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BBenenue

JlabopaTopHBI NPAKTUKYM pa3pad0TaH B COOTBETCTBUM ¢ | OCy/1apCTBEHHEBIM
00pa30BaTeIbHBIM CTAHJAPTOM BEICIIIETO ITPO(PECCHOHAIEHOTO 00Pa30BAHUS U
padouuMu mporpamMmMamu 1o kypcy «lIIpoiieccel u annaparTsl MUILEBEIX TPOU3BOCTB
M TIpeJHA3HAYCH I CTY/ICHTOB TEXHOJIOTHYSCKOTO (DAKYIILTETA.

[leasp ma00OpaTOPHOrO MPAKTHUKYMa — 3aKPEIJICHUE 3HAHUM IO KypCy, IPAKTHU-
YECKOE O3HAKOMJICHHME C YCTPONMCTBOM U pabOTOM OTAEIBHBIX AlIlapaToB, U3ydCHHUE
MPOIECCOB HA JICUCTBYIOIIMX AIIApaTax, MPaKTUUYECKUX HABBIKOB ITyCKa, UCITBLITAHUS
M aHalIn3a paOOTHl amImapaToB, 4 TAK)KE 3HAKOMCTBO C ABTOMATHU3UPOBAHHOM CHUCTE-
MOH u3MepeHui B cpesie LabVIEW.

CTyIeHT JOJDKEH HAyYMTBLCS OOOCHOBBIBATH PAIMOHAIBHBIC PEKUMBI paOOTHI
aIrmnapaToB U MOCJIE JAETAIBHOTO M3YUCHHUS MpOleccad YSICHUTH BIMSHUE OT/CIbLHBIX

DI{'.'!"MEHT NOArNMCAH v s
[mapaMeTpOBs WOJb ITpoIiecca, T.€. YMETh BEIOPAThE TAKOW PEIKUM, KOTOPEIM

QBeCTEurE ‘gmgﬁﬁbm ALMIH  TeXHIKO-3KOHOMIUECKH 3P (EKT IMpU BEICOKOM Kade-

eRCaHOpOBHA
CTBE IMPOJYKTA.
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JIabopaTopHas padora Ne 1

Tema: IlocnenoBareIbHOCTE MPOBEICHUA TEXHOJIOTUYECKUX
OIIepalllil B TEXHOJIOTHYECKOM IPOIIECCE

[{env pabompl: 1) 03HAKOMMTBCS ¢ OCHOBHBIMHM MOHSATHAMU KypcCa;
2) U3YYHTH KJIACCU(PUKAIIUNIO OCHOBHEIX TEXHOJIOTHYCCKHUX
MPOIECCOB MUIEBLIX IIPOU3BOJICTB;
3) U3y4UTh KIacCHU(PHUKAIIUIO TEXHOJIOTHYECKOTO
000py/JOBAHUS;
4) cOCTAaBUTH MOCIICIOBATEIBHOCTE MPOBEICHU S
TEXHOJIOTHYSCKUX ONEPAI[UMH MUILEBLIX TIPOU3BOJCTB U
MPOBECTH €€ aHAIN3 Ha OCHOBE M3Y4CHHOM KJIACCU(PUKAIIHH;
5) COCTABUTH SKCIUTUKALIMIO 000PYI0OBAHUS, UCITIOJIB3YEMOTrO B
JTAHHOM IIPOU3BOJICTBE.

[Ipubopor u mamepuavl: TEXHOJIOTUYECKHUE CITPABOYHUKU, KATAJIOTH

000py/IOBaHMS, TMHECHKA.

KpaTkue cBe/leHHsI H3 TEOPHH

[locneqoBaTENbHOCTD BBIMOJIHEHUS TEXHOJIOTUYECKUX OMEepaluil B MUIIECBBIX
IIPOU3BOJICTBAX IIPE/ICTABICHO B BUJIC IpapUIeCKOTO H300paKCHUS
TEXHOJOTMYECKOro mpoiecca. TEeXHOIOTHIECKHU MPOIECC — 3TO COBOKYITHOCTD
MOCJIEIOBATEIIBHBIX JEHCTBUM, TPOBOJUMBIX HAIIPABICHHO C IIEJIBIO MTOIYYCHUS U3
MCXOTHOTO CHIPhS MIPOAYKTA ¢ 3aJJAaHHBIMU CBOMCTBAMU. TeXHOJIOTHYECKUM MPOILIeCcC
COCTOUT U3 OT/ICNbHBIX CTa U (onepanui). TexHomorndeckas onepanms —
CIMHUYHOE BO3JICHCTBUE HA MMPOIYKT C ILICIBEK U3MEHEHHUS €TI0 CBONCTB (MOMKA,
4HCTKA, PE3aHU U JIP.).

Kaxxnas onepamus OCylecTBASCTCS ¢ ITOMOIBIO MAIIWHEI MJIM allnapara.

Mamuna — npegHa3HaYeHa JIJIs IPOBEACHUS MEXAHUUYECKHUX U HEKOTOPBIX TH/I-
POMEXAHUYECKHUX IPOIeccoB. Mammua uMeeT pad0ounuil OpraH (HOXK, JIOIMACTh), KOTO-
PBIM MEXAHUYECKU BO3JICUCTBYET HA ChIpbe. PA0OUMM Opran npuBOIUTCS B JIBUIKCHHUE
OT SJICKTPONPHUBOAA (ITHEBMOIIPUBOA, THUApONpUBOaa). IIpuBo BkIrouyaeT B cebs
JIBUTATEJIb U IIEPEIAFOIIEE YCTPONCTRO.

Mexanu3m — yCTpOMCTBO, UMEHOIIee pad0Ouuid OpraH U nepejauy (rmepejgaroliee
YCTPOMCTBO), HO HE UMEIOIIMNA COOCTBEHHOTO AJIEKTPOABUTaTelsd. MexaHusm IpUBO-
JIUTCS B JICUCTBUEC BPYUHYIO WIH MPUCOCIUHSACTCS K YHUBEPCAIEHOMY MPUBOJTY.

Arperar - ycTpOMCTBO, BBIMOJHSIONIEE HECKOIBKO TEXHOJIOTHYECKHX OIlepa-
[IMI ¥ UMEIOILIEC HECKOILKO pab0UMX OpPraHOB.

ABTOMAT — arperar, BBIIOJIHSIONIMMN OIEpallMi B ABTOMATHYECKOM PEKUME.

AnnapapewwetRAEeTBO 1 TPOBEICHUS TEIUIOBBIX, MACCOOOMEHHBIX U HEKO-

ropex, ruapdMERAHAYSRIK Tponeccos. Anmapar Bo3/ielcTByeT Ha IPOKT SHepre-

PrraeeKky WCHarp EBaeTy - oXIIBR/IACT, CYIIUT, 00ydaeT). MHOrue ammaparbl HMEHOT
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BCTPOCHHBIE TPAHCIIOPTEPHEI JJIA IIEPEMEILEHUS CBIPBSA OT 3arpy304HOrO K pa3rpy304-
HOMY OYHKEPY WM MEIIAJIKH JIJII HHTCHCU(DPUKAIIME OCHOBHOIO IIpOIIecca.

Knaccuguxkayus obopyoosanus
OG6opyn0BaHre KIACCH(MUIIUPYIOT 110 CIACAYIONIUM IIPH3HAKAM: MO (PYHKI[HO-
HAJIbHOMY HA3HAUEHHUIO; 10 BHY YHEPrOHOCUTEIIS; IO CTPYKType padoduero IUKIa
(000pyTOBAHKE IIEPHUOUUCCKOTO U HEIIPEPBIBHOTO JEHCTBHUA); IO CIIOCO0Y 000rpeBa
(armmapaThbl ¢ KOHTAKTHBIM, KOCBEHHBIM M HEMOCPECTBEHHBIM HATPEBOM ); IO CTEIIC-
HY AaBTOMATH3AIMU (HEAaBTOMATHU3UPOBAHHOE, IMOJIYABTOMATU3MPOBAHHOE U ABTOMA-
THU3UPOBAHHOE 000PYIOBAHUE); TTI0 KOHCTPYKTUBHOMY HCIIOJHEHUIO.

Knaccugurkayus npoyeccos

Bce TexHOMOrnueckue mporeccsl (Onepanun) MOKHO IMOAPpAa3Ae/IMThL HA YETRIPE
OOJIBIIME TPYNMBI: MEXAHUYECKHUE, THIPOMEXAHUYECKHUE, TCIJIOBBIE U MACCOOOMEH-
HEele (MU Qy3nOHHEBIC).

1. Mexanuueckue mpoliecchl HallpaBieHbl HA U3MEHEHHE (PM3HMYSCKUX CBOMCTB
CBIPBS, T.€. Pa3MepOB, (POPMEI, INIOTHOCTH, OJJHOPOAHOCTHU. JIBMIKYIEeH CHIION IIpo-
[IECCOB SIBJIICTCS CHJIA MEXAaHMYECKOro JaBIICHUS WM LIeHTpoOexkHasg cuna. K mexa-
HUYCCKHUM MpOoI[eccaM OTHOCHT:

- COPTUPOBAHUE — PaA3/ICICHUE CBIITYYUX CHIPhS 110 KAUYSCTBY;

- KaIMOPOBAHUE —PA3JICIICHUE CBITYYETr0 CEIPhS HA TPYMIIEI 110 pa3Mepam;

- IpO0JIEHUE - U3MEIBUCHUE CHIPhS HA YACTHUILI 3aJJAHHBIX PA3MEPOB, MIPOU3BOJILHOM
¢opmel.  [[poOiieHHE OCYIECTBIISIOT CIIOCO0AMM pa3/laB/IMBAHUS, pPacKaILIBAHUS,
paszMoJjia, UICTUPAHU, yapa;

- pe3aHre - U3MEJILbYCHUE CRIPhS HA YACTHUIIEI 3aJaHHON (POPMEBI M pa3MepoB; OTpe3a-
HHUE YACTHU CBIPBS OT €0 MACCUBA; U3MEIBUCHUE BOJOKHUCTOTO ChIPhSL.

- 00paboTKa MATEPHUATIOB JABICHUEM — OTIXKATHE XKMJKOCTH M3 BJIAXKHOTO CBIPhS; I10-
Ny4eHHE KYCKOBOTI'O MPOAYKTAa U3 CHIIIYYEro CHIPhS; (POpMOBAHHE INIACTHUHELIX MaTe-
pHAJIOB.

2. I'ugpoMexaHM4eCcKHUE MPOILECCHl — MPOLIECCHI, CBA3AHHEIEC C IIEPEMEILICHHUEM
MOTOKOB >KUJKOCTH M Tas3a. [|BHKYILIEH CHUIOHW IPOILECCOB SBJISETCS PA3HOCTH JIABJIC-
HHH.

- MOUKA CBIPhS U TaPHI;

- IEPEKAYUBAHUE KUIKOCTH MO TPyOOIIpPOBOIAM;

- MEPEMEIIUBAHUE B KHUIKUX CpelaX — MCHOJB3YETCS JJIS YCPpEIHCHUS KOHIICHTpa-
U ¥ TEMIICPATYpP; OPESAYIPEIKICHUS PACCIOCHUS SMYJIbCUI M BEIMAJICHUS OCAJIKOB
B CYCIICH3USIX;, MHTCHCU(HKAIMU TCIUIOBBIX, MACCOOOMEHHBIX M OMOXMMHYCCKUX
IPOLECCOB; MOTYYEHUS HEOJHOPOJHBIX CUCTEM M3 HECKOJIBKHUX KOMIIOHECHTOB;

- OCAXKJCHHE — MPOIECC BBIACICHUS TBEPABIX WM KUJIKUX YACTHUIL] U3 XKUJKHUX WU
ra3000pa3HeIX cpefd. JIBMKYIIeld CUIION SBISCTCS PA3HOCTH ITIOTHOCTEM YAaCTHUIEI U
cpensl. ITpoygCe MK Fa iiPoTexaTs B one CUIIbI TSHKECTH, LEHTPOOSIHKHOM CUIIBI UITH
WFGC@ﬂ%@ﬂ%%%ﬁ?ﬂSﬂﬂﬂﬁﬂﬂﬂﬂﬂdSE
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- (punBTpPOBaHUE — IIPOIECC BBIJCICHUS TBEP/ILIX YACTHI] M3 XHIKHX HJIH Ta3000pa3-
HEIX CPEJl ¢ IIOMOIIBI0 MOPUCTOU meperopoaku (pumsrpa). JIBKyIeH cHuiIon mpo-
[[ecca SIBIIICTCS Pa3HOCTE JIABJICHUI MO 00EUM CTOPOHAM (DHIIETPA;

- yaeTpadUILTpaIMs U OOPATHBIM OCMOC — IIPOIICCCHI pa3ficICHUS PAcTBOPOB Be-
MIECTB C PA3IMUYHON MOJEKYJISPHON MACCON C ITOMOIIBIO ITOJYIPOHUIIAEMON MEM-
OpaHbl, 00IaJa0IIEH N30MPATEILHOU P OHUI[AEMOCTEIO.

3. TemnoBele MOpOLIECCHI — CBA3aHBI C HW3MEHEHHMEM TEIJIOBOTO COCTOSHHUS
ChIpbs. JIBIKyIIeN CHMJIOM IIPOLIECCOB SBISCTCS pPa3HOCTH Temmeparyp. Llemsmu
TEIUIOBBIX IIPOILIECCOB MOTYT OBITh OMOXMMMYECKHME M3MCHEHHS B ChIPbE
(meHarypauug O€nKOB, KapaMmenu3alys caxapoB, KJIEHCTepU3alMsa Kpaxmala,
MEJIAHOUMHOOOPA30BAHNE) 5 IpeKpaIcHue YKU3HEICATCIbHOCTH
MHMKpOOpTraHu3MoOB. K TEIIOBEIM mpoOlleccaM OTHOCST: HArpeBaHHe, OXJIAXKICHUE,
MCIIAPCHUE, KOHJICHCAIIMIO, BBIMAPUBAHME (IIPOLECC CTYILUCHHS PACTBOPOB IIyTEM
MCIIAPEHUS PACTBOPUTEIIS IPU KUTICHUH ).

4. MaccoooMennble (Tuddy3uOHHBIE) MPOIECCH — CBI3AaHBI C IIEPEXO0M
KaKOTO-TH00 BemiecTBa (II€JICBOr0 KOMIIOHEHTA) dYepe3 TpaHHIly pasjaena ¢as.
JIBIKyIIE CWIOH IIPOIECCOB SBISCTCSA PAa3HOCTh KOHICHTpALUMM  IICIICBOTO
KOMITOHCHTA B IIOTOKE (Pa3kl U HA ec TPaHUIIE.

- CYILIKA — MIPOLECC YAANCHUS BJIATU U3 CHIPhS IIYTEM €€ UCTIAPCHUS C IIOBEPXHOCTH;

- agcopOIusa — mpoIecc MOTJIONEHUS Ta30B, JKUJAKOCTEN U UX MAapOB MOBEPXHOCTHIO
TBEPAOTrO TeId, B TOM YHCJIE O0BEME MOP.

- adbcopO1Msa — mpOIIeCC MOrJIOIICHHUS T'a30B, KUJIKOCTEH U UX IIApOB 00BEMOM KHU]I-
KOTO IMOTJIOTUTEIS;

- IIEPErOHKA — pa3/IcJICHUE HUCTUHHBIX PACTBOPOB IIYTEM YACTUYHOIO HCHAPEHMS C
MOCIEYIOIIEH KOHeHcauen mapos. llpolecc OCHOBAaH HA Pa3IUYHON JICTYYSCTH
KOMITOHEHTOB;

- peKTU(UKALISI — MHOTOKPATHAS IIEPETOHKA,;

- HKCTPArupOBaHUE — MPOILECC U3BJIICUCHUS 1ICJIEBOI0O KOMIIOHEHTA U3 PACTUTEILHOTO
CBIPbS C MOMOILBEIO PACTBOPUTEIS, 00JIAA0IIET0 U30UPATEILHBIM JCHCTBUEM;

- KpHUCTAJUIM3AaI[Us — MPOIecC ITOIYy4EeHHS KPHUCTAIUIMYECKOTO IIPOJAYKTA U3 IIepe-
OXJIAKJEHHOTO PacljaBa WM MEPEHACBIIICHHOIO PAacTBOPA MYTEM OXJIAXKICHUS U
MHTEHCHUBHOT'O B30MBAHUS;

- PACTBOPEHHUE — IIPOIECC, OOPATHBIN KPUCTAJLIA3AIIHH.

IHopsnoK BLINOJIHEHHS PA00ThI

1. [IpoBecTr aHamM3 TEXHOIOTUH ITPOU3BO/ICTBA MUILIEBOTO MIPOYKTA 1O MH]IH-
BUIYAJIBHOMY 3aJIaHUI0, ITPEJIJIOKEHHOMY ITPEIIOaBaATEIIEM.
2. COoCTaBUTH TEXHOJIOTHYECKYHO CXEMY ITPOU3BOICTBA IIpOIiecca MpOU3BOICTBA

I[TUIICBOTO ITPOAYKTA U ITPOBCCTH €C dHAJIM3 Hd OCHOBC KJIHCCH(]I“)HKHHHH ITPOLICCCOB.

3. [TonoQpate ORI ANBAHNE, MCIIONB3yeMOe B JAaHHOM IIpOLiecce IPOU3BO/ICTBA,
HETIPOBE I EFO- MBI A GCHORS fEmaccd UKALIIN 060pPYTOBAHIISL

j‘.naﬂ,eneu: lleGayxoegq TaTeAHa AnexkcaHgpoBHa
: Otuet D(E"prMHTL B COOTBETCTBUHU CO CJICIYIOIUM ITPUMEPOM
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Tadmuna 1.1 — Dxcnmukaiys 000py10BaHUA

OIIEPALINA [TPOLECC OLOPYJIOBAHHE
IPOCECUBAHUE MEXAHUYECCKHUM nmpoceuBaTelb «bypar»
TO3UPOBAHUE MEXaAHUYECCKHUM ABTOMYKOMED, BECHI
PACTBOPCHHUE MAaCcCOOOMEHHBIN cosiepactBoputeab XCP-3
(pupTpOBaHME TUJIPOMEXaHUYECKHIT pueTp
3aMEC JKUKOU OMapkI TUIPOMEXAHHUYECKUI 3aBapOYHAas MalllMHA
OpOKCHHUE OMOXMMHYECCKHUU 3aBapOYHAS MAIINHA

XM3-300, KOpBITO
OpoxeHuss PabuHoBuua
3aMecC TecTa TUPOMEXaHHUYECKUI TECTOMECUJILHAS  MAaIluHa
A2-XTb
| pasjenka MEXAHUYECKUU TecToeanTeNb «Ky3bace»
| YKJIaJIKa MEXAHUYCCKUM TECTOYKJIA YUK
paccTorKa OMOXUMHUYECKHI mKad OKOHYATEIBEHOMN
pacctouku A2-XPA
BBIIICUKA TEIIJIOBOM neun [IXC-25M
YVKJI4/IKa B JIOTKH MEXaAHUYECCKHUM LUPKYISIMOHHBIN CTOJI,

BAT'OHETKH

]. JlaTe xknaccugUKaI0 OCHOBHEIX ITPOLICCCOB IMUIICBLIX IIPOU3BOJICTB.
2. JlaTes xkmaccuduKauo THAPOMEXAaHHUECKHUX ITPOLIECCOB.
3. JlaTe KnaccugUKaIMIO TSIUIOBLIX IIPOIIECCOB.
4, JlaTe KnaccupUKaIMI0 MEXAaHMYECKUX IIPOI[ECCOB.
J. JlaTe xknaccudukrauo MaccoOOOMeHHBIX (U] (Y3NOHHEIX) IIPOIECCOB.
6. JlaTe xnaccudgukauo 000pyI0BaHUS ITUILEBLIX IIPOU3BO/ICTB.
7. YT0 Ha3pIBaEeTCSA TEXHOIOTHYECKOM Onepanueil, TEXHOIOTHUSCKUM IIPOILIEC-
COM M T€XHOJIOTHUYECKOHN CXeMOM?
8. UYT0 Ha3eIBACTCA MAIIUHOM, alllIApaTOM, arperaToOM, MEXaHU3MOM?
9. Kak xmaccuduiupyercss 000py0BaHNE IO cIOCO0Y 000rpena’?
OOKYMEHT NoarcAaH

KoHTpoJbHBIE BONIPOCHI

ANEKTPOHHOW NOAMUCHIO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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JlabopaTopHas pabora No 2

Tema: MoaenupoBaHue MPOIECCOB U anmapaTtoB. Teopus moaoous

[lenv pabomur: 1) 3ydeHue TeOpuH 110 100UsI;
2) N3yueHue KpUTEPUECB MOTO0MUS;
3) M3ydeHue MeTO/ja aHAIM3a pa3MepPHOCTEH.
KparkHe TeopeTHYeCKHe CBeJIeHHS

PacueTHbIe METOMUKH JTIOJIKHBI CO3/1aBATHCSA HA OCHOBE 3HAHUS B3AMMOCBS3U
PA3INYHEIX MTApAMETPOB, XAPAKTCPHUIYIOIIUX IIPOLICCC U UX BIMSHUS HA CKOPOCTh
npoTekaHus npoiecca. CyIiecTBYET IBa OCHOBHBIX METO/A U3Y4EeHHUS OOBEKTOB: Me-
TOJI IPSAMOTO SKCIIEPUMEHTA U AHAITMTHYCCKUN METO]].

MeTtoa npsSMOro SKCIEpUMEHTA 3AKI0YACTCS B CO3JAHUN AKCIIEPUMEHTAILHOU
YCTAHOBKH M IIPOBEJCHUM HA HEU SKCIIEPUMEHTOB IO CIIEIMAILHOMY ILTaHy. JlocTo-
MHCTBOM SBJISCTCS MOJy4EHHE TOUHOTO KOHKPETHOTO Pe3yabTaTa; HEJOCTATKAMHU -
3HAUYUTEJIBHBIC 3aTPAaThl BpEMEHU, MATEPUATIBHEIX M TPYJOBBIX PECypCOB, IIPOU3BOI-
CTBCHHBIX IIJIOMIAJCH, HCBO3MOXHOCTE MPEACKA3aHUSA IMOBEICHUS OOBEKTA B M3ME-
HEHHBIX YCJIOBMSAX WIN O00OILECHUS MOIYUYCHHBIX Pe3yJIBTATOB I IPYTUX OOBEKTOB.

AHaTUTUYECKUI METO]T 3aKJIFOYACTCS B BEIBOJIC JU(PepeHIIMATLHEIX YpaBHe-
HUM MaTeMaTH4YeCKO (PU3MKH, OIMUCBIBAIONIMX IIporiecc. HemocTatkoM aBisieTcs
MPAKTUYECKASI HEBO3MOKHOCTD ITOTYYEHUS TOUHOTO KOHKPETHOTO pe3yJbTaTa, a J0-
CTOMHCTBOM - OITMCAHME I[EJI0T0 KiIacca ABJICHUM. [|OCTOMHCTBA TOTO U JPYTOTr0 Me-
TOJA 00BEJUHACT TCOPUS MOJOOUS.

Teopus mogodus — 3TO y4EHHE O CIIOCO0aX CO3/IaHUS MOJIC/ICH, IIPABMIAX IIPO-
BEICHUS HA HUX SKCIICPUMEHTOB, 00pa0OTKM pe3yIabTaTOB B BUJIC PACUCTHHIX 3aBU-
CUMOCTEHN M OIPEACICHHBIX I'PAHUL] IPUMEHHUMOCTH 3THUX PACUCTHBIX 3aBUCUMOCTH.

MopnenupoBaHHEM HA3BEIBAKOT U3YYCHUE OOBEKTA MO €r0 MOJICIH C LCIBIO
MpeCcKa3aHus MOBSICHUS 3TON0 O0BEKTA B MPOMBIILICHHBIX yCI0BUSIX. K Mojensam
IPEIBABISIOT CIACAYIONINE TPEOOBAHUS:

1. MO/ICJIb JOJDKHA OBITh 4JICKBATHA K PeAIbHOMY OOBEKTY, T.€. BOCIIPOU3BOJUTH
€ro CYIIECTBEHHBIC XaPAKTCPUCTUKH;

2. MO/ICJIb JJOJDKHA UMETh CYILIECTBEHHO MEHBIIIE rA0apUTHI, BEC, CTOUMOCTH;

3. YKCIIEPUMEHTEI HA MOJIETIN JOJKHEI ITIPOBOIUTHCS OBICTpeE, OBITH OOJIeE IPo-
CTEIMU;

4, JTOJIKE€H OBITH M3BECTEH AJITOPUTM IIEPEBO/Ia PACUECTHON 3aBUCUMOCTH JIJI MO-

JICIU B paCYECTHOM 3aBUCHUMOCTH JIJIsl OPUTHHAIIA.

B HacTosimiee BpeMsi HCIIONB3YIOTCS TP THUIA MOJICICH: MATEMATHUCCKHUE, PE-
ANbHEIC (PU3UYCCKUE M AHAJIOTOBBIC.

MaremaTudeckas MOJICNIb IIPESACTABIIICT COO0M COBOKYITHOCTE UM depeHIIH-
ATTBHBIX Eﬂreﬁp&%tﬁﬁg%}énﬁicﬁﬂm YPaBHEHHUM, OMUCHIBAIOIINX IIPOLECC. DKCIICPUMEHT
Ha TAKOM MOJI@MH FRAKIIOSIARTEH B OMPEICICHUN CKOPOCTH MPOTEKAHUS MPOIEcca ITPH

Ceptvdmkar. 2C0000043ESABBBO9SL205E 7BAS00060000043E

BGEX BO3MOKHBIS KOMOUHALIMOHHBIX TapaMeTpax (¢ nomoiso 9BM). JloctonHcTBOM

MOJICIIHN ABJIACTCA OTHOCHTCIIEHO Hﬂﬁﬂﬂhﬂlﬂﬂ BH,T]JH,TLI CLIIJLH, MEI,TE‘:IJHEL]IDE? HJIDH_];HJIEfI
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M IPOCTOTA, BHECEHUS U3MEHEHUM B 3Ty MOJIeab. He1ocTaTkoM MOJIEIN SBISIECTCS He-
BO3MO)KHOCTE yueTa OyAyIIUX SBICHUM.

PeanbHas ¢pu3nyueckas MOJIenb MPECTABIICT cO00I YMEHEIICHHYIO YIIPOIICH-
HYIO KOIIMIO OpUruHanaa. /[OCTOMHCTBO - MOJIyd€HHUE TOYHOTO pe3yiabsrata. HegocTat-
KM — BeCbMa OOJIbIIME 3aTPATHI U CI0KHOCTh BHECECHUS U3MEHEHUU B 3TY MOJIETIb.

AHaJI0TOBEIE MOJIENH OTJIMYAIOTCSA OT PEAILHOr0 00BEKTA IO ¢cBOeH (pu3mye-
CKOH CYIIIHOCTH, HO OITUCBIBAOTCS AHAJOTUYHEIMH JU((EPCHIIMATIEHEIMHA YPABHCHH-
SIMM.

Pe3ynbTaTel, MOJIYyUYEHHBIC HA MOJICIIM MOXKHO PacIpOCTPAHUTE HA pealbHbBIN
OOBEKT B TOM CIIy4ae, €CJIM caMa MOJIC]Ib M MPOUCXOJISAIINU B HEU MPOIEeCC MOJO0OHEI
peaIbHBIM.

[IoqOOHBIMH HA3BIBAIOTCH SBJICHUS, MNPOUCXOJSAIIME B T'€OMETPUUYCCKHU
MOJJOOHBIX OOBEKTAX, B KOTOPBIX B CXOJICTBEHHBIX TOYKAX CUCTEMBI, B CXOJCTBEHHEIC
MOMEHTEI BPEMEHH OJJHOMMECHHBIC MapaMeTphl MPONOPLIMOHAILHEL. | eoMeTpuuecku
MOJJOOHBIMH HA3BIBAKOTCS OOBEKTBI, B KOTOPBIX BCE VYIJIBI PABHBI, CTOPOHBI
OpONOPIUOHANBHEL. (CXOICTBEHHBIMHU TOYKAMHM CHCTEMBI HA3BIBAIOT TOYKH,
OTBEUANONIUE I'€OMETPUYECKOMY I10/100MI0. CXOJCTBEHHBIMA MOMEHTAMU BPEMCHU
HA3BIBAKOTCS MOMEHTBI, MPOMNOPIHMOHAILHO OTCTOAIIME OT Hayaga IIpolecca.
OIHOMMEHHBIMIA HA3BEIBAIOTCS BEIWYHMHEI, HWMCIOIIME OJMHAKOBEIN (PU3MUCCKUU
CMBICII U pa3MEPHOCTb.

Teopemovt nodobdus

Tpu OCHOBHEIEC TEOPEMBI ITOJO0M OTBEYAOT HA TPU OCHOBHEIX BOIIPOCA:

1)  Kakue BeIMYMHEI U3MEPSATh B SKCIIEPUMEHTE;

2) B KaKOM BUJE IIPECTABIIATH MOJYUYCHHBIC PE3YIbTATHI;

3) Ha KaKHE SBJICHUS MOKHO PACIpPOCTPAHATE ITOJTYYCHHBIC PE3YIIBTATHI.

Ha nepBriii Bonpoc orBeyaeT TeopeMa HeroTOHA: mO/100HbBIE SIBICHUS UMEIOT
YHUCJICHHO PABHBIC KPUTEPUM MOJ00MS.

Kpurtepuit mogoous — 370 0e3pa3MepHBIM KOMILIEKC, COCTOSIUN U3 Pa3HO-
MMEHHBIX BEIMYHH, UMEIOIUX (pU3NUecKuil cMeIci. Kpurepuii, kKak mpaBuio, Xapak-
TEPU3YET COOTHOIIECHUE JIBUIKYILECH CUIIBI B IIPOLIECCE C CHIAMHU COMPOTUBJICHUS.
KpomMme kputepueB 1o g00us UCIIOIb3YOTCSI CUMILIEKChI TEOMETPUYECKOT0 MOJ00HUs.
CuMniekc mpeicTaBIsIeT cOO0N OTHOILICHUE OJHOMMEHHEIX BEIUYHH.

Ha BTOpoi Bompoc orBeyaeT Teopema denepmana-bykunrema: mo0as 3aBu-
CHUMOCTh MEXIY MEPEMEHHBIMU XaPAKTEPUIYIOIMMHU IIPOIIECC MOKET OBITh IIPE]I-
CTABJICHA B BHJIC 3aBUCHUMOCTH MKy COOTBETCTBYIOILUMH KPUTECPUSIMHU I10J00U 4.

OOmmi BUJ] KpUTEPHUATBEHOIO YPABHEHUS

K, =CK; - K3 - KJ, (1)

rie K- onpenenseMblii KpUTEPU, COICPIKAILMN UICKOMYHO BEIMUYHMHY;

K>, K3, K4 — onpenenstoniue KpuTepuu;

C — yncneseit W%HHEHT OIIPEIECIACMBIN AKCIIEPUMEHTAIBHBIM ITYTEM;

SNEKTPOHHOW nopa
Ceptidm HQ:: m@ﬂﬂt}ﬁ Mﬁ@E@Wﬂﬁﬁﬁ . anﬂﬂeﬂﬂ I‘DH_I UCCH OKC HepHM CHTAJIbHBIM H}’T CM.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Kpurepun hbopMyaupyroTcs Ha OCHOBe aHanmu3a JuddepeHIIIaNLHLIX ypaBHe-
HUW WA METOJIOM pa3MepHOcTel. KOmudaecTBO KpUTepHeB B KpUTECPHAIIBHOM YPaB-
HCHHMU OIIPE/ICIIeT T-TeopeMa:

7T = IN — n (2)

I7ie T — KOJIMYECTBO KPUTEPUEB B KPUTEPHATILHOM YPABHEHUMH

N — gpcI0 mapaMeTpoB XapPAKTSPHUIYIOIIUX IIPOLIECC;

N — YUCI0 SAUHUI] U3MEPCHHS 3THX ITAPAMETPOB B MCIKITYHAPOTHOH CHCTEME.

Kayk1as mapa OTHOIICHUS MapaMETPOB JIAET B KPUTCPHAIILHOM YPABHEHH U
OJTMH KPUTCPUHA CUMILICKC.

Ha tpetuii Borpoc orBeuaeT Teopema Kupnuuena-l ykmaHa: mogo0OHEIe SBIIe-
HUS OIMHCEHIBAIOTCS OJMHAKOBEIMH JU(P (P epeHIIHATbHEIME YPAaBHEHHSIMH IIPH I10/100-
HBEIX YCJIOBHMSX OJTHO3HAYHOCTH.

PazmuaroT yeTkIpe rpymnnbl YCJIOBUH OJHO3HAYHOCTH:

]. reOMETPUUECCKHE YCIIOBUS XapAKTCPUIYIOT KOH(DPUTYPAIIUIO O0BEKTA U
MPONOPIIMOHAIBHOCTE €0 OCHOBHBIX PA3MEPOB;

2. (HU3HYSCKHE YCIIOBUS OJTHO3HAYHOCTH XapaKTEPHU3YIOT CBONMCTBO OOBEK-
Ta pabOYMX TEII;

3. IPAHUYHEIC YCIIOBUS XAPAKTEPU3YIOT COCTOSHUE CUCTEMEBI HA €€ TPAHU-
[[aX U B3aMMOJICHICTBHE C OKPYIKAIOIICH CPEIOM;

4. BPEMEHHBIC YCIIOBUS XAPAKTEPHU3YIOT COCTOSIHUE CUCTEMBI BO BpEMEHH.

Tabmuua 2.1 - OCHOBHEBEIE KpUTEPUH ITOJO0US THIPOMEXAHUYECKUX,, TEILIOBBIX
M MACCOOOMEHHBIX ITPOIIECCOB

Kpurepuii dopmyna OCHOBHOU (PM3HUYUCCKUU
CMBICIT
1 . Kputepum rujijpoMexaHu4ecKOro moj00us
1. Kputepui pexu- XapaKTEepU3YET PEIKUM
Ma JBHKEHMS (UKC- JIBUKCHMS JKUKOCTH; ME-
10 Pennonsca) wl Pe pa OTHOIICHUS CUJI HUHEP-
Re = Vv Pr LIUM ¥ MOJIEKYJISIPHOTO
TPEHUS B IIOTOKE
2. Kpurepuii ruj- ] . Mepa OTHOIMIECHUS CUIT
PABJIMYECKOTO T10- Fr — wo_ Re MHEPIUU U TSHKECTHU B I10-
noous (uucio dpy- gl Ga TOKE
J1a)
3. Kpurepwuii nojo- Mepa OTHOILIEHHUS CUIT
OHs TOJIeH J1aBIIe- Ap JTABJICHUS U UHEPIIUU B
HUS (YUCI0 DUIepa) Fu = > notoke. be3pazmepHas
oW MOTEPS HAIIOPA KUIKOCTH
B TpyOax
4. KpuggRukh it mn koo P 73 Re?2 Mepa OTHOIIIEHHUS CHIT
s BOTEEROO 1 G <5 = = | Takecti 1 MOTCKYIADHO-
HOT'O JIBHKCHUS IO TPCHUSA
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CepT

Bn a,u,lln eu:

(uncino I'amunes)

5. Kpurepuii cBo-
OO/THOU KOHBCHIIUH
(uncimo Apxumesa)

Ar

gl pi—p,

Gm£

[

P

XapakTepu3yeT B3auMO-
JICUCTBUE ApXHUMETOBOM
CUJIBI, BOZHHUKAIOIIEH TP
PA3HOCTH INIOTHOCTH Cpe-
JIbI Y CHIIBI BSI3KOTO Tpe-
HUSA

2. Kpurepuu TEmIoBOro mojgoous

6. be3pazmepHbIU

XapakTepu3yeT CBS3b

KO3 pUIIIEHT TeII- cxl M€Ky HUHTEHCHUBHOCTBIO
JT00TJAYU (KpUTE- Nu = — TECIUIOOT/IAYX U TeMIICpa-
puii Hyccenbra) A TYPHBIM MOJIEM B IIOrpa-
HUYHOM CJIO€ ITOTOKA
7. Kpurepuit mogo- vV 7. Pe XapaxkTepu3yeT (pu3nye-
OUs TeMIepaTypPHBIX Pr=— = = —_—— | CKM€ CBOMCTBA TEILJIOHO-
M CKOPOCTHBIX ITO- da A Re cuteid (0Oe3pazmMepHas Be-
e B MOTOKE (4uc- JTAYMHA)
1o IlpangTis)
8. Kpurepwuii Tem- wl Mepa OTHOIIECHUS MOJIE-
JIOBOT'O TTIO/100Ms Pe = = Re- Pr KYJISIPHOTO ¥ KOHBEKTHB-
(uucno Ilekne) a HOT'O IIEPEHOCOB TEIjIa B
MTOTOKE
9. Kpurepuii Ten- XapakTepu3yeT CBS3b
JTOBOU TOMOXPOHHO- LT ME3K]TY CKOPOCTBIO U3ME-
cTHU (unucino dypbe Fo = > HEHUS TEMICPATYPHOTO
TEILIOBOE) /4 mons, (PU3NIECKUMH CBOMU-
CTBAMM M pa3MepaMHU TEI1a
10. Kputepui kpa- Mepa OTHOIIEHUS BHYT-
€BOr0 Mo00us ) cxl PEHHETO U BHEIIHETO TEP-
(kpuTepuil buo- L1 = - MMYECKHX COITPOTHUBIIC-
TEILUIOBOM) A HMH; XapaKTEPHU3YET CBA3b
ME3KTY TTOJIEM TEMIIEPATYP
B TBEPJIOM TEJI€ U YCIOBU-
MM TEILTOIIEpeJaur Ha
€r0 MOBEPXHOCTHU
11. Kpurepuii cBo- Mepa OTHOIMIECHUS CUIT
OO/THOM TEIJIOBOU 2 & MOJICKYJISIPHOTO TPEHUS U
KOHBEKI[UM (YHCJIIO Gr = > L8, MTOTbEMHOU CUJIBI IPU
['pacroda) 4 PA3IUYUM IIJIOTHOCTCH B
ORYVERT iORTACHH OT/JE€NbHBIX TOUKAX HEU30-

3NEKTPOHHOW NOANMCHIO
50006000004 3E

wmkat: 2C0000043ESABEBOS2205E7

llleGayxoea TateAHa AnekcaHgpoBHa

TCPMHUYCCKOTO ITOTOKA
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12. TennnoBoM Kpu-
Tepuii (azoBOTO
IpeBpaIlcHus (Kpu-
tepun Kyrarenanse)

Mepa OTHOILIEHHUS TeII0-
TBI (pa30BOTO IIPEBpaIlIC-
HUS K TEILUIOTE IIeperpeBa
MJTU TICPEOXIAKICHHS O]I-
HOHM u3 (a3 1Mo OTHOIIE-
HUIO K TEMIICpaType
HACBIILCHHS

3

. Kputepun nuddy3nonnoro nomodous

13. be3pa3zMepHbIi

XapaKTepHU3yeT CBA3b

HOe umncio llekme)

KO3 puIeHT Mac- ys4 M€Ky UHTEHCUBHOCTBIO
cOoOTHa4M (Macco- Nu = D MACCOOT/IAYM M KOHIICH-
OOMCHHEIN KpUTE- TPALIUOHHBIM ITIOJIEM B I10O-
puii Hyccenbra, IPAHUYHOM CJI0€
kpurepuil LllepBy-

J1a)

14. Kputepui 110- XapaxkrepusyeT pu3nye-
00U CKOPOCTHBIX by v Re'’ CKHE CBOMCTBA KHIKOCTH
M KOHL[EHTPALMOH- I =-—=

HBIX Hﬂﬂeﬁpﬂ TOTO- D Re

ke (muddy3nonHoe

qucao [lpangrs)

15. Kpurepun XapakTepu3yeT CBA3b
nuhPy3nOHHOI TO- - Dt MEKJTY CKOPOCTEIO U3Me-
MOXPOHHOCTHU Fo = > HEHUS MOJISI KOHIICHTpa-
(muddy3HOHHOES [ IIUH, (PU3HYECKUMHU CBOMH-
qucao Dypee) CTBAMH, pa3MepaMHu Teja
16.Kpurepuii kpae- Mepa OTHOIIEHUS BHYT-
BOT'O ITOJO0US ﬂ PEHHETO ¥ BHCIIHETO
(mud by3MOHHEII Bi' = = i} Py3UOHHBIX COIIPO-
Kpurepuil bro) D c THUBJICHUH

17 Kpurepuii qud- Mepa OTHOILIEHUS MOJIe-
(G Y3MOHHOTO IO/10- - wl | kynsapuoro u quddy3uon-
Ous (MaccoOOMCH- Pe’ = B = Re- Pr HOT'O BEILICCTBA B ITOTOKE

EﬂﬁiﬁﬂHHDﬁ NnoannucCbLIO
Eepmd:mﬁag E-ES'%Q}% % TEM&MI{H!

Y ci1oBHBIE 0003HAYECHUS
Ap - nepenaj gasiaenus, l1a;
g - YCKOPEHHUE CUJIBI TAKECTH, M/C”;
P1 ¥ PronHEaQFHOGEH YACTHIIEI U CPeJIbl COOTBETCTBEHHO, KI/M°;

Bt/M?’K;

sageneu ) Ligrsth purtiifetrr vetihonposonnoctu, BT/MK;
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| - XapaKTepHBIA TUHEUHBIN pa3MEP CUCTEMBI, M;

V - KHHEMATH4YECKasl BA3KOCTb, M7/C;

a — TEMIIEpaTyPOIIPOBOTHOCTb, M°/C;

L - IMHAMHWYecKas BI3KOCTh, I1a c;

C — yJelbHas TeII0eMKOCTh, /[/(krK);

T - BpeMs, C;

l. — XapakTepHBIN TUHECHHBIN pa3Mep Tena, M;

Ae — K03(hPULHEHT TEIIONPOBOIHOCTH TBepI0ro Tena, Br/(m°K);

B - K03 PUIIHECHT 00BEEMHOTO pacIIHPeHU KHIKOCTH, 1/K;

3. - pa3HOCTHL MEXKTy TEMIIEpATypaMU TBEPJOM CTEHKH U IIOTOKA HA Y/IaJICHUH
OT cTeHKH, K;

I - TeIIOTa (pa30BOrO IpEeBpaIlcHUS ( MCIIAPCHUS WIN KOHJICHCAIIVH );

B - K03 PUIHMEHT MaccOOTIauH, M/C;

D — xosddunuent qudpdyzuu, m%/c;

D.- ko3 dunreHT qudpdy3un B TBEpIOM Tele, M7/C.

Ilopsinok BLINMOJIHEHHS PA00ThI

1. CocTaBigeTcs nepeueHb He3aBUCUMBIX (DPAKTOPOB, ONPEICNSFONINX SIB-
JICHU M.

2. Brinmonusarorcs ¢popMaabHbIe Tpe0Opa30BaHU:

- CocTaBsgeTcs NepedeHb HE3aBUCUMBIX pPa3MEpHOCTEM. /{118 3TOro BEINM-
CBIBAIOT 3ABHCUMBIC U ITIOBTOPSIOIIMECS PA3MEPHOCTH;

- OnpeaensroT pa3HOCTh MEXK Y KOJIMUYECTBOM OIPEICISIONIMX ITapaMeT-
POB U KOJIMYECTBOM UX HE3ABHUCUMBIX PA3MEPHOCTEMH;

- KoMOuHUpYIO Ompeiesioniie napaMeTphl, COCTABIAIOT HEOOXOMMOE
KOJIMUYECTBO HE3aBUCUMEBIX Oe3pa3MepHBIX KOMOUHAIINN, KOTOPBIC SBJISIOTCS OIpe/e-
NSIOIMMHE KpuTepusamu. Kputepun aHATU3UPYIOT ¢ IENIBIO HIICHTH(PUKAIMH — OIIpe-
JIeIeHUSI COOTBETCTBUS U3BECTHBIM.

3. CBs3u MeXTy KPUTEPUSIMH YCTAHABIUBAIOT B OJTHOM U3 YTOOHBIX JIJIS MC-
nonb3oBaHusg ¢popM. Ecau ¢popma 3701 cBI3M 3apaHee He M3BECTHA, PEKOMCH/TYCTCS
MPeCTABUTh €€ B BUJIC 3aBUCUMOCTH HCKOMOI'O KpUTEPUS OT MPOU3BEACHUS JPYTHX
KPUTECPHUCB B COOTBETCTBYIOIIUX CTCIICHAX, OMPEICISMIONIUXCA YKCIIEPUMEHTAIBHO.

KoHTpoJILHBIE BOIIPOCHI

YeMm paznuuaroTcs aHAMUTHYECKMM U SKCIIEPUMEHTAIBHBIN METO/IbI ?
OxapakTepu3yuTe JOCTOMHCTBA U HEJJOCTATKU BCE TUIIBI MOJICIICH !
YT0 Ha3bIBaETCS KPUTEPHUEM M CUMILICKCOM I10,J00Ms !
ChopmynupyiTe TpU TEOPEMEI 110 100M4.

[lepeuncauTh KpUTEPUU THIPOMEXAHIIECKOTO 10100 Ul

JOKYMEHT I

: [ lepewiemerECR PUTEPFPU TEILIOBOTO OO0 .
Fgepmd}lﬂlﬁﬁ 2C0000043E9ABBB952205E7BAS000600000
nafeneuy:

3
CPEUUCHNTDL KPUTCRIN ,[[Hti’)&)nyHDHHDFD MO100MU 4.
8. YT0 Ha3BIBaeTCA YCIOBUSIMH OJJHO3HAYHOCTH?
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JIabopaTopHas padora Ne 3

Tema: MinmrocTpanua ypaBHEeHUA bepHYIIIN 1pU yCTAaHOBUBIIEM CS
IBYKCHUH )XUAKOCTH B HAITOPHOM TPYOOIPOBOJIE

[lenv pabomwr: 1. HenmocpeacTBeHHOE HAOIIOICHHE B3aUMOCBS3H MEXKY WJIe-

HAMM ypaBHEHMS bepHYIUIH ¥ XapakTepa UX U3MEHEHUS IIPU NEPEXO0JIE OT OJHOTO
MOMIEPEYHOr0 CCUCHUA TPyOOmpOBOIa K IPYTrOMY IIPH U3MEHEHUHU pacX0/a BOJIBI B
TpyOOIIPOBO/IE;

2. N3amepenue 3HAUYEHMM OT/[€NBHBIX YJICHOB ypaBHEeHUS bep-
HYJUIA U IIOCTPOEHHUE ITEE30METPUUYCCKON U HAITOPHOU JTMHHM;

3. Hcnone3oBanue YypaBHEHUS bepHymnm s TapUpPOBKH
TpyOUaTOro pacxojoMepa, B KA4eCTBE KOTOPOTO MOXKET CIYKUTh YYaCTOK TPyOOIIpO-
BOJIA C MECTHBIM CY;K€HHEM MOMNEPEYHOIO CCUCHUS;

4. OnpeneneHus KO3(PpQGUIIMCHTA COIPOTUBICHHUSI TPYyOUATOTO
pacxojomMepa.

[Ipubopsr u mamepuavl: 1TA00pATOpHAS YCTAHOBKA, TEE30METPEI, TPyOKHU [ 1u-
TO, pacxogoMep.

KpﬂTl{'l{E TCOPETHYCCKHE CBC/ACHHUSA

Y craHoBUBILIEECS JBUKEHHUE — 3TO TAKOE JBIDKCHUE, IPU KOTOPOM ITapaMETPhl
IBIKYILICUCS cpebl (CPEIHAI CKOPOCTh, THIPOJMHAMUUCCKOE TABJICHUE) B KAXKIOM
JJAHHOM CEYE€HUH MOTOKA HE U3MEHSIIOTCS BO BpEMEHH.

YpaBHeHUEe bepHy/IM yCTaHABIMBACT CBA3b MEXKIY CKOPOCTBIO, JIABICHUEM U
reOMETPUYECKUM MOJI0KEHUEM TOTO WJIM HWHOTO MOMNEPEYHOI0 CeUEHUS ITOTOKA.

[IpyMEHUTENBEHO K 3IEMEHTAPHOU CTPYUKE HJICATBHOU KUJKOCTH YpPABHEHUE
bepHynm BEIpaXKaeT 3aKOH COXpAHCHUS SHEPIUU M JIJIS JTHO00r0 MOMEpPEYHOr0 CeUe-

HUSI CTPYUKHU UMEET BU/I;

)
9,
7+ P + = H = const

P 28
r7i€ Z — yJEAbHAs MOTCHIMAILHAS SHEPrUs MOJOKCHHUS CCUCHUS (FreOMEeTpUUe-
CKUU HAIIOP ), M;

P _ YACJIBbHAA ITOTCHIHUAJIEHAA DSHCPIuUuA JdBJICHUA (HLEBUMETquECKHﬁ

PE
HAIIOP), M;

V — CKOPOCTB JIBUKCHHUA KUJIKOCTH B pACCMATPHUBACMOM CCUCHHH, M/C,

j
U~ v
— — YJACIBbHAA KMHCTHYCCKAA DQHCPINA (CKDIJGCTHDH Hﬂﬂﬂp), M,

JOKYMEHT MNMOANCcAH

8
NnE 4 QO s
Copribukar: AR Y S HAs MexaHudecKas SHEpTHs JBIDKYILEHCS KUIAKOCTH B
paceMaATPHBASMOM-€EHESHIPFHOTOKA (IIOJIHBIM HAIIOP ), M.
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Jlng moToka peanbHOM (BSA3KOM) KMKOCTH ypaBHEHUE bepHyIuu sABIIseT-
Cs YpaBHCHHEM OajlaHCa SHEPTrUH, YUYUTBIBAIOIIMM €€ MOTEPU, U JIJIS IBYX IIPO-

M3BOJILHBIX MTOMIEPEUYHBIX CEUECHUM ITOTOKA 3AITUCBIBACTCS CJICIYOILMM 00pa3oM:
2 2
zl+ﬂ+alu—‘:zg+&+azi+hﬂ (1)
Pg 28 Pg 28
[7I€ Z; — BBICOTA PACIIOJIOKCHHUS IIEHTPA TSAKECTU PACCMATPUBACMOIO CEUYCHM S
HaJ] TOPU30OHTAILHOU IJIOCKOCTEIO CPABHEHUS, M;
pi — JABICHME )KUJIKOCTH B paccMaTpuBaecMOM ceucHuM, [1a;

g — MOJTYJIb YCKOPEHHUs CBOOOHOIO IaieHus, M/c2;
O - INIOTHOCTD JKUJIKOCTH, KI/M;
o — KOPPEKTUB KHHEeTHYeCKOH dHepruu (ko3 unuent Kopuomnuca) B pac-
CMATPUBACMOM CCUCHMHU;
V; — CPEIHSAS CKOPOCTh JABMKCHMS YKUIKOCTH B PACCMATPHUBACMOM CEUe-
HUU, M/C;
h, — MOTepH IIOJTHOTO HAIIOPA HA YYACTKE MEX]y CeUEHUSIMHU |1 1 2, M.
KosddunuenT o mokaseiBaeT, BO CKONBKO pa3 (pakTUdecKas KHHETHUECKas
YHEPIUsl IIOTOKA B CCUCHHUHU OOJIBIIEC KMHETHYCCKOU SHEPTUM, BEIYMCICHHOU IO Cpe/l-
HEN CKOPOCTHU B 3TOM CEUCHHUMU.
[Ipu TypOyneHTHOM pexume aBwKeHUus o=1,05...1,15; B uHXeHepHON Mpak-

THKE OOBIYHO MPUHUMAIOT a~=1.
Onucanue >KCNEPUMEHTAIBLHON YCTAHOBKH

[IpyHIMIIMATBHAS cXeMAa YCTAHOBKHM JIJIS WILTIOCTPALMU ypaBHEHUS bepHyum
npuBeicHA Ha puc. 2. OCHOBHON 3JICMEHT YCTAHOBKH — 3TO ILIOCKUM TPYOOIIPOBO/]
MePEMEHHOr0 ceueHus 15.

[Ipu pabore ycTaHOBKHM BOjla M3 MpueMHOro o6aka 12 nacocom 11 mojgaercs B
HAIIOpHEIM 0ak 13, B KOTOpOM mepeluBHAsA Tpyda 14 mojgep:KMBaeT MOCTOSHHEBIM
ypOBeHb BO/BL. M3 HanmopHoro 6aka 13 BOja MOCTYIIAET B HAKIIOHHBIA INIOCKHM TPY-
OOmpOBO 15 MEepeMEHHOTO CCUCHUS U 3aTEM CJIMBACTCA B IIPUEMHEIM 0ak 12; pacxoj
BOJIBI Uepe3 TPyoonmpoBoy1 15 perymipyerca kpaHom 16.

B naru HanOoJiee XapaKTepHBIX CCUCHUSIX TPYOONMpOBO/A YCTAHOBIIEHEI 110 JIBE
U3MEpUTENbHBEIC TpYOKH. JleBeie TpyOkm 1, 3, 5, 7, 9 aBasroTca TpyOkamMu cTtaTude-
CKOro Hamopa (Impe30oMeTpudeckue TpyOKku), ripaselie Tpyoku 2, 4, 6, 8, 10 — TpyOku
noaHoro Hamnopa (tpyoku Iluto). Kaxkmas mapa TpyOOK MMEET MIKAIy JJIs OTCUCTA
BBICOTHI PACIIOJIOKEHUS YPOBHEH BOJIBI B TPYOKAX HAJl OCBIO TPyOOIIpOBO/IA.

[lono)keHne TUHMK IIOJHOTO JABJACHUS M NBE30OMETPHUYECKON JHMHHUHU BIOJIb
TpyOompoBosa 15 orHOcuTensHO mockocTu cpaBHeHHs 0-0 duxcupyercs ¢ momo-
b0 HUTOK 17; HUTKH 17 yIepKuBarOTCsA KApETKAMMU.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW I'ID,EII'IHEI':HJHD 1

égﬂl{' BbLIINNOJIHCHHSA pﬂﬁﬂThl
Ceptucpmkar: 2C0000043E9ABBBIS2205E7BAS0006000804

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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1. Bkntouuts Hacoc 11 ¥ OTKpBITE BEeHTWIE 18 (BpalleHUEM IIPOTHUB YACOBOM
CTPEJIKM). 3aIIOJIHUTE HANIOPHEIA Oak 13 10 YpOBHS BEPXHETO CCUCHUS IIEPECIUBHOU
TpyOrl 14. YpOBHM BOJBI B HU3MEPUTEILHBIX TPYOKAX JOJDKHBI YCTAHOBHUTBLCS HA
yPOBHE BOJIBI B Oake 13 ¥ HA OJJHOM rOPpU3OHTAILHOMN JIMHUU.

2. IInaBHO OTKPBITH HA HECKOJILKO JICJICHUN MIKAJLI JIMMOA PEryaIupOBOYHEIN
KpaH 16 u JOOUTBCS, YTOOBI CKOPOCTHOU HAIIOP B CAMOM Y3KOM CEUYEHHHU TPyOOIpo-
Boma 15 (B TpyOke 6) Haxomgwics B npenenax 20...30 mm. IIpoBeputs, 00ecnicunBa-
eTCs JIK yepe3 TpyOoky 14 nmepenus BOJBI B HAMOPHOM Oake 13 ¥ nmpu HEOOXOJUMOCTH
MOJIPETYIUPOBATE NOjauy Hacoca 11 BenTunem 18.

3. 3ahuKCHPOBATE MEPEIBIKHBIMA KAPETKAMU BEICOTY PACIOJIOKCHUS YPOB-
HEH BOJIbl B U3MEPUTEIBHBIX TPYOKAX W MPOTAHYTh Uyepe3 KapeTku HUTH 17. Huts,
MPOMYILCHHAS Yepe3 BEPXHHUE KAPETKHU, OTMETUT MOJOKEHUE JIMHUM MOJIHOTO THIPO-
IUHAMMYECKOTO HAIIOpd, 4 HUTh, IIPOMYILIEHHAS Yepe3 HUIKHUE KAPETKH — ITOIOXKE-
HUE ITEE30METPUYECKON JIUHUM.

4. B Tabmuny 1 3anucars moka3zaHus Nbe30METPOB U TPYOOK MOJHOrO HAIIOpa,
a TAK)KE YHCJIO JICJICHUM Ha IIKajle IMMoa KpaHa 16.

5. Kpanom 16 ycTaHOBUTE HOBBIM OOJIBIINMM PACX0]l BOJBI B TPyOOHIpoBoje 15
Y MOBTOPUTH BCE JEHUCTBUA 110 I.II 3 U 4.

Bcero BRIMOMHUTE TpU ONBITA MIPU TPEX PA3TUYHBIX pacxomax BOALL. IIpu mpo-
BEJJCHUH OIBITOB HEOOXOJMMO CJICJUTH 3a MOCTOSHCTBOM BBICOTBI YPOBHS BOJBI B
HAIIOPHOM OaKe.

Tabmuna 3.1. - Pe3ynbpraTsl n3aMepeHun

No, ITokazanus NbE30METPOB M TPYOOK ITOIHOIO HAIIOpa /1,MM
/11 ] 2 3 4 S 6 7 8

O0padoTka YKCIIEPUMEHTAJIBLHBIX TaHHbIX

1. JIns nByX IEpBBIX OIBITOB IIO JAHHBIM TAOIMILI 1 B Macmrade ImOCTPOUTH
JTUHUU TTOJTHOTO M MBE30METPUUECKOr0 HAIIOPOB MO JJIuHE Tpydomporoga 15. Jlate
AHAJIN3 W3MEHEHUH YPOBHS JMHHUH IIOJIHOTO M MBE30METPHUUYECKOr0 HAMOPOB BIOJIb
TpyOOIIpoBOAa 15 B 3aBUCUMOCTH OT U3MEHEHHUS €I0 ITOIIEPEUHOTO CCUCHUS.

2. Ilo pe3ynsrataM ONBITOB IPOBOJIUTCS TAPUPOBKA TpyOUATOro pacxogomMepa,
B KA4YECTBE KOTOPOr0 MPUHUMACTCS YYACTOK TPYOOIIpOBOIa 15 ¢ MECTHBIM C Y)KEHHU-
€M MOMEepPEUHOro ceueHus (puc.l).

CpenHsas CKOpOCTh B IONEPEYHEIX CEUCHHUSAX PaACcX0J0Mepa:

AOKYMEHT MOAMVCAH
SNEKTPOHHOM NOANMQYIO— Q. v, = 9 (2)

) ., 3
Ceptuidmkar: EEﬂﬂﬂﬂﬂdSEEABBBQEEEDEETBASGGﬂEﬂEGﬂJEE f
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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riae (- pacxoj BOJBI Uepe3 Tpyoonposona; F, f— IUomaau mornepeyHblX cede-
HUM 1 U 2, COOTBETCTBEHHO.

N3 ypaBuenus bepuynnu (1), 3anucanHOro ij1s IByX CE4eHMH pacxojomepa, ¢
Y4E€TOM 3aBUCUMOCTEH (2) HAXOIUM PACUCTHEIM PACcXO]] BOJIbL:

Q,= ANAH : (3)
rje
A—F |28 4)

10 x30
—— =
_‘_‘_‘_-_-_-_-_-_‘_‘_'_'_‘—-—-—..
- ¥
N N
L §
O /////}/////////// O

Pucynok 3.1 Pacuetnas cxema Tpyouaroro pacxogomMep (pacxomomepa BeHtypn)

AH=zl—zE+p1—p2—&h; (5)
Pg Pg
3HAYCHUSI BEIUYUH Z; U Z2 IPUHUMAIOTCS MO PUC. 2; BEIMUUHEI Py : P2 510
£Lg P8

MOKA3aHMUS ITEE30METPOB 3 U 5; MOTeps MOJTHOIO Hamopa Ah onpenenseTcs 0 moKa-
3aHUAM TPYOOK IOJTHOTO Hamopa 4 u 6:
Ah=hy-hg . (6)
Tak xag B 1a0QpATORHON paboTe TpyOKH MOMHOTO Hamopa (Tpyoku Iluro) 4 u
6 HBMiepﬂgrg};}rfWW@R‘ﬁEﬁﬁh BOJIBI, KOTOpast OOJIBIIE CPETHEH 10 CCYCHHIO CKOPO-

Ceptidmkar. 004 3ESABEBO52205E7BAS0006000004
CTig @0 (popmyIa (3 ) Aaeh3aBEIIICHHOC 3HaUeHHe pacxoja. [lostomy a1 onpenene-
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HUS JEMCTBUTEIBHOrO pacxoaa Boasl Q B ¢popmyie (3) BBOIUTCS IMOIIPABOYHEBIA KO-
3 UITHEHT k:

O=kQ, = ka/AH , (7)
r7e
_ 9
Op (%)

TapupoBouHBI KO3(POUIMEHT k; B KAXKJOM ONEBITE ONPECIIICTCA IO COOT-

BETCTBYIOIIUM 3HaueHusAM Q; u (J,; . JlercTBUTENIBHBIE PACXO/IBI BOABI (J; TPUHUMAEM
1O pacxogoMepy.

CpemHee 3HaYCHHUE TAPHPOBOUHOIO KOAPPHUIMSHTA JIJI JAHHOTO pacxojioMepa
ompeensaeTcs mo popmyne:

k =%iki 9)

PesyabTate! pacueToB kK03(pduImeHTa k OTpaxkarTcs B Ta0auIe 3.
3. Koadgdumnuent conporunenus {; Tpyo4aToro pacxojoMepa B KaKqoOM OITbI-
T€ ONPEICIIACTCS M0 BEIPAKECHUIO:

o =A% (i=1, 2, 3 —Homep omsrra) (10)
L,
2g
Ah;=hy = hy; (11)
2
L.
——=h,—h, (12)

rae Ah; —MecTHas moTeps HAmopa B TpyOompoBoje 15 (moTteped HaAmopa mo
JIJIMHE HA TPEHUE IIpeHeOperaeM), MM BOJI. CT.;

h, hjp — mokazanus TpyoOK 1moaHoro Hamopa 2 u 10, Mmm BOJI. cT. (cM. puc.3.2);

0*/2g — CKOPOCTHOM HAnop (CKOPOCTHASI BEICOTA), MM BOJI. CT;

h,; hy — mokazanus Tpyook 2 u 1 (wau 10 u 9) va puc. 1, MM BOJI. CT.;

Vi, £ — TOXKE, YTO U B ypaBHeHUH (1).

Cpennee 3HaYeHUE KOA(PPUIIMCHTA COMPOTHUBICHUS Pacx0joMepa:

PesynntaTtel  pacuera KO3(pduimeHta compoTuBiIeHus (  pacxojgomepa
3aHOCATCS B Ta0auiy 3.2.

Tabmuna 3.2 - PacueT ko3 duiimeHTa conpoTHUBICHUS pacXxoioMepa

No [Toreps mamopa Ah;, | CxopoctHoit Hantop | Koadduiuent
OTILITA CM L’ COIPOTHUBJICHUS
JOKYMEHT MOAMNWCAH ~ M .
NEKTPOHHOW MOAMWCHIO 2g i ¢

Ceptldmkar: EEGGGGGESEEABBBQEEEDEETBAEGGﬂEGﬂﬂGﬂdEE
Bnapeneu: llebayxoka TareaHa AnekcadapoBHa

1 2 3 4 S
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190 190

Pucynok 3.2 IlpunnunuansHas cxemMa YCTaHOBKHU

1,3,5,7,9 - nbe3omerpsrl; 2, 4, 6, 8, 10 — tpyoku I1uto; 11- Hacoc, 12 — npueMHBIN
0ak; 13 — HanmopHeli Oak; 14 — nepenuBHas TpyoOa; 15 — mmockuit TpyOOINpOBO/] IIEPEMEH-
HOT'O CeucHUs; 16 — peryIupOBOUHEINA KpaH; 17 — HUTH 719 (pUKCcAIMU MOTHOTO HAmopa 1
NbE30METPUUYECKOTO HAOpa; 18 - BEHTUIb JJ1s peryIUpPOBKM MOja4uM Hacoca 11.

Ta6muma 3.3 - PacueT TapupoBouHOTO KO3(ppuImenTra tpydyaToro pacxojomepa.

Noe | Pacxom | 1 P | h, H, JAH A Qpi. K; k
man| Q,m/c | P &8 P8 CM CM cM/cC
CM
1 2 3 4 S 6 7 8 9 10
KoHTpoOJILHBIE BOIIPOCHI:
1. Kak paszusarscsa Mexay co00i ypaBHeHUS bepHynmm i1 peanbHOU U Hjieallb-
HOM YKUJIKOCTH !
2. B uem 3akmrouacTess reOMETpHYSCKHN U (PU3UUCSCKHUHM CMBICT YpaBHEHUS bep-
HYJLUTH?
3.  Uro BeipaxkaeT co00i ko3¢ dunuecHT Koprnonuca?
4. Uto HazeiBaeTca HanopoM? Kakue Bujibl HAropoB Bel 3HaeTe?
J. Kak BBEMMCIUTE MTOTEpU HANIOpA MO JIJIUHE TPpyOoOmpoBoa?
6. Kak ompenenuts KO3(QQGUIIMCHT THAPABINYCCKOTO COMPOTHBICHUS A IIPH
PA3HBIX PEIKUMAX TCUCHUS KUIKOCTU?
7. OOBACHUTH CXEMY JIA0OPATOPHOM YCTAHOBKHU M MPUHIIUI €€ JeHCTBUSL.
AOKYMEHT NOANMWUCAH

SNEKTPOHHOW NOANMWUCHIO
2C0000043ESABBBO952205E7BAS00060000043E
llleGayxoea TaTeAHa AnexkcaHgpoBHa

CepTudukar:
Bnaneneu:
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JTabopaTtopHas padborta Ne 4

Tema: M3yueHHne peXxUMOB ABUKECHUS )KUIKOCTH

[l{env pabompwr: 1. HabmroneHUe CTPYKTYPBI TOTOKA ITPH PA3TUYHBIX PEIKUMAX
JIBIDKCHHUE KHJKOCTH.
2. OnpeneneHye peKUMOB JIBIDKCHUS BOJBI PACUCTHEIM ITYTEM I10
yucay PerHomb/ca.

[Ipubopwsr u mamepuavr: 1TAOOpPATOPHAS YCTAaHOBKA «I MapaBInKa», CEKYHIOMED,
TEPMOMETP, YKA3aTEIIb YPOBHSL.

KpﬂTK‘HE TCOPETHUYECCKHE CBC/ICHHSA

[Ipy TeyeHMHU XUIKOCTHU MO TpydaM M KaHAJIaM MOTYT MMETh MECTO JIBa peKUMa
JIBIDKCHUS: JIJAMUHAPHEIM U TYpOYICeHTHBIN. lIpy mamMuHapHOM peXUME KUIKOCTH JIBH-
KETCSL OTJENbHBIMU CTPYHKAMHU WM CIIOSMH; TPACKTOPHH YACTHI] XKXHUJIKOCTH HE Ilepece-
KAalOTCs, a JIMHUU TOKA COBMAJAIOT ¢ TpacKTOpUAMH dacTull, [Ipu TypOyneHTHOM pexuMe
NIBWKCHUS YACTUILBI JKUIKOCTH IIEPEMEIIMBAIOTCSA, UX TPACKTOPUM IIEPECEKAIOTCI M
MMEIOT Xa0TUYECKUH XapaKTep.

JlaMUHApHEIM PEKUM HAOIIFOAACTCS MPEUMYILICCTBEHHO IIPU JBMKEHUH XKUIKOCTEH
MOBBIIICHHON BS3KOCTH, TPYHTOBBIX BOJ, 4 TAKKE IIPU MAJIBIX CKOPOCTSIX JIBIDKCHUS
KUIKOCTU. JIaMUHAPHBIN PE)KUM I BOABI U BO3AyXa BO3MOXCH MpPU UX JBUKCHHUU B
TpyOax O4YEHb MAJIOro juaMeTrpa. B OONBIIMHCTBE CIIy4aeB MHIKCHEPHOU MPAKTUKH MPHU
NBWKCHUU BOJBI HMECT MECTO TYPOYICHTHBIM PEXKUM JIBHKCHUI. Hammuwme wnm
JTAMMHAPHOIO WJIH TYpOYJEHTHOTO pPEXHMMa 3aBUCHT OT CKOPOCTH TEUEHHS, BSA3KOCTU
KUJIKOCTH U TEOMETPHUUYECKUX Pa3MEPOB JKUBOIO CEUYEHHUS ITOTOKA.

Oneirel O. PelHONBACA U APYTUX YUCHBIX MOKA3AJIM, YTO MPU IIOCTCIICHHOM YBEIIH-
YEHUM CKOPOCTH JIBHIKEHHME COXPAHICTCS JAMHUHAPHEIM JIMIIE /10 KAKOTO-TO OIpPE/IeIeHHO-
r0 3HAYECHUS CKOPOCTH, IIOCIE KOTOPOrO HACTYIACT TypOyJIEHTHBIM pexkuM. M oOpaTtHoO,
IPU YMEHBIICHUU CKOPOCTH TYPOYIECHTHBIM PEKUM COXPAHSICTCS JI0 KAKOTO-TO OIpe]ie-
JICHHOI'0 3HAYE€HMS CKOPOCTH, MTOCJIE KOTOPOTO IIEPEXOIUT B IJAMHUHAPHEIM.

CKOpOCTBh, MPpU KOTOPOU IIPOUCXOIUT CMEHA PEIKUMOB JBHIKCHUS, HA3EIBACTCA KpU-
TUUECKOU CKOPOCTBIO Vyp. PA3TMYAIOT HUKHIOK U BEPXHIOK KPUTHYECKUE CKOpOCTH. [Ipu
HIGKHEH KPUTHYECKOU CKOPOCTH TYPOYJICHTHOE JIBIDKCHUE MEPEXOIUT B JJAMUHAPHOE, ITPH
BEpXHEH KPUTHUYECKOW CKOPOCTH JIJAMUHAPHOE JIBUKECHHUE IIEPEXOJUT B TYpOYJICHTHOE.

B nmpakTuke 0 HAaIUMYUM IAMUHAPHOTO WK TYPOYJICHTHOTO PEKUMOB TECUECHUS CYIISAT
M0 3HAYCHUIO Oe3pa3MepHOro kputepus PeriHonbcAa:

I Y4
Re = —,
v
I'’71C v — GpEﬂHHH ITO CCUCHHUHD TTOTOKA GKGIJ'DCTL TCUCHHMA H{H,HKDCTH CM/C;
HDK@MEI-H HI:IH J'IHHﬂHHI:IH pﬂBMﬂp JKHUBOT'O CCUCHH A HOTDKH CM,

3NEKTPOHHOWM
Ceptudmkar: EGﬂﬂﬂﬂﬂdSEH,&BEEE@ﬁé%WMHﬂMﬂTHqECKDH BA3KOCTH JXUJIKOCTH, M7/c.

nenenelB RAHECTRE X APARTEPoro nmuueliHoro pasmepa { mpUHHMAaeTcs THAPaBINYECKUH
paguyc R, a 1ng Han OpHOTO TCUCHHUS B KpyTJIou Tpyoe — nuameTp d TpyOBl.
NelcTeMT C 19 08.2022 no 19.08.

‘Hinxaee KpuTHUeckoe 4mciio PelfHONBIcAa cOOTBETCTBYET 3HaueHWsAM Re,= 2300,

BepxHee - Rez=4000. Ecmu Re < Rey , TO UMeeT MECTO TaMUHAPHBIA PEKUM JIBHIKCHMS



xuakoctu. Ilpyw Re > Rep pexum JBHkeHUS TypOyneHTHBIM. B 00jactu 3HAYeHUU
Re, < Re < Re, UMEET MECTO HEYCTOMYUBBIN PEKUM JIBIDKECHH S, IPU KOTOPOM MOXKET OBIThH

KAaK JIJAMUHAPHBIN, TAK U TYPOYJICHTHBIN PEIKUM JIBHIKCHUS.

Onucanue HHCHEPHMEHTHHBHﬂﬁ YCTAHOBKH

[IpyHIMITMATBHAS cCXeMa YCTAHOBKHM JIJIS M3YUYCHUS PEIKUMOB JIBMIKCHHUS KUJIKOCTHU
IPUBEJICHA HA puC.].

[Ipu paboTe ycTaHOBKM MOJKpalllcHHAs BOga M3 pe3epByapa 1 yepe3 TpyoOky &
TOHKOU CTPYUKOM MOCTYIAET B CPEHIO YACTh IIOIEPEYHOr0 CEUYEHUS CTEKIITHHON TPy OBl
O, cay)Kameu I BU3YAJIBHOTO HAOIIONCHMSA PEKHUMOB JIBHKCHHUS BOAEL. BHYTpeHHUU
auaMeTp Tpyoel 9 cocrtaBiser 2 cM. B kKadecTBe Kpackd MCHOJB3YIOTCS YepHWIA. B
TpyOy 9 BOma mocTymaeT M3 HAMNOPHOTrO Oaka 3. YpOBEHBL BOJBI B HAIIOPHOM Oake
MOJI/ICPIKUBACTCS MOCTOSHHBIM 34 CUET CJIMBA U3JIUIIHEH BOJIBI yepe3 TpyOoky 5. CKOpOCTh
JIBUKEHUS BOJIBI B CTEKIITHHOM TpyOKe 9 ycTaHaBIMBaeTcs KpaHoM 13. B 3aBHCHMOCTH OT
3HAUCHUS ATOM CKOPOCTHM MMECT MECTO Ta WM MHAs KapTHHA TCUCHUS ITOJKPAILCHHOMN
CTPYUKHM JXUJKOCTH, KOTOpasi M TO3BOJISET CYJAUTh O PEXKUME JIBUWKEHUS BOJBI. M3
CTCKISHHOM TpyObl 9 BOJa moctymaeTr B MepHbeIM Oak 10 u ganee cOpaceiBacrcsa B
KaHaJIU3aL]UIO.

ITopsiioK BLINOJIHEHHS PA0OTHI

l. OtkpeiTe kpaH 14 BO H30€)KAHHE MEPEHOIHCHUS MEPHOrO 0Oaka BO BpeMs
pPETYIUPOBAHUS CKOPOCTH BOJBI B CTEKIISHHOU TpyOe 9.

2. IToBOpOTOM PYKOSTKH IIPOTUB YACOBOU CTPEIIKA OTKPBITh KpaH 12 M 3aIOIHUTH
HAITIOPHEIM 0aK 3 BOJIOM M3 BOJJOIIPOBO/IA O BEPXHETO CEUCHUS IIEPEIMBHOU TPYORI J.

3. IIpuotkpeiTe KkpaH 13 (IIpOTUB 4ACOBON CTPEIKM) M YCTAHOBUTH HEOONBIIYIO
CKOPOCTB TCUECHUSA BOJEI B CTCKIITHHON TpyOe 9.

4. OTkpeIBas KpaH 15 (IIpOTHB 4YAaCOBOH CTPEIIKH), OTPEryJIAUPOBATH MOCTYIUICHHE
MOJIKPAIICHHON BOJBI TAK, YTOOEI €€ CKOPOCTh ObIId MPUMEPHO OJUHAKOBA CO CKOPOCTBLIO
BOJIbI B CTeKISHHOM Tpyde 9. CrpyHuaroe [ABWKEHME KpacKu B IIOTOKE OyeT
CBUJICTEIILCTBOBATEL O HATMUMM JIAMUHAPHOTO PEKUMA B CTEKIIIHHOU TpyOe 9.

S. 3aKpeITh KpaH 14 U U3MEPUTH CEKYHIOMEPOM BpeMs 3aMOJHCHUS MEPHOrO Oaka
Ha 10-15 menenni 1o ykazarearo ypoBHS BOEI 1 1.

6. OTkpeITE KpaH 14, M NOBTOPUTHL BCE€ JICUCTBUSA MO ILO. 1..5. Ipu HOBOM,
HECKOJIBKO O0IbIIeM 3HAYEHUHU CKOPOCTH BOJIBI B CTEKISSHHOU TpyoOe 9.

7. IIpr HEKOTOPOM JATBHEHIIEM YBEIMUECHUM PACXO0d BOJbI 4YepPe3 CTEKISHHYIO
TpyOy 9 OkpallleHHaAs CTpyMKa HAYHET KOJNCOAThCS, MPUOOPETasd BOTHUCTBIM XApaKTep C
MECTHBIMM pa3MbIBaMU. Takoe IMOBEIEHUE CTPYHKH COOTBETCTBYET PEIKUMY II€peXoaa OT
JTAMHHAPHOTO TCUCHUS K TYpOyICHTHOMY.

B 5TOT MOMEHT MO 1.0. 5 U3MEPUTH PACXO]] BOJBLI B TPYOKE, COOTBETCTBYIOIIMI

HIDKHEU KPUTHSGRKOHoEHOROCTH.

oS AAABECAIES YRR uenne pacxona BOABL B cTeKISHHOIN TpyGe 9 mpUBOIMT K
Pe3KOMY HISNEHEHMIO XapaKTepa JIBUIKCHUS: CTPYHKA IIOJHOCTRIO pa3MbIBACTCS, BOJA B

CTCKJISIHHON TPYOKE CTAHOBHUTCS PABHOMEPHO OKPAIICHHOM — B TPYOKE YCTAHOBUTCS

TYPOYACHTHRAL Pk aBmxenus. [Ipy 3TOM mepexojie K Pa3sBUTOMY TypOYyJIEHTHOMY




pPEeXKUMY TEUEHMS MO M. 5 U3MEPUTh pPACXO]l BOJBI, COOTBETCTBYIOIMM BEpXHEH
KPUTUYECKON CKOPOCTH.

9. IlpoBecTu U3MEpPEHHUE pacxoja BOJEI B PEKHUME TYpPOYJICHTHOTO TCUECHHUS CO
CKOPOCTBIO OOJIbIIIEH BepXHEeH KPUTUYECKOM.

Pe3yabTaTel U3MEPEHHUN B KAXKIOM M3 PEIKUMOB JIBHIKCHMS 3aHCCTU B Ta0Iuny 4.1.

Tabmuna 4.1 - Pe3ynbrarsl n3aMepeHun

No N3mepenue pacxojia BOJIEI Temmepatypa
OITbI- Pexxum O01BeM BOJIBL Bpewms BOIbI, t, C

Ta JIBH)KCHUS V, Mn T, C

1 2 3 4 S

[Tpumeuanus: 1) mwIomans )KUBOrO CeYEHUs CTEKIISIHHON Tpyoku F=3,14 cm?;
2) nuametp Tpyoku d = 1,25 cm.
Temmepatypa BOIBI U3MEPSACTCSA OJUMH pa3 B TedeHUE ONBLITOB. [locne mpoBeneHus
OITBITOB 3AKPBITh KpaH MOJauM BOJIEI M3 BOAOIPOBOHOM ceTU 12, KpaH mojgauyu kpacku 13,
CIIMTH BOJY U3 HAMOPHOIO O0aka 3 U 3aKphITh KpaH 13.

O0padoTka 3KCHIEPUMEHTAJIBHLIX TAHHBLIX

1. Ilo napueIM TaOmuuel 4.1 HAXOTUTCA pacXO]] BOJBI UEPE3 CTCKISHHYIO TPyoy 9:
0=V, cwlc (1)

T
2. OnpenenseTcs CpeaHsAA 0 CCUCHUIO CKOPOCTh JBUKECHUS BOJIEI B TPyOE:

0

V== cM/c, 2
- @)
5.3. Onpenensercsas COOTBETCTBYIOIIEE 3HAUCHUE yncaa PeiHonb/ca:
vd
Re=—, 3)
V

rjie d - BHyTpeHHUM JUAMETP CTEKJISSHHON TPYORI 9;

V - KHHEMAaTHYEeCKasl BSI3KOCTh BOJIbI, MPUHUMAETCS IO IPHIOKEHUIO 4.1.
Pe3ynabTaThl 00pa00TKH ONBITHBIX JJAHHBIX OTpaXKaroTcs B Tadauie 4.2.

Tabmuna 4.2 - Pe3ynbrarsl 00pabOTKH 3KCIIEPHUMEHTA.

Pacxon | Cpen- | Kosddunment ku- | Uwmcmo Re Pexnm
S | BOIOBI | HAA CKO- HEMaTHYECKOU JIBHOKCHUS
2 | Q,M’/c | pocTb v, | BSA3KOCTHU V, cM>/C
° cM/C
:2
4 5 6

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

[Ipunoxenue 4 A
feiictantenes: ¢ 19.08.2022 no 19.08.202K 0D (U IIMEHT KMHEMATHUECKOH BA3KOCTH BOJIBI V



Temmneparypa “C 10 20 30 40
Bs3kocTs v- 10%, em?/c 1,30 1,00 0,80 0,66

H=z pomonposoma
—— [

|
“ U..l"f..l"..l".-".-".-"..l"..-".-"'..l".r".-"..l".-".-"'..-"IIHIIKIIHIIHJIIHFIHHHH

X

B xaman H3AIMHKO

Pucynok 4.1 CxeMa sKkcriepMMEHTAJIBHOM YCTAHOBKU
| — pe3sepByap ¢ MOJKpaIIEeHHOH BOOM; 2 - IEpPeropojka neppopupoBaHHasg; 3 — HAIIOP-
HBIM Oak; 4 — HAMOPHEIM TPyOONMpOBOM; S — nepeauBHAs TpyOka; 6 — clmBHAS TpyOka; 7
— CMOTPOBOE CTEKJIO; 8 —TpyOKa [Jg IMOAA4Yd BOJBI C KPACKOM; 9 — CTeKIsHHAs TpyOKa;

10 — mepuBIN Oak; 11 —ykazatens ypoOBHS BOJABI B MepHOM Oake; 12, 13, 14, 15 —pe-
I'YIUPOBOYHEIC KPAHBEIL.

KoHTpoJIbHBIE BOIIPOCHI:

]. YewMm oTiinuaeTcs ujeaabHas )XUIKOCTh OT PeaabHOM !

2. Kakue cyIiecTBYIOT peKHMEI IBHIKCHHUS KUJKOCTH U KAK OHHM OIIPECIIIOTCS !

3. Kak onpenensercs KO3 QHUIMEHT THIPaBINUYECKOT0 CONPOTHUBICHUS A IIPH pa3-
HBIX PEXKMMAX TCUCHUS JKUJKOCTH!

4. Kakue 30HBI TpeHMS pa3INYalOT IPU YCTAHOBUBIIEMCS TYPOYIECHTHOM PEKUME
TEUEHUS KUJIKOCTU?

5. Kak mpoucxoguT pacopeeacHUe CKOPOCTEH IO CCUCHUIO MOTOKA IIPH JIAMHU-

HApHOM pﬂmﬂ%ﬁyﬂéﬁiﬁéﬁﬁ% }KHHKDCTH?

B HHH(E‘:HE])HDE[ [NIPAKTHUKC CTAJIKHUBAKTCA C JIAMWHAPHBIM H

0. . BRIRNR CHYYaX
Cepti %FHHETI 2C0000043E9ABEBO52205E7BAS00060000043E

YIICHEHBIM PeKAMAMILbECYCHHN A H{HHKDCTH?

7. Kak mpoucxoaut pacopeeaeHue CKOPOCTEN MO CEUEH U0 OTOKA TP TypOy-
ACHTEON PEIKIME TBIHKECHUA )KUIKOCTH?

8. Onwucark cxemMy JJA0OPATOPHON YCTAHOBKHU M IIPHUHIIUIL €€ JEHCTBUS.



JIabopaTtopHas padora Ne 5

Tema: M3ydeHue nporecca OCaXIeHUs B T10JI€ CHIbI TAXKECTH.

[{env pabompi: 1) M3y4UTH IIPOLIECC OCAXKIICHUS TBEP/IBIX YACTUILL B ITOJIC CUIIBI
TSKECTH,
2) onpeaenuTh CKOPOCTh OCAKICHUS TBEP/IbIX YACTHI] B JKUJIKOCTH;

[Ipubopsr u mamepuaivl: TEXHOJIOTHYECKNE CIIPABOYHMKHN, KATATOTH
000py/JOBaHMS, TUHEHKA.

KPHTKHE TCOPETHUYCCKHEC CBCACHHSA

B cnyuae ocaxkgeHus MEJIKOJUCIICPCHBIX TBEP/BIX YACTHI][ B ra3e WU JKHIKOCTH,
HAOJTFOTAIOIIEMCS TIPU THIPABINYECKON M ITHEBMATHYCCKON KIacCU(pHKAIIMU, Ta3004HCT-
K€ M pa3jleJIeHUU CYCIICH3UM, OCHOBHOM XapaKTEPUCTUKOU IMpOoliecca SIBISCTCS CKOPOCHb
0CANCOCHUA

Jl1ns pacueTa CKOPOCTH OCAXKCHUS 10T ICHCTBUEM CHJIBI TSDKECTH MOYKHO HUCIIONB30-
BATH OOIIYIO JIJIS1 BCEX PEIKUMOB OCAXKICHMS 3aBUCUMOCTh:

. = % d'.r (ﬂ?‘ o ﬂ)g
ac . 3 {ﬂ
DKCIEpPUMEHTAILHO YCTAHOBJICHE TPH PEXMMa M3MEHEHUS KO3(pdHuIMeHTa compo-
TUBJICHUS ( B 3aBUCHMMOCTHU OT uucja PerHonbaca. B mepBoi 001acTH — JTaMHMHAPHOTO
ocakaeHus — npHu Rey < 2:
( = 24/Re,,.

Bo BTOpo# "(4acto Ha3pIBaEMOHN IIEPEXOJHOM) 00JACTH B mpejesiax U3MEHEHHS 2 <
Reo: < 500:
_ 0.6
( =24/Re;”.

B Ttperbeit 00macT — pa3BUTON TYpOYJICHTHOCTH — B IIpejeaax usMmeHeHus 500 <
Reo <20000:
{ ~ 0,44
[Tpu nmamuuapaom ocaxaeHun (Re.c < 2) anag OJMHOYHON c(PEpPpHUCCKON YACTHIIBI
(mpuHMMAas JIBIWKeHHE MeakuX JyacTull ¢ d; <0,1 MM paBHOMEPHBEIM) CKOPOCTb OCAXKICHUS
PACCUMTHIBAIOT 10 (hOpMYIIE:

Woeer = A7(pr — p) g/(18).
JTa 3aBUCHUMOCTb HOCUT Ha3zBaHue gpopmyiavt Cmokca. OHA cripaBeIinuBa s TH/I-
poauHaAMMU4ecKO 00macTu uncel PeiiHonbaca 107 < Rege < 2.
Ecmm JACTUIIBI MMCIOT Hec(hepudecKkyo (popMy, TO MONB30BATHECSA 3aBHCHUMOCTBIO

NOKYMEHT NOAMNUCAH
,[[.'IIH pELCLIETELW}FHEﬂEBHH“HLb@

" B QOLIEM, CIyHae. MOKHO MCIIONB30BATH KPUTCPHUATBHYIO 3aBHCHMOCTD:
Re = f(Ar, ).

e BAECH AR KPUTCPUU ApXUMe/Ia:



dipfgp.—p
M- o
C y4eTOM 3aBHCUMOCTH YPABHEHUE MPUMET BUI:
Re = Ar/18.
[Ipu 5>TOM KpUTHYECKOE 3HAYCHHE YUCIIA APXUMEIA, OTPAHUUHMBAIOIIEE CYILIECTBO-
BAHME JJAMHHAPHOTO pexxuma, oyaetr Ar < 36. B niepexonHoM 001aCTH 3aBUCUMOCTE IIPHU-
HUMAET BU/I;

Ar

Re=0.152 Ar’71

OcaxaeHue B MEePEXOJHOM O00JACTH OrpaHMYMBACTCS M3MEHEHHSIMH KPUTEpPHUS
Apxumena B mmpefenax 36 < Ar < 8,3-10%.

[Ipu pa3BUTOM TypOYIEHTHOM OCAXKCHUM:

Re=1.74 Ar"?

B Tex cmywasx, KOrjgja CKOpOCTh OCAXICHHUS 3ajJlaHA IIJIM W3BECTHA, JJIS pacueTra
aUaMeTpa OCaXK/TAIOIIUXCS YACTHI] YAOOHO HMCIIOIL30BATEH IPapUUEeCcKyr0 3aBUCUMOCTE Ly
= f (Ar), rie kxpurepuii JIsiieHko paBeH:

Ly = Re = ocP” .
- Ar o (e, —p)

B rpadguueckoii 3aBucumoctu Ly = f (Ar) uckmroueH K03(pPHUIIMEHT COTPOTHUBIICHHS
C, KOTOpEIA A1 Hecpeprdeckux (OOBIYHO 00padaTHEIBAEMBIX B XMMHUYECKOM TEXHOIOTUH )
JACTHUI] 3aBUCHUT OT MX (pOPMEI (OKpYTJIasi, YIiaoBas, INIacTHHYATAs U T. II.).

PacueTel @, OpU HU3BECTHOM d, JIJI JTIOOOTO peKUMA OCAXKACHUS MPHOIMIKCHHO
MOYKHO BECTHU TAK)KE ¢ ITOMOIIBIO Tpaduka Ha puc.l. Paccuntannas rpadpuyecku CKOpPOCTh
OCKJICHUSI XOPOIIO COBIIAJACT C OMNBITHBIMHU JJAHHBIMHU JJII CBOOOTHO OCAXKIAFOIIMXCS
JACTHI] B HEOTPAHWYCHHOM IIPOCTpaHCTBe. /{1 gacTul] HenmpaBUIILHOM (POPMBI CKOPOCTH
OCaXXJICHUSI OOBIYHO MEHBIIIE, U ITIO3TOMY CKOPOCTh, PACCUUTAHHYIO JIJI C(PepUUECKON da-
CTHIIBI, HCOOXOIUMO YMHOXKHUTE (IIPH OTCYTCTBHH COOTBETCTBYIOIIHMX I'pa(HKOB) HA IIO-
MPaBOYHEIN KOA(PPHUIMEHT (POPMHEL:

Woe — ijwﬂﬂ.clij y

3Hauenus ¢paxTopa (Koddpduimenra) GOpMEI Y IS HEKOTOPHIX I'€OMCTPHYCCKHUX
Tel (h — BBICOTA; ¥ — PaINuyC):

dopma gacTuIl / dopma gacTull ]
Ky6 0,806 [Mumunaap (h=10r) 0,691
[{umunnp (h=3r) 0,860 [Tumuaap (h=20r) 0,580

NOKYMEHT Mg EWHE’_ TR )]

EHI:HTPDHHDH__;{l___ _ [;LI ___[Jlbm_' :

CeptuduKar ;:'ZI:-i:'i:'i;'i;'i;-liiE‘IAE;-*!BEI:?EE:I:;aE_I? {."—'.1’1:};}:?5-1: OO0043E..+|
| o | . 1

Bnaneneu lLlebayxoea TaTeAHa AREkgaHipoeHa
g 5

| Pl im e = :I
o I : :
h -




Puc. .1. 3aBucumocTs KpurepueB Re 1 Ly oT KpuUTEepusi Ar 151 OCAXKICHHA OJHHOYHON YACTHIILI B HEIT0/IB HIK-
HOH cpejie:
! ¥ 6 — uapoodpazHeIe HaCTHIEL; 2 — OKPYITIEHHBIE; 3 — YIJIOBATEIE; 4 — MTPOJOJTOBATEIE; 5 — IUIACTHHYATEIE

[Tpu pacueTe CKOpPOCTH CTECHECHHOIO ABIDKEHHUS B (popmyny CTOkca BBOJAT ITOIpa-
BOUHBINM MHO)KMTEJIb, YUMTHIBAION[UM BIMSHUE KOHI[EHTPAIIUU CYCIICH3UHU U €€ PeOJIOTHY e-
CKHE CBOMCTRA.

Onucanue YCTAHOBKH

Y CTaHOBKA COCTOUT W3 TPEX CTEKISIHHBIX HUIUHAPOB (d,~5(0 mMM), 3aMOJTHEHHBIX
PA3HBIMU KUJIKOCTIMU. PU3MUECKHE CBONCTBA JKUJIKOCTEH. IPUBEACHLI B TAOIMIE HA
cTeHne. BBepxXy M BHU3Y KaXXJIOTO IWIMHJIPA UMEIOTCS METKH, (DUKCHPYIOIIUE PACCTOS-
HUSI, KOTOPBIC YACTHIILI MPOXOIAT B MPOIECCEe OCAKICHUSI. 3aMepss CEKyYHIOMEPOM Bpe-
Ms, B TCUCHHUE KOTOPOTO YACTHIA MPOXOIUT PACCTOSHUEC MEXKTY METKAMM, MOXHO Ompe-
JIEIUTh CKOPOCTH OCAXKICHUS YACTHUIIBI.

C L€ UCKIIOUEHUS BIMSHMS HAYAJIBHOIO y4acTKAa YCKOPEHHOTO JBMIKCHHUS 4a-
CTHUIIBI B )KMJIKOCTH BEpXHSISI MeTKa pacnonoxeHa na 30—40 MM HU)KE YPOBHSI MOBEPXHO-
CTH JKUKOCTH.

ITopsiioK BLINOJHEHHS PA0OTHI

Yactunpel chepudeckOil U HENPaBHIBHON (POPMBI M3BECTHOIO ILTH 3aMCPCHHOIO
muaMeTpa (UM HEOOXOJUMBIX IeOMETPHUUYCCKUX PAa3MepOB) BBOIAT B COCY/] HAJl ITOBEPX-
HOCTBIO JKMJIKOCTH U AKKYpPaTHO OIYCKAIT B XKHUIKOCTh. CekyHmomMepoM (DHUKCHPYIOT
BpeMs IIPOXOXKICHUS YACTUIBI MEKTY MEeTKaMu. Kaxkneiii 3aMep qy0aupyroT. Pe3ynsTaThl
OIBITOB 3aHOCSAT B OTYETHYIO TAOJIMILY.

[Ipu BeluMcnenuu kputepueB Re, Ar u Ly Mcnonab3yiOT OCpeJHCHHBIC 3HAUCHUS
CKOPOCTH OCAXKICHUS (W, U TUaMeTpa yacTtull dr.

Jls onpenieieHus CKOPOCTH OCAXKIICHUS (W, CIIEIyeT IIPOBECTH HE MEHEE 5 OIBITOB,
B KOXKJOM 110 3—4 3amepa.

Ecmu gacTuiia B mporecce OCaXKICHUS KOCHYJIACh CTEHKH LMIHHApPA WA K Oca-
JKATOIICHCS YACTHUIC MPUJIKI MY3BIPEK BO3yXd, PE3YIALTAT TAKOIO OIBITA HE CJCIYET
YUUTBIBATH M OMBIT HEOOXOJMMO IIOBTOPUT.

O0padoTKa HIKCIIEPUMEHTAJIBHBIX JAHHbIX

Ha ocuose IKCIICPUMCHTAJIEHBIX JTAHHBIX !
. Beraucasgror CKOPOCTB OCAXKJICHHA B KAXKJIOM 3dMCPC.

2. Onpeirestaion raarenns kputepues Re, Ar u Ly 17151 Kak10r0 OMBITA.
A O ARETEpIMCHTIANE ibie 3aBucuMocT Re= C Ar" u Haxo1aT KO3(DhULIMEHTEL

BJ'IE,EI,E.I'IELI,Z e03YX0Ed 1dTeHHA dHOpPOBHA

Cun.

HeicranehaPABHHEBAOE HOIYUCHHBIC 3ABUCHMOCTH C PACYCTHEIMH (pOpMyTaMu
4. HanocsT 3kcriepuMeHTaabHEIE JaHHBIE HA Tpaduk Ly = f (Ar).



S. BeruucasroT ¢ nmoMompeo 3aBUCUMOCTH Ly= f (Ar) u M3BECTHOU CKOPOCTHU OcCa-
KIeHUS (GakTop (GOpMEI (O JJIS 3aJaHHEIX HEKPYTJIBIX YACTHUI] 1 CPABHUBAIOT C IIPUBE/ICH-
HBIMH BBIIIC JJAHHBIMU.

KoHTpoJIbHbIE BONIPOCHI

]. Kakue cunsl IeMCTBYIOT Md OCAXKIAIOIIYIOCS YaCTUILLY !

2. Kakue ¢puznueckre BeTWUMHEBEI BXOMAT B 4YHCIO PeliHOIBACA M1 OCa)Iaro-
[UXCS YACTHIL?

3.Kakue peKMMBI OCAXKICHUS U3BECTHEI?

4 . Kak onpeienuTh CKOPOCTh OCAKJICHUS SIS Hec(hepUUECKUX YaCTHUIL!

J. Kak onpenenurs quaMeTp 4acTHI], €CJIH U3BECTHA UX CKOPOCTH OCAKICHUS !
5. Kak BausieT Hec(pepHIHOCTE OCAXKTAFOIIMXCS YACTHI] Ha 3aBUCUMOCTE Ly= f (Ar)?
7. C moMOIIBEI0 Kakoi rpaduyecKoil 3aBHCHMOCTH MOYKHO BECTH IPHOIMIKEH-
HBIC PACUYETHI Woe UIH dr JIJIS1 TFOOOTO PEIKUMA OCAKICHUS?

8. Kak MOHO y4ecTb CTECHEHHOCTD JIBIDKCHUS IIPU PACUCTE Woc !

9. Kak paccuurare maomags OCAXKICHUS B OTCTOMHMKAX, IIBUICBBIX KaMe-

pax,IUKJIOHAX W OCAJUTCIBNLIX IIeHTpupyTax”?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023



JTabopaTopHas padborta Ne 6

Tema: M3ydeHnue nporecca ocaxxaeHUs B IIEHTPOOESIKHOM II0JIE.

[{env pabompbi: 1) U3y4UTH IIPOLIECC OCAKICHUS TBEP/BIX YACTUIL B IIEHTPOOCIKHOM
moJie;

2) onpeenuTh XapaKTEePUCTUKU paOOTHI [IUKJIOHA;

[Ipubopsr u mamepuaivl: TEXHOJIOTUYCCKNE CIPABOYHUKH, KATATIOTH
000pYy/OBAHUS, TUHEHKA.

KPHTKHE TCOPETHUYCCKHE CBCACHHSA

OuncTKa MPOMBIILICHHEIX Ta30BEIX IMOTOKOB OT B3BCHICHHBIX B HUX TBEP/IBIX 4a-
CTHI] MOJKET, OCYILECTBIIATLCS, HAIIPUMEDP, IIYTEM OCAXKJICHUS TBEPJBIX YACTHIL] IO JICH-
CTBUEM PA3NUYHBIX CHJI: TSDKCCTH, IIEHTPOOESIKHEIX, ICKTPOCTATUYCCKUX, AKYCTUUYCCKUX U
np. OngauM u3 Haubonee MPOCTHIX M IIMPOKO pacIIpOCTPAHEHHBIX CIIOCOOO0B SIBJISICTCS 1ICH-
TpOOEIKHOE paszleleHue TaKUX HEOJHOPOJAHBIX CHCTeM. B KadecTBe amnmaparoB-
MBIICYIOBUTEIEH, B KOTOPBIX MOKHO OCYIECTBUTEL 3TOT CIIOCO0, UCIONB3YIOT L[UKJIOHBI
PA3IMYHBIX KOHCTPYKI[HH.

[Huxmonsl koucTpykuuu HUMOI'A3a tunma [{H-11, [{H-15, I{H-24 npegnazHaueHb!
JIJISI CYXOM OYHCTKU Ta30BBEIX ITOTOKOB OT TBEP/ILIX YACTHUIL, BBIJICISIONIMXCS B HEKOTOPHIX
TEXHOJIOTHUECKHUX ITpolleccax (Hampumep, B MPOILECCAX CYIIKU CBHITYYHUX TBEPBIX Ma-
TEpPUATIOB, 00XKHMIa, aArIOMEPAIMH, CKMTAHUS TOIJIMBA U JIp.), & TAK)KE ACIIUPALMOHHOIO
BO3/IyXd B PA3JUYHBIX OTPACISX MPOMBIIUICHHOCTH (XMMHYECKOHM, He(pTeXMMHUYECKOM,
YECPHOU U IIBETHOU METAJLIYPruu, MPOMBIIIICHHOCTH CTPOUTEIBHBIX MATCPHUAIIOB, SHEPTC-
THKE U JIp.).

MX Henb3s MCIOIb30BaATh JJIS YIABIUBAHUS CUILHO CIUMAIOIICHCS MBIIN, 4 TAKXKE B
YCJIOBUSX TOKCUYHBIX MJIM B3PBIBOOIIACHEIX CPE]I.

B 3aBucumocTu OT TpeOOBaAHUM, MIPEIBABIIECMEIX K OUUCTKE T'a30B, IIMKIOHBI MOTYT
NMETh CAMOCTOSATCIFHOC IMIPUMEHEHNE WM HUCIIOIB30BATECA B KAUECTBE amnmapara IMepBOU
CTYIICHH OYHUCTKU B COUCTAHMUH C JPYTUMH Ia3004UCTHLEIMH aIllapaTaMH.

[Tporecc pasaeneHus HEOJHOPOJHBIX CHCTEM Ia3 — TBEPALIC YACTHUIBI IIOJ JCH-
CTBHUEM LICHTPOOCKHBIX CUJI 00YCIOBIMBACTCS PA3HOCTHIO INIOTHOCTEHM Ira30BOr0 IMOTOKA U
TBEP/IBIX YACTHUI], HAXOJAIIUXCS BO BpallaTeIbLHOM JIBH)KeHHHU. LIeHTpOOEeKHBIE CHIIBI,
BO3HHUKAFOIHE IIPH STOM, 00ECIICYHBAIOT OOJIBINYI0 3P (PEeKTHBHOCTE IIPOIEcca MO CpaBHE-
HUIO C IIPOIIECCOM pa3ICIICHUS, IIPOXOISIINM B MOJIE TOILKO CHI TshkecTH. COOTHOILCHHE
YTUX CWI HA3BIBAKOT (haKMopom pazoeieHus.

f=P,/G.

3nece Py —sddenwpofenaas cuma, oTOpaceBaronias TBEPAYIO YACTUILY W3 BPAMIAFOMIETOCS Ta30BOTO
MOTOKA K CTEHI%ﬁﬂﬂﬁi&‘fﬁﬁ'é?”””“bm

........... e Sy

E||| i 1a AneKkcaHapoBHa
M — I\f[ﬂﬂﬂﬂ TBEp,I[ﬂH '—IHCTHT_[LI KT' M — DKp}’HfHHH CKUPDCTE JAaCTHIIEI (}’EHDBHD HpI’H-IHMHETEH pﬂBHDH

CKOPOCTH Ta30BOr0 MOTOKA BO BXOAHOM MATpyOKe MUKIOHA), M/C; R— pamuyc, HUKIoHa, M; G = mg —
AR TSsRee T8 2022 no 19.08.2023



dakTOop pa3encHUs XapaKTepU3yeT YBEINUCHUE Pa3/IeIISIoNe CIIOCOOHOCTH B
YCIIOBUSAX JCUCTBUS LIEHTPOOCIKHOU CUIIBI:

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

W3 BEIpakeHUS BHIHO, YTO 3(PPEKTHBHOCTE pa3/ICICHUS MOBBIIIACTCS C YBEIIMYCHU-
€M CKOPOCTH Ta30BOT0 IIOTOKA M YMEHBIICHHEM pajguyca nukiaoHa. OHaKO 3HAUYNTEIHEHOES
YBEJIUUYCHHUE CKOPOCTH CBS3aHO C PE3KMM BO3PACTAHHEM THIPABINYCCKOTO COIPOTUB-
JICHUS IMKJIOHA M YCHJICHHEM MECTHBIX 3aBUXPEHHM, CPRIBAIOINX Y)KE OCEBINNE HA BHYT-
peHHEU IMOBEPXHOCTHU IUKJIOHA TBEP/bIC YACTHIIBI, UYTO IIPHUBOINAT K YXYIIICHUIO OYHCTKHU
raza. O0e1yHO Hanboace A(P(PEKTUBHEIMU SIBJISIOTCS CKOPOCTH Ia3a HA BXOJIC B IIMKJIOH B
uHTepBaie 15 25 m/c unu B pacdyeTe HA IMOJHOE IIOIEPEUHOE CCUCHHE IMINHIPUUSCKON
JaCTH I[MKJIOHA B uHTepBaie 2,5—4,0 m/c.

PaboTa nuKI0Ha OIEHUBACTCS IO COBOKYITHOCTH €TI0 OCHOBHBIX XapaKTEePHCTHK:

1) sddexTuBHOCTH pa3ieacHus (CTEIIEHN OUMCTKH WIM KO3 (DHUIIMEHTa MONe3HOTO
JIECTBUS);
2) TUAPABIMUYECKOTO COMPOTUBICHUS (JIOCTUKECHUE BBHICOKOM CTEIIEHU OYMCTKHU IIpU
MAJIOM THIPABINYECKOM COMPOTUBICHUM).
Cmenenv oyucmiu (%) MOXKHO pacCUUTATh, 3HAS HAYAIBHYIO Cy U KOHCUHYIO C, KOH-

LEHTPALMHU TBEPJIbIX YACTHUIL] B TA30BOM IIOTOKE, TP OXOIAILEM Yepe3 IUKIOH:

1 = "’“’: 100.
HJII
n=2E"% . 100 =22 100.
G Gy

3neck Gu, Gk Gy — pacxXo]l TBep/IbIX YacTHII Ha BXO/IE B IHKJIOH, Ha BEIXOJIE U3 IHKJIOHA U YIIOBJIEHHBIX
JaCTHII, KT/C.

CreneHb OYUCTKM I'a30BOT0 IMOTOKA 3aBUCHUT OT pa3Mepa M MJIOTHOCTU TBEPJIBIX 4a-
CTMI], OT INIOTHOCTU U BI3KOCTU Ia30BOr0 IMOTOKA, OT TUIIA I[UKJIOHA W €r0 reoOMeTpHu4e-
CKHX Pa3MepOB U, KOHEYHO, OT CKOPOCTH ra30BOr0 MOTOKA HA BXOJIE B LIMKJIOH.

Ha puc. 1 mokazana npuHIMIIHAIBHAA cXeMa pa0OTHI MKI0HA THna [1H.

3aIBIJICHHBIM BO3AYX BXOJWUT B I[UKJIOH Yepe3 TAHTCHIIMAIBHO BCTPOCHHBIM MATPY-
OOK 2 u, MpuOOpeTas BpaIlaTeabHOE JIBM)KCHUE OMYCKACTCS COMUPATICOOpA3HO BHU3 BJOJb
BHYTPEHHEH MOBEPXHOCTU CTEHOK IMJIMHIPHUYECKOM M KOHUYECKOM 4YacTeu KOpIyca ar-
naparta. Bpamjasce BHauajie B KOJBLEBOM MPOCTPAHCTBE, 00Pa30BAHHOM LIMJIMHAPUYSCKOU
JACTHIO KOPIyca IIUKIOHA ¥ BEIXJIOIIHOU TPyOOU 3, a 3aTeM B 30HE, pACIIOI0KCHHON HHIKE
TOPIIA BRIXJIOITHOM TPYOEBIL, ra30BLIM MOTOK 00pa3yeT BHEIIHUN Bpalaroluica BUXpb. 1lpu
3TOM Pa3BHUBAIOTCS ILICHTPOOCIKHBIC CHJIBI, I10J] JICMCTBUEM KOTOPBIX TBEP/bIC YACTUIIHI,
HAXOIAIMEeCs B TA30BOM MOTOKE U 00JIa[JaroIe 3HAYUTEILHO OOMbIIeH INIOTHOCTBIO, YeM
ra3, 0OTOpachIBalOTCA K CTEHKAM KOpITyca IMKIOHA. /|BIDKEHHUE TBEP/bIX YACTHI] IO BHYT-
pPEHHEU MOBEPXHOCTH IIUKJIOHA K OYHKEpPY 4 0O0YCIOBICHO HE TOJIbKO BIMSHUEM CHUJIBI TS-
KECTH, HO U BO3JICMCTBHUEM CUIJIBI JIABJICHUS Ia30BOr0 MOTOKA, HAITPABICHHOT'O BHU3.

JlocTuRHYR HIDKHETO, ZOpIa KOHMUECKOW YacTH KOPITyca IUKJIOHA, TBEP/IbIC YaCTH-
(1 TIOCTYFATOT B Gy Hicepy 4

B xoHMUYeckOM YacTH KOpIyca IMKIOHA Ta30BEIM IIYTOK HAUMHACT MEHATH HAIIpaB-
JICEHUE U TIEPEMEIIATHCS, BBEPX K BBIXJIOITHOM TpyOe, 00pa3ys BHYTPEHHUM BPAIAOIIANCS
BUXPpb. OCBOOOKIEHHBIM OT OCHOBHOM MACCHI TBEP/IbIX YACTHUI] BO3YIIHLIM MOTOK ITOIIA-



QvuuyeHnend  JTACT B BBIXJIOMHYIO TPYOy 3 W, MOJHUMASCH IT0 HEU BUHTO-
2as 00pa3Ho BBEPX, YAAISIETCS U3 [IMKIOHA.
OnTuMaapHOE 3HAYCHHUE CKOPOCTH ra3a Ha BXOJC B
JanoineHHol amnmapar, 00ecIIeuMBArOIed BBICOKYIO CTEIEHh OYHCTKH,
' ONPEACIAIIOT B KAXKIOM OTJCIBHOM CIy4ade € YUYCTOM
CBOMCTB pa3/iciIsieMbIX HEOJHOPOJIHBIX CHUCTEM (HAIIPUMED,
(PaAKIIMOHHOTO cOcTaBa TBEP0M (ha3bl, CIIMIIAEMOCTH TBEP-
JIBIX YACTHL], JOMYCTUMOTO YHOCA TBEPABIX YACTHUI] U JIp.) U
€r0 TMAPABINYECKOTO COIIPOTUBICHUS.
Obwee cuodpagauyeckoe CconpomusieHie YUKIoHA,

4 YCTAHOBJICHHOTI'O, KdK ITOKd3dHO Hd CXCMC MOKHO ITpC/ICTAa-
BHUTH KdK CYMMY ITIOTCPb JABJICHMA!

1 ) mpu BXO/€ B LIMKJIOH;

Z2) Ha TIPeOJIOJICHHE COIIPOTHUBICHUS TPEHHUS B KOPITyCe
| [MKJIOHA;
-~ 0 3) IIpH Iepexojie ra30BOro IIOTOKA U3 BHEIIHEN 30HEI I[HK-
JOHA OOIBIIOrO JUAMETpa BO BHYTPEHHIOK 30HY (B BEHI-
XJIOIIHYKO TpyOy) ¢ moBopoToMm Ha 180°; 4) Ha npeogore-
HHUE COIPOTUBICHUS TPECHUS B BBIXJIOITHOM TpyOeE.

Bripaxkas oOmiee rujpaBIndeckOe COMPOTUBIICHUE Yepe3
TUHAMMYECKUH HAIIOp BO BXOJHOM IMATPYOKE U 3aMCHSIA
CYMMY YaCTHBIX KO3(D(UIIMESHTOB I'HIPABINUYCCKHUX COIIPO-
THUBJICHUHN OOIIUM KO3hhuyuenmom cuopasiuieckozo co-

NPOMUBIEHU YUKTOHA y, NOTYUUM.

Ap, = {pwi /2, wo, = V/E,

YnobnenHsle
mBepdbie
vacmuybl

31€Ch p — IIOTHOCTB Ta30BOU CPENEI B pa00YMX yCIOBUAX, KI/ M3 (e — CKO POCTE Ta3a BO BXOTHOM
A
naTtpyOke, m/c; V — pacxopn rasa, M/ fax —IIIOMIATE MOIEPEYHOTO CEYECHUA BXOTHOTO MaTpyoKa, M-.

[Ipu pacueTre 0011IETO THIPABINYECKOTO COMPOTUBIICHUS [UKIOHA YaIle €r0 ONPeeIarOT
KaK (DYHKIIMIO YCJIOBHOM CKOPOCTH T'a3d iy, T. €. OTHECEHHOU K ILIONIAIA CBOOOHOTO I10-
MEPEYHOTO CCUCHUS WIHHIPHUUECKON YACTH KOPITyCa IUKJIOHA!

/ -
Ap, = ¢, Pw5/2.
VG.‘IIGBHHH CKD]}DCTL ra3d B L];HI{.]IDHe,, DGGCHEHHEHIDLHHH BLICGI{}’ID CTCIICHL 'DLIHGTI{H, JIC-
KUT B Ipeieaax 3 + 3,5 M/c ¥ paCCUUTHIBACTCA 10 YPABHECHHUIO:

w, = V/(0,785D2.

3neck Dy juaMeTp HMKIOHA, M.

Puc.l IIpyHnimimiansHas cxema gEMCTBUS IIMKIOHA:

| — xopmyc unkioHa; 2 — BxoaHou narpy0ok; 3 — BeIxsonHasA Tpyda; 4 — OyHkep — COOpHUK YIIOB-
JIEHHBIX TBEPABIX YACTHI; 5 —KJIAMAH MIEJIeBOr0 3aTBOpPA; 6 =phIuar KjiamnaHa; / — NIHEKOBOH TPaHCIIOp-
TEp

AOKYMEHT MNOANWCAH ”
3Hﬂqeﬂwﬂﬁfﬁﬂ9¢i%¥mﬁ@mm CE’ 1 ¢,/ 3aBUCAT OT KOHCTPYKTUBHBIX OCOOCHHOCTEI
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I

= T

1 i % ] I T A CAT
eptudukar: 2C00000 43E9ABBB952205E7

MKIIOHOB 1y yoms Tarosmin Anorcanmpon

CTereHb YIIABIMBAHMS IPU BCEX MPOYHMX OJUHAKOBBIX YCIOBHUSAX 3aBUCUT OT CKOPO-
CTHTa30BOTO°MTOTOKA @ CIICIOBATCIABHO, U OT COOTHOICHHUA Ap,/p. Haumnmyumme ycmoBus
OYMCTKY 3aMBUIEHHOTO ra3a obecrieunBaroTcs mpu Apy = 500—750 m?/c?. Bolmie 3THX 3Ha-



YCHUN OYJIET MEpPEepacxo]] SHEPrud IIPU MPAKTHUUECKU ITOCTOSHHOM CTEIICHU OYHMCTKH 1),
HHKE€ — CTEINECHb OUYMCTKHU OYJI€T 3aMETHO CHHIKATHCH.

Onucanue yCTaHOBKU

TBepapie yacTUEL U3 OyHKepa (pHc.2) ¢ MOMOMIBIO J03aTOpa 2 IOCTYIIAKT B TPY-
OOIPOBO/ 3 M 00PA3YIOT C JABHXKYIIMMCS B 3TOM TPyOONpPOBOE BO3AyXOM 3AIIbIJICHHBLIM
BO3/IYIIHBLIM ITOTOK. Y JIOBJICHHBIC B I[UKJIOHE TBEP/bIC YACTUIIEI COOMPAIOTCSI B COOpPHUKE
8.

[Huxmon tuma [HH-15 sBnseTcs OCHOBHBIM anmmapaToOM B NPEJCTABICHHON CXEME;
BHYTPCHHUU TUAMETP €ro IUIUHIpHUUecKON dactu 170 MM (BXOOHOU MaTpyOOK UMECT
pa3Mepbl (115X35 mMM); U3roTOBIICH M3 CTAIM (19 BHU3YAJILHOTO HAOIIOICHUS 34 IPO-
[IECCOM IIMKIOH MOKET OBITh BBIITOJHEH M3 CTEKJIA WM M3 OPraHMYECKOTO CTEKJIa IIpHU
00eCeYeHUH YCIOBHH OTBOJA CTATHYECKOIO AJIeKTpuyecTBa). |[UKIOH cOEIMHEH C BBI-
TSDKHBIM BeHTUIATOpOM [ [ (c snexkrpojaBurareieM [2) CHUCTEMOM TpyOOIIpPOBOJOB —
BXOJ/JHBIM BCACBLIBAIOIIUM 3 U BBIXOJHBIM HATHETATEIBHBIM 4 (OTHOCHTEIBHO IIUKJIOHA).
Pacxon Bo3gyxa perymmpyercs 3aABHKKOM /(). B kadecTBe M3MEpPUTENLHBIX IIPHOOPOB
MCIIOJIb30BAHEL: JIJIs OIIPE/ICICHHS pacxo/a BO3ayxa — Ju(depeHIIHATLHEIN MAHOMETD 7,
MOKIIOYCHHEIN K auadparme P, aas ompejeleHHs THAPABINYECKOTO COIMPOTHUBIICHHS
[IUKJIOHA — U depeHMaIbHEIM MAHOMETP 6, MOACOEIUHEHHLIM Ha BXOJC B I[UKJIOH H
BBIXOJIC U3 Hero. B LielsxX mpeqoTBpalieHUs 3anbUICHHOCTH MOMEILCHUS, I7I¢ pa3MellleHa
YCTAHOBKA, Ha TPYOOMIPOBO/IE MOCJIE BEHTUIATOPA YCTAHOBJICH PYKaBHEIN QUiIbTp /3.

B kauecTBe (UIBTPOBATBHOIO MAaTEpHAIA MOTYT OBITH HMCIIOJIL30BAHEI, HAIIPHUMED,
TKAHU M3 BOJOKOH PACTUTEIBLHOTO (JI€H, XJIOMOK) U JXHBOTHOTrO (ILIEPCTh, IIENIK) IIPOUC-
XOXKJCHHUS, 4 TAK)KE U3 CHHTETHYECKHUX BOJOKOH (ITOIUIPONMUWICH, KAIIpOH, HCUJIOH, HUT-
pOH, JIJaBCcaH, Te(JIOH, CTEKJIOBOJIOKHO U Jip.). M3 (puILTpOBaIbHEIX TKAHEH, H3TOTABIIMB a-
€MBEIX Ha OCHOBE BOJIOKOH €CTECTBEHHOI'O IIPOUCXOKICHUS, MOKHO PEKOMEH/IOBATE (PUIIh-
TpoBajabsHOE CYKHO No 2, apt. 20, BEIMyCcKaeMO€ OTEYECTBEHHOM MPOMEIIIJICHHOCTRIO B CO-
orBeTcTBUM ¢ [ OCT 6986—69; U3 UCKYCCTBEHHBIX TKAHEH — HUTPOH, U3TOTABJIMBACMEIM
M3 TTOJIUAKPUITHUTPUIIEHEIX BOJIOKOH.

[Ipu ynaBnuMBaHuU NBLICH, CIIOCOOHBIX HAKAILUIMBATH CTATHUYECKOE SJICKTPUUCCTBO,
pa3paboTaH cHelUalbLHBIN aHTUCTATHYECKUN (PUIILTPOBAJILHEIN MaTepHall Ha OCHOBE JIaB-
caHa ¢ JOOABJICHMEM METAJUIMYCCKUX BOJIOKOH
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Puc. 2. Cxema yCTAHOBKH:
l1— OyHkep ¢ TBepaou (pazoir; 2 — mo3aTop TBEPAOU ds)aam; 3 — BcaceiBaromias nuHuA (Tpydoonposon); 4
— HATHETATENbHASA JMHUA (TPyOOmpoBOa); MUKIOH; J, 7 — (-00pasuele numaHoOMETpPEl;, 8- COOpHUK
VIIOBJIEHHBIX TBEPABIX dactull; 9 — muadparma; 10 — 3anBuxkka; 1 | — BeHTmmarop; 12 — snekrpo-
oBUTATeNnb; 13 - pykaBHBIA (PUILTP

IHopsiIoK BLINMOJITHEHHS PA00ThI

HccnenoBanue padOTHI IIMKIOHA IIPOBOIAT B Ba 3Tana. CHavama onpeenstoT TH -
PABIMYECKOE COMPOTUBJICHUE IIUKJIOHA B 3aBUCUMOCTH OT CKOPOCTH I'a30BOI0 IIOTOKA, 3a-
TEM — CTEINEHb OYMCTKHM B 3aBUCHUMOCTH OT CKOPOCTH T'a30BOr0 MOTOKA MPU MOCTOSHHOM
KOHIICHTPALIMX B HEM TBEP/bIX YACTHII.

B mepBoii yactu pabOTBEI MCCIEJOBAHME IIPOBOJAT HA HE3ambI-JCHHOM BO3IyXE.
Bximrouarotr BeHTUIATOp [/ 14 yCTAaHABIMBAIOT C IOMOILBIO 3aABMIKKUA [0 HEOOXOIMMBIM
pacxoj BO3/IyXa B Mpeenax, 3aJaHHBIX IIpenoaBarencM (6—~8 3HaueHui pacxoaoB). I1o-
Ka3aHus JU(PMAHOMETPOB 6 W 7 CHUMAIOT IMPH YCTAHOBIICHHOM PAacXOjie BO3JyXa OHO-
BPEMEHHO I10 KOMAHJIE «OTCUYET» U 3aHOCAT B OTUETHYIO TAOIHILY.

Bo BTOpOM yacTtu pabOTEI MCCIEOBAHUE IIPOBOJISAT HA: 3aNBUICHHOM BO3IyX€ MpH
TeX K€ 3HAYCHUAX PacX0JI0B BO3/yXa, UTO U B IIEpBOM ITare ucciegqoBaHui. C 1eablo co-
XpaHCHHUS ITOCTOSHHOMW KOHIICHTPAIlMM TBEPJBIX YACTUI[ B Ta30BOM IIOTOKE B KaXKIOM
OIILITE PACXO]] TBEP/IOH (Pa3bl PETyIUPYIOT J03aATOPOM IMyTEM M3MEHCHUS YacTOTHI Bparlle-
HUA Tapejaku gosatopa 2. TBepion (a30oi CiOy)XHUT CBHIITyUYMi MaTepyai cO Cpe/THUM pa3Me-
pom yactulg 40 [ 100 mxMm, HampuMep MOXKXHO PEKOMEHI0BATH CUIIMKATHBIN KATAIU3aTODP,
KBAPIIEBBIM IIECOK, d TAKIKE JIPYTUE€ MATEPHUANbI, OTJIMYAOIIMECS 10 INIOTHOCTHU OT IIEPBLIX
NBYX. 3/JAaHHYIO (PPaKIMIO TBEPJAOTO MATEPHAIA CTYACHTEI TOTOBAT CAMH, HCIIONB3YS CH-
TOBOM aHAIN3 C IIPUMEHEHHUEM HA00pa pa3IMYHBIX CTAHJAPTHLIX CHT.

[lepen Hauanom pabOTBEI MPOBEPAIOT HAIUYKE TBEPAOTO CHIIYYErO Marepuaaa B
Oynkepe 1, HAGFRARBAINT HA HEOOXOUMBIA Pacxoj TBEPOH (askl 103aTOp 2, mpeBapu-
TEIBHO OAVBARTOCHETERMY, BKITIOUNB HA HEKOTOPOE BPEMs BEHTHJIATOP, 3aTEM OCBO-
BONHAIOTU-OTEBepHOTO-MarepraIa cOOpHUK 8. Ilocae 3TOr0 MOXHO CUMTATh YCTAHOBKY
MOJITOTOBJICHHOM K IIPOBEJICHUIO UCCIICOBAHMIL.

Aenersn e BYTROR AR T BEWTIIATOP M ¢ HOMOIIBIO PETryIUPYIONIEeH 3a/IBMKKH /0 yCTaHABIMBA-
FOT HY)KHBIM Pacxo;]i BO3AyXd. 3aTEM BKJIIOUAIOT B pabOTy OJHOBPEMEHHO J103aTOp TBEP-



noii ¢a3el U cekyHaoMmep. 110 Mepe HAKOIUICHMS OIpe/ICACHHOrO O00BeMa MaTepHajia B
cOOpHHUKE & OCTAHABIMBAKOT JI034ATOP C OJJHOBPEMEHHOM OTCEUKOU CeKYyHjoMepa. BeHTU-
JSTOP MPOAOJDKACT padOTATh B 3aJaHHOM PCIKHUME €IlIE HEKOTOpOe BpeMs (3—5 MuH), a
3aTeM €r0 OCTAHABJIMBAKOT. TBepAbll MAaTepHall , YIOBICHHBIM W3 Ia30BOTO ITOTOKA 34
BpeMs OIIBITA B COOpHUKE &, B3BCIIMBAIOT HA TeXHMYECKUX Becax. [locie 3Toro mpucry-
AT K MOJATNOTOBKE YCTAHOBKU JIJIsI MPOBEICHUSA OUEPETHOTO OIBITA (MCCIEOBAHMS P O-
BOIAT mpu 6—8 3HAYEeHMIX pacxoja Bo3ayxa). IlomydyeHHBIE B Ka)KIOM OIBITE JAHHBIC
3aHOCST B OTYCTHYIO TAOJIHILY.

1,

100 -

304

»n- - -

| i i I ] |

) ]

00 400 Lo 800 1000
M
AndPy ez

Puc. 3. 3aBHCUMOCTE CTEIIEHH OYMCTKH I IUKJIOHA OT COOTHOIIEHUA Apy/P

O0padoTKka IKCIIEPUMEHTAJILHLIX TAHHBIX

[10 skcrepyMeHTAIbHBIM JAHHBIM OTYSTHOM TAOJIMIIBI AJI5 KAXKIOTO OMNBITA:

1) onpenensror pacxon Bosayxa (V, M/4) mo rpagyupoBounomy rpaduxy audma-
HOMETpa /;

2) pacCUYMTHIBAIOT CKOPOCTH ra30BOI0 IOTOKA BO BXOJHOM MATPYOKE IIMKIOHA Mgy
M YCJIOBHYIO CKOPOCTB T'a30BOr0 IMOTOKA B IIUKJIOHE @, IO YPABHECHUIM

3) PpacCYMTEIBAIOT COOTBETCTBYIOIIMC KO3(M(PUIIMEHTEI THAPABINYCCKUX COIPO-
tuBnennit {, u g/

4) onpenensroT OTHOIEHUE Apy, /p;

5) HaxomaT pacxoj (Kr/c) yaoBiaeHHOro TBepjoro marepuana: Gysr = m /1, Tiae m
— Macca (Kr) yI0BJIIEHHOT'O TBEepAOTr0 MaTepHalia 3a BpeMs padbOTHI J103aTOpa T;

6) pPacCUUTHIBAIOT CTEIICHb OUHCTKH 1)

B otuetr 0 pabore 0MKHBEI OBITH BKIIIOUEHHI: a) 3a/jaHue; 0) cXeMa YCTAHOBKH CO
crieriupuKaIeii; B) OTUeTHAS TaOIUIIA; T') BCE IIEPEUYHCIICHHBIC BEIIIE PacUeThl; /1) Ipaduk
3aBUCUMOCTH Apy OT CKOPOCTH BO3/TyXa — @, WIH Mg, €) TPAPUK 3aBUCUMOCTH 1] OT Apy
/p (13 Tpadpuka OmpeaeINTh ONTUMAIBHYI CKOPOCTE BO3YXad, COOTBETCTBYIOIIYIO BEICO-
KON CTEIIEHU OYMCTKH IIPH MAJIOM THIPABINYECKOM CONMPOTUBIICHUM IIUKJIOHA, CM. PUC..3,
TOYKA A ) .
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KoHTpOoJILHBIE BONIPOCHI:

Kakue cucTeMEI B THAPOMEXAHUKE HA3BIBAIOT HEOJHOPOIHBIMH !
Uto Takoe neuib?
Kakue anmapatsl IpUMEHSIOT 715 YJIABJIUBAHUS ITELIIHA ?
1. Kak ycTpOeH IUKIOH?
2. 3a cYeT 4ero B IIUKJIOHE BO3HUKAET LIEHTPOOEKHAS cua?
3.  Yro takoe dakTop pazaencHus’?
4. Kak BIUSIOT JUAMETP LMKIOHA M CKOPOCTh I'a30BOT0 IOTOKA HA €ro pa3ieisiio-
Iy CIIOCOOHOCTE?
5. C Kaxkou LeNbI0 B MIPOMBIIIJICHHON MPAKTUKE MPHUOETAIOT K MPUMEHECHHUIO
OaTapeMHBIM [UKIOHOB?
6. UTo HA3BIBAIOT CTEIECHBIO OUYHCTKH HIH KOA(PQPHIIMCHTOM ITOJIC3HOTO JCHCTBHS
IIUKJIOHA?
7. Kak onpenenuTh KOHICHTPALUIO TBEP/bIX YACTHUI] B T'A30BOM IIOTOKE HA BEBIXOJIC
M3 UKJIOHA U KOJIMYECTBO YHECEHHOH TBep0oH (ha3nl?
8. UYTO mOHUMAIOT MOJ THUAPABINYECKHMM COMNPOTHUBICHHEM Ap, IHUKIOHA, KaK €r0
PACCUNTEIBAIOT U KaKUe (PAKTOPEI BIUSIOT HA HEro?
9. Kax paccuurats KO3(G(QHUIINSHT THAPABINYECKOTO COMPOTUBIICHUS IIUKIOHA?
10.Yka3ate mNOCICOOBATECIBHOCTE JCUCTBUU MNPU MNYCKE U OCTAHOBKE OKCIIC-
PUMEHTAJILHOM YCTAHOBKH.
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JTabopaTopnas padbota Ne 7

Tema: DxcniepuMeHTalIbHOE OMpeaeieHue K03 (UITUEHTOB
MECTHBIX COIPOTUBICHUU

[lenv pabomer: 1. OnpeneacHUE 3KCIIEPHMECHTAIBHBIX 3HAYCHUM KOA(P(QUIUICHTOB
MECTHBIX COIIPOTHMBIICHUM JIJIsi MOBOPOTA, PE3KOr0 PACIIMPEHUS M
PE3KOTO CY)KEHHS MTOTOKA.
2. ConocTaBlIeHUE SKCIEPUMEHTAIBHEIX 3HAYEHUM C PEKOMEH]IYE-
MBIMH B CIIPABOYHOU JIMTEPATYPE.

[Ipubopwvr u mamepuaavr: 1a0OpATOpHAS YCTAHOBKA, PACXOIOMEDP, MBE30OMETPHI, Ce-
KYHJJOMED.

KPHTI{'HE TCOPETHUYCCKHE CBCIACHHS

MecTHBIE THIPaBIMYECKHUE COMNPOTHUBICHUS- 3TO BCSAKOTO poOja 3amOpHO-
perynupymoomas apmarypa, (pacoHHBIC YaCTH TPYOOIPOBOOB, ceTKH, (GuIsTphl. [Ipeo;o-
JICHUE JKUJIKOCTBIO MECTHBIX CONPOTHUBICHUNM COMPOBOXJIACTCSA IIOTEpPEeH €€ HSHEPruu
(Hamopa), T. K. B 3THUX COIPOTHUBICHUSAX MPOUCXOJUT CKAYKOOOpA3HOE M3MEHEHME MECT-
HBIX CKOPOCTEH MO 3HAYCHUIO U HAIIPABICHUIO.

MecTtHBIe TTOTEpH Hanopa onpejesatoTcs mo popmyne Beiicbaxa:

~

h, :4'% (1)

rie ¢ - 0e3pa3sMepHBIN KOD(PHUIUEHT MECTHOTO COIIPOTHBIICHHS;
L- CPEIHASA CKOPOCTh ITOTOKA, CM;
g - YCKOPEHHE CBOOOTHOTO ITaIeHNs, M/c>.

Eciu 3HaueHMs CKOpOCTH MOTOKA Mepe]] Y4ACTKOM C MECTHBIM COITPOTUBIICHUEM U
MOCJI€ HETO PA3IMUHBI (HAIPUMEDP, CY)KEHHUE WIH PACIIHUPEHHUE MOTOKA), TO IMOTEps HAIIOpa
OIIpe/Ie/IsIeTCS OOBIYHO IO OOJIBIIEMY 3HAUECHUIO CKOPOCTU. B cripaBOYHOM IUTEpaType
JIJISL KOKIOTO BUJIA MECTHOIO COMPOTUBICHUS YKA3BIBACTCS, K KAKOW CKOPOCTH
OTHOCHUTCS IPHUBEICHHOC 3HAUYCHUE KOA(PPUIIMCHTA MECTHOTO COITPOTHUBIICHUS.

JIIIst OTAeNBHBIX NPOCTBIX MECTHBIX CONPOTHUBICHHUM HMEIOTCS TEOPETHUECKUE pe-
IeHUS JJ19 KodhuiuenTa ¢ (HanmpuMep, BHE3AITHOE paclIMPEeHHe MOTOKA).

B OonpmMHCTBE ciay4daeB IS Pa3IUYHBIX BHJOB MECTHBIX COIPOTUBJICHHUU 3HA4e-
HUS KOA(P(HUIIMECHTOB MECTHBIX COMPOTHBICHUU { OIPE/ICIASIIOTCSA IKCIICPUMEHTAILHO M
IIPUBOJISATCSA B CITIPABOYHOU JIMTEPATYPE.

Onucanue JKCIIED HUMEHTAJLHOH YCTAHOBKH

[MpyHIEEHATERARASXEMA YCTAHOBKY IS ONIPeICICHUS KOO(P(UIIMEHTOB MECTHEIX
A e Gonposona 2 ma prc. |
CONRATABIGIIL, HRI% O AJTHHE TPYOOIIPOBOIA, TIPUBEICHA Hd PUC. 1.
Braneneu BOUBpemsIapa0oTE PyYeTaHOBKH BOJIa U3 IMPUEMHOro 0aka 1 Hacocom 2 mojaercs B
HAIIOPHEBIN 0aKk 5 M OTTyda IIOCTYIIAET B TPYOOIPOBOJ C MECTHBIMH COIPOTHBIICHH -
Mt B 6aKke 5 6aarofdps HaMM4IH0O CIMBHOM TPYOBLI 6 IIOIEPKUBACTCS IOCTOSHHBIN
ypOBeHEL. Bo1a mmocie1oBaTebHO MPOXOAUT Yepe3 JIBa IIOBOPOTA 7, PE3KOE PACIIUPCHHE



CeUYCHHUS 8 U PE3KOe CY)KCHHUE ceucHUS 9. MeHbIMi BHYTPEHHUU JTUAMETP TpyOOmpoBOIa
paBeH 1 cm, OOJIBIINI - 2 CM.

Jlms ompeneneHus MOTEPh HAIIOpa MO JJIMHE TPyOOINpOBOIAa U B €r0 MECTHBIX
CONMpOTUBICHUAX 7, 8, 9 cayxar usMeputenbHble Ibe30oMeTphl No /No 1, 2, 3, 4, 5, 6.
[Ipu s1TOM 1o mee3omerpam Ne 1 u No 6 onpenensaroTcss mOTEpU HAMOPA MO JJIUHE TPYyOO-
MPOBOJIa MEHBIIIETO JUaMeTpa, a mo nee3omerpam Ne 4 u No 3 — morepu JaBJICHUS I10
JUIMHE TpyOOnmpOBOa OONBIIETO JUAMETPA.

[locne TpyOOmpoBOa ¢ MECTHBIMH CONPOTHBICHUSMHU BOJIA ITOCTYIIACT B MEPHBIM
0ak 11, mo BOJOMEpHOMY CTEKIIy KOTOPOro OmpejeisieTcsa ee 00neM. M3 mepHOro Oaka
11 BOJ1a cmuBaeTcs B mpueMHBIN O0ak 1.

Tun

Noel No?2 No 3 Ned Nos5 Noé

oy i f_

1=

Jli1st mpoBeeHUS ONBITOB HEOOXOTUM CEKYHOMED.

Pucynok 5.1 CxemMa yCTAaHOBKH JJI1 OIpejeacHUS KO3(P(PUIMECHTOB MECTHEIX CO-
IIPOTUBJICHUM.
|l -mpueMHBIN 04K, 2-1ICHTPOOEIKHBIM HACOC, 3-HArHETATEIbHAS TpyOa, 4-BEHTUIIb PErYJIU-
POBKM MOJIAYX HACOCA, S-HAIMOPHBIM 0aK, 6-cIMBHAS TpyOa, 7-IIOBOPOTHI TPYOOIIPOBO/IA, 8-
pe3KOe pacmupeHue, 9-pe3koe cyxeHue, 10-BeHTHIb U3MEHEHUS pacX0o/a BOJLI B TPyOO-
npoBoje, 1 1-MepHEIM Oak, 12-CTMBHON BEHTUIIb.

ITopsiioK BLINOJIHEHHS PA0OTHI

1. Bknrouuts Hacoc 2, 3aTeM OTKPBITh BEHTWIL 4, MOBEPHYB €ro IO 4acOBOM
crpenke. 1ocHg 3aH0aHeHIA HAIOPHOro 0aka 5 0 ypOBHS CIMBHOI'O OTBEPCTHS TPYOEI
E / H
Q. YSEAHORITE HER IS 1 M ey T mozady Hacoca 2.
Brageneu?, BRIFOUHTHMNE€30METPE], IPOBECPUTE HYJIU NHE30METPOB.
3. OTKpBITE CIIMBHON BEHTUJIb 12, IIOBEpHYB €ro NpOTHUB YACOBOU CTPEIIKH (BO M3-

OERAIIE TIepeToeHist MmepHOro 0aka).



4. IIpHOTKPBITE PEryIUPYIOMIMM BeHTUIL 10, MOBEpHYB €ro II0 4acOBOHN CTPEIIKE.
[Iocme TOro, Kak ypOBeHb BOJIbI B MbE30METPAX YCTAHOBUTCS, 3aIIMCATh HMX ITOKA3aHUS
h;...hs.

5. 3aKpBITh CIIMBHOW BEHTHUJIb 12, MOBEpHYB €ro 1o 4yacoBou crpenke. [1o0 cexkyH10-
MEpPy M3MEPHUTHL U 3aIIMCaTh BpEeMs MObeMa YPOBHS BOJBI B MepHOM Oake 11 ma 10-15

JIEICHUM BOJJOMEPHOIO CTEKIIA.
6. CHOBa OTKPBITh CIIMBHOW BEHTWUIL 12 U perymupyromum BeHTulieM 10 ycranHo-

BUTH HOBBIM PacxXo;l BOJEI B TpyOonpoBoe. IIoBTOpUTE Bce AJEUCTBUSA MO M.II. 4 U S.
Bcero cnemyer mpoBecTH 3 OmbBITa MPH PA3IMUHBIX PACXOAaX BOJIBI C TTOCIETY-
FOIIIUM OCpeJHEHHEM M3MEPEHHBIX 3HAUSHUM ¢ [JIS Ka)KJOTO BHIA MECTHOTO COIIPOTHUB-

neHus. Pe3yabpTaTel M3MEepEeHUU B ONBITAX 3aHOCATCS B TAOIMIY 1.

Tadomuma 5.1 - Pe3yapTaTel U3MEpECHUM

Ne Iloka3zaHus MbE30METPOB, CM. l3mepenne pacxo/ia BOMIbI
OITBITA KomnuuectBo Bpewms T,
hj h» h; hy hs he JICJIEHUN N C
| 2 3 4 S 6 7 8 9
|
2
3

[Ipumeuanus: 1) Ilnomanes monepedyHoro cedyeHuss TpyOOIIPOBOJA MEHBIIETO JHMa-
merpa F1=0,785 cm?;
2) miaomanabs IOIEePEeYHOr0 CEYEeHHUS TPyOOmpoOBOja OONBIIErO JHa-
merpa Fo= 3,46 cm?;
3) OIHO JIENICHHUE BOJOMEPHOrO CTEKJId MEPHOIr0 0aKa COOTBETCTBYET
06beMy 100 cm’.

O0padoTKka IKCIIEPUMEHTAJIBHLIX TAHHBLIX

1. Ilo nanHBEIM TaOmUIE! 5.1 BEMUCIAETCSA pacXO] BOIEI

0=100-2, cm/c )

.
M HAXOIUTCS CPEIHSS CKOPOCTH BOJBI B CEUCHMSX TpyOOMpOBOJA PaA3HOTO JHa-

MeTpa
v =2 emle (i=1, 2)
F

U.
C HﬂCﬂﬁé@mgwﬂﬂfWHPe CJICHUEM JUHAMHYCCKHUX HAIIOPOB ———.
SNERTPOHHOW Noanu blél o p

2
Ceptvpmkar: 2C0000043ESABBBO52205E7BAS00060000043E &
Brageneu? . (DFpPeTeICTes-00MAs TOTEPSI HANOPA /1, B MECTHOM COITPOTHBIICHUH.

N3 ypaBHeHus bepHyau, 3anMcaHHOro /I8 IBYX CEYEHUM (IIepes] U ITOCIe MECTHO-
FO COTPOTHETER It ) °°2°%°



HAXOIUM, 4TO

HIH

h=(z, —Zg)mm{”f _ ”5) (4)
2g 2g

r7ie Z — BEICOTA PACTIOIOKEHUS OCEU CCUCHMM HAJl INIOCKOCTRIO cpaBHeHUd O-0;
Ah — pa3HOCTE MOKA3aHUU MEC30METPOB B CCUCHMSX IO U IOCIIEC YYACTKA TPYOBI
C MECTHBEIM COIIPOTHUBICHUEM.

[IoTepu Hanmopa npu pe3KOM PaCIIUPEHUM ITOTOKA OIPEICIAIOTCS IO ITEE30METpaAM
No 5 u No 3.

34 INIOCKOCTH CPABHEHU S MOXKHO IPUHAThL YPOBEHb OCH HUIKHETO TOPHU3OHTAIBHOTO
ydgacTka TpyoompoBojga. Torga maas aByX HOBOPOTOB: Z1=5 cMm, Z,=0; mi1d pe3koro
pACIIUPEHUSI M PE3KOro cyxeHus: Z;=/,=0.

3. Haxomarcs moTepu Hamopa IO JIIMHE /; y4acTKa, HA KOTOPOM PACIIOIOKEHO
MECTHOE COIIPOTUBIICHUE.

[loTepu nns modoro yuactka Tpyoonposoga d = 10mm

hl,zhlghf’f, CM; (5)
i ygactka Tpyoomnpooga d = 20 mwm:
h,—h
h =——23.], cM; 6
= (©)

riae [ — IaMHa COOTBETCTBYIOIIETO Y4YacTKa, M.
Bo n30exanue 3HaUUTEIIFHOM MOTPENIHOCTH MOKa3aHUua Nbe30MeTpOB No 3 u No 4
ClIeayeT CHUMATh KAK MOXXHO TOUHEE.
3. IloTepu Hammopa B MECTHOM COIIPOTHBIICHUU hy ONpeeastoTcs 110 BBIPAKECHUIO:
hy=h,-h, (7)
rjae h, — IojIHasl MOTepsl HAmopa Ha Y4acTKe;
h; — moTeps Hamopa IO JJMHE HAa TPEHHE HA YYACTKE.
4. 3Hauenue KO3 PuIMeHTa MECTHOTO COMPOTUBIICHUSA (; B OTIAEIBHOM OIIBITE

HaxXOJIUTCA 110 (hOpMyJIe:

2g
3EI,T€:M DHP@H@HH&TCH cTro Cpﬂﬂﬂﬂﬂ SHAUYCHIC:
g:§1+iz+gz _ (9)

6. IlonyyeHHBIE ONBITHEIE CPEHME 3HAYEHUS KO3(P(HUIMEHTOB MECTHBIX COIIPO-
TUBJICHUU CPIBHKBAIQESA S PCKOMEHAYECMBIMY 3HAUCHUSIMH, IIPUBEICHHBIMU B CIIPABOY-

HOM %gi%g%mmzﬂﬁm?%&A) [Ipy 5TOM HAJ0 YYUTEHIBATEH, YTO ITOBOPOT TPYOEI

COCTONT UFHBYXOHITHAKOBEX ITOBOPOTOB (KOJICH ).

Pe3yabpTaThl 00pa00TKH ONBITHBIX JAHHBIX U PACUETOB OTPAXKAIOTCS B TabIuIe S5.2.
Nencteutened: ¢ 19.08.2022 no 19.08.2023

Tabmua 5.2 - Pe3yneraTel 00paOOTKU SKCIIEpUMEHTA



CkopocTh Hunamu- | [Tokaza- 4 [Torepn . Kos(ppuinent
BOJIEL JECKHI | HUA % | mamopa = MECTHOTO CO-
-]
CcM/C HAmop, b €30- g HA  Tpe- | £ MPOTHBICHUSA, (
cM mMerpos, | S |Hme 10| S
= % CM &= IIJIHHE .
5 % = | yuacrka | S
E = o h;, cm 5
L
E ;Z § E-‘ d= | d= =
o — I
5 © ) = v’ | v, E = = 10 |29 s %
0 - = e ~ (6) -
. O g |8 |22 5| & | sgF® g sl . S
=2 |lzg | & _ = | E| % 25| G| & |Sg
2 = = O | 2 & = o | 5 = s s
S| E| 8 |8 | g8~ o | g | EO® T3 3
o o . -
2le|5 |2 | B = o | 88 &, = R
5 =) 3 o ) T o
= = % = \© < 5 = = = =g
= | s | & | 2 o | & | % E S & o E
m | & | & - a g | BE | O K == s
1 2 3 4 5 6 7 8 9 10 11 | 12 13 14 | 15 16
Aii':
b
C
*) A — pe3koe pacmupeHue; b — peskoe cyxxenue; B — pe3kuil moBopoT;
*%*) — gomep (popmMyIEI
KoHTpoOJILHBIE BOIIPOCHI:
1. YT0 MOHMMAIOT MO MECTHBIMHU COIIPOTUBICHUSMHU?
2. Kak onpenenssrorcs moTepu Hamopa 1o JIIMHe TpyoOonmpOBOa U MOTEPH HAIIO-
pPa B MECTHBIX COIIPOTHUBIICHUSIX !
3. YeM OTIIMUAIOTCS YpaBHEHUE bepHYIIN IS UAcaIbHOU U PEalIbHOU KM JIKO-
CTH!
4, Omnwucares cXxeMy JJA0OPATOPHON YCTAHOBKHU U IIPHHIIUIL €€ JCHCTBUSA !

[Ipunoxenue 5 A

CrpaBo4HEIe 3HAYCHUS KOYPPUIMEHTOB MECTHBIX COITPOTHBIICHHIA.

Bua mectHOTO

Kosddunuent mectaoro

CGH]}DTHEJIEHHH CUH]JDTHBJIEHHH
| 2
Pe3kgepaciugpeue
ANEKTPOHHOW NOONMCHLIO .
Ceptvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E }I _ Ul
Bnapeneu; llleGayxoea TaTeAHa AnexkcaHgpoBHa Mo 2 g

w PR Tl aalala) PR =Tl ool la
ﬂEFIElEF”E]lEH LR = W R A L e L R L
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CepTudukar:
Bnaneneu:

SNEKTPOHHOW NOANWCHLIO
2C0000043ESABBBO952205E7BAS00060000043E
Webayxora TatTeAHa AnexkcaHgpoBHa

JOKYMEHT MNMOANCcAH

Heicteutened: ¢ 19.08.2022 no 19.08.2023




JTabopaTopHas padborta No 8

Tema: Onpenencaue KodPPUIMEHTOB pacxoaa
[IPU UCTCUYCHUHN XHUJIKOCTH U3 Pa3HbIX THUIIOB HACaJIOK.

[{env pabompyi: 1) U3ydeHHUE 3aKOHOMEPHOCTEH IIPOIIECCa UCTCUCHM S KUIKOCTEH U3
PA3INYHBIX TUIIOB HACAJIOK;

2) onpenenceHue KO3PMUIIMEHTOB pacxoga IPpU HCTCYCHUH )KUJKOCTH U3 PA3HBIX
THUIIOB HACAJIOK.

[Ipubopwr u mamepuavr: TAOOPATOPHAS YCTAHOBKA, MEPHBIN 0aK, CEKYHIOMED,
IITAHTCHIIUPKYJIb, TMHCHKA.

KpﬂTKHE TCOPETHYECCKHE CBCICHHIL.

HMcTeuenue KUIKOCTU U3 OTBEPCTHUU SBIISETCS OJJHON M3 BAKHEUILMX 3a/1a4
I'UJIPABIMKYN, HAJ pelllIeHUeM KOTOPOM, HauuHasg ¢ 17 Beka, pad0TalIu BEIJAIOIIUESCS UHK e-
Hephl M yueHble. OCHOBHOE YpaBHEHHME TUIPABINKHN — YpaBHEHUE bepHyIn — OBIIO mO-
JTYUCHO B PE3YJLTATE OJJHOTO U3 MOJOOHBIX PEILICHUH.

3ajaya 00 UCTEYEHUHU CBOJIUTHCS K OIIpeieiie-
HHMIO CKOPOCTH MCTEUEHHUS M PACX 0] BEITEKAIOIICH
xuakocTy. Hanbonee mpOCcTO M TOYHO OHA pelIaeTes B

cIy4ae, KOT/a HAIlOp OJMHAKOB M0 BCEMY MOIIEPEUHO- A
MY CCUCHHUIO OTBEpPCTHS.

PaccMOTpUM yIOBIETBOPSIOIIMM 3TOMY TPeOO-
BAHUIO CIIyYald UCTEUYCHUS KUJIKOCTH M3 TOPU3OHTANb-
HOrO OTBEPCTHS B JJHE cocyia (puc. 1).

CocTaBuM ypaBHeHHE bepHYIM 114 IBYX ceue-
HUI: ceucHUS 1-1 HAa cBOOOHOM MOBEPXHOCTH KM IKO-
CTH B COCYJI€ M C€UEHUS 2-2 MO OTBEPCTHIO.

[Imomamm ceueHuii 0003HauuM uepe3 F u f, To-
ra

P, | V3 Y 0 0
Yo N - 22 Yo N - 2g Pucvroxk 6.1
P

+ V12 _ P n V§
p-g& 28 p-g 2-8
rine P;, P, — maBiaeHue »XUJIKOCTU B ceueHUsX 1-1 u 2-2, Ila;

Vi, V2 — CPEJIHUE CKOPOCTH JIBUIKCHUS KHIKOCTEH B YKA3AHHBIX CCUCHUSX ;

£ — INIOTHOCTB KHUJIKOCTH,

1

um H +

g — YCKOPCHHUC CHIIEI TAXKCCTH.

Y paBHCHR&HOCTOAHETBA pacxo/1a JIJIs TeX K€ CCUCHUM JIACT:
ANEKTPOHHOW NOONMCHLIO

Cepmudomkatr: 2C0000043ESABBB952205E /BAS0006000004 T vz ’ f
= v, - =v,- f ,OTKyJa | = -

ﬂeﬁmamennw{?c g%ﬂggzg% %'EQEDBEIEIHLIEHHE B IIPCALIAYIICC YPABHCHHC ITOJIYUYUM:

Bnaneneu: llleGayxoea TaTeAHa Anekcadg



02 120)(fIF) =22

P8 P8

H + +v:/2g

¥

OTKy/1a

oo, :\/23[H+(ﬁ/p-g )—(P/p-g)],
I1—(f/F)
I7I€ Uy — TEOPETHUECKAS CKOPOCTh UCTCUCHMSI.
[Tnomans F >> f, 103TOMY B OOJBIIMHCTBE cIy4yaeB BeaIuauHOM (f/ F)? MOKHO
mpeHeOpedb, YTO PABHOCHUIILHO IIPEHEOPEIKSHUIO CKOPOCTRIO U7 — CKOPOCTERIO ITOIX0/1a,
MEHBIIIEH 10 CPABHEHHIO CO CKOPOCTHIO HCTEYCHUS U,y , TOTTIA

P P
vm—\/2+g-[ﬂ+ L 2 }
L8 P8

B wactaowm cinyuae, korna P;= P>= Py, cOCY/] OTKPBIT U UICTCUECHUE IIPOUCXOUT B
aTMocdepy:

v,o= \/ 2-g-H.

[Tocnennee BeIpaxkeHne HOCUT Ha3BaHnue (Gopmyisl Topuuenau. Takum 006pazom,
IPU UCTCUCHUN HJICATEHON XHKOCTH B aTMOC(epy U3 OTBEPCTHUS B COCYJIE C IIOCTOSH-
HEIM YPOBHEM U aTMOC(EPHBIM JIABJICHUEM Ha CBOOOJHOHN ITOBEPXHOCTH CKOPOCTH HCTE-
YCHHUS PABHA CKOPOCTH MAJCHUS TBEPOTO TENa B MYCTOTE MPU HAYAILHOM CKOPOCTH, paB-
HOU HYJIIO, C BBICOTEI, COOTBETCTBYIOIIICH HAMMOPY »KUJIKOCTH HAaJ| OTBepcTHeM. Ilpu ycra-
HOBMBILIEMCS TTABHOM3MEHSIOIIEMCS JIBHIKCHUEM BSI3KOM (pealbHON ) )KUJIKOCTH YpaBHE-
HUe bepHymu /11 paccMaTpuBaeMbIX ceueHMM 1-1 1 2-2 3amiceIBaeTCs B BUJIC:

P _|_aff‘1”f =z, + P, 4 %2 Vo +H

L8 2-8 L8 2-8 |

rye o, oy — Ko3pdumuentsl Kopruomuca, yaursIBaroniue HepaBHOMESPHOCTE pacIipe-
JIEICHUA CKOPOCTEH MO CCUCHUSM;

H,, — noTeps HAIIOpa MPU BEITCKAHUHU YEPE3 OTBEPCTHUE — MOTEPS HAIIOPA HA Mpe-

Tyt

2
)

2.9

OJIOJICHUE MECTHBIX cOMpoTHuBIcHU (H, =¢ - , T7Ie & — KO3(UUIIMCHT COIMPOTHUBIIC-

HUS ITPU UCTCUCHUM ).
[Ipuanmaem a; = a; = 1, TOrga ¢ y4eToM BBIIIECKA3aHHOTO ypaBHEHHE bepHym
[TPUHUMACT BUJT:

2 2
H+P’+F’ZPE+V‘3+ V2
L8 g p-g 2-g 2-g
T
2-g-(H+ N ]
_ L8 P8
V,y = Vo

)

2
Ecnu, Kak ¥ B IEpBOM clIydae, MIPECHEOPEUb BEITHUNHOM (FJ , TO
PE

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprudomkar: 2C0000043ESABBEBSS2205E7TBA Eﬂﬂﬂﬁﬂﬂﬂﬂﬂdi}? [ Pf
H +

Bnapeneu; llleGayxoea TaTeAHa .l':"..l'IEHEEH,EI,pDE'H-Ed — } é‘ . 2. g -
,J' -+

,D,EHCTEHTEB{HMMDMWg KDFHH Pf — PE =T Pam,w:

e



PucvyvHOK 6.2 — UcTeueHne »UIKOCTH IIPU IIEPEMEH -

1

V, =W-\/2-g-h’.

N3 popMyIIEl clieyeT, UTO AeHCTBUTEILHAS CKOPOCTEL UCTEUYCHHS BCET/Ia HECKOJIBKO
MEHBIIIE TEOPETUUECKOM. ITO OOBSACHSACTCI TEM, YTO HEKOTOPAS YACTh SHEPrUuu, KOTOPOU
00J1aJa€T HAXO/IAILASCS B COCY/IE KUIKOCTh, 3aTPAYUBACTCS HA MIPEOJOJIECHUE BO3ZHUKAO-
UX IIpHU €€ IBWKCHUM THIPABINYCCKUX COMMPOTUBICHUN M HA CO3JAHUEC CKOPOCTH HJICT
MEHBIIIMI HAIOP.

1
JI+&
Vv, =c;0-J2-g-H,
rfe @ — Ko3(pUIMEHT CKOPOCTH.

Ctpys NpHU BEITCKAHUM YE€PE3 OTBEPCTUEC MOCTEIIEHHO CY)KACTCS U IIJIOMIA b ITOMe-
PEYHOT0 CEUCHUS CTPYH B OTBEPCTHH f OONBIIIE TLUIOIAIH MOIIEPEYHOr0 CEYEHUS €€ CaMO-

O003HAYUB MHOXXUTEJIb OYKBOM @, IIOJTYUUM:

ro y3KOro ceucHus f. OTHOIICHUE S £ HA3BIBAIOT KOYPPUIIMECHTOM CHKATHS CTPYH.

Jo
Pacxoj1 JKUIKOCTH OIIPe/ISsIoT o (popMyIIe:
Q,=1-v, =f'§9'\/2'3'H-

Takkak f=¢-f,, 10 Q=¢- f,p-v, T.C.

0, =g.fﬂ.¢}.‘\/2.g.H_
O603HaUuB & @ = 1 (1 — K03pPUIMEHT pacxXo/1a) MOTyUHM:

Q) = U Jo -JZ-g-H.
Koaddumuent pacxoma u mOKa3sIBaeT, HACKOJIBLKO JICHCTBUTEILHBIN PACXO]T KH]I-

KOCTH Q,j IIpH UCTCUYCHHUHN U3 OTBCPCTHUA YMCHBIIACTCA ITO CPABHCHHUIO C TCOPCTUYCCKHM. B
JOKYMEHT MNMOANCcAH

%&gﬂgﬂ%gﬂ?ﬁggégﬁgg ﬂ:ﬁtléﬂbﬁgaé H , T.e. IpH UCTEUYEHUH KHUIKOCTH O€3 CIKATUS CTPYH.
RO5Ghut et /"< 1" SE8HCHUT rmaBHLIM 00pa30M OT CTENEHH CHKATHUS CTPYH &. Takum 00-

IBE@@M{IE# :EG%QE no 19.08.2023
m



Hcemeuenue srcuokocmu npu nepemerHom Hanope
B manHOM ciyyae JBHMIKEHHME KUIKOCTH SBISETCS HeycTaHoBuBIIemcs. C jocta-
TOYHOM JIJISI NIPAKTUKU CTCIICHBIO TOUHOCTU MOXKHO CUMTATh, UTO B KAKJIBIN TAHHBIA MO-
MEHT BPEMEHH CKOPOCTh HMCTEUCHHUS OIPEEIseTCs COOTBETCTBYIOIIUM 3TOMY MOMEHTY
HarmopoM H, T.e. Tak ke, KaKk U ONpU YCTAHOBUBILEMCS JIBMKCHUM. OrpeenuM Bpems, B
TEUEHUE KOTOPOTO XXUJKOCTEL OIyCcTUTCS HA H; — H; (puc. 2).

Bo3sMeM npoMexyTOYHOE MOJI0KeHue ypoBHA ¢ HanmopoMm H. 3a Bpems df BeITeueT
00BeM KuIKocTU dV, paBHEIN

AV =u- f, ]2 -g-H -dt.
3a Toxke Bpems df Hanmop uaMeHuTcs Ha (- dH), Torga
dv = -(—dH),
rjae {2 — maoIaab MONEePEeUYHOI0 CEUEeHMS pe3epByapa.

3Hak (-) nepes dH yuuTeIBaeT OTpULATEIIBLHBIN XapakTep npupaiienus dH npu no-
HIGKEHUU YPOBHS JKUJIKOCTH. [IpupaBHMBas 1paBbie YaCTH BRIPAKECHUM, MOTYUYHUM

pefyA]2-8-H- -di=—0-d,

WJTH
2 -dH
,U‘.fﬂ'\/z‘g -H
NHuTerpupys mociie/lHee BRIPAKEHUE, HANIEM

P,
H,‘u_ﬁ}.\/z.g-H ‘u-ﬁ;-m

2.0.(J@, - )

M- o m -

[Ipu momHOM OMOPOKHEHUH cOCY/ia, T.e. koraa H> = 0, BpeMs NOJIHOTO UCTCUCHUS
KUIKOCTH U3 COCYyJIa ¢ IIEPBOHAYAIEHBIM HAMOpOM [1; OyeT paBHO:

2-0../H,
pofo N2 8
Ecnu B 5T0M pOopMyIie YMHOKUTE YUUCTUTENb U 3HAMEHATENb Ha 4/ /1, , TO TOTy4YHnM:
. 2-0-H, 2V 2-V
ﬂ'ﬁ)‘\/2‘£‘Hf Q, ﬂ'ﬁj'\/2‘£‘Hf
rie V — nepBOHAYAILHEIN O0BEM KHUIKOCTH B COCVIIE.

[Ipu onpeneneHuu ¢t BeauuuHa {2 cuuTamachk NOCTOSHHOU. Eciu Obl {2 ObLna miepe-
MEHHOH BEJIMYHHOM, TO

df =—

I =

[ 2L
"2 N H

OTKy/1a

I

P

o i Y Q-dH
M So - m H > VH
M JIJISI THTETPUPOBAHUS HEOOXOTUMO OBLIO OBI 3HATEH (PYHKIIMOHAIEHYIO 3aBUCH-
MOCTE Q:f(H)_

Knaccugurkayus omeepcmuu u Hacadox
AOKYMEHT MNOANMCAH
C LCTBRTPYBEAARIAINY pacxoga KUIKOCTA WM HU3MEHEHUS CKOPOCTH HCTCUCHMHSI,
Ceptupukar. 2C0000043ESABBBY52205E7BAS00060000043E w .s
AATBHOCTHIOIETA, S TRY M JIPMIAHHUS €1 MOHOIUTHOCTH HIIH JIJIS €€ pa3ApoOIeHus IIpUME-
HsOT Hacaaku. Hacankoii Ha3sIBaeTCS KOPOTKAS TPYOKA, TePMETHUECKH ITPHUCOCSIMHEHHAS

ReKPOMKANP OPBEPCTYIEE)2CICIIAHHOTO B TOHKOU CTCHKE. ,I[.]IHHH HACAIKH COCTABIIACT OOBIUHO



[=(3—-5)-d,rne d — HauMeHBIINI BHYTPEHHMIT THaMeTp maTpy6oka. Hacaaxu pasaessror

HA IUIHHIPUUCCKHE, KOHMUECKHUE — CXOAIINECS U PACXOIAIINCCS, KOHOU TAIbHEIC.

KoHnueckue pacxoasiuecss HACAJKH XaPaAKTECPU3YIOTCI TEM, UTO IO CPABHECHUIO C
OTBEPCTHEM B TOHKON CTEHKE M LIWIMHIPHUYECKOM HACAJKOM OHU YBEIWYHBAIOT PACXO] U
YMEHBIIAKT CKOPOCTh UCTCUECHUS KMJKOCTH. Y BEJIMYCHHE pacxojia OOBsCHSETCS Oonee
3HAYUTEJIBHBIM BAKYYMOM 1 YMEHBILICHUEM TPEHMS B HACAJIKE, YMEHBIIICHUE K€ CKOPOCTHU
MJICT 3a CUET YBEIMUYCHHUS KUBOTO ceueHud. [IpenenbHpIM yriioM KOHYCHOCTH 5 CUUTAKOT f
= 13", T.k. IpH €ro MmociaeayIEeM YBEIUUEHUH CTPYsS OyeT OTPBIBATHCS OT BEPXHEH ua-
CTH HACaJIKH.

Konwndeckmne cxopasmpecs HAcaJKu 00JaJal0T 3HAYHUTCIBHBEIM KO3 duImeHToM
pacxoja, KOTOPbIM UMEET HAMOOIBIIYIO BeanduHy npu f = 13°. DT0 00BsACHSAETCS YMEHB-
ICHUEM COMPOTUBIICHUSA OIarogaps MECHEC MHTCHCUBHOMY SIBIICHHUIO BOJOBOPOTOB. YTOI
KOHYCHOCTH f§ 4acTO MPUHUMANT £ = 5°, kaKk 00eCNeuynBarOIIMU HANO0O0JICEe JJIIMHHYI U
POBHYIO CTPYIO.

KononmanmeHele Hacagku, UMEIONMe (OPMY, COOTBETCTBYIOIIYIO OUEPTAHUIO CHKa-
TOM CTPYH, IO PAcX0/y ABIAIOTCA Hanboiee 3Pp(PEeKTUBHEIME. DTH HACA/IKH YBEIHUUNBAIOT
[ 3@ cueT yMEHbIeHUus conpoTunicHus. KosddumueHT | B KOHOMJATBLHBIX HACAIKAX
BechbMa 0/m30K k equHuIe (1 = 0,98).

[IpakTyeckOe MpUMEHEHUE HACAIOK BeCcbMa BEIUKO. [lununagpuueckue Hacagku, B
OCOOCHHOCTHU HACaJKU BEeHTypH HMMEIOT IMPOKOE IIPUMEHEHHE: KPaHBI, TPYOOIIPOBO/IHI,
JIJISL POy CKa MUILEBRIX KUIKOCTEHN, padOTarOIME ITOJIHBIM ceueHHeM U T.J1. Konnueckue
pPACXOIANIMECST HACAIKH HUCIONB3YIOTCS I 3aMEJICHUS IMOJAYN KUIKOCTEH U YBCIIMYEC-
HUS pacxojla BOJAEI, MCIONB3YIOTCS, HAIPUMEP, B Ta30BEIX ropenkax (muddQy3opsr), B
TUIPOAYIIAX IS OXJIAKICHUS KOHCEPBOB MOCIIE cTepuiIn3anunu. KoHnueckue cxosime-
Cd HACAJIKU MMPHMEHSIOTCA B TEX CIydYasx, KOrja TpeOyeTcs J1aJbHOCThH BEIIETA CTPYHU U
cuia yjapa (MOEUHBIE MAIIUHEI, KOHJJUTEPCKHUE IIIPUIIEL, J03aTOPEI, KOH(PY30ps!). KoHO-
HATbHBIC HACAJKU BBIIOJHEHHBIC MO (GOpME CTPYH, HCKIOYAIOT e€ C)KaTHe U CBOJSAT K
MMHHUMYMY BCE€ MOTEPU SHEPIrUU B CTPYE BBITEKAIOIICH KUJIKOCTH, TPUMEHSIOTCS B MaKa-
POHHBIX MpECccax.

e = 0,98
e = M= =094
0,71 i ¢ = 0,06
T T
B=13°
%

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023



x 1= 0,45 A
i ¢ =045 u= 0,97
o = 0,97

H
H

Pucynok 6.3 — CXeMbl pa3aIu4HBIX BHUIOB HACAJOK
Onucanue J1adOpPaTOPHOH YCTAHOBKH

JlabopaTopHas ycTtaHOBKA (PUCYHOK 6.4) COCTOUT M3 €eMKOCTH | ¢ BBApEHHBEIMU B
HEE pa3IMYHBIMU HacajgkaMmu 2. B eMkocTh 1 3anuBaercs sKUIKOCTh, IOCTOSHHBIN YPOBCHD

3 (1 )
N L

{ S

N 75
5 7
KOTOPOU ITOJICPIKUBACTCS ¢ MOMOILBIO IIEPEIUBHON TPYOKHU 3, TpyOOIIpOBOIA 4 U LIUPKY-

JSAIMOHHOTO Hacoca 5. HeoOxomumas mmporu3BOUTEIBHOCTE HACOCA, UCKITFOYAIOILAS ITpe-
JIUBBEI U CHIDKCHUE YPOBHS )KUIKOCTH B cOcyie 1 perynupyercs kpaHamu 7/, 8.

(AN

IHopsiiok mpoBeaeHUsI JJA00pATOPHOH PADOTHI

1. MN3mepsieM BBICOTY YPOBHS KUIKOCTH B eMKOCTH H Hajl IeHTpOM Hacagka;
2. OTKpEIB IPOOKY HAcaAKa 9, U3MepseM JCHCTBUTECIBHEIN PACXO]T KUIKOCTH C
ITOMOIIIBF0 MEPHOTO 0auKa 6 U CEKyHIOMEpA O, = V. Ve
T
3. 0H£eﬂ6ﬂﬂem TCOPETUUECCKYIO CKOPOCTh UCTEUCHUS JKUJIKOCTH U3 pacCcMaTpU-
MEHT NoanncAaH

%ﬂgﬂﬁﬂ %%Eﬂ%%d&ﬂ%ﬁ%@%%ﬂﬁyﬁﬁﬂﬂié/ 28 H;
Brageneu:  WeGsyxosa Tatoava Pypeyrpir 6.4 — Cxema 1a00paTOPHOM YCTAHOBKH.

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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rie f,

5.
0.

T-d?
4

- II1omaahb IIOIEPCYHOTO CCUCHHUA HACATKH,

d — MTUaMeTp BBIXOJHOTO CCUCHMS HACAKH, M.

ITPUBCACHHBIMH B JIMTCPATYPC JJId dHAJIOI'MYHBIX HACA]IOK.

7.

IIPUYHNHAX,

8.

Tabmuma 6.1 — [IpoTOKOI UCTIBITAHUH.

JlaHHBIC 3aMEpPOB M PACUYETOB CBOJAT B Ta0/IMIY 6.1.

JI71s1 Ka)K10r0 OMBITA BEIYMCIIIEM KOA(P(ULMEHT pacxoaa 4 =

O

0,

OnpenensieM TEOPETUIECKUN PACX O] JKUJIKOCTU 110 popMmynne Q, =v,_ - f,,

CpﬂEHHEﬂEM MCIHKITY cOOOM ONBITHEIC 3HAYCHUS BEIIMUYUH M CO BHAYCHHUAMMU U

OnpenenstoTcs MOTPEIIHOCTH U3MEPEHUH i B Y0 W JICIIAFOTCS BBIBOJIEI 00 MX

No M3mMmepeHHBIE U BEIYMC- 0O0o0- Pa3- Bug macanknu
/o JICHHBIC BEJIUYHUHBI 3HA4Ye- | MEp-
— HOCTE Konuue- | Konuue- | Huwmun- | Ko-
cKas CcKas npude- | HO-
Cykao- | pacumm- cKas | mman
nIaacsa pAroIA- bHAA
Cst
3MepeHHBIE BETUYHHBI
1 BricoTa ypOBHS )KUIKOCTH H M
B HAITOPHOM OakKe
2 BricoTa ypOBHS KUJKOCTH h M
B MEPHOM Oake
3 Pazmepsr MepHoro 6aka B | axb M
JIAHE
4 JlnaMeTp OTBEpPCTHUS d M
HACAJKU
S Bpewms, 3a koTOpOe n3Me- T C
pSCTCS Pacxo]l
BbeMUCIEeHHBIE BETUYUHEI
6 OO0BEM KHUJIKOCTH B MEP- \Y% M
HOM Oake
7 JleiCTBUTEIIBLHBIN PacXo]] V M
YKUJIKOCTH 0, = ; -
8 [Tmomange mormepeyHoro fo M2
CCUCHUS OTBEPCTHUSA
pokyNEECadiRisCAH
SJEKTPOHHOW TTOOMACEIO
cepthmeal ACOPCFHHECHAL CKOROETRy V1 M
Bnapenew | Weppeqe BEETL SKIAROT TH c
10 TeopeTnueckuii pacxo Q: M

NelcTeUTen

e c 19.08.2022 no 19.08.2023
HHUATKOCTH




11 Kosddumuent pacxona 0, -
JIEVICTBUTEIILHBIN Ho = Q_
12 Koaddumuent pacxona 7, - 0,94 0,45 0,71 | 0,98
TEOPETHUCCKUM "
13 OTHOCHUTENBHAS ITOTPEII- A Yo
HOCTB

1.

2.
OCHOBAH JIOTUYECKUM BBIBOJ] 3TOTO YPABHCHU S !
3.
cTein’?
4.
10T
5.
6.

3YIOT (JIATh XapaAKTEPUCTHKY KAXKIOMY THUITY HACAOK)?
Kak ompeiennstoT BpeMs HCTEUEHHUS U3 HACAJJOK IIPU IIEPEMEHHOM HAmmope

7.

KoHTpoJIbHBIE BOIPOCHI:

YT0 HA3BIBACTCS CTAIIMOHAPHBIM ITIOTOKOM? YeM OH OT/IMYaeTcs OT HeCTalH-
OHAPHOI'0 MOTOKA?
Y0 moHMMAIOT I10]T YPaBHEHHEM Hepa3pbIBHOCTH? Ha kakux momyIeHHsx

YeMm oTiIMUarOTCs YPaBHEHUS bepHYILIH [J1s peaalbHOU U UJI€AIBHOU KU KO-

KaxoB ¢pusmueckuii cMmeici KodgduipenTa ckopoct ¢? Kak ero onpenens-

Kak onpenensercs ko3 pUueHT pacxona | 1 ero pu3n4ecKuii CMBICT?

Yto HaszepIiBaeTcsa Hacaakoi! Kakue OBIBAIOT HACAIKHU U JIJIA YETO UX UCIIOJIb-

YKUJTKOCTH !

8.

B kakoM 000py10BaHUHU OOIIETIMTA HALILUTA TPUMCHECHUE PA3IUYHBIC THUIILI

HACA/I0K"?

CepTudukar:

Bnaneneu:

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

2C0000043E9ABEB952205E7BAS00060000043E

llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023




JTabopaTopnas padborta Ne 9

Tema: MccrnenoBanue mporeccoB MIJJAMOBOTO U 3aKyIIOPOYHOTO ()HJIb-
TPOBaHMA ¢ 00pPa30BaHUEM CKHUMaeMbIX M HEC)KHUMAEMBIX OCAJKOB

[lenv pabomer: 1. I3yduts nporieccoB (GMIETPOBAHUS;

2. [IpounmrocTpupOBaTh YCIOBUS IIepeX0;1a MJIaMOBOT0 (PHIBTPOBA-
HHS B 3AKYIIOPOYHOE U OOPATHO
3. M3yuuTh 3aKOHOMepHOCTEH (PHILTPAIIMOHHEIX TCUCHHH C
HEC)KUMAEMBIM U C)KUMAEMBIM OCAJIKOM.
4, N3yuuts pabOTy caMOpasrpy:karmliieiics QUILTPYOIICH [ICHTPH-
hyru.
5. V3yuuTh OCOOCHHOCTH KOHCTPYHPOBAHUS 3aKYIIOPOUHOr0 (PHIBETpa
17151 (QHIETPOBAHUS BOJTEL.

[Ipubopsr u mamepuavl: 1A00pATOpHAS YCTAHOBKA, pacXOq0Mep, JATUUK

JIABJICHUM, JJATYHUK MACChI, KOMIBLIOTEP.

KpﬂTl{'HE TCOPETHUYCCKHE CBC/ACHHSA

OUWIETPOBAHUE — 3TO MPOLECC pa3eNaeHUsT HEOJHOPOJHBIX CHCTEM C TBEPJIOHN
nucriepcHor (a3oi (cycneH3ud W IbLIei), OCHOBAHHBIM Ha 3aJICP)KAHMU TBEPJBIX 4Ya-
CTHI] TIOPUCTBIMH IIEPETOPOJIKAMU.

[[ImaMOBOE ™ 3aKymOpOYHOE (PUIBTPOBAHUE — JIBC OCHOBHEIC T'PYIIIIEI, HA KOTOPEIC
pa3elIsIoT Ipollecchl prIbTpoBaHUS. B mporeccax mepBoil IPyIIIIEI OCHOBHOE (PHUIIBETPO-
BAHUC INPOMCXOJHUT HA ILIAME, OTJOKHUBIIEMCS NOBEPX (IILTPYIOIIETO MaTepHaa.
YcTes op GUIBTPYIOIIETO MaTtepuaaa IIPU 3TOM IEPEKPELIBAIOTCS YACTUIIAMH JTHCIICPC-
HOM (ha3bl, U MX CJIOM HapacTaeT B mporecce punprpoBanug. I[lo Mepe ero mapactanus
YBEIIMYUBACTCSI TAK)KE M CONpOoTHBICHHE puiabrpa. Hamuume B GuIBTpyeMOH CyCIICH-
3UM KOATyJIUPYIOIUX M IENTU3UPYIONIUX BEIISCTB MOXKET BO MHOTO pa3 YBEJIMUHUTH CO-
npoTuBjacHue ocajaka. lllnamoBoe ¢uneTpoBanne peanmszyercs IS MAJIOBA3KUX IKH]I-
KOCTEHM, COJICpIKAIMX OONBILIOE KOJIUYECTBO B3BCIICHHBIX 4YACTHUL. B 3TOM ciydae ciou
IaMa Ha ITOBEPXHOCTH (DUIILTPYIOIIETO MaTepuajaa OBICTPO HapacTaeT. B Hauame mpo-
[ecca, KOrja cJIOH (pHILETpaTa HEBEIHK, HAOMIOMACTCA MPOCKOK YACTHIL Yepe3 (QHILTP.

3aKynmopo4HOe (pUILTPOBAHUE PEaIM3yeTCs IPH MAJIOM pa3Mepe YacCTHIl U UX He-
OOJIBIIOM KOJMYECTBE. B CBA3M ¢ MalbIM KOJIMYECTBOM YACTHUI] ILIAM HAa IIOBEPXHOCTHU
(QUILTPYIOMEr0 MaTepuala He 00pa3yeTcs B TCUEHHE IUTSIBHOIO BpeMeHU. B s3TOoM
cllydae eJMHCTBEHHO 3((EKTHUBHEIM SBISETCS 3aJep)KUBAHKUE YACTUIL] BHYTPH MOP (PUIIb-
TPYIOILIETO MaTepuaa.

3a4acTyI0 pealn3yeTcsd KOMOMHMPOBAHHOE MPOTEKAHHWE M IIJIAMOBOTO M 3aKyII0-
POYHOTO (PUILTPOBAHHS.

MakcuMaIBEHBIN pa3Mep YacTHUll, KOTOpPEIE IIPOXO/IAT Yepe3 (pUILTp, He 3a/epiKUBa-

SICh, HA3bIBAGKKAPHIOPOTOINMICRHIIBETPOBAHNS.

CepTuduK 4
B mﬂ%ﬁﬁﬁﬁﬁ%ﬁw dipeieasieTcs MPOU3BOIUTENLHOCTE (PUIIETPOBAHUS B

Bnapeneuy; eKcaHipoBHa

3aBUCHMMOCTH OT BJMAOMMX Ha Hee pakTopoB. CxopocThk punsrpoBanus (Q) paccum-

Heicteutened: ¢ 19.08.2022 19.08.2023 _, V
TBIBA€TCS KAK OOBEMHBIN Pacxo]] KHJIKOCTH — uYepe3 equHuIly nosepxHoct (F) dbuib-

T



Tpa:
J— V l .
Q T F
[Tepemag naBaenuit Ha puabTpe AP MOXET pacCUUTHIBATECA IT0 OJTHOM M3 TPEX IIPU-
Be/ICHHEIX Jajice GOpMyJI B 3aBUCHUMOCTH OT YCIOBHH TCUCHUS:

-

L p-V’
A- i P > — o1 mpybonpogoooa,
AP =/ V. & 'j; i — oaa nopucmbslx quﬂbﬁ;pﬂg;,

V. % (A-L+A,-L.) — ona qummpos co

CHCUMACMBIM OCAOKOM,

e

rae V — CKOpOCTh TEUECHMS JKHUIKOCTU, M/C;
L — nqauHA TpyOoOIpOBOIa WK (PHUIETPOBAILHON MIEPETOPOIKH, M;
d — qnameTp TpyOoOMIpPOBOAA MU OP (pUNETpa, M;
p — IUIOTHOCTH (DUIIETPYEMOI JKUAKOCTH, KI/M;
L — TMHAMHYECKas BSI3KOCTh pUIbBTpyeMoii cpenbl, [Ta-c;
A — ko3 uiuent Tpenus lapcu.
B sTom BeIpaxxeHuH mpoussejieHUe (AL) mpencraBieHO CyMMON COOTBETCTBY-
FOIUX IIPOU3BEIICHUH I YUCTOH (PUILTPYIONIEH NIEperopoIKA M OcajiKa Ha HEeH, IS KO-
TOPOTO COOTBETCTBYIOIIME BEIMYMHBI 0003HAYCHBI MHICKCOM «OC». JTO COOTBETCTBYET
IPEJICTABICHHUIO CYMMAPHOTO CONMPOTHBIICHUS (PUIIETPA ¢ OCAJKOM HA HEM B BHJIC ITOCIIE-
JOBATEILHO COEIMHEHHBIX COMPOTUBICHUM IIEPErOPOIKH M OCaIKa.
Eciu ocajok cxuMaeTcs MOJl ICHMCTBUEM Ilepenaja JaBJICHUM HA HEM, 3TO YUUTHI-

BACTCS 3aBUCUMOCTBIO Aoc = Aoco (AP)", B KOTOPOI N — MOKA3aTe/Ib CKUMACMOCTH OCaJIKa.
Eciu 3TOT mokas3areilb He paBeH HYIHK, COMPOTUBIIEHHE OCAJKA YBEJIMYMUBAECTCS C YBEIIU-
UCHHUEM IIepeITaa JaBICHHN HA (PUIBTPE CO MUIAMOM H MOJKET JOCTHYE BEChMa OOJIBIINX
BEJIMYMH, BIIJIOTE 10 ITOJTHOTO 3aKYIIOPUBAHUS (PUILTPA.

3aKynmopouyHoe (GMILTPOBAHMEC MNPOUCXOIHUT JUOO 10 IIOJHOIO  3aKYINOPUBAHUS
(QUILTPYIOMIETO 3JIEMEHTA OCAIKOM, JTHOO JI0 YMEHBILICHUS PacXo/a (pUIbETpaTa uyepe3 He-
ro Ha 33JJaHHYIO BEJIMYMHY.

[IpencraBuM, dYTO (UIABTP COCTOMT W3 KAMMLIIPOB HAYAIBHOTO guamerpa d, H

JIHHHDfI L, KOTOPBIC UCPC3 MHTCPBAJI BPpCMCHH T YMCHBIINAKOTCA 34 CUCT OTJIOKCHHA HAd HUX

do —d . Ecimm uucno

2
KaITWIIIPOB PABHO Z, M Yyepe3 GuiabTp npomen (uiasrpat 00nemMoM dW npu KOHIIEHTpA-

MY TBep/ibIX yacTul] C B HEM, TO UMEET MeCTO DajlaHC 00beMa OCa/IKa B BUJIC:
dW-C=-2-mw-r-L-dr.
3HAK MMHYC B IIPABOM YACTU O3HAYAET, YTO YMEHBIICHME I IPUBOJMUT K YBEIHUYE-
HUIO 00BeMa OTJIOKHUBIIETOcs ocagka W.
[IpounTErprpyeM 3TO ypaBHEHHE IO BPEMEHHM PACCMATPUBACMOTO IIPOIECCa, YTO

COOTBETCTBYGE sk S hRBPRRAHUIO JICBOM YacTH OT HyJs 10 W), a MpaBoi — OT I, JIO Iy

ICF&T ; ﬂEGGGGGdSEEABBEBEEEDEETBASGEIEIEE@EIEIGJEE
Bnanemeu: U.Teﬁayxu:usa TateAHa AnekcaHgpoBHa

CTEHKAaX ocajka g0 auaMmerpa d. TommmHa cl1os ocajka paBHA Ar —

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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[C-dW =—2-7mt-L- [r-dr;
0 r

i

WI~C='J':~L~(1*§—1*12), Wl:%*(rg—rlz)

CkopocTs (V) IBMKEHUS KUJKOCTH B KANWIJISApaxX CBSA3aHA C MEpenajoM JaBJICHUS
(AP), ux pazmepom (D) u Baskocteio (1 ) 3akoHoM Ilyazenns:
AP-d? AP.r”

V = = .
32-nu-L 8-pnu-L

13 ypaBuenus [lya3zeiins cnenyer, 4TO B MOMEHT Hauana ¢puiabsrpoBanus (T, V)

M B MIPOU3BOJIBHEIM MOMEHT (1‘1 , V| ) IMEIOT MECTO COOTHOIICHHUS:

L 5 L
=8-V, r, =8V, -u-——.
"L &P 1 T AP

C y4eTOM 3THX COOTHOILICHUU BEIPAKCHUE I W IPUMET BUI:
8-TC- ].1 L’
W, = (Vo =V1)

Ecau puneTpoBaHme BeaeTCs 10 MOTHOU 3aI{yH0pKH, TO0 V1=0, r,=0. Torma

2 2
-7 - AP -
W=8 T M-VD, vV, = rD’
C-AP 8-u-L
W= = 2 : f=TI:-['§.
C F-C

Makcumaneroe komiuecTBO ¢uusrpata (Q-t) . =Q-7T,.., KOTOPOE MOXKET

OBITH MPOMYIICHO Yepe3 QHUILTP MPH 3AKYIIOPOUHOM (PHILTPOBAHUM, PABHO 00BEMY ITOD

(Whg), TeIeHHOMY Ha 00BbEMHOE cojiep)KaHue ocajka B )xuakoctu (C):

W
— W ) . 1
Q . Tmax 'C T m? Q T:nax C >

rine Q — 00BEMHBIHN PACXO]T CYCIIEH3UH, M’/C;
Tmax — BpeMs pabOTEI (GUIILTPA, C;
C - KOHLEHTpauus TBepoi (pa3sl B CyCIEeH3UH, KI/M".

Jl1s 3aKymopodYHOro (pUILTPOBAHMS BaXKCH BLIOOP (QHUILTPYIOIIEro Marepuaia. OH
MOJDKEH UMETh TaKue MOIIEPEUYHBIC pa3Mephl MOP, KOTOPBIE COIJIACYIOTCS C pa3MepaMu 3a-
Nep)KUBaeMBIX JacTHll. BajkeH Tak)ke IpaBHILHBIA BEIOOp 00BEMOB (DUILTPYIOIETO Ma-
Tepuaja, 3aHATEIX COOTBETCTBYIOIUMU nopaMu. I1osicHuM 3T0.

Ecmu B kxadecTBe (QUILTPYIONMIETO MaTepHAId B3SITh MEJIKOIMOPHUCTYIO IIACTHHY,
pasMep IIOp KOTOPOIl MCHBINEC PAa3MEpPOB BCEX 3aJCPKHMBACMBIX YACTHI], TAKOU (QHILTP
OyneT padorarh 3PPEKTUBHO, HO He J0ar0. KpymHBIE Y4acTHIEI OTHOCHUTEIEHO OBICTPO
3aKYIIOPSAT IIEPBEIM 110 X0y (puiIbsTpara cioil mop, U pacxo]] uepe3 (pUiILTp HEIOIMYyCTUMO
CHU3UTCS BINJQER:AQAAHOrO 3aKynopuBanys. bomee riy0OKO pacrosiOKCHHbBIC CIIOH

g&g}mpr&&ﬁﬁ?ﬁ%ﬁm&ﬂﬂ%ﬁmmﬂ HE3aMOJIHEHHBEIMA (PUIBETPYEMBIMH YaCTHI[AMH.
BEQOT TOBOPHT: O FOMe FEQoPHILTPYIOIIUN MAaTEpHAl JOKCH CIICIHATBHO KOHCTPYHPO-
BATHCS 18 (PUIBTPOBAHMS KOHKPETHEIX CYCIICH3HUH.

Aerers AL TPVIOHMIT MaTepual JODKECH MMETh IOPEI, MOIEPEUHBIC pa3Mepbl KOTOPHIX
yMEHBIIAOTCA 110 X0y dunsrpata. [Ipm 3TOM GOnee Meakue YacTUIBI 3a]CPIKUBAIOTCS




00JIee TIIyOOKO PACIIONOKEHHBIMU ITIOPAMH.

Onucanue QKCHEPHMEHTﬂﬂbHDﬁ YCTAaHOBKH

DKCIIEPUMEHTAIBHAS YCTAHOBKA COCTOUT U3 OTAEIbHBIX OJIOKOB, BKIIFOUAIOIIIUX:
HULTIOCTPAIIMH IIJIAMOBOTO M 33aKYIOPOYHOrO (PHIIETPOBAHMSA; HU3YYCHHUS CIKHMACMOCTH
OCaJIKa; caMOpa3rpyKaroIiercs (GUIBTPYIOIEH eHTpUupyTH; (UILTPOB pa3IUUHON IIPO-
HUIACMOCTH JIJI1 OUMCTKH BOJIbI. bJIOKM YCTAHOBKH JIEMCTBYIOT HE3ABUCHUMO JIPYT OT JIPY-
ra. [IpyHIUIMansHas cXxeMa YCTAaHOBKU MPeJICTABIICHA HA pUCYHKe 7.1

1. bnok unmrocTpauy miaaMoBOTO M 3aKYIIOPOYHOTO (PUIBTPOBAHUS COCTOUT M3
JIBYX CTCKJISHHBIX IIIHHPOB ¢ IIep(OPUPOBAHHON IEPETOPOIKON M 3aCITOHKONH MEXITY
HUMH. B HMJKHEM CTEKJISHHOM LIWIMHPE HAXOJSATCS KPYIIHBIC INAPUKH, UMUTHPY FOIIHE
KPYITHOIIOPHUCTYIO (PUIETPYIONIYIO cpeny. B BepxHem — 60nee MeIKHE IJIACTMACCOBEIC Ya-
cTULBI. [Ipy OTKpEIBAHUY 3aCJIOHKH MEJIKHE YACTHUI[BI MAJIbIM ITOTOKOM ITOIIAJal0T HA UMH-
TaToOp (PWILTPYIOIIEH cpelbl U (PUILTPYIOTCS B HEM 3aKYIIOPOYHEIM CIIOCOOOM, T.€. IPO-
XO/IAT Ha OOJBINYIO TIIyOHMHY J0 TeX IOp, ITOKA HE MCIOIB3YETCSI BCSI CMKOCTh (PHILTPY-
roriero cnos. [locae 3Toro menakue 4acTHIIEI COOMPAIOTCS HA IMTOBEPXHOCTH (DPUIBTPYIOIIEC-
ro cinos. IloeepuyB 010k Ha 180° mpu OTKPBEITOM 3aCIOHKE, BOCCTAHABIMBAKOT MCXOIHOE
cocTtossHue 070Ka. [Ipu OTKpEIBAHUM 3aCIIOHKM cpa3y HA OOJBIIYIO BEIUUYMHY, UMUTHUPYIOT
MOCTYIUICHHE Ha (PUIILTPYIOIINUHN CION BLICOKOKOHIIEHTPHPOBAHHOM cycneH3uu. [Ipu s3Trom
MaJIO€ KOJIMYCCTBO YACTHI] MMPOXOJUT B (DMIETPYIONIUNA CJIOI, & OCHOBHOE MX KOJIMYECTBO
oOpa3yeT mJjaM M 3aJep)>KUBACTCS HA ITOBEPXHOCTH (PHILTpYyromiero cios. McxomHoe co-
CTOSIHHE OJIOK BOCCTAHABIMBACTCS MOBOPOTOM Ha 180°

2. bok M3ydeHHsd COKMMAEeMOCTH OCaJiKa BKIIKOYACT MPEJCTABISACT COOOM aBTO-
HOMHYIO CUCTEMY IOJA4u BOJEI /11 IPOIUBKH SKCIICPUMEHTANLHEIX KIOBET B BHJIC MPO-
3padHBIX NAaTpyOKOB. KIOBETBEI MOJKIIOUAIOTCS K CUCTEME IMUTAHUS BOJOU ITO0YEPEIHO.
N3MepsaioTcs MX HAOPHO-PACXOJIHBIE XAPAKTEPUCTUKU. Pacxoji KUIKOCTU HU3MEPSCTCS
BECOBBIM CITOCOOOM. M3Mepsisi ¢ MOMOILBIO KOMITBIOTEpA MACCY COCYa ¢ BOAOM, CIIMBAO-
MCHCs B HEEe M3 U3MEPUTEIBHON KIOBETHI, IICPECUNTHIBAIOT €€ YHCICHHBIM JH(pepeHIH-
pOBAaHUEM B pacxoj. /o WLmoCTpalud CKMMAEMOCTH OCAKA M BIUSHUS CKMMAEMOCTH
Ha pacXxoj] BOJEI B KIOBETY MEXKY JIBYX IephOpHUPOBAHHEIX IIEPETOPOIOK 3ACHIIAH CJIOH
pPE3MHOBOM KpoIKHU. [Ipu ompeneneHnn HAMOPHO-PACXOJIHOU XAPAKTEPUCTHUKU ITOH KIO-
BETHI BUJHO, YTO Pacxoj] BOJBI YMEHBIIACTCSA C YBCIMUCHUEM IMEpENaga AABIACHUM. JTO
OOBACHACTCS C)KMMAEMOCTBIO Ocajka. B mpoiecce 3KCIIEpUMEHTA MO IIKajle, HAHECEHHOU
Ha KIOBETY, BHU3yaJIbHO HaOmomaroT ckartue ocajgka. Ilocie OkOHUaHMS SKCIIEPUMEHTA
OCAJIOK BBITAJIKHUBACTCS KO BXOJY KIOBETHI IIOMIIOJIOM; IIPU 3TOM OH BOCCTAHABIMBACT
CBOM CBOMCTBA. /g WIIIOCTpAllMM TEUYEHUS YEpPe3 HECIHKUMAEMBIEC CPEJIbl IPOJIMBACTCS
BTOpPAsl KIOBETA C HEC)KUMAEMBIM OCaJIKOM (IIECKOM).

3. Camopasrpyxkaromascs (uIbTpyronas HeHTpudyra JeMOHCTPUPYET (DHIIb-
TPOBAHME YEpPE3 BpAIIAIOIICECI KOHUUECCKOS CUTO ¢ BEIOPOCOM OCajIKa MO €r0 KOHUYECKOM
MMOBEPXHOCTH 34 CUET LIEHTPOOEIKHBIX CHII.

4. B%%éh%ﬂ%ﬂ? JIJIS OYMCTKHU BOJIBI IIPEJICTABILET COOOU TPH MOCIEOBA-
TE€JIHLHO COE Iﬁ*ﬂéﬁ%‘f@@ﬁ@f ﬁ‘fggfﬂ A3 IMYHOU NMPpOHUIIaeMOCTH. B madopatopHOU padboTe
CepTudukar: E(%GGGG-#SEEABBBQE 05E7BA DEIGEEIEIEIDJSE Hp I—I p p p
OPEACITTHOECHIABHCAMOSTH:CTEIICHN OYUCTKH BOJIBI OT JUAMETpa ITOp (PHMIETPYIOIIHNX
3IEMCHTOB (KapTPUKEH ), OT EMKOCTH (PUIIETPOB, OT IIEPENa 0B JABICHUS HA (QHILTpAX U

ofpaexona’' B6ABRL J]eH4i5TCa BEIBOJEI O HEOOXOJUMOCTH COTJIACOBAHUS ITOPUCTOCTH (PUITL-




TPOB U pa3MepOB (PHILTPYEMBIX YACTHI] U3 YCIOBHUS PAIIHOHAILHOTO 3aII0JIHCHHUS 00heMa
(HUILTpa YACTUI]AMU, T.€. U3 YCIIOBUS MOBBIIICHUS €T0 €MKOCTH.

ITopsiioK BLINOJIHEHHS PA0OTHI

PaboTEI ¢ OJ0KaMU WJLIIOCTpAILIMU IIIJIAMOBOTO M 3aKYIIOPOYHOIrO (pHILTPOBAHMS H

camMopasrpyxarmlileiics LeHTPUPYrH He TPeOYIOT M3MEPEHUII W OrpaHUYMBAIOTCS BHU3Y-
ANLHBEIMU HAOJIOfeHUusIMU. PadboTa ¢ OJIOKOM M3y4eHHUS CKUMAEMOCTH OCaJIKa 3aKII0YacT-

cs B CO3JJAHUH C ITOMOIIBI0 HAcOCa Pa3IUYHBIX JIABJICHHH HAJ (QWIBTPYIOIIUM CIOEM B
OHOU U BTOPOM KIOBETAX M M3MEPEHHUM HA KOMITBIOTEPE PACX0a BOJIBI

Tabmuna 7.1 — IIpoTOKON UCIBITAHUM.

Haunmenosanue nmapamMeTpOB Homep punbTpa
1 2 3

1. JlaBmenne Ha BXxoae ¢puasTpa P, 6ap
2. Ilepenan naBmenuit AP, 6ap
3. Macca Bojpl, mpomeamen 3a 10 ¢, kr

4. Pacxon Bons! G, k1/c
5. Koaddunuent pacxona p
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Pucynok 7.1 - [lppHiumaneHas cxema yCTAHOBKH:

| — OJIOK MILTIOCTPAIIMH IITAMOBOTO U 3aKYIOPOYHOr0 (QUILTPOBAHUS; 2 — OJIOK
M3YyUYCHUS COKHMAEMOCTH 0OcajIKa; 3 — OJIOK caMOopas3rpy Karoliecs GHIETPYIOIeH
neHTpudyru; 4 — 60K BOASHEIX (PUIBTPOB; S — 0ak ¢ BOJIOH; 6 — Hacoc;

7 — TUIPOAKKYMYIISITOP; 8 — KIOBETA C HEC)KUMACMBIM OCAJIKOM; 9 — KIOBETA CO
C)KUMaeMBIM ocagkoM; 10 — MepHas eMKOCTh BOJIBI; 11 — Bechl

Bnaneneu:

O0padoTKa HIKCNIEPUMEHTAJIBHBIX JAHHBIX

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

S X

@Bﬁiﬁﬁw ﬂﬂgggdl 3'I)JE'[' 3dHOCHUTLECA B TﬂﬁHHHE MJIWU HCITOCPCACTBCHHO Dﬁpﬂ-

0aTBIBATLCS KOMIBLIOTEpPOM. B pesyasraTe 00padOTKH JOMKEH OBITH MOIYYSH KO3 UL H-
CHT-PACX O as KIOBCTE2#:€T0 3HAUCHMS JIOJDKHBI CPABHUBATLCS IS PA3]IMUHLIX KiOBeT. [10
JTAHHBIM 3THUX CpaBHEHHUH JIeNIaeTCs BBIBOJ] O peali3yeMbBIX MeXaHUu3MaxX (PUIETPOBAHUS.



Koadpdumuent pacxoaa onpenensercs no popmyne:
G

b= :
F./2-10° . p- AP
riae F — mioma s HauMeHbIIero mpoXo{HOTO CEUeHHS KIOBETHI, M2,
AP — nepenaj JaBlIeHUM Ha JAHHOM IIPOXOJHOM CEYECHHUHU, 0ap;
10° — mepeBOJT eUHNL U3MepeHUs JaBiieHus u3 6ap B I1a.

Pa6Gora ¢ 6;10kOM (PUIBETPOB OUMCTKH BOJIEI 3aKJIFOYACTCS B pacdeTe MAaCCOBOU
CKOPOCTH (PHIBTPOBAHHS U KOS PHUIIMEHTA pacXxoaa BcexX TpexX puasTpoB. OOpamaercs
BHHMAaHHE HA Pa3INYMs I[BETA KAPTPHUIHKEH (PUIBTPOB, UYTO CBA3AHO C CYMMAPHEIM
KOJIMUYESCTBOM YACTHII, 3a/ICPIKAHHBIX UMM OT Hadajua dKCILTyaTauu. M3 3TUX JaHHBIX
nellacTcs BEIBOJ] O COOTHOIIEHUH Pa3MEPOB YACTHUI] B (PHIBTPYEMOI BOJIE U IO B
KapTpHUKaX (PUILTPOB.

KoHTpoJILHBIE BONPOCHI

1. Kakue HeOTHOPOHEIC CHCTEMBI pa3cisaioTcs (PUIETPOBaHUEM?

2. Kakwue Mepbl IpUMEHSIOTCS JJIs1 YBeTUUeHHS 3P (PEKTHBHOCTH (PHIETPOBAHUS?

3. Kakow crioco0 pa3jieieHus HEOJHOPOIHBIX CUCTEM PeaIu3yeTcs B
caMOpa3rpyKaromieics (GUIBTPYIOMCH eHTpudyre?

5. Kak paccuuteiBaeTcss 00beMHAS CKOPOCTEH (PUILTPOBAHUS?

6. UeM pasmmyarorcs ILIAMOBOE ¥ 3aKYIIOpOYHOE (UILTpOBaHHUC?

7. BO3MOXHO 1B pereHepUpOBaHue (PUIETPa, OTPAOOTABIIETO B 3aKYIIOPOYHOM Pe-
xume'?

8. JlaTb CpaBHUTEIBLHYIO OILCHKY 3(P(EKTHBHOCTH (PUILETPOBAHHMS B (HIBTPAX H
GUIBTPYOMMX HeHTpudyrax?

9. Onucare 1a00PATOPHYIO YCTAHOBKY U IIPUHIIMII €€ JICHCTBUSL.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023



PexoMeHyeMasi IdTepaTypa i HHTEPHET - pecypcehbl:
OcHoBHad JIHTepaTypa:

1. ITpoueccer u anmapaTel MUIEBBHIX TPOM3BOACTB | Teker]| : yueOnuk / A. H. Octpukos [u gp.]; pexn.
A. H. Ocrpuxos. - CII0. : THOP/I, 2012. - 616 c.

2. Anekcees, I'. B. Bupryaneneiii naboparopueii nmpakTukyMm no kKypcy 'IIponeccer u anmaparsl
munIeBeIX npou3BoACTB" [ Teker] : yued. mocodue / I'. B. Anexcees, U. W. bpunenko, H. H. Jly-
kuH. - CI10.: "Jlanp", 2011. - 144 c.

l[ﬂl]ﬂJIHHTEJILHHH JAHTEpaTypa

1. Ilponieccrer u anmmapaTsl MAMIEBEIX NPOMU3BOACTB: yueOHOEe mocodOue/ A. @. AmaneskoB - PocroB
H/J1: ®enukc, 2008.

2. Pacder u KOHCTPYMPOBAHME MAIIUH U ANNAPATOB MUIEBEIX NPOU3BOACTB [ lekcT] : yueOnuk / A.
H. Ocrpukos [u gp.]. - CII0. : U3g-so PAIIIL, 2009. - 408 c.

N HTepHeT-pecypcenl:

1. Onekrponno-ombmmoreunas cucrema [PRbooks
2. DJnexTponHas OmOIMoTeuHas cucreMa «Y HUBepcurTerckasa ondmioreka on-line»
3. OnexkTpoHHO-OMOMMoTeuHnas cucrema Jlans
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BBenenne
Meroguueckiie yka3zanus M 3a0aHus 78 BEIMOJIHEHUA CAMOCTOATENRHON PA0OTHEI CTYIEHTAMHA MO
auctumuinHe «lIporeccs 1 anmapaTsl MUIIEBEIX MPOU3BOACTBY MO HAMPABIEHUIO MOITOTOBKU DaKanas-
poB: 19.03.04 Texnomorusa mpoayKIuy U OpraHu3amnusa 00nIeCTBEHHOTO MUTAHU .
Meroguueckoe mocodue COOEPKUT BECh HEOOXOIMMBIM MATEPHAJ AJS BBEIIIOJIHEHHS CAMOCTOS-
TEIBHOM pPabOoTE MO qucnumHe «IIponeccsr n annaparsl MUIIEBEIX TPOW3BOACTBY.

B manHOM METOIMYECKOM MOCOOMM MPUBEAEHBI TEMBI M BOTIPOCH IJISI CAMOCTOSATEIBHOTO U3yUe-
HUA.
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1.001mas XxapakTepucTHKA CaMOCTOATEe/IbHOH padoThI CTYIeHTA

CamocroaTrensHas padoTa — 5TO BUJ y4€OHON OEATEIBEHOCTH, BEITOJIHAEMBIN ydanMmcs 0e3 Hemo-
CPEICTBEHHOTO KOHTAKTA C MPEMOJABATEIEM WIM YIPABIAEMBIA MPENOOABATEIEM OMOCPENOBAHO UEPE3
CHenuanbHBIE YUeOHBIE MATEepUaibl; HEOTheMIeMOe 00s13aTelbHOE 3BEHO Mpoiecca 00yueHus, Mpeay-
CMATPHUBAIOIIEE MPEKIE BCETO MHAUBUAYAIBHYIO PadOTy ydaniuxcs B COOTBETCTBHM C YCTAHOBKOM ITpe-
MOJABATEIIA WIN YUeOHNKA, TPOrpaMMEl 00ydeHH .

Ha coBpemeHHOM 5Tane caMOCTOATENRHYI0 PadOTy CTyAeHTA CIeAyeT pa3geauThk Ha padoTy C Oy-
MaKHBIMHM MCTOUYHUKAMH MH(OPMAINH, T.€. YIeOHNKAMM, METOJUUECKUMU IO COOMAMM, MOHOTpa(UIMMU,
KYPHAIAMHU U T.J. U SJIEKTPOHHBIMHM UCTOYHUKAMH MH(POPMAIINH, T.€. JOCTYII K SJIEKTPOHHBIM pecypcam
uepe3 UuTepHer.

CeromHsa camMOCTOATENLHYIO padOTy CTyAEHTA HEBO3MOYKHO MPEICTABUTHL 0€3 MCHOIB30BAHUS UH-
(popmammonnon cetu — Murepuer. HeodxoaumocTe ucnons30Banua MHTEpHETA BO3ZHMKAET HE TOJBKO
IPH MOATOTOBKE K MPAKTUUECKUM M CEMUHAPCKUM 3aHATHUAM, HO, B OOIBIIEH CTENEHH, MPU HAMMHMCAHWUN
Pa3IUYHBIX UCCIAENOBATENLECKUX U TBOPYECKUX paboT. MHOTHE COBpEMEHHEBIE MOHOTpa(uy, MEpUOaNY e-
CKHE JKYPHAJIBI U30AHBI TONBKO B 3JIEKTPOHHOM BHAE M C HUMHM MOYKHO ITO3HAKOMUTHCA TOJMBLKO B MUHTEp-
HETE.

e/1H U 3324l CAMOCTOATEILHOH padoThI: popMupOBAHUE CITOCOOHOCTEM K CAMOCTOATEIBHO-
My MMO3HAHUIO U 00YYEHUI0, MOUCKY IUTEPATypPhl, 0000meHno, 0()OPMAEHHUIO U MIPEACTABIEHUIO MOMY-
UEHHBIX PE3YJIBTATOB, X KPUTHYECKOMY AHAIN3Y, MOUCKY HOBBIX U HEOPAMHAPHBEIX PEHICHUH, APTYMEH-
THUPOBAHHOMY OTCTAUBAHHWIO CBOMX MHPEIIONKEHUH, YMEHHN MOATOTOBKH BEICTYIUIEHWH W BENEHHUSA IHC-
KYCCHH.

KoMnereHnun ﬂﬁyqﬂlﬂﬂ[EI‘ﬂEH, [l)ﬂpMHpYEMhIE B pe3y/ibTarte OCBOCHHHA THCHHILTHHDbI

Haumenosanme KkoMIer CHITHH

Kon, hopmymipoBka Koz, popmynmupoBka HHOIUKATOPA [Tnaanpyemele pe3yabTaThl OOYUEeHHS 110

KOMITETEHIUN JTUCIUTUTHHE (MOJIYJIIO ), XapaKTepH3YI0-
[I[He STansl (POPMHPOBAHUS KOMITETEH-

[HI, HHIHKATOPOB

OIIK-3 Coocoben uc- NJ1-1omnk-3 Onpenenser s¢pdexTus- HMcnons3yeT 3HaHUA MHKEHEPHBIX
MOJIH30BATE 3HAHWA UH- | HOCTh H HaJIe)KHOCTH ITPOIECCOB H aIl- IPOIECCOB IIPH PEMIEHUH PO deccro-
JKEHEPHBIX ITPOLIECCOB MaparoB IIPH penieHud npoeccuo- HAJIBHBIX 3a7a4 U K CILTYaTaluu CO-
MPU PEMIEHUH NTPOo(ec- | HATBHBIX 3a0a4d U SKCILIyaTAlud CO- | BPEMEHHOT 0 TEXHOJIOTHIECKOTO 000-
CUOHAJIBHBIX 3371449 U BPEMEHHOI 0 TEXHOJIOTHYECKOTO PYZOBAHUA U IIPUOOPOB
HKCIUTyaTauu COBpe- o0opynoBanuA 1 opudOPOB

MEHHOT0 TEXHOJIOTHYE-
CKOTO 000pyIOBaHUS U

npuOopoB
AOKYMEHT MNQANMCAH
SNEKTPOHHOW MOANWUCEIO

ay” 95220 AS00060000043E _
O Cr a0 BFRE T (o s Hmomssyer reoprmo oc- | OCYIISCTRIACT KOMTPOT: i yIpanae
HHU30BEIBATE U KDHTPD' HOBHBIX MPOIECCOB ITUIIEBBIX PO 3- HHEC HpDHEBDﬂCTBH Hpﬂﬂy]:{ulfﬂ*{ [miTa-
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OPOAYKIIUH MUTAHUSA TpeOOBAaHUM CTAHIAPTOB

N1-20mnk-5s KorTpomipyer npous-
BOJICTBO MPOAYKIIMHU ITUTAHUS C UC-
M0JIb30BAHUEM HOPMATUBHBIX U TEX-
HUYECKHUX JTOKYMEHTOB, HOPM JEH-
CTBYIOILIETO 3aKOHOIATENECTBA U
TpeOOBAHMI CTAHAAPTOB

2. I11aH - rpapuk BbINIOJIHEHHAS CAMOCTOSITE/ILHOH padoOThI

Komst pea- Cpencrea u OO0neM gacoB, B TOM UHCIIE
TEXHOJIOTHH CPC KonTtakr- Bcero
JISYEMBIX Bun nearensHOCTH OLIEHKH HasA pado-
KOMIIETEH-
- CTYJIEHTOB Ta C Ipe-
KaTopa(oB) TOMABATE-
JIeM
5 CeMECTD
UIHK-3 CamocToarenpHoOe CobOecenosanue | 32,805 3,645 36,45
grﬁ{] ; WU3YUECHUE JIUTEPATYPEL
T-1: TI1-2:) MO TeMaM
Ne 1-17
OLIK-3 [Togroroska k OTtuét 3,645 0,405 4,05
glrﬁ{] ; 1a00paTOPHEIM (YCTHBIN)
(-1 UJT-2:) 3AHATUAM
Hroro 3a 5 cemectp | 36.45 4,05 40,5
HUroro | 36.45 4,05 40,5

3.MeToauueckue peKOMeHIAIHH [0 H3YYEeHHIO TEOPeTHYECKOT0 MaTepHaJjia

3.1. Buo camocmoamensHoll padonpl: CamMoCmoameivHoe UsydeHue aumepantypol

M3yuare yuebnyro aucuummmny «lIponeccsl n anmaparsl MANIEBBIX MPOU3BOACTB» PEKOMEHIYET-
Cs MO TEMAaM, NPEABAPUTENLHO O3HAKOMHMBIINCH C COACPKAHUEM KAXKIOW U3 HUX B MPOTpaMMeE TUCIIU-
mmHEL. [Ipu TeopernaeckoM U3yUueHNN OUCHUILIMHEL CTYIEHT JOJKEH MMOJIb30BATECA COOTBETCTBYIONMIEH
muteparypoi. [IpumepHsIil nepedeHs TUTepaTypsl MPUBEAEH B pabouei mporpaMme

Jlna Oosiee mOMHOTO OCBOEHUS Y4EOHOTO MATEpUATIA CTYIEHTAM YHUTAIOTCHA JEKIUW MO BAKHEU-
UM pa3aenaMm U TeMaM yueOHOU TUCHUIUIMHEL Ha JeKIuMsax u3aararoTcsa U JeTATbHO PacCMATPUBAIOTCS
HanOO0I€Ee BAKHBIE BOMPOCKHI, COCTABIIAIONINE TEOPETUUECKUN U NPAKTUUYECKUH (PYHIAMEHT TUCHIUILIMHEL.

Hmoczoewtit npooykm: KoHCneKm J1eKy Uil

Cpeocmea u mexunonozuu oyenku: Cooeceoosanue
Kpumepuu ouyenusanun: OueHka «OTJIMYHO)» BBICTABILIETCA CTYNEHTY, €CIIM B MOJHOM O00BEME

W3Y4EH KYPC JAHHOW TUCIIATUTUHEI U BBINIOJHEHBI MPAKTUYECKNE 3a1aHNA

Onenka «xX0pomio» BEICTABIISETCA CTYACHTY, €CINU JOCTATOUYHO MOJMHO HM3Y4YEH KypC JAHHOM M C-
LWILIUHEI U BBIITOJIHEHEI IPAKTHYECKNUE 3a1aHN A

Onenka «yI0BIETBOPUTEIBHOY BEICTABIIETCA CTYAEHTY, HEIOCTATOYHO €CIIM MOMHO M3YUEH KypC
OAHHOW OUCIUILUIMHBL U BEITOIHEHEI TPAKTUIECKUE 3aTaHUS

Onenka (R RORAeA O HOY BEICTABILIETCS CTYACHTY, €CIH OTCYTCTBYIOT 3HAHHS U IIPAKTH-
REHHE A A BEIKIOLE A8 HHO LD EOUTIETNHE 3

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

TeMbI 1151 CAMOCTOATEILHOIO H3VYEHHS:
RencieureRerig ¢ PRPIRANIAHPELIECCOB 1 000 PYIOBAHUS.
2. Meronas uccnenoBaHus MpOLECCOB U anmnaparoB. OCHOBHBIE MOM0KEHNA TEOPUH MO 100MA




[lepememunBanue B JKUOKUX Cpenax

Ocaxnoenue

OuisTpOBAHUE

Kimaccnukanus CeImydnx MaTepruaioB.
M3mensuenune: npoOienue.

M3mensuenue: pesanue.

OcobennocTu TeMI000MEHA B MUIIEBOM alTmaparype.
(. Harperanue u oxnaxneHue TBEPIBIX TEII.

1. BermapuBanue. Konpencamms.

12. AncopOnusa u abcopOrus.

13. Cymika.

14. Kpucrammi3aiusa 1 pacCTBOpPEHUE.

15. DxcTparupoBanue.

16. buoxumMHuaecknue mporeccsl.

17. IlpakTueckoe NPUMEHEHHUE TEOPUN MTPOLIECCOB U AIIIAPATOB.

i e ALl o

3.2. Buo camocmoamenvHnoii pabomovl: NOO20MOEKA K 1a00pPam opHbIM 3aHAMUAM

Hmoczoswvtit npodyxkm: oruer 1o naboparopuou padore

Cpeocmea u mexHo102uU OUEHKU . 3aTITATA OTUIETA

Kpumepuu ouenueanun: OueHka «OTINIHO» BEICTABIAETCA CTYIACHTY, €CIH B IIOJIHOM 00BEME
M3YUEH KypC HJAaHHOW OUCHUIUIMHEL M BEIIIOJIHEHEI TA0OPATOPHEIE 3a1aHU

OrneHka «XOpOMIO» BBEICTABIAETCS CTYOEHTY, €CIM TOCTATOYHO MOMHO H3Y4EH KypC TaHHOM I C-
IUILUTUHBL U BEITIOJIHEHBI 1a00paTOPHEIE 3a1aHU

OneHka «yIOBJIETBOPUTENLHO)» BBICTABIAETCA CTYAEHTY, HEIOCTATOYHO, €CIM MOJHO M3Y4YEH
KypC JAHHOW JUCHUILIMHEL U BRIIIOJHEHEI 1a00pATOPHEIE 3a1aHNUA

O1eHKka «HEyIOBIETBOPUTEILHOY» BRICTABIIETCSA CTYICHTY, €CIN OTCYTCTBYIOT 3HAHUS U MPAKTHU-
JECKHUE HABBIKY IO JTAHHOW JUCIIUTLIMHE

4. MeroauuecKkHe YKa3aHHs
Meroanueckue ykazaHus Mo BBEITOTHEHUIO JabopaTopHeix padboT mo mucuuminHe «[Iporeccs u anmapa-

Thl MUIEBBIX MPOWU3BOACTBY, HAmpaBiaeHua noaroroBku 19.03.04 Texwomorus mpoaykuum U OpraHu3a-
[ 00IIEeCTBEHHOT O MUTAHU .

5. Meroanyeckne YKa3aHUS 10 MOAT0TOBKE K YK3aMeHY
[Iponienypa mpoBeneHisa Ik3aMeHa OCYIIECTBIETCA B COOTBETCTBUU C [lomoskenueMm 0 mpoBeneHuM
TEKYIIETO KOHTPOJIA YCHEBAEMOCTH M MPOMEKYTOUHOM aTrTECTAIMA 00yJaro X Cs 10 00pa3oBaTreIbHBIM MPO-
rpamMmam Beiciiero oopaszoBanusa B CKDY.

B sKx3ameHannoHHbI OMIET BIFOYAIOTCS TPU BOIPOCa (OIMH BOIIPOC U MPOBEPKU 3HAHUU U IBA BO-
Ipoca s HPOBEPKH YMEHHUH M HABBIKOB CTYICHTA).

JU1st moaroToBKU o Ounery OTBOAUTECA 30 MUHYT.

[Ipn moaroToBKE K OTBETY CTYAEHTY MPENOCTABIIAETCS MPABO MOIB30BAHNA CITPABOYHBIMH TAOIHIIAMI

[Ipu npoBepke madoparopHOTO 3a0aHns, OLIEHUBAOTCS:

- 3HAHUE TTAPAMETPA;

- MOCITIETOBATEIBHOCTE M PAMOHATEHOCTE BEITTOTHEHUS.
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JlomoTHHTe/ILHAA JIHTEpaTypa
|.ITponieccer n anmapaTel MUMIEBEIX MPOU3BOICTB: yueOnoe nocodue/ A. @. AnanekoB - PocroB u//l:

Mdenukc, 2008.
2.Pacuer 1 KOHCTPYHPOBAHUE MAIIIMH U ANIIAPATOB MUIIEBBIX TPON3BOACTB [ Tekcr] : yueOnuk / A. H.

Octpukos [u gp.]. - CII0. : U3g-so PAIIIL 2009. - 408 c.
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