKJa IMpHU
00ecIreyeHnn yCI0BUM OTBOJA CTaTHYECKOro 3JeKTpuyecTBa). LIMKIOH COeNMHEH C BBI-
TSOKHBIM BeHTHIIATOpoM 11 (c amektpomBurateneM 12) cHCTeMOR TpPyOOIPOBOJIOB —
BXOJIHBIM BCACBIBAIOIIMM 3 U BBIXOJHBIM HarHetareiabHbIM 4 (OTHOCUTEIHHO LIMKIIOHA).
Pacxom Bo3myxa perymupyercs 3ansmxkkord 10. B kadecTBe M3MEpHTEIBHBIX TPHOOPOB
MCIIOJIB30BAHBbI: JUIsl ONPENEICHHS pacxoia Bo3lyxa — nudpepeHraibHbplii MAaHOMETP 7,
MOAKIIOYEHHBI K nuadparme P, mig onpeneneHuss TMAPABIMYECKOIO COMPOTUBICHUS
UKIOHa — nuddepeHnuanbHbii MaHOMETp 6, MOACOEAMHEHHBIN Ha BXOJAE B IIUKJIOH U
BBIXOJZI€ U3 HEro. B 1ensax npenoTBpalleHys 3albUIEHHOCTH IIOMEIICHUS, T/1€ pa3MelleHa
yCTaHOBKA, Ha TPyOONPOBO/I€ NOCIIE BEHTWIATOPA YCTaHOBJIEH pyKaBHbIN GuibTp 13.

B kadecTBe (QmIbTPOBAIBLHOrO MaTepuana MOTYT ObITh HCIIOJIb30BaHbl, HAIIPUMED,
TKAHU U3 BOJOKOH PacTUTENbHOro (JIEH, XJIOMOK) M KHUBOTHOTO (IIEPCTh, IIEIK) MPOMC-
XOXICHUS, @ TAaKKE U3 CUHTETUUYECKUX BOJIOKOH (TIOJMIIPONUIIEH, KAlpOH, HEMJIOH, HUT-
POH, J1aBcaH, Te€(JIOH, CTEKJIOBOJIOKHO U Jp.). Y3 GUIbTpOBAIbHBIX TKAHEW, NU3rOTABIINBA-
€MBbIX Ha OCHOBE BOJIOKOH €CTECTBEHHOTO MPOUCXOKIECHHUS, MOKHO PEKOMEHI0BATh (PHIIb-
TpoBaJibHOE CYKHO Ne 2, apT. 20, BBITyCKa€MO€ OTEYECTBEHHOW IIPOMBIIIJIEHHOCTHIO B CO-
orBeTcTBUM ¢ [[OCT 6986—69; N3 NCKYyCCTBEHHBIX TKaHEW — HUTPOH, U3TOTABINBAEMBIN
13 MOJIMAKPUITHUTPUIIBHBIX BOJIOKOH.

[Ipu ynaBivBaHUM MbUIEH, COCOOHBIX HAKAIIMBATh CTATUYECKOE DJIEKTPUUYECTBO,
pa3paboTaH crienuaIbHbIi aHTUCTATUYECKUN (QUIBTPOBAIBLHBIN MaTepual Ha OCHOBE JIaB-
caHa ¢ J00aBJICHHEM METaNINYECKUX BOJIOKOH

Puc. 2. Cxema ycranoBku:
1— Oynkep ¢ TBepaoii hazoif; 2 — m03aTOp TBEPAOU (E&S%I; 3 — BcachIBaromas JuHus (Tpyoonposon); 4

— HaTHeTaTeNbHas JUHHS (TPyOONpPOBON); HUKIOH; — 0-o0pa3nble audmanomeTprl; 8- cOOpHUK



YJIOBIICHHBIX TBEpIbIX yacTuil; 9 — nuadparma; 10 — 3agBmkka; 11 — BenTmnsatop; 12 — snexrpo-
nBuraTenb; 13 - pykaBHBINA QHIBTP

HOpSIIlOK BBINTOJIHCHU A paﬁoTbl

HccnenoBanre pabOThI IUKIOHA IPOBOJAT B /1Ba ATana. CHavana onpenesstoT ruj-
PABIIMYECKOE COIPOTUBJICHUE IIUKIJIOHA B 3aBUCUMOCTH OT CKOPOCTH Ia30BOr0 IOTOKA, 3a-
TEM — CTENEHb OUYUCTKU B 3aBUCHUMOCTH OT CKOPOCTH Ira30BOT0 MOTOKA MPU MOCTOSHHOM
KOHIICHTPAI[MX B HEM TBEPABIX YACTHII.

B mepBoii wactu paboThl HCCIENOBAHUE MPOBOJAT HA HE3AIBI-JIGHHOM BO3IyXe.
Bxotowaror BeHTWIATOp // 1 yCTaHABIMBAIOT ¢ MOMOIIBIO 3aaBMKKU 10 HEOOXOAMMBINA
pacxo]i Bo3/lyxa B Ipejieliax, 3aJJaHHbIX npernoaaBaTeneM (6—8 3naueHuit pacxoaon). [o-
Ka3aHusi 1U(PMaHOMETPOB 6 W 7 CHHUMAIOT MPU YCTAHOBJIEHHOM pacxojieé BO3yXa OJHO-
BPEMEHHO 10 KOMaHJIe «OTCUET» U 3aHOCST B OTYETHYIO TaOIHILy.

Bo BTOpOit yacTu paboThl HccIeOBaHUE MPOBOJST HA: 3aMBUICHHOM BO3JyXe IMPHU
TEX K€ 3HAYEHHUSX pacxoJ0B BO3/lyXa, YTO U B IIEPBOM 3Tarie uccienoBaHui. C 1uemipko co-
XpaHEHUs TMOCTOSHHOW KOHIIEHTPAIlMU TBEPIBIX YACTHUI] B Ta30BOM IOTOKE B KaXKJIOM
OMBITE PacXoj TBEPAOH (pa3bl peryaupyroT A03aTOPOM YTEM U3MEHEHHS 4YaCTOThI Bpallle-
HUS Tapenku go3atopa 2. TBepaoii pas3oii CayKUT CBHITyUnii MaTepHUal CO CPEIHUM pa3Me-
pom vactun 40 L 100 MM, HampuMep MOKHO pEKOMEHIOBATh CUIIMKATHBIA KaTaJIn3aTop,
KBapIEBbIN MECOK, a TAKXKE JPYTrue MaTepHraibl, OTINYAIOIIMECS MO TUIOTHOCTU OT MEPBBIX
IBYX. 3aJJaHHYI0 (paKLHIO TBEPJOr0 Marepuasa CTyJACHTbl TOTOBST CAMH, UCIIOJIb3Ysl CH-
TOBOM aHaJIN3 C MPUMEHEHHEM Ha0Opa pa3IMYHbIX CTAHAAPTHBIX CHT.

[lepen HauwanoM pabOThI MPOBEPAIOT HATWYUE TBEPJOTO CHITyYETro Marepualia B
OyHkepe 1, HacTpanBalOT Ha HEOOXOJIMMBIN pacxo TBepAou (a3bl J03aTOp 2, MpenBapu-
TEJIbHO MPOAYBAIOT CUCTEMY, BKJIIOUMB HAa HEKOTOPOE BPEMSI BEHTHJISATOP, 3aTEM OCBO-
00XIaroT OT TBepaoro marepuana coopuuk 8. Ilocime 3TOro MOXXHO CUMTATh YCTAaHOBKY
IIOJArOTOBJICHHOM K IMPOBEAEHUIO UCCIIETOBAHUM.

BxrogaroT BEHTHIISTOP M ¢ TIOMOIIBIO perynupytomiei 3aasmkku 10 ycranasiunBa-
0T HYXXHBIM pacxo] BO3Ayxa. 3aTeM BKIIOYAIOT B pabOTy OJHOBPEMEHHO J103aTOP TBEP-
1ol gasbl U cekyHaomep. 1lo Mepe HakoIUIeHUs OINpenesieHHOro o0beMa maTepuana B
coopHrKe 8 OCTaHABIMBAIOT 103aTOP C OAHOBPEMEHHOW OTCEYKOHM CeKyHaomepa. BeHTu-
JSATOP MPOAOJHKAET padoTaTh B 3aJlaHHOM PEXHUME elle HEKOTopoe Bpems (3—35 MuH), a
3aTEM €ro OCTAaHABJIMBAIOT. TBEpIbIA MaTepual , YJIOBJICHHBIM W3 ra30BOro IMOTOKA 3a
BpeMs OIbITa B COOpHUKE 8, B3BELIMBAIOT Ha TEXHUYECKHX Becax. [locie 3Toro mpucry-
MAalT K NOJITOTOBKE YCTAHOBKU JIJI1 TPOBEJAEHUS OUEPEIHOrO ONbITa (MCCIEIOBAHUS MPO-
BOJAT Npu 6—8 3HAYEHUSX pacxojia Bo3ayxa). [loydeHHbIE B KaKOM OIbITE JAaHHBIE
3aHOCAT B OTYETHYIO TAOJIHILY.
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Puc. 3. 3aBHCHMOCTb CTETICHH OYKCTKH IT IIUKJIOHA OT COOTHOIICHUS Apy/®
O0padoTKa IKCNIEPUMEHTAJIBbHBIX TaHHBIX

[To sxcniepruMeHTaNbHBIM JAHHBIM OTYETHOM TAOJIMIIBI JJIS KAXKI0TO OTIBITA:

1) onpenensror pacxon Bosayxa (V, M%/4) mo rpaxyuposounomy rpaduky audma-
HomeTpa 7,

2) pacCUUTHIBAIOT CKOPOCTh I'a30BOr0O MOTOKA BO BXOJHOM MAaTPyOKe MUKIOHA Mgy
Y YCIOBHYIO CKOPOCTh Ia30BOI0 IMOTOKA B IIUKIIOHE (W, 10 YPABHEHHSIM

3) PpacCUUTHIBAIOT COOTBETCTBYIOIIUE KOAPPHUIMEHTHI THAPABIMYCCKHX COMPO-
TuBIeHUA (, U §/.

4) OmpenensoT OTHOMECHUE Apy /p;

5) Haxomar pacxon (Kr/c) yJoBJIeHHOro TBepaoro marepuana: Gy = m /1, rae m
— Macca (Kr) yJIOBJIEHHOTO TBEpJOro MaTtepuasa 3a Bpems paboThl 103aTopa T;

6) pPacCUMTHIBAIOT CTCIICHh OUUCTKH 1)

B oTuer o paboTe MOMKHBI OBITH BKJIIOUCHBI: a) 3aJlaHKe; 0) cXeMa YCTaHOBKHU CO
cnenupukanuei; B) OT4YeTHas TabIuIa; I') BCE MEPEUHCIICHHBIE BhIIIE pacyeThl; 1) rpaduk
3aBUCUMOCTH Apy OT CKOPOCTH BO3[yXa — (0, WU Mgy; €) TPaPUK 3aBUCUMOCTH 1] OT Apy
/p (u3 rpaduka onpeneauTh ONTUMAIBHYIO CKOPOCTh BO3/1yXa, COOTBETCTBYIOIIYIO BBICO-
KO CTENEeHW OYUCTKHU MPH MAJIOM THAPABINYECKOM COMPOTHBICHUU IIUKIIOHA, CM. pHC..3,
Touka 4 ).

KoHTpoJibHBIE BOIPOCHI:

Kakue cucteMbl B THIPOMEXaHHUKE HA3bIBAIOT HEOJHOPOIHBIMU ?
Uto Takoe nbuib?
Kaxkue anmapaTsl IPpUMEHSIOT JJ1s1 YIABIUBAHUS THLITH?
1. Kak ycTpoeH HuKkiIoH?
2. 3acyer 4ero B MUKJIOHE BOSHUKAET IIEHTPOOSIKHAsS chia?
3. Uro Takoe ¢akTop pazmencHus?



4. Kaxk BIuAIOT AMaMETp LMKIOHA M CKOPOCTh ra30BOT0 MOTOKA HA €ro pa3felsio-
L1y CIOCOOHOCTB?

5. C KakoH 1eNbI0 B IPOMBIIIJIEHHON PAKTUKE MPUOETAI0T K IPUMEHEHUIO
OaTapeiHbIN ITUKIOHOB?

6. Uro Ha3bIBAIOT CTENEHBIO OUMCTKU WM KOI(PPUIMEHTOM IMOJIE3HOTO JEHCTBUS
UKJI0HA?

7. Kak onpenenuth KOHLIEHTPALMIO TBEPJBIX YACTHIl B Ta30BOM IIOTOKE Ha BBIXOJIE
U3 IUKJIOHA U KOJINYECTBO YHECEHHOH TBepoH (ha3bl?

8. Uto mOHUMAIOT MOJ THUAPABINYECKHM CONPOTUBICHHEM Ap, LMKIOHA, KaK €ro
PacCUUTHIBAIOT U KaKUE (PaKTOPHI BIUSAIOT HA HETO?

9. Kaxk paccuntaTth K03()PHUIIMEHT THIPABINYECKOTO COMPOTUBICHUS LIUKIOHA?

10.Vka3zarp mocienoBaTeNIbHOCTh JCHCTBHM TpH TYCKE U OCTAaHOBKE JKCIIe-
PUMEHTAILHOW YCTAaHOBKH.

JlaGopatopnas pad6ota Ne 7

Tema: DxcnepuMeHTaNbHOE OrpeeneHue Ko3hPuIrueHToB
MECTHBIX CONPOTUBIECHUI



Lenv pabomur: 1. OnpeneneHue 3KCIEPUMEHTANTBHBIX 3HAYCHUN KOA(D(OUIIMEHTOB
MECTHBIX COIMPOTUBIICHHUHA ISl TIOBOPOTA, PE3KOT0 PACIIMPEHUS U
PE3KOT0 Cy>KEHHS MOTOKA.
2. ComocraBiieHuEe IKCIIEPUMEHTAIBHBIX 3HAYECHUN C PEKOMEHye-
MBIMH B CIIPAaBOYHOU JTUTEpaType.

Ilpuboper u mamepuansi: 1abopaTopHas yCTAaHOBKA, PacXoJ0Mep, MbE30METPhI, Ce-
KyHIOMeEp.

KpaTKne TCOPETUIECCKUEC CBCACHUS

MecTHBIE TUAPABIMYECKHE COMPOTHUBIEHUS- OSTO BCAKOTO poOJa 3armopHO-
peryiupytoias apmarypa, (pacoHHble YacTu TpyOOnpoBOAOB, ceTkU, GunbTpsl. IIpeoo-
JICHUE JKUJKOCTHIO MECTHBIX CONPOTUBICHUN COIMPOBOXKIACTCS IOTEPEe ee HSHepruu
(mamopa), T. K. B 9TUX CONPOTHUBJICHUSIX MPOUCXOJUT CKAYKOOOpa3HOE M3MEHEHUE MECT-
HBIX CKOPOCTEH 110 3HAYEHUIO ¥ HAIPABIICHUIO.

MecTtHble OTEpHU Haropa onpenenstoTes rno Gopmyse Belicbaxa:

2
v
h,=¢ g 1)

rje ¢ - 6e3pa3MepHbIi KO3(PGUIIMEHT MECTHOT'O COITPOTUBIICHNUS,;

L- CPEHSIS CKOPOCTh MOTOKA, CM;
g - yCKOpEHHEe CBOOOIHOTO TageHus, M/c2,

Ecnu 3Ha4eHUs1 CKOPOCTU MOTOKA MEPE]] yUACTKOM C MECTHBIM COIPOTUBIICHHEM U
MOCJIE HErO Pa3JIMYHbI (HAlpuMep, Cy>KEHUE WU PACIIMPEHUE TTOTOKA), TO MOTEPs HAIopa
ompeensieTcss OOBIYHO 10 OOJIbIIIEMY 3HaYEHUIO CKOPOCTH. B cripaBouHOil uTepatype
JUTS1 K&KJIOTO BUa MECTHOT'O COITPOTUBIICHUS YKa3bIBAETCS, K KaKOW CKOPOCTH OTHOCHUT-
Csl IPUBEICHHOE 3HaYeHUE KOA(P(UIIMEHTA MECTHOTO COMPOTUBIICHMUS.

J{nst OTHENbHBIX MPOCTHIX MECTHBIX COMPOTUBIECHUNA UMEIOTCS TEOPETUUYECKHUE pe-
meHus s kodduirienta ¢ (HarmpuMep, BHE3AIMHOE PaclIupeHue MOTOKA).

B GonbpmmHCTBE ciydaeB JJi pa3IMYHBIX BUIOB MECTHBIX COIPOTHUBIICHUM 3Haye-
HUSA KO3(POUIIMEHTOB MECTHBIX CONMPOTHBICHUN { ONPEACNSIIOTCS SKCIEPUMEHTAIBHO U

MIPUBOJATCS B CIIPABOYHOM JIUTEPATYPE.
Onucanue IKCNEPUMEHTAILHOH YCTAHOBKHU

[TpuHiMnuanpHas cxema YCTAaHOBKH ISl onpeneneHuss Ko3((UIHUEHTOB MECTHBIX
CONPOTHUBJICHUH, PACIIONIOKEHHBIX IO JJIMHE TPyOONpoBOJa, MpHBEIEHA Ha puc. 1.

Bo Bpems paOoThl yCTaHOBKHM BOJia M3 MpUEMHOro 0aka 1 Hacocom 2 mojaeTcs B
HaIMopHbIM 0ak 5 W OTTyla MOCTyHnaeT B TPyOONpPOBOJ C MECTHBIMH CONPOTHBIICHUS-
Mu. B Oake 5 Onaronmapsi HalW4YuiO CIMBHOW TPYObl 6 MOAIEPKUBAETCS MOCTOSHHBIN
ypoBeHb. Boia nociie1oBaTesbHO NPOXOJUT Yepe3 ABa MOBOPOTa 7, pE3KOE pacllupEHne
cedyeHus § U pe3Koe CyKeHue ceueHus: 9. MeHblnii BHYTPEHHUN TuaMeTp TpyOonmpoBoaa
paBeH 1 cm, OosbInii - 2 cM.

Jlns ompeneneHus MOTEpbh Hamopa MO JUIMHE TPyOOMpoBOJa W B €r0 MECTHBIX
comnpoTuBieHusIX 7, 8, 9 ciyxar usmeputenbHbie mbe3oMeTpel Ne /Ne 1, 2, 3, 4, 5, 6.
[Ipu sTOoM Mo mee3oMerpam Ne 1 u Ne 6 ompenensroTcst moTepu Hamopa 1o JJIMHE TPyOo-



MPOBOJA MEHBIIEr0 AuameTpa, a no nbezomerpaM Ne 4 u No 3 — motepu JaBiieHHs MO
JUTMHE TPYOOInpoBoaa OOJBIIETO JUaMeTpa.

[Tocne TpyOonpoBojia ¢ MECTHBIMH CONPOTUBICHUSIMHU BOJAA MOCTYIIA€T B MEPHBIN
0ak 11, Mo BoJIOMEpHOMY CTEKIIy KOTOpPOro ompenensercs ee odbeMm. M3 mepHoro Oaka
11 Bosa cmuBaeTCsl B MpUEeMHBIN O0ak 1.

Nel Ne2 Ne3 Ne4 Ne5 Ne6

4
X 10 345 | 200 | 55
o 155

J{nst mpoBeieHUs ONBITOB HEOOXOIUM CEKYHIOMED.

Pucynok 5.1 Cxema ycTaHOBKM AJii ompeneseHuss Kod(PQPUIUMEHTOB MECTHBIX CO-
MIPOTUBJICHUM.
1-npuemHbIif 6ak, 2-1IEHTPOOEKHBIN Hacoc, 3-HarHeTaTeabHast TpyOa, 4-BEeHTUIb PETyJIn-
POBKH TOJa4M HAacOCa, S-HAMOPHBIN O0ak, 6-cuBHAs TpyOa, 7-MOBOPOTHI TpyOOMIpOBOAQ, 8-
pe3koe pacumpenue, 9-peskoe cyxxkenue, 10-BeHTUIIb U3MEHEHUS pacxojia BOJIbI B TpyOo-
npoBojie, 1 1-mepHblii 6ak, 12-CIMBHON BEHTUIIb.

IHopsigok BeIMOJIHEHHSI PadOTHI

1. Bxitounts Hacoc 2, 3aT€M OTKPBITh BEHTWIb 4, MOBEPHYB €ro MO 4acOBOU
ctpesike. [locne 3anonHeHus HaMmOPHOTro 6aka 5 10 YpOBHS CIMBHOIO OTBEPCTHUS TPYOBI
6 yCTaHOBUTH BEHTWJIEM 4 MUHUMAJBHYIO [10Jayy Hacoca 2.

2. BKJIFOUUTB NTbE30METPBI, IPOBEPUTH “HYJIN MbE30METPOB.

3. OTKpBITh CIIMBHOM BEHTWJIb 12, TOBEPHYB €0 MPOTHUB YaCOBOW CTPENIKH (BO U3-
Oe)kaHue TeperoIHeHUs MEpPHOTo 0aKa).

4. IIpuOTKpBITh peryaupyronmi BeHTWIb 10, MOBEpHYB €ro mo 4acoBOW CTpEJIKE.
Ilocne Toro, kKak ypoBeHb BOJBI B IbE30METPAaX YCTAHOBUTCS, 3alMCaTh UX ITOKa3aHUS
h1...h6.

5. 3aKpbITh CIMBHOW BEHTWIb 12, MOBEPHYB €ro 1o 4acoBoil crpeinke. [1o cekyHo-
Mepy M3MEpHUTh U 3amucaTh BpeMs MoabeMa YPOBHS BOJbI B MepHOM Oake 11 ma 10-15
JEJICHU BOJJOMEPHOr'O CTEKJIA.



6. CHOBa OTKpBITh CIMBHOM BEHTWIb 12 W peryaupyromum BeHTwieM 10 yctaHo-
BUTb HOBBIN pacxo] BoJbl B TpyOomnposoje. [loBTopuTs Bce nelicTBus no n.u. 4 u 5.

Bceero cnenyer mpoBectu 3 omblTa HpU Pa3IMYHBIX PAacX0/Jax BOJbI C OCIEAY-
IOIUM OCPEHEHHEM M3MEPECHHBIX 3HAYeHUH { U Ka)XIIOTO BUJIa MECTHOTO COTIPOTHB-

neHus. Pe3ynabpTaThl M3MEpEHHI B ONBITAX 3aHOCATCA B Tabiumy 1.

Tabnuna 5.1 - Pe3ynbraTel u3mMepeHuit

No Iloka3anus IMbC30MCTPOB, CM. H3MepeHI/I€ pacxoaa BOJAbI
OIIbITA KonuuecTtBo Bpewms 1,
h1 hz h3 h4 h5 h6 neneHui N C
1 2 3 4 5 6 7 8 9
1
2
3

[Tpumeuanus: 1) Ilnomaas nomnepeyHoro ce4eHus: TPyOONpoBOAa MEHBIIETO JIua-
metpa F1=0,785 cm?;
2) miomaas MOMEepEeYyHOro ceueHus TpyOompoBoAa OOJIbIIEro Jaua-
metpa F= 3,46 cm?;
3) oJIHO JeneHue BOJOMEPHOTO CTEKJIa MEPHOTO 0aka COOTBETCTBYET
00wveMy 100 cm®,

O0padoTKa IKCIIEPUMEHTAJIbHBIX TaHHBIX

1. ITo manHbIM TAOAUILI 5.1 BBEIYUCISIETCS PACXO]l BOJIBI
0=100-2, cm/c )
T

U HAXOJIUTCSI CPEIHSSI CKOPOCTh BOJbI B CEUCHUSX TPYOONpoBoaa pa3HOIo Jua-
MeTpa

1

u.:%, emlc (i=1, 2)

V.
C OCIICAYIOLIUM OIIPECACIICHUEM NTUHAMUYCCKUX HAIIOPOB 2’—
g

2. Ompenensiercs o01ias moreps Haropa N, B MECTHOM CONPOTUBIICHUMU.
W3 ypaBHeHus: bepHyim, 3anucaHHoOro Ajisl IByX C€YeHH (mepes U mocjiae MeCTHO-
ro CONPOTUBIICHNUS )

2 2
Zl+ﬂ+i:22+&+i+h
Pg 28 pg 2g

2 2
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n

HaxoauM, 4ToO

nJIn



2 2
hn:(Z]—Zz)+Ah+[U—1—U—2] (4)
2g 2¢g
r1e Z — BBICOTa PACTIONIOKECHHSI OCEH CeUeHHUI HaJl TUIOCKOCThIO cpaBHeHUS O-0;
Ah — pa3HOCTh TIOKa3aHUH MTEE30METPOB B CEYCHMSX 0 U MOCJIC Y4acTKa TPYObl
C MECTHBIM COITPOTUBIICHUEM.
[ToTepu Harmopa mpu pe3KOM pacHIMPEHUN MOTOKA OMPEACIISIIOTCS 0 MHE30METPaM
No 51 Neo 3.
3a MIOCKOCTh CPAaBHEHUS MOXKHO MPUHSATH YPOBEHb OCH HIDKHETO TOPH30OHTAIIBHOTO
ydyacTka TpyoonpoBoja. Torma mjist AByX MOBOPOTOB: Z1=5 cMm, Z,=0; s pe3Koro
pacuIMpeHust U pe3Koro cyxkenus: Z;=Z»=0.
3. Haxopstcs motepu Hamopa 1o JiuHE N ydacTka, Ha KOTOPOM PacIOJIOXKEHO
MECTHOE COIIPOTHBIICHHE.

[Torepu ayis moboro yyactka Tpyoornposoaa d = 10mMm
hy — h,

h, = | [, cM; ®))
I ydacTka Tpyoomnposoa d =20 mMm:
h,=h4_h3-l, CM; (6)

rae | — ammHa COOTBETCTBYIOIIETO YdYacTKa, M.
Bo n30exxaHue 3HaYNTEIbHON MOTPEIIHOCTH NOKa3aHus mbe3oMeTpoB Ne 3 u Ne 4
CIEeAyeT CHUMATh KaK MOKHO TOYHEE.
3. TloTepu Hamopa B MECTHOM COIIPOTHBIICHUH Ny, OMPENENSIOTCS 10 BBIPAKCHHIO:
h,=h,-h,, (7)
rae h, — moyHas moTepst Hamopa Ha Y4YacTKe;
h) — moTepst Hamopa mo AJMHE HAa TPEHUE HA Y4YacTKe.
4. 3HaueHue KO3(PPUIMEHTAa MECTHOTO CONPOTHUBICHUSA (i B OTHEIIBHOM OIIBITE

HaxoauTcs 1o Qopmyre:

=2y (i=1,23). (®)
Ui
2g
3arem OoIpCACIACTCA €TI0 CPCAHCC 3HAUCHUC!
§:§1+%+§3. (9)

6. [lomyueHHble ONMBITHBIE CpEAHHME 3HAUY€HUS KOA(P(UIMEHTOB MECTHBIX COMPO-
TUBJICHUW CPABHUBAIOTCS C PEKOMEHAYEMBIMU 3HAUEHUSIMU, IPUBEICHHBIMU B CIIPABOY-
HOU yuTepatype (cM. npusoxkenue A). [Ipu 3ToM HamO y4UTHIBATh, YTO TIOBOPOT TPYOBI
COCTOMT M3 JBYX OJIMHAKOBBIX MOBOPOTOB (KOJIEH).

Pe3ynbpTaThl 00paOOTKM OMBITHBIX JAHHBIX U PACUE€TOB OTpakaroTcs B Tabmuie 5.2.

Tabmuua 5.2 - Pe3ynbrarel 00pabOTKH SKCIIEpUMEHTA

© o CkopocTb Junamu- | Ilokaza- =4 ITorepu S & Koapduunent
S E s | 4 BOJIEL, YecKuil | HuA o' | mamnopa S ©| wmecrHoro co-
— *
§ i3 | X5 |omle HAMop, | Mbe30- 2 olHa Tpe-| § 2 | mpotuBcHns, §
=§S | *”Q cM METPOB, HHE IO =
g o | = w © ® 5
d o S o cM S o AnuHe S 3
= g = x < E Q = =
= 3 5 Q ® © B | ydJacTka )
g = <
MdJqT | ~ 5 O Z|h em E m




= = | 9= .
o | E |v|vls | . 10 |20 2
|22 | B8 ®) :
= o 2¢ | 2¢ | & | E ) ST
= | ° = | 5 G| G| 8g
Ss| 2@ = | & =
N > O~ = = E 5}
3 = 2 o 3 =
A o o T =
< o E ==
o o (0] <
D) 3 o = H <
= o S c £
= a | B =z
1 2 3 4 5 6 7 8 9 10 | 11 |12 | 13 | 14 | 15| 16
A*
b
C
*) A — peskoe pacmpenue; b — peskoe cyxenue; B — pe3kuii moBopoT;
**) — HOMep (hopMYyJIBI
KoHTpoibHbIE BONIPOCHI:
1. YT0 NOHMMAIOT MO MECTHBIMU CONTPOTUBIICHUSMU?
2. Kak onpenenstoTcs motepu Hanmopa 1o JUIMHe TPyOOonpoBoa U MOTEPU HaIlo-
pa B MECTHBIX COTIPOTUBIICHUSX ?
3. Uem otnuyaroTcsi ypaBHeHUE bepHyM 1js ujeanbHOW U peaibHON KHUIKO-
ctu?
4, Onucate cxemy Ja00paTOPHOIN YCTAHOBKH U MPUHIIUIT €€ AeHUCTBUS?

[Tpunoxenue 5 A
CrnpaBouHbie 3HaU€HUS KOYPHUIIMEHTOB MECTHBIX COMTPOTUBIICHUHN.

Bun mectHorO Koaddumment mectHoro
CONIPOTHUBJICHUS CONIPOTHBIICHUS
1 2

Pes3koe pacmmpenne
2 v, 2

LS —r o FIT

2

Peskoe cyxenne




Pe3xkuii moBOpoT

v Y (=12

W

JlabopaTtopnas paborta Ne 8

Tewma: Onpenenenue Kod)PUIMEHTOB pacxoaa
IIPY UCTECYCHUH KUIKOCTH U3 PAa3HBIX TUIIOB HACAJIOK.

L]env pabomul: 1) u3yueHne 3aKOHOMEPHOCTEH MpoIecca UCTCUCHHUS JKUJIKOCTEH 13
Pa3JIMYHBIX THUIIOB HACAJIOK;

2) omnpenenenre Ko3(pHUIIMEHTOB pacxo/ia MPY UCTCUCHHUH JKUJIKOCTH U3 Pa3HBIX
THUIIOB HACaJOK.

Ipubopuvl u mamepuanel: 1adopaTOpHasi yCTaHOBKA, MEPHBIN Oak, CEKYHIOMED,
ITaHT€HIIMPKYJIb, JINHEHUKA.

KpaTkue TeopeTnuecKkue cBeJIeHUsI.

Hcreuenune :KuIKOCTU U3 OTBEPCTUN SBIISIETCS OJHOW M3 BAKHEUIIUX 3a7a4
TUAPABINKH, HAJl pEIICHUEM KOTOpOM, HauuHas ¢ 17 Beka, paboTaiu BbIAAIOIMIUECS UHKE-
Hepbl U yueHble. OCHOBHOE YPaBHEHHE TUAPABIUKHU —
ypaBHeHUE bepHyIIM — ObLIIO TIOYYEHO B Pe3yJIbTaTe
OJIHOTO U3 MOJOOHBIX PEIICHHM.

—

3amaya 00 UCTEYECHUU CBOJAMUTHCS K OTpeiere-
HUIO CKOPOCTH UCTEUCHUS U PACX0JIa BHITEKAIOIIEH
xKuakocTu. Hanbosee mpocTo u TOYHO OHA peraeTcs B
ciIydae, KOTJia Harop OJMHAKOB IO BCEMY MOIMEPEYHO-
MY CCUCHHIO OTBEPCTHS.

PaccMoTpuM yIoBIeTBOPSIOMINN STOMY TPebo-
BAHUIO CITy4ail NCTEYCHUS KUJAKOCTH U3 TOPU3OHTATIb-
HOTO OTBEpCTHUS B JHE cocyna (puc. 1).

0 0

Pucvrox 6.1



CoctaBum ypaBHeHue bepHyau s 1ByX cedeHwuit: ceuenus 1-1 Ha cBoOoaHOM
IIOBEPXHOCTH JKMJIKOCTH B COCYJI€ U CEYEHUS 2-2 TI0 OTBEPCTHIO.
[Tnomanu ceyenuit o6o3naunm uepes F u f, rorma
P, 4 P V3
Zl -+ 1 —+ 1 — 22 —+ 2 —+ 2
r-9 29 r-9 29
P vy P V2
1 + 1 — 2 + 2
p,-9 2:9 p-9g 29
rae P1, P, — maBnenwne sxuakoct B ceueHusax 1-1 u 2-2, Ia;
Vi, V2 — CpeIHUE CKOPOCTH JBUKEHUS KUIKOCTEN B YKa3aHHBIX CEUCHUSX;

L — INIOTHOCTD JKUAKOCTH,
J — YCKOpPECHHEC CUJIBI TSXKCCTH.
YPaBHeHI/IG IMIOCTOAHCTBA pacxoda IJId TCX JKC CEUYCHUM JacT:
v, f
F
HOIICTaBI/IB 9TO 3HAYCHHUC B IIPCABIAYIICC YPABHCHUC ITOJIYUHUM:

nwm H +

Q=v,-F=v,-f Jorkyna VvV, =

H +

+(vZ129)-(f/F)? =L+v§/29
P9

OTKyJa

v, —v, :\/ZQ[H +(P1/p-g)—(2P2/p-g)],
1—(f/F)
IJIC U — TEOPETUYCCKAST CKOPOCTh HCTCUCHHS.
[Tnomans F >> f, mosromy B GonpmmncTBe cirydaes Beanuunoii (f / F)? MmoxHO
peHeOpeUb, YTO PABHOCHIIBHO MPEHEOPEIKEHUIO CKOPOCTHIO 01 — CKOPOCTHIO MOAX0/]1a,
MEHBIIICH M0 CPAaBHEHHUIO CO CKOPOCTBIO UCTCUCHUS 0,y , TOT/IA

vm=\/2-g.[H+ h P j
rL-9 p-0

B wactHoM ciyuae, korna P1= Py = Py, COCYI OTKPBIT U UICTEUYCHUE MPOUCXOIUT B

atMocdepy:
v, =42-9-H.

[Tocneqnee BeIpakeHUE HOCUT Ha3BaHue Gpopmysibl Topuuemu. Takum o6pazom,
MIPU UCTEUCHUM UJICATBHOM KUJIKOCTH B aTMOC(Epy U3 OTBEPCTHS B COCY/I€ C MOCTOSIH-
HBIM YPOBHEM U aTMOC(EpHBIM J1aBICHUEM Ha CBOOOIHOM TOBEPXHOCTH CKOPOCTh UCTE-
YEHUs paBHA CKOPOCTH MaJEHUs TBEPIOIO TeJla B MyCTOTE NMPU HayaJbHOW CKOPOCTH, PaB-
HOU HYJIIO, C BBICOTBI, COOTBETCTBYIOLIEH HANIOPY KUAKOCTH HaJ oTBepcTueM. [lpu ycra-
HOBHBIIEMCS TJIABHOU3MEHSIOIIEMCS IBUKEHUEM BSI3KOM (peabHOM ) KUIKOCTH ypaBHE-
Hue bepHynnu s paccmaTpuBaemMbixX ceueHuit 1-1 u 2-2 3anuceiBaeTcs B BUJIE:
z, + Py +0[1'V12 =z, + P +a2-v§
£-9 2-9 ,-9 2-9
r7e a1, a2 — ko3 dunrentsl Kopuonuca, yuuTsiBarommne HEPaBHOMEPHOCTD pacIpe-
JIEJICHUS CKOPOCTEH 10 CEYEHUSIM;

H,, — noteps Hamopa Npu BbITEKAaHUHU Yepe3 OTBEPCTUE — MOTEPsI HArlopa Ha mpe-
2

. v
OJIOJICHHE MECTHBIX conpotuBieHwid (HH, =& - 2—2, rae & — Ko3(UUIIMEHT COMPOTHUBIIE-

+H

M

HUS IPU UCTEUEHUN ).



[TpuHumaeM a1 = az = 1, TOrAa ¢ yueToM BBIIIECKA3aHHOTO yYpaBHEHUE bepHyu
IIPUHUMAET BUL:

2 2 2
2 i W M T +cj-v2,
p,-9 29 p-g 2-9 2-9
17001
2.9.[H+P1_sz_
v, —v, £-9 p-g

2
o)

2
o f
Ecnu, xak 1 B epBoM citydae, IpeHeOpeyub BeTHUNHOM (E , TO

1 P P
V, = — - 2-g-[H+ r 2]'
’ \/1+c:\/ P9 p-9
B gactHoMm ciyuae, korga P1= P2 = Py,

V():L. ZgH

J1I+E&

N3 popMyiibl crenyeT, 4To AIeUCTBUTENbHASI CKOPOCTh UCTEUEHHSI BCEI1a HECKOJIBKO
MEHBbIIIE TEOPETUYECKON. ITO OOBSICHAETCA TEM, YTO HEKOTOPAs YaCTh SHEPTUU, KOTOPOH
o0JaaeT HaXOASIIAsICS B COCYE )KUIKOCTb, 3aTPaYMBAETCA HA MTPEOJI0JICHNE BO3HUKAIO-
LIUX IPU €€ NBUKEHUN THAPABINYECKUX CONPOTUBIICHUN U HA CO3JaHUE CKOPOCTU UIET
MEHBIINN HAIOP.

1

OYKBOI ¢, MOTyUNM:
J1I+<&

O0603HaYMB MHOKHUTEITH
Vy=¢-y2-9-H,
rjae ¢ — Ko3pOUIMEHT CKOPOCTH.
CTpys IpH BBITCKAHUU Yepe3 OTBEPCTHE IMMOCTEIICHHO CYXACTCs U TIONIAb MOTe-
PCYHOTO CeUCHUs CTPYH B oTBepcTHH fy O0JbIIe TUTOIIa U MOMepeuyHOro ceueHus e€ caMo-

ro y3koro cedenus f. OTHomeHne L £ Ha3bIBaIOT KO (OULIMEHTOM CKATHUS CTPYH.
0
Pacxon ®uaKkocTu onpeaenstoT no Gpopmyie:

Q=fv,=f-0-J2-g-H.

Takkak f=¢-f;, 70 Q=¢-fyp-v, Te.

Qazg.fo.¢. [z.g.H

O003HauuB € - @ =y (1 — KO3PGUIIMEHT pacxoaa) MOTyIHUM:

Qy=u-f-y2-9-H.



Pucysok 6.2 — McTeueHune sKUIKOCTH IPU IEPEMEH-

KOB(b(l)HI_II/IGHT pacxoga u IIOKa3bIBACT, HACKOJIBKO I[GﬁCTBI/ITGJ'IBHBIﬁ pacxona XKuma-
KOCTHU Q() IMpHU UCTCYCHHUU U3 OTBCPCTUA YMCHBIIACTCS 110 CPABHCHUIO C TCOPCTUUCCKHM. B

uneanbHoM cirydae Q, = f, -4/2-9-H , T.e. npu ucredyeHnun KuIKOCTH O3 CKATHUS CTPYH.
Koaddumment p < 1 3aBUCUT I1aBHBIM 00pa3oM OT CTENEHU CKATHUs CTPYH &. Takum 00-

Qs

pazom, p=—2%=.
m

Hcmeuenue srcuokocmu npu nepemesHom Hanope
B maHHOM ciydae NBWDKEHHE JKHIKOCTH SIBJISICTCS HeycTaHoBuBIemcs. C mocra-
TOYHOU ISl IPAKTHKW CTENEHBIO TOYHOCTH MOXHO CUHTATh, YTO B KAKIbIN JTaHHBIH MO-
MEHT BPEMEHH CKOPOCTh MCTEUYCHHS OIPEICISIETCS COOTBETCTBYIOIIUM 3TOMY MOMEHTY
HarmopoM H, T.e. Tak e, Kak W MPHU YCTAaHOBUBIIEMCS ABWXEHUHU. ONpenenauM Bpems, B
TE€YEHUE KOTOPOTO KHUAKOCTh onmycTuTcs Ha H1 — H> (puc. 2).
Bo3bMeM MpoMekyTOYHOE MOJIOKEeHHEe YpoBHs ¢ HamopoMm H. 3a Bpems dt BeiTeder

o0bem xuakoct dV, paBHBIN
dV = - f,-+/2-g-H -dt.
3a Toxe Bpems dt Harop uzmenurtes Ha (- dH), Torna
dVv =-(—dH),
rae 2 — rioniaab NONepevyHoro CeYeHus pe3epryapa.
3nak (-) nepen dH yunTeiBaeT oTpuniaTenbHbIi Xapakrep npupaiienus dH npu no-
HUKEHUU YPOBHSA KUAKOCTH. [I[prpaBHHBas paBbie YAaCTH BhIPAXKEHUHN, TTOTYYUM

w-fo-/2-g-H- -dt=—02-d,

Q-dH
-y \/2 .g-H
HNuTerpupys nocnegHee BIpaXeHUE, HAauJIeM
t _ _J'Hz Q - dH

o
A1 fy-y/2-9-H _/J’ fo-v2-9
t:2~Q-(1/H1—1/H2)_

w1 fo-1/2-9

50)0%1

dt = —

H1 dH
b

OTKyJa




[Tpu NOJHOM OMOPOKHEHUU COCY/a, T.€. Koraa fH, = 0, BpeMs OJHOTO UCTEUECHUS
KHUJIKOCTU U3 COCY/a ¢ IEPBOHAYAJILHBIM HarlopoM /1 OyJieT paBHO:

(292 H,

fo-v2-9°
Eciu B 910 (hopMysIe YMHOXKHUTH YMCIUTEID K 3HAMEHATENb HA +/ H, , TO MOIy4uM:
2-0-H, 2 \ 2-V

t=

0°v2-9-H; Q, ,u-fo-»\/Z-g-Hl’
rae V — nepBoHaYaIbHBIN O6’beM JKUJIKOCTH B COCYJIE.

[Ipu onpenenenuu t BenmuunHa £ cuutanach noctossHHOW. Eciu Ob1 2 Obliia nepe-
MEHHOM BEJIMUMHOM, TO

t— J- € -dH
\/2 g Ho H
U JUIS UHTETPUPOBAHUS H€O6X0,Z[I/IMO ObL10 OB 3HaTh (PYHKIMOHAIBHYIO 3aBUCH-
MOCTb 2 = f(H).

Knaccugpurxayus omeepcmuii u nacaoox

C menpr0 yBEIMUYEHHUS PAcXoj]ia >KUIKOCTH WU W3MEHEHHUS CKOPOCTH HCTCUYCHHS,
TATBHOCTH TIOJIETa CTPYH, IPUIAHUS € MOHOJIMTHOCTH WJTU JUTS €€ pa3apoOIeHHs IprMe-
HSIOT Hacaaku. Hacamkoil Ha3pIBaeTCs KOPOTKas TpyOKa, TEPMETUUECKHA PUCOSTUHEHHAS
K KPOMKaM OTBEPCTHSI, CJIETTAHHOTO B TOHKOM cTeHKe. J[JInHa HacaJ Kku COCTaBIsIeT OOBIYHO
| = (3 — 5)- d ,rme d — HauMeHbIIMI BHYTPEHHUI quaMeTp matpyOka. Hacagku pasgensror
Ha MWIMHAPUYECKUE, KOHUYECKHUE — CXOISIIUECS U PACXOISIINECS, KOHOUATbHBIC.

Konunueckue pacxofsumecs HacaaKu XapaKTepU3yIOTCS TEM, YTO MO CPABHEHUIO C
OTBEPCTHEM B TOHKON CTCHKE W IIJIMHIPHYCCKOW HACATKONH OHU yBEIMYMUBAIOT PAcXo] U
YMEHBIAIOT CKOPOCTh MCTECUEHUS KUAKOCTH. YBEIMYEHUE pacxoaa OOBICHsICTCS Oosee
3HAYUTEIHHBIM BaKYYMOM W YMEHBIIICHUEM TPEHUS B HACaJKe, YMCHBIIICHHUE K& CKOPOCTH
UJIET 3a CUCT YBEIUUCHUS KUBOTO cedeHUS. [IpenebHbIM yIIIOM KOHYCHOCTH 5 CYUTAIOT [
= 13° T.x. IpM €ro MociueayIoIIEeM YBEIUUEHUH CTPYs OYIET OTPHIBATLECA OT BEpXHEil ua-
CTH HaCaJKH.

Konndeckue cxomsiuecs Hacaakd o00JaJar0T 3HAYUTEIBHBIM KOI(POUIIMESHTOM
pacxojia, KOTOPbIA UMEET HauOOJIbITyI0 BeMUUHY TpU S = 13°. DT0 00BACHIETCS yMEHbB-
IIICHUEM COTPOTHUBIICHUS OJIaroapsi MEHee WHTEHCUBHOMY SIBICHHUIO BOJIOBOPOTOB. YTOJ
KOHYCHOCTH [ 4acTO MPUHUMAIOT f = 5°, kak obOecreunBaronuii Hanboyiee JUIMHHYI0 U
POBHYIO CTPYIO.

KoHoupanbHple Hacaaku, UMErOIHe (popMy, COOTBETCTBYIOIIYIO OYEPTAHUIO CiKa-
TOM CTPYH, IO PacXoy SBIAIOTCS HanbOosee d3PHEKTUBHBIMU. DTH HACAJKU YBEITUYUBAIOT
[l 32 CYET yMEHBIIEHUs compoTuBiacHUsA. KoapduimeHT | B KOHOMAAIBHBIX HacaJIKax
BecbMa 0130k K equnuiie (u = 0,98).

[TpakTryeckoe MpUMEHEHNE HAcaJ 0K BecbMa BeauKo. [{umuHapuyeckne HacaaKu, B
0COOEHHOCTHM Hacaaku BEHTYpH MMEIOT IMIMPOKOE MPUMEHEHHE: KpPaHbl, TPYOOTPOBOIBI,
JUTSI TIPOITYCKa MHINEBBIX KUAKOCTESH, pabOTarOIIMe TOJHBIM ceueHueM U T.1. Konndeckue
PacXOAIINECS HACATKA MCIIOIB3YIOTCS JIJIS 3aMEJICHUS TOJa4H JKUIKOCTEH U yBeIude-
HUS pacxoj/ia BOJIbI, MCIOJIB3YIOTCS, HApUMeEpP, B ra3oBbIX ropenkax (auddy3opsi), B
TUAPOAYIIAX JUTsl OXJIAXICHUST KOHCEPBOB IMOCHe cTepuin3anui. KoHnaeckne cxoasime-
Csl HACAJIKM TIPUMEHSIOTCS B TeX CIIydasxX, KOTJa TpeOyeTcs JAbHOCTh BbUIETA CTPYH U
cuiia yaapa (MO€YHbIE MalTUHBI, KOHIUTEPCKUE TIIPHUITHI, J03aTOPhl, KOH(DY30phI). KoHO-



ualbHble HACAJKHU BBIIIOJHEHHBIE MO (JOpPME CTPYH, UCKIIIOUYAIOT €€ CXKaTHEe U CBOIAT K
MUHHMMYMY BC€ IIOTE€PU DHEPIUU B CTPYE BBITEKAIOLIEH KUAKOCTH, IPUMEHAIOTCA B MaKa-
POHHBIX IIpeccax.

e = p = w =
o,71 0,94
- Ll
T T
B=13°
_ g =
g =
H gy
045 =
0.97
- -
T T
p=7°

PucyHok 6.3 — CxeMbl pa3au4yHbIX BUJOB HACATOK
Onucanne J1a00PATOPHOH YCTAHOBKH

JlabopaTopHas ycTaHOBKa (PHUCYHOK 6.4) COCTOUT U3 €MKOCTH | C BBApEHHBIMU B
HEe pa3IMYHbIMU HacaakaMmu 2. B emkocTh 1 3aiiMBaeTcs )KUJIKOCTh, HOCTOSIHHBIN YPOBEHb
KOTOPOH TOJIJIEP>KUBACTCS C TIOMOIIBIO MEPETUBHON TPyOKH 3, TpyOompoBoaa 4 U IUPKY-
JSMOHHOTO Hacoca 5. HeoOxoauMas mpon3BOAUTENHHOCTD HACOCA, MCKITIOYAIOIIast TIpe-
JIUBBI U CHIDKEHUE YPOBHSI )KUIKOCTH B cocyie 1 perynupyercs kpaHamu 7, 8.

IHopsiok mpoBeaeHust JIA0OPATOPHOH PadOTHI

1. N3mepsieM BBICOTY YPOBHS KUAKOCTH B eMKOcTH H Hax neHTpoM Hacanka;
2. OTkpBIB IpOOKY Hacaaka 9, usmepsieM NeUCTBUTENbHBINA PACXO JKUJIKOCTHU C
\%

MIOMOIIbI0 MEPHOTO OavKa 6 U CEKyHIOMepa Q, = —, m/c.
T

3. OmnpenensieM TEOPETUUECKYIO CKOPOCTh UCTEUEHHUS )KUJIKOCTU U3 pacCMaTpu-
BaeMoM Hacajaku 1o popmyne V, =+/2-9-H ;



Pucynox 6.4 — Cxema 1a00paTopHON YCTAaHOBKH.

4, OrnpenersieM TeOPETUIECKUI PacXo KUIKOCTH 1Mo popmyne Q =v, - f,,
2
rae f, = z-d” IJIOIA/Ib MIOTIEPEYHOI0 CEUCHUS HACAIKHU;
d — nmaMeTp BBIXOJTHOTO CEUCHHMSI HACAKH, M.
5. JJ1s Kask0ro OmbITa BRIUUCIsIEM KOd(h(PUIIMEHT pacxona i = Q. .
m
6. CpaBHuBaeM MeXIy cOOOI OMBITHbIC 3HAYEHUS BEJIMUUH ( CO 3HAUCHUSIMHU [
MIPUBEICHHBIMU B JIUTEPATYPE JIJIs1 AaHAJTIOTMYHBIX HACAJIOK.
1. OnpenensitoTcst NOTPEIHOCTY U3MEPEHUN 1 B Y% U AENa0TCS BBIBOJBI 00 MX
MPUYNHAX;
8. JlaHHbIE 3aMEPOB U PACUETOB CBOJIAT B Taduiry 6.1.
Ta6nuna 6.1 — [IpoToK0JI UCTIBITAHMIA.
N
B
I——
/
S
No N3MepeHHbIE 1 BbIUKC- O6o0- Paz- Bun nacagku
n/m JICHHBIC BEJIMUUHBI 3Haye- | Mep- = = =
— HOCTD OHHYE- oHuue- | I{unmH- o-
CKada CKasda Apuyc- HO-
CyXar- | paclu- cKas uaan
nrasacAa pAromas- bHasA
Ccia
N3mepeHHbIe BETUYNHBI
1 BricoTa ypoBHS KHAKOCTH H M
B HAIIOPHOM 0ake
2 BricoTa ypoBHS KHIKOCTH h M
B MEpHOM 0Oake
3 Pa3smepbl mepHOro 6akaB | axb M
TJIaHe
4 JnameTtp orBepcTUA d M
HACaJIKu




5 Bpewmsi, 3a koTopoe u3me- T c
pseTCs Pacxoy
Brluncnennble BeIMUNHBI

6 O06BEM KHUAKOCTU B MEP- V M

HOM Oake
7 J1eNCTBUTENBHBIN pacxo/] V M

KUTKOCTH Q = ; o
8 [Tnomanas monepeyHoro fo M2

CCUYCHMS OTBEPCTHS
HacajKa
9 TeopeTudeckast CKOPOCTh V; M
MCTCUCHUS KHUJIKOCTH c

10 TeopeTuueckuii pacxo,y Qr w

HKUJTKOCTH .
11 Koaddumment pacxona Q, -

NeHCTBUTENbHBIH Hy = Q_
m
12 Koadduument pacxoaa y7 - 0,94 0,45 0,71 0,98
TEOPETHUECKHIA i
13 OTtHOCHUTENbHAs MTOrpell- A %
HOCTB

KoHTpoJibHBIE BOIIPOCHI:

1. Yrto Ha3bIBaeTCs CTallMOHAPHBIM MOTOKOM? YeM OH OTIMYaeTcs OT HeCTalu-
OHApPHOI0 MOTOKa?

2.  Yrto moHUMAIOT NOJ ypaBHEHHEM Hepa3pblBHOCTH? Ha kakux nomymieHusx
OCHOBAH JIOTHYECKHI BBIBOJI 3TOTO YpaBHEHUA?

3. Yewm oTiiMUarOTCA ypaBHEHUS! bepHyIuM 11 peaabHON U HICATbHON KUJIKO-
cren?

4, KakoB ¢pusnueckuii cmbicn kordduirenta ckopoct ¢? Kak ero onpenens-
10T?

S. Kak onpenensiercs koaduireHT pacxoa L 1 ero Gpu3n4ecKuii CMbICI?

6. Yro Ha3biBaeTcsa Hacaakon? Kakue ObIBatOT HACaAKU U JJI YEro UX UCHOJb-
3YIOT (JaTh XapaKTEPUCTUKY KaKIOMY TUITY HACaJ0K)?

7. Kak onpenensitor BpeMsi HCTEYEHUS U3 HaCaJOK IIPU IEPEMEHHOM HaIope
KUIAKOCTH?

8. B xaxom o6opynoBanuu oOIenuTa HAIUIA TPUMEHEHUE PA3THYHbBIE THITHI

HacaJIokK?




Jlaboparopnas padota Ne 9

Tema: MccnenoBanue mpoIeccoB MJIaMOBOTO U 3aKYyOPOYHOTO (PUIIh-
TPOBaHUs C 00pa30BAHUEM C)KUMAEMBIX U HEC)KMMAEMBIX OCaJIKOB

L]env pabomur: 1. U3yuuTs iporieccoB (PriIbTpOBAHUS;
2. [IpoustocTpupoBaTh YCIOBHS MEpEXoa MUITaMOBOTO (PUIBTPOBa-
HUS B 3aKyIIOPOYHOE U 00OpPaTHO
3. N3yuuTh 3aKOHOMEPHOCTEN (PUIBTPALMOHHBIX TEUYEHUI C HECIKHU-
MaEMBIM U C)KMMAEMbIM OCaIKOM.
4. N3yuuts paboTy camopasrpyxaromieics GpuiabTpyrouieil LeHTpu-
byru.
5. U3yunth 0COOEHHOCTH KOHCTPYUPOBAHUS 3aKyIIOPOYHOTO (PUIBTPA
JUIs (pUITBTPOBAHUS BOBI.
Ipubopuvl u mamepuanel: 1a0OpaTOpHAsk yCTAHOBKA, pacXxo10Mep, AaTYUK JaBiie-
HUI, TaTYUK MACChl, KOMIIBIOTEP.

KpaTKne TCOPETHYECCKUE CBCACHUSA

OuiabTpOBaHWE — ATO MPOIECC Pa3/ICNICHUs] HEOAHOPOJHBIX CHUCTEM C TBEPAOU
nucriepcHo ¢azoil (cycneH3ui u mblied), OCHOBaHHBIN Ha 3aJiep>KaHUU TBEPABIX ya-
CTHII IOPUCTHIMU MIEPETOPOIKAMHU.

[IInaMmoBOEe M 3aKymopo4YHOE (PUIBTPOBAHUE — JBE OCHOBHBIE I'PYIIIbI, HA KOTOPHIE
paszensioT npoiiecchl GuiabTpoBaHus. B mporeccax mepBoi rpymnibl OCHOBHOE (UIBTPO-
BaHME MPOUCXOJUT Ha IIJIaME, OTJOXKUBIIEMCS TMOBEpX (UIBTPYIOIIETO MaTepuaa.
VYeThsa nop GuIBTPYIOMIETo MaTepHalia IpU ATOM MEPEKPHIBAIOTCS YaCTUIIAMH JUCTIEPC-
HOI ¢a3bl, M UX CIOM HapacTaeT B mpoiiecce GpuibTpoBanusa. [lo mepe ero HapacTaHus
VBEJIMYMBACTCS TaKXKe M compoTuBieHue ¢uiabTpa. Hammuue B PunmbTpyemoii cycreH-
3UM KOAryJIUpPYIOIIUX U NENTU3UPYIOIINX BEIIECTB MOXKET BO MHOIO Pa3 yBEIUYUTh CO-
npoTtuBiieHue ocaaka. [llnamoBoe QuibTpoBaHue peanuszyercss IJs MaJOBSI3KUX >KUI-
KOCTEeH, coaeprKaumx OOJbIIOe KOJMYECTBO B3BEIICHHBIX 4YacTHll. B 3Tom ciywae cioi
[UIaMa Ha MOBEPXHOCTH (PUIBTPYIOIIEro Marepuaina ObICTpo HapactaeT. B Hauane mpo-
1ecca, Korjaa cjioi puinbTpaTa HeBEIHUK, HAOJIIOAAeTCsl MPOCKOK YacTull yepe3 QuibTp.

3akyrnopouHoe puIbTpOBaHUE peaTU3yeTCs MPU MaJOM pa3Mepe YacTHIl U UX He-
OOJIBIIIOM KOJMYECTBE. B CBS3M ¢ MajbIM KOJMYECTBOM YACTHUI] IIJIAaM Ha TTOBEPXHOCTH
GuIpTpyIOIIEero Marepuansa He o0pa3yeTcss B TEUEHHUE IJUTEIBHOTO BpeMeHU. B aTom
ciydae eIMHCTBEHHO d(PPEKTUBHBIM SIBISICTCS 3aJIep)KUBAHUE YACTHI] BHYTPU TOP (PHITb-
TPYIOLIEro MaTepuana.

3adactyio peaau3yeTcsi KOMOMHUPOBAHHOE TPOTEKAHWE U IUIAMOBOTO M 3aKYIIO-
POYHOTO (DUILTPOBAHUSI.

MakcumanbHBINA pa3Mep YacTHUIl, KOTOPbIE IPOXOIAT uepe3 PuibTp, HE 3a/1ep KuBa-
SICh, Ha3bIBACTCS IOPOTOM (DUITETPOBAHMUSI.

B pacuerax ¢unbTpoBaHUS ONpEAENsieTCs] MPOU3BOIUTEILHOCTh (DUILTPOBAHUS B
3aBUCHUMOCTH OT BIHUAKONMX Ha Hee ¢aktopoB. CkopocTh ¢uiabTpoBanus (Q) paccuu-

TBIBA€TCS KaK OOBEMHBIM PacXoJ KUJIKOCTH — Yepe3 eauHuIly noBepxHoctu (F) duib-
T



Tpa:
o vV 1
T F
[lepenan napnenuit Ha GuiabTpe AP MOXET pacCUMTBIBATHCA 1O OJHOM U3 TPEX IMPH-

BCIACHHEBIX OAaJICC q)OpMy.]'I B 3aBUCHUMOCTH OT YCJIOBI/Iﬁ TCUCHMHS.

2
l%% — o1 mpybonposooos,
A-L-u
AP — V. 3 — 01 nopucmvlx Quibmpos,

\% -:—2-(/1~L+/106 L,,) — ona gurempos co

COHCUMAEMBIM OC‘aaKOM,

rae V — CKOpoCTh TEUCHUS KUIKOCTH, M/C;

L — nnuHa TpyOGonpoBo/ia Uik (PUIBTPOBAIBHOM MEPETOPOJIKH, M;

d — muamerp TpyOOIPOBOIA WU IO HUITBTPA, M;

p — IJIOTHOCTH (PUIBTPYEMOI KUIKOCTH, KI/MS;

I — IMHAMUYECKas BSI3KOCTh (priibTpyemoit cpenpl, [1ac;

A — koadunment tpenus Hapcu.

B sTom BhIpaxenuu mnpousBeaeHue (AL) mpencTaBieHO CyMMOW COOTBETCTBY-
IOIMX MTPOU3BEICHUHN NIl YUCTOM (DUIBTPYIOIIEH MEPErOpoaKU U OCajJiKa Ha HEH, JIJIs KO-
TOPOr0 COOTBETCTBYIOIINE BEIMUYMHBI 0003HAYEHBI MHIEKCOM «OC». DTO COOTBETCTBYET
MPEACTABICHUIO CYMMAapHOTO COMPOTUBJICHUS (PUIIBTpa ¢ OCAJIKOM Ha HEM B BHJIE TIOCIIE-
JOBATEJIbHO COETMHEHHBIX COITPOTUBIICHUMN MEPErOPOIKU U OCAIKA.

Ecnu ocanok cxxumaercst moj ACHMCTBUEM MEPENajia IaBJICHUN HA HEM, 3TO YUUTbI-
BAETCS 3aBUCHUMOCTBIO Aoc = Aoco’(AP)", B KOTOPO# N — MmoKazaTenb COKMMAEMOCTH OCaJIKa.
Ecnu 10T mokazarens HE paBeH HYJIIO, COMPOTUBIECHUE OCAJIKa YBEITUUMBACTCS C yBEIH-
YeHHUEM Tepenaja JaBjieHui Ha (UIBTPE CO IUIAMOM M MOXKET JOCTUYh BEChbMa OOJIBIINX
BEJIMYMH, BIUIOTH JI0 MTOJTHOTO 3aKyNOPUBAHUS (PUIIBTPA.

3akynopodHoe GUIBTPOBAHUE MPOUCXOAUT JUOO JO TOJHOTO 3aKyMOPHUBAHUS
(UIBTPYIOIIETO 3JIEMEHTA 0CaJAKOM, JIMOO 0 YMEHBIIEHUS pacxoa GuiabTpara uepes He-
IO Ha 3a/IaHHYIO BEJINYUHY.

[TpencraBuM, YTO (QHIBTP COCTOMT M3 KaNWUIAPOB HAa4YaJIbHOTO auamerpa O, u

JUIMHOM L, KoTOpbIe uepe3 MHTEepBaJl BPEMEHH T YMEHBIIIAIOTCS 38 CUET OTJIOKEHHUS Ha UX
cTeHKax ocajka jo auamerpa d. TonmumHa cros ocajgka paBHA Ar — M. Ecnu uncio
KaIlWUISIPOB PAaBHO Z, U uepe3 GuibTp mpormien ¢umibTpatr oobemom dW mnpu KoHIIEHTpa-
1uu TBepAbIX yacTul C B HEM, TO UMEET MECTO OajlaHC 00beMa ocasika B BUJIE:
dW-C=-2-m-r-L-dr.

3HaK MHUHYC B IIPAaBO 4acTH O3HAYaeT, 4YTO YMEHBUIEHUE I IPUBOJIUT K yBeJIHYe-
HUIO0 00BeMa OTIoXKUBIIErocst ocaaka W.

[IpouHTErprpyeM 3TO ypaBHEHHE MO BPEMEHH PACCMATPUBAEMOIO IMPOLECCA, YTO
COOTBETCTBYET MHTETPUPOBAHUIO JIEBOM 4acTu oT Hyjs g0 Wi, a mpaBoil — OT 1o A0 I1,
[Tomyunm:



Wl rl

JC-dW =—-2-m-L- [r-dr;

0} r,

W1-C=7-c-L-(r§—r12 leL'L-(roz—rlZ)
C

CkopocTts (V) IBIWKEHUS KUIAKOCTH B KaNMIUISPax CBsA3aHA C MEPErnaaoM JaBICHUS
(AP), ux pasmepom (D) u Bsi3kocThio (U ) 3aKoHOM [lyaseiins:
_ AP.d? AP.r?
- 32-p-L 8-p-L°

U3 yparenus [lyaseiins ciaemyer, 94to B MOMEHT Havana Quistposanus (I, V)

¥ B IPOM3BOJIbHBIA MOMEHT (I}, V] ) IMEIOT MECTO COOTHONICHHUS:

2 L 2 L
rs=8-V,-u-—; B =8-V,-n-—.
o o M AP 1 1 U AP
C y4eToM 3TUX COOTHOIIIEHUH BhIpakeHue it W1 mpuMeT BUI:
8-m-u- L2
1= (Vo - Vl)'
C-AP

Ecnu ¢punsTpoBanue Benercs A0 ModHOM 3akynopkH, To V1=0, r,=0. Torma
2 2
-TT- . AP-r
W:M-VO, Vo =— 0
C-AP 8-u-L
mL Lz
F.-C’

MakcumainbHoe KommdecTBO (Guibtpata  (Q-7T) o = Q- Tyax» KOTOPOE MOXKET

W = -rng-L f:n-rg.

OBITH MPOIMYIIEHO Yepe3 PMIbTP MPHU 3aKYNMOPOYHOM (UIBTPOBAHHUH, PABHO 00BEMY TOP

(W,), neneHHoMy Ha 00beMHOE cojiepkaHue ocajka B sxuakoctu (C):

wW
Q'Tmax'CZWn’ Q'TmaXZFH’

rae Q — 00beMHEBIN Pacxo CyCHEeH3HH, M2/C;
Tmax — BpeMsi pabOThI pUIIbTpA, C;
C - KOHLEHTpauys TBEPAOH (ha3bl B CyCIIEH3HH, KI/M°,

st 3aKkynopo4yHoro (puiabTpoBaHUS BaKeH BBIOOP QuuibTpytroiiero marepuaina. OH
JOJHKEH UMETh TaKue MOTIepeYHbIe Pa3Mephl TIOp, KOTOPBIE COTIACYIOTCS ¢ pa3MepaMH 3a-
JICP’)KUBACMBIX YacTHIl. BakeH Takke MPaBUIIbHBIN BHIOOP 00bEMOB (PHIIBTPYIOIIETO Ma-
Tepuaa, 3aHsAThIX COOTBETCTBYIOIMMH mopamu. [losicHuM 370.

Ecnmu B kadectBe (puiubTpyromero marepuaia B3STh MEJIKOMOPHUCTYIO TIACTHUHY,
pasMep TMop KOTOPOM MEHbBIIE pa3MEPOB BCEX 3aJCPKMBAEMBIX YACTHIl, TaKOU (PHIBTP
Oynet pabotath d(pdexTuBHO, HO HE A0ATO. KpymHBIE YacTUIBI OTHOCHUTEIHLHO OBICTPO
3aKyMOPSAT MEPBHIN MO X0ay (PrIbTpaTa Ccioi mop, U pacxoa yepe3 GUIbTP HEAOMYCTUMO
CHUBWUTCS BIUIOTH JI0 TOJIHOTO 3aKyMoOpuBaHUA. bosee TiiyOOKO pacrojoKEeHHBIE CIIOH
GUIBTPYIONMIETO MaTepHalia OCTAHYTCS HE3aMOTHEHHBIMA (UIBTPYEMBIMU YaCTHIIAMHU.
OTOT TOBOPUT O TOM, YTO (UIIBTPYIOIIUNA MaTepHall JAOHKEH CIEeUUaTbHO KOHCTPYHUPO-
BaTbCA [l GUIBTPOBAHUSI KOHKPETHBIX CYCIICH3UH.

OuIbTpyIOUIMI MaTeprall JOJKEH UMETh MOpPHI, MOMEPEUYHbIE pa3Mephl KOTOPHIX
yMeHbIIatoTcsa no xoay (uubrparta. [Ipu 3TomM OoJjiee MeNKKHe YacTHUIIbl 3aJCPKUBAOTCS



6onee TITyO0KO PacTOI0KEHHBIMU TTOPAMH.

Onucanue IKCNEPUMEHTAIBLHON YCTAHOBKH

OKCnepUMEHTAJIbHASI YCTAHOBKA COCTOMUT U3 OTJEIbHBIX OJIOKOB, BKIIFOUAOIIUX:
WUTIOCTPAIlMM [IJIAMOBOTO M 3aKyMOPOYHOTO (UIBTPOBAHMS, H3YyUYEHUS CKHUMAEMOCTH
ocajika; camopasrpyaromeiics GuIbTpyrome neHTpudyru; GUIBTPOB Pa3IUIHON MPO-
HULAEMOCTH ISl OYMCTKHU BOJIbI. BIIOKM yCTaHOBKM JEHCTBYIOT HE3aBUCUMO JIPYT OT JIPY-
ra. [I[pyHuMnuaneHas cxema yCTaHOBKM IIPE/ICTaBlIEHa HAa pUCYHKe 7.1

1. biok nutrocTpanuu naMoBOro M 3aKyrnopoyHoro GuiabTPOBAHUS COCTOUT U3
JBYX CTEKJISIHHBIX HUWIMHAPOB C MephOpUpPOBAHHOMN MEPEropoJIKOW M 3aCIOHKOU MEXIY
HUMH. B HIJKHEM CTEKJISIHHOM LWJIMHJIPE HAXOIATCS KPYMHbIE MIAPUKH, UMUTHPYIOIIHE
KpPYIHOIIOPUCTYIO (PUIIBTPYIOLLYIO cpey. B BepxHeM — OoJiee MeNKue MmiIacTMaccoBbIE Ya-
ctuubl. [Ipu OTKphIBaHUH 3aCTIOHKH MEJIKHUE YACTHUIIBI MaJIbIM IOTOKOM MONAJAl0T HA UMU-
TaTop QUIBTPYIOIIEH Cpelibl U (PUIBTPYIOTCS B HEM 3aKyHNOPOUYHBIM CIIOCOOOM, T.€. IpPO-
XOJAT Ha OOJbLIYIO TIyOWHY A0 T€X MOp, MOKa HE MCHOJb3YETCA BCS €EMKOCTh (DUIBTPY-
forero cnos. [Tocne 3Toro Menkue 4acTUIlbl COOMPAOTCS HA TTOBEPXHOCTH (DUITBTPYIOILIE-
ro cios. [ToBepHyB 0siok Ha 180° mpu OTKPHITOIN 3aCIIOHKE, BOCCTAHABIMBAIOT UCXOIHOE
coctosiHue Os10Ka. [Ipyu OTKphIBaHMU 3aCIIOHKU Cpa3y Ha OOJBUIYIO BEIUYHHY, UMUTHPYIOT
MOCTYIJIEHUE Ha PUIBTPYIOIINI CI0M BRICOKOKOHILIEHTPUPOBAHHOU cycrieH3uu. [Ipu atom
MaJjioe KOJMYECTBO YACTHI] MPOXOAUT B (PUIIBTPYIOIIUNA CJIOM, & OCHOBHOE UX KOJMYECTBO
oOpa3yeT LulaM U 3aJIep>KUBAETCA Ha MOBEPXHOCTU (uibTpyromero cios. McxonHoe co-
CTOsSIHUE OJIOK BOCCTaHABIMBAETCs MOBOpOTOM Ha 180°

2. bnok u3ydeHus cKMMaeMOCTH OCaJlKa BKJIIOYAET IMPECTaBIseT cOOON aBTO-
HOMHYIO CUCTEMY MOJA4M BOJBI JUIS ITPOJIMBKU IKCIIEPUMEHTAIBHBIX KIOBET B BHJIE IIPO-
3payHbIX NaTpyOKoB. KIOBEeThl MOAKIIOYAIOTCS K CHCTEME MUTAHMUSA BOAOW MOOYEPEIHO.
N3mepstoTcss MX HAOPHO-PACXOAHBIE XapAaKTEPUCTUKH. Pacxon >KMIKOCTH H3MepseTcs
BECOBBIM CIIOc000M. M3Mepsst ¢ MOMOIIBI0 KOMIIBIOTEPA MAcCy COCy/a C BOAOW, CIUBAIO-
HIeiics B HEE U3 U3MEPUTEIbHON KIOBEThI, IEPECUUTHIBAIOT €€ YUCICHHBIM TudepeHim-
poBaHuEM B pacxoi. s miumocTpauuy CKUMAaEMOCTH OCaJKa U BIMSAHHS C)KUMAEMOCTHU
Ha pacxoj BOJbI B KIOBETY MEXAY JABYX Mep(OpUpPOBAHHBIX MEPETOPOAOK 3aChINAH CIOU
pe3nHoBOM Kpowku. [Ipu onpenesieHMM HaNOPHO-PACXOJHOM XAapAaKTEPUCTUKHU ITOM KO-
BETHl BUJIHO, YTO PAacXoj BOJIbl YMEHBIIAETCS C YBEIMYEHUEM Iepernaja JaBlIeHUuH. ITo
0O0BSCHSIETCS C)KUMAEMOCTBIO ocazika. B mpoiiecce skcrniepuMeHTa o mikajie, HAaHeCEeHHON
Ha KIOBETYy, BU3yaJIbHO HaONIONAIOT ckaTtue ocaaka. [lociie okoH4aHHsA 3KCHEpUMEHTa
OCAJIOK BBITAJIKMBAETCS KO BXOJY KIOBETHI LIOMIIOJIOM; MPU 3TOM OH BOCCTaHABIMBAET
CBOM CBONMCTBa. [l WIUTIOCTpalMU TEYEHUS! 4Yepe3 HECIKUMAEMbIE CpEIbl MPOIMBAETCS
BTOpasi KIOBETA C HEC)KUMAEMBIM OCAJKOM (IIECKOM).

3. Camopasrpyxatomascs puiabTpyromias neHrpudyra aeMOHCTpUPYET (HHITb-
TpPOBaHUE Yepe3 Bpallarolieecss KOHMYECKOe CUTO C BEIOPOCOM OcCajKa Mo ero KOHMYECKOH
MOBEPXHOCTH 32 CUET HEHTPOOEKHBIX CHIL.

4, biiok ¢puabTpoB A1t OUMCTKHU BOABI MPEJICTABISIET COOOM TPH MOCIEI0Ba-
TEJLHO COeAMHEHHbIE (DUIIBTPA PA3IMUYHON NMpoHUIlaeMocTH. B maboparopHoii pabote
OMPENESAI0TCS 3aBUCUMOCTH CTENEHN OYUCTKU BOJIbI OT AMAMETpa Mop GUIbTPYIOIIMX
AIIEMEHTOB (KapTPUIKEH ), OT eMKOCTH (PUIIBTPOB, OT MEPENAA0B JIaBlIeHUs Ha QUIbTpax u
OT pacxojia Bojbl. JlenaroTcst BBIBOJIBI O HEOOXOAMMOCTH COTJIACOBAHUSI IOPUCTOCTH (PHIIb-



TPOB U pa3MepoB QUIBTPYEMBIX YACTHII U3 YCIOBUS PALIMOHAIIBHOTO 3aMIOJHEHHS 00beMa
(¢ubTpa YacTULAMHU, T.€. U3 YCIOBHUS MOBBILLEHUS €70 EMKOCTH.

HOpSIIlOK BBINIOJIHCHU A paﬁoTbl

PaboThl ¢ 0j0KaMU WJUTIOCTPALMK IIJIAMOBOTO M 3aKyMOPOYHOTO (PMIIBTPOBAHUSA U
camopasrpyskaronieiicss ueHTpudyru He TpeOyIT U3MEPEHUH U OTpaHWYUBAIOTCS BU3Y-
aNbHBIMUA HaOMoneHUsIMU. PaboTa ¢ 0J0KOM M3Yy4YEeHHS C)KUMAaEMOCTH OCaJKa 3aKJII0YaeT-
Csl B CO3/IaHMM C TIOMOIIBI0O HACOCA PA3JIMYHBIX JABJICHUM HaJ (QUIBTPYIOUIUM CIOEM B
OJIHOM M BTOPOM KIOBETaX U U3MEPEHUH Ha KOMIIBIOTEPE PacX0/1a BOIbI

Ta6nuna 7.1 — IIpoTOKOJ UCTIBITAHUM.

HaumenoBanue napameTpoB Howmep dunbTpa
1 2 3

1. laBnenue Ha Bxonae guibtpa P, 6ap
2. llepenan naBnenwnii AP, 6ap

3. Macca Bojsl, npoureamieit 3a 10 ¢, kr
4. Pacxon Boawl G, Kr/c

5. Koaddumment pacxona p
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Pucynok 7.1 - IlpuHIMnuanbHas cxeMa yCTaHOBKHU:

1 — 670K WILTIOCTPAIIMY TUTAMOBOTO U 3aKyTIOPOYHOTO (DUILTpOBaHUS; 2 — OJI0K
M3YYEHHUS CKUMAEMOCTH 0cajka; 3 — OJI0K camopasrpyskaroieics: GuibTpyroen
neHTpudyru; 4 — 6JI0K BOASHBIX QUIBTPOB; 5 — Oak ¢ BOAOH; 6 — HAacoC;

[ — TUIPOAKKYMYJIATOP; 8 — KIOBETA C HEC)KMMAEMBIM OCaJKOM; 9 — KtoBeTa co
CKUMaeMbIM ocakoMm; 10 — MepHast eMmkocTh BoJibl; 11 — Bechl

O0padoTKa IKCIIEPUMEHTAJIBHBIX TaHHBIX

Pe3ynbrarhl H3MEepEeHN MOTYT 3aHOCHUTHCS B TaOJIMIIE MM HEMOCPEACTBEHHO 00pa-
0aThIBaThCSI KOMIIBIOTEPOM. B pesynbrare 00paboTKu 10KeH ObITh ToTydeH Koddduim-
€HT pacxo/ia KIOBETHl M €r0 3HAYCHUS JODKHBI CPAaBHUBATHCS IJIS PA3IUYHBIX KIOBET. [1o
JaHHBIM 3THX CPAaBHEHUH JENAeTCs BBIBOJ O PEaTU3yeMbIX MEXaHU3MaxX (PUIbTPOBAHUS.



Koaddumment pacxona onpenemnsercs mo Gopmyiie:
G

F.\/2-10%.p-AP
rne F — miomaas HAMMEHBITIETO MPOXOIHOTO CEUSHUS KIOBETHI, M
AP — nepenan naBieHuid Ha JaHHOM MIPOXOTHOM CEUCHHH, Oap;
10° — mepeBOA MHULL U3MEPEHNUS aBjeHus u3 0ap B Ila.

Pa6ora ¢ 610kOM (DUIBTPOB OYUCTKH BOJIBI 3aKITFOYACTCS B pacueTe MacCOBOM CKO-
poctu QuiIbTpoBaHus U KoddduimeHTa pacxoa Bcex Tpex ¢puiabTpoB. OOpalaercst BHU-
MaHHE Ha pa3udus [BETa KapTpUKeH GUIBTPOB, YTO CBSI3aHO C CYMMAapHBIM KOJIHYe-
CTBOM YaCTHII, 3a/ICPKaHHBIX MU OT Havyaia dKCIuTyaTanuu. V3 3TUX MaHHBIX JeIaeTCs
BBIBOJ] O COOTHOIIICHUH Pa3MEPOB YaCTHIl B (GPUIBTPYEMOM BOJC U MOP B KapTPUKAX
GbuIBLTPOB.

M:

2.

KOHTpOJIbHLIe BOIIPOCHI

1. Kakue HeoTHOPOAHBIE CUCTEMBI Pa3JIENSIFOTCS (PUIBTPOBAHUEM?

2. Kakue Mepbl IPUMEHSIOTCS 17151 yBeTu4eHUs 3P (PEeKTUBHOCTU GUIBTPOBAHUS?

3. Kakoii cioco6 pa3zzaeneHust HEOJHOPOIHBIX CUCTEM pPEealIn3yeTCsl B caMopasrpy-
xaromencs GunpTpyronieit neHrpudyre?

5. Kak paccuutsiBaeTcst 00beMHasi CKOPOCTh (PMIIBTPOBAHUS?

6. UeM pa3nnyaroTcs IIJIaMOBOE U 3aKyIIOPOYHOE (PUIBTPOBAaHUE?

7. Bo3MOHO 711 pereneprupoBaHue (puiabTpa, oTpabOTABIIErO B 3aKyIIOPOUYHOM pe-
xume?

8. JlaTb cpaBHUTEIBHYIO OLEHKY 3((PEeKTUBHOCTH (UIBTPOBAHMS B (PUIBTpax U
(GUABTPYIOIUX HEHTPUPYTAX?

9. Onucatp 1a00PaTOPHYIO YCTAHOBKY M MPUHITUII €€ JEHCTBUS.
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PexoMeHnayemasi JiuTEPaTypa H HHTEPHET - PeCypChl:

OcHoBHasi iMTEpaTypa:

. IIporeccrl u anmapaTsl MUMIEBBIX MPou3BoACTB [Tekcer] : yuebnuk / A. H. Octpukos [u 1p.]; pen.

A. H. Octpuxos. - CII0. : TUOP/, 2012. - 616 c.

AnekceeB, I'. B. BupryanpHbiii mabopaTopHblii TpakTUKyM 1o Kypcy "lIporiecchl u anmapatbl
nuieBbix mpou3BoacTB” [Teker] : yuebd. mocobue / I'. B. Anekcees, U. U. bpunenko, H. U. Jly-
kuH. - CII0.: "JIans", 2011. - 144 c.

JlonoJIHUTeIbHAS JTUTepaTypa

[Ipomecchl W ammapaThl NMUIIEBBIX MPOU3BOJCTB: ydeOHOe mocodue/ A. ®@. AnanskoB - PocroB
u/J1: ®enukc, 2008.

Pacuer 1 KOHCTpyHpOBaHME MAIlIMH U allapaToB MUIIEBBIX MPOU3BOACTB [TekcT] : yueOHuK / A.
H. Octpukos [u ap.]. - CII6. : U3n-Bo PAIIIL, 2009. - 408 c.

HNuTepHeT-pecypesbi:

DOnekTpoHHO-0ubnmoreyHas cucrema [PRbooks

DnekTpoHHas OMOIMOTEeYHAs cUCTeMa «Y HUBepCUTeTCKass oubmmoreka on-liney
O1eKTpOHHO-0MOaoTeYHast cuctema JlaHb



MUHHUCTEPCTBO HAVKU U BBICILLIET'O OBPA3SOBAHUS POCCUMCKOM OEJIEPALINN
denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa3oBaTeIbHOE YUPEKICHHE
BBICIIET0 00pa30BaHUs
«CEBEPO-KABKA3CKUH ®EJEPAJIbHBIA YHUBEPCUTET»
[Taruropckuit uactutyt (punuan) CKOY

MeTtoauyeckue yKazaHus
110 OPraHU3alUK U TTPOBEACHUIO CAMOCTOSITSIIBHON PaboThI
no aucturuimne: «IIporeccsl u anmapaThl MUIIEBBIX TPOU3BOICTBY IS CTYIECHTOB
HarpaBieHus: noarotoku 19.03.04 TexHonorust npoaAyKUUU U OpraHu3aius
OOIECTBEHHOTO MUTAHUS
HampaBlIeHHOCTH (poduiib) TexXHOMOTHS U OpraHU3alKs PECTOPAHHOTO Jela

[Taruropck, 2026 r.
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BBenenune

Metoanueckue yKa3aHus M 3aJaHus JUIsl BBIIOJIHEHHSI CAMOCTOSATEIBHOM pabOThl CTYIEHTAMHU 110
mucturinHe «lIporecchl U anmapaThl MUIIEBBIX MTPOM3BOJCTBY M0 HANPABICHUIO TOATOTOBKK Oakaias-
poB: 19.03.04 TexHoMOTHSI MPOAYKIIUU U OPraHU3AIUS OOIIECTBEHHOTO MTUTAHUS.

Meroauueckoe mocoOue COAEPKUT BECh HEOOXOAMMBIM MaTepuail Ul BBIOJHEHUS CaMOCTOS-
TeNbHOM padoThl o aucuuiunHe «IIporecchl u anmapaTsl MUIIEBBIX TPOU3BOJICTB.

B maHHBIX METOIMYECKMX yKa3aHHSX MPHUBEICHBI TEMbI H BOIPOCH! ISl CAMOCTOSITEIEHOTO U3Y-
YEHUSI.



1.001mas xapaKkTepucTHKA CaMOCTOSITeIbHOI padoThl CTyIeHTa

CamoctosiTenpHast paboTa — 3TO BHJ Y4€OHOU JESATEILHOCTH, BBIMOTHICMBIN ydanmcs 0e3 Hero-
CPEACTBEHHOI'0 KOHTAaKTa C MPErnoAaBaTesIeM WIM YIpPaBisieMblil MpernojaBaTeieM OINOCPEJOBAHO Yepes3
CrelMalbHbIE yuyeOHble MaTepualibl, HEOTheMiIeMoe 00s3aTelIbHOe 3BEHO Mpolecca 00ydeHHs, Ipemdy-
CMAaTpUBAIOLLEE MIPEXkKAE BCEr0 MHANBUIYAIbHYIO pa0OTy ydalluXcsl B COOTBETCTBUM C YCTaHOBKOM Ipe-
noJiaBaTess Uik yaeOHHKa, IPOTPaMMbl OO yUEHHSL.

Ha coBpeMeHHOM 3Tare caMOCTOSITEIbHYIO pabOTy CTYAEHTa CleAyeT pa3feiauTh Ha paboTy ¢ Oy-
Ma)XHBIMHA MCTOYHUKAMHU WH(POpMALNH, T.€. y4eOHUKaMHU, METOAMYECKUMH TOCOOUSIMH, MOHOTpadusamu,
KYpPHaJIaMU U T.J. U JIEKTPOHHBIMU UCTOYHUKAMU MH(OpPMAIH, T.€. JOCTYI K 3JIEKTPOHHBIM pecypcam
yepe3 MuTepHer.

CerosHs caMOCTOSITENbHYIO Pa0OTy CTYAE€HTa HEBO3MOXKHO IPEACTAaBUTH O€3 MCIIOIb30BAaHUS MH-
dopmarmonnoi cetn — MaTepHeT. HeobxomuMocTh ucnons3oBanus MHTepHETa BOSHUKAET HE TOJBKO
IIPU NOJATOTOBKE K MPAKTUYECKUM U CEMHUHAPCKUM 3aHATHSIM, HO, B OOJIbIIEH CTENEHH, IPU HAMCAHUU
Pa3IMYHBIX MCCIIEIOBATEIbCKIX M TBOPUECKUX paboT. MHOTHE COBpEMEHHbIE MOHOTpaduu, Meproande-
CKHE >KypHAJIbl U3/JaHbl TOJIBKO B 3JIEKTPOHHOM BUJE U C HUMU MOKHO ITO3HAaKOMMTBCS TOJIbKO B MHTEp-
HeETe.

Iesn u 3a7a4u caMOCTOSITeNIbHON padoThI: GOpMUPOBaHHE CIIOCOOHOCTEM K CaMOCTOSITEIbHO-
My MO3HAHUIO U O0YYEHHIO, IIOUCKY JIUTEPATYyphl, 0000IIEHNI0, OQOPMIIEHUIO U IPEJCTABICHUIO MOy~
YEHHBIX Pe3yJbTaTOB, UX KPUTUUYECKOMY aHAJIN3Y, HOUCKY HOBBIX M HEOPJIMHAPHBIX PELICHUH, apryMeH-
TUPOBAHHOMY OTCTaWBAaHHUIO CBOMX IPEUIOKEHUH, YMEHHI TMOATOTOBKU BBICTYIJICHUN W BEICHHS JHC-
KYyCCHH.

Komnerenuuu odyuaromerocsi, popMupyemMbie B pe3yabTaTe 0CBOEHHS TUCHUILITUHBI

HaumeHnoBaHue KOMIeTeHIIMU

Kopa, dopmynupoBka KomIe-
TEeHLIUU

Koa, popmynupoBka HHIAKATOPA

[Tmarupyemsbie pe3yabTaThl 00yIeHHUs
10 TUCIUILTHHE (MOJIYITIO), XapaKTe-
pu3yronIye 3Tanbl GOPMUPOBAHHUS
KOMIIETEHIINI, MHIANKATOPOB

OIIK-3. CniocoGeH ucnonb-
30BaThb 3HAHMA WHXKEHEp-
HBIX TPOIIECCOB TPHU pelie-
HUM  TpodecCHOHATbHBIX
3aad M JKCIUTyaTallud Co-
BPEMEHHOT'O TEXHOJIOTUYe-
CKOTO 00OpyIoBaHMs U
npubopoB

N-lonk-3 Onpenensier 3¢ HEKTUBHOCTH
U HaJEKHOCTh MPOLECCOB M anmnaparoB
IpU pelIeHUH NPOPECCHOHANbHBIX 3a-
Ja4 M OKCIUTyaTalluhd COBPEMEHHOTO
TE€XHOJOTHYECKOro  000pyJOBaHMUS U
npubopoB

HCHOJ’IB?:YCT SHAaHUA WHXCHCPHBIX
IPOLIECCOB NP PELIEHUU Npodec-
CHOHAJIBHBIX 3aJad M OKCIUTyaTa-
UM COBPEMEHHOI'0 TEXHOJIOTHYe-
CKOT0 000py/1I0BaHMS U MPUOOPOB

OIIK-5. Cnocoben opraHu-
30BBIBATh M KOHTPOJIHPO-
BaTh IIPOM3BOJICTBO TIPO-
DYKIHA TATAHHS

N/-lonk-s Vcons3yeT TEOpUIO OCHOB-
HBIX MPOIECCOB MUIIEBBIX MPOU3BOICTB
W JIBWXKYIIUX CUJ, O AECHCTBHEM KO-
TOPBIX OHU MPOTEKAIOT JUIsl OpraHu3a-
IIMA W KOHTPOJIS IIPOU3BOJCTBA IIPO-
JTYKIAH MATAHUS

N-2onks KoHTpomupyer Tpou3BO/I-
CTBO MPOIYKIIMH MHUTAHUS C HCIOIH30-
BaHUEM HOPMATHBHBIX W TCXHHYCCKUX
JIOKYMEHTOB, HOPM JCHCTBYIOIIETO 3a-
KOHOJAaTeJIhCTBA M TPEOOBAaHWU CTaH-
TapTOB

Ocy1ecTBiieT KOHTPOJIb U YIPaB-
JEHWE TPOM3BOACTBA MPOAYKLHU
MUTAaHUS C HUCIOJB30BaHUEM HOP-
MAaTUBHBIX M TEXHMUYECKUX JOKY-
MEHTOB, HOPM JEHCTBYIOILIErO 3a-
KOHOJATeIbCTBA M TpeOOBaHUM
CTaH/IapTOB

3.MeToanyeckne peKOMeHIAINHU N0 H3YYEHNIO TEOPETHIECKOT0 MaTepuaJia




3.1. Buo camocmosamenvnoit papomol: camocmosamebHoe uzyuenue Jumepamypol

N3yuats yueOHyro aucuuiuinHy «lIporecchl 1 anmaparsl NUILEBBIX TPOU3BOACTB» PEKOMEHTyeT-
Csl IO TeMaM, IMPEABAPUTENHHO O3HAKOMUBLIMCH C COAEPYKAHUEM Ka)XJ0W M3 HUX B MPOrpamMMe JAUCLHU-
wivHbl. 1Ipy TeopeTn4eckoM N3y4eHMH TUCLUIUIMHBI CTYACHT JOJDKEH I0JIb30BaThCSl COOTBETCTBYIOIIEH
nuteparypoii. IlpumepHsIii nepedeHs InTepaTyphl IPUBEIEH B pabodeil mporpaMme

Jlis Gosiee MOTHOrO OCBOEHMsI y4eOHOro mMarepuaina CTyAE€HTaM YMUTAKTCS JIEKIMU 10 BaKHEH-
MM pas3zesiaM U TeMaM y4eOHON MUCHMIUIMHBL. Ha JeKIusIX W3NaraioTcs U JeTalbHO PacCMaTpUBAOTCS
Haun0oJiee BayKHbIE BOIIPOCHI, COCTABIIAIONINE TEOPETUUECKUN U TPAKTUUYECKUH (PyHIaMEHT JUCLUIUINHBL.

Hmozoewtit npoOykm: KOHCHEKm 1KYl

Cpeocmea u mexunonozuu oyenku: Cooecedosanue

Kpumepuu ouenusanun: OLeHKa «OTIUYHO» BBICTABISETCS CTYIEHTY, €CIM B IIOJIHOM 00BbeMe
U3Y4EH KypC JaHHOW JUCLUIUIMHBI U BBIIIOJIHEHBI IPAKTUYECKUE 3aJaHUS

OrneHka «XOpoLIo» BBICTABISIETCSA CTYIEHTY, €CIM JOCTaTOYHO IIOJHO H3YYEH KypC JaHHOM Juc-
LUIUIMHBI ¥ BBIITIOJHEHBI IPAKTUYECKHUE 3a1aHUS

OrneHka «y0BIETBOPUTEIBHOY» BBICTABIISIETCS CTYACHTY, HEJOCTATOUHO €CJIU TIOJHO H3Y4YE€H Kypc
JAHHOU JUCLMIIIIMHBI Y BBIIIOJIHEHBI IPAKTUYECKUE 3aaHus

OrneHka «HeyI0BIETBOPUTEIBHOY» BBICTABIISIETCS CTYJAEHTY, €CJIM OTCYTCTBYIOT 3HAHUS U IIPAKTH-
YECKUE HABBIKY 110 IaHHOM ITUCLUIUINHE.

TeMbl /151 CAMOCTOSITEILHOTO0 U3YUEHHS:

Knaccugukarus mporeccoB 1 000pyI0BaHHs.

MeTob1 Mcce0BaHMS MPOIIECCOB U anmapaToB. OCHOBHBIE TOJIOKEHUS TEOPUU MO00US
[lepemernBanue B )KUJIKUX Cpeax

OcaxneHue

OunbTpOBaHUE

Knaccugukaius Cblmydnx MaTepuanos.

N3menbyenue: npodreHue.

N3MmenpueHue: pe3aHue.

OcobeHHocTH TenI000MeHa B MUILEBOM anmapaType.

0. HarpeBanwue u oxJiaxJJeHHE TBEPABIX TEIL.

1. Beimapusanue. Konaencanus.

12. AncopOuust 1 abcopOITHsL.

13. Cymika.

14. Kpucrannu3zaius u pacTBOPEHHE.

15. DkcTparupoBaHue.

16. buoxuMHU4YeCcKue MPOIIECCHI.

17. TlpakTrueckoe MpUMEHEHUE TEOPHUH MTPOLIECCOB U aIllapaToB.

RRooo~NoOR~LONE

3.2. Buo camocmoamenvHoil padomol: N0O20MOEKA K J1a00PAmMOPHbIM 3AHAMUAM

Hmozoeswtii npodykm'. oT4eT 0 Ta0OpaTOpHOM padboTe

Cpeocmea u mexnoio2uu oyeHKU: 3a11Ta OTIYETa

Kpumepuu oyenueanusn: OleHKa «OTIUIHO» BBICTABIISCTCS CTYACHTY, €CITH B TIOJHOM OOBeMe
M3YYeH Kypc JaHHOW JUCIUILTMHBI U BBITIOJTHEHBI JJA00paTOPHBIC 3a/IaHuUs

Or1eHKa «XOPOIIOY» BBICTABISIETCS CTYJAEHTY, €CIU JOCTaTOYHO MOJHO H3YYeH KypC JaHHOM Juc-
IIUIIJIMHBI 1 BBIIIOJIHCHBI na60paT0pHLIe 3aJaHUusA

OreHKa «yIOBIETBOPUTEIHLHO» BBICTABISETCS CTYACHTY, HEIOCTATOYHO, €CIU TMOJHO HW3Y4YeH
KypcC JIaHHOI\/'I JUCHUIIIIMHBI U1 BBITTIOJTHCHBI na60paTopHLIe 3a1aHUA

OreHKa «HEYTOBIETBOPUTEIHLHOY BBICTABISETCS CTYIEHTY, €CITU OTCYTCTBYIOT 3HAHMS U MIPAKTH-
YECKHEC HABBIKHU I10 ﬂaHHOﬁ JUCHUIIIINHE

4, MeToauveckne yKazaHusl
MeTtoaudeckue yka3zaHus M0 BBITIOJHEHHUIO TaOOPAaTOpHBIX padoT mo mucturuinHe «IIporeccsl u ammapa-
Thl MUIIEBBIX MPOU3BOACTB», HampaBieHus moaroroBku 19.03.04 TexHomoruss npoayKIMU U OpraHU3a-
1151 OOIIECTBEHHOTO TTUTAHHUS.



5. MeToauyeckue yKazaHus 110 MOATOTOBKE K IK3aMEHY

[Ipouenypa mpoBeaeHUs] IK3aMeHa OCYILECTBIISIETCS B COOTBETCTBUM C [lonoxkeHneM o MpoBeIeHUH
TEKYILIETO KOHTPOJIsI YCIIEBAaeMOCTH U TIPOMEKYTOYHOM aTTeCTally 00YyJaroIIiXcsl 0 00pa3oBaTelIbHBIM IPO-
rpaMmam Bbiciero oopazosanusi B CKOY.

B sx3ameHanoHHbIi OMyIeT BKITIOYAIOTCS TPU BOIPOca (OIMH BOMPOC IS MPOBEPKU 3HAHUI U /IBA BO-
mpoca Jyisl IPOBEPKH YMEHUM 1 HABBIKOB CTY/ICHTA).

J1J1s1 MOATOTOBKY 110 OMJIETy OTBOAUTHCS 30 MUHYT.

[Ipu moaroToBKe K OTBETY CTYACHTY MPEAOCTABIISIETCS PABO MOI30BAHKS CIIPABOYHBIMU TaOIUIIAMU

[pu ipoBepke 1ab0paTOPHOTO 3a/IaHUsI, OLICHUBAIOTCS:

- 3HAaHHUE IMapaMeTpa,
- IOCJICAOBATCIILHOCTD U PAllMOHAJIbBHOCTH BBIITOJTHCHUSA.

PexoMeHnayemasi JIUTEPATypa U HHTEPHET - PeCypChl:

OcHoBHasi iMTEpaTypa:

1.ITponecch u anmapartsl mUnieBbIX nMpou3BoAcTB [Tekcr] : yuebnuk / A. H. Octpukos [u np.];
pen. A. H. Octpukos. - CII6. : THOP/, 2012. - 616 c.

2.Anekcees, I'. B. BupryanbsHblii 1a00paTopHbIid MpakTUKyM 10 Kypcy "llpomeccsl u ammapaTsl
nunieBbIx mpou3BoacTB" [Teker] : yue6. mocobue / I'. B. Anekcees, . U. bpunenko, H. U. Jly-

kuH. - CII0.: "JIans", 2011. - 144 c.

JlonoJIHUTe/ILHASA JIUTEpaTypa
1.IIpouieccel u anmapathl TUIIEBBIX TPOU3BOACTB: yueOHoe mocobue/ A. @. AnanskoB - PoctoB H//l:

®enukc, 2008.
2.Pacyer 1 KOHCTpYHPOBAaHNE MALIHMH U alapaToB MULIEBBIX MPou3BoACTB [ Tekct] : yueOnuk / A. H.
Octpukos [u np.]. - CII6. : U3a-Bo PAIIIL, 2009. - 408 c.

HutepHeT-pecypcenl:
1.OnexrponHo-6ubnmnoreynas cucrema IPRbooks
2.J5eKkTpoHHasi OMOJIMOTEYHAs cucTeMa «Y HUBepCUTETCKast OnbmmoTeka on-liney

3.DnekTpoHHO-O0nbnuoTeunas cucrema Jlanp
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