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IHosicHuTenbHAA 3anMCKA

AKTYaJIbHOCTb U3y4YeHHUS] TUCHUIIIHHBI:

Jucuuminbaa «lIponeccsl u anmaparsl MUILEBBIX TPOU3BOJCTBY SABIIAETCA OJJHUM M3
0a30BBIX KYpCOB JUIsl M3YYEHHUs OOIIETEXHUYECKUX U CIEUHAJIbHBIX JUCIUIUIMH B IIaHE
MOATOTOBKH CTYACHTOB crenuaabHOCTH 6-05-0714-04 TexHOomOorHYECKHUE MAITUHBI H
obopynoBaHue.

Less 1 3a7a4u AUCHUIIMHBI:

Llensto Kypca ABIAE€TCA U3Y4YEHHE COBPEMEHHOW TEOPUU M (PU3HMUECKOU CYIIHOCTH
OCHOBHBIX IIPOIIECCOB, a TaKke YCTPOWCTB M METO/JOB pacuera amnmaparos,
IpeJHa3HAuYEHHBIX JUIsl IPOBEJICHUS STUX MIPOLIECCOB B MUILEBBIX TPOU3BOJCTBAX.

[lenp J1a0OpaTOPHBIX M MPAKTHYECKUX 3aHATHM — 3aKpeIuieHHe U YriyOJeHue
JEKUMOHHOIO0 MaTepuaja, TEOPETHYECKOE U SKCIIEPUMEHTAIbHOE H3yYEHUE Ba)KHEHIIMX
XapaKTEepPUCTUK OCHOBHBIX TEXHOJOIMYECKHMX IPOLECCOB U  anmapaToB MUIIEBON
OPOMBIIIEHHOCTH, @ TaKXe aHajlu3 (PaKTOpOB, BIUSIOUIMX Ha IMPOU3BOJUTEIBHOCTh U
HPKOHOMHUYHOCTh  amlmnaparoB M YCTAaHOBOK, NPUOOPETEHHE HABBIKOB CaMOCTOSTEIbHOU
UCCIIeZI0BAaTEIbCKON paboThl U 00PaOOTKH Pe3yabTaTOB HKCIIEPUMEHTA

Ha ocHoBe nmosyuyeHHbIX 3HAHUN CTYIEHT JOJKEH:

3HATh:

- HA3HAUYE€HUE U TEOPETUYECKUE OCHOBBI TEXHOJOIMYECKHX IPOILIECCOB MUIIEBOM
IPOMBIIIEHHOCTH, UX amnmnapaTrypHoe opopMIIEeHHE, METOJbl MOJEIMPOBAaHUS U pacuera
IPOLIECCOB U aIMapaToB, IIyTH COBEPIICHCTBOBAHUS TEXHOJIOTUN U TEXHUKH;

- IBWKYILME CUJIbl U OCHOBHBIE METOJbl MHTEHCHU(PHKALMU IPOILIECCOB IMepeHoca
TEIUIOTHI U MaCChl, IPUHIUIIBI COCTABJICHUS MAaTEePUAIIBHOTO U SHEPreTUYECKOTo OaJIaHCOB;

- BAPMAHTHl  anmapaTypHOTro oopMIIEeHUSI OCHOBHBIX IPOILIECCOB  MUIIEBBIX
MIPOU3BOJICTB

[To okOHYaHUM U3yUYEHUS TUCIUIUIMHBI OyAYIIUI NHXKEHEP TO0JKEH YMeTh!

- OIPEJIENATh OCHOBHBIE ITApaMeTPbl IPOTEKAHUS IIPOLIECCOB;

- COCTaBJIATh M pellaTh YpaBHEHUS MaTEPUAIBHOIO M HHEPreTUYECKOro OajaHCOB,
HaXOJUTh pabodyl0 Harpy3Ky amnmapaTtoB U PAacCUYUTHIBATH BEIUUYMHY CpEAHEH ABMKYIIEH
CHJIBI TIPOLIECCOB;

- pemiaTb KOHKPETHbIE TEXHOJIOIMYECKHE 3aJauyd  IOCPEICTBOM  aHaJIN3a,
MOJIETUPOBAHUS U pacyeTa IMPOLIECCOB U allapaToB, a TakKe MPOBOJUTH CAMOCTOSTEIHHO
UCCIIeIOBaHUSl U 00pa0OTKY 3KCIEPUMEHTAIbHBIX JAHHbIX.

- CaMOCTOSITEJIbBHO OpPUEHTUPOBATHCA B CYIIHOCTU PAa3JIMYHBIX TEXHOJOTHMUYECKUX
IIPOLIECCOB U aIIapaTOB MUILEBBIX IPOU3BOJICTB,;

- IPOTHO3UPOBATh CBOMCTBA MCIOJIb3YEMOTO B MHUILIEBBIX IPOU3BOJICTBAX ChHIPbS,
MEXaHU3M IPOTEKaHUsl MPOIECCOB, BKIIOYAs pPACUYEThl ONTUMAIBHBIX U 0€30MacHBIX
YCIOBHM HMX pealn3allid B NPOMBIIUIEHHBIX W Ja0OpaTOpHBIX MacimTadax, a Takke
HKOJIOTMUECKHE MOCIIE/ICTBHUS.

DeKTPOHHBI y4eOHO-MeTommueckuii komiuieke (DYMK) mno aucuuruimee
«[Ipoueccpl ® amnmapaThl MHUIIEBBIX NPOU3BOACTB» IPEACTABISIET COOONH KOMILIEKC
CHUCTEMAaTU3MPOBAaHHBIX Y4eOHBIX M MeToaudeckux wmarepuanoB. DYMK pazpaboran c
y4€TOM OCHOBHBIX TMOJIOXKEHUH KOHLEMUIHUU CHCTEMbl HEMpephIBHOIO 00pa3oBaHUs
Pecnybnuku benapycs. OH nmpeaHasHa4deH [Uisl MOATOTOBKU CTYJIEHTOB CHELUAIBHOCTH
6-05-0714-04 TexHOMOTUYECKHE MAIITUHBI U 000PYIOBAHHE.

OVYMK pa3paboTaH B COOTBETCTBHH CO CIAECAYIOIIMMHA HOPMATHBHBIMU JOKYMEHTAMHU:

— Ilonoxennem 00 y4eOHO-METOAMYECKOM KOMILUIEKCE HA YpPOBHE BBICIIETO
o0Opa3oBaHusi, YTBEP>KIECHHBIM MOCTaHOBJIEHHEM MuHucTepcTBa oOpa3zoBaHusi PecnyOnuku
benapycs Nel67 ot 26.07.2011 r.
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— [lonoxxenneM 00 y4eOHO-METOIUYECKOM KOMIUIEKCE [0 Yy4eOHOW IUCIUTIIMHE
yupexaeHus oOpa3oBaHusi «bpecTckuil rocy1apcTBeHHbI TEXHUYECKUH YHUBEPCUTET» OT
31.01.2019 .

— VYuebHOW mporpammoid 1o gucHurummae «lIporeccsl W ammapaThl MHIIEBBIX
NPOU3BOJCTB» Jsi  cneruanibHOCTH:  6-05-0714-04 TexHomornyeckne MamiuHbBI U
obopynoBanme. Peructpanmonnsiii Ne VJ[-24-065/y4.; yrBepxkaernoi 28.06.2024 r.

Heaun DYMK:

— obecrieueHHe  KAa4eCTBEHHOTO  METOJMYECKOTO  COMPOBOXKIEHHUSA  Ipolecca
0o0y4eHusi;

— opranu3anus 3p(PEeKTUBHOW CaMOCTOATEIbHON padOThI CTYAECHTOB.

Copepxanne u o06beM DYMK mOTHOCTBIO COOTBETCTBYIOT 00pa3oBaTEIbHOMY
CTaHJapTy BhICIIEro oOpa3oBaHusi crenuanbHoCcTH 6-05-0714-04 TexHomormveckue
MallMHBl ©W  O0OpylIOBaHWE, a TakkKe  Yy4eOHO-POTPAMMHON  JOKYMEHTAIlUU
o0pa3oBaTeNbHBIX TPOrpaMM BbICHIETO oOpa3oBaHus. Marepuan TMpeacTaBlieH Ha
TpeOyeMOM METOJUYECKOM YpPOBHE U aJalTHPOBAH K COBPEMEHHBIM O00Opa30oBaTEIbHBIM
TEXHOJIOTHSIM.

CTpykTypa yuyeOHO-MeTOAHYECKOr0 KoMILlekca mo aucuumiune «Ilpoueccbl n
annapaThbl NHIEBbIX MPOU3BOACTB)»

Teoperuveckuii pasueJ OYMK  mpexncrasieH KOHCIIEKTOM  JICKIUH,
PEKOMEHJIOBAHHBIM I WM3yYEHUS JUCLUIUIMHBI IIPM OPraHMU3alMd CaMOCTOSTEIbHON
palboThI CTY/ICHTOB.

IpakTnuecknii paznea DYMK conepxut, TeMaTuyeckui 1jiaH, yueOHble MaTeprabl
JUISL ayAUTOPHOW M CaMOCTOSITENbHONW pPaOOThl CTYAEHTOB, MPUMEPHI PEHICHHUS] THUIIOBBIX
3ajad.

Pasznen koutposst 3Hanuii DYMK conepxut matepuansl i TEKyIIEW U UTOrOBOM
aTTecTalllid, KOHTPOJIbHBIE 3a/ladyd, NPHUMEPHBIN MepeueHb BOMPOCOB, BBIHOCUMBIX Ha
DK3aMEH.

BenomorartenbHbI  pa3iesa  BKIOYaeT Y4YeOHYIO NporpaMMmy IO JAUCIUILIMHE
OCHOBHYIO U JIONIOJIHUTEIBHYIO JINTEPATYPy U APYTYIO CIIPAaBOYHYIO HH(OpMaIHIO.

Pexomennanum no opranusanum padorsl ¢ JYMK

Ucnonb3oBanne pazpaboranHoro DYMK mnpeamonaraer palGoTy CTYIEHTOB C
KOHCIIEKTOM JIEKIIMA TP TMOATOTOBKE K BBIMIOJIHEHUIO W 3alIUTe J1a00paTOpHBIX padoT,
KypCOBOTO NIPOEKTa, CAade HK3aMEHOB [0 OJAHOMMEHHOW nucuuruimHe. Kpome Toro,
TEOPETUYECKUA MaTepral TOJIE3€H NPU BBINOJHEHUM COOTBETCTBYIOIIMX Pa3/CiOB
JUTUIOMHBIX ITPOEKTOB.

OVMK HamnpaBneH Ha moBblieHHEe J(P(EKTUBHOCTH Y4eOHOTO TMpolecca Hu
OpPTaHMU3aIUI0 IEIOCTHOCTA CHCTEMbI YU4eOHO-TIPEMETHON NEATEITbHOCTH TI0 JUCIUILTUHE
«lIpoueccsl U anmapaTsl MHUIIEBBIX MPOU3BOJCTBY», UTO SBJISIETCS OJHUM W3 Ba)KHEWMIIHX
HaIpaBJIeHUN CTPAaTeTUYECKNX MHHOBAIMKA O0Opa30BaHMH. B 3TOM KOHTEKCTE OpraHu3aIus
W3y4YeHUs JTUCHUIUIMHBI Ha ocHoBe DYMK mpeamnonaraeT NpOAYyKTUBHYIO YYEOHYIO
JESITENBHOCTD, TTO3BOJISIFOIIYI0 C(OPMUPOBATH TPO(HECCHOHAIBHBIE KOMITETEHITUN Oy IyIIHX
CIICIUAIIMCTOB, O0ECMEeUNTh Pa3BUTHE TO3HABATEIBHBIX U CO3UIATEIBHBIX CIOCOOHOCTEH
angHocTH. OYMK  cnocoOCTByeT YCHENIHOMY YCBOGHHIO CTYACHTaMH Yy4eOHOTo
MaTepuana, JaeT BO3MOKHOCTh IJIAHUPOBATH U OCYIIECTBISATH CAMOCTOSITENBHYIO paboTy
CTYJICHTOB, 00€CIIEUMBACT PAMOHAIBHOE paclpesesieHne y4eOHOro BpEMEHHU 10 TeMam
y4eOHON TUCIUTIIMHBI U COBEPIICHCTBOBAHNE METOUKH MPOBEACHUS 3aHITHH.
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IHEPEYEHDb MATEPHUAJIOB B KOMIIVIEKCE

Teopernyeckuid pa3aeli

Koncnekr jgexuuii mo kypcey «lIpouecchl n annmaparbl NUIEBBIX MPOU3BOICTB

Yacrs 1

Tema 1. Conep:kanue u 3axa4u Kypca «I[Ipounecchbl n annapartsbl NUIIEBbIX
MPOU3BOJACTB»

Tema 2. l'uapomMexaHnyecKue MPOIECChI

Yactp 2

Tema 1. TermooOMeHHBIE IPOLECCHI

Tema 2. BolnapuBanue

Tema 3. MaccooOMeHHbBIE POLIECCHI

IIpakTnyeckuii pasaena

Jladboparopnasi padora Nel. U3yueHue npoiecca u3Mejb4eHUs] TBEPAbIX MATEPUAJIOB.
Onpenenenue TUCIIEPCHOCTH CHIYYHUX MATEPHAJIOB.

JladopaTopnasi padora Ne 2. UcciienoBanue ruipoAMHAMUKHI TCEBI00KUKEHHOTO CJIOSI

JlaboparopHasi_padora Ne 3. Pa3nejieHue HeOJHOPOAHBIX CHCTEM B IoJe JelicTBHS
rPABUTANMOHHBIX M IEHTPOOEKHBIX CHJI

JlaboparopHasi padora Ne 4. [lepememmmBanue B KUAKUX cpeaax. OnpeneneHue pacxoaa
MOIIHOCTH NMPH NMepeMellIMBAHUN B aNllapaTte ¢ MelaJKon

JlaboparopHasi__pa6ora Ne 5. AxcopOuusi u3 pacrBopoB. IlocTtpoeHue wu3zorepmbl
aJcopOUMHU YKCYCHOI KHCJI0THI AKTUBMPOBAHHBIM yIJieM

JlaboparopHasi padora Ne 6. U3yyeHne KHHETHKH KOHBEKTHBHOM CYIIKH KANMJISPHO—
MOPHUCTHIX MATEPHAJIOB B TYHHEJIbHOI CyIIMJIKe

JladoparopHasi padora Ne 7. U3y4eHue npouecca pasjaeseHuss OUHAPHOM KUIKON CMecH
JUCTHILISII U el

JlabopaTopnassi paGora Ne 8. HcciaenoBanme KHHETHMKH JKCTParnpoBaHUS
BOJIOPACTBOPUMBIX KOMIIOHEHTOB KANMJISIPHO-TIOPUCTHIX MAaTEPHAJTIOB

Pa3nes1 KOHTPOJIS 3HAHU I

BenoMorarebHbIH pa3jelt




Teopernueckui paszae

Koncnekr Jexkuuii no kypey «IIpoueccbl u annapaTsbl NUIIEBBIX MPOU3BOACTBY

Mpoueccobl 1 annapatbl NMLLEBLIX MPON3BOACTB: KOHCMEKT NIeKUMI No
kypcy MAIMM Yacte 1. WBaney B.H., Kpoxanes A.A., baknH N.A,
Motanoe A.H. KemepoBCKUIN TEXHONOMMYECKUI UHCTUTYT NULLLEBOW

npombiwneHHocTn. — Kemeposo, 2002. — 128 c.ISBN 5-89289-108-9

Conep:xanue u 3agaun Kypca «Ilpounecchl 1 annapatbl MAIIEBBIX
NMPOU3BOJICTBY

Hayka o npoueccax v annapartax $BndeTcA OCHOBOW Kaxgou oTpacnv
TEXHOSTOMMN MULLIEBLIX MNPOU3BOACTB. BO3HMKHYB B KOHLE NpOLUSIOro BeKka, OHa
ABMSAETCA HAaY4YHOW OUCUMNAMHOW, KOTOopas urpaeT rpoMagHyr posib B pasfinyHbIX
COBPEMEHHbIX TEXHOSTOrNSAX NULLEBbLIX NPOU3BOACTB.

B nuweBOoM MNPOMBILWNEHHOCTM OCYLLECTBAAITCA CaMble pasHoobpasHble
npouecchbl, B KOTOPbIX WCXOAHble MaTepuarnbl B pes3ynbTaTte XUMUYECKOTO
B3aMMOEeNCTBUA npeTepnesalnT rnybokme npeBpalieHnd, COonpoBOXaarLmecs
N3MEHEHNEeM arperaTHOro COCTOSIHUA, BHYTPEHHEN CTPYKTYpbl N coCTaBa BELLECTB.
Hapsgy € XumMuyeckumn peakumsMmy npoTekawT dusmyeckme (B TOM  yucne
MexaHuyeckne) wun  usnKo-xummdeckme  npoueccbl. K HUM  OTHOCATCS:
nepemMeLLeHne XUakocten n TBepabiX MaTtepmarnos, X HarpeBaHue n oxrnaxaneHue,
pasgeneHue Xuaknx u razoBblX HEOLHOPOAHbLIX CMeCeu, BbiNapuBaHWe pacTBOPOB,
CyllKa matepmaroB 1 T.4.

Kypc «[Mpouecchl n annapatbl nuweBbix npounssoactse» (MAIMM) ctpoutca Ha
OCHOBE BbISIBNIEHUS aHanormm BHELWHe Pa3HOPOAHbLIX MPOLEeCcCOB HEe3aBUCUMO OT
oTpacnM  MUWEBON  MPOMBIWMEHHOCTN, B  KOTOPOW OHU  UCMONb3YHTCS.
MpenmywiectBO Takoro nogxoga  3akfyaeTcss B MO3HaBaHUM  OBLMX
3aKOHOMEpPHOCTEN MNPOTEKaHUs MpoLeccoB, OCHOBaHHOE Ha WCMOJSIb30BaHUMU
3aKOHOB MeXaHWKW, [MOPOANHAMUKKY, TEPMOAMHAMUKM W Opyrux 6asmcHbIX
ANCLUNNIIVH.

B kypce TATIl1 paccmaTtpmuBaloTCs He TOSbKO Mpouecchl, HO U annapaTsl, B
KOTOPbIX OHW npoTekatoT. [loa cnosoMm annapar noHuMarT nboe yCTpoOUCTBO, B
KOTOPOM OObIMHO NpoTeKaeT TexHonorndeckmn npouecc. O6bIMHO annapaTom
Ha3blBaeTCs cocya, CHabB>XeHHbIN pasfiMyHbIMN MeXaHNYeCKUMU
npucnocodbneHnsmn. OOHAKO HEKOTOpble M3 YCTPOWCTB, KOTOpble Mbl Oyaem
paccMmaTtpuBaTb, SBASKOTCA TUNUYHBIMKM  paboyMMy  MawuHaMU (LeHTpudyru,
Apodunkn, cmecuTenn n T1.4.).

Kypc T[ATI paet oOcCHOBbI Teopuu nNpoLeccoB, MeTOAUKM pacyeTa W
OCHOBHblE MPUHLMMbI  KOHCTPYMPOBaHWUS annapaTtoB, saBnsetca 6ason ans
KypCOBOIrO U ANMNNIOMHOIO NPOEKTUPOBaHUS.

Takum obpasom, kypc ATl 3aBepwaetT oOLENHXKEHEPHYO MNOATOTOBKY
cneunanucta un aBndeTcss HeobXxoauMbIM MEepPeXOAHbIM 3BEHOM K U3YYEHUHO
crneumanbHbIX AUCUMANNH (pacyeTbl U KOHCTpyMpoBaHue, obopyaoBaHe 3aBOOB,
obLwaga TexHonorms NULLEBbIX NPOM3BOACTB U T.4.).

1.1. Bo3HukHogeHue u pazsumue kypca [1Arllll

Hayka o TIAll co3gaHa B pesynbTaTe 6onblon paboTbl, NPOBEAEHHON
OTEeYECTBEHHbIMU U 3apyBEXHBIMU YHEHBIMMN.
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Tak B 1897 rogy O.WN. MeHgeneeB B kHure "OcHoBbl habpuyHO-3aBOACKON
NPOMbILLIIEHHOCTN" BNEpPBblE U3MOXUM NPUHLMMIBI MOCTPOEHNSA Kypca NpoLLEeCCOB U
annapaTtoB M pan ux knaccudpukaumwo. ITm maen 3atem Obinm passutbl AK.
Kpynckum, A.A. TULLEHKO 1 pAOOM .OPYIUX YYEHbIX.

B Poccumn nepBbiv Kypc, NOCBALEHHbBIN nNpoueccamM 1 annapaTtam, nosiBuncs
B 1913 r. 3710 6bINa kHura npodp. N.A. TuweHko "OCHOBHbIE NpoLecchl U annapaThbl
XuMmmyeckon TexHosnorun". B ganbHenwem Bbiwnu KHUrM npod. A.l'. KacaTtkuHa,
A.H. lNnaHosckoro, Kadaposa n T.4. 13 MHOCTPaHHbIX YYeHbIX, BHECLUNX 3aMETHbIN
BKNag B co3fdaHwe W pasBuUTUE Kypca Mpouecchbl U annapartbl, MOXHO OTMETUTb
Jlbtouca, Yokepa, lWepsyna, Puyapgcona mn gp.

Bce wMHoroobpasne npoueccoB NUWEBOWN MPOMbILLIEHHOCTM  MOXHO
pasfenuTb Ha YeTblpe OCHOBHbLIX Knacca:

1. rmppomexaHu4yeckue,
1. TennosBble,

2. MaccooOOMeHHbIe,

3. MeXaHun4veckKwue.

3a nocnegHve roabl MacCOOOMEHHble MpOoLEecChl MOMOSIHUIUCL HOBOW U
BEeCbMa Ba)XHOW rpynmno MeMO6paHHbIX_NPOLECcCOoB.

B HacTosiwee BpeMa B CTagum CTaHOBIEHUSI HAXOOMUTCA HOBbIM 6OMbLION U
OYeHb NEPCMNEKTMBHbLIN pa3fen TEXHONOMMM - BUOTEXHONOIUS.

KonnyecTtBeHHOE onucaHue npoueccoB NULLEBON TEXHOMOMMM OCHOBAHO Ha
3aKOHaX XMMUYECKON TEepMOAMHAMMKM M KMHETUKM B COBOKYMHOCTU C 3aKOHaMu
nepeHoca KonmyecTBa ABWXKEHWS, TENNOThbl, Macchbl.

CoBpeMeHHble MpOLECChl  AOMMKHbI  OCYLLECTBNATLCSA HEMPEPbIBHO U C
GonbLMMM CKOPOCTSIMU, C MPUMMEHEHMEM CPEACTB HACTPOMKM Ha OMNTMMarbHbIN
peXuM, OTBeYaTb YCMOBMSM KOMMMEKCHOMO WCMOMb30BaHUSA ChipbA U 3HEpruu,
NCKITHOYaKLWMNX BO3MOXHOCTb 3arps3HEeHns BO34YLLHOrO M BOAHOro 6GaccenHoB
BpeaHbIMK Bblibpocamu.

1.2. Knaccucghukayusi OCHOBHbIX NMPoyeccos

1. 'mapomexaHu4yeckue npouecchbl, CKOPOCTb KOTOPbIX ONpeaensieTca 3akoHaMu
MOPOANHAMUKN - HAyKM O ABWKEHUM XUAOKOCTM M rasa. K atmm npoueccam
OTHOCATCH MepemMeLleHne XNOKOCTeN U rasoB, pasgefnieHne Xnakmx u rasoBblx
HEeOOHOPOOHbIX CUCTEM B Mofie Cunbl TAXKecTU (oTCTaumBaHwe), B none
LeHTpobeXxHbIX cun (LeHTpudyrmpoBaHmne), a Takke nog AeNcTBUEM PasHOCTU
AaBreHnn nNpu  OBWXKEHUW Yepe3 Mnopuctbld crnon (dpunbTpoBaHune) u
nepemMeLlBaHne XUaKoCTEN.

2. TennoBble _MnpouecChbl, MNpPOTEKaLlIMe CO CKOPOCTbi, onpeaensemom
3aKoHaMu TennonepegaynM - Haykm O crnocobax pacnpocTpaHeHus Tenna.
Takumu npoleccamu SBNATCA HarpeBaHWe, OXNaKaeHue, BbiNapuBaHue U
KOHOEeHcaLus napos.

3. Maccoo6meHHble  (andcdy3noHHbIe) npouecchl, XapakTepusyrLimecs
NepeHOCOM OLHOr0 WS HECKOSTbKMX KOMMOHEHTOB MCXOL4HOW CMEeCU U3 OOHOWN
drasbl B Opyryto 4Yepes MoBEpPXHOCTb UX pasgena. K aton rpynne npoueccos,
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OnucbiBaeMbIX 3aKoHaMu Maccoriepegayu, oTHocAaTca abcopbums, neperoHka
(pekTndmkaums), SKCTpakuMsi U3 pacTBOPOB, KpucTannmsauus, agcopbums u
CYLLKa.

4. MexaHu4yeckue npouecchl, ONMCbiBaeMble 3aKOHAMU MeXaHUKU TBEPAbIX Ten.
OHM MPUMEHSIIOTCS B OCHOBHOM AfS MNOArOTOBKM WUCXOAHbIX TBEpAbIX
maTepuanoB U 00paboTKM KOHEYHbIX TBEPAbIX MPOAYKTOB, a Takke Ans
TPaAHCNOPTUPOBAHUSA KYCKOBbIX W CbiNydnx MatepuanoB. K mexaHu4eckum
npoueccam OTHOCATCA UW3MenbYeHue, TpaHCMoOpTMpPOBaHWE, COPTMPOBKA
(knaccudukaums), 4O3NPOBaHME U CMELLIEHNE TBEPAbIX BELLECTB.

Mo cnocoby opzaHu3ayuu NPOLECCHI MULLEBOW TEXHOMNOrMU OENnsATcs Ha
nepuoanyeckne n HenpepbiBHbIE.

Mepuoaunyeckme npouecchbl NPOBOAATCA B annapaTtax, B KOTopble 4epes
onpeneneHHble MNMPOMEXYTKM BPEMEHWU 3arpyalwTcsl UCXoAHble maTtepuansbl; Wy
nocrie Ux COOTBETCTBYIOLIEN NepepaboTku (Hanpumep, NpoBeaeHUst XUMUYECKON
peakumn) NpoucxXoauT BbIrpy3ka KOHEYHOro npoaykra. Mo okoH4YaHuM pasrpysku
annapata W ero MNOBTOPHOM 3arpy3kym MNPOLECC MOBTOPSIETCS CHOBAa. TakuMm
obpas3om, neprvoauyecknii NpoLecc xapakTepusyeTcsl Tem, Y4TO BCe ero craguu
npoTekatT B O4HOM MecTe (B 04HOM annapaTe), HO B pa3Hoe Bpemsi.

HenpepbiBHbIe NpoLecCbl OCYLLECTBNSATCS B MNPOTOYHbIX annaparax.
MocTynneHne UcxogHbIX MaTtepuarnos B annapaTt M Bbirpy3ka KOHEYHbIX NPOAYKTOB
Npou3BOaMTCA OOHOBPEMEHHO W HenpepbiBHO. CnegoBaTenbHO, HeEMpepbiBHbIN
npouecc xapakTepuayeTcs TEM, YTO BCe ero cTagum npoTekalT OJ/HOBPEMEHHO,
HO pa3006LLEHbI B MPOCTPaAHCTBE, T.€. OCYLLEeCTBNSATCA B pa3HbiX annapaTtax unv B
pasnnyHbIX YacTsX OQHOro annaparTa.

M3BecTHbl TakKke KOMOMHUpPOBaHHbLIe npouecchbl. K HMM oOTHOCATCA
HenpepbIBHbIE MPOLIECCHI, OTAENbHbIE CTAAMM KOTOPbIX MPOBOAATCS NEPUOANYECKN,
nmbo nepuoanyeckme NpoLecchl, oaHa UMM HECKONBbKO CTaaun KOTOPbIX NpoTekaeT
HenpepbIBHO.

OcHoBHble npenmvyulectBa HeNnpepbiBHbIX MNpoueccoB Mo CpaBHEHUKO C
nepunognyvyecKkmmMmm cnengyrwuime:

1. HeT nepepbiBOB B BbIMYCKE KOHEYHbIX MPOAYKTOB, T.e. OTCYTCTBYIOT 3aTpaThl
BPEMEHU Ha 3arpy3Ky annapaTta UCXOAHbIMU MaTepuanammn n BbIrpy3Ky U3 Hero
rOTOBOW MPOAYKLMMK;

2. bonee nerkoe aBToMaTn4ecKkoe perynmpoBaHne U BO3MOXHOCTb Boree nonHom
MexaHu3auum;

3. bonblias KOMMNAKTHOCTb 0OOOpyAOBaHUSA, YTO COKpawaeT KanaaTpaTbl M
3KCNnyaTaumoHHbIe pacxoabl;

4. ©Gonee nonHoe WUCNONb3oBaHME NOABOAMMOro (OTBOAMMOrO) Tenna 3a cyeT
OTCYTCTBUA NepepbIiBOB B paboTe annapaTos.

Brnarogaps ykasaHHbIM [OCTOMHCTBAM MWCMONb30BaHME HenpepbiBHbIX
NMPOLECCOB  yBenuMuMBaeT MNPOU3BOAUTENbHOCTb  annapaTypbl, YMeHbluaeT
KONMYeCTBO 06CNYyXXMBaIOLLIEro NepcoHana, ynyylaeT yCcnoBus Tpyaa v noBbllaeT
KayeCTBO KOHEYHOWN NpoaYyKLUUN.
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[Meproanyeckne Npouecchbl COXPaHAT CBOE 3HaYeHWe rnaBHbIM 06pa3om B
NPOM3BOACTBAX OTHOCUTENbHO Hebonbworo MacwTaba ¢ pasHOObpasHbIM
acCoOpTMMEHTOM NpPOAYKUMMK, TOde UX NPUMEHEHME MO3BONSEeT AO0CTUYb Oonblueln
rmbkocTn obopyaoBaHUSA NPU MEHbLUMX Kan3aTpartax.

HenpepbiBHblE  MpoLECcCbl  OTNMYalTCA  OT  MNEepUOaNYECcKMX U MO
pacnpegeneHnto  BpeMeHn npebbiBaHMsA dacTuy cpegbl B annapate. B
nepuogudeckn [OencTBylolWeM annapaTe BCe 4acTuubl cpeabl  HaxoaaTcs
O[MHaKOBOE BPEMS, a B HENpPepbiBHOOEWCTBYHOLLEM WX BpPeEMeEHa npebbiBaHus
MOTYT 3HAYMTENbHO pa3nMyaTbCS.

1.3. O6bwue npuHyunbI aHanu3a u pac4dema [1Arl

CopepxaHve U1 nocrnefoBaTeNnbHOCTb pacdeToB OyayT criegylowumu.
McxooHblM  aTanoMm  SBRSIETCA  pacyeT M aHanuid CTaTUKM  npouecca, T.e.
pacCMOTPEHME [aHHbIX O pPaBHOBECUW, HA OCHOBE KOTOPbIX OnNpeaensioT
HanpaBfieHUe NMPOTEeKaHUA W BO3MOXHble Mpeaenbl OCYLUECTBEHUS npouecca
(MpyHuun Jle-lWaTtenbe). [Monb3ysacb 3TUMKU AdaHHbIMW, HaxXoAAT npenesnbHble
3Ha4YeHMs NapaMeTpoB MnpoLecca, HeobXoaAnMbIE ANS BbIYUCNEHUS €ro ABUXKYLLEN
cunbl. 3aTeM COCTaBMAKTCA MaTepuarnbHble N 3HepreTnyeckne 6anaHcbl, Ncxoas
N3 3aKOHOB COXpaHeHWs Maccbl U 3Heprmn. lNocnegytowmin atan npeacraBnaeT
cobon pacyeT KMHETUKM npouecca (Tam, rae BO3MOXHO), onpeerieHne CKopoCTU
ero npotekaHusi. 3Hasi CKOPOCTb M BENUYMHY ABWXKYLLEN cunbl (Npy BblIGpaHHOM
onTMMarnbHOM pexume paboTbl annapaTta) HaxogsaT ero paboyyd NOBEPXHOCTb
(o6bem), a 3aTem onpenendalT OCHOBHbIE pa3Mepbl annapara.

MaTtepuanbHbin_6anaHc. 10 3aKkOHy coxpaHeHUsi MaccCbl KOSIMYECTBO
noctynatowmx sewects Y (G w AomkHO 6bITh paBHO konnuecTsy Belects Y Gk

nony4aembIx B pe3ynbTaTe NpoBeAeHns npolecca, ¢ ydetom notepb . G n:
2G,=2.0,+ X6, (1-1)

MaTepunanbHbln GanaHc cocTaBnsalT Ansa npouecca B LENoM unu ans
oTAenbHbIX ero cragun. banaHc mMoXxeT OblTb COCTaBneH AOns BCEX BeLlecTB,
yyacTBylOLNX B npouecce, W nNuWb Ans. OAHOr0 M3 KOMMOHEHTOB, €Cnu
obpabaTbiBaemass cmecb 4BNAETCS [AOBYX- WM MHOrOKOMMOHEeHTHOW. BbanaHc
COCTaBnAT 3a eguMHULYy BpeMmeHu (Hanpumep, 3a | Yac unu | cyTkun) B pacdeTe Ha
eaVHNLY KONMYyecTBa MCXOOHbIX UM KOHEYHbIX NPOAYKTOB.

Ha ocHoBe maTtepuanbHoro 6anaHca onpefensiioT BbIXod NpoaykTa Ha
eoVHNLY 3aTPayvyeHHOro Cbipbsl, MNO4 KOTOPbIM MOHMMAKOT BblpaXeHHoe B %
OTHOLUEHME TMOSIyYEHHOro KOMM4yecTBa NPOAYKTa K MakCMMarnbHOMY, T.e.
TeopeTn4eCKM BO3MOXKHOMY.

QHepreTnyeckmn 6GanaHc. Ero cocrtaBnaAildT Ha OCHOBE 3aKoHa
COXpaHeHUs1 3Hepa2uu, COrnacHO KOTOPOMY KONMMYECTBO 3HEPrvn, BBELEHHOW B
npoLecc, paBHO KONMNYECTBY BbIAESTMBLLENCA SHEPTUN, T.€. MPUX0S SHEPINN paBeH
ee pacxoay.

MpoBeageHne nwboro npouecca OBObLIMHO CBS3AaHO C 3aTpaTon pPasfUYHbIX
BNUOOB OHEPIrMN - MEXaHWYECKOW, 3neKTpuyeckom M T.4. OTU NPOLECCbl 4acTo
COMPOBOXOAOTCA M3MEHEHMEM OSHTamnbMMU CUCTEMBbI, Hanpumep, BcCneacTBue
N3MEHEHNS1 arperaTHOro COCTOSIHMS BelecTB. [pyu npoBedeHUn XMMUYECKUX
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peakunn o4eHb BONbLIOE 3HAYEHME MOXET UMETb UX TENNOBON 3(PdEKT.

YacTblo 3HepreTnyeckoro 6anaHca siBNseTca TenNsI0OBOWN, KOTOPLIM B 06 EM
BMAE BblpaXaeTcs ypaBHEHUEM:

ZQH:ZQK+ ZQH (1-2)

I'Ip|/| 9TOM KOJIMM4YeCTBO BBOAMMOIO Tenna.
ZQH:Q].-I- Q2+ Q3,

roe Ql - KOJin4ecTtBO TerJia, BBoAMMOE C WCXOOHbIMU BeLleCTBaMWU; QZ -
Konn4yecTtso Ternjia, nogBoaAMMOro Ww3BHe, HanpumMmep, C TENJIOHOCUTENEM,

oborpeBatowmm annapar; Q3 - TennoBon 3EKT PU3NYECKUX U XUMUYECKNX
npespaLLeHni.

KonuyectBso oTBoguMmoro Tenna ZQ K CKnagblBaetca w3 Tenna,
yaanaemMoro ¢ KOHeYHbIMWU NPOAYKTaMn 1 OTBOAMMOIO C TEMMOHOCUTESNEM, a TaKkkKe

TEnnoBbIX NOTEPb ZQ I

B sHepretuyeckom GanaHce, kpome Tenna, yuyuTblBaeTCs NpUxod U pacxon
BCEX BWOOB 3HEPrMn, Hanpumep, 3atpaTbl MEXaHW4YEecKOW JHeprum Ha
nepemeLLMBaHMe XNOKOCTEN UMK cxaTue U TpaHCNopTUPOBaHME ra3os..

Ha ocHoBaHuu TennoBoro 6anaHca HaxodAaT pacxon BoAAHOro napa, Boasl 1
OpYrux TenMoHocuTenen, a No AaHHbIM aHepreTnyeckoro banaHca - o6wwmii pacxon
SHEepruM Ha OCyLLIECTBNEHNE npoLiecca.

3aKoHBI MepeHoca U NPUHIUI ABHKYIIEH CHIIbI

Mpwn paccMoTpeHun NPoLLECCOB pasnnyHoW npuponabl (MMApPOANHAMUYECKUX,
Tenno- 1 MaccoobMeHHbIX) ObINO YCTAHOBNEHO, YTO UX KUHETMYECKME YpaBHEHUS
aHanorn4Hbl. Hanpmmep, 4ns TeNNOBbIX:

40 A A
— =K-Af = WAVA -
Fdr K 1/R , (1-3)
roe Q - Konu4yecTtBo Tenna, BrT; F - NOBEPXHOCTb TennoobmeHa, m?; T .
BPEMSI, CEK; At - ABWXKYLLIAA cuna npouecca nepexoga Tenna, rpag; K -

koacbpuumeHT Tennonepepaun, Bt/m? pag; R = 1/ K - conpotusnenue
nepexogy Tenna.

Takum 06pa3oMm, KMHETUYECKME YpaBHEHMSI 3TUX MPOLIECCOB MOryT ObiTb
NpUBEAEHbI K OOHOMY BUAY:

J=X"-1/R (1-4)

rae J - ckopocTb NpoTekanws npouecca; X - ABWKYLLAs cuna npoLecca.
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CnepoBaTenbHO, OOWMW NPUHLUN UHTEHCUdUKaALMM npoLueccoB: 44
yBENMNYEHNSI CKOPOCTU MUX MPOTEKaHUSI HEOBXOOMMO YBENUYUTL OBWXKYLLYIO CUNY U
YMEHbLINTL CONPOTMBNEHNE. MNMoHATME OBMXKYLLEN CUMbl ABNSETCA OCHOBHbLIM NPU
paccMmoTpeHumn noboro npouecca. OHa npeacrtaBnsieT cCobON HEKOTOPYIO pasHULY
NOTEHLMANOB, XapakTepHYO OS5 KaXK4oro BMaa NpoLecCcoB.

N3 BbipaxeHus (1-3) HaxoaaT Heobxoanmyto paboyyo NOBEPXHOCTL (06BbEM)
annapata Mo W3BECTHbIM OCTasflbHbIM BenMYMHaM, a 3aTeM onpenensawT ero
OCHOBHbIE pa3mepbl.

1.4. Pacyem annapamoe nepuodu4ecKo20 U HernpepbisHO20 delicmeaus

Mpw pacyeTe annapaTta NEPMOANYECKOrO AENCTBUS UCMONb3YIOT CreayHLLyo

3aBNCUMOCTDb.
V-At
Vo= 24.9.N - (1-5)
roe Vp - obbem annaparta, M3 V - 3apaHHas CyTo4Has

NPON3BOANTENBHOCTb, M3/CYTKY;

AZ- - nepunon npouecca, T1.e. BpemMmd OT Ha4alla 3arpy3km McxogHoro Cbipbs

AaHHOW napTnm 00 Ha4vana 3arpys3kui cne,u,yrou.l,elh napTuu;

@ - xoappuuMEHT 3anonHeHuWs annaparta, O6blMHO BblbMpaeTcs B

ananasone 0,7... 0,8;

N - YACJ0 annaparTosB.

Mpwn npoBegeHnn pacveToB 0ObIYHO 3afatoTcsi 06beMoM annaparta UM ux

KOJMM4YeCTBOM.

na |'|p|/|6J'II/I)KeHHOFO pacyeTa arnmnaparta HenpepbiBHOIo AENCTBUS MOXHO

Ncnonb3oBaTh Criefylolee BblpaXeHue
Vp = V - T ’ (1-6)

roe * T - cpepHee Bpemsi npebbiBaHWA 3rieMeHTapHOro obbemMa maTtepuana

B annapate, 06bl4HO OHO 3a4aHo.
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Mpn npoBeaeHun ntoboro npouecca Bcerga BO3HUWKaeT BO3MOXHOCTb

BblOOpa HECKONMbKMX BapuaHToB peweHus. OamH u3 Hux OypeTr Haubonee

Ll,eJ'IeCOO6pa3HbIM, T.€. ONnTUMalibHbIM.

B kauyecTBe Kputepus onTUMM3auumm 4valle BCEro Bbl6|/|paeTCFI MUHUMYM

BPEMEHM 1 3aTpaT Ha NpoM3BOACTBO Npoaykuun. OnTumMmsaums Bcerga CBOAUTCSA K
HaxoXOeHu  Haubonee  BbIFOOHOMO  KOMMPOMMCCA  MeXay  3HayYeHusMu

napamMeTpoB, NPOTMBOMOSIOXKHO BAUSIIOLLMMM Ha NpoLIeccC.

1.5. NMpnmeHeHne meToaa MogennpoBaHUA ANA UccrieaoBaHns
n pacyeta MNMAIM

1.5.1. MemoObI modenupoeaHusi

MogenupoBaHueM HasblBaeTCAd METOA4  U3YyYeHus  pearnbHOro  Unu
co3gaBaemoro obbekta (opurMHana), NpuM KOTOPOM BMECTO HEro MCMNosib3yeTcs
Modenb, a pes3ynbTaTbl pacnpocTpaHalTcsa Ha opurmHan. CyTb MoaenupoBaHus
3aknyaeTcs B MNpeackasaHuMM MNoBedeHUs opuruHana B paboynx  YCroBusX
Npon3BOACTBa MO U3MepeHHbIM napameTpam mogenn. Metogbl mogenvpoBaHus
OCHOBaHbl Ha No4O6WMN pasnNUYHbLIX OO BHLEKTOB.

MNoaoGHLIMK Ha3bIBAKTCA SBMEHUS, AN KOTOPbIX MOCTOSIHHbI OTHOLUEHUS
XapaKTepusylLmnx MX WUCXOOHbIX BenvyuH. Ycnosus nogobus paccMoTpum Ha
NpoCTENLLEM TMPUMEPE reomMeTpuyveckoro nopob6usa. [logobHble durypol
OTNMYaloTCHa Apyr OT Apyra TOMbKO Macwtabom 1M mMoryT 6bITb MoMnydYeHbl ogHa U3
APYron YMHOXEHWEM CXOACTBEHHbLIX pa3MepoB OOHOW W3 HUX Ha HEKOTOPbIn
MOCTOSIHHBIN MacCLUTaOHbI MHOXUTESb (KOHCTaHTY nogobus).

Hanpumep, ecnn pasmepbl CTOPOH OAHOrO TPeyrosfibHMKa paBHbl @, 87 U ¢/
a pasmMepbl CXOOCTBEHHbLIX CTOPOH NOAOOHOro eMy TpeyroribHuMKa cocTaBnsawT a’
8”, ¢’ TO:

!
C
PR - K, =const. (1-7)

OpHako, cobnogeHne reomeTpuyeckoro nogodbua annapaTtoB dABNAeTCs
yCcrnoBmeMm HeobxoaumbIM, HO He [JocTaToyHbiM. [lpy nogobumn  guamyeckux
NPOLLeCCOB AOMMKHblI ObiTb NOAOOHbI BCE OCHOBHblIE (U3NYECKNE BENUYMHDI,
BNusaLWMe Ha Hero. [oaToMy TexHosormyeckne npoueccbl Nog0OHbI TONLKO MpwU
cobnogeHMm Tak HasblBaeMbIX YCNOBUM OOHO3HAYHOCTU, T.e. COBMECTHOro
obecneyeHnss reoMeTpuMyYecKoro u BpPEMEHHoro nogobusi, nogobus nonen
PU3MYECKNX BEMNYMH, a TaKKe HavanbHbIX Y IPAaHNUYHbIX YCNOBUMNA.

Cdopmynunpyem 3TM yCrioBusi Ha npumMepe noaobHOro LBMXKEHUS BS3KOW
XMOKOCTU B MPOU3BOACTBEHHOM TpybonpoBoae (opurMHane) n B ero yMeHbLUIEHHOW
moaernv (puc. 2.1).
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Puc. 1.1. Nogobune dbursnyeckmnx npoueccos
[ns aToro paccMoTpumM niobble CXOOCTBEHHbIE TOYKM, Nexalune, Hanpumep,

Ha ocu Tpy6: A'on A”on T.4.

FeomeTpuyeckoe nogobue cobnogaeTca Npu paBeHCTBE OTHOLLEHUN BCEX
CXOACTBEHHbIX NMMHENHbBIX Pa3aMepoB OpUrMHana u Moaenu:

L D"
F = D" = 71” =...=const= Kz. (1-8)

I'Ip|/| NoAoOHOM ABMXEHUM CXOACTBEHHbIX 4YacTul WUx TpaekTopnn B
opurmHane m B MoAdesnn TakKkke OOJTXHbI ObITb I'IO,EI,O6HbI. 310 yCrnoBme Ha3blBakoT
KUHeMaTU4YeCcKMm nogooumem.

BpemeHHoe nogo6ue xapakTepusyeTcsl TEM, YTO CXOACTBEHHbIE YacTuLbl B
reoMeTpuyeckn noAoOHbIX cucTeMax, ABUrasiCb Mo reoMeTpu4eckn noAoOHbLIM
TPaekTopusIM, MPOXOAST MOAOOHbIE NYTU 33 NPOMEXYTKM BPEMEHW, OTHOLLEHWUE
KOTOPbIX ABNSIETCA NOCTOSAHHON BENMWUYUNHOMN, T.€.

r 7
rr-.n n

T" = 71” = z';' = ...=const= KT, (1-9)

/ /)
T’ T”- Bpems npoxoxaeHUst CXOACTBEHHbIMK YacTuLamm Tpybonposoaa
N ero mogenu.

Mpn cobnogeHnn reomMeTpuyeckoro W BpeMeHHoro nopjobus 6yaer
cobntoaatbes Takke nogodbue ckopocTen

w, W
W= Wr =...=const = Kw. (1-10)
0 1

MNonobue dusmnyeckux BenuYUH npeanonaraet, Ans  ABYX NoObIx
CXOACTBEHHbIX TOYEK OpuUrMHamna u MoAenu, pasMelleHHbIX noaobHo B
NPOCTPaHCTBE W BPEMEHM, OTHOLWIEHUS UNYECKUX CBOWCTB SABMSAIOTCS
BENMYMHAMM NocTosAHHbIMU. Tak, Hanpumep,
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Py P

o = /371” =...=const=K)p,

Ho

,17(')' = ;{r =...=const=K, nT.o. (1-11)

Nonobue HavanbHbLIX U TPAHUYHbIX YCNOBUMA npegnonaraeTt, oTHoOWeHnA
OCHOBHbIX MapaMeTpoB B Ha4ane un Ha rpaHuue opurmHana m moaesin ABndaroTCA
COOTBETCTBEHHO BEJTNYNHAMUN NMOCTOAHHBLIMMW.

Mogobue NoToKoB B opurnHamne n mogenn MOoXXHO OXapakTepmn3oBaTb TaKXe C
NMOMOLLbID MHBAPUMAHTOB nogobusa, T.e. B BWAE OTHOLWEHUN CXOACTBEHHbIX
BEJINYMH B npegerax KaXXQOW CUCTEMBI.

Tak:
! 14
[ .
Lr = Ln =idem = ll, (1-12)

idem - o3Ha4yaeT MHBaApUaHTHO UK "0OHO U ToXe".

Benuunna l] - nNpegcraBiideT cobon MHBaApuaHT nogobus reoMmeTpnyecKmnx

BEITUYVH.

MHBapuaHTbl _nNogobusi, BblpaXXeHHble OTHOLUEHMEM [ABYX OOHOPOAHbLIX
hm3nMYeckMx BENMYNH C OOAMHAKOBbLIMU Pa3HOCTSIMU, Ha3blBAlOTCA CUMMNIEKCaAMW.
OpHako WHBapuaHTbl MoAodbust MoryT OblTb BbIpaXeHbl TakXKe OTHOLLUEHUSIMU
pasHOPOAHbLIX BENUYMH, T.e. nNpeacTaeBnaTb cobo ux  GespasmepHble
KoMnnekcbl. Hanpumep, OnNs CXOACTBEHHbIX TOYEK MNOAOOHBLIX MOTOKOB B
TpybonpoBoAe W ero MOAENW paBHbl MHBapuUaHTbl Nogobus, cocTosine U3
PasnnYHbIX PUNYECKMUX BENNYMH:

W,'d,'p' W”'d”‘p”

,U' = ,U” = idem = Re (kputepun PeitHonbaca).  (1-13)

Bespa3mepHble KOMMMEKChbl, COCTaBMEHHbIE MO TakoMmy TUMy, Ha3blBAKOTCSA
KpuTepusaMu nopobus. MNMocneaHve Bcerga MMeT PU3NYECKUIA CMbICH, SBMSISICb
MepaMy COOTHOLLUEHMSI MeXAy KakumMu-To ABYMs adpdpekTamm (cunamm u T.n.),
CYLLECTBEHHbIMW AN paccmaTtpuBaemoro npouecca. Kputepum nopobust
obnagatoT BCEMU CBOMCTBAMW MHBApPWAHTOB: OHM Oe3pa3MepHbl, MOTyT U3MEHSITb
CBOI BENUYMHY OT TOYKM K TOUKE JAHHOW CUCTEMbI U T.4.

Kputepun nogobust moryT ObiTb MonyyYeHbl Ans noboro npouecca, ecnu
M3BECTHbl aHanNUTUYEecKne 3aBUCUMOCTU MeXOy XapakTepuaywluMMU  ero
BenMYMHamu - andpcpepeHumnanbHble YpaBHEHUS, ONUCbIBatoLLMe NpoLiecc.

OpHako AudpdepeHumanbHble ypaBHEHMSI  OMUCLIBAKOT  LEeMbIA  Knacc
OOHOPOAHbLIX MO CBOEM CYUHOCTU SBMEHUA W AONs  BblOENEHUS W3  Hero
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KOHKPETHOro SsBIfeHNss HeobXoOUMO OrpaHuYMBaTh YKa3aHHble YpaBHEHMS
OOMNOMHUTESNbHBIMU  YCNOBUAMU (YCIIOBUAMU OAHO3HAYHOCTU). OHM BKNHOYAIOT:
reomeTpuyeckyto opmy n pasmepbl CUCTEMbI, CyLEeCTBEHHble ANA [aHHOro
npouecca u3nyeckne KOHCTaHTbl y4acTBYKOLMX B HEM BeLLECTB, HayallbHble U
rpaHN4YHbIE YCNOBUSA, BpeMeEHHOe nogobue. Takum obpasom, guddepeHumanbHbie
YpaBHEHUS [OSMKHbl pellaTtbCAd B COBOKYNMHOCTU C YCIOBUAMM OAHO3HAYHOCTU B
yCTaHaBnuBaeMblX NOcreaHMun npegenax.

OcHoBHbIE MOMOXeHUs Teopun nogobusa obobLiarTca Tpems TeopemMamu
nogobus. OHM nexxaT B OCHOBE NPaKTU4EeCKOro NpMMeHeHnsa Teopun nogodus.

1.5.2. Teopembi Nnodobus

NepBasg Teopema nopobusa Obina cdopmynupoBaHa HbOTOHOM.
"MogobHble ABNEHNA XapaKTepu3ytoTCs YNCIEHHO paBHbIMU KpUTepuammn nogobus”
unu npu nogobum cuctem Bcerga MoryT OblTb HangeHbl Takne OespasmMepHble
KOMMNSEKCbl BEeSIMYUH, KOTOpble [N CXOACTBEHHbIX TOYEeK [aHHbIX CUCTEM
oAnHakoBbl. B kayecTBe npumepa Bo3bMeM BTOPOM 3aKoH HbloToHa.

dw
f=m-a=m dr - (1-14)

Bolgenum B AaByx NogoOHbIX cucTeMax (HaType M Mogenu) ABe YacTuubl,
nBuxyLmMecs nopaobHo. MycTb B opuruHane Ha yactuuy maccon M’ gencreyet

dw' dw”

//; f//;

cuna f’, coobLas en yckopeHue ﬁ ; B Mogenu cootBeTcTBeHHo M dr"
.Torpoa:
dw’ aw”
fr= m”dr, m f7=m” dr"

Mpn nogoGHOM ABWXKEHWM, NPWU YCNOBWUW, YTO OTHOLLUEHWE MpUpaLLEHUI

BeJMM4YNH, MOXXHO 3aMeHNTb OTHOLLEeHNAMN CaMnx BeJTM4YH
/

m' w' r

m" K W Ky "= K; W, KaK creacTeue,

/! K, K, K, -K.
=K, wwm Ki= : otkyna C = = 1.

f KT y Km .KW

Bermunny (C, cocTaBneHHYld W3 KOHCTAHT nodobusi,  HasblBaloT
MHAMKATOPOM noaobus.
[Mepenviwem Tak;
[ "n_n
fT S
o= n..n
mw m w
BespasmepHbI KOMNIEKC BESIMYMH, 3HAYEHUS KOTOPOro OOMHAaKOBbl Ans
CXOACTBEHHbIX TOYEK, Ha3biBalOT Kputepmem HbroToHa:

(1-15)
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JT VL

mw o iIdem = Ne nnu mwz = Ne =1 /w.

Kputepuin HbtoTOHa xapaktepudyeT OTHOLWEHWEe OEWCTBYIOWEN Ha YacTuuy
CUNbI K CUNe MHepLUWN.

[MepBasa Teopema Nogodbua ykasbiBaeT, KakMe BenU4YMHbl cnegyeT U3MepsiTb
npu npoBeAEeHUM OMnbITOB, pe3ynbTaTbl KOTOpbIX TpebyeTca o00606WUTL: Hago
N3MEpPATb T€ BENMNYMHBI, KOTOPbIE BXOAAT B KpUTEPUM NOA0OMS.

Bropas Teopema nopmobusa. PeweHue noboro anddepeHumnanbHoro
YypaBHEHWsI, CBA3bIBAIOLWEro Mexay cobon nepemMeHHble, BRvSALWne Ha npoLecc,
MOXeT OblTb npeacTaBneHO B BuAe 3aBUCUMOCTM Mexay ©Oe3pasmepHbiMu
KOMMNIeKcaMm 3TUX BENUYMH, T.€. MEXAY Kputepmnamm nogobums.

Kputepun nogobusi, KoTopble COCTaBMneHbl TONbKO U3 BEMUYUH, BXOOSALLMX B
YCNOBUS  OAHO3HAYHOCTM, Ha3blBAOTCS__onpeaensiloWwMMnU, a ocTallbHble
onpegensemMbiMu. M3 KpuTepuanbHOro ypaBHEHWsl, MnpeacTaBnsitolero cobow
(PYHKUMOHANbHYIO  3aBMCMMOCTb  MeXay Kputepusmm nopobusi, paccumTaB
npeaBapuUTENbHO 3HAYEHWUs] OMNPEAEnsiloWNX KPUTEPUEB, HAXOOSAT BENUYMHY
onpeaensieMoro. A U3 Hero - YACNEeHHOe 3Ha4YeHne NHTEPECYIOLLIEN HAc BEMUYMHDI.

Toraa, ecnv onpeaensieMbIM ABMAETCA KpUTepUin /i, To
m=m,m,..., m) (1-16)
Bropas Teopema nogobusa oTBeYaeT Ha BOMPOC, Kak O6pa6aTb|BaTb

pe3ynbTaTbl OMbITOB, NPOBEAEHHbIX HA MOAENsX: UX Hago NpeacTaBnsATb B BUAE
pYHKLUMOHAMNbHOW 3aBUCUMOCTU MEXAY KpUTEPUSIMU NO4o0MS.

Tpetbsa Teopema nogobus nnu teopema M.B. Kupnnyesa n A.A. N'yxmaHa,
dopmynupyet HeobxoguMmble W [OCTaTOYHblE YCMOBUS Moaobust  SBREHUNR:
nogobHbl Te $BMEHUs, KOTOPblIE OMUCLIBAOTCA OAHOM M TOW XEe CUCTEMOW
anddepeHumnanbHbiX YpaBHEHUN U Yy KOTOpbIX cobniogaetca nogobue ycnosui
OAHO3HaYyHoCcTU. [Ina aToro Heob6xoaMMO paBEeHCTBO OMNpefensarwmnx Kputepues
nogobua. Torga TpeTbs TeopemMa MOXeT 6biTb ChOpMynMpoBaHa TaK: SIBEHUS
noAo6HbI, ecnn nx onpegensoLne KpUTepPUn YACIIEHHO PaBHbI.

Cnefncrervem paBeHCTBa ONpeaensaiowmnx KpUTepmes, COrMacHoO BbIPaXKEHUIO
(2-10), saBnsieTCca paBeHCTBO ONpeaesiieMblX KpUuTepmnes Ana Moaeny n opurmHana.

Takum 06pas3om, uccrnemoBaHMe MNPOLLECCOB MeToAOM Teopun noaobus
[IOMKHO COCTOSATb U3 CreayoL X 3Tanos:

1. Mony4nB nonHoe MaTtemaTuyeckoe OnucaHuMe npolecca, T.e. COCTaBMB
anddepeHumnanbHoe ypaBHEHNE U YCTAHOBMB YCIOBUS OAHO3HAYHOCTW, NPOBOAST
nogobHoe npeobpasoBaHMe 3TOr0 ypaBHEHUSA U HAXOAAT KpUTEPUN Nogobus.

2. OnbITHBIM nyTeM Ha MoOAensx YCTaHaBnMBalOT KOHKPETHbIM BUA
3aBMCUMOCTU MexXay Kputepusimun nogobus. lNMpuyem nosiydeHHask 3aBUCMMOCTb
cnpaBegnuMBa Ans Bcex NOOOOHbIX SBMAEHUA B WCCNeOOBaHHbIX npeaenax
N3MEeHeHns onpeaensaLwmnx Kputepnes nogobus.
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2. TMOQPOMEXAHUYECKUE NMPOLIECCHI

fMopoMexaHuka Wu3ydyaeT paBHOBecue, [OBWXKEHME W B3auMOLENCTBUE
XMOKOCTM C MOrpy)XEHHbIMW B Hee Wnu ABMXYLMMUCA B Hel Tenamu. 3aKOHbl
rMOPOMEXaHUKN U3Y4aloTCs B rMapaBrvKe.

2.1. OCHOBbI MTPUKITAQHOU rMOPABJIUKU

MopaBnuUKoOW, WNM  TEXHUYECKOM MEXaHWKOM XUOKOCTW, HasbliBatloT
NPUKITaAHY HayKy O 3aKOHaX OBWXEHUSI U paBHOBECUS XMAOKOCTEN U O cnocobax
NPUMEHEHUSI 3TUX 3aKOHOB K pPELUEHMIO KOHKPETHbLIX TEeXHUYEeCKUX 3ajad.
[MpakTnyeckoe 3HayYeHne rmapaBnukM BECbMa BENUKO, T.K. OHa SIBSETCA OCHOBOW
psga cneymanbHbIX  AUCLIMNIMVUH. Paspen rmapaBnukm, B KOTOpPOM
paccMaTpmuBalOTCs 3aKOHbl PaBHOBECUS XXUAOKOCTEW HasblBalOT rMAPOCTATUKOW;
YyacTb MOpPaBIIMKW, TOe WU3Yy4alTCs 3aKoHbl ABWKEHWUSI XUOKOCTW, Ha3blBaeTCs
rmapoanHaMmnkon. JOTW  XKe 3agavm  paccmaTpuBaloTCs B TEOPETMYECKOWM
rmgpomexaHuke. OpgHako MeToabl WCCreaoBaHMst NpUM  3TOM  pasnuyHbl. B
rmopaBnuke MPUMEHSIOTCA  YNPOLWEHHble NpueMbl pelleHus 3ajay, a B
TEeopeTU4ECKON rmapoMexaHmKe UCNosib3yTCs CTporne MateMmaTnyeckme MeToabl,
No3BONIAOLLME NONYYNTb OBLLME TEOPETUYECKME PELLEHNS 3a4au.

mopaBnuyeckMe  MawuHbl  nNpegHasHadeHbl And  npeobpasoBaHus
MEeXaHMYeCKOWN 3Heprum AsuraTtens B SHEpPruio nepemMeLLaeMon Xnakoctu (Hacochl)
UM TMOPaBiNYECKON 3JHEPIMM MNOTOKA XUOKOCTU B MEXAHUYECKYH 3JHEPIuto
(rmgpoasuraTenn).

NTaK, npeaMmeToMm n3yveHmud B npearnaraeéMomMm Kypce ABndetcd XUOKoCTb, a
TaKkKe MexaHun4deckmne yCTpOIZCTBa, B KOTOpPbIX OCyLlEeCTBIIAEeTCA 3Heproo6meH
mMexay nx noaBMXHbIMU dN1IEMEHTaMUN U XKNOKOCTbIO.

XXuakoctb. OCHOBHbIe (husnyeckme CBONCTBa

XKngkoctblo HasbiBaeTcss dwumamyeckoe Teno, obnagawuwee 605bLION
NOOBWXHOCTbID  YacTuy, KoTopas obbdAcHseTca cnabon CBA3bD  Mexay
Mosnekyrnamu. XXngkoctb He MMeeT cBoen oopMbl, HO NpUHUMaeT popMy cocyaa, B
KOTOPOM OHa HaxoauTtcs. XKuakocTb nerko gedopmupyetcsi, He pobsck Ha YacTu,
nog, AencrtemMem HebonbLMX cuil U NO3ToMy obnagaeTt TekydecTblo. Bce xngkoctu
OEeNnATCa Ha KanenbHble N razoobpasHble. KanenbHas XUAKOCTb uMeeT obbeMm, u
ecnn obbem MeHblle obbema cocyaa, TO XMOKOCTb 3aHMMAaeT 4vacTb obbema
cocyaa un obpasyeT cBO6OHYHO MOBEPXHOCTb. B OTNn4Ymne oT KanenbHbIX XNOKOCTEN
rasbl, Kak ynpyrme >XuakocTu, He MMeIT CBOUX onpeaeneHHon gopMbl 1 obbema.
OHu Bcerga 3aHMMaloT BeCb 06beM cocyaa, B KOTOPOM HaxXo4saTCs.

B rmapaBriMke wmn3y4aroTCA 3aKOHbl paBHOBECUMA W OBUXEHUA TOJbKO
KanenbHbIX XUOKOCTEN, KOTOpble obnagatoT CBOMCTBOM TEKYy4YeCTn U OYeHb Mallo
M3MEHAKT MJIOTHOCTb NPU NSMEHEHNUN OaBIIEHUA, T.€. NPAKTUYECKN HECKNMAEMBbI.

lnomHocmsbro (p) HasbIBAOT KOMUYECTBO Maccbl (M) XMOKOCTWU,
cogepxatleecs B egmHule ee obvema (V):

m 3
p= v ; Kr/m (2-1)

YlenbHbiM (Mnn 06beMHbIM) 8ecoM Xumakoctn (y)HasbiBawoT Bec (G )
eanHnubl ee obbvema (V):
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Y =% ; Him® (2-2)

3 BblpaxkeHui (2-1) n (2-2) MOXHO NOSTy4YnTb CBA3b MEXAY MIOTHOCTLIO U
yaenbHbIM BecoM. T.k. G=mg, TO nony4mm: y=pg

YoernbHbili 06bemM - 3T0 00beM XuAKocTu V, 3aHMMaeMbll eduHULIEN

Vv 3 -
Maccbl m: v=—; M°Kr. YgenbHbin 0ObeM eCTb BenninHa, obpaTHasd
m

NNOTHOCTW:
1

v=—; MYKr.
p

C)xumaeMocmb - 3TO CBOWCTBO XWOKOCTU WU3MEHSTb CBOW 06bem npu
N3MEHEHUN OaBreHus. XapakrepmnsyeTcs KOIPUUNEHTOM OOBEMHOIO CxaTus

Bv:
B, = —lA—V; m2/H (2-3)
V Ap
roe: V- HayanbHbI 06beM, m3
AV - uameHeHue obbema, m®
Ap - U3MeHeHWe gaBneHus, lNa
BennunHa obpaTtHaga Bv HasbiBaeTcs mogynem odobemHon ynpyroctu: K=1/By

KanenbHble XWOKOCTU XapaKkTepu3yeTcs O4YeHb Manol CXUMaeMoCTblo,
NO3TOMY B FMAPaBNMKE CXKUMAEMOCTbIO 0ObIMHO MpeHebperatoT, 3a UCKMYEHMEM
OTAENbHbIX CIy4Yaes.

TemnepamypHoe pacwupeHue - WuW3MeHeHne obbemMa XUOKOCTU B
3aBMCUMOCTU oT Temnepartypbl. XapakTtepusyeTcs TemnepaTypHbIM
K03 pMUMEHTOM 0O BEMHOrO pacLmpeHns Bt.:

1AV
=——— OK1¢Cct 2-4
P V AT (°C™) (2-4)

roe AT - UsMeHeHne TemnepaTypbl.

Bsizkocmb - CBOUCTBO pearibHbIX XUOKOCTEMN
oKasblBaTb CONPOTUBIIEHNE caBuraroLmm
KacaTesibHbIM ycunmam. 10 CBOWCTBO
obHapyXmnBaeTcsl NuUlWb MNPy OBWKEHUN XUOKOCTMU.
Kngkocte aBwxkeTca  (TedeT) BAOMb  MIIOCKOM

dnd ut+du CTeHku (HenoaswxHown). Bcrnieacteme Topmo3ssLwero
u BNUSAHUS CTEHKM CNOWU XUAKOCTU ByayT ABUraTbCa C
n pasHbIMWU  CKOPOCTSIMW,  3HA4YeHUA  KOTOPbIX

BO3pacTalT MO Mepe OTAaneHuUst OT CTEeHKMW.
Puc.2.1. PaccmoTpum crnon co ckopocTamn u 1M u+du

OTCTOSAILLUMX AOpyr OT Apyra Ha pacctosiHui dn.
MpupalleHne CKOpPOCTU Ha eauHWULY AfWMHbI N0 HOpManu K HanpaBreHUo ocu
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du
NnoToKa HasblBalOT rPaUEeHTOM CKOPOCTU d_ JKcnepuMMeHTarnbHO nokasaHo, YTo
n

KacatenbHas cuna T, KOTOPYHO HaAo NpunoXunTb K BEpPXHEMY CJIOK0 ONA ero
paBHOMEpPHOro caura OTHOCUTEIIbHO HUMXHEro Crnod, TeM oonblue, Yyem bGonblie

du
rpagneHT CKOpOCTU d_ Cvna T npornopunoHarnbHa nnoLiaan ConpuKoCHOBEHUS
n

CnoeB S, T.€.:
T = ;,LSﬂ (2-5)
dn

roe W - KoadpdUUMEHT NPONoOpLMOHASIbHOCTN, 3aBUCALLMIA OT poAa XUAKOCTU
N ee TemnepaTypbl U Ha3blBaeTcsa QUHaMu4YecKul KoaghgpuyueHm esizkocmu. B
CW paamepHocThb la c.

OTHoweHne T/S=t ecTb KacaTenbHoe HanpshkeHue (MNM HanpsPkeHue

du
BHyTpeHHeFO TPEHUA, NI HaNpAXXEeHUne c,u,era.). Torp,a T = ud—. Benvlqley T
n

. du
MOXXHO cuyMTaTb Bcerga MONIOXWUTENbHOW, NO3TOMY B 3aBUMCUMMOCTM OT 3HaKa —

dn
dopmyny (5) cnegyeT npeactaBuTb B BUAE:
T = iud—u (2-6)
dn

3HaK 3aBUCUT OT 3aKOHa, U3MEHEHWS CKOPOCTU MO HOpPManu K MOTOKY W
BblbOopa HanpasneHus HopMmanu. YpaBHeHue (2-6) BblpaxkaeT 3aKOH BHYTPEHHErO
TpeHna HbloToHa.

BHYTpeHHee TpeHne XxapaKkTepuayeTcs Takke KUHeMamuy4yecKol 853KOCMbIO:
v=p/p; M?/c

CyLecTBYOT XMAKOCTU ONA KOTOPbIX 3aBUCMMOCTb (2-6) HenpvMeHuma.
KuagkocTn, KOTOpble He MNOAYUHAKTCA 3aKOHY BHYTPEHHEro TpeHust HbloToHa
Ha3blBAlOTCA  HEHbIOTOHOBCKMMW MMM aHOManbHbiMW. [Ons  HbIOTOHOBCKMX
XNOKOCTEN KpUBbIE TeYeHust (UM peorpammbl), T.e. KpuBble, Mn3obpaxatrowme

du
3aBMCUMOCTb  MeXay rpaMeHTOM CKOPOCTU  TEYEHMS  XUOKOCTU ™ n
n

1 BO3HMKaIOLWMM B HEW KacaTernbHbIM HanpsHXeHnem t, HOCAT

NUHEeNHbIN Xxapaktep (puc.2.2.). Ona HEeHbLITOHOBCKUX

7 OKWOKOCTEN KpuBble TEYEeHUs BeCbMa MHOroobpasHbl U B

obLiem cnyyvyae He ABNAKTCA NUHENHbIMUWU. PacnonoxeHne

3 9TUX KPpUBbLIX Ha rpaduke 1 nx popma onpenensroT Knacc

HEHbIOTOHOBCKNX XnakocTen n XapakTepusyoT

ocobeHHOCTN ee TeudeHumd. KpmBas 1 Ha puc. 2.2. -

aunataHTHble  kuakoctu.  KpuBas 2 - 0OblyHas

HbIOTOHOBCKas Xuakoctb. KpmBasa 3 - ncesgonnactuyHble
Puc.2.2. T xupkoctn. Kpuasi 4 -BA3KONNACTUYHbIE XUOKOCTU.

B obwux Kypcax ruapaBrnvMku 0OObIMHO K3yyaloT
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Jinilb  HbHOTOHOBCKME XUOKOCTWU, HEeHbTOHOBCKME, KaK nMpaBuio, 340eCb He
paccMaTpmnBalrdTCA, 3TUM 3aHMMAETCA PEOJIOTUA.

NMoHATHe 006 ugeanbHOM XUOKOCTHU

Mpn BbIBOOE OCHOBHbLIX 3aKOHOMEPHOCTEW B rMapaBrvke BBOOAT MOHATME
rMNOTETMYECKON naeanbHON XUAOKOCTU, KOTOpad, B OTNNYME OT peanbHON (BSA3KOW)
XNOKOCTU, abCONMITHO HecXKMMaema noa AeNcTBMEeM [JaBfeHUsl, He WU3MeHseT
NNOTHOCTM MpU  WU3MEHEHUM Temnepatypbl U He obnagaet BS3KOCTbIO.
Mcnonb3oBaHne noHATMS 06 wuaeanbHOM >XUAOKOCTUM CYLLECTBEHHO ynpouiaet
peleHne MHOrMx 3agady  rmgpoavHamMukn, a  MONYyYEHHble  3aBUCUMOCTU
NPOBEPAIOTCS U YTOYHATCA NpoBeAEHNEM MMAOPaBINYECKNX IKCNEPUMEHTOB.

2.1.1. TMOPOCTATUKA

B rMapoCcTaTnke paccMaTpmnBaeTCAd XUOKOCTb, HaxoAdAllaACA B COCTOAHUU
paBHOBECUA (I'IOKOFI). Cuvnebl TPpEHNA B NOKOSILLLENCA KNOKOCTU OTCYTCTBYHOT.
YKnagkocTb noaBepxeHa AENCTBUNIO MaCcCOBbIX U NOBEPXHOCTHbLIX CUI1.

MaccoBsiMu (06’B€MHLIMI/I) Ha3bIBArOTCA CUJIbI, BEJIMYMHA KOTOPBIX MPONOPHUOHAIbHA, MAaCCe (06’bCMy) JKHIKOCTH.
K HuM oTHOCSTCS CHla TSHKECTH U CHITBI HHCpUUH.

MoBEPXHOCTHBLIMM Ha3blBAOTCS CUMbl, HEMPEPbLIBHO pacnpeerneHHble Mo
NMOBEPXHOCTM XMAkoro Tena. BenuumHa 3TMX cun nponopuMoHanbHa nnowagm
NMOBEPXHOCTM, HA KOTOPYHO 3TU CUIbl AENCTBYIOT (Hanpumep, cuna atMocgepHoro
[AaBneHnsi Ha NOBEPXHOCTb XUAKOCTU B OTKPLITOM COCYAE UMW CUIbl BA3KOCTH).

rMApOCTaTM‘IeC Koe AaBlieHune

Paccmotpum  (puc.2.3) HEKOTOpbIn  OB6beM  MOKOALLENCS  XKUAKOCTW.

MbICneHHO pa3genum 3ToT 06beM Ha ABe YacTu NPOU3BOSIbHOW NMOCKOCTb0 AB 1

oTOpOCMM BepXHIOK 4YacTb. [Ona coxpaHeHud

paBHOBECUA  HWKHEW YaCcTu K  MSIOCKOCTU

HeoB6XOANMO NPUSTOXNUTE CUMbl, KOTOPbIE 3aMEHAT

g AencTene BepxHen 4Yactu. PesynbTupytoLlyto

B BHELLUHMX MOBEPXHOCTHbIX Ccun obo3Hauum F.

Ecnn BenuuuHy cunbl pasgenutb Ha BENUYUHY

nnowagknm S, TO NoNy4yMMm cpegHee 3HadeHue

AaBneHna Ha edvHULy nrowagu p (Mnu cpegHee
rmgpoctaTtuyeckoe AaBneHue):

Puc.2.3, E
p= g;H/MZ (2-7)

Mpenen, K KOTOPOMY CTPEMMUTCA cpedHee rmapocTaTudeckoe OasrieHue,
Koraa BenvuMHa Nrowaaku CTPEMUTCS K HYM, HasbiBaeTcA rMapoCTaTUYECKUM
[laBMneHneM B TOYKe.

Takmm  obpasom, rugpocTtaTudeckoe [aBreHue 3TO  HamnpsiKeHue,
o0ycrnoBneHHOe OeNCTBMEM paBHOMEPHO pacnpeaeneHHONn MOBEPXHOCTHOW CuIbl
F Ha noBepxHOCTb S:

cuia
JIaBJICHUE =

IJ10maab

OuyeBMaHO, YTO cuJsia 'MApPOCTaTUYECKOro AaBneHus F paBHa:
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F=pS; H

Ceolicmea cudpocmamu4yecko20o 0aeJslIeHUusl.

1-e CBOMCTBO: THAPOCTATHYECKOE JABJICHNE HAMPABICHO M0 BHYTPEHHEW HOPMAH K IUIOIIAIKE, HA KOTOPYIO 3TO
JTABJICHUE JIEWCTBYET (T.€. K IUIOIAAKe, a He OT Hee).
2-e CBOUCTBO: rmgpocratn4yeckoe aaBrieHue ,El,el7ICTByeT OAUWHAaKOBO MO BceM
HanpaBneHnAM.

3-e CBOWCTBO: ruMapocTaTMyeckoe [AaBfieHMe B TOYKE 3aBUCUT OT ee
KoopauHaT B NpocTpaHcTee, T.e. p=f(Xx,y,z)

OuddepeHumanbHble ypaBHEHUA paBHOBECUSA

naeanbHOM XUAKOCTU (ypaBHeHUA dunepa)

Bolgenum B KMOKOCTM  3NeMeHTapHbld  napannenenunen ¢ pedpamu
dx,dy,dz. PaccmoTpum paBHOBecHe [LOEWCTBYKLLUMX Ha 3TOT napannenenvnes
BHeLwHnX cun. CoctaBuM ypaBHEHUSI NMPOEKUNN ITUX CUN Ha KOOPAWHATHbIE OCWU.
OrpaHunynmcsa nogpobHbIM pacCMOTPEHMEM YPaBHEHUS NPOEKLUNA Ha OCb X.

[aBneHne 3aBMCUT OT KOOPAMHAT(CM. CBOWCTBA IMAPOCTATUYECKOTO
AaBneHus), No3TOMy Ha napannenbHbIX rpaHax (puc.2.4.) napannenenunega OHO
pasnu4yHo. lpn nepexode OT OAHOW rpaHM K OPYron NapanfienbHOM U3MeHunachb
TONbKO OAHa KoopauHaTa X (Ha BenuuuHy dx), U OaBneHue W3MEHUNoCb OT

op

op 5 5
3Ha4yeHuss p Ao p+ x dx, rpoe 6_ YacTHbIn gudpdpepeHuman, B3SATbIA MO
X X

A koopauHaTte X. Takum obpa3om, Ha NneByto
Z rpaHb fgencteyeT cuna dF, = pdydz, a Ha

npaByto dF)i = l:p + (?) dx:ldydz. Hangem
X

npoekumo maccosbix cun dG Ha ocb X -
9TO NpousBedeHNe 3reMeHTapHON Macchl
dm=pdxdydz Ha npoekuuo yckopeHus X
dy 9TMX Ccun Ha Ty Xe ocb, T.e. dGx
dx =pdxdydzX. NpocymmumpoBaB 1 NnpupaBHsB
0 X K HYNO MpoeKuMn BCEX CUIT NOMyYUMm
nepBoe ypaBHEHME PaBHOBECUS:

P ax
P dz 41— X

Puc.2.4.

dF, — dF! + dG, = pdydz — l:p + (%) dx:ldydz + pdxdydzX =0

Pasgenus Ha pdxdydz (T.e. oTHecnu K eguHMUe Maccol), NONy4YnMm:

—(ﬁ)(%} + X =0 wm %=pX.

AHanorunyHbole YpaBHEHUA MOJTy4YnmM 04 l'lpOGKLI,I/II7I Haocn Y u Z.
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—?+pX=O
X
op
-2 4pY=0} (2-8)
oy
op
——+pZ=0
0z P J

OT0 M ecTb gudpepeHumanbHble YpaBHEHUS paBHOBECUS uaearbHOW
Xuagkoctn. Bnepsbie BbiBeaeHbl B 1775r. JI. 3OunepoMm wn BbipaxakwT B
andpdepeHunansHoOM hopmMme 3aKoH pacnpeneneHus AaBeHus.

ans AanbHeunLwero nccnenoBaHus npeobpasyem cuctemy
andpdepeHunanbHbiX  ypaBHEHUN (2-8). YMHOXMB KaXgoe U3  ypaBHEHWM
COOTBETCTBEHHO Ha dX, dy,dz, n CrnoXus CUCTEMY YpPaBHEHUN NOMYYUM:

op  Op_ Op
—+ —+ —=p(Xdx+ Ydy + Zd
ox oy oz p(Xdx -+ Vdy + Zd2)

T.K. rugpocTaTnyeckoe OaBneHue ABnseTcs (PyHKUMEn TOSIbKO KoopauHaT
TOYKM p=f(x,y,z), TO NfleBasl 4acTb YypaBHeHUs npeacTaBnseT cobor NosSHbIn

andpdepeHunan gasneHuna dp. CnegosartenbHo dp=p(Xdx+Ydy+Zdz). T.k. p=const,
TO nocrnegHee ypaBHEHME MOXeT WMMETb CMbICST TONbKO B TOM Cryvae, ecnuv
BblpaXkeHne B CKOOKax Takke saBnseTcs nonHbiM gundpdepeHumanom. Ona atoro
Heobxogmmo, 4TOObl cywecTtBoBana Takas QyHkuma U=f(x,y,z), 4acTHble
NPON3BOAHbIE KOTOPOM MO X, Y, Z O6biNnM  Obl  COOTBETCTBEHHO pPaBHbI
ou ou ou

—=X; —=Y; — =7 Takas pyHKUNA Ha3blBaeTCA NOTEHUNanbHON, a CUnbl,
ox oy 0z
KoTopble 9TOW dOYyHKUMEW BbIpaXakwTcsd, - Ccunamu, UMerWwMMun noTeHuuan
(Hanpumep, CUnbl TSHXKECTK):
dp= p(a—U dx + a—Udy + a—Udz) i dp = pdU (2-9)
Ox oy 0z

OcHoeHoe ypasHeHue eudpocmamuxu.

PaccmMoTprM Hanbornee BaXkHbI AN NPakTUKX YaCTHLIN CryYan paBHOBECUS
XMOKOCTW, Haxoaswencs noa OencTBMeM TOMbKO cun TskecTu. B atom cnyyae
NpoeKuun o6 beMHbIX (MaccoBbIX) CU Ha ocu ByayT paBHbI:

CnepoBaTtenbHo, auddepeHumansHoe ypaBHeHue (2-9) npumeT cneayowmm

BMA; dp = —pgdz umm dp +dz=0
pg
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B pe3ynbTate UHTErpuUpoBaHusa uMeem:  z+ P _c
pg

U Npu NorpaHnNYHbIX YCroBuAxX z=2zs U p=pg UMEEM!:

p Po

ST I (2-10)
pg pg
rae i- Hanop AaBJliEHNA UINKn I'Ibe3OMeTpI/I‘-IeCKVIﬁ Hanop;
pg

Z - HABENMPHAas BbICOTa UM PAcCTOSIHUE KOTOPOE OTCUYUTBLIBAETCS OT
NNocKocTn cpaBHeHuA. (MNOCKOCTb CpaBHEHUS BbibMpaeTca NpPou3BOSbHO, HO 3Ta
MNOCKOCTb AOSMKHA OblTb FOPU3OHTANbHON).

BuoonsmeHnm ypasHeHue (2-10). lonyCTUM, YTO HY)XXHO HauTW OaBfieHUEe B
T.1, norpyxeHHon Ha rnybuHy h (puc.2.5.). Nnockoctb cpaBHeHnst 0-0 nposeaem
yepes gHuLe pesepsyapa. Nnockoctu I-1 n lI-Il npoBegem yepes T.1 n cBOHGOAHYHO
NOBEPXHOCTb, COOTBETCTBEHHO. [lpn gaBneHnnm Ha cBOGOLHOW MOBEPXHOCTU Po
dopmyna (2-10) npumet BUA;
P1 Po

Z4q +—=ZO + — Win P1=DPo +pg(Z0 —Z1)
Pg Pg

BugHo, 4to zy — z4 =h 1 okoH4aTenbLHO nonyyaem:

p1=po +pgh (2-11)

9TO ypaBHeHMe saBnseTca dyHOaMeHTanbHbIM W Ha3blBA€TCS OCHOBHbLIM

ypaBHEHMEM TMOPOCTATUKM M MOKa3blBaeT,

l POl 4YTO rmgpocrtaTMyeckoe gasneHve B nobon

I 5 11 TOYKE TOKOSALLENCS KanemnbHOM XWUAOKOCTU

N3MEHAETCSs B 3aBUCUMMOCTU TONbKO OT
BEPTUKaANbHOM KOOPAUHATLI 3TON TOYKN.

h BennunHa p,; B (2-11) HasbiBaetcs

abCoNTHLIM MTMAPOCTAaTUYECKM OaBNEHNEM
B T.1. OHO paBHO abCconTHOMY AaBIIEHUIO
Ha cBOOOAHOW MOBEPXHOCTU Py MNNOC
Z rmgpocTaTmyeckoe (UM BecoBoe) AasrieHne
) —t—2 Y 0 pgh, obycnosneHHoe BecoM  CcaMon

XXUOKOCTW.

Z0

Puc.2.5. PasHocTb Mexay abConoTHbIM U
aTMOC(epHbIM  OaBMEHMAMU  Ha3blBaeTCs U3ObITOYHBIM  (MAHOMETPUYECKMM)

AaBNEHNEM: D6 = Pase — Paru -

Ecnn paBneHve MeHblle aTMOCHEepHOro, TO HeAOoCTaTOK [AaBneHus .o
aTMOCEPHOro Ha3bIBaloOT AaBlNeHNeM BakyyMma:
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Pgax = Parm — Pase-
3akoH lMackarns.

CornacHo OCHOBHOMY ypaBHEHWUIO TMAPOCTATUKK
(2-11) MmOXHO caenaTtb BbIBOA, YTO BCSAKOE YBENUYEHNE
k’o(JrApl BHELUHEro AaBfneHusl p, YBENuWYMBAeT Ha TaKyl Xe
BEMWYMHY MOMHOE ruapocTaTMyeckoe [AaBneHve B
ha| toboit Touke XuakocTw.

HaBneHne B 7. A un B (pnc.2.6.) Oyayr

hs Ae ¥~ COOTBETCTBEHHO paBHbl:
Pa =Po +pPgha; P =Do +pghs. N3meHnus

[aBneHne py Ha BenuuuHy  Ap, nonyuum:

¥ B Pa =Po+Ap+pgh,; pg=po+Ap+pghg, Te.

BWOHO, 4YTO AasrieHne B T. A n B nameHmnnocob Ha ogHy
M Ty >Xe BenuuuHy. Takum o06pas3oM 8HewHee

Puc.2.6. daenieHue, oKasaHHOe Ha CBOBOAHYIO MOBEPXHOCTb
3aMKHYTOro 06beMa HECKMMAEMOW XNAKOCTY, mepedaemcs XNaKOCTbI0 00UHaKO80
BCEM ee TOuYKaM Mo BCeM HanpaBneHVsM - 3To 3akoH MNackans.

Cuna daeneHus )udKkocmu Ha NnJIOCKUe CMeHKuU.

Mcnonb3yem OCHOBHOE ypaBHEHWe rmgpocTaTukm (2-11) ona HaxoXaeHWsa NOIHON
CWnbl AaBNEHUS XUAOKOCTU Ha MIOCKYK CTEHKY,
v ¥V V¥V, HaKMOHEHHYI0 K TFOPW3OHTY oA  YrAoMm o
A (pnc.2.7.). PaccMOTpUM  y4acCTOK  CTEHKW,
OrPaHMYEHHbIN NPOU3BOMbHBIMU  KOHTYPOM U
nMeroLwmin nnowaab pasHyto S. Ocb X HanpasuMMm
NO JIMHUM NepeceyeHust MIOCKOCTU CTEHKU CO
CBOOOAHOM MOBEPXHOCTbK KUOKOCTU, @ OCb Y
NepneHanKynspHO K 9TOW JIMHMM B MNJIOCKOCTU
CTEHKMW. Bbligenvm 6eckoHeuHo Manyo
nnowaaky dS n BbIpasvM 3rEMEHTapHY cusy
AasneHunsa dF, NpMnoXKeHHyo K 3ToN nnoLagke:

dF = pdS = (pg + pgh)dS = pydS + pghdS

[

roe h - rmybuHa, pacnonoXxeHus nnowagku ds.

Ons onpegeneHust nofHOM cwunbl F  NpovHTErpMpyemM MonydeHHoe
BblpakeHne no Bcew nnowaan S:

F= poj dS + pg_[ hdS=pyS +pg sinocj ydS
S S S

h=ysina 13 yepTexa (puc. 2.7.); rae y - koopavHaTta nnowaagkm ds.

NHTerpan _[ ydS npegcraesnseTr cobow cTtaTMYeCKMM MOMEHT nnowaam S

S
OTHOCUTENbBHO OCU X U paBeH Mpou3BedeHW0 3TOW Mnowaan Ha KoopauHaTy ee
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ueHTpa Taxectn (1.C), T.e._[ ydS=y.S.
S

CnepoBaTtenbHoO,
F=pgS+pgsinay-S=pyS+pghcS
roe h- rmybuHa pacnonoxeHus LeHTpa TshKecTu nrowann S

nnm
F=(po +pghc)S=pcS (2-12)

Takum obpasom, nonHas cusia OaBreHusl XUAOKOCTUM Ha MIOCKYH CTEHKY
paBHa Npou3BedeHuto Nnowann CTEHKN Ha rmgpoctaTuyeckoe gaBneHne B LieHTpe
TSXKECTU 3TON nnowjagn.

B cniyyae, koraa p, sBnsetca atmocdepHbIM U AENCTBYET Takke C APYron
CTOPOHbI CTEHKW, cuna F paBHa NnuLb cune AaBreHust OT Beca XNOKOCTU:

F=pghc =p,;;sS (2-13)

PaccMOTpMM BOMPOC O TOYKaxX MPWUIOXKEHUS STUX CWIl, Ha3blBAEMbIX
LeHTpamMu AasneHuii. T.k. BHELLHee AaBNeHWe nepeaaeTcst BCeM ToYKaM MroLaam
OQMHAKOBO, TO U €ro paBHOAENCTBYOLWAst GyaeT MPUNOXeHa B LIEHTPe TsKeCTH
nnowaan. [Ans HaxoXAeHUS TOYKUM MPUNOXEHUS] CUMbl  MMAPOCTATUYECKOTO
[aBreHust OT Beca XWUAKOCTU (T. [1) MPUMEHUM Teopemy MeXaHUKU: MOMEHT
paBHOLEWCTBYIOLLE CUMbl OTHOCWUTENBbHO OCM X paBeH CyMME MOMEHTOB
COCTaBMSIOLLMX CUTT

Fyp = I ydF roe yp - koopavMHaTa ToYKM NpuUnoxeHns cunol F.
S

_[de pg sinocj y2dS
S S

Ix
yD = = - =
F pgsimnay S yeS

roe Iy = I y2dS- MOMEHT MHEepLUUM NnoLwaan S OTHOCUTENBHO OCU X.
S
YuutbiBas, uto Iy =1y, +yZS (roe Iy, - MOMEHT uHepuuu nrowaanm S

OTHOCUTENbHO LIEHTPanbHOM OCK, MNPOXOASLIEN Yepe3 LEHTP TSKeCcTn wu
napannenbHOn ocu X), NONy4YnMm:
I

_ Xo
Yp=Yc *t (2-14)
yeS
BuaHo, 4TO cuna rmapocTaTUYeckoro OaBfeHusa MPUIoXKeHa HWXKe LeHTpa
I
TSHKeCTM  urypbl Ha BENUYUHY €= XOS Ha3blBAEMYK 3KCLEHTPUCUTETOM
Yc

AasneHuna (cm. puc. 2.7., Todkn C un D).
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B kayectBe npumepa paccMoTpum 3agady
(pnc.2.8.) no onpegenenuto curbl MOpPOCTaTUYECKOro
AaBreHusl, [OeWUCTBYIOLWEN Ha nNMOCKAA  3aTBOpP
BblcOTOW H=6M w©n wupnHon B=2M, KOTOpPbIN
noaaepXXMBaeT XNOKOCTb B KaHane rrnybuHon Takxke
H.

BennuuHa cunbi:

2
F=Spgh = BHpg% _ @ — 353160 H

MybuHa norpyxeHns LeHTpa AaBneHus:

BH?
2 Ao _H L H_2, .
hs 2 Mo 2 6 3

hp =h. +

MOMEHT MHEePLUUN OTHOCUTENBHO LIEHTPANbHOM OCK AN NPSMOYrofbHUKa:

BH®
IXO = F,M

4

Takum o6pasoM, SKCUEeHTpUcnTeT AaBrieHnAa CoCTtaBUIl.

H H_

—=1wMm

2 6

MHbiIM1 cnoBamu, pesynbTupylowasa cuna rmapoctaTuyeckoro AaBfeHus,
AENCTBYIOLWEN Ha MMOCKMMA 3aTBOpP, BENWYMHOW OKoMo 35 T, NpunoxeHa He B
ueHTpe Taxectn (1.C), a B ueHTpe aasneHuns (T.D), KOTOPbI CMELLEH BHM3 Ha e=1Mm
OTHOCUTENBHO LIEHTPA TAXKECTM.

Cuna OaesieHusi )XUOKOCMU Ha KPUBOJIUHEUHbIe M08epxXHOCMuU.

dW\ dSr A

N

7

Pnc.2.9.

HaxoxxgeHne cunbl OaBneHuns XUAKOCTU Ha
KPUBOSMHENHbIE NOBEPXHOCTU cocTouT B
onpegeneHnn CoCTaBnAlLWMX CUNbl AaBfeHUs Nno
HECKONbKMM  HanpasBflieHUssM C  Mocreayowmnm
reoMeTpPUYECKNM CITOXKEHNEM 3TUX CUJT.

PaccMmoTpuMm UunmnHOPUYECKYD MOBEPXHOCTb
AB, nogBepXeHHy OeCTBUI0 MMAPOCTaTUYECKOro
nasneHus. Bblgennm Ha 3TOM  NOBEPXHOCTU
GecKoHeYHO Manyk nnowagky dS, LeHTp TXKecTn
KOTOPOW NorpyxeH Ha rnybuHy h. Ha aTy nnowagky
HOpMasibHO K LUNIIMHOPUYECKOM NOBEPXHOCTU ByaeT
AencTBoBaTtb  cuna  U3ObITOYHOrO  OgaBneHus
dF = pghdS, «koTopyto MOXHO pas3noxuTb Ha

ropudoHTaneHyto dFr  u BeptukanbHyto  dFy
cocTaBnsiloLLme. Mpeanonoxmm, yTO

paBHOOENCTBYOLLAA 3neMeHTapHaa cuna HakfoHeHa K ropu3oHTYy noa yriom o .

Torpa BblpaXKeHus

ans cocTaBnAarOLWnMX 3anunuyTca:
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dF; =dFcosa; dFy = dFsina. [MoactaBne 3HaveHune cunbl dF B BblpaxeHue
ropusoHTansHon coctasnsowen, nonydnm dFy = pghdS cosa . M3 pucyHka sngHo,
4yto dScosa = dSy 3TO NpoeKumnsa anemeHTapHon nnowankM dS Ha BepTUKanbHYo
MroCKOCTb, cnefoBaTenbHO dF; = pghdSy. Torpa ropu3oHTarnbHas
cocTaBnsAoLLasa NONHON cunbl N30bITOYHOrO MMAPOCTAaTUYECKOro AaBNEHUS paBHa:

Fr = I pghdSy WHTerpan _[ hdSy sBnseTca cratMyeckMm MOMEHTOM BCen

S, S,

nnowaan  BepTUKanbHOM  NPOEKUUW  LUUNUHAPUYECKOW  MOBEPXHOCTU  Sp
OTHOCUTENBHO CBOOOAHOWM MOBEPXHOCTW XXWOKOCTWU, U 3TOT CTAaTUYECKUA MOMEHT
paBeH MpPOM3BEAEHMNIO MNoOWaaNn BepTUKanbHOM MNPOEKUMN  LUITMHLPUYECKOW
noBepxHoCTM Sy Ha rMNybuHy norpyxeHns LueHTpa ee Taxectn hq, T.e.
[hdSg =Sghc.
S

B

Takum obpasom:

Fr =Sgpghc; (2-15),

T.e. TOPU3OHTanNbHasa CcocTaBnsawWas Wn3bbITOYHOrO rMAPOCTaTUYECKOrO
OaBreHns, [OEWCTBYIOWEro Ha UWIMHOPUYECKYD MOBEPXHOCTb, paBHa cune
rmopocTaTMyeckoro  OaBneHusi, noa  BO3AENCTBMEM  KOTOPOrOo  HaxoauTcs
BepTMKanbHasi CTeHKa, paBHas No nnowaan BepTuKanbHOW  NpoeKuuu
paccmaTpuBaeMon UMNUHOPUYECKOM NMOBEPXHOCTH.

Onpegenum  BepTUKalnbHYKO  COCTABIIAIOLLYD  3NIEMEHTAPHON  CuUIbl
rmapoctatudeckoro pasnerHuns dF; =dFsina = pghdSsina.. BenuunnHa dSsina

aBnsetca nnowagbo  dSp  npoekuun anemeHTapHoM nnowadkn dS  Ha
ropusoHTanbHy nnockocte. OyeBuaHo, 4TO BblpaxeHue hdS, npeacrasnser
cobon obvem dW npusmbl (Ha puc. 3awTpuxosaHa). [pousseaerHve pghdSy
SBNSETCA BECOM XWOKOCTN B 3TOM 6eckoHeyHO manom obbewme, T.e. dG =pgdW.

BepTVIKaJ'IbHaFI COCTaBnAWAA MOMHON Cumnbl U30bITOYHOIO rmapoctaTtn4eckoro
JaBlleHNA paBHa:

Fg = _[dFB = ngdW= peW; (2-16).
S, S,
O6bem W, sBRSIOWNNCA CYyMMOWN ariemeHTapHbIX obbemoB dW, HasbiBaeTcs
TernoMm pfaBneHus. Teno pfasreHnss - 3TO OObeM, 3aKIYEeHHbIn  Mexay

KPMBOSIMHENHON noBepxHOCTbio AB, ee npoekumen Ha CBOOOOHYHO MOBEPXHOCTb
xungkoctmh AC u© BepTUKanbHOM MNOCKOCTLIO MpoeunpoBaHnda. BepTukanbHas
cOCTaBnswLwWasa MnosIHOM Cuibl U3OLITOYHOrO MOPOCTAaTUYECKOro [OaBfeHUs Ha
UUITMHAPUYECKYIO NOBEPXHOCTb PaBHa BECY XNOKOCTM B 00beMe Tena AaBreHus.
MonHas cuna u3bbITOMHOrO rMAPOCTATUYECKOro [OaBrfieHUMs onpenennTcs

F
F= 1/FF2 + F§ ; @ ee HanpaBsneHue - yrnom 3 = arctg(F—B) :

r
BekTop nonHoi cunbl OaeneHust F  OOMKEeH MPOXOAUTb Yepe3 TOouky
nepeceyeHns1 ee ropM3oHTaNbHOW 1 BEPTUKAINbHOW COCTaBNALMX nog yrrom f3.

Jlvuuna pencteua cunbl Fy NpoxoanT yepes LEeHTp TSHKeCTU Tera AasBneHus, a



26

NUHUS gevncTBusa cunbl F  MpoxoauT 4epe3 UeHTp [AaBneHus BepTuKarbHON

NPOeKuMn KPUBOSNIMHENHON MOBEPXHOCTU CTEHKU. M3 TOYKM nepeceyveHnsa JMHU
aenctens Fg n Fr (1. [) npoBoaANTCS NUHUA AENCTBUA paBHoAEeNCTBYOLWEeN cunsl F

nog yrinom B 1M UEHTP NPUMNOXEHUS MOSTHOW CUMbl SaBfEHUS Ha KPUBOSMHENHYIO
NoBEPXHOCTb ByaeT Ha camou cTeHke (T. E).

3akoH Apxumeda.
Hdonyctum, 4YTO B  >KMAKOCTb
y NOrpy>XeHo Tesio cepuyeckon popmel.

Co CTOPOHbI XWOKOCTU Ha  Teno
> x peiictaytor cunbl Fy;Fy) : Fa B s Fo FY
OyeBunaHo, yTo cunbl
F>/( = FQ 51 F{{ =F/, Te. paBHbl Mo
BENUYMHE W  MNPOTMUBOMOSIOXHbLI MO
HanpaBneHuto. [loaTomMy 3TU  cunbl

MOXHO WCKNIOYMTb U3 AanbHenLero
paccmoTpeHusi.  lMpoBeaem  NMUHWM

AA’ HBB/, a Teno pasgenum Ha aBe
yactTu nnockocTbto AB. Ha. BepxHio
YacTb Tena XWAOKOCTb BO3OEWCTBYET C

curnomu Fé a Ha HVI)KH}OPOFé/.

PesynbTupytoLlas cuna paBHa
v? R=F, —F,/ .
Cuna

Fé =PEWaa B'BCA @ CHITA Fé/ = PEWaA B'BDA -

Otciopa Rng(WAA/B/BCA _WAA’B'BDA)Z_ngACBDA- dT1a  opmyna
BblpaXkaeT 3akoH Apxumena, corfacHo KOTOPOMY curna, C KOTOPOW XWAKOCTb
BO3JENCTBYET Ha MNOrpyXeHHoe B Hee Tesio, paBHa Becy Xudkocmu B obbeme
NOrpy>KeHHOoro Tena.

OmHocumenbHbIlU MOKOU XUudKocmu.

OTHOCUTENbHBLIM MOKOEM Ha3blBAaeTCA TaKOe COCTOSIHME >XWOKOCTW, Mpu
KOTOPOM OTAENbHble ee 4YacTuubl He CMeLLalTCa oHa OTHOCUTENbHO APYrou, U
BCA Macca XWOKOCTU [OBWXETCH Kak TBepaoe Teno (T.e. MOKOM XKMOKOCTU
OTHOCUTENBbHO coAepXalllero ee cocyaa, B TO BpeMsl Kak caM coCyq HaxoauTcs B
OBWXXEHNN).

CHavana pagum  ornpeferneHne  MNOBEPXHOCTU  paBHOrMO  [AaBNEHUS.
[MoBEpPXHOCTb, MNPOBEAEHHYID B MOKOALLENCA XWOKOCTM Takmm o6pasom, 4TO
AaBneHne BO BCEX ee Toykax byaeT OAWMHaKOBbLIM, Ha3blBAaeTCA MOBEPXHOCTbHO
paBHOro gaenenus. T.e. p = const udp =0, a Tk. p#0, To N3 (2-9) nony4mm

onddepeHumnansHoe ypaBHeHUne NOBEPXHOCTY paBHOro LlaBIeHNs:
Xdx+ Ydy + Zdz=0.

PaccMmoTpuM 4acTo BCTpevarwmncs Ha npakTuke crydyam OTHOCUTESTbHOro
MOKOA >XWAKOCTM BO Bpawjalowmxca cocygax (Hanpumep, B cenapaTopax WU
ueHTpudpyrax) m onpegenum QopMy MOBEPXHOCTU paBHOro AasrieHnda. [pu
BpallleHMM cocyaa, Haxoadawasacs B HEM XUAKOCTb BpaLlaeTcsl BMECTE C HUM C TOM
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Xe, KaKk WU coCyAd, YrnoBoW ckopocTbld ®. W xuakocTb 6ymer Haxogutca noAa
OENCTBMEM CWUIT OaBMNEHUsl, TSHKECTM U LEHTPOOEXHOW Ccunbl, OEWCTBYHOLLEN
HOpManbHO K OCW BpauweHus. B pesynbTaTte OOHOBPEMEHHOro AeNCTBUS Ha
XMOKOCTb YKa3aHHbIX cun, cBobogHas noBepXHOCTb, ObiBLIAs [0 BpalleHus
ropu3oHTanbHOW MfOCKOCTLIO Ha BbicCOTe h OT gHa cocyda, npeactaBuTCA
NMOBEPXHOCTbLIO BpaleHus. Ha 4vactuuy >XMOKOCTU AENCTBYIOT OO6beMHble Cusbl
TxecTM G =mg 1 cunbl UHepUMn Fy=mo?r , roe r - paccTostHMe YacTulbl OT OCU
BpawieHus. [poeKkumm YCKOPEHUM 3TUX CUI Ha OCu KoopauHaT OyayT paBHb:
X=0?X; Y=0?y; Z=-g, 4TO NpuBOOUT K crneaywuemy andpdepeHLnansHoMy
ypaBHEHMWIO MOBEPXHOCTU PaBHOMO JaBIEHMS:
o2xdx + a)zydy — gdz=0. VIHTerpmpys aTo ypaBHeEHME, NONy4aEM:

CO2X2 +(02y2 2 6021'2

o
— gz = const nuim —(X2 + y2) —gz= — gz = const
2 2 2
[MoBepxHOCTbL  paBHOroO  AdaBfeHusd, onucbiBaemas
|z AaHHbIM ypaBHeHueM, npegcTtasngeTr cobon napaborongpl

BEpTUKanbHbIMM  MfIOCKOCTAMW  fatoT  napabonbl, a B
rOPU3OHTanbHbIX NITOCKOCTAX OKPY>KHOCTH).

F. PacnpeneneHne paBneHns B XXUOKOCTU MOXeT OblTb
Nosly4eHO M3 OCHOBHOIO ypaBHeHUsi paBHoBecusa (2-9). Ons

CBD BpalleHNss OTHOCUTENbHO oOcu z (KOTopble B CeYeHUM

G | R AaHHOro cny4as dpzp(mzxdx+m2ydy—gdz), nocne

NHTErpupoBaHuUs

X
>

y/ Puc.2.11 .
e ) ECJ'II/I 3ateM pOaBlieHne B HeKOTOpOI/I TOUHKe Ha ocCcu
BpaweHuna (x=0; y=0; z=z¢) 0603Ha4UTb py W COCTaBUTb AN Hee ypaBHEHWE,

aHarorm4yHoe npeabigywemy, T.e. po:-ngO+C, ornpeagesrinm NOCTOAHHYIO

MHTerpupoBaHna: C=po+pgzo;

(,021‘2

2
[laBNeHne B >KUOKOCTU OKasbiBaeTca Oonblie O0ObIYHOIO MapPOCTaTUYECKOrO
[aBMNeHUs B HEMOOBWXHOM cocyde M GyaeT Tem Gonblue, YeM Gornblie paguyc u
yrnoBasi CKOPOCTb.

2.1.2. TMQPOANHAMUKA

OcHoBHasi 3afadya MAPOOMHAMUKM - W3YYEHWE 3aKOHOB  [BMKEHUS
KanenbHbIX Xuakocten. ViccneaosaHus B obnacty rmapoauHaMUKN 3aKno4YaloTcs
NPEMMYLLIECTBEHHO B HaXOXOEHWM OCHOBHbIX BENMYUH -CKOPOCTEN TEYEHUs W
[OaBneHU, BO3HUKAKOLLMX B ABMXKYLLENCS XUakocTu. Kpome cun, AeACTBYHOLMX Ha
MOKOSILLYYIOCS1 XXMAKOCTb, NMPU ABMXEHUN BO3HWUKAKT AOMOMHUTENbHO elle Curbl
MHepUMM N TPeHus. B oTnmume oT rmapocTtaTMYecKkoro AaBreHus, He 3aBUCSILLETO
OT MNPOCTPaAHCTBEHHOW OpMEeHTauMM MnolWaakM, Ha KOTOPY OHO [AeucTByerT,
rmaopoanHammuyeckoe aaBreHve Onarogaps KacaTenbHbIM cunam pasnuyHo B
HanpaBneHusx X,y,z. BSA3KOCTb >XMAOKOCTM SBNSIETCA MNPUYMHON HepaBeHCcTBa
CKOPOCTEN B pasfnMyHbIX TOYKax OAHOrO W TOro e MONepeyvyHoro CceyvyeHus

Torga p=pg +p +pg(zo — z). OTcroaa BUAHO, YTO MPW BpaLLEHMM CocyAa



28

OBVXYLLENCS MaccCbl XWOKOCTU. YCTaHOBMEHWEe CBA3W MexXxay [OaBrieHueM W
CKOPOCTbIO B NtOOON TOUKE ABMXKYLLENCS XXMAKOCTU U B NOOON MOMEHT BpPEMEHM
OTHOCUTCS K YMCNY OCHOBHbIX 3a4a4y ruapoanHaMUKW.

BuObI deuxkeHust x)xuGkocmu.

[BVXeHne XnOKoCcTn MOXeT ObiTb ycmaHoeueweecsi (CTauMoHapHOE) U
HeycmaHosusweecsi. B nepsom crnyyae [aBneHne p M CKOPOCTb U B KaXaon
TOYKE NMPOCTPaHCTBA, 3aHMMAEMOro ABUXYLLMMCA 06 EMOM >KMAKOCTU, MOCTOSIHHbI
BO BpPEMEHM W 3aBUCAT TOMbKO OT TMOMOXEHMA B MOTOKE XWUAKOCTU
paccmaTpuBaeMON TOYKW, T.e. COCTaBMSOLWME CKOPOCTU W OaBMeHUs SBNAOTCS
dyHKUMen Tonbko koopauHat: p=f(x,y,z), u=e(X,y,z). Bo BTOpoMm crny4yae 3HayeHus
p 1 u B nobon Toyke MPOCTPaAHCTBA MOryT M3MEHATbCA BO BpEMEHU t Kak Mo
BENMYUMHE, TaK 1 NO HanpasneHuto: p=f(x,y,z,t), u=e(X,y,z,1).

PasHoMepHOe [OBWXEHWE - TakOW BUL ABWXKEHWS, NPU KOTOPOM pasmepbl U
chopMa ceyeHuit He MEHSTCA Mo ANMHE NOTOoKa, crneaoBaTeNbHO, eCnv ABMXXEHNE
elule M YCTaHOBMBLUEECS, CKOPOCTM BO BCEX CEYEHUSIX MNOTOKa OAMHAaKOBbI.
HepasHoMepHOe [BWXKEHWE XapaKTepusyeTtcs M3MEHEHWeM MO [AJfIMHE MOoToKa
bopMbl 1 (MM) nnowaan ceyYeHust MOTOKa WM CKOPOCTENM B COOTBETCTBYHOLLMX
Toukax. PaBHOMEpHbIM, HanpuMmep, SBNSETCS ABMXEHWEe Xuakoctm B Tpybe
NOCTOSIHHOTO AMameTpa, a HepaBHOMEPHbIM - ABWXKEHWE XWOKOCTM B Tpybe
NnepeMeHHOro cevyeHus.

HanopHoe paOBWXeEHWE - [OBWXKEHME >XUOKOCTWU, Korga MnoTOK He wumeeT
cBob6OOHON MNOBEPXHOCTM (T.e. MOTOK CO BCEX CTOPOH OrpaHu4eH TBepabIMU
CTeHkamn TpybonpoBoga). BesHamopHoe [OBWXEHWE - Takoe [OBWXKEHWE, Nnpwu
KOTOPOM MOTOK HE CO BCEX CTOPOH OrpaHu4eH TBEpPAbIMWM CTEHKaMW, T.e. MOTOK
nveet cBOOGOAHYIO NOBEPXHOCTb. HanopHoe OBWXEHWE XapaKTepu3yeTcst TeM, YTO
rmapoanHamMmuyeckoe AasrneHue B Nobor Touke NOToKa OTAIMYHO OT aTMOCHEPHOTrO
(TOYHee, BHELWHero) M MOXeT ObiTb kak Gonblie, Tak M MeHblle nocnegHero.
BesHanopHoe e [ABWXeEHME onpedensietca MOCTOSIHHbIM - OaBNEHWEM  Ha
cB0OB6OgHYIO MOBEPXHOCTb, OOBLIYHO PaBHLIM aTMOCHEPHOMY.

OcHoO8HbIe xapakmepucmuku deu)xeHusi xudkocmedl.

PaccMoTpM MNOTOK XMOKOCTU B HEKOTOPbI MOMEHT BpeMeHW. [ns
HarnsiAHOro npeacTaBreHns obLen KapTUHbl TEYEHUS XXUAOKOCTU B KaXObIN AaHHbIN
MOMEHT MbICITIEHHO MpOBeAeM TaK HasblBaeMyl JIUHUKO MOKa, T.e. JINHUIO, B
KaXXQoW TO4YKe KOTOpOW B [JaAHHOE MrHOBEHME BEKTOpP CKOPOCTU >XWUOKOCTU
coBnagaeT C Ha- npaBneHneM KacaTenbHoW K 3Tou nuHuK. [Npu ycTtaHOBMBLLEMCS
OBWXEHUU NTUHUN

TOKa cCoBMagakT C TpaekTopuamMn OBUXKYLLNXCA

Va yacTtuy. MNocTpoumM 3aMKHYTbIN KOHTYpP, oBpasyomi
A Ve Manyto nrowanky dS , n yepes BCe TOYKM OaAHHOIO
B Ve KOHTypa npoBefeM fMHUU ToKa. ITU NHUM obpasytoT

MOBEPXHOCTb, Ha3biBaemon mpy6kol moka. Ecnu
Puc.2.12. Yyepes Bce TOYKM nrnowiagm dS nNpoBecTy NIMHUK TOKa,
noslyyMm asieMeHmapHyro cmpyuky, T.e. TMy4oK

NHMA Toka. COBOKYMHOCTb 3f1IeMEHTapHbIX CTPyeKk obpasyeT momok.
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[Mpn peleHnn MHormMx 3agad rmapoanHaMmnKN AenarTcs NpennosioXeHna o
TOM, 4TO: @) MOTOK XWOKOCTM COCTOUT U3 OTAENbHbIX 3NIEMEHTAPHbIX CTPYEK,
KOTopble B Cfny4Yyae YCTaHOBMBLUErocs
OBWKEHUS HE MEHSIIT BO BPEMEHWU CBOEMN ds
dopmbl; ©6) NOBEPXHOCTb 3feMeHTapHOM
CTPYMKM SIBNSIETCA Kak Obl HENPOHMLLAEMOWN
AN YacTul  XKUAOKOCTW, [OBWXKYLLUMXCHA B TpyOKa ToKa
OAaHHOM M cocedHen  CTpyuKax;, B)
BCrneacTeme ManocTu nonepeYyHoro
CEeYEeHUs1 dNeMeHTapHON CTPYMKU CKOPOCTU
BO BCEX TOYKaxX €e MNonepeyHoro ceveHus
MOXHO cuMTaTb OAMHAKOBbIMK. Takas
MOAESb XMUOKOCTU HasblBaeTCss cmpyuHou Puc.2.13.
MOOesnibio OBWXEHUA Xugkoctu. [JaHHoe
npeactaBneHne O  CTPYKType noToka  ynpowiaeT ero  TeopeTU4ecKyro
MHTepnpeTauuio.

Xueoe ceyeHue anemMeHmapHou cmpyldkKu - 3fieMeHTapHO Marnas
nnowagka, aBnstoLwasacs nnowaabko NonepeyHoro ceYeHnst CTPYMKn, HOpManbHOro
K NIMHMM TOKa.

Xueoe ceyeHue nomoka - nnowagb NONEPEYHOro CE4YEHNSA, HOPMaribHOro K
BEKTOPY CpefiHeN CKOPOCTW.

CpedHeli CKOPOCMbIO OBWXKEHUS XNOKOCTUM V B pacCMaTpMBaeMOM XNBOM
CeYEHUN Ha3blBAETCA CKOPOCTb, C KOTOPOW AOSKHbl Obin Obl OBUraTbcsl BCe
YacTuUbl XUOKOCTU Yepe3 OaHHOEe XMBOE ceveHune, YToObl pacxon BCEro noTtoka
ObIn paBeH pacxoay, COOTBETCTBYHOLLEMY AENCTBUTENBbHLIM CKOPOCTAM YacTuL,.

DJIEMEHTApHas CTpyHKa

Pacxon anemeHTapHOW CTpynkn (asileMmeHmapHbil pacxod) dQ- a1o obbem
XNOKOCTWN, NPOXOAALLMA B eOUHNLY BPEMEHN Yepes XNBOE CeYEHNE dNeMEHTapPHOMN
CTpynku. MNpeanonoxmm, 4To B cedeHmn 1-1 cKopoCcTb ABUXEHUS paBHa u. [aHHasd
CKOPOCTb OWHAKOBa AN4A BCEX YaCTUL, XMUOKOCTU, OABMXKYLLUMXCA Yepe3 ceveHne 1-1

(cBOMCTBO “B” anemeHTapHoOW CTpynku). 3a Bpemsa dt

K\Y 2 YacTULbl XXUOKOCTU, Haxogsawmuecs B cedeHnn 1-1, asurasicb
CO CKOPOCTbK U MEPEMECTATCS B CeyeHue 2-2, cOBepLUMB
nyTb dL. 3a Bpems dt Yepes XnBOe ceyeHue AremMeHTapHON
) CTpyMkn dS npongeTt KONMMYECTBO XMUOKOCTU paBHOE 06BLEMY
umnuugpa dSedL. OTHeca pacyeTbl K eOuvHULE BPEMEHW,
dIS @ dSz@ nonyynm dQ=dSedL=dSeu, T.K. ckopocTb u=dL/dt, To npwu

: dt=1 BenuuuHa u=dL (CKOPOCTb - MyTb, COBEPLUEHHbLIN B

PUC.2.14. eaVHULYY BPEMEHMN).

Pacxodom xudkocmu Q B paccMaTpUBaeMOM CEYEHUN Ha3biBaeTcs 00beM
xmakocT W npoxoasilen B euUHNLLY BpeMEHU t Yepes XXMBOe CeYeHme noToka.

Pacxop paBeH CyMMe pacxoaoB areMeHTapHbIX CTPYeK:

Q=[dQ=udS (2-17)
S S

Takum obpasom:
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t ¢
B page cnyyaeB cnegyet pasnuyatb 06beMHbI pacxog Q M MacCoBbIN

pacxoq M, koTopbln npeactaBnseT coboM Maccy XUOKOCTM M, MPOXOoAsdllen B

m K
eaUHULYY BPEMEHN: MZT; Ly Mexay o6beMHbIM Q M MaccoBbiM M pacxogom

c
CyLLLeCTBYET criegyrowias 3aBsmcnumoctb: M=pQ. B rugpasnuke npmxognutbCca MMeTb
Aeno rnaesHbIM obpa3omM ¢ 06bEMHbIM pacxogoM. B ganbHenwem 6yaem HasbiBaTb
ero NpoCTO pacxodoM.

Q= (2-18)

B cooTBETCTBMM C MOHATMEM CpedHENn CKOPOCTU NPUMEM, YTO BCE YacTuupbl
OBWXKYTCA C OOWHAKOBOW CpedHen CKOpoCTbio V. Torga B ypaBHeHuu (2-17)
3aMEeHNM NepeMEHHY0 CKOPOCTb U MOCTOSIHHOW CpeaHen V.

Q=IudS=deS=VIdS=VS, (2-19)
S S S

T.e. pacxol MNOTOKa XWOKOCTU paBeH NoLlagu >XXMBOFO CeYeHUs MOTOoKa,
YMHOXEHHOW Ha CpeHIo CKOPOCTb.

I'udpaenuquKue JIeMeHmbI MoOMokKa.

OcHoOBHblE TMOpaBnMyeckMe afeMeHTbl MOTOKa - XUBOe ceyeHue S (CMm.
BbILLE), CMOYEHHbIN NepumeTp I1, rmgpaBnuyecknin pagmyc Rr n 9KBMBanEHTHbIN
anameTp ds.

CMOY€EHHbIM nepmnmeTpomM Ha3blBaeTCA OAJIMHA KOHTYpPa >XMBOro ceyveHud, no
KOTOPOMY XUOKOCTb CONnpukKkacaeTcAa Co CTEHKOW.

fMaopaBnMyeckUii paguyc paBeH OTHOLLUEHWIO MoWann >XMBOFO CeYeHMUs
NOTOKa K CMOYEHHOMY NepUMETpPY:

S
Ry = o M (2-20)
OKBMBANEHTHbIN ANaMeTp - 3TO yY4eTBEPEHHbIN rmapaBnnyeckin paguyc

NHaye roBopsi, 9KBUBANEHTHbI OMaMeTp paBeH AnaMeTpy rMrnoTeTUYeckoro
TpybonpoBoaa KpYyrroro CeyeHus, Ans KoToporo oTHoweHue S Kk I1T umeeTt To xe
3Ha4YeHWe YTO U ANs 4aHHOro TPybonpoBoaa HEKPYIIOro CeYeHusl.

PeXnmbl ABMXEHUA XXNAKOCTHU

UToObl NpaBUbHO peLnTb OAHY M3 OCHOBHbIX 3a4ay NPakTUKU rmapaBnuku, -
T.e. ONpPeaenuTb BENUYMHY [MOPaBANYECKUX COMNPOTMBMEHUN, HeobxoaMmo
COCTaBUTb ACHOE NpeAcTaBfIEHNE O MeXaHM3Me CaMOoro ABWXEHUs Xunakoctu. [Mpu
nccrneaoBaHUMM BOMpoca MPULWLAM K 3aKIOYEHUIO O  CyLLeCTBOBaHUM  ABYX
pasnnyHbIX PEeXMMOB ABWXeHUA. BnepBble npegnonoxeHne O CyweCcTBOBAHUU
OBYX PEXUMOB [OBMXEHUS XnOKoCTU 6bino BbickazaHo [.. MeHoeneeBbiM
(1880r.), HO co Bcel OYEBUMAOHOCTBLIO HanMMuMe PexMmoB OblO NOATBEPXKAEHO B
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1883r. aHrnnckum domsmkom 0. PenHOnNbACOM Ha OCHOBE MPOCTbIX M HarnsgHbIX
OMNbITOB.
K manopromy 6aky 1 npucoeamnnena (puc.2.15.) nmpo3paunas (cTeKIIHHAS) TpyOa 2, IO KOTOPOH IBIKETCS
uccieayemas sxunkoctb. Han 6akom 1 pacrosnoskeH HeOombIIOH 6aqok 3 ¢ MogKpaIIeHHOH (KOHTPACTHOM)
JKHJIKOCTBIO, CBOICTBA KOTOPOH OJNIM3KU K CBOMCTBAM HCCIIEAyeMOU KUAKOCTH. T.e., 3Ty MOJKpAIICHHYIO KUIKOCTh

MOXHO Ha3BaTb UHAUKATOPOM HJIU TPACCEPOM. Hozu(pameHHas{ JKUJAKOCTB IPU MOMOIIU TOHKOM pr6KI/I BBOJIUTC B
IIOTOK I/ICCHellyeMOﬁ JKHJIKOCTH.

B cBoux onbiTax PenHonbac wccnegoBan XWUAOKOCTU € pasfiMyHbIMU
duanyecknmm cBoncTBaMn (BA3KOCTBIO W M MIIOTHOCTbIO p) B Tpybax pasHoro

anameTpa d. Bo BpEMA ONbITOB TakKkKe B LWUAPOKOM AMana3oHe WU3MeHAnacb
cpegHAA CKOPOCTb V ABUMXEeHNA XNOKOCTW.

TypOyJIEeHTHBIN

IIEPEXOIHBIN

JJAMUHAPHBIN

\\/

)

Puc.2.15.

Mpn HEKOTOpbIX OMpeAeneHHbIX YCNOBMAX MOAKPaALEHHas KUOKOCTb
obpasyeT NpSMONMHENHY0, PE3KO BbIAENSIOWYCS M HEe CMeLUMBAaloLWYCS C
OKpYy)KaloLllen KMOKOCTbIO  CTPYWKy. WMHaye roBopsi, XWOKOCTb ABUXKETCSH
OTAENbHLIMA He MepemMeluMBalWUMUCA CROosMU. Takol pPexmm  OBWMKEHUS
)XMOKOCTW Ha3blBAeTCH JJTaMUHaPHbIM.

C yBennyeHnem CKOPOCTU CTpyWKa NOLKPALLUEHHOW >XUAKOCTUM HayuHaet
ABUratbCsl BONHOOOpPAa3HO, 3aTeM paspbiBaTbCA M NepemMelinBaTbCa C MOTOKOM
xungkoctn. CTaHOBUTCSA 3aMeTHbIMU  BUXpeoOpasoBaHUs W BpallaTerbHoe
apwxkeHne xungkoctn. OTAeNbHble YacTuubl NepemeLlnBaroTca Mmexay cobon u
OBWXYTCA MO CaMbiM MPUYYANUBLIM, BCE BPEMS U3MEHSIOLWUMCH TPaeKTOPUAM.
Takon pexvm [OBMXEHUS >XUAOKOCTM HasbiBaeTca mypbyneHmHbIM. Takoe
ABWXKeHMe HasblBaeTca ewe 6GecnopsagodHbiM. OagHako, M npu TypOyneHTHOM
pexvMme MMeT MecTo onpeaeneHHble 3aKOHOMEPHOCTN.



32

O606wmB pesynbTaTbl CBOMX MHoroneTHux (6onee 10 neT) oONbITOB,
npoBeAeHHbIX Ha Kpyrnbix Tpybax, PenHonbac Hawen obwwue ycnosud, npu
KOTOPbIX BO3MOXHbI CyLLECTBOBAHWE TOrO UM MHOIO pexnma 1 nepexon oT O4HOro
pexnma K Opyromy. YCTaHOBMWI OCHOBHblE (pakToOpbl, onpeaenstowme xapakrep
pexumMa: CpefHssi CKOPOCTb OBWXEHMS XMAKOCTW V, guameTp Tpybonposoga d,
NMOTHOCTb XUAKOCTU p, €€ BA3KOCTb W. [NA XapakTepUCTUKM pexuma OBUXEHUS
Xngkoctn PenHonbac BBen 6e3pasMepHbii napamMeTp, YYUTbiBalOWMA BIMSIHUE
nepeYmcreHHbIX akTopoB, Ha3biBaEMbI YACIOM UK KpuTepuem PenHonbaca:

Re= VP (2-22)
n

UNW, C Yy4ETOM TOrO, YTO PU=vp

Re=Yd (2-23)
v

paHULbl CyLleCTBOBAHUA TOr0 WM WHOIO peXxuma OBWXKEHUA XUOKOCTU
onpenenalnTca ABYMS KPUTUYECKUMU 3HAYEHNAMUN KpuTepust PernHonbaca: HUXHUM
Res n BepxHUM Res . 3HayeHMs CKOPOCTU, COOTBETCTBYIOLLME ITUM 3HAYEHUAM
TaKkke HasblBaloT Kputudeckumun. MNpn Re < Rey BO3MOXEH TONbKO SlaMUHAapPHbIN
pexum, a npu Re > Res - TONbKO TypOYNEeHTHbIN pexum, B MHTepBane oT Re. o
Res - HeycTON4YMBOE COCTOSIHME MOTOKa (NepexofHbl pexum). B onbiTax camoro
PenHonbaca Rex=2000, Res=12000. MHoro4yncneHHble 9KCMNEePUMEHTHI,
nposefeHHble B 6oree nosgHee BpeMmsi, Mokasanu, YTO KPUTMYECKME 4ucra He
ABNSAIOTCH YCTOMYMBBLIMU U, NMPU U3BECTHLIX YCIOBUSX, HEYCTONYMBAsS 30HA MOXeT
okasaTbCd wupe. B HacToswee BpeMa npu pacdeTax MPUHATO cYUTaTb, YTO NpU
Re < 2320 Bcerga naMuMHapHbIM pexum, a npu Re > 10000 - TypOYyneHTHbIN.
OTO cnpaBensiMBo AN TPyo U KaHaNoOB KPYriioro ce4eHus, a B Apyrux criydyasx
MoryT 6bITb Apyrne 3Ha4YeHus.

OTMEeTUM, YTO MpPW ONpeaerneHnn pexrMma OBMKEHUA B KaHanax HeKpyrmnoro
ceyeHus], kputepuit PeiiHonbaca paccunTbiBaeTcs:
vd vL

Re=—2 mmn Re=— (2-24)
A% A%

roe ds-skBMBanNeHTHbIN anameTp (2-21)

L - xapakTepHbIN FIMHENHBIN pasMep

Kputepnin PenHonbaca Re saBnsgetca ogHMM U3 OCHOBHbIX KpUTepues
rmapogMHamMuyeckoro noaobus HanopHblX noTokoB. OH  g9BAsSieTCA  Mepowu
OTHOLLUEHNSA KNHETUYECKOWN SHEPIM (CUIT MHEPLIMN) XKXNOKOCTM K paboTe cun BA3KOro
TPEHMA M OT Hero B obuwem crnyvyae 3aBucAT Bce Be3pasmepHble koadduumeHTa,
BXoOsWMe B pacyeTHble 3aBUCMMOCTW, KOTOpble MPUMEHSIIOT B MpakTuke
rmapaBiMYeCcKMX pacyeToB.
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YpaeHeHue Hepa3pbI6HOCMU MOMOKa.

BHavane BbiBegeM ypaBHeEHWE HepaspbiBHOCTU AN CTPyMKU. PaccmoTpum
(pnc.2.16.) oTCeK XNOKOCTU Mexay cedyeHussMn 1-1 n 2-2 saneMeHTapHOM CTPYWKWU.
3a Bpems dt B oTcek 1-2 Yyepes nnowagb XMBOro cevyeHms dSi BTeYeT KUOKOCTb B
kKonuyectee dS:uidt (T.e. 06bem 6GECKOHEYHOro Manoro UMAnHApa, UMEIOLLEro
OocHoBaHue dS; u AnuHy uidt). 3a 3TO Xe BpeMsi Yyepes XuBoe cedeHue dS; u3
oTceka 1-2 BbiTe4yeT 06beM xuakoctu dSqzuzdt. Mpu aTom
dopma oOTceka He  MeHsieTca  (cBoucTBO  “@”
aNeMeHTapHoOu CTPYMKM), 6okoBas NMOBEPXHOCTb
HenpoHuuaemMa (CBOMCTBO “6”) N XMAKOCTb HECKMMaEMa.
CnepoBaTenbHO, 0O0BbLEM XWMOKOCTW, MOCTynawwuni 3a
Bpems dt B oTcek Yepes ceyeHune 1-1, JormkeH ObiTb paBeH
o0beMy XMOKOCTW, BbiTeKawlen 3a TO Xe Bpems u3
Puc.2.16. oTCeKa Yyepes ceyeHune 2-2:

dS1U1dt = dSZUZdt nim dS1U1 = dSZI,lz

AHanorM4yHo 1 Ans Apyrmx Ce4eHun, criegoBaTenbHO
dS u=const (2-24)

ypaBHEHME HepaspbiBHOCTU AS1S1 3feMeHTapHOW CTpynku. Takum obpasom,
pacxon XnOKoCTU BO BCEX CEYEHUAX SNIEMEHTAPHON CTPYMKN OOMHAKOB (B AAHHbLIN
MOMEHT BpemMeHn). Ha ocHoBaHun ypaBHeHus (2-20) MOXHO 3akn4nUTb, YTO
CKOPOCTU  OBWXKEHUA  Xuakoctm obpaTHO  MpOMopuMOHasribHbl  Mfowagam
U4 dS2

COOTBETCTBYIOLWNX KNBbIX ceyeHun: = —
U.2 dS1

PaccmoTpum yyactok notoka (puc.2.14.). BoabMeM HECKOMbKO ceveHun 1-1,
2-2, 3-3. O6o3Haumm Si1, S2, Ss 1 dS1, dS»2, dS3 nnowagn X1BbIX CEYEHMN NOTOKA U
nnowiagn XMBbIX CEYEHUN SNeMEHTapHOW CTPYMKM B YyKa3aHHbIX CeYeHUsX,
COOTBETCTBEHHO. MIHTerpmnpys BblpaxkeHune (2-24) B npegenax COOTBETCTBYHOLLNX
CeYEeHUn, NoNy4YmmMm:

_[u1dS1= Iu2d82= Iu3dS3. Ha ocHoBaHuu 3aBucumoctu (2-18) MOXHO
S, S S

3annmncaTtb Q = IV1dS1 = IVZdSZ = IVst3 = V1S1 = stz = V3S3 = const ; (2'25)
S S S

2 3

1 2 3

roe Vi, V2, V3 - 3Ha4YeHMa cpegHuMX CKOpocTen B cedeHuax 1-1, 2-2, 3-3.
YpaBHeHne (2-26) sBNAeTCs ypaBHEHMEM HepaspbIiBHOCTM (CMMOLWHOCTU) Ans
LLesioro rnoToKa >XnaKoCcTu nNpu yCTaHOBUBLLEMCS OBMKEHUN.

V1 Sz

AHanornyHo (2-25) ans uenoro nNoTtoka MOXHO 3anucatb: — = —%. [lpu

vy Sy
YCTaHOBUBLUEMCA OBWXEHUU NPOU3BELEHUA MNoLaamn XXMBOrO CeYeHUA NOoTOKa Ha
CpedHI CKOPOCTb €eCTb BennyuMHa MOCTOsHHAdA, MpuyYemM CpeaHue CKOpPOCTU
notoka obpaTHO MPOMNOPUMOHANbHbLI MAOWAaAsM  COOTBETCTBYIOLMX  XUBbIX
cevyeHun.
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LugbpepeHyuarbHble ypagHeHUS 08UXEHUS
udeanbHoU xudkocmu (ypaeHeHus1 dunepa).

B pas3nuuHbix TO4YKax OBWXKYLIEWCS >XWOKOCTM B pesyrnbTarte OencTBuA
BHELLUHWX CUN BO3HUKAET AaBfeHne, HasblBaeMoe rmapoanHaMmnyeckum (B otnnydme
OT MMOpOCTaTUYECKOro, CBOMCTBEHHOIO XUAOKOCTU, HaxoOsALWencs B paBHOBECUM).
[Mo3aToMy, Kak yXe roBOpuSioCb Bbllle, OOHOM U3 3adad rMapoanHaMUKN SBMSIETCS
onpegeneHne BenVYMH MMAPOOMHAMMYECKOrO [aBfieHUs, BO3HUKAIOLLEro BHYTPU
XUOKOCTU, a TakKkKe CKOPOCTENM [OBWXKEHUS XWMOKOCTM B pPasfnN4YHbIX TO4YKax
NPOCTPAHCTBA, 3aHATOrO XWMAKOCTbiO. [na peleHus 3Tux 3agad Heobxoaumo
COCTaBUTb YpaBHEHUS ABMKEHMUS KUOKOCTU, CBA3bIBAOLLNE MeXay COBOM CKOPOCTH
N YCKOPEHUS C cUrnamm, ENCTBYIOLMMUN HA XXUOKOCTb.

PaccmoTpum  gBMXeHME  3neMeHTapHOro  Xuakoro Tena. Beegem
0603HavYeHus: p- rMapoaNHaMN4eCcKoe AaBrieHne, U- CKOPOCTb ABWMXKEHMS XXUAKOCTY
B TOYKE C KOOpAMHaTamu X, Y, Z; Ux, Uy, Uz- COCTaBMAKOLMNE CKOPOCTU MO OCAM
kKoopAaunHaT. MpeanonoXxmm, YTo Ha ABMXKYLLYKCS XNOKOCTb OENCTBYOT OObEMHbIE
CWnbl, NPOEKUMM KOTOpPbIX Ha OCU KOOpPAWMHAT, OTHECEHHble K eguHuLEe Macchl
(MHa4ve, NpoeKkumnn YCKOPEHUN), paBHbl X, Y, Z.

OO6LwWme ypaBHEHUSI ABUXKEHUS MOeanbHOW XMOKOCTU MOFyT ObiTb MOMYyYeHbl
13 andpepeHumnanbHbiX ypaBHEHUIA PpaBHOBECUS TOM XKe KWMOKOCTU, eCnv CorfacHo
npuHunny a’Anambepa, K OEACTBYHOLIMM cCUNam MNPUCOEOUHUTb CUMbl MHEPLIMW.
Mpoekuun cun UHEepLMKU, KOTOpble AO0SMKHbI ObiTb MPUCOEOAUHEHBbI K YpaBHEHUAM
paBHOBECUS, TaKKe OTHECEM K €AMHULE MacCChl, T.€. B BUAE:

du, . du, du,
sy =~ 5 )=~
dt 77 dt dt
3Hak (-) nokasbiBaeT, 4YTO CWUNbl WHEpPUMM HanpaBneHbl B CTOPOHY,
ﬂpOTI/IBOI'IOJ'IO)KHyI-O yCKOpeHI/II'O.

jx=_

[MpucoeanHue k anddepeHumnaneHbiM ypaBHeHNAM dunepa (2-8) npoekuum
CWN MHepPLUK, Nonyymm:

du, _y_10p

dt p Ox

d

Wy _y_10p| (2-27)
dt p Oy

du, =Z—1@

dt p Oz |

[MonyyeHHaa cuctema ypaBHeHUn (2-27) ycTaHaBnMBaeT CBA3b Mexay
00bEMHBIMW CUFTaMU U CKOPOCTSIMW, [OaBMIEHMEM W MAOTHOCTBIO XKUOKOCTU U
HasblBaeTCcs ypaBHeHNAMM Aunepa. CMbICI Kaxaoro n3 ypaBHeHUN 3aKknioyaeTca B
crnegyloLwem: nonHoe YCKOpeHne 4acTtuy, BOOSb KOOPOMHATHOM OCU CKNadblBaeTcs
OT YCKOPEHNSA MacCOBbIX CUST U YCKOPEHUS OT CUIT AaBlEHWS.
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YpaeHeHue BepHynnu 0ns cmpyliku udeasnibHOU XuOKocmu.

Bocrnonb3yemcs angepeHumnanbHbIMU  ypaBHEHUSIMU  OBUXEHUA (2-27).
YMHOXUM nepBoe ypaBHEHWE Ha dx, BTOpoe - Ha dy, TpeTbe - Ha dz:

du—xdx = Xdx — 1@dx

dt p Ox
duy ap

—dy=Ydy—-——dy; (2-28)
dt p y

du —2dz=7dz - —@dz
dt p Oz

J

Crnoxum cuctemy ypaBHEHUN:

d
Uy e+ 2 gy 4 392 gy - Xdx+ Yy + Zdz—l(@dx+@dy+@dz) (2-29).
dt dt dt o\ox oy oz

Byoem paccmaTtpmBaTtb CTPYMKy, KOTOpasi Npy yCTAHOBMBLUEMCS OBWKEHUN
ABNSETCA TpaekTopuen aABwxkeHusa dactuud. B atom cnydae dx, dy, dz 6yayr
NPOoeKUMaAMIN anemMeHTapHoro nytn dL, npoxogumoro yactuuyamu 3a Bpems dt, T.e.
dx=uxdt, dy=uydt, dz=u.dt. [logctaBum 3TN 3Ha4YeHNA B NIEBYIO YacCTb YpaBHEHUS (2-

29), yuuTbiBasl, YTO MOJIHAsi CKOPOCTb U BbIpaXaeTcs Yepes3 CocTaBsiolme no

ocsim koopanHaT u? = u? + ug +u?:

Uy duy du,
d * dt 7 dt
= %d(uf + ug + ug) = %d(uz)

B npaBon 4yactn ypaBHeHus (2-29) BblpaxeHne Xdx+Ydy+Zdz=dU -
aBngeTCcAa NOMHbIM AnddepeHumanom cunosomn pyHkumm U (CMm. ypasH. 2-9).

=uydu, +uydu, +u,du, =

T.K. Mbl paccmaTpuBaem YCTaAHOBMBLUEECH [ABWXKEHWEe, MNpu KOTOPOM
rmopoanHaMuyeckoe AaBneHue He 3aBUCUT OT BPEMEHU, TO TpexyrieH B cKobkax
ypaBHeHus (2-29) npeacrasnseTt cobon nonHbi anddepeHunan gaBneHns:

@dx+ apdy+apdz—dp
ox oy

NTak, ypaBHeHue (2-29) MOXHO NpUBECTU K BUAY:

%d(uz) —dU- gdp ,

nnn

%d(uz) + gdp —dU (2-30)

YpaBHeHune (2-30) ycTaHaBnNuBaeT CBA3b MeX4y CKOPOCTbIO U, AaBNeHNEM P
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n cunoson doyHKumen U gnga ntoboro cevyeHnsa CTpYnKN OBMXKYLLENCS XNOKOCTH.

[MpouHTerpmposas ypaBHeHue (2-30), nony4mum

2
bl + b_ U = const (2-31)
2 p
T.e. ansa OByX NtoObIX CEYEHUIN ANEMEHTAPHOM CTPYNKN MOXEM 3anucarb:
2 2
Myb_yg=22,P2_ g, (2-32)
2 p 2 p

PaccMmoTpum yacmmHbil criyyan, Koraa mM3 BHELHUX 0O6beMHbIX (MaccOBbIX)
CUIT Ha XWOKOCTb OENCTBYET MOJbKO cuna msikecmu. Torga, cunoBasa (pyHKUuS,
COOTBETCTBYIOLLASA CUNE TSXKECTU, MOXKET ObITb NPeacTaBneHa, Takum obpasom:

U=-gz

MogcTtaBnasa s3HavyeHne U B ypaBHeHMe (2-32), nonyymm
2

u71+m+gz1=u?2+p—2+gzz (2-33)

PaHee oTmeyanocb, YTO BCe cnaraemble OTHECEeHbl K eOuHULIE MaccChl.
OTHeceM cnaraemble ypaBHeHuUs (2-33) K eauHULE Beca XXUAKOCTU, MOMHS, YTO BEC
eavHNUbl Maccbl paBeH . PasgenuB neByo M nNpaByko 4acTU ypaBHEHUA Ha (,
Nony4nm:

2 2
u u
_1+&+Z1=_2+p_2+22 (2_34)

2 pg 2 pg

3aBucumocTb (2-34) aBnseTtca ypaBHeHUeM bepHynnu gna anemeHTapHom
CTPYMKM wnaeanbHOM >XMOKOCTWU, OHO YyCTaHaBNUBaET CBSA3b MeXAy CKOPOCTbIO
OBWXKEHNA U, JaBleHWEM P U reOMEeTPUYECKMM MONIOXKEHNEM CEYEHU CTPYWKU Z.
Bnepsble nonyyeHo OaHuunom BepHynnn B 1738 r. B pe3ynbTate NpMMEHEHUs K
ABWXKYLLENCH XUOKOCTU 3aKOHA COXPaHEHUs 3QHeprun. ITO ypaBHEHWe aarno
BO3MOXHOCTb peLlaTb MHOMMe npakTnyeckne 3agadv rugpasnvku.

FeomeTqueCKuﬁ n 3HepreTV|qecxm7| CMbICI1 ypaBHEeHUA
BepHynnu Ansi cmpyliku udeasibHoU Xudkocmu.

[Mpeanosionum, YTO LUEHTPbl TSXECTU XUBbIX CeYeHun cTpyukm 1-1 n 2-2
pacrnosioXXeHbl Ha BbICOTax Zi1 M Z2 OT MIIOCKOCTU cpaBHeHus 0-0 m 4To B 3TUX
LeHTpax TSKECTU pacrnonioXeHbl Nbe3omeTpudeckne Tpyokn. XKnakoctb B KaXKaown

pr6Ke NnoAHNUMETCA Ha BbICOTY h= £,T.e. Ha Nbe30METPUYHECKYHO BbICOTY.

pg

T.e. z1 1 z2 NnpeacTaBnAT coObOM reOMeTPUYECKNE BbICOTbI LIEHTPOB THXECTU
COOTBETCTBYIOLLMX XUBbIX CEYEHU CTPYMKM HaZ NIOCKOCTbIO CPaBHEHMS, a YNeHbl

p—1 7 p—2 Nnbe3oMeTpu4eCKmne BbICOTbI, OTBeYawuwne AaBlieHUAM B YKa3aHHbIX

pg Pg
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2

y u
LeHTpax TsbkecTu. TPeTui YneH ypaBHEHMUS 2% MMEET Ty XXe Pa3MepPHOCTb, YTO U
g

nea apyrux, Te. [mM] v npeactaBnseT coGoit  CKOPOCTHYIO  BLICOTY,

COOTBETCTBYIOLLUYIKD CKOPOCTU U MU Ha3blBaeTCA CKOPOCTHbIM UK OWHaAMU4YE€CKUM

HanopoM. OTnoXxum oT T.A oTpe30K Aa paBHbIN NbE30OMETPUYECKOW BbICOTE p_17 a

pg

oT T.B - oTpesok Bb paBHbIi P2 3a1em ot Touek a u b oTnoxum oTpesku aa’ n bb/,
PEe
uf u3
COOTBETCTBYHOLUME CKOPOCTHBIM Harnopam 2¢ 1 55
g g

o 1 a b 0/ AHanoruyHble
NOCTPOEHUSA
MOXHO
caenatb  aonsa
psoa  KuBbIX
ceyvyeHun,
B3ATbIX BAOSb
anemMeHTapHoMn
cTpynkn.  T.K.
cymma Tpex
4YfIeHOB

2
u
R S

b
2g pg
ans
() — Y __ (0 waeanbHoW
Punc.2.17. KNOKOCTU
NOCTOSIHHA,
BOOMb OCU CTPYWKW, TO BepPLUMHbI BepTUKanbHbIX oOTpe3koB aa’ u bb/
pacnonaratoTcsd Ha OOUWHAKOBbIX BepTUKalibHbIX PaCCTOSHUAX OT MSIOCKOCTU
cpaBHeHna 0-0, ” BepWUHbl ITUX OTPE3KOB [AOOSIKHbI JfexaTb B OLHOW
rOpU3OHTaNbHOWM MMOCKOCTU, HasbiBaeMoW HarnopHol nnockocmsto 0-0. B cnyvae
noeanbHON XWOKOCTU HanopHasi MfIOCKOCTb SBNSIETCA ropu3oHTanbHou. Ecnu
NNaBHO COEOVHUTb YPOBHW XWOKOCTM B Mbe30OMEeTpUYeckmx Tpybkax, TO nomnyymm
NbE30METPUYECKYIO JIUHUIO P-P.

CyMma Tpex BbICOT HasblBaeTCHA MOMHbIM MMMAPOANHAMUYECKMM Harnopom U
obo3HavaeTcs Hp. CnemoBaTtenbHO, MOMHbIA HaMop npeactaBnseT cobon cymmy
p u?
noteHunansHoro H=z+ — un ckopoctHoro h, =-— Hanopos, T.e. Hp=H-+hc
pg 2g

Bce nsnoxeHHoe oTpaxaeT reoMeTpuyeCcknin CMbICN ypaBHeHUS bepHynnu.

BbiscHUM bmnsnyeckun cmbicrn ypaBHeHna bBepHynnu. PaccmoTpum vactuuy
XnOokocTn maccor dm, KoTopasi ABMXETCS MO NMMHUKM Toka. Onpeaenvm BenUYuHy
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NONTHOW 3Heprun, KoTopon obnagaet yactmua B cedeHuax 1-1 u 2-2. lNonHas
9Heprnsa npencraBndeT cobon CyMMy KMHETUYECKOW M MOTEeHLManbHOW SHEpPruw.
2

dmu
KnHeTnyeckas sHeprust B cedeHun 1-1 paBHa 71 MoTeHUnanbHas aHeprus

OTHOCUTENBLHO NITOCKOCTM cpaBHeHus 0-0 paBHa NPou3BeaeHUI0 Beca YacTulbl Ha
BbICOTY ee Nogbema Haf 3Tou nNnockocTblo dm g z4. B ceyennn 1-1 yactuua byget

nogHATa Ha BbICOTY Z4 +p—1, roe p—1- BbICOTaA, COOTBETCTBYHOLlaA [OaBJ1€HNUIO,

pg
KOTOpOoe MOoOHUMET 3Ty 4YacTuuy, Hanpumep, B Nbe3oMeTpuyeckon Tpybke. B

ceveHun 2-2 yactuua, BygeT nogHsATa Ha BbLICOTY Z, +p—2. Takum obpasom, B
Pg
ceyeHnn 1-1 vactuua obnagaeT NOTEeHUManbHON 3JHEpPruen dmg(z1+p—;).

AHanornyHo B ceyeHun 2-2: dmg(zz +p_2) Torpa nonHasa sHeprus dE B

ceyeHuax bygeT paBHa:

N\

2
dE, =dm%+dmg(z1 +&)
, Pe (2-35)
dE, =@+ dmg(zz +p_2)
2 pg/ |

Pasgenue nouneHHo ypaBHeHus (2-35) Ha Bec dm g, onpedennm MOSHY0
9HEPIUIo XXMAKOCTUN, OTHECEHHYIO K eANHMULE ee Beca, T.€. YAenbHY0 3Hepruio de:

N\

dE 2
de1=d 1=;—1+z1+p—1
m
= Pe | (2-36)
dE
d62 = 2 = u—2 + Zz + p—2
dmg 2g pg
2 2
LY us . P1 P2
3geCb: — U — - y,u,eanaﬂ KNMHeTn4yecKagd 3Heprm9|, — U — - y,u,eanaﬂ
2g  2g pg  pg

noTeHUuManbHas SHeprua AaBneHns; zq U Z, - yAenbHasi NoTeHumManbHas aHeprus
NONOXXEHUSA YyacTuLbl B ceveHusax 1-1 n 2-2, CooTBETCTBEHHO.

CornacHo ypaBHeHuUo bepHynnn cymma Tpex ykasaHHbIX BENUYUH ABNsSieTCH
NMOCTOSIHHOW, YTO NPUBOAUT K paBeHCTBY dei= dex.
CeyeHus 1-1 1 2-2 B34Tbl NPOM3BOSILHO, NO3TOMY MOXHO 3anucaTthb:

2
de="+ P 4/ const (2-37)

2g pg
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Hrak, cymma Tpex wieHOB ypaBHEHUs bepHyIIu ecTh CymMMa TpeX yAeNbHbBIX SHEPTUil: yIeIbHON KHHETHYECKOM
SHEPTHH, YACIbHOU MOTEHIUAIBLHON YHEPTUM JIABJICHUS U YACIbHOU MOTEHIMAIBLHON Y3HEPTUU MOI0XKeHus. st
WIeaIbHOM KHUIKOCTH CyMMa TpeX YACTbHBIX YHePTUi (ITOIHBIN HATIOP) MO JUTHHE JIEMEHTapHOU CTPYHKH
MIOCTOSIHHA.

B o6wem ypaBHeHve bBepHynnu sBnseTcs cneuuanbHbIM BblpaXeHUEM
OCHOBHOIO (OM3NYECKOro 3aKOHa COXPaHEHUS SHEPTUN.

YpaeHeHue BepHynnu 0ns cmpyliku peasibHOU Xxudkocmu.

Ecnn BMecTo wuaeanbHOM XWMOKOCTUM paccMaTpuBaTb pearnbHyl, TO
ypaBHeHue bepHynnu fomkHo 6yadeT cylecTBeHHbIM 06pa3oM uaMmeHuTbes. pu
OBWXEHUN peanbHOW XUOKOCTU ee MOonHaga yaenbHasi SHeprna nnu Hanop 6yaer
ybbiBaTb MO HanpaBneHuto OBWXeHMs. [pudnHa 3ToMy - HeusbexHble 3aTpaTbl
9HeprMm Ha npeogorieHne  COMPOTMBAEHUA  OBMXEHWUO, O0OYCrnoBMEHHble
BHYTPEHHUM TPEHUEM B BA3KOW (T.e. peanbHOW) XMUAKOCTU. 3HAuYuMT ONs1 CTPYWKK
peanbHOM XWOKOCTW MOSMHasa yaenbHas aHeprna B ceyveHun 1-1 GypeTt Bcerda
bonblue, Yem NnonHas yaenbHasd 3Heprna B cneaylowemM 3a HUM ceyeHun 2-2 Ha
BENWUYUHY YKa3aHHbIX NOTEPb SHepruu, U ypasHeHne bepHynnu Bcneacrene aToro
npUHUMaeT BUA:

2 2

u_1 + & + Z1 = u_2 + p_2

2z pg 2z pg

[MogoBHO TOMy, KaK TpW YreHa NIeBOoM YacTu 3TOro YpaBHEHUS N TP NepBbIX
yfieHa npaBoOW €ero 4yacTu npeacTtaBnsAlT COOOM MOSMHYD 3JHEPru XKUAKOCTU
COOTBETCTBEHHO B ceyeHusix 1-1 u 2-2, Tak u BenuuuHa h, aensetca mepoi
9Hepruu, NOTEPSIHHOM Ha NPeoaosiEHNEe COMPOTUBIIEHNA NPU €€ OBMXEHUN Mexay
yKaszaHHbIMU cedeHusaMmn. COOTBETCTBYHOLMA 3TOM MOoTepe YyOAeNbHOW 3SHepruu
Hanop HasblBalOT NoTepen Hanopa Mexagy ceveHnamn 1-1 n 2-2. B cootBeTcTBUM C
3TUM rpadomk ypaBHEHUA BepHynnu onsa cTpynkm peanbHon (puc.2.16.) XUAKOCTU
OygoeT oTnuMyatbCA OT  aHanormyHoro rpadpmka aAns  wnaeanbHOW  XKUOKOCTW.
[MockornbKky B cnyvyae pearibHOM XUOKOCTU NOSMHbIA Hanop BOOSMb CTPYWKU yObiBaeT
MO HanpaBieHUIO ABWXXEHWE, HAMOPHYI0 JIMHUIO M300paxalT He ropuM3oHTanbHOM
npsMon (Kak B crnyyae wuaeanbHOW XMAKOCTWU), a HekoTopoi kpusow 0-0'. Ons
XapaKTePUCTUKN OBWKEHUA BA3KOW pearibHOM XMOKOCTU MOMb3YHTCA MOHATUSMU
rmapasnnyecknin U Nbe30MeTPUYECKUI YKINOHbI NOTOKa. [MapaBnmMyeckum YKNOHOM |
Has3blBaeTCAd MNafeHue MOoSIHOro Haropa, OTHECEeHHOe K eduvHuue [OfWHBI,
namepsaemMon BOonb CTpynkn. CpegHnin rmapaBinyecknin YKNOH Ha yvyacTke Mexay
ABYyMSA cedeHnamu 1-1 u 2-2 onpegenseTtca:

h/
i=—
L
rlbe3OMeTpI/1LIeCKI/IM YKIMOHOM ip Ha3blBaeTtcAaA unamMmeHeHune noTeHumnaribHoro
Harnopa, oTHeCeHHoe K eaunHunue ArnnHbl:

(e pe) =)
pg pg
b= 3 (2-40)

YKMOHBI i U ip- OTBNIEeYEHHble, 6e3padmepHble BENMNYNHDI.

+7z,+h (2-38)

(2-39)
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YpaeHeHue BepHynnu 0nss nomoka peasibHOU Xudkocmu.

BoiBegem ypaBHeHue bepHynnn gns ycTaHOBMBLUErOCS MOTOKa BSA3KOW
(peanbHOM) XWOKOCTW, COCTOSALEro M3 COBOKYMHOCTU 3feMeHTapHbIX CTpyek.
Bocnonb3yemcsa ypaBHeHnem (2-33) 49 3fieMEHTapHOM CTPYMKU. T.K. Mbl
npegnosiaraemM, 4YTo MOTOK COCTOUT U3 COBOKYMHOCTU 3fieMEHTapHbIX CTPyek, TO
ypaBHeHne bepHynnM ana uenoro notoka MOXeT OblTb MOMyyYeHO nyTem
CYMMUPOBaHUS (MHTErpMpoOBaHUS) MOMHbLIX 3HEPruin BCEX dfeMEHTapHbIX CTPYeEK,
COCTaBNALLNX NOTOK, N NOTEPb SHEPTUUN, B HUX NPOUCLLEILNX.

[MpouHTerpmpoBas ypaBHeHUe (2-38) NO XMBOMY CEYEHWUIO MOTOKA, MNOSTy4YnUM
ypaBHeHWe bepHynnu ans noToka peanbHOW XUOKOCTU:

2 2
GV Py, 2%2V2 P2 ) i (2-41)
2g  pg 2g  pg
/
u 0 ;1”
2g uz
2g
x
p
b2
, |re
Z1 ! — [ w
of |2
0 \ 4 \ 4 O
Puc.2.18.

T.e. MBI yCTaHOBWIIN, YTO ypaBHEHHE bepHyIuM U1 11e710T0 MOTOKA BS3KOH JKHIKOCTH 110 CBOEMY ITOCTPOEHHIO
AHAJIOTUYHO ypaBHEHUIO bepHyium s snemMeH-tapHOH cTpyikn. Kak OBl yBeIHUIHIN 3JIEMEHTAPHYIO CTPYHKY 10
pa3MepoB 1eIoro noToka. OTMETUM Ba)KHOE OTIIMYHE. Y IeNbHAs KHHETHYECKask SHEPTHUs UM CKOPOCTHOM Hamop B
ypaBHEHMH bepHyIM A1 MOTOKA peatbHOM KHUIKOCTH PACCUUTHIBACTCS MO CPe/IHell CKOPOCTH V ABIKEHUS
JKUJIKOCTH.

HoBbIM a51eMeHTOM 371€Ch SIBISIOTCS KOO QUIIMEHTHI KMHETHYeCcKOH sHepruu (koadduuuent Kopunomnmca) o,
BEJIMYMHA KOTOPBIX 3aBUCHT OT CTEIICHH HEPAaBHOMEPHOCTH PACIPEICTICHNS CKOPOCTEH 0 KUBOMY CEUEHHIO
MOTOKA; OHU KOPPEKTHPYIOT BEIMUMHY KUHETUYECKOW SHEPTUH MIPU ONPEICIICHUH €€ TI0 CPeAHUM CKOPOCTSIM V B
COOTBETCTBYIOIINX )KUBBIX ceueHnsix 1-1 u 2-2.KoadduuueHt o onpeaensieTcs OnbITHBIM MyTeM Ha OCHOBAaHUHU
CHeLHUAIbHBIX U3MEPEHUI CKOPOCTEN B Pa3IMYHBIX TOUKAX MOTOKA XKHUIKOCTH. [IJisl TaMMHApHOTO pexKrMa B
KpyriisiX Tpybax a=2,0, a st TypOynenTHoro (passuroro) o.=1,05-1,1. Ypasuenne (2-41) sipsieTcst ypaBHCHHEM
Beprysumu [u1s enoro noToka peaabHOU xuaKocTH. [Ipu 5TOM cyMMa Tpex ero 4WiIEHOB - €CTh CyMMa Tpex

V2

YACTIBHBIX SHEPTHH [IEJIOTO MOTOKA BI3KOH KUIKOCTH B ceueHHsx 1-1 u 2-2: - yIeJbHas KHHeTH4ecKas

2g
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SHEPrusA NOTOKa, — — - yACJIbHAs NOTCHUWAJIbHAs SHEPTU AABJICHUA, Z - YCIbHAs SHEPTUs ITOJIOKCHUSI, h -

MOTCPU SHEPIUU, MPOUCIIECAIINX IPU ABUKCHUU peaanoﬁ (BH3KOﬁ) KUAKOCTHU OT NEPBOT'O CEYCHUA KO BTOPOMY.

Kak yxe ykasblBanocb, yaernbHash 3SHepruss B ruvapaBriMke HasblBaeTCs
Hanopom, MO3TOMY YypaBHEHUS bepHynnn B reomeTpuyeckon uHTepnpeTtaumm
MoxXeT ObITb npeactaBneHo: Hpi=Hp2 + h, roe Hgi- nonHbIM Hanop noTtoka B
ceyeHnn 1-1; Hpo- NOMHbIN HAnop NoToka, B cedeHun 2-2; h- noTepu Hanopa mexay
cevyeHnamu 1-1 n 2-2.

BuObI 2udpaesiu4eckux cornpomuesieHuu.

HpI/I ABVOKCHHUH JXUIAKOCTH Pa3JIMYar0T ABa BUJa COHpOTI/IBHGHI/Iﬁ 1, COOTBETCTBECHHO, Ba BHUJA. IIOTEPH HAIIoOpa:
1) noTepu Hanopa no AnuHe (CONPOTUBMEHUS NO AJIMHE);
2) MecTHble NoTepu Hanopa (MeCTHble CONPOTUBIIEHNUS).

MoTepn Hanopa oOycrnoBNMBaTCA HaNMYMEM TPEHUS KUOKOCTU O CTEHKM,
orpaHu4yMBatoLMe MOTOK, a Takke OeNCTBMEM CUN BHYTPEHHero Tpenus. MoTtepwu
Hanopa, Mo AfIMHe pacnpenensitoTcs paBHOMEPHO MO AnvHe noToka. MecTHble
noTepw - 3TO NOTEPM Hamnopa, BO3HUKAKLLNE B MECTaX U3BMEHEHUS XKMBOFO CEYEHUS
WNn KoHdUrypaumm noToka (TO eCTb MPOUCXOAUT PEe3Koe MECTHOe W3MEHeHue
BEITMYMHbI U/MNW HanpaBrieHWIn ero CKOPOCTEN).

JlamuHapHbIi pexum.
OcHoeHOe ypaeHeHUe pagHOMEPHO20 O8UXKEHUS.

Paccmotpum (prc.2.19.) NOTOK XMAKOCTM NPOU3BOSILHOM (POPMbI, UMEIOLL A
no AfIMHE NOCTOSIHHOE XMBOE CeYeHne S N HaKNMOHEHHOE K rOPU3OHTY MoA YriioM .
Bbigenum B notoke cevyeHuammn 1-1 mn 2-2 otcek ABCD pgnuHon L. OB6o3Hauymm
AaBIEeHUs B LeHTpax TSKECTU XMBbIX cedeHnn 1-1 n 2-2 COOTBETCTBEHHO P1 U P2,

. Zo —Z
[EOMETPUYECKUE BbICOTbI LIEHTPOB TSKECTU Z1 M Z2 (OTMETUM, YTO sing = —2— 1),

B ycnosusix paBHOMEPHOIO [OBMXEHUS BHELUHWE CUMbl, NPUMOXEHHbIE K
XNOKOCTW, AOSMKHbI BbITb paBHbI CUlaM CONPOTUBIIEHNSA, NO3TOMY CyMMa NPOeKLU
BHELIHUX CUNl Ha nobyl OCb AO0MKHa OblTb paBHaA CyMME MPOEKUWA Cun
COMPOTUBIIEHNA Ha Ty Xe OCb (T.e. CymMMa MpPOEKUUM BCEX BHELLUHUX CUn,
NPUITOXKEHHbIX K YKazaHHOMY 0O6beMy, Ha Nobyo ocb A0MMKHA ObiTb paBHa HYM0).
Ha BblaeneHHbin 00beM AENCTBYIOT BHELLUHME CUMbl: - CUnbl gaBnexHmsa F1 un F»
HOpPMarbHbIE K 3TUM CEYEeHUAM:
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F1 = p1S1 = p1S, F2 = pzSz = pZS (Sl =S, =S. Tk paBHOMEpPHOE
OBWXEHWE);
- Cunbl rmgpoanHamMmmy4eCcKkoro gaBji€eHnA pn Ha 6OKOBy|'0 NOBEPXHOCTb OTCEKa

o) hm¢
% lo
—
D L~
L ‘ \I| P X
’ ‘ — a
—
1( - -
- - C
A
—
— -
| — P 2 72
— 0L
- pl
G
Z1 D
1
O ¥ 0
Puc.2.19.

ABCD co0 CTOpOHbI OKpYy>KatoLLen ero XXUAKOCTW, HanpasnieHbl NEPNEHONKYNSPHO K
3TOM NOBEPXHOCTHU;

- cuna TSXecTn (Bec oTceka), HanpasrneHa no Beptukanu BHn3: G = pgSL;

- CUnbl COMNPOTUBMNEHUS ABMXEHUO T, NpUNoXeHbl BAOMb MOBEPXHOCTU
cTeHoK oTceka. OBO3HauYUM 4Yepes t CUNY TPeHUus, NPUXOOSALLYCS Ha eauHuLy
NMOBEPXHOCTU (T.€. KacaTesibHble HanpskeHus): T= t IT L - aTa cuna HanpasneHa
napannenbHO OCU, HO B CTOpPOHY, ObpaTHyl TeuyeHuto. 3gecb I1- CMOYEHHbIN
nepumetp (2-20).

CocTtaBuM ypaBHEHMUSI NPOEKLUN BHELLHMX CUIT HA OCb X-X (C y4€TOM TOro,
YTO Pn HE AKOT NPOEKUUN Ha 3TY OCb).

F, —F, = Gsina —T=0, nmn

Z2—Z

p4S—p,S—pgSL l=zIIL

pasgenum Bce YneHbl NocrneaHero ypaBHeHUs Ha pgS:

IIL
p—1—p—2—22—Z1=T , NN

pg  pg pgS

(o))
pg Pg pgS
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TaK KaK KMHETUYECKMEe SHeprmm B cedeHusax 1-1 mn 2-2 paBHbl (paBHbI
nnowagn CevYeHur, 3Ha4YUT, U CKOPOCTU paBHbl), TO NieBass 4acTb YpaBHEHUS
BblpaXkaeT NoTepU Hanopa Ha AnuHe otceka (cm.2-41):

he h;m _T IIL
pgsS
OCHOBHOE YpaBHEHME paBHOMEPHOIo OBMXEHUS.
Takum obpa3omMm, CONPOTUBIIEHUS, BO3HMKAKOLWME MNPU  PaBHOMEPHOM
OBWKEHUU BA3KOW XNOKOCTN, npsAamo nponopunoHarnbHbI anuHe NMnOTOKa,
CMOYEHHOMY MEPUMETPY, HAMNPSIXKEHUIO CUMbl TPEHUSI Ha CTeHke Ku obpaTHo

(2-42)

S
NponopLUnOHanbHbl NoLWaan XXMBOro CEYEHUSI NOToKa. YYTeM, UYTO ﬁ = R (2-20),

L
Toraa ypasHeHue (2-42) 6ynet umeTb cnegytowmni Bua hy; = RT .
rPg
hyn T hgr
Pasgenvm Ha L: = . T.K. ——=1 (cMm. 2-39), nony4nm:
L Rrpg
t=1Rpg=1Ry (2-43)

Hauboaee ywacmo ynompeoisemvlii U0 OCHOBHO20 YPABHEHUS PABHOMEPHO2O
OBUNCCHUAL.

IHoTrepu Hamopa no AJIMHe U pacupeaeJeHue CKOPOCTel Mo KUBOMY
CCYCHUIO NIPH JIJAMHHAPHOM PeKUMeE

B YCJIOBUAX YCTAHOBUBHICTOCH ABUKCHUS.

PaccmoTpum Hanboriee MHTEPECHbIM U BaXKHbIN OS11 HAc cny4vyanm OBUMXKEHUS
BA3KOW  XXMOKOCTM B HaAropHOM

r Tpybonposoge (puc.2.20.) Kpyrnoro
dr Q cevyeHna pagumycom ro. CoBmMeCcTuUM
rOI T OCb X-X C OCbl0 TPyObl 1 HAMETUM OCb
r MO HanpasfeHUK U3MEpPEHUs

Ar A

r

i X AnameTtpa. Bblgenum BHyTpu TpyObl
LUNMHAPUYECKNA cTONG ABMXKYLLENCS
XNOKoCTu pagnycom r
(3awTpmxoBaH).

Pnc.2.20.

[ns npodonbHOro KacaTenbHOrO HarnpshkeHust TpeHust t no 6GokoBoW
MOBEPXHOCTM XMUAKOro CTonGa MOXHO 3anucaTh ABa BblpaXeHus:

d
-1 cornacHo 3akoHy HbeloToHa (2-6): T=— &

dr
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-2 COrnacHoO ypaBHEHUIO PaBHOMEPHOro ABMXeHUs (2-43): 1 =yRri=y %i

2
Tr r
roe Rp=—=—).
( "o 2
Peluasi COBMECTHO 3T ABa YpaBHEHUS OTHOCUTENBHO CKOPOCTU U, MOMAYYNM:
1y .
du=- El irdr . VIHTerpmpys aTo ypaBHEHMe Nony4yaem:
7
u=- 4Lir2 + C. NocTosHHY0 nHTerpmpoBaHna C HaxoamMm 13 CneayoLlero
u
ycrnosus: npu r = ro u=0. OkoH4YaTeNbHO
u= X i(r02 - r2) (2-44)
4
B Tmax T.e.  CKOPOCTb  U3MeHsieTca Mo
—0 napabonunyeckomy 3aKOHY (pnc.2.21).
Mpryem npu =0 (B LUeHTpe TpyObl) CKOPOCTb
> Umax T= ¥ 5
MakcumarnbHa U, = ——Iirg .
4p
u=0 T max Nnv noactaeBmB 3TO BbipaxeHue B (2-
Puc.2.21. 44) nonyyum 3akoH CTtokca:
2
U=, | 1-— (2-45)
To

N3 BbipaxeHna (2-6) crnefyet, YTO BeENMYMHA HaNpPshKeHUs CUIl TpeHus
N3MEHSIETCS MO XUBOMY CEYEHUIO TPYDObl N0 NMMHENHOMY 3aKOHY. [Py 3TOM Tmax NpU
r=ro (y cteHkn) u t = 0 npu r = 0(B LLeHTpe TpyObl).

Onpepenum pacxod XWUOKOCTW, npoxogsawen no Tpybe. OnemeHTapHbIn
pacxoq >KMAOKOCTWU, NPOXOASLLE 4vepe3 3feMeHTapHyK 4acTb Mfowagn >XMBOro
ceyeHud B BuAe KorbLa TonwmHon dr, umetowero paguyc r (puc.2.18.):

dQ=udS=u2nrdr =Li(r02 - r2)27tr dr
4p
I/IHTerpMpyﬂ Mo Bceun nnowagn XmMBoro ce4eHusd

Q=1Yni (8 —r2)rdr=1n1 id= ' pY gt (2.40)
2p 5, 8 128

- 3aKoH (doopmyna) NareHa-lNyasenns.

CpeaHsas cKkopoCTb:

2 h
v=9=(1 nyid4) LN S A LT Y
S \128 32u 32u L

Ortkyna:
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L= L (2-48)

ConoctaBnsasa BblpaxeHnsa (2-47) n (2-44) MOXHO BUAETb, YTO B KPYrrioun
Tpybe npu namumHapHOM pexuMme OBUXEHUS CPeAHSAsi CKOPOCTb V B ABa pasa

1

MeHblUe MakKCUMaribHOMn, T.e. v=—u )
2 max

N3 (2-48) BMAOHO, 4YTO NMOTEpM Hanopa no AfVHE NpU NaMUHAPHOM pexnme
ABWXKEHUS NPONOpLUMOHarnbHbl MepBOM CTENEHU CKOPOCTHU.

YcTtaHoBUM BblpaXeHune and rmgpasiindeckoro ykKrioHa. Pasgennm nouneHHo

h
ypaBHeHune (2-48) Ha L. — =i=&vzv, UNN, NMOMHOXWB W MOAEnuB Ha 2V,
gd
. 2.32vv? _ B4vv? vd . 64v?
nepenuwem B Buae 1= = ,aTkK. —=Re, 70 1=——
vd2gd vd2gd \% Re 2gd
(2-49)
CnepoBaTenbHO, rMAPABANMYECKUA  YKIMOH MNpPU  NIAMUHApPHOM  peXxume
4 4
ABWXEHUA 3aBUCUT OT yucna Re; BbipaxeHune 16{_ o6o3HavalT A =§— (2-50) n
e e

Ha3bIBaOT KOIPPULMEHTOM rMAPaBINYECKOTO TPEHUS.

OkoH4aTenbHO chopMyna pnns onpegeneHuss NoTepyu Hamopa Mo AnuvHe
MOXeT ObITb 3an1caHbl:

2
h, =AY
d 2¢g

-cbopmyna dapcu-Bencbaxa.

(2-51)

Typ6yneHmMHbIU pexxuM O8UXKeHUs

B TexHomnornyeckux annapatax Haubornee 4acto BCTpeyaeTcs He
NnamMvHapHbIN, a TypOYMeHTHbIN pexumM ABWKeHUs. MHOroymcrieHHble MornbITKY
NOAONTU K MccnenoBaHuio TypOyneHTHOro pexunma, Metogamum MatemMaTUyecKoro
aHanusa oKaH4YMBanucCb Heygayen n3-3za HEBO3MOXHOCTU OXBaTUTb C MOMOLLbIO
3aKOHYEHHOM Teopun Habnwgaemble MHoOroobpasHble M CrOXHble sBreHusa. B
TypOyneHTHOM NOTOKe Kagas OTAENbHO B3sTas YacTvua XUOKOCTU OBMXKETCH Mo
CINOXHOW KPUBONMHENHOW TpaekTopun. T.e. onucaTb YpPaBHEHUAMU [OBUXEHUE
YyacTuy, NpakTU4eckn HeBO3MOXHO. CoBpeMeHHas ruapoavHaMmka npu M3yyYeHuu
TYpOYNeHTHOro pexuma WUCrnonb3yeT B OCHOBHOM CTaTUCTUYECKUMA MeTo[
nccrneaoBaHus, paccMaTpyBalOWMN  Kakue-To  “CrnaXeHHble”, cpefgHue no
BPEMEHW, XapakKTepucTukn notoka. W Ha  OCHOBaHUM  BCECTOPOHHErO
TEOPEeTUYECKOro N 3KCNepuMeHTanbHOro uccnegoBaHnim ¢ NOMOLLLIO 3TOro MeToaa
MOXHO YCTaHOBUTb OCHOBHblE 3aKOHOMEPHOCTUM W AdaTb WX KOJSINYECTBEHHYIO
OLEeHKY. PaccMOTpUM HEKOTOpPbIM MOTOK XWUOKOCTU Npu TypOyreHTHOM pexume.
HecMmoTpss Ha TO, YTO Kaxgas 4YacTmua y4dacTBYeT Kak B MPOAOSibHbIX, Tak WU
nonepeyHbIX OBWXEHUAX, BCE Xe MOXHO YCTaHOBUTb [flaBHOE HanpasrieHune
OBWXKEHUS - OBWXEHWe 4YacTuy, BOOSIb OCU MOTOKA, T.K. KaxJas U3 HUX, B KOHLeE
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KOHUOB, nepemMelwlaetca B 3ToM HanpasneHun. Otmetum T.0 (puc.2.22.) B
MPOCTPaHCTBE, 3amnofIHEHHOM [OBWXYLLENCS >KUOKOCTblo. Yepe3d Hee 6yayt
NPOXOAUTb PasnnyHble YacTuubl XNUOKOCTU, NPUYEM CKOPOCTU ByayT pasnunyHbl He
TOMbKO MO BENUYMHE, HO W NO HanpaeBneHuto. CKOpoCcTU [OBMXKEHUS 4YacTuu
XWOKOCTU B AAHHOM TOYKE B [AAHHbIN MOMEHT BPEMEHW Ha3biBalOT MIHOBEHHbLIMU
MECTHbIMU CKOPOCTAMU B [AAHHOM TOYKE WIn
NPOCTO MFHOBEHHbIMM CKOpOCTsAMU. JToByto
MFHOBEHHYIO CKOPOCTb MOXHO pPasnoXuTb Ha
cocTtaBnswowme. M3obpasum  rpacmnyeckm
(pnc.2.23.) M3MEHEHNSA 3TUX COCTaBNALWMX B
3aBMCUMOCTM  OT  BpPEeMeHn  (gonyctum
NPOOONbHYHO COCTaBNALLYHO CKOPOCTH,
Pnc.2.22. nMmerwwen Haumbonblume  3HaYeHua  Ong
nNpakTu4eckmx uenen). 3tn rpadmkm HasbiBatoT

rpacdpukamn nynbcaumi. [MOCKONbKY MrHOBEHHAasi CKOPOCTb B [AAaHHOM TOYKEe He
NOCTOsIHHA, a MW3MEHEHSsIeTCA BO BpPEeMeHu, B rmapoauHamuke nns ynobcTsa

MCCneaoBaHUsA NOTOKa BBOOMTCS MOHATME ycpeOdHeHHoU ckopocmu (V) - T.e.
CpedHen CKOpPOCTb0 B AdaHHOM TOYKe 3a [[OCTaTOMHO 605bLon MPOMEXYTOK

_'Evdt
0

BPEMEHU: V= . YCpeaHeHHyI0 CKOPOCTb MHOr4a HasblBalOT CpeHen MeCTHOW

CKOPOCTbHO.

PasHOCTb MeXay WCTUHHbIM U YyCpeOHEHHbIM 3HAYEeHUSAMU MIHOBEHHOW
MECTHOW CKOpPOCTHU
Ha3blBaeTCs Ay
MyfbCaUMOHHON CKOPOCTbIO

unm NyNbCaLMOHHOM
no6aBKoii: Vi=v-v. Vi

[MoHaTne yCcpeaHeHHOoM A

CKOPOCTM  He  cnenyeTt V/;S!‘

cMmewwvBaTtb (Henbssa!) c

NOHATNEM cpeaHen v

CKOpPOCTH,

npeactaenswowen  codon

HEe CpPedHIon MO BPEMEHMU v t

CKOPOCTb B AaHHOW TOYKe, <

a CpefHIol CKOpOCTb Ans Pnc.2.23.

BCEro nonepeYyHoro

ceyeHus. B rmgpoanHamuke BBOAUTCSA MOHATME MHTEHCUBHOCTU TypOyneHTHOCTU:
’

Ip =+
\4

Mpodunb ocpeaHeHHbIX BO BPEMEHM CKOPOCTeN oTnuyaeTcs oT rpaduka
CKOPOCTEN MNPW NaMUHAPHOM pexume OBWKEHWUs, T.e. He napabonu4veckul, -
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BepLUMHa nmeeT Bonee LWMPOKyo BepLunHy. U cpeaHsisi CKOpoCTb Vep # 0,5 v, @

3HaunTenbHo BonbLue, npuyem 3TO COOTHOLLEHME 3aBUCUT OT Re.

B TypbyneHTHOM noOTOKe Bcerga HabnwgaeTcs nynbcaumsa CKOPOCTERN,
BCNeACcTBME Yero Mexay COCedHVMMWU CROSMW  XMOKOCTU BO3HMKaeT OOMeH
YacTuuamu, Bbi3blBalOLLMIA HeMNpepbiBHOE nNepemelunBaHue xuakoctn. OgHako, y
CTEHOK, OrpaHMYMBalOLLMX MNOTOK, CO3dalTcs ocobble YCNoBUS AONA OBUKEHUS
Xuakoctn (puc.2.24.). MHOroYMCreHHbIMU 3KCnepuMeHTamu 6bino yCTaHOBMEHO,
4YTO CKOPOCTU TEYEHUS XNOKOCTU HENOCPEACTBEHHO HA CaMOW MOBEPXHOCTU CTEHOK
BCreAcTBME NPUIIMNAHUS K HUM CMaYvMBatoLemn XnaKocTn, paBHbl HYIO; HA BECbMa
MarioM pacCTOSAHUM OT CTEHOK CKOPOCTM AOCTUraloT 3HAYUTENbHOW BErUYMHbLI; B
Bonee yganeHHbIX OT CTEHOK TOYKaxX CeYeHWUs NpoucxoauT danbHenwee (HO yxe
bonee mMegneHHoe) yBenn4YeHne CKOpoCTu.

Ha OCHOBaHUU 3TUX
npegnoceiiok J1. lMpangtnem (30-e
rogbl XX B.) 6bina npegnoxeHa
cXxemaTu3MpoBaHHas Moaenb
TypbyneHTHOro notoka. [lo 3aToun
Cxeme y CTeHoK obpasyeTcs BeCcbMa

AIpO TypOYJIEHTHOTO
OTOKa

AT A

nepexoaHas
001aCTh

TOHKMW CNOW, B KOTOPOM CKOPOCTb
N3MEHsIeTCs He ckadykoobpasHo, a

51 HEMNPEpPbLIBHO U OBWXEHME XXNOKOCTU

npoucxoaunt no 3aKoHaMm

cTenka JaMHHApHBIA ~ NlAaMUHapHoro pexuma. OcHoBHas
[IOACIION YacTb NOTOKa (A4p0), cBA3aHHaAA C

TPYyOBI

3TMM CIlOeM, Ha3blBaeMbiM BSA3KUM

(vnn  namMuHapHbIM) noacnoem,

Puc.2.24. KOPOTKOM nepexoaHomn 30HOW,

ABMXKETCA TypOyneHTHO C  noudTu

OAWHAKOBOW AS11 BCEX 4acTUL, >XMAOKOCTU OCPEeOHEHHOM CKOpPOCTbl. Hanuuue

noacnosi [OokasaHO 9KCnepuMeHTanbHOo. TonwmHa BecbMa Mana, O06blYHO

onpegensieTca Aons MM MM U 3aBUCUT OT Re. HecmMoTpa Ha mManyk TOMLWUHY,

BA3KMM MNOACMON OKa3blBaeT pellarollee BIIMSHUE HAa WMHTEHCUBHOCTb TEMSO- U
MacconepeHoca.

KacamernbHbie Haripsi>keHusi e myp6yneHmHOM NMmomoke

MNonHoe cymMmapHOoe KacaTeNnbHOe HanpsbkeHue 1T, BO3HMKawllee B
TypOyneHTHOM MOTOKe, ONPedensioT Kak CyMMY ABYX HanpsKEHUN - BA3KOCTHOMO
Ty, BbI3bIBAEMOTO BHYTPEHHUM TPEHWEM >KUAKOCTM, U WHEPLMOHHOIO T,

00yCrnoBMAeHHOro TypOyneHTHbIM nepemMelunMBaHueM: t=tg+ty . [lepBoe Mu3 HuX
HaxoguMTCca nNo ypaBHeHuio (2-6). Btopoe cnaraemoe obycnosnuBaeTcs
nynbCauMOHHbIMM A0DOaBKaMn CKOPOCTU, 3aBUCMMOCTb KOTOPbIX OT OCPEeOHEHHbIX
XapaKkTepuUCTUK TypOYnNeHTHOro notoka A0 CUX MOP MOSIHOCTbID He YCTaHOBMEHa.
Hanbonee u3BEeCTHbIM SABMSETCA  pelleHue, TMOofydYeHHOe Ha  OCHOoBe

2
. 5 dv
nonyamnupuyeckon Teopum MNMpaHaTna, cormacHo KOTOPoOW Ty =P L2 (d— . 3gecb

n
L - pgnuHa nytm nepemewmBaHus. lpu TypOyneHTHOM OBWXEHUW MOMMMO
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NPOAOMBHOIO ABWXEHUSI, UMEETCH €eLle U MnonepevyHoe nepemMeLleHne yactuy co
CKOpOCTbIO V' (MynbcauuoHHasa CKopocTb). [loaToMy uM3MYECKM ONUHY NyTU
nepeMeLllnBaHmss MOXHO MpPeAcTaBUTb Kak MyTb, KOTOPbIM OOS/HKHA MNPOWTM B
NoONepeYyHoOM HamnpasfeHUM YacTuua XWUOKOCTM OTHOCUTENIbHO OCTanbHOW ee
Maccbl, YTOObl B pe3ynbTaTte CMELIEHNsI C OKpYXawWmm TypOyneHTHbIM MOTOKOM
NOTEPATb CBOK NYNbCALMOHHYK COCTaBMASAOLY CKOPOCTMW.

Takum obpasom cymmapHoe KacaTernbHOe HanpsiKeHne paBHo:

d dv)?

‘c=‘cB+tH=u—V+pL2(—V) (2-52)
dn dn

[Mpn nammnHapHOM pexume, Korga nepemMeluvBaHne He NpoUCXoauT, ANvHa

nyTm nepemewmnBaHna L=0 n ypaBHeHWe npespawjaeTcs B 0bObIMHOE ANA 3TOro

cnyyas ypaBHeHue (2-6). MNMpun TypOyneHTHOM pexume, KOTOPbIA XapakTepuayeTtcs

WHTEHCUBHbLIM MNepeMeLlnBaHneM, 3HavyeHnem Ty npeHebperaloT U NOMHoe

2
2 dv o
HaripaxXeHmne onpegendrT Kak ‘C=pL d_ . Takum o6pa30M npu BGonbLon
n

TypbyrneHtHocT notoka (Re>>10000) MOXHO cuuTaTb, YTO KacaTernbHoe
HanpsbkeHne ©OygeT nNponopuMoHanbHO MNIIOTHOCTU XWAOKOCTU W Keadpamy
rpagueHTa ckopocTu. Ecnu TypOyneHTHbIN pexuM xapaktepuadyeTcs HebonbLmmMmu
yncnamm BA3KOCTHOE HaNps>KeHne COU3IMEPUMO C WHEPLMOHHbIM U  MOJSIHOE
HanpsbkeHne GyaeTt npornopuMoOHanbHO CKOPOCTU B CTEMNEeHW, HECKOSbKO MeHble
emopod.

NMoHsTHE O rmapaBrin4yeCcKu rmagkux U rmgpaBrin4yecku LLepoxXoBaTbIX
Tpybax.

Ha wmexaHnsm TypbyneHTHOro noTtoka 6onbloe BriMSAHME OKa3sbliBaeT
COCTOSHME OrpaHUYMBalOLLMX ero TBepAblX CTEHOK, Bceraa obnagaroLlmnx B TOM Unu
WHOM CTeneHn W3BECTHOW LIepoXxoBaToCThio. LlepoxoBaToCTb XxapakTtepusyetca
BENMMYMHOM N (POPMON pasfnNYHbIX BbLICTYNOB W HEPOBHOCTEW, MMEKLMXCHA Ha
CTeHKax W 3aBuUCUT OT MaTepuarna u ux obpabotkn. C TedyeHnem BpemMeHU
LLIEePOXOBATOCTb U3MEHSIETCA OT NOSIBNEHUS PXXaBUYUHbI, KOPPO3UKU, ocaakos n ap. B
KayecTBe OCHOBHOM XapaKTEPUCTUKN LUEPOXOBATOCTU CIYXUT TaK Ha3blBaemas
abcontoTHasa LwWepoxoBaToCcTb A, nNpeacTaBnsawowas cobon CpeHio BefIMYUHY
BbICTYNoB 1 HepoBHocTewn. lNMpeaenst A ot 0,05MM (HOBblE LLeNbHOTAHYThIE TPYObI)
no 2,0 mm (ctapble cTanbHble). B crnyyae, ecnu BbICTYMbl LWLEPOXOBATOCTU MEHbLLIE
TONWMHblI BA3KOro (famMuHapHOro) NoAacrios, T.e. ecnu A<3, Torga HepoOBHOCTU
CTEeHKM ByayT NONMHOCTLIO NOrPY>KeHbl B 3TOT CNOWN, TYpOyneHTHas YacTb NOToKa He
OGyoet BXoguTb B HENocpedCTBEHHOE COMPUKOCHOBEHWE CO CTEHKaMu W noTtepwu
9Hepruu (Hanopa.) He ByayT 3aBMCETb OT LLUEPOXOBATOCTU, a ByayT obycrnoBneHsbl
NULWLb CBONCTBAMM CaMOW XUOKOCTU. Takne Tpybbl Ha3blBalOTCA 2udpaesiudecKu
anadkumu.

Ecnn e A>3, HEpOBHOCTU CTEHOK OyayT BbICTynaTb B TYpOYMNeHTHYHo
obnacTb, yBenmumnBaTb TeM cambiM 6eCnopsaoYHOCTb ABMXKEHUS U CYLLECTBEHHbLIM
obpasoM BnvATb Ha noTepto 3Heprun. B 3Tom cnyyae Tpybbl HasbiBaloT
2udpaesiuyecKku wepoxosambiMu.
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Takoe peneHve YCNOBHO, T.K.

BENMYMHA & HE MNOCTOAHHA MU
yMeHbLlaeTca C yBenuyeHnem Re.
CnepoBaTenbHO, ogHa M Ta Xe Tpyba
A (cTeHka) B 3aBUCMMOCTM OT Re moxeT
OblTb M rMOpaBNUYECKN T[nagkon u
LLIepoxoBaToOW.

/_ -
L

[na xapakTepucTukn BNUSAHUS

TUAPABINYECKH TIIaJIKast Tpyoa LLEePOXOBATOCTM Ha ruapaBrnMyeckne
COMNPOTMBNEHMS B rmapaBnuke
) BBOOWUTCS MOHSITUE  OTHOCUTENBHOMN

LepoxoBaToCcTU g, No4  KOTOPOW
noHMMaloT 6e3pasMmepHOe OTHOLLEHME
abconoTHON LLIEPOXOBATOCTU K
HEKOTOPOMY  JIMHEMHOMY  pa3mepy,
Hanpumep, paguycy Tpybbl: & =Alr.

&

WX
L L

TUAPABIWYECKH IIepoxoBaras Tpyoa WHorpa BBOANTCA noHATNE
OTHOCUTENbLHON rnaakocTu: €= r/A. Ha
Puc.2.25. rmgpasnuyeckme CONpPOTUBNEHUSA

BNNAeT He Tonbko abcontoTHoe
3HayeHWe LWepoxoBaToCTU, HO B 3HAYUTENBHOW CTeneHn u dopmMa BbICTYMOB,
ryctota M Xapaktep WX pacnofioXeHusi. PasnuyaloT CTEHKM C paBHOMEPHOW
(06blMHO B nabopaTopHbIX UCCNedoBaHUAX) U HepaBHOMEPHOW (MPaKTU4eCKM)
LWepoxoBaTtocTbio. [Mpy rMapaBnuYecknx pacyeTax MWCMONb3YHOT MOHATME Tak
Ha3blBAeMOW 3KBUBANEHTHOW LLEPOXOBATOCTU. JTa LLEPOXOBATOCTb NpeactaBnseT
cobon Takyl BeSiM4MHY BbLICTYNOB OOHOPOAHOM abCoSIOTHOM LUepOXOoBaTOCTH,
KoTopas gaeT npu nogcyetax OO4MHAKOBYK C AENCTBUTESIbHOW LUEPOXOBATOCTbIO
BENUYMHY NOTEPU Hanopa.

lMomepu Hanopa no onuHe npu myp6ys1IeHMHOM PaéHOMEPHOM
ycmaHoeueuwemMcsi G8UXKeHuUU XudKkocmu.

Kak nokasbiBalOT OnbIThbl, NOTEPS Hanopa no AfMHe MOXeT OblTb BblpaXkeHa
yepes CKOPOCTHOM Hanop. B obwem cnyyae 3aBUCMMOCTb 4S5 NOTEPU Hanopa, no
2
L v (2-53), roe L- gonuHa notoka, Rr-
4R 2g
rmgpasnuyeckun paguyc. Ona kpyrmbix Tpy6 (4Rr=d) nonydnm cdopmyny Oapcu-
Bencbaxa:

AnvHe 3anucbiBaeTes Tak: hy; = A

LV2
hpyn =A — — 2-54
hib) d 2¢ (2-54)

roe A- KOIhUUMEHT rngpaBrnyeckoro TpeHusa. B crnyvyae nammHapHoOro
pexnma OBUXKeHUs bbina nonyyeHa TeopetTndeckas popmyna ans koadpdpuumeHTta
rmgpasnuyeckoro TpeHus (2-50).
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Mpn TypbyneHTHOM pexume ABMXKEHUS XUOKOCTU  KOIPPUUMEHT A
HaxoguMTCca MO amMnupuyeckum ¢opmynam. B obwem cnyyae KoadpduumeHT
rmapaBnMyeckoro TPEHUs 3aBUCUT OT Yncra Re 1 oT wepoxoBaToOCTM CTEHOK pycna
A, T.e. A=f(Re,A).

Bonpocy BnuaHuA pasnuyHbix ¢oakTopoB Ha 3Ha4YeHne NocBsLweHo bornbLioe
4YMCIO 3KCMEPUMEHTAsbHbBIX U TeopeTuyecknx paboT. bonbluon BKnaa B pelleHune
aToro Bonpoca BHec W. Hukypaase (1932 r.). OnbiTbl npoBoaunucb B Tpybax c
WCKYCCTBEHHONW  OOHOPOOHOWM  WepoxoBaTocTbio. B Tpybax ¢ Takom
LLepOXOBaTOCTLIO MPU pasnnyHbIX pacxodax onpeaensanacb nNoTeps Hamnopa v no
dopmyne (2-54) BbluMCNANca KO3GPUUNEHT rMAPABINYECKOrOo TPEHNSA N CTPOUICS
rpacdouk A=f(Re). B obnactn nammnHapHoro pexunma (Re < 2300 nnu IgRe < 3,36)
BCE OMbITHbIE TOYKN HE3ABMCUMO OT LLUEPOXOBATOCTU YNOXUINCE HA OLHY MpsiMyto |
. CnepgoBaTenbHO, B 9TOM Crlydae A 3aBUCUT TONbKO OT Kputepust PenHonbaca Re
N HE 3aBUCUT OT LiepoxoBaTocTu. lNpu 3HayeHusix Re ot 2300 go 3000 A GbICTpO
Bo3pactaeT C yBenudyeHnem Re, ocTaBasiCb OOWHAKOBbLIM [ANA  pPasfn4YHbIX
3Ha4yeHun wepoxoBaTocTn. B obnactn TypbyneHTHoro pexunma (Ig Re > 3,48 T.e.
Re > 3000) HauyMHaeT ckasblBaTbCA BIINAHME LLUEPOXOBATOCTU, MNPU ITOM YeMm
bonblle WepoxoBaTOCTb, TEM Bblle 3HAYeHWe A ONs OOHUX U Tex xe yucen Re.
Ana Tpy6 ¢ 60nbLWON WepoxXoBaTOCTbIO A MOCTENEHHO BO3pacTaeT C yBENIMYEHNEM
Re, pocturag HeKOTOPOro MOCTOSIHHOIO 3HayeHus. [Ona Tpyd c  manown
LLIEpPOXOBATOCTLIO OMbITHbIE TOYKM B HEKOTOPOM MHTEpBare pacnosaraloTca BAOSb
HaknoHHon npamon |l (Tak HasbiBaemas npsamas bnasuyca ana “rmagkux” Tpyo).
OTKNOHeHMe OT 3TOM nMpPsSIMOM HacTynaeT TemM paHblwe, 4Yem 6Honble
LepoxoBaToCTb. [lpn 3TOM A TOXe CTPEeMUTCA K HEKOTOpPOMY onpederieHHOMY
npegeny (lll). 3To Tak HasbiBaemas obnacTb BMNOSHE “LuepoxoBaTtbix Tpy6”,

oTBevyawllas KBaapaTUYHOMY 3aKOHY COMPOTUBIEHUS (T.e.T = v2 wm h, = M2).

Taknm obpasom Bcro obnacTb Yncen Ha rpadvke Hukypaase MoXHO pasgenntb Ha
NATb 30H:

1 - namuHapHbIn pexum, A=Ff(Re);

2 - nepexogHas u3 rnammHapHoro B TypbyneHTHbIn pexum, A=f(Re);

3 - obnactb "rmgpaBnuyeckun rnagkux" Tpy6 npu TypOyneHTHOM pexume,
A=f(Re); 40 r/A <Re< 80 r/A;

4 - obnacTtb wepoxoBaTbiX TPyO (AokBagpatuyHas obnacTb CMELLUaHHOro
TpeHua npu TypbyneHTHOM pexnme, A=f(Re,A); 80 r/A <Re< 1000 r/A;

5 - obnacTtb BMosHe wepoxoBaTbiX TPYO (KBagpaTUdHasa Unn aBToMoaenbHas
obnacTtb) npu TypbyneHTHOM pexume, A=f(A); Re > 1000 r/A.

OcCHOBHble  3aKOHOMEPHOCTW, ycTaHoBreHHble Hukypagse, ©Obinn B
AanbHenWweM noaTBEPXAEHbI U pa3BUTbl PSAOM uccnegosaTtenen. B HacTosiwee
BpeMs, npu onpeaeneHum koadguumeHTa A, npegnoyteHne otaatoT rpacuky A,
MypuHa. (unu rpaduk BTW), KoTopbi NpUBOAMUTCSA MPaKTUYECKN BO BCEX KHUrax no
rmgpaBnuke. Bo MHOrMx crnyyasx npegnoyTuTenibHen nonb3oBaTbCa AN
onpegerneHna He rpadMkoM, a pacyeTHbIMU 3aBUCUMOCTAMU. [Ns 30HbI rnagkoro
0,3164

TpeHus pekomeHayT popmyny bnasnyca: A = 055
Re™

unu copmyny KoHakosa:
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1

B (18 IgRe-1,5)*

1g(1007)

u)—‘
=)
S
-~
e

A N\ —
v S
0,6 \ ™~ /’>(\7 \\
/ _ AN - AN
\ AN
0.4 , \

I I \

N\
0,2 ‘<

3,0 40 5,0 leRe
Puc.2.26.
Ine.LV

bonee yHuBepcanbHasa popmyna Konbbpyka-YanTta, npumeHnmMmasa ansa Bceu

1 A 2,51
obnactn TypbyneHTHOro TeyeHus: —=-— + . W3BecTHa

VA 3,7d Re/A

A 68)°%°
dopmyna A.l. AnbTwyns: A ~0,1 1(E+ R—) . B kBapgpatnyHom obnactu
e

0,25
BMOJIHe WwepoxoBaTbix TPY6 - dopmyna b.J1.LLndpuHcoHa A =~ 0,1 1(%) :

Kpome dopmyisr [lapcu-Belic6axa 1iist onpe/enieHus IOTepy HAopa Mo JUIMHE MOXHO MOJIb30BaTHCS LEBIM
PSAIOM Tak Ha3BIBaeMBIX “‘crienranbHBIX Gopmy (popmyisr esn, [TaBaoBckoro u T.1.).

lTomepu Hannopa 8 MeCMHbIX cCOnMPoMuesIeHUsIX

Kak yxe yka3siBanoch, IOMUMO NOTEPH HANoOpa MO ATUHE IOTOKAa MOTYT BO3HHUKATh U, TaK Ha3bIBA€MbIE, MECTHBIE
noTtepu Haropa. [IpHunHO# NocieTHIX, HarpuMep B TpyOOITpOBOAAX, SIBISIOTCS pa3HOTO POAa KOHCTPYKTHUBHBIE
BCTaBKH (BXOJ M BBIXOJ TPYOBI M3 pe3epByapa, TPOHHHKH, KOJICHA, Cy>KEeHUS M pacIIMpeHus TpyOonpoBoia,
3aABUXKKHU, BEHTUIN U l]p.), HCOGXO)II/IMOCTL KOTOPBIX BBIZBIBACTCA YCIIOBHUAMU MOHTAXa MU OKCILUTyaTallun
TpyOompoBoaa.

MecTHble conpoTmBIrieHnA BbI3blIBAlOT WU3MEHEHUE CKOPOCTU AOBWMKXEHUA
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XMOKOCTU MO BEeNWYUHE, HanpaBfeHUio WM  BenuuMHe W HanpaBreHuto
0JHOBPEMEHHO.

B npaktuyeckux pacyetax MeECTHble MNOoTepu onpeaenstT no dopmyne
Bencbaxa, BblpaxkatoLLien noTepm NponopLmMoHanbHO CKOPOCTHOMY Hanopy:

2
\"
by =63 (2-55)
g

roae Vv - cpegHAA CKOPOCTb ABWMXEeHUA XNOKOCTU B CeYeEHUM MNOTOKa 3a
MEeCTHbIM COMNMPOTUBJIEHNEM,

¢ - 6e3pa3mepHbIi KO3 PULMEHT, Ha3biBaeMbli KOIPULMEHTOM MECTHOIO
conpoTusneHnsa. 3HavyeHne ¢ ycTaHaBNMBaAlOT KaK NPaBuio OMbITHLIM NyTEM.

MccneooBaHnio MECTHBIX COMPOTUMBMEHUA MNOCBSAWEHO OOonbLlIoe 4YMCNo
paboT, B OCHOBHOM 3KCMEPUMEHTANbHbIX. YCTAaHOBMEHO, YTO { 3aBMCUT HE TOSNbKO
OT BMAA CaMOro MeCTHOro COMPOTUBIEHUS, HO U OT XapakTepa pexunma OBMKEHUS
XnOKkocTn, T.e. oT Kputepus PenHonbaca Re. [1o HacTosdwero BpeMeHun, 0QHako,
BOMPOC O MECTHbIX COMPOTMBIIEHUSIX NPU NaMMHApHOM peXxnme MUccrnegoBaH elle
He4OCTaTOYHO NOMHO. 3HauuTenbHO 6onee ob6CTOATENBHO MCCnegoBaH BOMPOC O
MECTHbIX CONPOTUBNEHUAX NpU TYPOYNEHTHOM pexmme. YCTaHOBMEHO, YTO B 3TOM
crniydae nameHeHue £ B 3aBUCUMOCTU OT Re He3HaunTenbHbl, N NP NPaKTUYECKMX
pacyeTax CuYMTalOT 3aBUMCUMbIM TONbKO OT XapakTepa W KOHCTPYKTMBHOIO
0dOpPMMEHNA MECTHOIO COMPOTUBNEHUS.

3HavyeHna KOIPPULUMEHTOB MECTHOrO COMPOTUBIIEHUA MPUBOAATCSA B
crneumanbHoOM nuteparype.

CrnoxxeHue nomepb Harnopa

Bo MHOrmMx crnyyasix npu ABMXKEHUM XUOKOCTU B PasfMYHbIX rMApaBnnyeckmx
cuctemMax MMerT MecTo OAHOBPEMEHHO MOTEPW Hanopa Ha TpeHue No ANvHE WU
MecTHble noTepu. MonHas noTeps Hanopa B NOAOOHbLIX Crydasix onpegenseTcs Kak
apudpmeTnyeckas cymma rnotepb BCceX BUAOB T.€.:

L v? 1 v2 ( L & ) v2 v2
h=hy +hy=A——+ L — = A=+ | —=C~— 2-56
JUT M d 2g ;CI 20 d i=Z1C1 20 Cc 2g ( )
BbipakeHne, crvosdllee B  CkOOKax, HasbiBalT KO3 dUUMEHTOM
conpoTmeneHns cuctembl § .

[aHHbIN NPUHLMN CNOXEHWA MOoTepb Haropa cnpasefnuB TOMbKO ANS
cnyyasi, Korga paccTosiHMe Mmexay OoTAeNbHbIM MECTHbIMU  COMPOTUBEHUSIMU
AOCTaTOYHO BENWKO. B NpoTMBHOM cryyae NpoBOAAT creunanbHble UccrnegoBaHus
No M3YYEHUIO SBMNeHus uHTepdepeHunn (B3auMHOe BIUSHUE) MECTHbIX
CONPOTUBNEHUMN.

Hcmeuenue rcuokocmu uepes3 omeepcmun u Hacaoxku

McTeueHne Xngkoctm u3 OTBEPCTUS - O4HA U3 OCHOBHbIX 3aad rmapaBrivKu.
3apaya 06 uctevyeHnn cBOOUTCA K onpeaesieHnio CKOPOCTU UCTEYEHUsT N pacxoaa
BbITEKaloLen xmagkoctn. Hanmbonee npocto M TOYHO 3Ta 3ajaya pellaeTcs B
cny4ae, Korga Hanop oguMHakoB No BCEMY NONepevyHOMYy CeYEHMIO OTBEPCTUS.
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Paccmotpum (puc.2.27.) criydam UuCTeveHus
XWOKOCTU U3 TOPU3OHTaNbLHOrO OTBEPCTUA B AHE
1 l P, l | cocyna. MycTb JaBnexHne Ha cBobogHom

+ NOBEpXHOCTW pi1, AaBneHve B cpede, B KOTOPYHO
npoucxoanT ucteyeHue p2 (B obwem cryvyae aTtu
AABNEHNSA OTNMYHbI OT aTMOCKEPHOro AaBneHus).
YpoBeHb XKMAOKOCTUM B cocyde nogaepxueBaeTcs
H NOCTOSAHHbIM, crnegoBaTernbHO, ABWKEHNEe
ycTaHoBuBleecd. [Ona  uaeanbHOM  XWOKOCTU
cocTtaBuM ypaBHeHue bepHynnun ansa cedeHun 1-1 u
2-2. Mnowaan ceveHnm obosHaymm F u f. Nnockoctb
‘) (' cpaBHeHna 0-0 npoBeaem vepes ceyveHne 2-2.

b,

v2
P11, V1 P2
V2 Puc.2.27. H+—+ == _+_

pg 2g pg 2g

f
N3 ypaBHeHns noctosHcTBa pacxoga Q=vF=v,f v, =v, B Torga

2 2 2
£
H+ Pt p1 ( ) _bP2 +
pg 2g pg 2g
OTcioga Hangem TeOPETUYECKYHO CKOPOCTb UCTEYEHUS:

2+ D1 P2
pPg  pg

(9

Mpaktnyeckn F>>f n oTHoweHuem f/F MoxHO npeHebpeyb. B yacTHOM
crniydae, korga pi=pz2=patm (T.€. COCyA OTKPbIT M WUCTEYEeHMEe MpouUCXoauT B
aTMocdepy) nonydnm coopmyny Toppudennu:

vr=+2gH (2-58)

3Hasi CKOpPOCTb UCTEYEHNS, onpeaesiuMm TeopeTUYECKNA pacxo, XXUAKOCTU:

Qr =vqf (2-59)

[Mpn uctevyeHun peanbHOM XUOKOCTU OyayT BO3HMKATL MOTepu Hamnopa B
camMoM OTBepcTuM (T.e. NOTepu Hamopa MOryT OblTb OTHECEHbl K KaTeropuu
MECTHbIX noTepb). OCOBEHHOCTbID 3TUX MNOTepb SABNSETCA TO, YTO OHM
obycnoBnMBalTCs TOPMOXEHWEM CKOPOCTW BCeACTBME TPEHUS KUAOKOCTU O
CTEHKY 1 obpa3oBaHMEM NOrPaHNYHOro Criosi Ha MOBEPXHOCTU CTPYU, YTO NPMBOLMUT
K HepaBHOMEPHOCTU pacnpegerieHna ckopocten. [loatomy pencreutenbHas
CKOPOCTb UCTEYEHUS:

vy = 1 2¢H (2-60)

J1+¢

30ecb - K03 PULMEHT MECTHOIO CONPOTUBIIEHNSI NPU NCTEYEHUMN XKUAKOCTU
yepes oTBepcTHE.

Vi =Vgy = (2-57)
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Takum o6pas3oM [elcTBUTENbHAsA CKOPOCTb MCTeYeHus OyaeT MeHblue
TEOPEeTUYECKON, T.K. HEKOTOpasi YacTb SHEpPrun 3aTpavyMBaeTcs Ha NpeofoneHue
rMApaBMYeckoro ConpoTMUBIEHMS.

OTHoOweHne [encTBUTENbHOM CKOPOCTU WUCTEYEHUSS K TeopeTUdecKon

Vi 1
Ha3blBaeTCs KO3(PPULNEHTOM CKOPOCTUN @: @ = =

v J1+¢

CTpys XMOKOCTM NpU UCTEYEeHUU npeTeprneBaeT 3HayYuTenbHble U3MEHEHUS.
YacTuubl XXUOKOCTU B MAIOCKOCTU OTBEPCTUS ABWXKYTCA MO He napannenbHbIM
TpaekTopusaM, YTO0 0BycrnoBnMBaeT yMeHbLUeHe Nowaan rnornepeyHoro ceyeHus
CTpyu No Bbixode 13 oTBepcTus. Hanpumep, npu ncteveHnn n3 oTBEPCTUA B TOHKOM
CTEHKe C OCTPbIMW KPOMKaMW CTPYSA XUOKOCTU UCMbITbIBAET CxXaTue 1 nnowaab ee
CeYeHUs1 Ha HEKOTOPOM PacCTOAHUN OT OTBEPCTUS OKa3blBaeTCH MeHbLUe noLwaau
otBepctus. [llpn 3TOM B Crnyyae WCTEYEHUA Yepe3 HeKkpyrfble OTBepCTus
HabngaeTca Takke M3MeHeHue (opMbl CTpyu (ABneHue uHeBepcumn ctpyu). B
crnyyae Kpyrrnoro OTBepCTUsl CTPyS CO BCeX CTOPOH MoABepraeTcs OAWHAKOBOMY
CXKaTU0 N B CKAaTOM CeYeHUn Takke nmmeeT popMy Kpyra (annunca). YkasaHHoe
ABfIEHNEe XapakTepusyeT KO3(pPUUMEHT cxxaTusa € - OTHOLEHME Nowaan cxaTtoro

_ fex
f
MoaTomy ypaBHeHne BepHynnu cnegyeT cocTaBnaTb AN CKATOro CeveHus,

HaxOAsILLEerocsi Ha HEKOTOPOM PacCTOSIHUM OT OTBEPCTUS, FOe TPaekTopuu CTpyek
MOXHO CYMTaTb NapannenbHbIMKU, a AaBEeHNE - MOCTOSIHHLIM MO BCEMY CEYEHMIO.

cevyeHuna CcTpyu fox K nnowaan cevyenus oTBEPCTUA f: €

C yyetom TOro, uto Vg = vt u fox =¢f onpegenum Qp = eopfvr=pfvr =pQT
nnm c yyetom (2-59):

Qp=pnfy2gH (2-61)

roe pu=e ¢ =Qp /Qt - KO3(PUUMEHT pacxoa; MOoKasbiBaeT HACKOMbKO
AENCTBUTESNbHbIN pacxoq Npu NCTEYEHUN XUAKOCTU N3 OTBEPCTUSA YMEHbLUIAETCS Mo
CPaBHEHUIO C TEOPETUYECKUM B naeanbHOM Criyvae.

O6bI4YHO KOI(PPUUMEHTBI U, € ONpenenstoT ONbITHbIM MNyTem, a ¢ MnyTem
BbluMcneHnn. CpeaHne 3HayeHus KOIPULMEHTOB MNpU UCTEYEeHUN BOAbl Yepes
AOHHOEe OTBepCcTMe B TOHKOM cTeHke: u=0,62; ¢=0,64; ¢=0,97.

CxaTune CTpyu OKasblBaeTCs pasfMyHbIM B 3aBUCUMOCTM OT PacroNiOXeHUs!
OTBEPCTMS, U3 KOTOPOro NPOUCXOANT UCTEYEHNE XKUOKOCTU, OTHOCUTENBHO BGOKOBbIX
CTeHOK cocyaa. CxaTue HasbiBaloT COBEPLUEHHbIM, ECININ OTBEPCTME HAXoOUTCS Ha
3HaYNTENbHOM pPAacCTOSAHMN OT CTEHOK, W CTEeHKM He OKasbiBalT BNUAHWUA Ha
Xapaktep ucTteyeHuss. OnblTamMy YCTAHOBMNEHO, YTO COBEPLUEHHOE cXaTue
HabnogaeTcs, Korga paccTosiHe OT CTEHOK 40 OTBEPCTUSI HE MEHbLUE YTPOEHHOM
ONVHbI COOTBETCTBYHOLLIErO pasmepa oTBepcTus. Ecnu ycTaHOBMNEHHbIE YCNOBUS He
cobnogaloTcs - ckaTue HasblBaeTcsi HecoBeplUueHHbIM. OTBEpPCTMEM C MOJHbLIM
cKaTveM, BbITEKaKOLLEN M3 HEro CTPYW XUOKOCTU, Ha3bliBAaeTCsl Takoe OTBEPCTUE, B
KOTOPOM CTPYsl UCMbITbIBAET CXaTue co BceX CTOpOoH. OTBEpPCTMEM C HEMOIHbLIM
cKaTvem CTpyu HasblBaeTCcs Takoe OTBEpCTMe, KOoraa BbiTeKalllas U3 Hero cTpys
HEe UMEET CXKaTusl C OAHOW MU HECKOTBbKNX CTOPOH.
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UcmeyeHue npu nepeMeHHOM Harnope

3agavya 00 wuCTeYeHUn XUOKOCTM MNpu nepeMeHHOM Harnope 06bl4HO
CBOOUTCA K ONpeaerneHnio BpeEMEHN ONMOPOXHEHMS NN HANOMHEHNS pe3epByapa B
3aBMCUMOCTM OT HaAyanbHOrO HamnofiHeHWs, OPMbl, pasMepoB cocyda MU
OoTBEPCTUS.

B 3TOM cny4ae nveet MeCTO
HEeyCTaHOBMBLUEECHA [OBWXEHUE XNOKOCTWU, YTO
1 l p, l 1 aenaet HenpuemriembiM OObl4HOE ypaBHEeHue
4 BepHynnun. losatoMy nonHoe BpemMs UCTEYEHUSA
v pa3nenstoT Ha 6eckoHEeYHO Manble NPOMEXYTKU, B
S 94 TEeYEeHMe KaXdoro W3 KOTOPbIX Hamop cuyuTaloT
1 Hy noctosiHHbIM, a OBMXeHue ycTaHOBMBLLUMMCSA (T.e.
H HEe3aBMCUMbIM OT BPEMEHN).

PaccmoTtpum NPOCTENLLNI npumep
NCTEYEHUNS XNOKOCTM B aTMocdepy Yepes AOHHOe
X \\ /£ y otBepcTMe  nrowagblo  f M3 OTKpbITOro

)) ( ( BEpPTUKAIIbHOro LUUANHOPUYECKOTO cocyaa,
OAMHAKOBOrO MO BCEW BbICOTE MOMNEPEYHOro

Pnc.2.28. cevyeHuss F. OnemeHTapHbIn 06beM xuakoctu dV,

npowealwen Yyepea oTBepcTue 3a GECKOHEYHO Marnbli NMPOMEXYTOK BpemeHu dt

onpegenutca dV=Qdt=pf,/2gH dt, rae H - rnybuHa xugkoctm B cocyge Ans
HEKOTOPOro TMOJIOXKEHNS €€ YPOBHSl, KOTOPbIA MOXHO MPUONMXKEHHO CcyMTaTb
MOCTOSIHHbIM. B AeACTBUTENBbHOCTIN, OOQHAKO, 3a 3TO e BPEMS YPOBEHb XNOKOCTU B

cocyae onyctutca Ha dH n o6bem XnakocTn B HEM U3MEHUTCHA Ha BennumHy dW=-
F dH. Bcnegcrteue HepaspbiBHOCTU ABuxkeHus dV=dW, unu

uf\/2gH dt=-F dH, orkyma dt= —Fdi (2-62)
uf./2gH
3Hak “-” T.K. BblcoTa H yMeHbllaeTcsa W, cnegosatenbHo, dH 6yaeTt

oTpuuaTenbHbIM.
[MonHoe BpeMs t ONOPOXHEHUST ONpedenuTca B pesynbTaTte MHTEerpuMpoBaHus
BblpaxeHus (2-62):

¢ O FdH
dt =
£ I pfy2eH

rae Hy - rny6|/|Ha XMAKOCTW A0 Havana UcTeYeHus.
MeHsis npe,u,enbl WNHTErpupoBaH1s 1 NpUHMUMasl p=const:

F f“ dH _ 2F|/H,,
" uf2e nfy2g

Ecnn HyxHO onpegenuTb Bpemsi, HeobxoaMmoe AN MOHUMXEHUS YPOBHS
XWOKOCTU B cCOCyde Ha HeKOoTopykt BenuymHy oT Hi go Hz McxogAaTt u3 TOro xe
ypaBHeHus (64) , HTerpmpys ero B npegenax ot H1 oo Hz , npu atom:

2K, - T
ufy2g

(2-63)

t= (2-64)
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UcmeyeHue Yyepe3 Hacadku

Bbilwe OblM paccMOTpeHbl Crydanm UCTEYEHUsT XKUOKOCTU M3 OTBEpPCTUS B
TOHKOM CTeHke (ecnu TonuwmHa cTeHkn 6<0,2d). lNpu 3HaA4YUTENbHOW TOMWMHE
CTEHKW XapakTep SBMEHWA CyLeCTBEHHO MeHSAeTCs BCreACTBUE BIUSHUA,
OKa3blBaEMOro Ha CTPY TOSICTOM CTEHKOW (MNM KOPOTKOW TPYOKOWM Takoro xe
anameTpa, 4To K oTtBepctue). Takme Tpybkm anuHom L= (3..5)d HasbiBaloT
HacaZkaMn 1 OHN UMEIOT LLUMPOKOe NPUMEHEHME.

Hanbonee pacnpocTpaHeHbl criegylowme Tunbl HacagoK: LMANHOPUYECKUIA
BHeWHUN (1), UMNUHOPUYECKUA BHYTPEHHUN (2), KOHWYeckun cxopsawmmncsa (3),
KOHU4Yeckun pacxogsawmmnca (4) n koHomganoeHble (5), nmerowme gopmy cxaTon
cTpym (puc.2.29.).

— — — — —>
1 2 3 4 5
Puc.2.29.

Paccmotpum  (pnc.2.30.)  ucCTedeHne  XKMOKOCTU  Yepe3  BHELUHUW
UMINHOPUYECKM Hacadok, npeactaBnsarowmm cobor KOPOTKYH LNIIMHOPUYECKYHO
Tpybky anuHon L=(3...4)d, npuctaBneHHy K OTBEPCTUIO B CTeHKe cocyada. CTpys
XMOKOCTU Mocne Bbixoda M3 cocygda M BXOAa B TakoW HacafoK noaBepraeTtcs
HEKOTOPOMY CXaTui, 3aTeM TMOCTENeHHO pacwupseTca U 3anofHAeT Bce
nonepeyHoe ceyeHue Hacagka. CxaTue
NPOUCXOANT TOMbKO BHYTPU Hacaaka,
BbIXOQHOE  Xe  cedyeHne  Hacajka

paboTaeT MOMHOCTbLIO, noaTomy
KO9(pPUUNEHT CXKaTuUA, OTHECEHHbIA K
BbIXOOHOMY CeYEeHMno e=1.
MHOroYncneHHbIMn onbITamm

YCTAHOBIIEHO 3Ha4yeHue KoadppuumeHTa
pacxoga u=0,82. ConoctaBnas 3To
3HayeHne co 3HayeHnem p=0,62 npwu
UCTEYEHUN Un3 OTBEpPCTUS B TOHKOM

CTEHKe: Miac _ 082 zﬂ, T.e. pacxof Pnc.2.30.

Horg 0,62 3
yBenuuunca npumepHo Ha 30%. T.k. B aTOM cnydyae =1, TO KoappuumeHT
ckopoctn ¢ = p =0,82. Takum ob6pasomM BHELUHMI HacadokK, YBENUUMBAS pacxon,
XWNOKOCTWN, 3HAYUTESNBHO CHMKAET CKOPOCTb UCTEYEHUS. DTO OOBACHAETCH TEM, YTO
B MeCTe CXaToro ceyYeHus CTpyum obpasyeTcsa KomnbLeBasi 30Ha a, 3anosiHeHHas
XNOKOCTbO, Haxogsuwencs B BuxpeobpasHOM ABWXeHUMWU. Hanuume BuxpeBou
obnactn B coveTaHUn C SIBEHUSAMU CXKaTUS U NOCMEAYOLWEro paclumpeHunst CTpyum
SIBMSIETCA OCHOBHOW MNPUYMHOM yBENUYEHUA NOTepb Harnopa W, cnegoBaTesibHo,
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YMEHbLUEHNA CKOPOCTU NCTEHEHUA.

Ecnun ncreyeHne nponcxogut B atMmocgepy, TO BCreACTBME CXaTUA CTPYU B
Havyane Hacagka, [aBreHve B BUXpeBOoW o06MacTu okasbiBaeTCsd MeHbLue
aTMoCcepHOro u B Hen co3gaeTcs paspexeHue (Bakyym). Pewas ypaBHeHue
BepHynnu ansa cedeHnn 1-1 n 2-2, MOXHO onpefenuTb BeNWYUMHY Bakyyma B

CXaToOM CeYeHUN:

PBak
Pg

Hacaaok.

~ 0,75 H (npn nctedyeHun Bogbl B aTMOCdeEpPY Yepes LUMIMHOPUYECKII

[Mpn ncrtevyeHun Boabl nNpegeribHoe 3HadeHue Bakyyma paBHo 10,33 M.B.CT.,
4YTO COOTBETCTBYET HambornblemMy BO3MOXHOMY Hanopy H=13,7 m. NMpun 6onblinx
Hamopax B Hacagke BO3MOXeH pa3spblB CTPyW, W Hacagok rnepecraet paboTaTb
NOMHbIM ceveHnem. Hannumem Bakyyma B Hacagke MOXHO OB6bACHUTL yBenuyeHne
pacxoda nMpuv UCTeYeHue 4yepe3 HacafoK MO CPaBHEHUIO C UCTEYEeHUEeM Wu3
OTBEpPCTMS B TOHKOW CTeHke. bnarogapsi Bakyymy Hacagok paboTaeT Kak Hacoc,
AOMONMHUTENIbHO MoAcachiBad XWOKOCTb, W pacxoq >KUOKOCTU BO3pacTaerT.
AHanornyHble siBNeHus (T.e. cxXaTue CTpyuM Ha Bxode u obpasoBaHWe Bakyyma.)

NMPOUCXOAAT N NPU UCTEYEHNE Yepes apyrne Tunbl Hacagok.

2.1.3. Hacochbi

OnpedeneHue u Knaccugukayusi Hacocoe.
Hacocamu Ha3pIBaroTCs TUAPABINYCCKUC MAIIMHBI U allllapaThbl, CO3Ja0IIUC ITOTOK )KI/I,Z[KOﬁ Cpeanbl. Hacocul
CO34at0T Pa3HOCThb ,I[aBJ'ICHPIfI JKUJKOCTH HEIMOCPCACTBEHHO B CaAMHX HACOCax U pr60np0B0z[ax H, TAaAKUM 06pa30M,
npeo6pa3y}0T OHEPIrUr0 JABUIraTeJid B SHECPTUIO nepeMemaeMoﬁ KHUIKOCTH. I[a,IlI/IM I(J'IaCCI/I(bI/IKaI_[I/IIO HaCoCoOB,
MOJYYHMBIINX HanOOJIee IMPOKOE PacTipOCTPAHEHUE B MUIIIEBOM MPOMBIIUIEHHOCTH.

B OuHamuyecknx Hacocax XXMAKOCTb nepemellaeTcs npyv Bo3oencTBuMU Curl
Ha He3aMKHYTbIN 06BEM >KMOKOCTU, KOTOPbIA HENMPEPBLIBHO COOOLLAETCS CO BXOAOM
B HACOC W BbIXOO4OM U3 HETO.

B 06beMHbIXx Hacocax >XWOKOCTb MepemellaeTcsl (BbITECHSIeTCs) npu
Nepuoanyeckom  WU3MEHEHUW  3aMKHYTOro  obGbema  XXMAKOCTW,  KOTOpPbIN
nonepemMeHHoO coobLLaeTcs Co BXOAOM B HACOC U BbIXOAOM U3 HETO.
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HACOCHBI I‘
JTMHAMUYECKHUE 1O IIPHHINITY ICUCTBI > 0OBbEeMHBIE
10 BUJIy CHUJIOBOTO 1o (popme NBMKEHUSA
BO3JCHCTBHUS pabo4YMX OpraHoB
BO3BPATHO- POTOpHBIE
JIOTIACTHEIE TpeHHS
nocrynarenbHoe] [ BpaiarenbHbie
1o BUy pabounx
OpTaHOB
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B nonacTHbIX Hacocax 3Heprnsi coobuaeTcs XUOKOCTM npu obTekaHuu
nonactenn paboyero kKoseca. (konec) Hacoca. B Hacocax TpeHUa XnOKoCTb
nepemMellaeTca noa BO3AeNCTBMEM cCunl TpeHust. B oBbemHbIX Hacocax c
BO3BpaTHO-NOCTyNaTeNbHbIM ABMKEHMEM paboyero opraHa XMAOKOCTb Mony4vaet
9HEeprv npuv BO3BPATHO-MOCTYNaTeslbHOM OBWXeHun paboyero opraHa. B
POTOPHbIX HAcOCax aHeprmsa coobLuaeTcs XNOKOCTM NpU BpawaTesibHOM ABUXEHUN
paboyero opraHa. B cootsetctBum ¢ FOCT 17398-72 BuAbl HACOCOB NO NPUHLMNY
OEUCTBUSA U KOHCTPYKTUBHOMY  WUCMOJSIHEHUKO  HacuuTbiBaloT okono 130
HaMMEeHOBaHUN.

OcHogHble napamempbi pabomsl Hacocoe

MpoussogutensHocTb (nogava) Q [m%/c] onpegensieTca 0GbLEMOM
XWOKOCTW, noJaBaemMOn HACOCOM B HarHeTaTesbHbI TpyobonpoBo4 B eAuHULY
BPEMEHM.

Hanop H [Mm] (maBneHue p [[a]) xapaktepusyeT 3Hepruo, KoTopas
coobLlaeTca HacoCOM eauHuLEe Beca NnepekavyMmBaemon Xuakoctu. (Hanmop - aTto
Kak Obl BblCOTa, HA KOTOPYK MOXET OblTb NOAHAT 1Kr nepekadnBaemMomn XuUOKoCTu
3a cYeT 9Heprumn, coodLaemMom en Hacocom).

MowHocTb. PasnuyatoT nonesHyo MOLLHOCTb, MOLLHOCTb Ha Bany Hacoca,
MOLLIHOCTb, MOTPebnseMylo ABUraTerieM U YCTaHOBOYHYK MOLUHOCTb. [MonesHas
MolHOCTb Nn 3aTpaumBaeTcsi Ha COOOLLUEHME XUAOKOCTU 3JHEpPrunm U paBHa
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npousseseHntio MaccoBoro pacxoga (pgQ) Ha npupalleHue yaoenbHOW 3Heprum
xmngkoctn B Hacoce (H), T.e. Nm = pgQH, BT. MowHocTb Ha Bany Ne 6onbwe Nn
n3-3a MnoTepb SHEPrMM B Hacoce, KOTOpble YYUTbIBAOTCA KOI(PPUUNEHTOM
nonesHoro gencreunsa (k.n.4.) Hacoca n, T.e. Ne = Nn /n . K.n.g. n xapaktepuayet
COBEPLUEHCTBO KOHCTPYKLUMN N 3KOHOMUYHOCTb 3KChnyaTauum Hacoca. Pasnuyatot
00beMHbIN K.M.4., KOTOPbIN YYUTbIBAET HannumMe yteyek XXMOKOCTU Yepes 3a30pbl,
canbHUKM W T.N.; MOpaBfMYECKUN K.N.4. - Y4uTbiBaeT MOTepuM Hanopa npu
OBVXKEHUN KMOKOCTU 4epe3 HacoC U MEeXaHWYeCKUM K.M.4., XapakTepu3yloLinin
noTEPU MOLLHOCTM Ha MexaHu4yeckoe TpeHue B Hacoce (MOALUMMNHUKKN, CanbHUKK U
AOp.). 3HayeHWe 1 3aBUCUT OT KOHCTPYKUMM M CTeneHnm usHoca Hacoca (aonsd
ueHTpobexHbix HacocoB m=0,6... 0,7, ana nopwHesBbiXx 1=0,8...0,9). MoOLHOCTb,
notpebnsemas gsuratenem Nps Oonblle MOLHOCTU Ha Barly Hacoca BcreacTeue
MexXaHW4eCcKnx NoTepb B Nepedade OT ABUratens K Hacocy U B caMOM AuraTtene.
OTO yunTbiBaeTCs K.N.4. nepegayv , K.n.g. gsuratens. YcraHOBOYHas MOLLHOCTb
asuratena Nycrt paccumTbiBaeTcad Mo BenuvuuHe Npgg C y4eTOM BO3MOXHbIX
neperpy3ok B MOMeHT nycka Hacoca: Nyct=p Npgs, rae p=1,1...2,0 - koadppuuneHT
3anaca MOLLHOCTM, NPMHMMaEMbIN B 3aBUCMMOCTU OT MOLLHOCTW ABUraTens.

HacocHasi ycmaHoeka. Hanop Hacoca

PaccmoTpuMm npuHUUMNUarnbHYl0O CXemMy HacOCHOW YycTaHoBku (puc.2.31.).
OcCHOBHblE 3MNeMeHTbl HaCOCHOW YCTaHOBKW: NpuemMHasi eMKOCTb 1, HamnopHasd
eMKOCTb 2, Hacoc 3. [lepekaymBaeTcs XUAOKOCTb W3 NPUEMHON €EMKOCTU B
HanopHyto. OBo3HauuM: po - AaBneHue B MPUEMHON EMKOCTU; P2 - AaBNeHue B
HanopHon emMkocTu. TpybonpoBoa Ha y4yacTKe OT NPUMEMHOM E€MKOCTW OO Hacoca
HasblBaeTCcs BcacbiBawwmm Tpybonposogom (natpydbkom). OT Hacoca Ao
HarMopHOM eMKOCTU TpybonpoBog Ha3blBAETCHA HAMOPHbLIM UM HarHeTaTeslbHbIM.
[aBneHne BO BcacbiBaoLleM naTpybke ropasgo MeHblle, YeM B HarHetaTeslbHOM
(kak npaBuno, BO BcacblBaoLeM naTpybke AaBneHne Huxe atmoctepHoro, T.e. -
BakyyM). BbeicoTa BcacbiBaHUSA Hec - pacCcTosiHMe OT YPOBHSA XXUAKOCTU B MPUEMHOMN
eMKOCTW OO0 ocu Hacoca. BbicoTa HarHeTaHusa Hy - paccTosiHMe OT ocu Hacoca Ao
YPOBHS XWOKOCTU B HarnopHOMW eMKoCTU. [eomeTpuyeckass BbicOoTa nogbema
XNOKocTn Hr - paccTodHne no BepTuKanu Mexay YPOBHSAMU XXUAKOCTU B MPUEMHON
W HarnopHoM eMkKocTsxX. Kak npaBurio HacocHaa YycTaHOBKa OcCHallaeTcs
BakyymmeTpoMm B (Ha BcacbiBawowem Tpybonposoge) u maHomeTpom M (Ha
HarHeTaTtenbHOM TpybonpoBoae).Ha norpykHOM KOHLE BcacbiBatoLlero natpybka
ycTaHaBnuBalT ¢unbTp-knanaH @, a Ha HarHeTatenbHOM Tpybonposoge B
HenocpencTBEeHHOM 61M30CTM OT Hacoca yCTaHaBnMBalOT KpaH (BeHTunb) K.

Heobxogmumbin (Unn noTpebHbIN) Hanop Ans obecneyeHust Hy>KHOM nogadn
MOXHO onpeaennTb, COCTaBUB ypaBHEHUA BepHynnu ana xapakTepHbIX CeYeHWUn
0-0, 1-1 n 2-2:

P2 = Po
Pg

Mnockoctb cpaBHeHus 0-0. Ona cedennn 0-0 u 1-1 [Ana cevyeHun 1-1 n 2-2-
CKOPOCTU B MPUEMHOM UK HAMOPHOW EMKOCTAX CKOPOCTM XKMOKOCTM BO
BCacblBaloOLWEM M HarHeTaTenbHOM TpybonpoBogax NoTepu Hanopa. YaenbHas

aHeprus Bxoga O M yunTbiBasi, YTO onpeaenum yaenbHyH 3HEPruo XUOKOCTU Ha
BbIXOge:
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Takum obpasom, noTpebHbIN Hanop Hacoca H 3aTpaymBaeTca Ha
nepemMeLLeHne XnaKocTn Ha reoMeTpuYeckyto BolCOTy nogbemMa Hr , npeogoneHue
Pa3HOCTM gaBfneHnn B HAarNOpPHOW N NPUEMHON EMKOCTAX P2=Po N NnpeoaosieHne
pPg

rMOpaBnnYecknx COMPOTMBIEHUA HarHeTaTtenbHoro hy ¥ BcacbiBaloLLEro
Tpyb6onposoaos hp .

2 P2 2

/

HarnerareapHEbII
TpyOOTIIPOBOA

BcacrwiBaromuii K Hy

TpyOOINpoBOA B

k=

Pnc.2.31.

YpaBHeHue (2-65) ncnonb3yloT npu nogbope HacocoB AN TEXHONOMMYECKMUX
ycTaHOBOK. Ecnn TpybonpoBog ropu3OHTanbHbIA W OaBfEHWE B MPUEMHON U
HanNoOpPHOM eMKOCTAX OAMHAaKOBO (Kak npasBusio), To popmyna (2-65) ynpouwiaetcs :
H=hy + hye.

Bbicoma ecacbieaHusi Hacoca

BenuunHa BbICOTbI BcacbiBaHMs Hacoca Hec (CM. puc.2.31.) He MOXeT OblTb
Ha3HayeHa nNpon3BosbHO. N3 ypaBHeHUs bepHynnu ansg cedenunn 0-0 n 1-1:
2 2
Ve — V
Hpo =20 [ PBC L VBCTYO 4y (2-66)
pg \ pg 2g

rae: Vec M Vo - CKOPOCTU [OBWXEHUS XXWUOKOCTM BO BCacblBaOLLEM
TpybonpoBoae 1 NPUEMHON EMKOCTU, COOTBETCTBEHHO.

Takum obpasom Hec yBenuuuBaeTCcA C BO3pacTaHMEM [daBMneHust pPo WU
YMEHbLUAETCA C YBenMYeHMeM [JaBfeHus BO BcacbiBawolwlem natpybke psc
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CKOPOCTU W MoTepb Hanopa. Kpome TOro, yactb AaBneHWUs pPo pacxodyeTrcs Ha
npeogorieHMe Cunbl Ynpyroctn, obpasyowencs npu paspexeHmm napos (T.e. Ha
npeogosieHMe OaBneHust Pt HacCbIWEHHOro napa nepekavyvMBaeMon >XUAKOCTU npu
TemnepaTtype BcCacblBaHWUS). YNPYrocTb MapoB CUMbHO pacTeT C yBefIMYeHUeM
TemnepaTypbl, YTO 3HAYUTENBLHO CHWXaeT 1 nNpn 70 °C NogHATL BoAy B HAcOC 3a
CYeT aTMOC(EPHOro aBreHNns HEBO3MOXHO M NMO3TOMY BOAY Hago NOABOAUTHL K
Hacocy CaMOTEeKOM WnNu nog wu3bbITOYHbIM AaBneHnem. [1pakTM4eckn BbICOTY
BCacblBaHNA Hacoca Hec BbiOupaloT B npegenax 5-6 M npu CKOpOCTU OBWKEHUS
XMOKocTn BO BcacbiBatowen Tpyde okono 0,8...1,0 m/c. [Ana yctonymson paboThbl
Hacoca gaBfieHne B ero BcacbiBalowwem natpybke 4omkHO 6biTb Bonblue gaBneHns
HaCbILEHHOro napa XuakocTu npu TemnepaType BcacbiBaHus (Pec > pt) , T. K. B
NPOTUBHOM Crlydae XUAOKOCTb B Hacoce HadHeT kuneTb. [lpn 3aTOM B pesynbrarte
WHTEHCUBHOIO BblENEeHUs U3 XNOKOCTU NapoB BO3MOXEH pa3pbiB NOTOKA.

BrnnsieT Ha [OonycTMMyko BbICOTY BCacblBaHWS W SIBNEHWE KaBUTaLMUW.
KaButaums siBNsieTcst YacTHbIM Cry4aem KUMEHUS XXMOKOCTWU, KOTOPbIA BO3HWKaET
NPU BbICOKMX CKOPOCTSAX BpallleHUs paboumnx konec LeHTPobeXHbIX HacoCoB 1 Mpu
nepeKkauMBaHUN ropsiYNX >KMOKOCTEN BCIEACTBME MECTHbIX MOHWXKEHUIN LaBMEHUSs
0O [aBneHust HacbllleHHoro napa. [lysbipbky napa, obpasoBaBluvecs npwu
BCKMMaHUK XWOKOCTK, NonagatT BMECTE C XUAKOCTbIO B 0bnacTtb 6onee BbICOKMX
OaBneHui, roe MrHOBEeHHO KoHAeHCUpytoTcsl. YKMAOKOCTb 3anofiHseT MonocTv, B
KOTOpPbIX  Haxoguncsi  CKOHAEHCMPOBAaBLUMICA Map, YTO  COMpOBOXAaeTcs
rMApaBNUYECKUMI yaapamu, LLYMOM M cOTpsiceHneM Hacoca. KaButauus npuBoguT
K ObICTPOMY pa3spyLLUeHW0 Hacoca 3a CYeT rMApaBNMYeckoro yaapa M ycuneHus
koppo3unM B nepuod napoobpasoBaHus. KaButaums penaer HeobxooMMbim
YMEHbLUEHNE [OMYCTUMOW BbICOTbl BCACbIBaHWS Ha BENWYMHY KaBUTALMOHHOIO
3anaca.

LjenmpobexHble HacocChbl

OcHoBHOM 4YacTbio LieHTpobexHoro Hacoca (puc.2.32.) asndetca paboyee
koneco 1, umerowee wn3orHytble nonaTtkn. Komeco coeguHeHo ¢ Banom 2 u
3aKIIOYEHO B KOXYX (crnvpanbHyto kamepy) 3. Npu ObicTpom BpaweHun pabo4vero
koneca 1, npMBOAMMOro BO BpalleHMe OT ABuraTtens, pa3BuBaeTcs LeHTpobexHas
cuna, noA BNUSHWEM KOTOPOW >XMAKOCTb MeXAy NonaTtkaMu Koreca nporoHseTcst K
ero nepudepun 1, BbIXoaa U3 Koreca, NocTynaeT B CNUpanbHy0 KaMepy Hacoca, a
N3 Hee B HarHeTaTenbHbIM Tpybonposos 4.
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Punc.2.32.

OcsoboamsLumecst oT BbIOPOLLEHHOMN XUAKOCTU, LleHTpasibHoe NPOCTPaHCTBO
HaCOCHOW KaMepbl 3anoSfiHAeTCA XWOKOCTbK, MNOCTynawLwen no BcacbiBaloLEN
Tpybe 6 noa OeWCTBMEM BHELUHEro AaBneHust po. Takum obpasom obpasyeTtcs
HenpepbIBHbLIMN  NOTOK J>KMAKOCTU B HAcoC, a W3 Hero K MecTy nogayw.
LIeHTpOOEeXHbIN HacoCbl XapakTepuayTcs OONbLIMMKU CKOPOCTAMU MNPOTEKAHUSA
XMOKOCTU He3aBUCMMO OT Benu4ymHbl Hanopa. [na Havyana csBoen paboTbl HAcoChl
TpebyloT npenBapuTenbHOM 3anuBkM, 6e3 4Yero OHM He MOryT Mnpou3BOAUTL
BCacblBaHWe Xuakoctu. [Ans Toro, 4ToObl XWMAKOCTbL MNPM 3anvMBKke Hacoca He
BblTeKkarna W3 Hero, Ha MNOrPYXEHHOM KOHLe BcacbiBawowen TpyObl
yCTaHaBNMBaeTCaA MNPUEMHbIN 0bOpaTHbIA KnanaH 6, cHabXeHHbI UIbTPOM
(ceTkon) Oona npefoxpaHeHUa OT 3arpsasHeHun. [Ona yBenudeHus nogadm npwu
AAHHOM Harnope HacoC BbIMOMAHAKT C HECKONbKMMKU pabovnmu  Konecamw,
COeANHEHHbIMU NapanneneHo. Ona nogayn HebonblimMx O06bEMOB XUOKOCTU Ha
3HauuTenbHYK BbICOTY [AenakT HacoCbl C HECKONbKMMW nocrnenoBaTeribHO
coeauHeHHbIMM Konecamu. 1o BenuvuMHEe CO34aBaeMoro Harnopa pasnuyatroT: -
HU3KoHanopHble (Npu Hanope 0o 20M); Hacockl cpeaHero gasneHus (Hanop ot 20
no 60m), a npu Hanope 6onee 60m - Hacocbl BLICOKOro AaBreHus. 1o cnocoby
noaBoAa XnOKocTn Ha paboyee KoNeco LeHTPobeXHbIe HacoChl NoapasnenstoT Ha
HacoCbl C O4HOCTOPOHHUM W OBYCTOPOHHUM BXxoAoM. Mo pacnonioxeHuto Bana -
ropusoHTanbHble U BepTuKanbHble. 1o cnocoby coeanHeHnsa ¢ gBuratenem - co
LWWKMBOM WM C pPedykTopoM; Mnpu MoMowm MydTbl; uMerowme obwmnm Ban C
asuratenem (MOHOGIOKN).
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Paboyue xapakmepucmuku Hacoca

PaGoune xapakTepuCTUKM Hacoca onpenensitoTcs Npu ero MCnbiTaHusax Ha
crnewumansHoOM CTeHze.

H=A
o % Q)
_—
Ha
N N=f(Q)

\

I

A N=fQ)

Puc.2.33. ;QA Q

[Mpn 3TOM BbISBAAKOTCA 3aBUCMMOCTU Hanopa H, notpebnsemon MoLLHOCTH
N u koacpduumeHta nonesHoro genctems (kK.n.g.) n oTr nogaym Q Hacoca. IATn
3aBMCUMOCTM Kn3obpaxatoT (puc.2.33.) rpadudeckn kpmBbiMu H=f(Q), N=f(Q) wu
n=f(Q). UcnbiTaHns BeayTca NpuM MNOCTOSHHOM YacToTe BpalleHus n paboyero
Koneca. Perynupysa cTeneHb OTKPbITUS 3aABWXKKM Ha HanopHom Tpybonposone
nosly4alroT pasnuyHble nogadm n, COOTBETCTBEHHO, napameTpbl Hacoca. Kpusas
K.n.g. n=f(Q) nmeeT mMakcumanbHoOe 3HayeHue, KOTOPOMY COOTBETCTBYET nogada
Qa, Hanop Ha.n mowHocTb Na. Toyka A HasbiBaeTCcs ONTUMarbHOW TOYKOW, T.K.
COOTBETCTBYET ONTUMAsIbHOMY pexumMy paboTbl Hacoca.

Paboma yeHmpobexHo20 Hacoca Ha cemb
Mpn BbIbOpe Hacoca HeoBXOOMMO Y4uTbiBaTb XapakTEPUCTUKY CeTU, T.e.
TpybonpoBoaa v annapaToB, Yepe3 KOTopble NepekavynBaeTcs XuakocTtb. U3 (2-65)
crnenyeT, YTO NOTPEOGHbIN Hanop pacxoayeTcs Ha MOABbEM XWAOKOCTU Ha BbICOTY

P2 —Po

H, npeogoneHune pasHoctu gasneHnn —=——— 1 npeogofieHne notepb Hamnopa
pPg
B ceTn. Obo3Haums H + P27 Po _ H -t- cTatnyecknn Hanop, nony4nm
pg
Q 2
V2 ( /S) 2
H=HCT+hH=HCT+§02—g=HCT+§c2—g=HCT+kQ (2-67)

3gecb & - KOAPMDULMEHT CONPOTUBNEHMNSA CETH;
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k - KO3(pPULMEHT NPOMNOPLIMOHANBHOCTU CETU.

Takum obpasom, NOfyyYeHHas XapakTepucTuka CceTu  BblpaxaeTcs
ypaBHEHMEM napabonbl.
CoBmelLad xapakTepucTuky
cetn n pabouyto
XapaKTepucTuky Hacoca |
(pnc.2.34.) onpeaensitoT 7\ I
paboyyo TOuKy 1, KoTOpasd
oTBevaeT HanbonbLuewn h
NpPOn3BOANTENBHOCTU Hacoca ot
npu ero paboTe Ha OaHHYHO
cetb. [lo aTOM  TOuKe y
onpenensanTca BCe AaHHbIe,
Xapakrepusytowime pexum Her
paboTbl Hacoca: nogady Q,

Hanop H, MOWHOCTb Ha Bany 4 Q
Hacoca N, k.n.g. Hacoca . P Q

nc.2.34.
3HaHWe XapakKTEepUCTUK CETU
M Hacoca Heobxogumo npu Bbibope Hacoca. Pabodaa Touyka [[OMKHa
cooTBeTCTBOBaTb Tpebyembim nogave Q n Hanopy H.

PacwupeHue obnacmu rNnpuMeHeHus ueHmpOGe)KHoeo Hacoca.

[Ana pacwupeHnss guanasoHa paboTbl HACOCHOW YCTAHOBKW MNPUMEHSIIOT
napannensHoe 1 nocrnegoBaTenbHOe coeauHeHe HacocoB. [lonycTum ABa Hacoca
UMeT oguHakoBble paboume  xapaktepucTuknm  (puc.2.35.). CymmapHas
XapakTepucTuka nonyyaeTcss crnoxeHuMem abCcumcc xapakTepuUCTUK HAcoCOoB Ans
[aHHOro Hanopa. M3 pucyHka BMAHO, YTO napannenbHoe coeguHeHne HacocoB Aris
CETEN C KPYTbIMU XapaKkTepucTnkamm HeuenecoobpasHo (HebonbLLOe yBENNYEHNE
nogadu).

H

Qi Puc.2.35.



[MocnepoBaTenbHoe
coeiHeHne Hacoca
npeanpUHUMaloT A4S NOBbILLEHMS
Hanopa. CymmapHas
XapakTepucTuka nosiy4aetcs
nyTeM CROXeHUs opauHaTt npu
AaHHoM rnopadve (puc.2.36.). Onga
MOJSIOrON  XapaKTEPUCTUKN  CeTH
nocrnegoBaTtenibHoOe  COeAUHEeHue
ManoaddeKTUBHO, nNpn paboTte Ha
CeTU C KPYTOW XapaKTepUCTUKOM

LaHHoe coenHeHne naet
3HaYMTEnNbHOE NoBbILLEHNE
Hanopa.
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./

Pnc.2.36.

NP1

Spnu¢pmei
[encTtene

o
O
OCHOBaAHO Ha { o)

Oceeble HacocCbl

BHewHe noxoxe Ha rpebHoOM BUHT Kopabns
(pnc.2.37.). Ha BTynke 1 3aKkpensieHO HEeCKOsbKO
nonacten. MexaHuam nepegayn aHeprim ot paboyero
Koneca >XMAOKOCTU TOT Xe, YTO U Yy LeHTpobexHoro
Hacoca. OTBOOOM  Hacoca  CNYXWUT  OCEBOM
Hanpaenswowmnn annapat 3 (HENO4BWXHbIN), C
MOMOLLIbIO KOTOPOro YCTPAHAETCS 3aKpyTKa >XUOKOCTH,
M KMHEeTMYeckass ee aHeprns npeobpasyeTcs B
SHepruo gaeneHns. OceBble HAcOCbl NMPUMEHSIOT MpuU
bonblMx nogadax 1M manbix Hanopax (oo 20m). Ons
paclwmpeHus guanasoHa paboTbl OCEBbIX HaCOCOB
NMPUMEHSAIOT NOBOPOTHbLIE NONACTMW.

cO34aHuMM pasHoCTNU O0B6BLEMHOro Beca
XMOKocTn B ABYX coobuiaromxcs
cocygax. lNpu nomowm kommnpeccopa
(pnc.2.38.) no Tpybke 1 nopaeTcs
ckKaTbll  BO3JyX, KOTOpbIA  4yepes
dOpPCYHKY 2 pacnbiNseTcs B HWKHEM
KOHUe Tpybbl 3. B nogbemHon tpybe 3
obpasyeTcs ra3oXXmnaKkoctHas
AMYNbCUA MMOTHOCTBID p3 , KOTOpas
OyaeT BbITECHATLCS XUAKOCTbIO (pxx >
P53 ) W nogHumatbcs no Tpybe 3.
QpnmdThl XapakrepusyrTcs
NPOCTOTON KOHCTPYKLUKN, OTCYTCTBMEM

KUIKOCTH

CoKaThIi
BO3JIyX
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TPYWKMXCA Yacten M Hu3kum k.n.g. (20 - 25%). Kpome TOro, BbicoTa noagbema
XnakKocTtu B Tpyde (Hanop) 3aBMCUT OT rNYOMHbBI NOrpy>XeHns Tpyobl.

lNopwHeeble HacocChbl

MopwHeBble Hacocbl NpeacTaBnsaAlT cobon npocTenmne rmgpasnuyeckue
MaLUWHbI C BO3BPATHO-MOCTyNaTesibHbIM ABWXKEHUEM MOPLIHA B ruapounnuHgpe
(pnc.2.39.). B rmgpoumnuugpe 1 nopweHb 2 Co WTOKOM 3 COBepLUaeT BO3BpPaTHO-
noctynatenbHoe ABwxeHue. NMpu ABMXKEHUN MOpLIHSA BrnpaBo obbem B pabouyen
Kamepe 4 yBenuuMBaeTCs, AaBfeHWe B HeW YMeHbllaeTCs, U XWOKoCTb U3
pesepByapa Mo BcacbiBalolwen Tpybe 5 4yepes BcacbiBalOWMN rngpoknanaH
nocTtynaet B pabouylo kamepy. Npouecc BcacbiBaHNA NPOUCXOAUT MpU 3aKpbITOM
HanopHom knanaHe Ky . pu OBWXeHuM nopwHA Bneso obbeM B kKamepe 4
YMEHbLUAeTcs, AaBneHve nosblwaeTtcs. [log OoencTtBMeEM OaBfiEHUSI HaMOPHbLIN
KnanaH OTKpblBaeTCs, a BcacbiBawowmmn knanaH Ks 3akpbiBaeTCs, U XUAOKOCTb U3
paboyen kamepbl BblTecHseTca Yepe3d Ky B HanopHbl Tpybonposoa 6. Janee npu
BpaLLeHMM KpmBOLLMNa 7 LMK NOPLUHEBOro Hacoca NoBTOPSIETCA.

TeopeTnyeckaa NPoM3BOANTENBHOCTb OnpeaenseTca:

Qr=FSn (2-68)
[lenctButenbHas nogaya:
Qp =Mk Sn (2-69)

roe F - nnowadb ceyeHus MopLlHA; S - ANIMHa xoda MNopLuHsa, S=2r; n -
yacTtoTa BpalLeHUs KPUBOLUUNG; Mos - OOBEMHBLIN K.N.4., YYUTbIBAIOWINNA YTEYKU
XWOKOCTU Yepes YNNOoTHEHUSA MOPLUHA U LWTOKA.

7
Kud 3
(O)- | -
KB r <+
~ &Y S—
5_—"T < S=2r S R
e Y Puc.2.39.
A
H
XapaKTepHCTHKH MOPLIHEBbIX (p)

HaCcoCoB

Tak Kak  MoOpLlIHeBble  HACcOChI
OTHOCATCA K 06bEMHbIM Hacocam, NMpPUHLUUN
nencTBus KOTOpbIX OCHOBaH Ha
BbITECHEHUN 3aMKHYTbIX obbemoB
XWUAOKOCTU, TO 3aBUCMMOCTb MeXy Hanopom
H " NPOU3BOAUTENBHOCTbLIO Q
n3obpaxaercsa  BepTUKaNbHOW  NPSIMON

Pnc.2.40.
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nvHMEeNn, T.e. nojada ecTb BenuMYMHA MOCTOSIHHAdA, He 3aBucswasa OT Hanopa.
[MpakTnuyeckn BCNeaCTBME YTEYEK XMAOKOCTU Yepe3 YNIIoTHEHUS, BO3pacTatolwmx C
yBENMYEHNEM  [aBrieHUsl, peanbHasi  XapakTepuctuka  OoTnmMyaetca  oT
TeopeTudeckon (puc.2.40.)

UHOukamopHbie duazpaMMbl

Pabounn umkn NopLIHEBOro Hacoca MoXeT BbITb n3obpaxkeH rpadunyeckm Ha
WHOMKaTOPHOW auarpamme (puc.2.41.), unniocTpupyowen n3aMeHeHns 4aBneHus B
rmgpoumnuHgpe Hacoca 3a OAWH MonHbii 060poT Kpusowwna. BeluepunBaeTcs
crneuvanbHbiM npubopom - uHAMKaATOpoMm. Ha pucyHke nuHuMs ab - npouecc

P BcacbiBaHUA (OaBreHne B paboyen kamepe pi1

p, ﬁ ‘A MeHbLle aTMOCGEpPHOro pam); cd - mpouecc

“— HarHeTaHusa (gaBneHue B paboyen kamepe p2

Bonble aTMocepHOro parm); bc - 3akpbiTve

l T BCaCbIBaOLLEro KnanaHa, yBenuyeHme

AaBneHuns; da - 3akpbiTMe HarHetaTenbHOro

paTM—--——; ————— - — KranaHa, nopweHb ABuXetcsa B obpaTHOM
P, 'V g HanpaBfeHun, JaBneHne nagaeTt o pi.

a Takum obpasom bcd - NMHMA NOSTHOrO

5= npowecca HarHeTaHus, dab - nMHWA NonHoro

| Puc.2.41. | < =L > npouecca BcacbiBaHus. HekoTopoe konebaHue

7 AaBreHns B ToUke a (Havano BcacbliBaHWUA) N B

Touke b (Hayano HarHeTaHus) CBA3aHO C 3anasgblBaHWEM OTKPbLITUS U 3aKpbITUS
knanaHoB. o BMAY WHOWKATOPHOW AuarpaMmbl MOXHO YCTAHOBWUTb OCHOBHbIE
HeMcnpaBHOCTU NOPLLUHEBOro Hacoca.

Ilnynscepnuie nacocol

OTnnyaoTca OT MOpPLUHEBLIX HAcocoB paboyum opraHom. [nyHxep wunu
cKarnka He UMEeKT YNSIOTHUTESbHbIX KOomew, U OTNINYalTCa OT NOPLUHSA 3HAYUTENbHO
GonblWNM OTHOLWEHUEM ASfIMHbI K AnameTpy. [nyHXepHble Hacocbl He TpebytoT
Takon TwaTtenbHonm 06paboTKM BHYTPEHHEW MNOBEPXHOCTM UWMNUHAPA Kak
NOpLUHEBbIE, NMO3TOMY HaxXOOAT NPUMEHeHWe ONS nepekavymBaHns 3arpsa3HEHHbIX U
BA3KMX Xnakocten. bonee pacnpoctpaHeHbl, YeM NOpLUHEBbLIE HACOCHI.

MoHmexto (MOHKYyC)
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MoHTexwo (oT dp. monte-jus < monter
* NoAHMMAaTbLCS + jus COK, Boga) paboTaeT no NpuHumny
BbITECHEHUS XWOKOCTU M3 pes3epByapa rasom wunu
napoMm. XKwmgkoctb 4Yepe3 KpaH 2 (puc.2.42.))
noctynaetr B pesepByap 1. KpaH-BOo3gywHUMK 3
AOMKeH ObiTb  OTKpbIT  (ygansdetca BO34yX B
<4 atmocdepy). Mo 3anonHeHnn pesepByapa KpaHbl 2 1
3 3aKkpbIBaloTCA, OTKpbIBaOTCA 4 1 5. CxaTbin BO3ayX
nocTtynaeT 4Yepes3 KpaH 4 1 BbITECHSET XUAKOCTb MO
Tpybe yepes3 kpaH 5. lNMponsBogmMTenbLHOCTb Hacoca
MOXeT OblTb paccuyuMTaHa cnegywowum obpasom
Q=q/t, rae g - obbem pesepByapa, t - Bpems
NPOOOIMKUTENBHOCTM LUUKNa, BKAO4Yawwee B cebs
BPEMSI HAMOSIHEHUS, OMOPOXHEHUS pe3epByapa WU
BpeMsa Ha BcriomoraTenbHble onepaunn. VIMEHHO no
N— — TOWN MPUYUHE, YTO NOSHbIM UMK paboTbl Hacoca
Pnc.2.42.  gymioyaer B ceBs  HEMPOW3BOAMTEMNbLHOE BPEMS
HanosfHeHuns, K.n.4. Hacoca Hesenuk. Hanop, co3gaBaembii MOHTEXIO AOCTUraeT
300 meTpos.

LUecmepquamble HacocChbi

[na nepekaykn BA3KUX XMOKOCTEN Npu Hebonblion nogaye (He bonee 0,1
m3/c) n Hanopax go 2,5 MIMa (25 aTM.) NpMMeHsAITCA LecTepeHYyaTble (3ybyaTbie)
Hacocbl. LllectepeHyatble Hacocbl (puc.2.43.) COCTOAT M3 AOBYX MfOTHO
CLENNISIOWNXCA LUMPOKNX 3yByaTbIX KOMec, pacrnonioXeHHbIX C MWHUMaribHbIMU
3aszopamu (0,01...0,03 mMM) B KOXyxe W Bpallialomecss B NPOTMBOMOMOXHbIE
cTopoHbl. C TOW CTOPOHbI, rae 3ybbs BbIXOOAT M3 3auenfieHus, cosfaeTcs
paspexXeHne 1 XUOKOCTb BCACbIBAETCS B KOXYX MO BcacbiBawoLemMy Tpybonposoay,
3anonHAa NPOCTPAHCTBO MeXay 3yObsiMu.

[anee XUOKOCTb
nepeHocnTcs BnaguHamu
gyb4yaTtkm Ha [guameTpasnbHo

b/ e\ NPOTUBOMOSIOXKHYIO ~ CTOPOHY
KOXyxa, rgoe 3ybba BHOBb
I — }7_ BXOOAST B  3auennieHne w
Bxox ( Brixon BbITECHAIOT _ee B
— 5> 1+—> HarHeTaTenbHbIN
(BC&CBIBaHI/IC) / (HaFHeTaHI/Ie) pr60|'|pOBO,EI,. Hacoc
/ saBnsgeTcA pEeBEPCUBHbIM.
—_ — MpenmyuiecTBa Hacoca:
OTCYyTCTBUE KrnanaHos,
Y Puc.2.43. KOMMNaKTHOCTb,
peBEepPCNBHOCTD, HU3KNI
(CpaBHUTENBHO)
KoadhpmUmneHT

HepaBHOMepHoCcTU nogayn. Hepoctatkm: Huskuii k.n.g. (0,6...0,7), HeGonbluas
NpOM3BOAUTENBHOCTb, BbICOKME TpeboBaHMA K 4YMCTOTE nepekaynBaemonm
XWUAKOCTW.
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PomopHo-nnacmuH4Yamsbie (wubepHble) HacoChbl

B nnactuHyatom Hacoce (puc.2.44.) potop 1 ¢ nonatkamu (nnactuHamu) 2
BpaLLalTCa BMECTE C BasfioM, NMOCaXEHHbIM C 3KCLUEHTPUCUTETOM OTHOCUTESbHO
ctatopa 3. [lnacTuHbl 2 CKONBL3AT B Npope3sx poTopa. bnarogaps akCUEHTPUYHOMY
pacnosioXeHNo poTopa Kaxgas nnactvHa, o OeNCTBUMEM LEeHTPOBEXHOW cunbl
3a Kaxgblin obopoT Bana oavH pa3 BABUraeTca M BblABUraeTcs, NPMXMMaschb K
BHYTPEHHEWN NOBEPXHOCTN cTaTopa (Koxyxa). [Mpu BpalweHnn potopa, Kaxgas napa
nonacten (NNacTuH) HENPEPLIBHO OTAENSET M30NMPOBAHHbBIN OOBHLEM KUAKOCTU U
NepeHOCUT ero Ha CTOPOHY HarHeTaHusl, rae XuOKoCTb BbITECHAETCHA BCreacTBue
2 yMeHblUeHnss obbema. [logaya Hacoca OObIYHO

perynmpyeTcsa U3MeHeHMEM JKCLLEHTPUCUTETOM €.
T 3 Ha pwucyHke nokaszaH HacoC OOHOKpPaTHOro
aenctemda. B nnactMHyatom Hacoce ABYKpaTHOro
AencTBusa 3a ogmMH ob6opoT poTopa Hacoc ABaAbl
nogaeT XWOKOCTb B HAMOPHYK TMAPONUHUIO. B

nnacTMHYaTOM Hacoce OOHOKPaTHOro AencTBus
co3naetca pasrneHne 5..6 Mlla, B Hacocax
ABYyKpaTHoro geuncrtsusa - 6onee 20 Mla. Hacochl
OTNMYaTCHA BECbMa PaBHOMEPHOW nogayen.

N
vV > oe

Puc.2.44.
2.2. PASOENEHUE HEOAOHOPOOHbLIX CUCTEM

HeogHopoaHble (reTeporeHHble) CUCTEMBbI COCTOAT U3 OBYX UM HECKOJSTbKUX
das. Pasbl, cocTaBnAwLNe cUCTEMY, MOTYT BbITb MEXaHUYECKM OTAENEHbI O4Ha OT
apyron. Jliobass HeogHopogHasi GuHapHad cuctemMa COCTOUT M3 AUCMIEPCHOM
(BHYTpeHHen) asbl U AUCNEepCUOHHOW cpefdbl (BHewHen dasbl), B KOTOPOW
pacnpegeneHbl YacTuubl gucrnepcHon dasbl.

B 3aBucMmMoCTM OT (pu3MyecKkoro COCTOAHUS pa3d pasnuyalroT: CyCrneH3uu,
AMYNbCUN, NEHbI, NbIU, AbIMbl U TYMaHbI.

CycneHsun - 3TO HEOOHOPOAHbIE CUCTEMbI, COCTOSILLME U3 KUOKOCTU U
B3BELUEHHbIX B HEeW TBepAablX Yactuuy. B 3aBucMMOCTM OT pasmepoB MOCHEeOHUX
CYCMeH3nn ycrnoBHO nogpasgensaT Ha rpybbie ( > 100 mkm), ToHkme (0,5 - 100
MKM) n MmyTn (0,1 - 0,5 MKm).

OMYNbCUN - 3TO CUCTEMbI, COCTOSLLME U3 XUOKOCTU U pacnpeferieHHbIX B
Heun Kanesib ApYyron XUAKOCTU, He CMeLLMBatoLWENCS C NepPBOW.

[leHbl - 3TO CUCTEMbI, COCTOSLLUME U3 XXUOKOCTU U pacrnpenernieHHblIX B HEW
Nny3bIPpbKOB la3a. OTN ra3oXuaKkoCTHble CUCTEMbI MO CBOMM CBOMCTBaM Onn3kM K
OMYIbCUAM.

MM 1 ObIMbl - 3TO CUCTEMbI, COCTOSILLME U3 ra3a U pacnpeneneHHbIX B HEN
yacTuy, TBepaoro BewecTtsa. Pasmepbl TBepabix Yactuy nbiiv oT 3 go 70 Mkm, a 'y
abimoB (0,3-0,5 MKm).

Mpn obpasoBaHUn ANCNepcHOM asbl U3 YacTul Xuakoctn pasmepom (0,3-
0,5 MKM) BO3HMKaKOT CUCTEMbI, HasbiBaeMble TymaHamu. [binn, AbiMbl U TyMaHbl
npeacTaBnsoT cobor asapoancnepcHble CUCTEMbI, UM a9PO30IK.
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B nuweBon TEXHONOMMKN LLUMPOKO pacnpoCTpaHeHbl NpoLecchl, CBS3aHHbIE C
pasgeneHneM XuOokMx M rasoBblX HEOOHOPOAHbIX cuctemM. Bbibop meTtoga wux
pasgeneHust obycnaesnuBaeTcsl MNaBHbIM 00pa3oM pasmepamu B3BELUEHHbIX
YacTuL, Pas3HOCTbLIO NIOTHOCTEN ANCNEPCHON N CNOWHON has, a TakKe BA3KOCTLHO
BHeLUHeN gasbl.

[MpymMeHsT cnegylowme OCHOBHble METOAbl pas3fesieHuda: OoCaXcaeHue,
dunbTpoBaHWE, LLEeHTPUdYyrnpoBaHue.

OcaxaeHue npeacrtasnseTr cobon npouecc pasgeneHusd, npu KOTOpoMm
B3BELUEHHbIE B XXNOKOCTW UMK rase TBEPAbIE UMM XUAKME YacTuLbl OTAENSTCA OT
Hee nog OEeWUCTBUMEM CUN TSXKECTWU, MHepuMn (B TOM 4uCre LIEHTPOBEXHbIX) Mnu
anekTpocTtatudeckux. OcaxageHue, npoucxoasiee nog eNCTBUEM CUTTbl TAXKECTN,
HasblBaeTcad  OTCTaMBaHMeM. B  OCHOBHOM  OHO  MpuMeHseTca  Ans
npeaBapuTeNbHOro, rpyboro pasgeneHns Heo4HOPOAHbBIX CUCTEM.

PunbTpoBaHWE - 3TO MNpoUECC pasfeneHnss C MOMOLWbI MOPUCTON
neperopoakn, CcnocobHon nponyckaTb XWAOKOCTb WM ras3, HO 3ajepXxuBaTb
B3BELUEHHble B HMX TBepAble YacTuubl. OHO ocyllecTBnseTCA No4 AENCTBUEM CUN
OaBneHna unn  LeHTPOBeXHbIX cun u  npuMmeHsieTca ans  6onee  TOHKOro
pasgeneHusi CyCcrneHsum n noinen.

LleHTpudyrupoBaHue - 3To npouecc pasgesieHns CycneH3mm n amynbCcuin B
none ueHTpobexHblx cun. [log  gencteBnemM  NocrnedHux — ocaxgeHue
conpoBOXAdaeTcs YnroTHeHMeM obpasylouwerocs ocagka, a qurbTpoBaHue -
YNAOTHEHNEM N MEXAHMYECKOWN CYLLKOM OcafkKa.

HecmoTpss Ha OOLWHOCTL MNPUHLMNOB pasdeneHnsa XUOKUX WM rasoBblX
HEeOOHOPOAHbLIX CUCTEM HEeKoTopble MeTodbl WX pasdeneHusl, a Takke
npumeHsiemoe obopyaoBaHne B psde ClyyYaeB WUMeEKT  cneuududeckue
0CODOEHHOCTW.

2.2.1. Pa3zOeneHue XudKux cucmem

MamepuanbHbIl 6anaHc npoyecca pa3oesieHusi

MNycTb pasgeneHvio MNOAMNEXWUT cucTema, cocTosiwas w3 BewecTBa "a"
(BHeLWHewn (hasbl) M B3BELLEHHbIX B HEW YacTul "6". BBeaem o603HayeHus:

GCM, Gocs, Goc - KONMYECTBO UCXOOHOM CMECU, OCBETNEHHOW XMUAKOCTU 1
nofy4aemoro ocagka, Kr;

Xem, Xocs, Xoc - codepxaHue BellecTBa "6" B WCXOAHOIM cMecw,
OCBETNEHHOMN XUAKOCTM U ocakKe.

Mpn oTCyTCTBMM NOTepb BeLleCTBa B NpoLecce pasfefieHusl YpaBHEHWS
MaTepuanbHoro 6anaHca UMeloT BUA;

no o6LLeMy KONMYECTBY BELLECTB

GCM:GOCB+ Goc ) (2'70)
no BeLecTsy "g":
GCM 'XCM - GOCB' XOCB + Goc ) Xoc . (2'71)

CoBmecTHOe pelleHue ypaBHeHun (3-1) n (3-2) nossonseT onpenenutb
konmuecTBa oceeTneHHom xuakoct Gocs ocagka Goc:
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Xoc. - XCM.

GOCB. = GCM. ’ X —X ) (2'72)
XCM. - XOCB.

G, =G, - < _x - (2-73)

CopepkaHue B3BELUEHHbIX YacTul, B OCBETMEHHOW XWMOKOCTU U B Ocajke
BblOMpaeTcs B 3aBUCUMOCTM OT KOHKPETHbIX TEXHONMOIMMYECKMX YCroBUIA npouecca
pasgeneHus. MNpu aToM coaepxaHne BelecTBa B OCBETNIEHHOM XUAKOCTU 0ObIYHO
orpaHn4MBaeTCs HEKOTOPbLIM HUXHUM NPeaenoMm.

S pekm pazdeneHus

Moa acpcbekTom pasgeneHus dygem noHMMaTb OTHOLLIEHME MacChl JAHHOMO
KOMMOHEHTA, BblAENEHHOro N3 gMcnepcHoun asbl, K Ha4anbHOMY €ro Coaep>KaHuio

B cMmecu. OddekT pasgeneHus (3p) XapaKTepusyeT CTeneHb TEXHUYECKOro
COBEpLUEHCTBA faHHOro annapara.

K‘IO.
Dy = " 100% 27

p.

Y.H.

roe Kuyu - konuyecteo avucnepcHon dasbl B HEOOHOPOLHOW cucTeme

(konuuectBo yactul, HavanbHoe), Kuyo. - KonnuecTBo BbloeneHHoro BellecTsa
(Hanpumep, nepewealiee B 0Cagok).

2.2.1.1. OcaxkO0eHue e 2pasumayuoHHOM riosie (omcmaueaHue)

CKOpOCTb OCaXAEHNs B rPaBUTALMOHHOM Mone Hesenvka. MoaToMy npoLecc
oTcTamBaHns ManoaddekTnseH UM He obecneunsaeT
— BblAENEeHUs U3 pasaensieMoll CUCTeMbl YacTUL C BbICOKOM
- A A CTeNeHbIO AMCMEPCHOCTY.
— | — PaccMOTpUM MpoLEecC NafeHWs 4YacTuubl B BA3KOIA
— cpede M BbiBEAEM ypaBHeHWe Ans OnpederieHnst CKopoCTy
_C,

oTcTamBaHus. Ha puc.2.45. cxemaTuyeckn npeactaBfieHbl
Cwvnbl, AencTByloLLme Ha nagaroLlyto yacTtuuy

lwapoobpasHom hopMbl AMaMeTpom "d".

N

' [Ona 4yactnubl ¢ gnameTpom "d" n nnoTHocTblO «Puy» cuna
¢ G TSXKeCTWU, COCTaBNsAEeT:
3
—_ z-d
- G=V-pq.-g=6-pq-g, (2-75)
—— rne V - obbem uacTuub; g - yckopenue csobogHOro
__ | R nageHus.
CornacHo 3akoHy Apxumena, nogbeMHasi cuna:
3
7-d
P|/|9.2.45. Cunbl, A=~ " p.-g ’ (2-76)
[encTeyoLwme 6

Ha YacTuuy B
BA3KOW cpefe
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roe pc - NIOTHOCTb Cpeabl, B KOTOPOW HAaXoaAUTCs YacTuua.

Cwvna, 3acTaBnsioLlas Yactuuy nagathb:

.d°
G—A=7T6 -g-(p, —p.) (2-77)

Cpega, B KOTOPOWM NafjaeT YacTuua, okasbiBaeT conpotusnenme R, kotopoe

Bynet 3aBuceTb OT e BA3KOCTU U MMOTHOCTU Pc , NNOWAAN CeYeHMs YacTuLbl Fu
ee popmsbl. BennumHa cuneol R onpegenseTtcs no 3akoHy HbOTOHa

C-F-p,-wl,
7 , (2-78)

roe C - koacbduLMeHT conpoTUBReHNst cpeabl, 3aBUCSILLMIA OT PeXnMa ABUKEHNS

R =

yacTuubl; Woc - CKOPOCTb OCaXaeHUst YacTuLbl.
Ocaxpgatollascs YactTviua B Havane CBOEro ABMKEHUS OBUKETCS YCKOPEHHO.

OpaHako y4aCTOK Takoro aBmxeHumd HeBeJluK. T.k. cuna (G'A) CTaHOBUTCHA paBHOIZ
cune R , TO B AanbHEMWeM 4acTuua HavynHaeT OBuraTbCs paBHOMEPHO CO

ckopocTblo Woc. 3Hauenne Woe MoxeT 6biTb HapeHo ua yerosus (G-A)=R.
MpupaBHuBas ypaBHeHus (2-77) n (2-78 n npeobpasysa nx (0b6e 4actm yMHOXMM Ha

1/1/2) NONYy4YnUM ypaBHEHNE OCaXXAEHUS:

1 x-d° r-d? w1
: o lp —p )=C.2 2 .5 o,
g g (o, - p.) L Py
nnn B KputepmaribHOM BuUae:
4
C-Re® =~ Ar ]
© 3 , (2-79)
wed g d (o, -p)
roe Re = ; - (kpuTepuin Apxumena).

; 2
v Vo p,

[Mpn ocaxageHnn KpynHblx Yactuy, (pasmep 6onbwe 0,1MM) B OTHOCUTENBHO
MaroBsiI3KOW cpefe OCHOBHOE COMPOTMBIEHMNE BbI3bIBAETCS CUNaMU MHEPLUN, NoAa
OENCTBMEM KOTOPbIX MPOUCXOAUT OTPbLIB CTPyM M obpasoBaHMe TypOyneHTHbIX
BUXPEW 3a OnycKalwLWwencss Yyactuuen, a cunbl TPEeHUA UrparT BTOPOCTENEHHYHO
posib.

B ycnosusax TypbyneHTtHoro pexuma (Re > 500) conpoTtusnenune cpeapi
MPOMOPLIMOHANBHO KBaapaTy CKOPOCTU U koadduumeHTy conpoTtmsnenns C=0,44.
Torpa:

Re? = 3,03Ar. (2-80)

OTcropa:
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3,03-g-d-('0“_m
Pe

Mpu  namuHapHom  pexume RE€< 2 conpotuBneHue  cpenpl

WOC -

(2-81)

nponopuuoHansHo nepsoii ctenenn 1 C =24 /Re . Mogcraensis ato 3HaueHue
"C" B ypaBHeHue (2-79), nonyyum

1
Re=—- -
€ 18 (2-82)
Torpa:
Lol gd(p-p)
oc 18 V‘,Oc . (2-83)

BoipaxeHune (2-83) HocuT Ha3BaHne dopmynbl CTokca.

B cycneH3nn n amMynbCum OObIMHO MMEIKTCS YacTUubl pPasHbIX pPas3Mepos.
PacyeT HeobxoaMmo BeCcTU Onsa 4acTuy, MeHbLUero pasmepa, T.K. ecnu cosgatb
YyCNOBUA AONs1 OCaXAEHUs MENKUX YacTuu, TO ANs KPYMHbIX OHM OyayT 3aBegoMo
AocTaTtoyHbl. N3 ypaBHeHus (2-83) BUAHO, YTO CKOPOCTb OCaXOeHMs1 BO3pacTaeT C
yBeNnuyeHnem puameTtpa 4vacTtuu, pasHOCTU MISIOTHOCTEN OCaXgaeMblX 4YacTul, u
cpeabl, N MNOHWXeHneM ee BA3KocTU. [loatomy ana 6Gonee apdeKkTMBHOrO
npoBegeHNa npouecca OTCTaMBaHUA HeobXooMMO BO3AENCTBOBATb TEMU UMK
WHbIMM crnocobamMy MMEHHO Ha 3dTW napameTpbl. Tak, yMEHbLuasd BSA3KOCTb W
NNOTHOCTb cCpedbl NyTeM MOBbIWEHUS ee TemnepaTtypbl wunu pasbasneHus
ManoBsA3KMM  pPacTBOPUTESNIEM, MOXHO YBENIMYUTb CKOPOCTb  OCaXKAEHWUs.
CooTBeTCTBYIOLLEE BO3AENCTBME HA pasMepbl OCaXXAaeMbiX YacTul, C LENbi UX
yBenuyeHuss (aobaBneHne KoarynsHToB; AfEeKTPUYECKOro Mosis  BbICOKOro
HanNPsKeHN) NPUBOAUT K 3HAYMUTENbHOMY NOBbLILLEHNK CKOPOCTU OCaXKOAEHUS.

Onsa onpeneneHuna pacyeTHon ckopoctu AsuxkeHns Wp HeobxoamMmo y4ecTb
BNUSHME popMbl YacTul U 06 bEMHOW KOHLEHTPALUUK CYCNeH3UN NyTEM BBEAEHUS

KO3 PULIMEHTOB (P 1 M. Torpa pacyeTHasa CKOpPOCTb:
Wp = Woc (01,
rne Cy — o6bemMHas KOHUEeHTpauus (B onsx):

(1-Cy)*
~142,5C, +7,35C,°

0=043...0,77, X\

Pacyem omcmoliHukoe

B npamMoyronbHbIi oTCTOMHUK (Pnc.2.46.) ¢ pasmepamu |, h, b nocrtynaet
Ha pasfgeneHne HeoQHOPOAHAas CMEeChb C NMMHenHon ckopocTbio V. Pabounit obbem
OTCTOWHWKa paBeH V= l-hb=V. 1, roe V:- CeKyHAHasa Npou3BOANTENBHOCTb

OTCTOMHUKA, M3/C; 70 - CPEAHSAA NPOAOIHKUTENBHOCTL OTCTaMBaHUA YacTul, C. 70,
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BblpaXeHHas 4epe3 cpegHi CKOPOCTb OTCTamBaHUA Yactuy Vo, paBHa: 7p—

h/-Vo.
YaenbHas Nnpon3BoaANTENbHOCTb OTCTOMHMKA:
V.= 1lbvp, (2-84)
Oceemnennan
cpeda
Cycnensus
ﬂ robmenitn.
<
Ocaoox
-
Puc.2.46. K pacuyeTy npon3BoanTENIbHOCTU OTCTONHMKA
T.e. OHa paBHa MNpPoOu3BedEeHM0 nnowagn oTcTanBaHUA Fo= | b na CKOPOCTb
OoTCTamBaHUA.

Ecnn 3agaHa npovs3BOAMTENBHOCTb OTCTOMHWKA, TO U3 ypaBHeHus1 (2-84)
MO>XHO onpeaennTb NNnoLaab NOBEPXHOCTU OTCTaNBaHUS:
F=V./v,. (2-85)

YpaBHeHne (2-84) nokasblBaeT, 4YTO MPOM3BOOMTESILHOCTL OTCTOMHMKA
3aBMCUT TOSNbKO OT CKOPOCTM M MOBEPXHOCTU OCaXOeHWsl, a He OT ero BbICOThI.
[MO3TOMY OTCTOMHMKM UMEIOT 3HAYUTENbHYI nnowaab npyv HebonbLOoW BbICOTE,
KoTopas 0bbl4HO He npeBblwaeT 1,8-4,5 M, a 4NA OTCTOMHMKOB OYeHb OONbLUNX
AnameTpoB He bonee 7 M. JTO yCrnoBue peanus3oBaHo, HanpuMep, B KOHCTPYKLMAX
MHOFOSAPYCHbIX OTCTOMHUKOB.

KoHcmpykyuu omcmoliHukoe

OTCcTOMHMKM ObIBaAOT NEPUOLMNYECKOTO, HENPEPLIBHOIO U NOSTYHENPEPbLIBHOMO
NEeNCTBUA.

OTCTOMHMK nepuoauyeckoro AencTBus npeactaBnsieT cobon  Nnockui
BGaccenH 6e3 nepemelmBalOLMX YCTPONCTB. baccenH 3anonHseTcs CycneH3nen,
KoTopasi OTCTaMBaeTCs B HEM B TeyeHne Heobxoaumoro ans pasgeneHus
BpeMeHN. 3aTeM OCBETIIEHHbLIA CNOM XWOKOCTU CNMBAOT (OeKaHTUPYIOT) 4vepes
lWTyLepa, pacrnofioXeHHble Bbiwe crnos ocagka. OceBwun ocafok (Lwnam)
BbIFPY>KaOT BPYYHYIO.

Pasmepbl 1 dpopmMa OTCTOMHWKOB 3aBUCAT OT KOHUEHTpauuum OuUCnepcHom
dasbl n pasmepoB 4yactuy. C yBenuyeHMem MNOTHOCTU W pasMepoB YvacTuy,
pasmMepbl OTCTOMHMKA yMeHbLuakTcs. [poaomKMTenbHOCTb OTCTanBaHUS 3aBUCUT
OT BSA3KOCTU [OUCMNEPCUOHHON a3bl, KOTOpas CHWXaeTcsd C MOBbILLEHNEM
TemnepaTtypbl. [1o3TOMy ANs yCKOpeHuUs rpouecca OTCTanBaeMyrd CYCMNEH3UH0
nogorpeBaroT (ecrnn 3TO He NPOTUBOPEYUT TEXHOSOIMN).
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B oTCTOMHUK NonyHenpepbiBHOro A4ENCTBUSA C HAKMOHHLIMW NeperopogkaMmm
(puc. 2.47.) cycneHs3nst nogaeTca Yepes WTyLep U HanpaeBnseTca C NOMOLLbIO
HaKJTOHHbIX NeperopogoK NonepemMeHHO CBepPXy BHU3 U CHU3Y BBEPX. Y CTPOMUCTBO
neperopook yBenmuneaeT NpoaoSKUTENBHOCTb NpebbiBaHMst CyCneH3nmn n
nnowiagb NoBepxHOCTM oTcTanmBaHu4. LLinam cobupaeTcs B KOHUYECKNX DyHKepax u
Nno Mepe HaKonreHnsa yaanseTcsa U3 HUX Yepes KpaHbl.

CycneH3usi

\|

OceemneHHas >XuoKocmb

Puc. 2.47. OTCTONMHUK NOSTyHENPEPbLIBHOrO AENCTBUSA C HAKMOHHbLIMN
neperopogkamu: 1 — Kopnyc; 2 — HaKroHHble neperopoaku; 3 — byHkepa

OcBeTrneHHas XUAKOCTb OTBOAUTCH N3 OTCTOMHUKA Yepe3 BEPXHUM LITyuep.
Hanbonbliee pacnpocTpaHeHne B NPOMbILLIEHHOCTW NOSTYYNSIM OTCTOMHUKN
HenpepbIBHOrO AENCTBUA.

HenpepbIBHOLENCTBYIOLWNN OTCTOMHUK C rpebkoBOM MeLlankon (puc. 2.48.)
npegcrasnsieT codbon UMNMHOPNYECKUIN pe3epByap C KOHUYECKUM OHULLEM U
BHYTPEHHUM KOJbLEBbIM XenoboM BAOMb BEPXHEro Kpasi OTCTOMHMKA. Meluarnka ¢
HAKMOHHbBIMW FTONACTAMU, HA KOTOPbIX PacnornoXeHbl rpebkn ons nepemeLleHus

ocajkKa K pa3rpy3o4yHoMy oKy, BpaLlaeTcs ¢ nepemeHHoun Yyactoton ot 0,02 go 0,5
MWH .

Lycnensun /
N -

—— 1\
i F e e OcsetnenHas
i || e i it - o
| ] e & ‘ KUIKOCTh
§ E,}' ‘:;. 1l
SN e o 2 CycneH3nsi HenpepbiBHO
Y e nogaetcsa no Tpybe B cepeanHy
5 J pesepByapa. OcBeTneHHas
4 XNOKOCTb NepenvBaeTcs B
, KonbLEeBOW Xenob n oTBoanTCAa 13
HoviviDvin %bv‘l VIGLLUIQUJ INVVI.

1 — KonbLUeBOW Xenob; 2 — meluanka;
3 — rpebok; 4 — ntoK; 5 — KOHU4eckoe
AHVLLE; 6 — uMNUHOPUYECKU pesepByap
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oTCTOWHMKa. LLnam yganaeTtca npu noMmoLwun anadparmMeHHoro Hacoca.
M3Bne4veHune xxngkoctn na wrama, ecriv oHa ABnseTca LeHHOW ANna Npon3BoAcTBa
UNn ee n3BreyeHne HeobxoaUMO Mo TEXHOSOrMYECKUM YCIOBUSM, MPON3BOANTCS B
yCTaHOBKe AN1F NPOTUBOTOYHOW NPOMBbIBKU. B Takmx OTCTOMHMKaX AOCTUraloTCA
paBHOMeEpPHas NNOTHOCTb Ocajka, 3adeKTUBHOE ero 06e3BoXnBaHME.
HepocTtaTkom rpebkoBbIX OTCTOMHUKOB SIBISIETCS X TPOMO3AKOCTb.

B MHOrosipyCHbIX OTCTOMHMKaX, KOTOpble NPeaCTaBnsAT COOOM HECKONBbKO
OTCTOWHMKOB, NOCTaBSIEHHbIX OAWNH Ha APYron, Unu UWNIMHOApPUYEeCKNin pesepByap C
KOHUYECKMUM HULLEM, BHYTPU KOTOPOro UMEKTCH KOHUYECKUE NeperopoKu,
pasgenstowme OTCTOMHUKN Ha Apycbl (puc. 2.49.), 3Ha4YMTENbHO CHMXKEHA
rPOMO34KOCTb M yBenun4yeHa nnowiaib noBepxHOCTU OTCTamBaHud. Takme
OTCTOWHMKM UCNOMb3YIOTCA Ha caxapHbIX 3aBofax Ans CryweHus caTypaumMoOHHbIX
COKOB.

7

Puc.2.49. MHOrosipyCHbIN OTCTONHUK:
1 — pacnpegenuTenbHOe C YCTPOUCTBO; 2 — TPyObl; 3 — CTakaH;
4 — rpebkoBas mewlanka; 5 — pasrpy304HbIN KOHYC;6 — CKpebok;
7 — KonnekTop; 8 — pama

OTCTOMHKK nmeeT 06K Bar, Ha KOTOPOM pPacnosioXeHbl rpebKoBbIe MeLlanku.
CycneHsus yepes pacnpegennutenbHoe YCTPONCTBO nogaeTcd no Tpybam B
CTakaHbl KaXgoro sipyca oTctormHuka. OcBeTneHHas XMAKOCTb cobupaeTcs yepes
KonbueBble xenoda B KONMeKTop. Apycbl COeAUHEHbI CTakaHaMun ANa yaaneHns
wnama. CTakaH KaXxgoro BblLLepacnonoOXeHHOro spyca onyweH HMKHUM KOHLOM B
COW LUflamMa HMKEePAaCMoSIOXKEHHOrO sipyca. Taknm o6pa3omM apycbl OTCTOMHMKA
nocnegoBaTtenbHO coeguHeHbl No wnamy. LWnam yganseTtca TonbKo U3 HUKHEro
sipyca Yyepes pasrpy304HbI KOHYC, B KOTOPOM YCTaHOBIEH CKPeboK.

OTCTOMHUKK A58 HeNpepbIBHOMO pasaerieHna amynscum (puc.2.50.) coctouT n3
HECKONbKMX YacTen. OMYIbCUA NOAETCS B JIEBYIO YaCcTb OTCTOMHUKA, OTKyaa
nocTynaeT B CpeaHIO cenapaumoHHyo kamepy. Neperopogku 2 no3sonswoT
perynupoBaTb BbICOTY YPOBHSA cMecn. B cenapaumMoHHOM YacTn NponcxoauT



77

pasgeneHne NCXogHOM CMeCcu Ha COCTaBnsoLWmne nog 4ENCTBUEM CUM TSXKECTM.
Jlerkasi XXMaKoCTb NOOHMMAETCH N BbITEKAET U3 OTCTOMHUKA Yepes3 BEPXHUN
wryuep. Tskenasa XnOKOCTb OMycKaeTcHa, NPOXOAUT o npaBoun neperopogkon 3 un
BbITEKAET Yepes HXKHUIA WTyuep. KaHanbl Ans Bbixoga Xnakoctn obpasytoT
coobLatomecsa mexagy cobon cocyabl.

1 2
—yfeexan
LU TKOCITIb
Punc.2.50. OTcTOnHMK ana pasgenenus
Tamena 3MYIbCUI; 1—Kopnyc;
—KudroCTS 2—neBasi Neperopoaka;
3— npaBas neperopoaka
Y ]
CyCMNeH3nn?

2.2.1.2. dunbmpoeaHue

®dunbTpoBaHNEM Ha3bIBaETCHA NPOLECC pasgerieHUsi HeOOHOPOAHbIX CUCTEM
C TBepAon amcnepcHou ason, OCHOBaAHHbIN Ha 3agepXaHun TBepAblX YacTuy,
NOPUCTbIMU NEPEropoaKammn, KOTopble NPOMNycKaT AUCNEPCUOHHYIO cpeay.

B nuweBoM nNpOMbIWNEHHOCTM 3TWM npoueccbl nonydYunu  6onblioe
pacnpoctpaHeHne (B MMBOBapeHUM AOns oTaerneHust gpobuHbl OT cycrna u ans
OCBETMEHNS rOTOBOro NPoAyKTa - NuBa u T.4.).

Tunbi hunbMpayuUOHHbIX MNPOY,eccos

[Mpouecchbl NPOMBbILLIEHHOrO OUNbTPOBAHUS MOTYyT OblTb pasfeneHbl Ha OBe
rpynnbl, oOTNu4awwmecs cBoeobpasvem mMexaHusma. K nepsBon OTHOCATCSA
npoueccbl unbTpoBaHUs ¢ obpasoBaHMem ocagka. OOGbIMHO 3TO ManoBA3KME
XWOKOCTW, coepxalune 3HauuTenbHoe KOonn4yecTBO TBepaon asbl. XoTs
AnamMmeTpbl OTBEPCTUM PunbTpytoLwen neperopodkun 6osnblle pasmepa B3BELUEHHbIX
yacTuy, TONbKO nepBble nopuun unbTpata yHOCAT ¢ cobon HebonbLlyo YacTb
TBEPOOW pasbl, npowegwyo 4Yeped uneTp. B  panbHenwem oTBepCTUS
nepekpbiBaloTCA cBogamu Kn3 4vactuu. ObpasyeTca 0cafok, TOMWMHA KOTOPOro
yBenuynBaeTca No Mepe NpoaosrnkeHus npouecca unbTpoBaHus. VI oH HaunHaeT
urpaTtb OCHOBHYIO POfib MPU 3a4ep>KaHnKn nocnenylLwmnx Yyactul, pasmepbl KOTOPbIX
bonblle pa3MepoB KanunnapoB ocagka. 1o Mepe pocTta TonwMHblI Cnos ocagka
yBENuUYMBaeTCca CONpoTUBIIEHNE (OUMBTPOBAHUIO N YMEHbLUAETCA €ero CKOpOCTb,
KoTopas onpegensieTcsa nepenagoMm AasreHus nepeg u nocne unbTpyoLLER
neperopoakn, T.K. TONbKO MNPY BbIMOIHEHUWN 3TOrO YCroBus ByaeT oCyLWecTBAATLCS
npoecc punbTPOBaHUS.

BTopas rpynna unbTpoBaHMA - 3aKynopoyHoe urbTpoBaHne. JITOT
npouecc MMeeT MeCTo, Korga pasMepbl HacTul, Manbl U KONMMYECTBO UX HEBESUKO, a
Takke Npy PunbTpoBaHNN BECbMa BA3KUX CYCNEH3UMN.

OcaxageHne B TakKMX CYCMeH3UAX npoTekaeT MeOfieHHO W cBoAbl Hag
oTBeEpPCTUAMN PUNLTPYIOLLENO MaTepmnana He obpasylTcsa. Teepable YacTuubl
NPOHUKAKOT B Kanunnapbl ounbTpa M 3acTpeBaloT TaMm, 3afepXMBasiCb 3a cyeT
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npuNUNaHna WNn Ha rnosopoTax. YacTuubl ocagka, HakannMBasCb B Mopax
dunbTpa, 3akynopusatoT ux. [Npn aTOM XMBOE ceveHne punbTpa yMeHbLLIAETCS, U
conpoTtuerieHMe pacteT. K atomy Tmny npubnmxaeTcs npouecc punbTpoBaHUA
nnBea.

Kpome onucaHHbIX OBYX cnyvyaeB OuUnbTPOBaHUS MUMEETCH MPOMEXYTOYHbIN,
npu KOTOPOM WMEeT MeCTO KakK MPOHWKHOBEHWE ocajka B Kanumnispbl U KX
3aKkynopuBaHue, Tak n obpasoBaHune crnos ocagka.

Takum ob6pasom, Tnn UNLTPOBAHMS 3aBUCUT OT CBOWCTB CYCMEH3UN,
dunbTpyloLEen Neperopoakn, AasneHns unbTpoBaHus. oaToMy ogHa U Ta Xe
CYCNeH3nst MOXeT (pnnbTpoBaTbCs NPU COOTBETCTBYIOLLUX YCIOBUSX Pa3fivMyHO.

OcHo8Hble 3aKOHOMepHOCMU ¢husibmposaHus

Beungy HebonbLLOro paamepa OTBEPCTUI B Cnoe ocagka U unbTpoBaribHOM
neperopoake, a Takke Manon CKOPOCTU OBMXEHUS XWOKOW dhasbl B HUX MOXHO
cuuTatb, YTO UNbTPOBAHWE MpPOTEeKaeT B JlaMuHapHon obnactu. [lpn aTom
YCNOBUM  CKOPOCTb  (PUNIbTPOBaAHMSA B  KaXAdbll  OaHHbIM  MOMEHT  MPsMO
nponopunoHanbHa pasHOCTM AaBfeHuin U obpaTHO NponopLMoHanbHa BA3KOCTU
Xngkoctn asbl U obwemy rmgpaBnnMyeckoMy COMPOTUBIIEHUIO CrOA ocagka W
dunbTpoBanbLHON neperopogkn. B cBA3n ¢ Tem, 4To B obLiem cnyyae B npolecce
duUnNbTPOBaHNS 3HAYEHNS Pa3HOCTU OaBMEHUI N TMAPaBANYECKOro CONPOTUBIIEHMS
Crnos ocagka C TevyeHMeM BpEMEHM WU3MEHSAITCH, TO MNEPEMEHHYH CKOpPOCTb

dunbtpoBaHna W (m/cek) BbipaxatoT B anddepeHumnansHon opme, a 0OCHOBHOE
ypaBHeHME PUNbTPOBaAHUSA UMEET BUA:

Lo AV AP
S.dT (Roc. +R(1).n.)':u’ (2-86)

roe V- o6bem dunbtpata, M3 S - noBepxHOCTb PUNLTPOBAHMS, M2, T -

NPOAOIKUTENBHOCTL (PUNBTPOBAHUSA, CEK; AP - pasHoCTb AasneHuin, H/m?; L -
BA3KOCTb XWUAKOW dpasbl cycneHsumn, H-cek/m?; Roc - CONpPOTUBIEHNE Crnos ocanka,

mL; R@,H_ - CONpPOTUBNEHNE (PUNLTPOBANbHOM NEPEropoakM (ero MOXHO CYMTaTb
NpUBN3NTENBHO NOCTOSIHHBIM).

BennunHa Roc no mepe yBenuuenus TonwwmHbl crost ocagka uameHsieTcst ot
Hynsl B Havyane unbTpoBaHWA OO MaKCMManbHOro 3Ha4YeHUs B KOHLE npouecca.
[Ana wnHTerpupoBaHua ypaBHeHUs (2-86) HeobxoAUMO YCTaHOBUTb 3aBUCMMOCTb

mexay Roc 1 06beMoM nonyyeHHoro unbTpaTta. YunTbiBasi IponopLUoHanbHOCTb
06BbEMOB ocafka U cunbTpaTa, 0603HaYMM OTHOWeHMe obbema ocagka Voc K
obbemy punbTparta V yepes Xo.Toraa o6bem ocaaka Voc = Xo'V. BmecTe c Tem

o6bem ocagka MoxeT GbiTb BbipaxeH kak Voe = Noc'S, roe Noc — BhicoTa cros
ocagka. CnenoBaTerbHO:
V'Xo:hoc's.
OTcioga TOMWMHA paBHOMEPHOro Crnos ocadka Ha (UNbTPOBarbHOM
neperopoaKke cocTaBuUT:
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Vv
hoc = Xoe "q
: g (2-87)
a ero ConpoTMBReHNe
\%
Roc. =TI, hoc. =TI, X - g, (2-88)

roe Io - yaenbHoe conpoTMBIIEHME Crnos ocaaka, M2,

Moactasue 3HaueHne Roc u3 BbolpaxeHus (2-88) B ypaBHeHue (2-86)
NONy4YnM:

LAV AP
S-dr A\ : (2-89)
I, " X, .S+R(b.n. “H

YpaeHeHue ¢hunbmpoeaHusi npu NocMmMosiHHOU pasHocmu daesieHul

Mpu AP= cONnSt u HeusmeHHoN TemnepaType ans dunbTpa AaHHOM
KOHCTPYKUMM UK BblOpaHHON unbTpOBaribHOM MNEpPeropogkn BCe BXOAsMe B

ypaBHeHue (2-89) BenuMYMHbLI, 3a UCKIYEHUEM V ¥ T, nocTosHHbI.

[MpounHTerpupyem ato ypaBHeHue B npegenax ot 0 go Vinor0poT.

%

V T
Iy(ro ‘X, -S+qu_n‘)dV=J-AP-S-a’T’
0 0

(2-90)
Vz
Unu MrOXOQ’S'-i_’Ll.Rd’l’l -V:APST
Pasnenus obe wactn Ha L-To 'Xo/ZS, OKOHYaTESIbHO NOMYyYUM:
R,.-S AP -S?
V2+2-¢"‘-V=2-S-r (291
r0 ) XO ILl ) XO ) r0 .

YpaBHeHne (2-91) NpUMEHNMO K HECKMMAEMbIM U CXKXUMAEMbIM OCajKam,
nockonbky npu AP=CONSt BennuuHbl o 1 Xo Takke NOCTOSHHI.

N3 ypaBHeHus (2-89) cnepyeT, uto npu AP=CONSt, no mepe yBenuueHus

obbema cbmanpaTa, a cnepoBaTtesibHO, W MNpoAaoITKUTENbHOCTU  Mpouecca,
CKOPOCTb CbMﬂprOBaHVIFI YMEHbLUaeTCH.

YpaeHeHue ¢hunbmpoeaHusi npu MocmMosiHHOU cKkopocmu npouecca
[na nonyyeHust ypaBHEHUS Mpoluecca AN AaHHOro cryyasi NPOW3BOAHYH
dV/dt samensiem pasHbiM oTHOWeEHVMEM KoHeuHbIX BervuuH V/T. Mocre Takom

3aMeHbl, pellas ypaBHeHue (2-89) oTHOCUTENBHO AP, naxooum
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y? P V
AP=p-roXo g2 TH Ry, g ;- (2-92)

YMHOXWB 1 pa3genvs NepBoe criaraeMoe NpaBoi YacTu 3TOro ypaBHEHUS Ha

V

"T" U NPUHAB BO BHUMaHMWE, YTO NOCTOSSHHAA CKOPOCTb (punbTpoBaHUA w= N

noNyvynm:
2
AP=p-roxgW Tt H- qu.n. "W, (2-93)

YpasHeHve (2-93) nokasbiBaeT, uto npu W=CONSt pasHocTb AasneHwii
BO3pacTaeT MO Mepe YBENUYEHUs MNPOLOIMKUTENBHOCTU UNbTPOBaHUA. 3TO
ypaBHEHME MPUMEHUMO K HECXKMMAaEMbIM OCagKaMm; Npu UCMOMb30BaHUN ero And
CKMMaeMblX OCagKkoB cregyeT WMETb BBMAY 3aBMCUMOCTb  YAENbHOro
COMPOTMBIIEHMS OT Pa3HOCTU OABEHUN.

OcHoeHble munbl hunbmpayuoHHbIX arnnapamos

dunbTpoBanbLHoe obopyaoBaHne GbiBaeT NEpPUOANYECKOrO N HEMPEPBLIBHOMO
pencteus. Mo NnpuHUMNY ENCTBUS OHO AENUTCS Ha ABE rpynnbl:

- Ob6opynosaHue, paboTatowee npm NOCTOSAHHOM nepenage AaBieHns.

- O6opynosaHue, paboTtatowee npm NOCTOAHHON CKOPOCTU (OUNbTPOBAHMSI.

dunbTpbl, UCNONb3yeMble AN pasfeneHns cycneHsuu, paboTtarT Kak nog
BaKyyMOM, TaK U nog u3bbITOMHbIM JaBfieHMEM, NEPUOANYECcKN U HenpepbiBHO. K
dunbTpam, paboTawmm No4  AaBfeHueM, MPeabsBrsTCA  MOBbIWEHHbIE
TpeboBaHUA K MexaHU4Yeckom MpPoYHOCTU. OHM M3roTaBnMBaKOTCA MO HOpMam
[ocropkoTnoHagsopa Ans cocyaos, paboTawowmx nod gasneHveMm. B dunbTpax
nepnoandeckoro OencTBUA OCafoK yAdanseTcs nocne npekpaweHns npolecca
dbunbTpoBaHNSA, B UNbTpax HENPEPLIBHOIO AENCTBUA — MO MEPE HEODXOAMMOCTH
6e3 ocTaHOBKU npouecca.

Mpy pa3paboTke HOBbIX BUAOB (bUINbTPOBaNbHOro o6opyAoBaHUS criegyeT
OPVEHTMpOBaTbCA Ha  CO3[4aHWe KOMMaKTHbIX  annapaToB C  pa3BUTOW
hpmnbTpoBanNbHON NOBEPXHOCTbLIO, NO3BONSAOLLMX NPOBOAUTL ee pereHepauuto 6e3
OCTaHOBKM TEXHOMNOMMYECKOro npoLecca.
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HyTty-comnbtp (puc. 2.51.), paboTarowum Kak nog BakKyymoMm, Tak W MNofg
M30bLITOYHLIM  OaBfIEHMEM, LUMPOKO  PacnpocTpaHeH B MaNOTOHHAaXHbIX
npoussoacTBax. Bbirpyska u3 Hero
ocagka mexaHusumpoBaHa. [Ans cbpoca
ocajka PunbTp cHabxeH !
nepemMeliMBalOLMM  YCTPOMCTBOM B
BMAE oadHononactHon wmewanku. Ons N
yoaneHna ocagka w3 Qunbtpa Ha
LMNUHAPUYECKOMN YyacTtu Kopnyca @@

NpeayCcMOTPEH JTHOK. Cycnenaus

CycneHsns wn oxaTblh BO34yX
nogarTca Yyepes pasgernbHble
WwTyuepa, unbTpaT ygansetca vepes
lwTyuep 4, dunbTp CHabXxeH .
npeaoxpaHnUTesbHbIM KrnanaHoM. . 7

Linkn paboTel domunbTpa coCTOUT
N3  3arnofiIHEHNA  ero  CyCneH3nen,
dunbTpOoBaHNS CyCneH3um nog b
[NaeneHvMeM, yaaneHus ocagka C A -4
dunbTpoBanbLHONM  Neperopogkn  npwu .
BpaLlaroLemncs MeLlanke n
pereHepauunu dunbTpoBanbHON
neperopogkn. B Takux  punbTpax @unsmpan
MOXeT MpPOBOAUTLCA OOHOBPEMEHHO
NPOMbIBKa ocajka.

Jcadox

Ons  dunbTpoBaHMS  CYCMEH3UM  NPUMEHSIOTCA  (PUNbTPOBanbHbIE
neperopoakn u3 kaptoHa, 6enbTuHra
" CUHTETMNYECKMX BOJTOKOH.
MpenmyliecTBamn pUNbTPOBANbHbIX
neperopogok U3  CUHTETUYECKUX

Puc. 2.51. HyTty-cpunbtp C
nepemMeLLnBaoLLnM YCTPOUCTBOM:
1 — npuBopa; 2 — kopnyc punbTPa;
3 — Mewarnka; 4 — CryCKHOW KpaH;

BOJTOKOH ABNAOTCA BbICOKas g __ (pUNbTPOBAmNbHAs NEPeropoaKa:;
MexaHudeckas NPOYHOCTD, 6 — UnbTPOBANbHas TKaHb
TepMunyeckasa 7] XxumMmumyeckas

CTOUKOCTb.

N3  CUHTETMYeCKMX  BOMOKOH  M3roTaBnuBalTCA  (PUnbTpOBanbHble
neperopogknm C MOCTENEHHO W3MEHSLWENCA MNNOTHOCTbO, 4YTOo obecnevnBaeT
rnybnHHoe unbTpoBaHUE CYCNeH3un, coaepXallnx mManoe KonMyecTBO TBepOou
dasbl. MeHsiowaaca no rnybvHe nNNOTHOCTE OUMBTPOBANBLHOMO MaTepuana
NO3BOMSET 3axBaTbiBaTb YacTULbl NO BCen rmybuHe dunbTpa. [pn 3TOM KpynHble
YacTuubl 3a4epPXNBalOTCH B HAPYXHbIX, @ MefNkne — B rMYOUHHbIX Crosx punbTpa.
CenektnBHoe dunbTpoBaHne obecneymBaeT BbICOKYD CKOPOCTb (PUNbTpyeMown
cpeabl, NpefoTepallaeT 3akyrnopuBaHMe NOBEPXHOCTHBIX MOP M npoareBaeT CPoK
Cnyx6bl PuUnbTPOB.

PamHbIn punbTp-npecc (puc. 2.52.) ncnons3yeTcs Ans oCBeTNeHUs
BMHOMaTepuarnos, BMHa, MOrokKa, nnea. PunbTpyrowmnin 6nok cocTouT n3
YyepeayLNXCH pam 1 NNUT C 3aXaTon Mexay HUMN (PUNbLTPOBarbHOM TKaHbIO UK



82

KapTOHOM. PaMbl 1 NNUTbI 32XkKMMaKOTCA B Hanpasnsowmx 6 3aXXMMHbIM BUHTOM 7.
PUNbTP MOHTUPYETCSH HA MeTanIMYeCcKon CTaHUHE.

7 247 4
Cycnensus ,.4.4 [ [/ w
> AR
flpomsiBras k /
WUDKOCTIS

EEREEN

Punsmpam

o L4 i L. iy

9 8

Puc. 2.52. PamHbIn hunbTp-npecc:
1 — ynopHaqa nnuta; 2 — pama; 3 — nnuta; 4 — unbTpoBarbHas Neperopoaka;
5 — nogBwxkHasa nnurta; 6—ropusoHTanbHas HanpasndawLwas; 7—BUHT,
8—cTtaHuHa; 9—xenob

Kaxgas pama v nnuvta MMeoT kaHanbl Afis BBoAa CYCNeH3Mu U NPOMbIBHOM
XMOKocTn. Ha noBepxHOCTM NAUT ¢ 06enx CTOPOH pacnosoXxeHbl COOpHbIE KaHanbl
4, OorpaHU4YeHHble CBEPXY APEHaKHbIMWU KaHarnamu, a CHU3Yy OTBOAHbLIM KaHariom.
Mpun unNbTPOBaHUKN CycrneH3us noa AaBreHNeM nogaeTcs Yepes kaHarnbl B pamMax
N NnUTax u pacnpegensietTcs no Bcem pamam. unbTpaTt CTEKAEeT MO APEHAXKHbIM U
cOOpHbIM KaHanam B NnuTax W ydanseTcs 4Yepe3 OTBOAHble KaHanbl. [lpw
NPOMbIBKE OcCadka MNPOMbIBHAs >XWMOKOCTb MOA4 [AaBfeHMeM BBOAUTCH Yepes
COOTBETCTBYIOLIME KaHarbl, pacnpegensieTcs no pamam U npoxoauT 0OpaTHbIM
TOKOM 4epe3 UNbTPOBamnbHYD MNEpPeropoaky, MNpPOMbIBaeT OCadoK, a 3aTeM
yoansetca u3 ¢unbtpa 4Yepe3 OTBOAHble KaHamnbl. [MpyM NpoMbIBKE OTBOAHbIE
KaHanbl BCeX HEYETHbIX NNUT 6rioka AOMKHbI ObITb 3aKPbITHI.

OCHOBHbIM HEOCTAaTKOM paMHbIX (PUNbTP-NPECCOB SBNSAETCS TPYAOEMKOCTb
BbIFPY3KM Ocajka U 3ameHbl (ounbTpoBasribHOWM Neperopoaku. [ns Bbirpy3ku ocagka
HeobGxoaMMbl pasbopka BpYyYHYO UbTPOBanbHOrO 6roka M NpoMbIBKA NNUT U
pam.

PunbTp-Npecc aBTOMATU3NPOBAHHLIM KaMEpPHbIN C  MeXaHW3NpPOBaHHOM
Bbirpy3kon ocagka (PrNAKM) ucnonbsyeTcsa Ans pasgeneHus TOHKOAUCMNEPCHbIX
CycrneH3un koHueHTpaumen 10—500 kr/m® npu TemnepaTtypax go 80°C. Asnsetcs
dunbTpomM nepuoaudeckoro aenctema. OH COCTOMT M3 psaa NPSIMOYrofbHbIX
dunbTpoB (prc.2.53.), pacnonoXeHHbIX BNSOTHYO OOAWH nog Apyrum, Gnaropaps
YyeMy Bo3pacTaeT yaenbHasa nnowanb NoBEPXHOCTU (PUNbLTPOBAHUS MO OTHOLLEHUIO
K nnowagn, 3aHMmaemMmon punbTPoMm.

B nonoxeHuu J1 B kKamepy un3 Konnektopa 8 nocrnegosaTenbHO NocTynaroT
CYyCreH3na Ha pasfeneHue, XUAOKOCTb AN MPOMbIBKM M CXaTbll BO3QyX AnNS
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noacywkn ocagka. dunbTpaT, NPOMbIBHAs XWOKOCTb M BO3OyX OTBOAATCHA MO
kaHanam 12 B konnektop 10. B npocTtpaHctBe 11 no kaHanam 9 nogaetcda Boaa
nog AaBneHMeM, KOTopad C MOMOLWbI BOAOHenpoHuuaemon guadparmbl 6
OTXMMaeT ocagok (nonoxenHuve b). 3ateM nnuTbl pas3gBuraloTcs M 0cafok
yaanseTcs u3 unbTpa Yepesd obpasoBasLlumecs wenu (nonoxexve B}.

1 2 J 4 J & 7
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Puc. 2.53. dunbTp-npecc ¢ ropusoHTanbHbiMu kamepamu (Pr1AKM):

1 — HWXHAA NnTa; 2 — BEpPXHAA NnuTta; 3 — NPOCTPAHCTBO A1 CYCMNEH3NN U
ocafka;4— nepdopmnpoBaHHbIN INCT; 5— NPOCTPAHCTBO ANa punbTpaTa;
6—anactnyHaa guadparma: 7, 9, 12 — kaHanbl; 8 — KONMekTop Ansg CycneHs3uu;
10 — konnekTop And oteoAda unbTparta; 11 — npoCcTpaHCTBO ANF BOAbI,

13 — dunbTpoBanbLHasa TKaHb

BapabaHHble  BakyyM-punbTpbl  MPUMEHSAKOTCA  ONA  HenpepbiBHOro
pasfeneHust cycrneHsnn koHueHtpauuen 50—500 kr/m . TBepable YacTuubl MOryT
UMETb KPUCTaNnN4ecKyro, BONTOKHUCTYI0, aMOPHYIO, KOMnouaanbHY CTPYKTYpPY.
Mpon3BoauTENBHOCTE UMbTPa 3aBUCUT OT CTPYKTYpbl TBEpAblX 4YacTtuy wu
CHWXaeTcHa B YKa3aHHOW Bblle rnocrenoBaTernibHOCTM.

BapabaHHble Bakyym-punbTpbl (prc.2.54.) BbINYCKAOTCA C BHELUHEN WU
BHYTPEHHEN (DUNbTPYIOLWEN NOBEPXHOCTLIO, KOTOpasi 00TArmBaeTcsl TEKCTUIbHOM
unbTpoBanNbHOM TKaHbI. Bpaljalowmnnca ropusoHTanbHbIM NepgoprpoBaHHbLIN
OapabaH pasgeneH neperopogkaMmm Ha HECKOSNbKO CeKUMn OaMHaKoBOW (hopMbl,
KoTopble 3a 060poT GapabaHa NpoxXoaaT HECKONbKO pabounx 30H: PUNbTPOBAHUS,
00e3BOXMBaHUS, NPOMbIBKW, yaaneHnsa ocagka u pereHepauun punbTpoBanbHON
TKaHW. YcTponcTeom, ynpaensoLwmm paboTtoun dunbTpa, ABNAETCA
pacnpegenuTenbHasi rofnioBka, Yepes KoTopyto cekumn bapabaHa B onpeaenieHHOn
nocnegoBaTeibHOCTM NOACOEAVHAKTCA K Maructpanam Bakyyma, CxaToro Bosgyxa
W NpoMbIBHOM XuakoctTn. B cragum dunbTpoBaHua 30Ha unbTpa nog
dUnNbTpyOLWEN TKaHbK COEAUHSETCA C BaKyyMOM M ounbTpaT, HaXOAALWMNCH B
KOpbITe, MpOXoauT Yyepes purnbTpoBarnbHy0 TKaHb. Ocafok OTKaAdbl BaeTcs Ha ee
NOBEPXHOCTU. [MPOMBITLIN N MNOACYLLIEHHbIN 0CALOK HENPEPLIBHO Cpe3aeTCs HOXOM.
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UTo6bl B3BELLUEHHbIE YAaCTULbl HE OTCTaMBanucb, KOPbITO CHabXeHO Kavdarowencs
MeLuankomn.

Puc. 2.54. bapabaHHbI Bakyym-
dunbTp C pacnpegennuTeribHon
rOSIOBKOW:

L — nepdopmpoBaHHbIN GapabaH;
2 — ounbTpoBasribHasi TKaHb;

3 — HOXeBoe YCTPOMUCTBO;

4 — ceKuus; 5 — KopbITO;

6 — mMewarnka;

7 — Tpyba; 8 — pasbpbi3rmBaTens;
9 — pacnpegenuTenbHas rorioBka

JleHTouHbIN PunbTp (pUc. 2.55.) cocTonT N3 pambl, NPUBOLHOIO U HATSXXHOIO
bapabaHoB, Mexay KOTOpPbIMU HaTsIHyTa BeckoHeYHas nepdopupoBaHHas
pe3nHoBas neHTta. Nog Hen pacrnonoXeHbl BakyyM-KaMepbl, COEOUHEHHbIE B
HWXHEN YacTu C KosnekTtopamm anga otsoga unbTpaTta v NPOMbIBHOM XUOKOCTH.
3a cyeT BakyyMma nieHTa NpmKMMaeTCa K BepXHeEn YacTu BakyymMm-kamep. K
PE3NHOBOW NEHTEe HaTSXKHbIMU PONMKaMKU 7 NpuKMMaeTcs unbTpoBasibHas TKaHb,
BbINOSTHEHHAs Takke B BUAe 6ECKOHEYHOM NEHTHI.

_ . : / 4
Ocadox R = — == &

T . B ¢ ]
.'I'I!z!Ir:tilitiI-:l=:le:ﬂ§tll:il§l§
1

Puc. 2.55. JleHTo4YHbIN BaKkyyM-punbTp:
1 — npuBogHom 6apabaH; 2 — opcyHka; 3 — BaKyyM-kamepa;
4 — pe3unHoBas NeHTa; 5 -- NoToK; 6 — HaTskHOM BapabaH; 7 — HaTsKHble
ponukn; 8 — KonnekTop Ans oTeoda uneTparta; 9 — KonnekTop Ans oteona
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NpoMbIBHOM *unakoctn; 10—cBopHUK ocajaka;

CycneHsus nogaeTcsa Ha (hunNbTpoBarnbHY TKaHb U3 NoTka 5. dunbTpaT nog,
BaKyyMOM OTCacblBaeTCH B KaMepbl 1 OTBOANTCS Yepes3 KOMNNEeKTop B COOPHUK.
[MpoMbIBHas XMAKOCTb NogaeTcs Yepes popcyHkm 2 Ha 06pas3oBaBLUMNCS 0CanoK U
oTcacblBaeTCs B KaMepbl, N3 KOTOPbIX Yepes KonnekTop 9 otBoaANTCA B COOPHUK.-

Ha npuBogHom GapabaHe hunbTpytowas TkaHb OTAeNnseTca OT Pe3nHOBOM
NeHTbl 1 ornbaeT HanpaBnAalLWmn ponuk. Mpn 3ToM 0cafoK cockanb3biBaEeT C
dunbTpoBanbHOM TKaHW 1 NagaeT B COOpHUK ocaaka. [Npu npoxoxgeHun
dunbTPOBaNbHOM TKAHWU MeXAY poSsiMkaMn 7 OHa NPOMbIBAETCS, NPOCYLLUMBAETCS U
ounLLaeTcs.

UumeHcudgpukayusi pabomsi ¢hunbmpoe

3HauuTenbHoe yBenMyYeHne maclTaboB MULLEBbLIX NPOU3BOACTB U Hanuyve
6onbWOro 4Yncrna ocagkoB C MOBbIWEHHBIM MAPABANYECKUM COMPOTUBIEHNEM
obycnoBnmBaeT Heob6XO0AMMOCTb MNOBbILEHUS MNPOM3BOAMTENBHOCTU (PUNBLTPOB.
OTO MOXeT ObITb AOCTUrHYTO 3a CYET YBENUYEHUA MOBEPXHOCTM (PUNbTPOBAHMS
OTAENbHbIX (PUNLTPOB M MNOBbLILLEHMS CKOPOCTU npouecca NyTeM HaxoXAeHUs
ONTMMarnbHbIX YCNOBUI pasgeneHuns cycneHsnn. NocnegHee MoXHO obecneynTsb C
MOMOLLbIO TPeX rpynn crnocoboB: KOHCTPYKUNOHHbIX, TEXHOMOMMYECKNX U PU3UKO-
XUMUYECKUX.

K nepson rpynne OTHOCATCS aBTOMaTM3auMs NpoLeccoB (OUITbTPOBAHUS,
peBepcunBHOE (Mpu Marnon TONWMHE ocagka), AMHaMmuyeckoe (Mpyu HenpepbiBHOM
CMbIBaHMM  ocafgka), HeogHOMepHoe (npu  obpasoBaHMM  ocagka Ha
LUUNTMHAPUYECKOM MOBEPXHOCTM C ManbiM pagmycom KpuBWU3HbBI) U BMOpaLMOHHOE
dunbTpoBaHME.

Cnocobbl BTOPOW rpynnbl 3aknio4atTcs B BblIbope ONTMMasbHbIX 3HAYEHUN
TOMWMHbI OCafKa, Pas3HOCTM [OaBNEHUM, KOHUEHTpauun cycneHsun. [Npu aTom
BaXKHO NPOBECTU MpeABapUTENbHYIO Kraccudukaumio TBEpPAbIX YacTuL CYyCneH3un
Ha TOHKO- 1 rpy6oaucnepcHeble.

CywHoctb cnocoboB TpeTben rpynnbl CBOAUTCA K TakuM  OU3UKO-
XUMUYECKMM  BO3JENCTBMSIM  Ha  CyCMNeH3u, KoTopble  obycnaenuBatoT
3HaYUTENbHOE YMEHbLUEHWE YAENbHOrO CONPOTUBEHNSA ocadka. QTN BO34ENCTBUSA
MOryT MPOM3BOANTCS BO BPEMS UMM NOCE NONYYEeHUs CyCNEeH3NN.

B nepBom cnyyae B pesynbtate Bblbopa Hagnexawmx YyCnoBun
obpasoBaHusa cycrneH3nn (Temnepatypa, KOHUEHTpauus u T.4.) MOXHO YyBENUYUTb
pasmep TBepAblX YacTuy, MONyYUTb KpUCTanSiIMyeckMe 4acTuubl BMECTO
aMmopdHbIX, NpeaoTBpaTnTb 0bpasoBaHME CMOMUCTLIX U KOMMOUAOHbIX NpUMecen;
npu 3TOM yAenbHOEe COMPOTMBIIEHWE Ocagka WU OTAENbHbIX CYCNEH3UN MOXEeT
ObITb YMEHbLUEHO B AECATKN pas.

Bo BTOpOoM cnyyae nocre npubaBneHust K CyCneH3Un arpervpyowmx unm
BCMOMOraTenbHbIX BELLECTB YyAerlbHOe COMPOTMBIIEHWE OcCafka Takke 3aMeTHO
yMeHbluaeTca. PunbTpoBanbHOE BCNomMoratenbHoe BellecTBo, gobasnsemoe B
NCXOOHYO CYCMEH3MI0, COCTOUT U3 OTHOCUTESTbHO KPYMHbIX HECKUMAEMbIX YacTuL.
Takne BewecTBa WCMNONb3YKTCH, Hanpumep, NpuU pasgeneHun CyCneH3un,
coAaepXawmnx TOHKOAMCNEpPCHble TBepAble WNU  NErkocKMMaemble 4YacTuubl.
BcnomoratenbHoe BewecTtBO AOMKHO obnagatb HebonblUOW  HAacCbIMHOW
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NNOTHOCTbLIO, ObITb MOPUCTBIM U XMMWYECKN WHepTHbIM. Hanbonee ynotpebum
anatoMuT (punbTpoBaHne PPYKTOBLIX COKOB, HArNuUTKOB, CaxapHbIX CUPOMNOB U T.4.)
n uenntono3sa (bymaxHas macca) - NnMBo, BMHO. YacTo BcnomoraTenbHoe BeLWeCcTBO
HAHOCAT TOHKMM CrOEM Ha (uUNbTPOBasbHYIO Neperopoaky, YTo NpeaoxpaHseT ee
OTBEPCTMUS OT 3aKyrnopuBaHuUs.

2.2.1.3. HenmpugpyaupoeaHue

Mo ueHTpudyrmpoBaHMeM NOHMMAKT NpoLecc pasgerieHna HeOOHOPOOHbIX
CACTEM B MONe LEHTPOOEXHbIX CWUM C MCNOMb30BaHMEM CHMOLWHbIX WK
NPOHMLAEMbIX ANS  KMAKOCTM neperopogok. [lpouecc ueHTpudyrmpoBaHus
NPOBOAAT B MalUMHaX, HasbliBaeMbliX LeHTpudyramun. LleHTpudpyra B npocrtenwem
crniydae npegctaBngeT cobou  BepTUKamNbHbIM  UMAVHOPUYECKMA POTOP CO
CMMOWHbIMM 1N nepdopupoBaHHbIMM  OBOKOBLIMW  CTeHKamu.  PoTop,
3aKpensieHHbIM Ha Barny, NoMewarT B COOCHbIN LUANHAPUYECKUNA HENOLBWKHbIN
KOXYX, 3aKpblBaeMblii CbE€MHOWN KpbIWKOW. Ecnn poTop nepcopmnpoBaHHbIv, TO Ha
ero BHYTpPEeHHeN CTeHKe pasmMellaeTcs unbTpoBasnibHas TKaHb. [log gencrevem
LEeHTPOBGEXHbIX CUN  CYyCNeH3us pasgensieTcd Ha o0cCcafoK W KuAKyw  daasy,
HasbliBaeMyto pyratom. Ocagok ocTaeTcsa B poTope, a pyrat yaansaetcs us Hero. B
OTCTOWHbIX LEHTpU@yrax co CnAOWHbLIMA CTEHKaMXU MNPOU3BOAUTCSA pasfeneHue
AMYSIbCUA N CYCNEH3NA MO MPUHUUMNY OTCTaMBaHWUA, MNpUYEeM cura TSHXKeCTU
3aMeHsIeTCA Ha LEHTPOBEXHYIO cuny.

B PUNbTPYHOLLMX ueHTpudpyrax ¢ NPOHMLAEMbIMU CTEeHKaMu
OCYLLECTBIISIETCA NPOLIECC pa3fesieHna CyCrneH3un rno npuHuMny ounbTpoBaHuS,
npuyemM BMECTO pa3HOCTU JaBfIEHUN UCNOMb3yeTCs OENCTBUE LLEHTPOBEXKHbBIX CUT.

Takum  obpasom, obuwme  3aKOHOMEPHOCTU  LEHTpUyrmpoBaHus,
dunbTpauum n oTcTamBaHua uUMerT cxoacrtBo. OgHako 3TKM npoueccbl B
LeHTpudyrax NpoTekarT ropasgo CroXHee, T.K. BMECTO CUJTbl TSXKECTU U Pa3HOCTU
AaBNEeHUN 30ecb OEWCTBYET LEHTpobexHas cuna, gocTurarowias 3HauumTerbHOWM
BENUYUHbLI. KpoMe TOro, Mrnockue Crion XMOKOCTU U OCafKa 3aMEHSIloTCS B 3TOM
cnyyae  CnosMM  C  UWIMHOPWYECKAMM  TPaHUYHBbIMM  NOBEPXHOCTSMM,
YCNOXHAKOLWMMM 3aBMCUMOCTb NpoLiecca OT reoOMeTpruyYecKknx oakTopos.

PasgeneHne amynbCui B OTCTOMHBIX LeHTpudyrax obbl4HO HasblBaeTCcs
cenapauuen, a YCTpPOMCTBA B KOTOPbIX OCYLLECTBMsieTCA 3TOT Mpouecc -
cenapatopamu. [lpu pasgeneHMn CcycneHsnnm B OTCTOMHbLIX LeHTpudyrax
pasnuyalT  NpouecCbl  LEHTPOOEXHOro  OCBETNEHUS U LEHTPOBEXHOro
OTCTamBaHus. B nepBoM criyyae M3 XWOKOCTU yAansoTcs TBepable NpUMECH,
cogepxalimneca B He3HaunTerlbHOM KonnyecTse (< 5%).

®akmop pa3desieHusi

OTHOLWEHNE LEHTPOOEXKHOIO YCKOPEHUS WA/ « YCKOPEHUIO CUIbl TSHXKECTH

Ha3sblBaeTCcs DaKTOPOM pa3feneHns unm LeHTpobexHbIM kputeprem Ppyaa

2 2 2
w W -r n -r
P == e T e T e00 (99

roe: W - oKpy)XHasi CKOpOCTb BpalleHUss poTopa, M/Cek;

I - BHYTPEHHUIN paguyc poTopa, M;
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(D - YrnoBas CKOPOCTb BpaLleHns poTopa, paja/cek;

N - yncno obopoToB poTopa, MUH.

dakTop pasgeneHna aBrseTcs BaXXHOM XapaKTePUCTUKON LLeHTpUAyr, T.K. UX
pasgensiouwas CrnocoBHOCTb MpPYM MPOYMX pPaBHbIX YCNOBUSX 3aBUCUT OT €ro
Benu4ymHbl. OH NokasbiBaeT BO CKOSIbKO pa3 CKOPOCTb OCaXOeHus YacTul, TBepaou
dasbl npu ueHTpudyrmpoBaHun OGonblle CKOpOCTU nodobHoro npouecca B
OTCTOWHMKAX.

AHanus BblpaxeHust (2-94) nokasbiBaeT, YTO yBenun4yeHne yucna obopoToB
poTopa 3HauyuTernbHO 6onblue BMMSET Ha BennuuMHy dpakTopa pasfgesieHus, Yem
yBenuyeHne paguyca. Bce ueHTpudyrm no BenuvyuumHe dakTopa pasfeneHus
nogpasfensaTcs Ha 2 rpynnbl:

1. HopmanbHble ueHTpudyru, CDp < 3000.
2. CepxueHTpudyru, CDp > 3000.

OCcHOBHbIe 3aKOHOMEPHOCMU OCaXXOeHUs1 8 UeHMpPOobexxHOM norsie

PaccmoTtpum NpocToun
NPOTOYHbLIN  cenapaTtop C  OAHUM
XOOOM >KMAOKOCTM 4epe3 OapabaH
(Pnc.2.56). Ecnu  XugkocTb B
KONbLLEBOM MPOCTPAHCTBE ABMXETCS
BBEpX co ckopocTbio Wi, TO TBepable
YacTuybl OLHOBPEMEHHO
nepemMellaloTca u B paguanbHOM
HanpaBneHun noa AeNCcTBNEM
LUeHTpobexHom cunbl C CO CKOPOCTbIO
W,,. lMockonbky BENMYMHa
LEeHTPOBEXHOW Cunbl yBENM4MBaeTCS,

Puc. 2.56. Cxema ueHTpudyru Mo Mepe yaarneHusi OT OCy BpallleHus,

ckopoctb W, dBndetcs BeENUYNHOWN
NepemMeHHON M 3aBUCUT OT MOMOXEHUS 4YacTuubl B KOSbLEBOM MPOCTPaHCTBE
bapabaHa. Kaxpgasa 4actuua [JorbkHa ycneTb [OOCTUTHYTb CTeHkn 6GapabaHna
npexae, Yem oHa OyaeT BblHECEHA M3 Hero NOTOKOM XuakocTn. CnefoBaTesnbHO,

CKOPOCTb MPOTEKaHUS XMOKocTu Yyepesd bapabanH W1 gormkHa 6biTb Takon, 4YTOObI

CaMble MeJIKMe HaCTuubl ycneru ﬂpOIZTI/I Yyepes BCH TOosy XNOKOCTU R'ROZ S .

PaccMoTpuM [ABWXEHME 4YacTulbl, AnameTp KOTOpOW NeXuUT B npeaenax
npumMeHeHnst 3akoHa CTokca (NaMuHapHbIi pexum). Takas 4yacTuua TOHET B
XXMOKOCTM Noa, AeACTBUEM CUMbl TS)KECTU CO CKOPOCTbIO

1 gd (o —py)
o 18 Ve Py , M/cex.

LleHTpobexHasn cuna Bonblie cunbl TSHKECTU B a)zr/g pas. [ge I'-tekywmmn

paguyc. 3HauuT BO CTONbKO Xe pa3 Gonblue OyaeT CKOpOCTb NepenBMKeHUs
YyacTuubl Nof ee AelCTBUEM




88
2

_g-d’ (pr—py) o1

[MoactaBnsas B BblpaxeHue (2-95) BMECTO CKOPOCTM NEPBYHO MPOU3BOAHYHO OT
NyTU NO BPEMEHM:

ds _d* (pr=px)
dr 18v yo o

Pasgensisi nepeMeHHble 1 uHTerpupys B npeaenax ot Ro no R, nonyuaem
BPEMS OCaXAEHNS YaCTULbl HA CTEHKY poTopa:
18y, R
p}lzlz 2 2,3 'lgR, Cex. (2-96)
(Pr =Py )d” - @ 0

3710 BpeMs T OOIMKHO ObITb MEHbLUE BPEMEHU NPOXOXAEHMS YacTULbl Yepes

T =

6apabaH 71 UnK B Npeaene pasHo emy T<T1, rae:

Cek. (2-97)

OTctoga HaxoAuM MakCcuMarbHO AOMYCTMMYHK CKOPOCTb MPOXOXAEHMS
yacTuubl Yepes 6apabaH:

W = L. wicek (2-98)

Torpa nponycKkHas CnocobHOCTb cenapartopa 6yp,eT:

V=7(R?-Rs?) W1-3600,  m3uac. (2-99)

BeipaxxeHna (2-96) n (2-99) ssnaTcs NpubnmKeHHbIMKU, T.K. HE YyYUTbIBAKOT
yMeHbLUeHUs cevyeHus BGapabaHa n yBenuyeHns CKOPOCTU >XMAKOCTU BCReacTBue
OTNOXEHNA ocafka, B pesynbTaTe 4Yero 4yactvua npoxoauT nyTb, MEHbLUWUR
pacyeTHOro.

Ansa TypOyneHTHOro 1 NnepexoHoro pexxmMmoB:

2

3303gd(10T_p)K) .C() v
P x g

Wo = (2-100)

OTcTorHas ueHTpudyra (puc. 2.57 a) coctont n3 cnnowHoro 6apabaHa 1, B
KOTOPbIV C MOMOLLIbIO TPYObl 2 NOABOANTCS CYyCMNEH3us.
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HCUOKOCHb

Puc.2.57. a) POTop OTCTOMHOWN LIeHTPUQYrn
6) PoTop chunbTpytowen LeHTpudyrm

B 3aknioyeHne 3ameTMMm, YTO AeNCTBUTENbHAA MNPOU3BOAUTESIbHOCTb
OTCTOMHbIX LEHTPUDYT HMXKE pacYEeTHON. OTO 0OBbSACHAETCA OTCTaBaHNEM CKOPOCTU
BpalLeHMs >KMOKOCTU OT CKOPOCTU BpawleHus poTopa, Wu3-3a addekTa
NpocCKanb3blBaHNA; HEPaBHOMEPHOCTbIO TeYEeHUs XWOKOCTU BOOMb poTopa W
yBre4YeHMeM 4YacTu OCaauBLLMXCS YacTUL, C ero CTEHOK; obpasoBaHMEM BUXPEBbIX
30H, B3MYYMBaOLLNX YaCTULbI.

lMpouecchbi 8 hunbmpyrowux yeHmpugyaax

B obuem cnyyae pasgeneHue CcycneHaumn B OUNbTPYHOLNX LEeHTpudyrax
ckrnagbiBaeTca u3 crtagunm obpasoBaHus, YNSIOTHEHUS N MEXaHWYEeCKOW CYLLKM
ocagka. B ueHTpudyrax atoro Tmna BO3MOXHa Takke M NpoMbIBKa ocajka.

[Mpouecchbl pasgeneHna cycneHsnnm Ha QunbTpax U QUILTPYHOLNX
LeHTpudyrax aHa4ynTenbHO pasnuyatoTcs. Kak n ona oTCTOMHbIX LeHTpUAYr, 30ecCb
cnegyeTr OTMETUTb BRMAHWE BO3pacTalolmMxX No paguycy poTtopa LEeHTPoOeXHOoMn
CvNbl N Nnowaan rMonepevyHoro CeyeHus KoSbLEeBOro Crosi, 4YTo genaet
HEBO3MOXHbIM MPUMEHEHNEe 3aKOHOMepPHOCTeEN (UMNbTPOBAHUA K rnpoueccam B
dunbTpyrowmx LueHTpudyrax. KoHeuyHon 3agayen ueHTpobexHoro dmnbTpoBaHUs
ABMSETCA NONydeHne ocafka C HaMMeHbLUUM cofep)KaHneM Xnakon assbl.

Mpn aHanuse ctagum obpasoBaHus ocagka HeobxoauMO Y4uUTbIBaTb
3HauuTenbHble CXUMawlue ycunus, OEencTBylWMe Ha Hero B none
LEeHTPOBEXHbIX cun. Tak B NPOMbILUSIEHHbIX LEeHTpudyrax AaBneHue B XUOKOCTU
pocturaet 1,5 MH/mM? (15 aTMm.), no cpaBHenuto ¢ 0,1 MH/m? (1 aTm.) B counbTpax.
MoaTtomy B nepuon obpasoBaHMs ocagka Npoucxoaut Hambonee MHTEHCUMBHOE
yaaneHue Xxugkoctu. [Bwkylias cuna npouecca npu 3ToM - LeHTpobexHas.
CycneHsuns, Haxogsicb B none AeNcTBUA LEHTPOBEXHbIX Cun, pasgendeTcs Ha
ANCMEPCHYID N AUCNEPCUOHHYK dasbl. bapabaH ueHTpudyrn (Puc.2.57 6) 1
nepcopmpoBaH. [1ns aTOro B ero CTeHkax npoceeprivBaeTcst 60MbLIoe KONMYecTBO
oTBepcTMn AnameTpoMm oT 3 00 8 mMm. [llpu pasgeneHun CycneH3nm B Takux
ueHTpudpyrax TBepaass asa ocefaeT Ha BHYTPEHHUX CTeHkax ©OapabaHa, a
Xnakaa npocadmBaeTcs depe3 obpasylolmncs crnon ocagka M BblbpacbiBaeTcs
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HapyXy 4epe3 OTBepcTUs No4 AencTBMeM Hamopa, co3gaBaemoro rnonem
ueHTpobexHon cunbl. O6blMHO, AN NpefoTBpaLlEeHUs yHOca MENKMX 4acTtuy,
TBEpPAON (hasbl BMecTe ¢ dyraToM, BHYTpeHHME CTeHku OapabaHa nokpbiBatoT
A06aBOYHLIM PUNBTPOM. B KadecTBe Takmx ouMnNbTPOB UCMONb3YKOTCA pelleTa u3s
CTanbHbIX NUctoB c otBepctusamun |....[,5 MM, npoBONoO4YHbIE CuUTa, TKaHEBble
dunbTpbl M3 NONOTHA, 683K, dnaHenn, Kepammyeckux NANTOK U 1.4. B TeueHune
nepBoro nepuoga unbTpaunm HeENpPepbLIBHO HapacTaeT crnon ocagka. Korga Bcs
TBepdaa asa, Haxogsuwasica B CYCMEeH3UW, ocaxneHa Ha QUIbTPYOLYHO
NOBEPXHOCTb U XWOKOCTb COAEPXUTCA TOMbKO B Kanunndpax ocagka, HaunHaeTcs
BTOPOW MNepuod, BO BpeMsi KOTOPOro MPOUCXOAUT YNIIOTHEHME ocajka, npuyem
XMOKOCTb, cofepXallasca B HeM, BbbKMMaeTCs nog AeNCTBUMEM LIEeHTPOBEeXHON
cunbl. B pe3synbTate YacTuubl ocagka conmkatoTcsa mexay cobon.

TpeTui nepuoa HaunMHaeTcsa Toraa, Korga cuctema CTaHOBUTCS TpexdiasHon,
T.K. B ocBOBOXOaeMble OT ournbTpaTa Kanunnsapbl HAYMHaeT NpoHuKaTb BO3ayx. B
9TOT Nepuod XWOKOCTb yAEepXUBAETCA Ha 4acTuuax ocagka KanunngpHbiMU U
MOneKynapHbiMu cunamu. Nog aencrenemM LEHTPOBEXHON Curbl OHa MOCTEMNEHHO
npoaBuUraeTcs Mo HanpasneHnio UNbTPYOLLEN neperopogkn. Tak npoTekaeT
npolecc B pUbTPYHOLNX LeHTpudyrax nepnoanyeckoro 4encTaus.

B ueHTpudyrax HenpepbiBHOrO AENCTBUS, B Cllydae XOPOLWO CXUMAaAEMOro
ocajka, pes3Ko BoO3pacTaeT ruMapaBfivd4eckoe CONpoOTUMBIIEHME CroA  UM3-3a
YMEHbLUEHUST MOPUCTOCTM Ocafka. OTO MPUBOAUT K CYLLECTBEHHOMY CHUXEHUIO
CKOPOCTU LeHTpudyrmpoBaHus. Moatomy B OTAESbHbLIX CIy4adxX He WCKOYEHO,
4YTO CKOPOCTb NpoLecca pasfeneHus cycneHsum B unbTpylowen ueHTpudyre
OyoeT MeHblle, YemM Ha unbTpe, NpM OTHOCUTENBbHO HEOOMbLION Pas3HOCTU
AasrneHun. MoaToMy Ha UeHTpudyrax He Bcerga cnegyet pasgensTb CYyCrneHsuu,
KOTopble [alT CUMNbHO CXuMMaeMbln ocafok. CBoncTtBa ocagka cnepyert
npegBapuTeNbHO UccneoBaTthb.

LleHTpoGexHas dunbTpauns LMPOKO WUCMONb3yeTcs B CBeKnocaxapHoM WU
pacdmMHagHOM NPOW3BOACTBaX, rAe NpW MOMOLWM STOro mnpolecca OTAensT
KpUCTannM4eckuin caxap OT MaTO4YHOro pacTtBopa. [lpuMmeHseTca oHa Takke B
Npou3BOACTBAX rMOKO3bl U NUBA.

Pacyem HenpepbieHOOelicmeayrouwux hunbmpyrouux ueHmpugyea

PaccmoTpum UeHTpuUdyry ¢ HenpepbiBHOM BLIFPY3KOW Ocafka, B KOTOPOM
CpeaHsist ero TonwmHa hoc MoXeT ObITb MPUHATaA NOCTOAHHOW. YNPOLLEHHbI MEeToA
ee pacyeTa OCHOBaH Ha NPUMEHEHUN YpaBHEHUS PUbTPOBAHUA NMPU NOCTOAHHbIX
pa3HOCTU JaBreHnn n ckopocTu (2-86).

_ AP
ﬂ(rohoc + Rd)n) ’

roe V - o6bvem punbTpaTa, M.

Mpunss Ry,= 0 n samenns pasHocts pasnenunii AP wa pasnenve P,

obycrnoBneHHoe AeUCTBUEM LIEHTPOOEXHOW CuMbl, MOMYyYMM BblpaXeHue aOns
onpeaeneHns Npon3BoANTENbHOCTM LIEHTpUdYrK no dyrarty:
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o - PSe

! /Ll ) 7"0 ) hoc ’ (2-101)
roe Scp - CpefHss NOBEPXHOCTb OUNbTPOBaHUS, a:
Qr=V/x. (2-102)

[na onpenenexus QT no BblpaxeHuto (2-101) Heo6xoAUMO BbIMUCAUTL Pu n
Noc. Ha puc.2.58. nokasaHa 4acTb KOSbLEBOroO Crosi XUAOKOCTU Ha nepedepun

C\ poTopa. Ee anemeHTapHas macca dm paBHa:
nl
i ol dm = oy 271 -Hdr, (2-103)
1T T
l'._-:|,-|'_ - D ,-.;l roe H - anvna ueHTpudyru, M.
||| ' o -.':.'e_l Wmes BBUAy, 4To LeHTpobexHas cuna C
) ey m
I-l':fl-;lz - L :‘:l paBHa *(7 ) ,
Itk Rg Jbo s
iy - e -l ¥ cyueTtom ypaBHeHVIFl (2 103), 3anuwem:
dr P, 27-r-Hdr n°n’r’
Pnc.2.58. K pacyeTty dC: : : (2_104)
dbuneTpyowen LeHTpudyrun r 900
Tak kak S=2 771 -H, 1o:
dc 7t -n’
—=dP =p  -————rdr
S Y aHe 900 : (2-105)
[MpouHTerpmpoBae 310 BhipaxeHue oT 0 ao Py 1 oT Ro 4o R nonyynm:
Y 2 2 R
T n
I dP =p . -———— J rdr
Y o : 2-106
) 900 (2-106)
nnu:
2 2
T -Nn o) 2
=Py 900 B TR (2-107)
TonwuHa cnos ocagka MoXeT ObITb HageHa U3 COOTHOLLEHUS:
R-R,
hoc = e (2-108)

rae B - kKoadULUMEHT, BENNUYMHA KOTOPOro 3aBUCUT OT TUMNa LEeHTpUdYru.

Mocne noacTtaHoBkM B ypaBHeHue (2-101) 3Hauennit Py u Noc w3
BblpaXXeHui

(2-107) n (2-108) onpegenum QT:
QT =gk .Qcp .Scp’ (2-109)



92
rne k=1/ Mo - BENnUmMHa, xapakrepuayiolas yaernbHoe COnpoTUBNEHNE 0CaaKa;

2 2
P, T 0 -F

0, = -
P 900 - BEnM4YMHa nponopuMoHanbHas
LueHTpobexHon cune. MNpuyem:
2
R*-R,” R+R,
V = =
T 2AR- R)) 2 (2-110)

[enctButenoHas NpPOn3BOAUTENBHOCTb PUNbTPYOLWLNX LeHTpudyr
onpeaenutcs us Boipaxenns: Qy=17,-Qr,

roe 1)y - KoapdUUMEHT 3PdPEeKTUBHOCTU LEHTPUMYIU; OH BCeraa MeHblle
eauHULbI.

KoHcmpykuyuu omcmoUHbix u hunbmpyrowux yueHmpugpya

PunbTpyrowme UeHTpUyrm nepnognyeckoro U HenpepbiBHOMO AeNCTBUS
pasfenstoTCca No pacnorfioXKeHU0 Bana Ha BepTUKarnbHble U FOPU3OHTasbHbIE, MO
cnoco®y BbIFPY3KM OCagka — Ha UEeHTpudyrn C pPYyYHOW, rpaBUTaLMOHHON,
nynbcupyowen un UeHTPobeXxXHOM BbIrpy3konM ocagka. [naBHbIM  OTNIMYMEM
PUNLTPYIOLWMX LEHTPUPYr OT OTCTOMHbIX SBNSETCA TO, YTO OHU UMEIT
nepdopurpoBaHHbIn bapabaH, 0O TAHYTbIN

O6blvHble LEeHTpUdYrn No xapakrepy NpoTekarLwmx B HAX NpoLeccoB Aendar
Ha unbTpyloWwMe, OTCTOMHbIE W pasfensiwme, a CKOPOCTHble (cernapaTopbl U
TpybuaTble UeHTpudyrn) Ha oceeTnsawwme n pasgenswowme. LleHtpudyrn moryT
MMETb TFOPU3OHTalNbHOE M BepTuKanbHOEe pacnonoxeHue potopa. Mo npuHuuny
AENCTBUA  LEHTPUdYrn [OensarT Ha MalwWuHbl Nepuoamnyvyeckoro, HenpepbiBHOro
AENCTBUSA N KOMOMHMPOBAHHbIE.

dunbTpyolne UeHTPUdYrM nepmogmyeckoro U HernpepbIBHOrO AencTBUs
pas3fnensrTca Mo pacrnonoXeHUo Basia Ha BepTUKalnbHble U rOpU3OHTasbHbIe, MO
crnocoly BbIFPY3KM OCagka — Ha LUEeHTpUdyrn C PYyYHOW, rpaBUTaLMOHHON,
nynbCUpyoWEen u LEHTPOOEXHOM BbIrPy3KoM ocagka. [NnaBHbIM  OTNIMYMEM
PUNbTPYIOLWMX LEHTPUPYr OT OTCTOMHbIX SBMASETCA TO, YTO OHUM UMEIT
nepdoprpoBaHHbIn bapabaH, 06TAHYTLIN PUNLTPOBANBHOW TKaAHLIO.

B dunbTpytowen ueHTpudyre nepuogndeckoro agencrtema (puc.2.59.)
cycneH3na 3arpyxaetcs B 6apabaH cepxy. [locne 3arpy3ku cycneHsun b6apabaH
npuBoanTCa BO BpalleHne. CycneHaus noa AencTBMEM LIEHTPOOEXHOW Cunbl
oTbpacbiBaeTCa K BHYTPEHHEN CTeHke GapabaHa. XXugkas aucrnepcuoHHasa (pasa
NpoXoauT Yepe3 uUnbTpoBasibHYO NEPEropoaKy, a OCadoK OCaXAAaeTCs Ha Hew.
dunbTpaT NO CnMBHOMY naTpybKy HanpasnseTcs B cbopHuk. Ocagok nocne
OKOHYaHUS UMKNa punbTpoBaHMs BbIrPYKaeTcsa BPYyUHYH Yepes Kpbiky 3.

KoHCTpyKuMs omnbTpytowen LeHTpugyrn ¢ nepdopupoBaHHbiM 6apabaHom
aHanormyHa  KOHCTPYyKUMW  aBTOMaTUYeCKOM  OTCTOMHOW  uUeHTpudyrm C
HenpepbIBHbIM HOXEBbLIM CbEMOM OCazKa.
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Jcadox CycneHsun

Pursmparm

Puc. 2.59. dunbTtpytowas ueHTpudyra nepmoanyeckoro 4encTeus:
1 — cTaHuHa; 2 — nepcopupoBaHHbii 6apabaH; 3 — KpblwKa; 4 — KOXYX;
5 — cTynuua;6 — noAawmnnHuK; 7 — anektTpoasuraTenbs; 8 — LWKUB C PEMEHHOM
nepefayen; 9 — gpeHaxHas cetka; 10 — punbTpyrowas TkaHb

B camopasrpyxatowmxca ueHtpudgyrax (pmnc.2.60.) ocagok yganserca nog
AENCTBMEM TPaBUTALMOHHOW CuUMbl. Takme UeHTpUdyrn BbINOSHAKTCA C BepTu-
KanbHbIM BafioM, Ha KOTOPOM pacnonaraetca nepdopupoBaHHbIi GapabaH.
CycneH3nst nogaeTcs Ha 3arpy3oudHbli OUCK Npy BpalleHun GapabaHa C HU3KOM
yactoton. HwkHAA 4yacTb GapabaHa MMeeT KOHMYeckyo ¢opMmy, nNpuyem yron
HaKnoHa fgenaetcs OonblWKMM, YEM Yroyl eCTECTBEHHOro oTkoca ocagka. [locne
OKOHYaHUA uMKna punbTpoBaHMa U OCTaHOBKM GapabaHa ocagok noa AencTBueEM
rpaBUTaLUOHHONM CUMbl CNOMN3aeT Co CTEeHOK GapabaHa 1 yganseTcsa us LeHTpudyrm

yepes HUXHUI TOK.
e

Puc. 2.60. LleHTpudyra c
rpaBUTaLMOHHOWN BbIrPY3KOW
ocajka:
1 — Ban; 2 — Gapabah;
3 — pacnpegenuTenbHbIn OUCK,;

/I VIFIANIIAMA RT™WUrirrn
Jcadox

Pu n6mpam
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B HenpepbiBHOOENCTBYHOLLNX (PUNBTPYIOWMX LLEHTPUGYrax ¢ nysibCUpyroLLen
BbIrpy3Kon ocafka (puc.2.61.) omnbTpaT U3 LEeHTPUAYrN BbIBOAUTCSA HENPEPbLIBHO,
a ocafoK nNepmogmnyeckn Bolrpyxaetcs n3 6apadaHa nynbCUpyroLMM NOPLUHEM.

1T 27 4 K A

\7

Lycrnenaus Puc.2.61. LieHTpudyra
HenpepbIBHOro AeNCTBUA C
NynbCUPYIOLLEN BbIrPY3KOMn

ocajka:
1—nonbin Ban; 2—LWTOK;
3—kopnyc; 4 — NopLUEHb-

TonKatenb; 5 — NpMeMHbI KOHYC;

6 — 6apabaH; 7 — cuto

Punsmpan 1 l dJdradox

[MoplieHb-TOoMNKaTeNb NepemMellaeTcss B rOPU3OHTaNbHOM HanpasfieHUn B
bapabaHe C NOMOLLBIO LITOKA, KOTOPbIN HAXOOUTCA BHYTPU nosoro Bana 6apabaxa.
LUTok BpawaeTtcsa BMecTe C BarioM W COBepluaeT OAHOBPEMEHHO BO3BpPaTHO-
nocrtynarenbHble aBmwxkeHns (10— 16 xogoB B MUHYTY, OfIMHA KaXKOoro xopaa
cocTtaBnget npumepHo 0,1 anuHbl GapabaHa). CepBOMExaHU3M aBTOMaTUYECKU
N3MEHAET HanpaBrieHne ABMKEHUS MOPLLHS.

CycneHsust nogBoauTCs MO OCK Bana B MPUEMHBbIN KOHYC. B KOHyce nmetrotcs
OTBEPCTUS, MO KOTOPbIM CycneH3na noctynaer B OapabaH. BHyTpeHHss
noBepxHoctb  6GapabaHa nokpbiTa  dunbTpoBasnbHbIM  cutoM.  Ocapgok,
OTNOXMBLUMNCA HaA NOBEPXHOCTU CUTA, MPOMbIBAETCHA U NepeMeLLaeTcsa NopLIHEM K
OTKPbLITOMY KOHUY GapabaHa. M3 BapabaHa ocagok BbIrpy)aeTcs B Kamepy Ans
ocajka.

LleHTpudoyra HenpepbIBHOrO AENCTBUS C LEHTPOOEXHOW BbIrPYy3KOW ocajka
NMEET KOHW4Yeckun nepcopupoBaHHbii 6apabaH, BHYTPM KOTOPOro BpallaeTcs
LUHEK CO CKOPOCTbIO, HECKONbKO MeHbLUEeN CKOPOCTM BpauweHua 6apabaHa. [pwu
BpallleHMM BUTKM LUHEKA CHuUMalT ¢ 6apabaHa OTNOXMBLIMWUCA OCagokK W
nepemeLLalnT ero B HWXKHIOK YacTb GapabaHa, B kamepy Ans ocagka. Bobirpyska
ocagka npoucxoauT nog OeWCTBMEM LEHTPoBEeXHOM cunbl. [1pyn 3TOM ocagok He
N3MenbYaeTCs, ero CTpykTypa He U3MEHSETCs, KakK, Hanpumep, B ueHTpudyrax c
HOXXEBbIM CPE30M U BbIrPY3KOM OcafKa MyfbCUPYIOLLNUM MNOPLLUHEM.

OTCcTOMHbIE UeHTPUdYrm MoryT 6biTb C BEPTUKANbHbIM U TOPU3OHTaNbHbIM
pacrnonoxeHnem Bana u ©OapabaHa, nepuogmyeckoro (NoABo4 CyCneH3un wu
BbIrpy3ka OCaZika Npou3BOAATCS NepUoanyveckun), NonyHenpepbIBHOMO (CycneHsus
nogaeTcs HenpepbiBHO, a 0CafoK BbIrpyXXaeTcs nepuoanyeckn) u HernpepbIBHOMO
AencTBma (nogada CycrneH3nm 1 BbIrpyska ocazika OCyLeCTBNAITCA HEMPEpPbIBHO).
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/1 OtcTonHasa ueHTpudyra
nepuognyeckoro  OenctBusi  C

Lycnersus s Py4HOM  BbIFPy3KOM  ocajka
(pnc.2.62.) cocTouT n3
GapabaHa, HaCaXeHHoro Ha
BpaLlatoLmmncs Ban "
nomMmewieHHoro B Kopnyc. [loa
AENCTBNEM LIEHTPOOEXHOW CUnbl,
BO3HMKAKOLWEN nNpu  BpaLleHUu
Oapabana, TBepable 4acTuubl
ocaxpgalrTcsi B BUAE CMMOLIHOIo
/ cnos ocafka Ha CTEHKe
/ bapabaHa, a  ocBeT-neHHas

-
Jca dox

KMNOKOCTb nepennBaeTca B KOXYX

Oceéemnennasn sxcuokocmsp W ypgansetca  yepe3  pac-

Puc. 2.62. OTcTONHaa ueHTpudyra:

MOMNOXEHHbIN BHU3Y MNaTpyOoK.
1 — Ban; 2 — 6apabaH; 3 — kopnyc y by

Mo oKoHYaHUKM npolecca ocanok
BbIFPY)>XaeTcs U3 LeHTpUdyru.

[Mpouecc B OTCTOMHOW LEHTpUgyre coctont M3 pasgeneHuss (ocaxneHus)
CYCMeH3nn 1 OTXMMa UNn ynroTHeHWa ocagka. B aBTomMatmyecknx OTCTOMHBLIX
ueHTpudyrax (puc.2.63.) 3arpy3ka martepuana, npoMbiBKa, MponapuBaHuve W
BbIfpy3ka oOcCagka BbINOMHATCA aBToMatudeckn. Ocagok nocne oTaeneHus
XNOKOCTU CHUMAETCS HOXXOM 3 UIin CKpebKoM, KOTOPbIN Cpe3aeT ero U HanpaenseT
B )kenob unu Ha KoHBenep.

==W 2 J Hox ynpaBnsetcs  npu
NOMOLLM  rMApaBfiMYECcKOro  LUu-
nuHOpa; C HOXOM CBnokmpoBaH
MHEBMATMYECKMN MOMOTOK, KOTO-
pbii  yaapsieT no xenoby angd
obneryeHus BbIrpy3KM ocajka.

L’ymeyaus — NocnepgoBaTenbHOCTb "
i il MPOAOIKUTENLHOCTE  OTAEMbHbIX

H—— cTagui NOMHOro uukna UeHTpu-

' dyrmupoBaHus perynmpyoTca

P . ~ aMeKkTpornapaBnnyecknm aBTO-

MaToOM, KOTOPbI/A COCTOUT M3 Mac-
4 NAHOro Hacoca;pefykropa u rma-
paBnn4ecknx UUIMHOPOB, Yyrpas-
~ naeMbIX CEPBOMOTOPOM.
J :
Puc.2.63. ABToMaTuyeckas ueHTpudyra:
1 — rnagpaBnuyecku LMnuHap;
2 — bapabaH; 3 — HoX; 4 — enob;
5 — wryuep Ang yaanenus gyrara;
6 — Tpyba ansa cycneHauu

OnncaHHas LeHTpudyra
npegHasHadeHa Ons pasgeneHus
rpyObiX M CpegHUX CYyCneH3wiA.
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HenpepblBHOOENCTBYOWNE OTCTOMHbIE TOPU3OHTaNbHbIE LUEeHTpUdyrn co
lWHekoBoW BbIrpyskon ocagka (HOIMW) npumeHsoTcs B Kpaxmaro-natovyHOM
NPOMN3BOACTBE AS1 NOSTIyYEHUS] KOHUEHTPUPOBAHHOIO KpaxMarnbHOro ocagka u B
ApYrux npou3BoacCTBax.

LleHTpudpyra (puc.2.64.) coctouT U3 poTopa W BHYTPEHHErO LUHEKOBOrO
YCTPOWCTBA, 3aKniyeHHbIXx B kopnyc. CycneH3na nogaeTcsl 4epes LeHTparbHYH
Tpyby B nonbin Ban wHeka. Ha Bbixoge u3 aTon Tpybbl BHYTPU LUHEKA CYCMNEH3Us
nog AenCTBMEM LeHTPOOEXHOM Cumbl pacnpenensieTca B NofnocTu poTtopa.

PoTop Bpawiaetcsa B koxXyxe B nosibix wandax. LUHek BpalwaeTcs B uandax,
Haxogsawmxcsa BHYTpU uand potopa. [log penctBueM ULEHTPOBEXHOW Cunbl
TBEpAble 4YacTuubl OTOpacbiBAlOTCA K CTEHKaM poTopa, a XUOKOCTb obpasyeT
BHYTPEHHEE KOMbLO, TOMNWMHA KOTOPOro onpeaensietcss MOoSIOKEHNEM CIUBHbIX
oTBEpCTUM Ha Topue potopa. O6pasoBaBWMACA O0OCagoKk NepemelaeTcs
BCNeACTBME OTCTaBaHMs CKOPOCTM BpaALLUEHUS LWUHEKA OT CKOPOCTU BpaLleHUs
poTopa K OTBEPCTUSIM B POTOPE, Yepe3 KOTopble OH BbIBOOUTCA B Kamepy 6 u
yaandaeTcs U3 LeHTpudyru.

Mpwn oBWXeHUN BAOMNb poTopa 0cafok ynnotHseTcs. MNpn HeobxoanmocTn oH
MOXeET ObITb NPOMbIT.

OcBeTreHHas XUAKOCTb OTBOAMTCS 4Yepe3 CNMBHble OTBEPCTUS B Kamepy
dunbTpaTta u ygansietcs Yyepes naTpyook 7.

3a cuyeT WU3MEHeHUst 4acToThl BpawleHna poTtopa W LWHEeKa MOXHO
perynmposatb pexum pa6OTbI Ll,eHTpI/I(byFI/I, N3IMEHAA NPOAOOITKUTESIbHOCTb
OTCTanBaHNA U BbIrpy3KN OCakKa.

LlenTpudyrn tnna HOIL o6napatoT BbLICOKOW MPOU3BOAUTENBHOCTLIO U
NPUMEHAITCA ONA  pasfgeneHUss TOHKOAWUCMEPCHbIX CYCMNEeH3MM C  BbICOKOW
KOHLIeHTpauuen TBepaoun dassbl.

/ 2 J
/ / . s
' § 14°l4° 'a o] Jo} Jo -
o N aé 0 \\_I\V\ N @

Cycnendun

L

X - 7 \——_:—-——‘;\\5

J Punompam ‘ Ocadox
Puc.2.64. HenpepbiBHOOENCTBYOLAA OTCTOMHAA ropu3oHTarnbHas
LeHTpudyra co LWWHEeKOBOW BbIrPY3KOM ocajka:
1—kopnyc; 2—poTop; 3—LWHEKOBOE YCTPONCTBO; 4—nNOsbli Ban; 5—LuUeHTparnbHasa
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Tpyba; 6 — KaMepa ocagka; 7 — naTpybok ansa dpunbTpaTa

Cenapartopbl NPUMEHSAIOTCA NS pasgeneHns TOHKOANCIEPCHbIX CYCrneH3ni
n amynbcun: obecneymBaloT IPPEKTUBHOE OTAENEHNE APOXKEN OT COPOXKEHHOWN
BGpaxkn, TOHKOE OCBETIEHNSA BUHOMATEPUAnoB, 0be3XnprusaHme Mosoka u ap.

TapenbyaTbll APOXOKEBOW cenapaTop C BHYTpeHHUMU conramu (puc.2.65.)
cocTouT n3 OGapabaHa M nakeTa Tapemnok, 3akYEHHbIX B KOPMYC, KOTOPbIM
CMOHTMpPOBaAH Ha obwen pame cC
anekTpoasuraTenem.

D~ KoHueHmpam Ban C HacaXeHHbIMM Ha Hero
Cycnensun Tapenkamu nNpUBOAMTCA BO BpalleHue
aneKkTpoaBUrateneM 4Yepes pPeMEeHHYIo
nepenauy. Cenapatop cHabeH
KnanaHamn ansa ero ©6espasbopHon
NPpoMmbIBKM. KnanaHbl aBTOMaTU4ecKu
OTKPbIBAIOTCA MNPU CHWXEHUM YacTOTbl
BpaLLEHNSA 3a CHET HaKOMNeHNs ocaaka.

Bxon cycneHsun B cenapartop
ocyLlecTBrgeTcs no BHELLHEN
konbueson  Tpybe  (puc.2.63.  6).
CycneHanss noctynaeT nMo4 HWKHIOW
nepdopupoBaHHyO0 Tapenky, gocturaet
nog OENCTBMEM LEHTPOOEXHOW CUMbI
HWKHEN NOBEPXHOCTU Tapernku
4YacTUYHO pasfenseTcd U nocTynaeT B

'.Oqumafbugaﬂa MeXTapernbya-
A JXudKkocmb y
TOe MPOCTPAHCTBO BbILLEPACTIONOXEHHON
| CycneHsus Tapenku.  MakeT  cenapauyoHHbIX
——— ‘ IHL Tapenok yBenuymeaert adpdexT
OceemrneHHa cenapvpoBaHusi 3a CYeT COKpalleHus

nyTu cBobogHoro ocaXKaeHus
APOXKEBbIX YacTUL.

s ¢hasa
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Ecnn gpoxckeBas Yactuua 4ocTurna HKHENn NoBEPXHOCTU Tapenku, To
MOXHO CcYMTaTb, YTO OHa NpaKTUYeckn Bblgenunacbh n3 cmecu. OceBLUME YaCcTuULbI
OPOXOKEN Yepes BHYTPEHHME comnsa NocTynakT BO BHYTPEHHIO KOMbLIEBYIO TPyOy
N BbIBOAATCA U3 cenapaTtopa. OcBeTNeHHas XNUOKOCTb BbIBOAUTCS NO
nepudepuinHon Tpybe.

B camopasrpyxatwowmnnca cenapatop (puc.2.66.), KOTOpbIn nNpegHas3Ha4vyeH
AONa pasgeneHuns cycneHsun, cogepxawmx onee 1 % teepAabix YacTul, CycrneH3nd
nogaetca B OapabaH cBepxy 4epe3 LUEHTpamnbHYl BMYCKHYIO TPYOKy w
pacnpegendetca no nepugepum C MNOMOLLLI pacnpenenuTenibHoro KoHyca.
TBepable 4actvubl, Oyoyunm ©Gonee Tsxkenon as3on, HaNpPaBnslTCSA K CTEHKe
bapabana. XwungkocTb BbIXoaUT Kn3 OapabaHa B €ro BepxHeW 4actm nocne
NPOXOXAEHNSA Yepe3 ANCKOBYHO HacaaKy M BCTPOEHHbIA HACOC C HAaNOPHbIM ANCKOM.
Ocapok Bbirpyxaetca n3 6apabaHa cenapaTtopa 4Yepes onpeaesieHHble MHTepBanbl
BpeMeHn 6e3 OCTaHOBKM cenapaTtopa. Beirpyska ocagka 4OCTUraeTcs 3a CYeT Toro,
4YTO BHYTpeHHee OHO GapabaHa MoXxeT CBOOOAHO nepemellaTbCd MO BepTuKanm.
Bo Bpems cenapupoBaHns OHO 3a CYET rMAPaBANYECKOro AaBeHUs YNNOTHAOLWEN
XNOKOCTU MNPMXKMMAETCA K BepxHen 4yactu GapabaHa, obecneumBasi HaOeXHYHO
repMmeTnsaumio. Yepes onpegeneHHble UHTEpPBasnbl BPEMEHW aBTOMaTUYECKM MO
3alaHHOM MporpamMMe pe3KO CHWXKaKT AaBNeHue YNNOTHAILWEN >XUAKOCTWU, YTO
Bbl3blBaeT nepemeLlleHne gHa 6apabaHa BHM3. [1pn 3TOM OTKpbIBAETCS KOfbLieBas
lenb, 4Yepe3 KOTOpyl Mo4 AENCTBMEM LEHTPOOEXHOM CuMbl BbIFPYXKalTCs
TBEpAble YacTuLbl.

CycneH3us
- Y [NoBbILLEHUE N NOHUXKEHUE
rmapaBnMYeckoro AaBrneHns
OCYLLIECTBNAIOTCS

NMocpeacTBOM «MMMYMbCOBY
paboyen XKnakocTn,
nogasaemou CHapyxu B
CUCTEMY, NPUBOASLLYIO B
aencteme 6apabaH. OTu
MMNYNbCbl 1 NocnegyoLume
BbIrPY3KM TBEPAbIX YacTu
(n3BeCTHbI NO4 Ha3BaHMEM
«BbICTPEIIOBY) perynmpyTcs
YCTPONCTBOM 4151 BbIFPY3KW,

Ynnomusrowas npmnBoaAMMbIM B aencrteune

mudkocme

— JaT4yMKomMm BpeMeHU nnu
camMo3allenkmBarwmmc
YCTPOUCTBOM,
cpabaTbiBalOLWMM, KaK TONbKO
TBepable YacTuubl JOCTUTAOT

Punc.2.66. Cxema pa6OTb| Tapernok onpeneneHHoro ypoBHs B
caMopa3lrpyxaruwerocd cenapartopa NPOCTPaHCTBE, rae OHU

yOepXKnBatoTCS.
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Bbirpyska TBepAbiX YacTuL, MOXET ObITb YaCTUYHOM, MONTHOM UNK
KOMOUHMPOBAHHON.

ConnoBble cenapaTtopbl C HEMPEPbIBHbIM yaaneHMeM ocagka NpUMEHSI0TCS
Ans pasgeneHna cycneHsum, cogepxawmx ot 6 go 30 % TBepablX 4YacTul.
LleHTpobexHan cuna, pasBMBaemass B Takmx cenapatopax, B 6000—9000 pas
6onblue cunbl TAXecTu. Mpon3BoanTeNbLHOCTL AocTuraet 150 m3/u.

Cenapatopbl BbICOKONPOM3BOAUTENbHDI, KOMMAaKTHBbI, repMeTUYHbI,
N3roTOBNATCSA W3 aHTUKOPPO3UMHBLIX MaTepuanoB, MNPOCTbl B 0OCnyxXmBaHUM
(cbopka, pasbopka M nepuogmnyeckasi NpoMbIBKa cenapaTopoB MPOM3BOAATCH C
MOMOLLbIO  chneumanbHblX YCTPOMCTB WM MOWLWMX MaWKUH), He TpebylT
3HauMTENbHbIX 3aTpaT pPy4YyHOro Tpyaa, Moryt pabortatb No 3agaHHOW nporpamMme.
HepoctaTkom siBNsSieTCS BbiCOKas CTOMMOCTb annapaToB.

TuOpoyuKNOoHbI

B nocnegHee Bpemsi B NULLEBOM MNPOMbILINIEHHOCTU HaxoasaT Bce Oonee
LUMPOKOE MPUMEHEHNe MapouUMKnoHbl. OHW MCMNOMb3YTCA AN OCBETNEHUs U
oboralwieHnss cycneHsui, a Takke AnsS kKnaccudukaumm martepuarnos, T.e.
pasfaeneHns ux no ppakumsm.

3
g
?’N
V4 J
Oclemaexnan '
jmu?xacmb ' &
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Cycnewgur
Puc.2.67. TMapounKnoH: Puc.2.68. CeepxueHTudyra:

1- TaHreHUnaneHbIN WTYLEpP; 2- naTpydbok; 1- kopnyc; 2-potop; 3- nonactb, 4 —
3- neperopogka; 4 — UUNMHAOPUYMECKUM NOANATHUK, 5 — Tpyba; 6- oTBepcTMe ans
KOpMycC; 5 — KOHUYecKoe OHULLE; BbIXO4a0CBETIEHHOM XNOKoCTw; 7-
6- WTyuep Anga Bbixo4a Lwnama. wnuHaenb; 8 — onopa; 9 — WKMB.

Kopnyc rmmgpounknoHa (Puc.2.67) coctout wu3 uunuHgpuyeckon 4 wu
KOHu4eckon 5 vacten. CycneHams dYepesd naTpybok 2 nogaeTcsa TaHreHunanbHO B
LUMANHOPUYECKYHO YacTb kopnyca 4, rae npuobpeTaeT MHTEHCMBHOE BpallaTenbHOe
awxeHue. [log OencrtBMeM UEHTPOOEXHOW Cunbl YacTuubl NepemeLlarnTcs K
CTEHKaM annapaTta W KOHLUEHTPUPYKTCHA BO BHELWHUX CINOsX Bpaljarowerocd
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noToka. 34eCb OHU [OBWXYTCA MO CAMpanbHOW TpaekTopuuM BOOMb CTEHOK
rMMOpPOUMKIIOHA BHWM3 K BbIBOOHOMY LWTyLepy 6, OTKyda OTBOAATCA B Buae
CryLLleHHOW cycneH3nn. bonbluas YyacTb XXUOKOCTU NepemMellaeTcs BO BHYTPEHHEM
cnupanbHOM NOTOKe BBEPX BOOSIb OCWU annapaTa u yganseTtcs yYepes naTpybok 2.
[denctButenbHas KapTuHa OBWXEHUS MOTOKOB B MMOPOLMKIIOHE MHOrO CrioXHee
onucaHHOW, T.K. B annapate BO3HWKAT paguarbHble W 3aMKHyTble
LUUPKYNSALMOHHBIE TOKW.

Uem MeHblle gnameTp rMapoumkrioHa, Tem 6Gonblue pas3BMBaemble B HEM
LeHTpobexHble cunbl, a, cregoBaTenibHO, TEM MeHbLUEe pa3Mep YacTul, KOTopble B
HEM MOXHO oTgenutb. Ona pasgeneHus CycneH3Wi YCMeLwHO WCMOonb3YyTCs
rmapouunknoHsl anametpom 100 MM n meHee.

O6bIYHO TMOPOUMKIIOHLI Manoro agnameTpa obbeauHsalT B obwun arperar,
KOTOPbIN HasblBalOT MyNbTUMMOPOUMNKIIOH. Xopolwlee pasfefsieHne CyCcrneH3un
OOCTUraeTcsl B TOM Cryyae, ecrniv Kopnyc LMKNOHa UMeeT YASIMHEHHY0 (opmy C
yrnom koHycHoctn (10-15°). B atom cnyydae yonuHAeTca nyTb TBEpAbIX YacTuu,
yBenuunsaeTca ux BpeMa npebbiBaHus, a , crnegosaTenbHO, M MNOBbILAETCS
3P PEKTUBHOCTb pasgerneHus.

[IOCTOMHCTBA LMKMNOHOB: BbICOKas MNPOU3BOOUTENBHOCTb;, OTCYTCTBUE
ABWXKYLLIMXCA YacTen; Hebonbluas CTOMMOCTb.

HepoctaTok: 6bICTPbIN M3HOC Kopnyca. [Ans Toro, 4yToObl €ro yMeHbLUUTb,
NPUMEHSAIT CMEHHYI0 {YTEPOBKY W3 W3HOCOCTOMKMX MaTtepuanos. Pacuer
rMOPOLMKITOHOB CBOAUTCA K OMpedeneHnto npovms3BOaUTENBHOCTM U pa3MepoB
ynaBfiMBaeMblX 4acTuL.

Pacxon cycneHsun c nnoTtHocTblo "O' 4epe3 noaBoasawMi  natpyobok
AnameTpom "On" npu nepenage Aasnexus B umknoHe AP moxHo onpeaenuts no
dopmyne:

72'\/5 dn
4 D-d,

Mo ONbITHLIM AAHHBLIM, ANA LUKIOHOB cﬂ:125-600 MM W YrIIOM KOHYCHOCTH
38° koacppumument K=2,8-104.

Ha adopekT pasgeneHus okasbiBaeT rfaBHOe BIIMAHUE OTHOLLUEHME dH/dGblx,
KoTopoe npuHumaeTcs paBHbiM 0,37 - 0,4;

dn - NpuHuUMaeTcsa pasHbim (0,14...0,3) [;

dsox = (0,2...0,16) A.

[na knaccudukauymm BbIOMPAOT LMKIOHBI cﬂ:300-350 MM, ONS CryweHus

C,
V.=K-D-d /AP K=—.  Cy=u
, rae \/IO’

cycnenanit /{ =100 mm, a ans oceetnienna /[ =10...15Mm.

CeepxuyeHmpudpyau

CeepxueHTpudyrn (Puc.2.68.) nmetot potop mManoro guameTtpa — He bonee
200 ™M, BpallalLlmiica ¢ Bonblio cKkopocTblo — Ao 4500 muH™t. daktop
pasgeneHus coctasnget 15 000. B Takux ueHTpudyrax pasgenstoTcd OYeHb
TOHKOAWUCMEPCHbIE CYCNEH3UN U AMYbCUMN.
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2.2.2. PazOdeneHue HeOOHOPOOHbIX 2a308bIX cuCmMeM

2.2.2.1. Annapatbl Ans nbineynasBnMBaHuA

[MbineynaBnuMBaHue ABNAETCS, Kak NpaBuio, 3asepliatoliumM npoueccoMm B
MHOFOYUCHEHHbBIX TEXHOMOMMYEeCKMX CXemax C Yy4vyacTMemM MpoLEeCCOB CYLUKM
TBEPAbIX MaTepuanoB, WX TOHKOrO M3MeNbYeHUss W Knaccudpmkaumm, npu
NMHEBMOTPAHCNopTe, B annapaTtax ¢ NCEBAOOXMKEHHbIM COeM 1 Ap.

OT HagexHocTn U 3PdEKTUBHOCTM paboThl  MblfieynaBnnBatoLLEro
obopyaoBaHUA 3aBUCAT, B OCHOBHOM, MOTEPM CaMblX LEHHbIX, B O0ONbLUMHCTBE
Crny4yaeB BbICOKOAMCNEPCHbIX pakuun NPOOYKTOB, a Takke 3arpsi3HEHHOCTb U
3anbINIeHHOCTb BO3yXa B Liexax U Ha OKpyXatoLLen TeppuTopun.

AdheKTMBHOCTL ynaBnuMBaHusA nbinen 6yaeT 3aBuceTb OT 0O6BHLEMOB
OYMLLIaEMbIX Fa30B, OUCMEPCHOCTM YraBfMBaEeMbIX YacTuLl, KOHUEHTpauunm ux B
ra3oBOM MOTOKe, U ero Temnepartypbl, OT rpaMOTHOro Bblbopa CBOEN, B KaXKAOM
KOHKPETHOM Cfy4yae, CUCTeMbl MblfieynaBnMBaHns, COCTOsILEN OObIMHO U3
HECKOSbKMX MnocrefoBaTeNlbHO YCTAHOBMEHHbLIX annapaTtoB pas3HOro npuHUuMNa
NENCTBUS.

O6bl4HO Ha NepBON CTYMNEHW MbineynaBnuMBaHMs oTAenslTca Haumbonee
rpyoble pakunm nbifien C UCNOSIb30BAHNEM WHEPLMOHHbLIX METOAO0B OYMCTKM B
rPaBUTALMOHHBIX N LEHTPOOEXHbIX MbifeocaguTensax, a Ha BTOPOW CTYMEHWU -
Mernkue, Hambornee TpyaAHOYNOBMMble pakuuu Mbinen mMetogamu unbTpauumn
Yyepes3 neperopoaky (TKaHEBYH, KEpaMUYECKYHD, 3€PHUCTYIO), SMNEeKTPOOCaXKAEHUS,
MOKPbIMM MeTo4aMn OYMCTKW. B page cnyyaeB Hy)XHa U TPETbS CTYMNEHb.

Mo cnocoby ynaenvBaHus NbiM YCTPONCTBA NOAPA3AENanTCa Ha TPy rpynnbi:

1. AnnapaTbl CyXon MEXaHNYEeCKON OYMUCTKMN.
2. AnnapaTbl MOKPOW MeXaHU4eCKOWN OYUCTKN.
3. dnekTpnyeckasa oO4nCTKa rasos.

CoBpeMeHHble  Ccyxve  MexaHudeckue  MblfeynoBuTenn  UCMonb3yoT
WHEPLUUNOHHbIN (OCaXdeHWe nbifin 3a CYET pPe3KOro M3MEeHEeHUs HanpasreHus
razoBoro noToka) W LEHTPOBEXHbIN (LMKIOHbI) MeXaHU3Mbl  OCaXOeHus.
CamocToATenbHyo rpynny annapaToB CyXOW OYMCTKU COCTaBMSIOT NbifieyroBUTeENn
UNbTPALNOHHOIO AENCTBUS, B OCHOBE KOTOPbIX NEXUT npouecc punbTpaunm rasa
yepe3 rnopuctyro neperopogky. OHUM OendaTca Ha nbieynoBuTenu ¢ rmbkumun
NOPUCTLIMU NeperopofkaMmn (TKaHeBble pyKaBHble QUITLTPbI) U C XECTKUMU
MOPUCTLIMU U 3€PHUCTLIMU PUNBTPYIOLLMMW CIIOSIMMU.

B ocHoBe paboTbl MOKPbIX MEXaHUYECKUX MbiNeyrnoBUTENEN NEXUT KOHTaKT
ouyMlaemMoro rasa C XuakocTtbi. [lonyyunu pacnpocTpaHeHue cnegyowme
annapaTbl, paboTaloLme no MoKpomy crnocoby: nomnble n Hacago4Hble ckpybbepsl,
NneHHble annapaTbl, annapartbl C NOABWKHbLIM CloeM Hacagku v T.4.

AnnapaTtbl 3NeKTPMYECKON OYUCTKM rasa ocaaaroT YacTuubl MNbiv 3a cyeT
coobuleHnss UM anekTpuyeckoro 3apsga. K HUM OTHOCATCA Cyxue U MOKpble
ANEKTPOPUNBLTPLI PA3NNYHBIX KOHCTPYKLNNA.

PaboTy nbineynaBnuBarowlero annapaTta OUEHMBAKT MO BENUYMHE OONU
nbinu, 3agepXaHHon B HeM. Ee 06blYHO Ha3bIBalOT KOI(PPUUMEHTOM MNOSIE3HOMO

AencTBus 77 N pacCyUTbIBAOT KaK OTHOLLUEHWE KONMM4yecTBa MblJiN, yJ'IOBJ'IGHHOI?I B
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annaparte, K o6u_lemy €€ KOJIn4eCTBY BO BXOAALLEM MNMOTOKE rasa:

roe Gl n GZ - KONnn4yecTtBoO B3BELWEHHbIX YacTul B MICXOOQHOM 1N OYULLEHHOM rase,

Kr/vac.

2.2.2.2. AnnapaTbl CyXxoM MeXaHN4eCKOU OYUCTKU ra3oB

paBuTaunOHHaA ouncTKa rasoB [1ns pasgeneHus noinen (rpybomn
OYUCTKM) NpeaHa3HayeHbl annapaTtbl HenpPepbIBHOIO 1 NOSTYHENPEPbLIBHONO
OEeNCTBUA, OCHOBHbBIM U3 KOTOPbIX ABSIETCA NblfleocagnTesibHas kKamepa.

[MbineocagutenbHasa kamepa (puc.2.69) npeacrasnseTt cobon
NPAMOYrofibHbIA annapaT C pacrnofoXXeHHbIMU BHYTPU rOPU30HTasTbHbIMW NMOSIKaMMU.
3anblfNeHHbIn ra3 Yepes perynupyemMbln Wwnbep nocTynaeTt B KaHas
nblieocagmMTesibHON KaMepbl N pacnpegensaeTca Mexay ropusoHTanbHbIMN
nonkamun. PacctosaHne mexay nonkamu coctasnset ot 100 go 400 mm.
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Puc.2.69. MNbineocagntensHasa kamepa:
1 — BbIXJIONHOW KaHan; 2 — COOpPHbLIN KaHam;
3 — wmnbepsbl; 4 — ropusoHTanbHas nosnka;
5 — pBepubl; 6 — BcacbiBaOLWM KaHan

Ha3HauyeHne nonok
3aKkrn4yaeTcs B yMeHblue-
HUM NyTM OTCTauBaHUS
yactuy, nbinnu. Bmecte c
TEM pacnosioXeHne Mnonok
B 0OcaguTesribHOW Kamepe
3HauYUTENbHO YBENUYnBa-
eT nnowagb NOBEPXHOCTU
oTctamBaHus. [lpn npo-
XOXXOEHUN TMNOoTOKa rasa
Mexagy norkamu TBepable
yacTuubl OcefarwT Ha UX
NOBEPXHOCTM, a
OCBETI1EHHbIN ras
nocTynaeT B BbIX/OMNHON
KaHan n panee B rasoxoj.

CKOpOCTb ra3oBOro rnoTokKa

B Nbirie-ocagnuTernbHON
Kamepe orpaHu4yeHa
BPEMEHEM  OTCTaMBaHUS:
TBEpAOblE yacTuubl

OOJDKHbl YCNEeTb OCECTb Ha

NnoBepPXHOCTW NOJIOK 3a BpeMA I'Ipe6bIBaHI/IH noToKa B NblfieocaanTenbHON Kamepe.

Mbinb, oceBLIas Ha Nomnkax, NepuoanYeckn yaansaeTcsa ckpebkamu unm
cMbiBaeTcs BoaoM. MeineocaantensHasa kamepa pasfeneHa Ha Ba OTAeneHus,
paGoTaloLLMX NonepeMeHHo (OIHO OTAeNeHe OUYULLAETCS OT MbifK, a BO BTOPOM B
3TO e BpeMsl MPOUCXOAUT OUYMCTKa rasa), YTo obecneunsBaeT HENPEPbLIBHOCTb

paboTbl.
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[MbineocaguTenbHble Kamepbl NCMOMb3YHTCA AN rpybon npeaBapuTenbHOM
OYMCTKM ras3oB. B HMX oTaenaiTcsa YacTuubl pasmepom cBbiwe 100 mkm. CTeneHb
o4YnUCTKM HeBennka — 30—40 %.

Ouuncrka rasoB nog AeCTBUEM MHEePLUMNOHHbLIX U Ll,eHTp06e)KHbIX cun

MpUHUMN OYMCTKM ras3oB Mo AENCTBMEM WMHEPLMOHHbIX CWUIT 3aroXeH B
KOHCTPYKLUUM OTCTOMHOIO rasoxoa.

OTtcTonHbIM rasoxopn (Punc.2.70.) npegHasHavyeH ons pasgeneHus
KpynHOAMCNEPCHbIX MNblnen. [eperopofku cryxat Asis 3aBUXpeHunsi ra3oBoro
noToka. Bo3HukatoLwme npm 3TOM MHEPLIMOHHbBIE CUITbl CMOCOBCTBYIOT
WHTEHCMBHOMY OCaXXAEeHUI0 B3BELLEHHbIX TBepAbIX YacTuy,. OcesLuas nbisib
BbIrpy>kaeTcs n3 COOPHUKOB 2 MO Mepe HaKoMMeHUs ¢ NoMoLLbLo Wnbepos. Takne
OTCTOWNHMKM YaCTO BbIMNOSTHAKTCA B CUCTEME ra30Xo0B.

NHepUMOHHbIe NbineynoBUTENM OTNNYaTCA NPOCTOTOM YCTPOMCTBA,
KOMNaKTHOCTbO. CTeneHb OYMCTKN B HUX BhILLE, YEM B Mblfie-0CaanTeNbHbIX
kamepax, U cocTaBnsieT npumepHo 60 %. B MHEPLMOHHLIX NblNeynoBUTENSIX
ynaBnuBaloTcs YacTulpbl pasmepom bornee 25 MKM.

7
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Pnc.2.70. OTCTONHBbIN ra3oxoa;

1 — oTOOIHbIe Neperopoakmn; 2 — cOOPHUKM MNbinu; 3 — Wnbepbl

Hanbonee pacnpocTpaHeHHbIM METOAOM OYMUCTKM ra3a OT B3BELUEHHbIX
TBEPAbIX YaCTUL ABMNAETCA LeHTPoOEeXHOe NbifneynasnMBaHme B LMKIOHAX.

LUuknoH (Puc.2.71.)npeacraBnsietr cobon BepTUKanbHbIA LUNNHOPUYECKUN
annapat C KOHYCHbIM [AHOM. 3anblfieHHbIM ra3 BBOAUTCA 4Yepe3 naTpyook
TaHreHuunanbHO ¢ 6onbwon ckopocTbto (15 -20 m/c), npu 3TOM ero noctynaTesibHoe
OBWXXEHMe npeBpallaeTcs BO BpawaTenbHoe. [log gencrtBMeMm LEeHTpoOexHon
cunbl Bonee TsKenble YacTuubl oTOpackiBaloTCsa K nepudepun umnuHapa, 1 satem
CKONb3AT BAOSMb €ro CTEHOK BHWU3, OMYCKAKTCH B KOHMYECKYK YacCTb LMKMAOHA U
BbIBOAATCA Yepes3 HMXHMI naTpybok. [1oTok rasa coBepLiaeT HECKONbKO 0060pOTOB,
No Mepe ABWXKEHUSI B HUXKHIOK 4acTb LUMNMHApPA, a 3aTeM Mo LeHTpanbHon Tpybe
BbIBOOMTCA BBepXx yepe3 wTtyuep. [pyn 3TOM MOXeT 3axBaTbiBaTbCs HEKOTOpoe
KONMM4eCTBO rasa, He NMosTHOCTb OCBOBOXAEHHOro OT Mbinn. CTeneHb OYNCTKKM rasa
B UMKMNOHAX 3aBUCUT OT COOTHOLIEHWA ero pasmepoB. C pocTOM NUHENHON
CKOPOCTU rasa Ha BXOA€e B LMKMOH CTeNeHb OMUCTKM CHavarna Bo3pacTaeT, a 3aTeM
CT@HOBUTCS NPAKTUYECKM NOCTOSAHHOW. OBbLIYHO NIMHENHAA CKOPOCTb Ha BXoAe He
npeBbiwaeT 20 m/c, T.K. Npu Gonee BbICOKMX 3HAYEHUAX PE3KO Bo3pacTaeT
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2a3
nepenag AaBreHns B LMKITOHE
- (MponopuunoHanbHO KBagpaTy CKOPOCTU) U
| asI5 YCUNMBAETCS M3HOC BXOAHOrO NaTpy6ka u
Kopnyca.
Ha cTeneHb OYMCTKU rasa
“ 3HauuTenbHO  BNUSeT  PPaKLMOHHBLIN
coctaB nbinn. CTeneHb YynaenMBaHUS
yacTuy pasmepoM MeHblwe 20 MKM
OTHOCUTENBbHO HEBENKWKa, a Ans 6onbLnx
Ds =150 pasmepoB oHa He npeBbiwaet 90%. B
cpegHeM CTeneHb OYUCTKM B LMKIOHax
i konebnetca ot 70 go 90% npu pasmepax
Puc. 2.71. LnkroH yacTtuy, 6onee 10 MKM.
OnameTp N KONUYECTBO LMKIOHOB
nogduparTca No yCrIOBHOM CKOPOCTU rasa B ero cBO60gHOM ceveHunn
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roe V - 06bem razosoro noTtoka, m3/cek; S=nD"/4. CeYeHune LMKMNOoHa,

m2; D — BHYTpeHHwin anameTp LmknoHa.
MNMepenan QOaBneHWss B UWKMOHE YCNOBHO ONpPedensieTcs Kak MecTHoe
CONPOTUBEHME:
2 2

/4
AP=E " vy =5 p
zg 2 : H/m= | (2-111)

roe f - 0bwun koapdmuUneHT conpoTuenenns; Y.—0--J - yaenbHbln Bec

rasa, H/m3; - - NNOTHOCTb rasa, Kr/m3.
MoxHO Takke 3agaTbCa nepenagoMm [[aBfeHuss U HauTu  OOoNyCTUMYH
CKOPOCTb B LMKIOHE:

(2-112)
nocne 4yero onpenesnintb ero cevyeHne n gnameTp.
2
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PeKOMeHﬂ,yeMble 3Ha4YeHnd nepenaga AaBrieHnA B LIMKITOHaX COCTaBIIAOT!
AP

—=355-75 "

V. '

Ona o4ucTKM rasa OT MbilN NPUMEHSIIOTCA Takke PpyKaBHble (PUNbTPbI,
0bblYHO ycTaHaBnvMBaeMble nocne LuknoHoB. OHWM npeacTaBnsoT coboit pykaBa
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NN MELLKW, NoABELLEHHbIE BHYTPU Koprnyca. [a30BbIi NOTOK BBOAUTCA MO NaTpyOKy
N pacnpegensieTcs no pubTPYyOLWMM 3eMeHTam - pykaBaM. lMbinb ocaxgaeTcs
Ha BHYTPEHHEN MNOBEPXHOCTM W B Mopax TKaHW, a ras npoxXoauT Hapyxy W
BbIBOAMTCSA M3 ycTpoicTBa. C yBENNYEHNEM TOSLWMHBI CNOS MNbIfI CONPOTUBIIEHME
TKaHM Bo3pacTaeT. PykaBa nepuoanyeckn BCTPSIXMBAKOTCHA  cneumanbHbIM
YyCTPOMCTBOM, B pe3yribTaTe Mbiflb cObUpaeTcs B HUXKHEM OyHKepe 1 ygansieTcs u3
annapara.

2.2.2.3. MoKpasi ouuCcTKa rasoB

115 TOHKOM OYNCTKM ra3oB OT MNblSIM MPUMEHSIIOT MOKPYHO OYUCTKY - MPOMbIBKY
rasoB BOOOW UMK .OPYron XNOKOCTbIO. TeCHoe B3anMoLeNCTBUE MEXAY XKUOKOCTbIO
N 3anblfieHHbIM ra3oM OCYLLECTBASETCA B MOKPbIX Mblneynosutenax nmbo Ha
NOBEPXHOCTM XWUOKOW MNEHKW, CTEeKallwen no BepTUKanbHOW WM HaKNOHHOWU
NMOCKOCTU, NMOO Ha NOBEPXHOCTM Kanenb Uiy Ny3blipbKOB rasa.

Mokpasa ouucTka rasa Haumbonee addeKkTMBHaA, e€ecnu  OOonyCTUMBbI
YBNaXXHEHNE W OXNaXOAEHWEe OYMWaemMoro rasa, a oTaendemble TBepable Wnu
Xnokme 4vactvubl MMEKT He3HauuTemnbHyl LUeHHOCTb. B cnydvae, «korga
ynasnvBaemble YacTULbl HAXOAATCS B BbICOKOANCNEPCHOM COCTOSTHUMN U MAI0XO UNK
COBCEM He CMaduBalTCA BOAOM, TO O4YUCTKA rasa MOKPbIM  Crocobom
ManoaddeKTUBHA 1 K XNOKOCTU HEOOX0aNMO 006aBNATL NOBEPXHOCTHO-AKTUBHbLIE
BELLleCcTBa.

Hanbonee cywiecTBeHHbIM HELOCTaTKOM MOKPOM OYMUCTKU ra3oB ABNSeTCs
obpasoBaHuMe 60MbLWOro KoM4yecTBa CTOYHbIX BOA (LUNamMOB), KOTOPLIE BbI3biBAKOT
KOppo3uto annapaTtypbl U OOMMKHbI B CBOK Oovepenb noaBepratbCs AanbHenemy
pasgeneHunto n yTunuaaumu.

IHosable 1 Haca0O4YHbIE CKPYOOEPHI.

MpocTenwmmmM annapataMmm Ona MOKPOM OYUCTKM M OOHOBPEMEHHOIO
OXNaXOeHusl ra3oB ABNSAKTCA Nosnble CKpybb6epbl. 3anbineHHbin ras (Pnc.2.72.)
ABUXETCS Yepes annapaTt CHU3Y BBEpPX CO ckopocTbio He Bonee 0,8...1,5 m/cek (ans
yMeHbLUEHNST OpbI3royHoca) W opowaeTcsa BOAOW, pasbpbidarMBaemon 4vepes
dopcyHkn. MNpu aTOoM BCe MnonepevHoe ceyeHue annapaTta LOMKHO MOSIHOCTbIO
nepekpbiBaTbCA  pacnbifigemMon Xugkoctbto. B  kadectBe Hacagkm 0ObIYHO
MCNOMb3YIOT KOSbLEBYIO U XOPAOBYIO, a TakKe KOKC, kBapL. CTeneHb OMMCTKM rasa
OT NbINKN B NONbIX ckpybbepax gocturaet 60-75%, a B Hacago4HbIX 75-85%.

LenTpodesxkHbie CKPYOOEPHI.

NHTeHcnpmkauma npouecca MOKPOM OYUCTKM MOXeT OblTb SOCTUTHYTa npwu
nposegeHnN ero B nose LeHTpobexHbIx cun. N3BecTHbl ABa cnocoba.
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foda B nepBom crniyyae 3anbifieHHbIV ra3 nocTynaeT B

HVXKHIOHO 4yacTb LMNUHOPUYECKOTO kopnyca

Oyuiennsil TaHreHuManbHoO M npuobpeTaeT  BpallaTenbHoe
eag

asmkeHne. CTeHKM Koprnyca opollalTca  4yepes
cneumanbHble  YCTPOMCTBA,  PacronioXeHHble B
BEpXHeW YyacTu annapaTa, BoJoW, KoTopas cTekaeT Mo

\
Rl
,?

_——-"I v
nx BHYTPEHHEN
ﬂggéuemni NOBEPXHOCTU TOHKOW
NIEHKOMN. YacTtuubl
/z Nbinn, nNoa AencTBneEM
LEeHTPoOEXHOW cunbl,
oTOpachkiBatoTCs K
CTeHKaM  annapara,

cMa4dmBaloTCs
' / BOOAHOW TMNEHKON W
YHOCATCA BMeCcTe C
! ‘ BOLOM yepes
Jaﬂb%&(’yﬁﬁblﬁ Samnensii KOHI/IL-IeCKoev OHuLe, a
l.?.azp GHEHHAR 2z OYULLEHHbIN ras
foca FazpRanensan Kubrocmes yaansietcs yepes

BEPXHUI NaTpy6OK.
Puc. 2.72. HacagoyHbin Puc. 2.73. lNeHHbIN
ckpyb0ep: ckpyb0ep:
1 — pasbpbi3ruBaTterns; 1 — kopnyc;
2 — Hacagka. 2 — perynupyoLnin nopor,

3 — nepdopupoBaHHas Bo BTOPOM
Tapernka. crnyyae  >KMOKOCTb

pacnbinnBaeTcs W
3aKpyymBaeTcs C MOMOLbI NepdopuMpoBaHHOIO Bpalatoweroca potopa. [lpu
B3aMMOJENCTBUN [BYX BpalLatoLMXCs HaBCTpeyy Apyr Apyry NOTOKOB YacTuubl
MbINN CMaYMBaOTCA U BbIBOAATCA M3 annapaTa.

B oboux cnydasx pocturaetca ©Oonee BbICOKAasi CTEMEHb OYUCTKW, MO
CPaBHEHUIO C MOMbIMM UM HacagovHbiMM cKpybbepamun. Ee BenuunHa MoOXeT
npesbiwaTtb 95% npu pasmepax Yactuvy neinn B gnanasoHe 5...30 MKM.

IleHHbIe NBLICYJOBUTEH

B aTux annapartax XugkocTb, B3aMMOAEWNCTBYIOLAs C 3arblfieHHbIM rasom,
NpMBOOUTCA B COCTOSIHWE MOABWXHOW MeHbl, 4YTo obecneymBaeT OOMbLUYIO
MOBEPXHOCTb KOHTaKTa MeXay HeW M rasomM M Mo3BOSIAET MOMyYnTb BbICOKYHO
CTeneHb OYUCTKMN.

MeHHbIn annapaTt (Puc.2.73.) npeactasnsieT cobon kamepy 1 Kpyrroro mnm
NPSAMOYrOfbHOrO  CEYEHUs, BHYTPU KOTOPOW HaxoguTca nepdopupoBaHHas
peweTka 3. Boga uyepes wTyuep nocTynaet Ha pelleTKy, a 3anblieHHbIM ras
nodaeTcsl B HWXKHIOKW YacTb annapata. Npoxoast Yepes oTBepcTyst Tapenku 3, oH
GapboTMpyeT CKBO3b CIOM XMAOKOCTU U NpeBpallaeT BCHO €€ B Cron NoaBUKHOM
neHbl. B cnoe neHbl Nbifib 3axBaTblBA€TCA XUOKOCTbIO, OCHOBHAs 4aCTb KOTOPOW
(~80%) ymansietca BMecTe C NeHoW 4yepes perynupyowmnn nopor 2. OcTasliasacs
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4yacTb JKMOKOCTM CrvBaeTcs u4epe3 OTBEPCTUSI Taperku W ynaeBnvBaeT B
nogTapenoyHoMm  npocTpaHctBe Gonee  KpynHble  4Yactuubl.  CycneHaus,
obpasyowascsa npu 3ToMm, yaansieTcs 4Yyepes LTyuep, pacnofioXeHHbI BHU3Y. B
psge cnyvyaeB NPUMEHSIOT HEeCKOSbKO PELUETOK, NMPUYEM KX YUCIO 3aBUCUT OT
TpebGyeMoW CTeneHn O4nCTKK rasa.

CTteneHb ynaBnvBaHWs MbiM B NEHHbIX annapatax 4YacTo npesbilaeT 95-
99% npu OTHOCUTENbHO HU3KMX KanuTanbHbIX 3aTpaTax W 3KCMiyaTauMOHHbIX
pacxogax.

HepoctaTkm NeHHbIX annapaTos:
1. YacTuubl pasamMepomMm MeHee 2 MKM yriaBSfiMBatOTCA HE MOJSTHOCTbIO;
2. Heobxoauma yctaHoBKa 6pbl3roynioBuTenem;
3. Heponyctumbl Gonbwwne konebaHus B nopjadvye oyvaemMblx rasoB, T.K. 3TO
NPUBOAMT K HAPYLLEHMIO pexnma neHoobpasoBaHumS.

2.2.2.4. dneKkTpu4yecKkasa ouMCTKa rasoB (3aNneKTpopunbTpbI)
B oanektpounbTpax ouymcTtka rasa npoucxoauT non  AencTBuem

AJTIEKTPUHECKUX CUJT. ﬂ,]’lﬂ 3TOro 4actuuam

coobLaeTcs aNeKTPUYEeCKUin 3apsia U OHU Noa

AENCTBNEM AJTIEKTPUNYHECKOIO TMon4d BbIBOOAATCA

M3 rasoBOro MOTOKa W ocaxgawTcs Ha
9NEeKTPOAHbIX NnacTMHax. 3apsaka 4YacTul B
anekTpodunbTpax  NPOUCXoAUT B  rorne

KOPOHHOIO paspsiga (Npy MOSHOWM MOHU3aALMM

nonsa Mexny aJN1ekKTpoaamun BO3HUKaeET

Jansiae Y
4- .
T 1§ KOPOHHbI pa3psii - o6pasoBaHMe KOPOHbI

7 BOKpyr  kaxgoro nposoga). OguH  un3

9NEeKTPOAOB - OTpUUATENbHOW MOMSAPHOCTM -

Ocadox KOPOHUPYIOLLUUA, CRYXWUT Ans  cooblueHus

Puc.2.74. Tpy6uaTslit 3apsaga vactuuam. OH npeacTaBnseTr coGoi

3NeKTPOUNBLTP TOHKYI0 CTpyHy (npoBopg). Btopown anektpos -
1 — BCTpsAXMBaloLLEee YCTPOUCTBO; .
2 — u3onsTop; 3 — pama; ocaanTenbHbIN nmeet 3HAYUTENbHYIO

4 — KOPOHWPYIOLLMI 3IEKTPOL;
5 — Tpyb4aTbI anekTpo (aHon);
6 — peweTka; Ha puc. 2.74. npencraeBneHa cxema
7 — c6OpHMK ANd Nbinun.

MOBEPXHOCTb.

Cyxoro anektpoguneTpa. a3, noctynaowmmn B
UNbTP, CHU3Y NPOXOAUT CUCTEMY 3NEKTPOOOoB, o4YuLlaeTca M ygansertcs 4vepes

BepXxHU natpybok. AnnapaT o6opyaoBaH BCTPSAXMBAOLIUM YCTPOWCTBOM AfS
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OYMCTKMN 3NEKTPOAOB OT YNIOBMNEHHOW MbINN.

OPPEKTUBHOCTb ANEKTPOPUITLTPOB MPU yNaBnNuMBaHMM YacTul, pasMepom
no 0,5 mkm pocturaet 99% wn yxygwaetcs C yBenMY4eHMEM CKOPOCTU ra3oBOro
notoka. B psige crniydaeB  9MeKTpOOYMUCTKA rasoB  MPUMEHSETCA  Kak

AOMoNHUTENbHAas K opyrum cnocobam.

2.2.2.5. Bbibop nbineynaesnuBawoLlero obopyaoBaHus

OCHOBHbIM NapamMeTpoM O4YMLLAEMOrO ra3a crnegyeT cuntatb AUCNEPCHOCTb
Nbinn (pasmep YacTtuu), T.K. BbIGOp nbineynaBnueaoLLero obopyaoBaHnsa 3aBUCUT
rmaBHbiM obpa3om OT Hero. HyxHO yuuTbiBaTb Takke TpeboBaHuS,
npeabaBnAemMble K NOSIHOTE OYUCTKMN.

OpHako pocT adhekTMBHOCTM paboTbl NblNeynaBnnBaloLWLNX YCTPOMUCTB B
GonbLIMHCTBE CrydyaeB CBHA3aH C YBENWYEHMEM 3JHepro3aTpaT M pa3MepoB
annaparta unu mx konmyectea (tTabnuua 2.1).

Tabnuua 2.1
Makc. 'mapasnuye | CToMMOCTb
Paamepbl | CteneHb
ANnapaTh coaepxaH 4acTH AACTRY ckoe OYMCTKM MO
pa acTtuu, OYMCTKM,
ne nbinu B 0 COMpPOTUBNE | OTHOLLEHMIO
3 MKM Yo 2
rase, Kr/m Hue, H/m K LMKINOHaMm
1.LIMKNOHbI 0,4 bonee 10 70-90 400-700 1,0-1,5
2.baTtapelHble 0,1 oonee 10 85-90 500-800 1,5-2,5
LMKMOHBI
3.PykaBHble 0,02 bonee 1 98-99 500-2500 3,0-7,0
onnbTPLI
4.Ckpy0606epbl 0,05 bonee 2 85-95 400-800 2,5-4,0
LEeHTPOOEXHbIe
5.MeHHble 0,3 tonee 0,5 | 95-99 300-900 2,5-4,0
annaparbl
6. 0,01-0,05 bonee 99 un 100-200 5-15
OnekTpounbT 0,005 MeHee
pbl

2.3. NepemelwumBaHme B XUOKUX cpegax

NMepemewmnBaHue XMakux cpeg - NPOUECC, LWUPOKO MNPUMEHSAEMbIA B
NALLEBON U OPYrNX OTPachsX MPOMbILWSIEHHOCTU NS MPUrOTOBIIEHUSA 3MYSbCUN,
CYCMEH3NN, TMOfy4yeHUs1 TOMOreHHbIX CcucTeM (pacTBOpoB), a Takke AN
MHTEHCMPUKaALMN XUMUYECKNX, TENNOBbLIX N ANGFY3MOHHbIX NPOLIECCOB.

A) F'omoreHHbIe npouecchl

B cnyyae romoreHusaumu, nNPUroTOBIIEHUS CYCMEH3WUN, HarpeBaHWUs Wn
OXJlaXgeHust TOMOreHHOW cpedbl nepemellBaHMe UCMNoSib3yT B OCHOBHOM AS1S
BblpaBHUBAHUA TEMMNEPATYPHOro U KOHUEHTPALMOHHOIo nonewn, 6narogaps aTomy
BO3pacTaeT CKOPOCTb XMMUYECKON peaKkLunu.

B) MeTeporeHHble npoueccol

[eTeporeHHasa peakuma ckragblBaeTCs M3 HECKONbKUX MnocnegoBaTesbHbIX
ctagun. Ecnu onpepenswowen aBnseTca COBCTBEHHO XMMMYEcKass peakuusi, TO
nepemMeLlunBaHne UCnonb3yeTca ASs BblpaBHUBAHUSA KOHUEHTpaunoHHOro nons. B
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39TOM criydae Heobxoanmo obecnevnTb MHTEHCUBHYHO LIMPKYNALMIO NOTOKA.

Ecnu camas meaoneHHas crtagua - macconepefada, 1o nepemMelunBaHue
NPUBOAUT K YMEHbLIEeHIO TOonwmMHbl OuddysnoHHon nneHkn. Bcneacrteue
Typbynusaumm noToka, BbI3BAHHOW MEpeEMELLUMBAHNEM, MPOUCXOAUT MNOLBOA
BELWEeCTBa K rpaHuMue Mex@asHOro KOHTakTta M nocneaylowmun oTBog NPOOYKTOB
peakuuu.

Crnoco0bI nepeMeIMBaHUs
CyLiecTByeT HECKONbKO CNOCOOOB NepeMeLLMBaHUS XXUAKUX Cpes:

1. MexaHnyeckoe nepemMellBaHMe C MWCMNOMb30BaHMEM MeLlanok pasfnyHoro
TMna.
2. LnpkynsumnoHHoe nepemMeluvBaHume.
a) nepemMelUnBaHne CTPYEN XUAKOCTU, BblTEKAIOLLEN U3 COMNNa;
6) nepemelUnBaHne XNOKOCTN CTPYEN rasa;
B) NyNbCaLNOHHOE NepeMeLLlnBaHne.
3. NepemelunBaHMe Ha OCHOBE 3BYKOBbIX M yIbTPa3BYKOBbIX KoriebaHui.
4. lNMepemelumBaHne 3a CHET NoagBOAA SHEPrnK BUOpauumm.
5. MNepemelnBaHne ¢ NOMOLLbIO MarHUTHOMO MOMS.
6. lNepemewmBaHne B CTaTUYECKMX CMECUTENSAX 3a CYET YCTAHOBKW pPasfnyHbIX
BMHTOBbIX 35IEMEHTOB B Tpybonposoae.
7. dnekTporngpasnmyeckoe nepemMeLLmBaHme.

PaccmoTtpum 6onee nogpobHO TONbKO NepBbI Crnocob.

P PeKTUBHOCTH U HHTEHCHUBHOCTDH NepeMelIuBAHMS

[Ons cpaBHUTENBHOW OUEHKN  pasfnMyHbIX MNepemeLlumBalomx YCTPOUCTB
00bI4HO MCNOMNB3YIT ABE UX Hanboree BaXXHbIX XapaKTEPUCTUKMN:

1. ObheKTUBHOCTb NepeMeLLMBAIOLLEr0 YCTPONCTBA, ]

2. NHTEHCUBHOCTb ero AencTBus, l.

dppekmusHoCcmMb  repemMeLLMBalolWLero  YCTPOMUCTBA  XapaktepusyeT
Ka4yecTBO NpPOBeAEeHMs npouecca M MOXET OblTb BblpaXeHa MNo-pasHoOMYy, B
3aBUCMMOCTM OT Uenn nepemewmBaHua. Ho B nbom cnyyae oHa 3aBUCUT OT
BENUYMNHbI 3HEPTUN, BBOANUMOW B NEpeMeLLMBaAEMYIO XXUOKOCTb

N- -7’
roe: V - o6bem nepemMeLLMBaeMomn XUAKOCTH; N - notpebnsemas MOLLHOCTb;
T - Bpems npotiecca.

NHmeHcueHOCMb nepemeLlunBaHnAa onpenendaeTcAa BpeMeHeM OOCTUXKEeHUA
TEXHOJIOTMYECKOIro pe3ynbtata Win 4YUCIIOM O60pOTOB Melwankm B e€OuHunuy

BpeMeHn N npu  uKCUMpoBaHHOW  MPOOOIKUTENBHOCTU  npouecca  (ans

7

n-t-

MEeXaHUYecKknx Melanok): =

2.3.1. KOHCTPYKLUMM MeXaHUYECKUX MeLlarokK
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MexaHu4eckoe nepemMeLunBaroLLiee YCTPOMNCTBO COCTOUT U3 Bana, K KOTOpomy
KpenuTcsa Meluanka, n npumeoga. Mewanku gensartcsa Ha ABe rpynnbl: TMXOXOAHbIE -
nonacTHble, paMHble, AKOpHble. OHM MMEKT OTHOCUTENbHO Bornblune pasmepbl U
Manyk CKopocTb BpauwleHust (06biMHO He 6ornee 80 06/MUH); BbICTPOXOAHbIE -
nponennepHble U TYPOUHHbIE.

MNopn TUXOXOAHbIMM
NOHMMAIOT MeLLankn, KoTopble
npwu nepemeLnBaHnn
OCYLLECTBMIAKT  NlaMUHapHOe
TeyeHune XNOKoCTK B
annapate. bbicTpoxogHble
MeLlanku npuMeHsaT Toraa,
korga TpebyeTca npoBOAUTL
npouecc nNpyu NepexogHoMm unu
TypbyneHTHOM pexunmax
OBWKEHUNS XUOKMX cpes.

JlonactHaa  mewanka

(pnc.2.75 a, ©) wumeetr AaBe

ropu3oHTanbHble nonacTtu,

YKpensieHHbIX Ha

BpaLiatoLemcs Bany. B

cnyyae HeobxoaANMMOCTH

coobuieHus XNAOKOCTU

YaCTUYHOrO BEpTUKaIIbHOro

Puc.2.75. Tunbl mewanok: nepemeLleHuns nonacTu

a) TpexnonacTtHas; 6) AByxnonacTHas; [enalT HaknoHHbIMU (0BbIYHO

)

B) NnponennepHas; r) otkpbitTas TypobuHHas; B .

A) OTKpblTasg TypbuHHAaA C  HaKNOHHbIMU yron HaknoHa QL = 45°%). [in
rnionacTtaiMu; ) 3akpbiTas TypbuHHas; AnameTpa MeLarki

npuHumatoT dw = (0,5....0,7)/,

rae /[ - avametp annapata. OKpPyXHYI0 CKOPOCTb Ha KOHLIE NOMacTy MeLuasku
BbIGUpPaloOT B 3aBMCUMOCTM OT BS3KOCTU NepemelinBaeMon cpebl B uanasoHe oT
1 no 3 Mm/cek.

JlonacTHble MelankM NPUMEHSIOT AN CMELUMBaHUSA XXUOKOCTEW, pacTBoO-
peHust TBEpAbIX Ten, NonyyYeHns cycneHauni u 1.4. MNMpu 6onbluon BbiCOTE annapara

L>>/[ na sany ycranasnusaloT Meluanku B aga, Tpu spyca u Gonee.

PamMHble Mellanky aBnsTcs KOMOMHaUMen NpocTbIX NONACTHbIX MeLanok ¢
BEPTUKaNbHLIMU W HAKMOHHBIMWU MIlaHKaMW U MPUMEHSIIOTCS B criyyae OonbLumx
06beMOB NepemelLMBaeMbIX BA3KUX MaTepuanoB. OKpyXHble CKOPOCTU BpaLLeHUs!

Ha KOHLUax fiornacten n OTHOLLEHMS dM/}I Takue Xe, Kak 4ns JIonacTHbIX MeLlanok.

fAKopHble  Mewarnks  nonyyunu  WKMPOKOEe  pacnpocTpaHeHue B
NPOMbILLNEHHOCTN. VX KOHTYp COOTBETCTBYeT popme cocyda, B KOTOPOM OHWU
pacrnonoxeHbl. O6bIYHO BbIAEPKMBAKT COOTHOLLUEHNE dwm =0,9//, Ho Ha npakTuke

OHO MOXeT 6bITb M 6onbwmnmM. CkopocTb BpaweHus o 90 ob/mMuH. AkopHble
MeLLankym NpUMEHSAT ANa nepeMeLluMBaHna OYeHb BS3KMX XUAKOCTEW, OCOBEHHO
ecrnn npoLecc CONpOBOXAAeTCA HarpeBoM cpebl Yepes3 CTeHKM annaparta. M3-3a
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HebOoNbLIOro 3a3opa Mexay Kpasdmu Mewankm W CTEeHKamu annapaTta  OKOoJSlo
nocrnegHMx BO3HUKAET CunbHoe TypOyneHTHoe TeyeHue, MpensaTcTByoLlee
neperpeBaHnio XUOKOCTU M 0b6pas3oBaHMIO Ha CTeHKax ocagka. [Mpu BbICOKOW
BSAA3KOCTU XMOKOCTU Meluanka cHabxaetcs fo6aBOYHbIMWM FOPU3OHTaNbHbIMU UK
BepTMKanbHbiMM Jfionactamui. B cooTBeTcTBUM C (popMOM OHUWEA pasnuyaroT
Kpyrnble, anmnTuyeckue, TpeyrosbHble U Apyrne SKOpHbIe MeLLasiku.

O6WwnM HegoCTaTKOM JIONACTHbIX, PaMHbIX U SIKOPHbIX MeELlanoK ABnsieTcd
rpoMO34KOCTb 1 6onbLuas NyckoBasi MOLLHOCTb.

NMponennepHble Mewankn wWMEKT TpM UMK  YeTbipe  flonacTw,
pacnonoXeHHble BUHTOOGpasHo. Mo dopme nonactu moryT ObiTb OBanbHbIE,
pacLuMpsoLWmneca n ¢ napannenbHbiMn Kpomkamm (puc.2.75 B). Bcneacteue 6onee
obtekaemon opmMbl nponennepHble Mewankn npuM  OAMHAKOBOM  YuCIe
PenHonbaca notpebnsawT MEHbLUYH MOLLHOCTb, MO CPaBHEHUID C Mellankamm
APYrux TUMOB.

[MponennepHble Melwanky co34alT MHTEHCUMBHbIE BepPTUKarbHbIE MOTOKM
XNOKOCTWU, N, KaK CneacTBue 3Toro, 60MnbLWON HAcOCHLIM 3hdeKT, YTo no3sonseT
CYLLIECTBEHHO COKpaTUTb NPOAOSMKUTENbHOCTL Mpouecca, OCOGEeHHO B cny4ae
nepemMeLlnBaHNs paccnanBarLlmnxca xugkocten. Jnametp mewanku BbibupaoT B

ouanasone dwm =(0,25...0,33) ,ZZ OKpyXHast CKOPOCTb 3TUX MeLanok o 15 m/cek
(2400 06/MunH). OHM NpUMeEHSAITCA ANS NepeMeLllnBaHns XNOKOCTEN BA3KOCTbIO A0
2 Ma-c.

[Ons opraHuzaumm HanpaBfeHHOro TeYeHUsa XWOKOCTM B annaparax, rge

H>ﬂ, Mellanky yctaHaBnusaloT B Audpdysop, KOTOpbin npencrasnseT cobown
KOPOTKUN LUNUHAPUYECKUIA NN KOHUYECKUIN CTaKaH.

[MponennepHble MeLwankn MPUMEHST ANA nepeMeLluMBaHnga XnOKoCTeEN,
pacTBOpPeHUs, 0bpaszoBaHNA B3BECEN, MPOBEOEHNSA XUMUYECKNX PEAKLIMA B XXUOKOW
cpene, obpasoBaHMs ManNoBSA3KUX SMYSTbCUA U rOMOreHm3aunmn donblmnx o6bLemMoB
XNOKOCTWN.

TypﬁMHHble MeLuankum OXBaTbIBaAkOT O6LIJI/IpHyI-O rpynny BeCbMa
pa3HOPOAHbLIX KOHCprKLI,VII7I. ,D,I/IaMeTp MeLlariok Bbl6|/|paI-OT B [Aunana3oHe dM

=(0,25...0,5) ,H B 3aBMCMMOCTW OT pasMepoB annapaTta, npuyem 6onblive

3HayeHus bepyTtca ansa 6onee BA3KuX xunagkocten (go 500 Ma-c).

OTKkpbITble TYpOUHHbIE Mewarnku ¢ MA0CKUMM  FIoNacTaAMM  BbICOTOM
(pnc.2.75.r) npeacTtaBnsaAlT cOOOM AUCK C YKPErNneHHbIMW Ha HeM MIOCKUMHU
nonatkamn (6-8 wWTyK), pacnonoxeHHbiMn pagnaneHo. Mo [OCT 20680-75
ANameTp KOmMbLEeBOro OMCKa Ha KOTOPOM KpenAT WecTb paguaribHbIX NonacTtew,

d220,75d|v|, ANIMHa nonacTtu |:O,25d|\/|. Mewankn aToro tuna NPUMEHSOT ONs

ObICTPOrO  CyCMeH3WpoBaHWs, pPacTBOpPeHWss TBepaorM dasbl, a Takke
avcneprupoBaHms. OKpy)XHasi CKOPOCTb BpallleHUst A0 7 M/Cek.

2.3.2. Mepbl npeaynpexaarowme obpasoBaHme BOPOHKN

[Mpn nepemewnBaHMM ManoBA3KUX XUAOKOCTEN MeXaHUYEeCKOW Mellasikomn
nboro TMna, pacnosioXKeHHOW B LEeHTpe rMagkoCTEeHHbIX annapaToB, NOsIBASETCA
LeHTpanbHasa BopoHka. ObpasoBaHne BOPOHKM MPOUCXOLUT BCREeACTBME TOro, YTO
Ha Kaxgyl 4YacTuuy >KMOKOCTM [OEeNCTBYeT HekoTopad obObemHas cuna,
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ABNAIOLWAACA pe3yribTaTOM COBMECTHOIO BIUSIHUS LUEHTPOOEXHOW CUnbl U CUrbl
TsokecTn. C  yBenuyeHmem 4ucria oBOpPOTOB Mellankm BO3HMKLWIAA BOPOHKA
nocTeneHHo yrnybnaetcs, gocTuraeT Mellanku, a B npeaenbHOM cryyae v gHa
annapata. B aTmx ycnosuaAx nepemelnBaHMe CTaAHOBUTCA  COBEpPLUEHHO
HE3(EKTUBHBIM N HEOBXOOMMO MpuUHMMAaTb PSS KOHCTPYKTUBHBIX — Mep,
npefoTBpaLLaoLLnX BO3MOXHOCTb ee obpa3oBaHus.

Mewanky, co3galwlne akcuanbHOe [OBWXEeHUWEe MNOoToKa  XMUAKOCTH,
yCTaHaBnNuBawT nog YrnoMm unu cMmewlarT OT ueHTpa. B nepBom cnyyae Barn
MeLLarnkm cocTaBnseT C OCbk annapata yros npumepHo 15°. Bo BTopom crniyvae
Melwlanky CMmewalT B CTOPOHY OT UeHTpa B KBagpaT, COOTBETCTBYHLLMM
HanpaBneHuo ee BpaLLeHWs.

JlonactHble, pamMHble W SKOPHble MeLankm OObIMHO MCMONb3YHTCA B
annapatax 6e3 neperopoaokK, Tak Kak y HUX Mar 3a30p MeXay KpasiMu fionacten u
BGOKOBOW CTEHKOWN.

C uenbio npepoTBpaweHMsi oOpas3oBaHUS UEeHTpPanbHOW BOPOHKM B
annapaTtype yCTaHaBnMBalT OTpaXaTernbHble Meperopofku, Hanpumep, Ha nyTu
CNMpanbHOro KPyroBoro ABMXEHUS XUOKOCTH.

OTpaxaTtenbHbiM1 MeperopogkamMu HasblBalOT HENoABWXHblIE MNNAaCTUHbI
NPAMOYrofibHOM (POpMbl, KOTOpble pasMeLlarnT BHYTPM annapata OOblMHO B
BEpTUKASIbHOM MOJIOXKEHUU ABYMS criocobamu:

1. BepTukanbHble neperopogku 3akpennawT y CTEHOK annapara.

2. BepTukanbHble neperopoaky ycTaHaBnmMBatoT B NOTOKE NepemMeLunBaemMomn

XNOKOCTWN.

Ha npakTtuke WMPUHY OTpaxaTernbHbIX Neperopofok Obbl4HO MPUHUMALOT B
npegenax (0,056 - O,lZ)iZ, rp,eﬂ-BHyTpeHHMVl AnameTp annapata. B pesynbtaTte
YCTaHOBKM OTpa)kaTesnbHbIX Neperopogok Bo3pacTaeT BefiMdMHa UMPKynauum no
BbICOTE annapara, HO Nnpu 3TOM yBenundnsaeTca n notpedbneHue aHeprun. B cnyvae
NPUMEHEHNs Neperopoaok, WUCKIoYarLWwmx obpasoBaHue LEHTpanbHOW BOPOHKM,
NOSIBNSIETCA BO3MOXHOCTb CYLLECTBEHHO YBENUYNTL NOABOANUMYIO MOLLHOCTb U TEM
CaMbIM 3HAYNTESTBHO MHTEHCU(PULMPOBATL NPoLEeCcC NepeMeLlnBaHus.

2.3.3. 3aTpaTbl 3HEpPrM1 Ha nepemMeLllMBaHue HbIOTOHOBCKUX XUAOKOCTEUN

BblHy>KQ€HHOE cTauMoHapHOe [ABMXEHWE >XWOKOCTM B YCroBUSIX, korga
[OENCTBUEM CUMbl TSXKECTU NpeHebperaTb Hemnb3s, ONUCbIBAETCH KpUTepuarnbHbIM
ypaBHEHWEM BuAa

Eu=fReFr,I',I,,..). (2-113)

roe [ 1, 1% - cumnnekcsbl reomeTpudeckoro nogobus.

C uenbio oOTpaxeHua  cneumdukn  OBMKEHUst paboymMx  OpraHos
nepemMeLLnBaroLLmnX YCTPOUCTB 3anuwiemM Kputepun dunepa, PenHonbaca n dpyaa
B HECKOSIbKO M3MeHeHHOM Buae. Kputepun Sunepa 3anucbiBaeTcs cregyrowmm
obpasom

Fu = AP

p-w

rane AP=(P1- P3)- nepenan naBneHns Mexay nepefHeii (Co CTOPOHbI Haberanus
NnoToKa) M 3adHEen MNOCKOCTAMM fionacTn Mellankn. BMecTto nUMHEnHom CKopocTu
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notoka xwuakoctm W, cpegHio BENWYMHY KOTOPOM nNpu nepemMellvBaHum

YCTaHOBUTb MPaKTUYECKM HEBO3MOXHO (M3-3a adpdpekTa npocKarb3blBaHUS
XNOKOCTU OTHOCUTENBbHO JI0MacTu), MUCMNOMb3yeM OKPYXHYK CKOPOCTb BpalleHus
MeLlasku:

wd, -n
WOKP o 60 T.€. Worp NponopuuoHansHa n-dw.

Tak kak npu nepemelLuMBaHUN Hac WHTEPEeCylT npexae BCero 3aTparthbl

3Heprun, TO nepenag [AaBlfieHUN AP 3ameHsem nonesHoii MOLLHOCTbIO N,
coobLLLaeMon XNAKOCTH:

A L

N=—=F—=F-w, =AP-§-w
p oKp

T T ’
roe A - pa6ota, T - Bpems, F - cuna, L - gnuna, S - nnowagap.
CnepoBaTtenbHoO,

N N N

AP = ~

2 - 3.
SW,, d, -nd, n-d,
Moncrasue Boipaxerue ans AP B kputepwii diinepa, nonyunm:
N N
Euu - 2 2 3 3 5
p-n-d, -n-d, p-n-d,

Kputepuin 3Oiinepa, BblpaXXeHHbIn B TakOM BMAE, Ha3blBalOT KpUTEPUEM

:KN_

MOLLHOCTM 1 060o3HavatoT K.

CooTBETCTBEHHO LIEHTpOOEXHble kpuTepun PenHonbgca n dpypa ons
npoLecca nepemMeLLBaHns 3anuLyTcs Tak:
2 2
n M d ° p n * dM
Re = M Fr,=——
' oo Yoog
Torga  o6oOLIEeHHOE  KpuUTeEpuanbHOE  ypaBHEHWE  Ans  npouecca
nepemMelnBaHna Xuagkux cpeg B CTauMOHApHOM pexume npu  cobnogeHum
YyCIOBUN reoMeTpuyeckoro nogobus MoaenbHOro M MPOMBbILLSIEHHOMO YCTPOWCTB
npuMMeT Bug,

Kn = f(Rey , Fry) (2-114)

Mpn HanuumMm B annapaTe oTpaxaTenbHbIX Neperopoaok, WCKNHYarLwmx
BO3MOXHOCTb 00Opa3oBaHuWsi BOPOHKM, BIIUSIHUEM  CUMbl  TSKECTU  MOXHO
npeHebpeub. Torga npeactaBsuMm  BblpaxeHwe (2-114) B BMAEe CTENEHHOro
ofiHouYreHa

Kn = A-Re,f (2-115)

3HayeHne koadpdurumeHTa "4 1 nokasaTtens crenenu "6" 3aBMCAT OT TWNa
MeLLasik1, KOHCTPYKUMM annapaTa, pexuma nepemMelunBaHna u onpeaenatTcs
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akcnepuMeHTanbHo. Mpaduk 3asucumoctt K ot Reu npvBeaeH Ha puc.2.76.
Ha rpacuke MoxHo Bbliaenutb 4 obnacTu:

1. Otpe3ok AB cooTBeTCTBYET

KJA obnactn namuHapHoro Teuenns (Re,<
' 80). B atom cny4ae XMAOKOCTb MNaBHO
obTekaeT KPOMKM fionactv Mellankm wu
BpallaeTca BMecTe C HumW. [lpu aTOM

7B AEVCTBME MeLankm pacnpocTpaHseTcs
i TONMbKO Ha Te CNOoW XXWAOKOCTW, KOTOpble
| HernocpeaCTBEHHO MPUMbIKAT K ee
52 nonactam. Y Bcex TWUMNOB MeLlanok
g 70 HaknoH npsimoii AB  paBeH  135°.
YuntblBagd, 4YTO B 3TOM  Criyyae
nokasartersb CTeNneHu
Puc.2.76. 'pacduk 3aBUCMMOCTH g=-] (tg135° = _]_)
Kyor Re” 3aBucumMocThb (2-115) npumeTt BuAa;
Kn = Az -Req‘l.
OTcropa:
N=A;-u-ndu?, (2-116)

B mTepaTtype UMerTCA KOHKPETHblIE 3Ha4YeHuA KOQC*)(*)I/ILI,I/IGHTa A]_ and
pa3HblX TUMOB MELUAJIOK.

2. Otpesok BC - o6nacTb nepexomHoro pexuma (102< Re, <10%). B atoii

o6nactn sun sasucumoctn Ky = f(Re,) ans pasnuunbix Tunos mewwanok

HeoaWHaKoB. YCMOBHO Mbl MOKa3anu ero Ha puc.3.17 B suge npsamon nuHum BC. Ha
npakTuke B 0611acTn Nepexo4HOro pexmnmMa MeLuarnkuy, Kak npasuno, He paboTator.

3. OTpesok C[l cooTBeTCTRBYET 06nacTi Typ6yneHTHoro pexuma (Re, >10%).
Kak BuaHO Ha puc.2.76. npu Rey >105 kputepuit KN npakTMyecku He 3aBUCHUT OT

Reu. B atom cny4vae (aBTomopernbHasi 06nacTb) pacxon aHeprum onpenensieTca
TONbKO WHEPLMOHHBbIMW CuUNaMn W aanbHenwee yBennyeHue 4yucna obopoToB
MeLWanknm HeuenecoobpasHo, T.K. Habnwgaembli  POCT  MHTEHCUMBHOCTMU
nepemeLLBaHuns (Bcneacrteue BO3pacTaHus 3arpart MOLLIHOCTM) He
KOMMEeHcupyeTca OOCTUTHYTLIM adpdpekToM. Kak npaBusio, yron HakrnoHa oTpeska
CL pna pasnuyHbix TUNOB Mewanok paseH 180°. YuuTbiBas, 4to tg180°= O,
BblpaxeHue (2-116) ana obnactu C[ npumeT BuA:

Kn = A2 'Reuo "
N=A,p-n3dw® (2-117)

4. Otpesok CE xapaktepusyer obnactb TypOYneHTHOro pexuma cC
obpasoBaHMeM BOPOHKW. B aTOM criyuyae Mbl OOMKHbI Y4ECTb BAUSHUE KPUTEPUS

Fr,.

Torga 3aBucumocTb (2-114) npumeT Bug
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Kn = Az- Fr,f (2-118)

[NokasaTtenb cTtenenn "C" nmeeT CNOXHbI BUA U BKNKOYAEeT B CBOW COCTaB

Kputepun PenHonbaca. MeTtoq ero HaxoXxaeHust NnpuBoanTCA B COOTBETCTBYIOLLEN
nutepartype.

2.4. OBPATHbIA OCMOC U YNIbTPA®UINBbTPALIUA
OBLUIUE CBEOEHUA

O6paTHbIN OCMOC — 3TO crnocob pasgeneHuss pacTBOPOB MyTeEM  UX
dunbTpoBaHNA Noa  OAaBNEHMEM  4Yepe3  MNomnynpoHuMuaemMble  MeMbpaHbl,
nponyckawowme pacTBopuTenb W 3agepXuBarolime MOJSEKYNbl UMM WOHDI
PaCTBOPEHHbIX BELLECTB.

YnbTpadunbTpaumnen Ha3blBaeTCs npouecc pasgeneHus,
dhpaKkLMOHNPOBaHUS n KOHUEHTPUPOBaHUSA pacTBOpPOB C NMOMOLLIbIO
NnonynpoHuuaemMbix MemoOpaH. [pyM 3TOM XMOKOCTb HEMNPEpPbLIBHO MOAaeTCcs B
NpocTpaHCTBO Hag MembpaHon noa aasneHnem 0,1—1,0 Ma.

Mpn ynbTpadunbTpauun UCXOAHbLIA pacTBOp pasgensieTcd Ha fAea
NPUHLUMNMANBHO  HOBbIX  MNPOAYKTA:  HM3KOMOMEKYnsipHbI  (punbTpaTt) wu
BbICOKOMOJEKYNAPHbIN. PunbTpaT NPOXOAUT CKBO3b MeMOpaHy 1 yaansieTcst yepes
OPEeHaXHYl CUCTEMY, a BbICOKOMOMEKYNSPHbIA MPOAYKT KOHLUEHTpUpyeTcs.
YnbTpacunbTpaums NO3BONSIET BbIAENSATb MOSIOYHblE OGEenkn n3 BTOPUYHBIX
NPOAYKTOB MOJIOYHOWM NPOMBbILLNIEHHOCTU U LEHHbIE BELLECTBA M3 APYrMX NULLEBbIX
pacTBOpPOB, MoOJly4aTb [AOMOSHUTENbHbIE pPe3epBbl MNPOM3BOACTBA MNPOAYKTOB
NUTaHUS.

MNpumeHeHne MeMOpaHHbIX NMPOLIECCOB B MULLIEBOW TEXHOMOMMU MO3BONSEeT
3HAYUTENBbHO CHU3NTb 3HEProeMKOCTb MPOLLECCOB 006e3BOXMBAHMSA (PPYKTOBLIX WU
OBOLLHbIX COKOB, CMPOMOB, 3KCTPaKTOB MO CPABHEHMUIO C NpoLeccaMmn BbinapuBaHusi
UMM BbIMOPAXMUBaAHWS, YMYyYlWWUTb Ka4eCTBO W MOBLICUTb BbIXO4 MOMNy4YaeMblX
NPOOYKTOB.

Hanpumep, BbIXog pPYKTOBbIX COKOB W3 WCXOAHOrO npoAaykra npwu
ynbTpadgunsTpaunmn ysenndnsaetca Ao 95—99 %.

YneTpapunbTpaunen o00e3KUMPEHHOro  MOJIoKa  NosiydatdT  MOSOYHbIN
KOHUEHTpAaT, KOTOPbIA MCNONb3yeTcss B MPOU3BOACTBE pasfiMyHbiX BMOOB CbIPOB,
TBOPOXHbIX MAacC W KUCIOMOJSIOYHbIX MPOAYKTOB, 4YTO YBENUMYMBAET BbIXO4
NpoayKUMMK.

YnbTpadunbTpaumsa CbipOro caxapHoOro coka no3BoSigeT NofyyYuTb YUCTLIN,
cBobogHbIN  OT  KOMNOMAOB  unbTpaT, MAYWMA  HENOCPEACTBEHHO  Ha
Kpuctannusauymo caxaposbi.

YnbeTpaunbTpaumnsa ycnewHo 3ameHaeT nactepusaumio nmea. lNpu aTom 13
nnBa yganstTcs GakTepun n BbICOKOMONEKYNSIPHbIE BELLECTBA, yXyaLllarume ero
Ka4yecTBO UM CcHwxawwme crabunbHocTb. CTtouMmocTb 006paboTku  nuBa
ynbTpadunbTpauuen B 2,5 pasa HWXKe, 4eM nactepmsaumen.

O6paboTka BMHOrpagHbIX BWH OOpaTHbIM OCMOCOM FO3BONSET PeLnTb
BONpoCc ux cTabunusaumu. [pu uMcnonb3oBaHMM oOOpaTHOrO ocmoca uYepes
MembpaHy NPoXoAsT BOAa W 3TUMOBbIA CNMPT, @ MOHbLI Kanus U BMHHasi KUcnoTta
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OCTalTCA B KOHLEHTpaATe, M3 KOTOPOro MHTEHCMBHO BbiNadaeT BUHHbIA KaMeEHb.

Mocne unbTpoBaHMA KOHUEHTpaTa e€ero cMewmBarT C unbTpaTtom, 4TO
NoBbILLAET ero cTabunbHOCTb HA ANUTENbHbIN CPOK.

O6paTHbIM OCMOCOM KOHLEHTPUPYOT anvHbin  ©enok. [lpu 3TOM He
NPOUCXOANT OeHaTypupOBaHMS MNPOTEMHOB M MNOMyvalT sAWYHbING 6enok ¢
cogepxxaHnem 0o 30 % NpoTenNHOB.

2.4.1. TEOPETUYMECKUE OCHOBbI PA3ENEHUNA OBPATHbLIM
OCMOCOM U YNIbTPAPUIIbTPALMUNEN

B ocHoBe meToaa pasgeneHusi pactBOpoB 06paTHbIM OCMOCOM NEXUT
SIBNEHne camonpoun3BoNibHOro Nepexona pacTBOPUTENS Yepes NoMynpoHULAEMYHO
MembpaHy B pacTtBop (puc.2.77.). Ecnu gasneHne Hag pacTBOPOM HUXe

ocMoTryeckoro (P < /1), To pacTBopuTenb ByaeT nepexoauTb B pacTBop A0
OOCTUXKEHMUS] OCMOTMYECKOrO PAaBHOBECUS B CUCTEME.

MonynpoHuuaemas membpaHa

P T T N e
— i = _ -
"_‘___ -‘_éﬁ_‘_ L i | 222 1 ffu,u_-_ o |_ﬁﬂa -:m_ﬁﬂ,.’f_
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Puc.2.77. Cxema pasgeneHunsa pactsopa obpaTHbIM OCMOCOM
PaBHOBeCcHOe COCTOSIHME HacTynaeT, Korga rumgpocratuyeckoe AaBrieHue
MeXay pacTBOPOM U pacTBopuTenem, onpeaeniseMoe pasHOCTbH YPOBHEN, CTAHET
paBHbLIM OCMOTUYECKOMY AaBrieHunio (o = 7).

Ecnu nocne OOCTMXEHMS OCMOTUYECKOro PaBHOBECUSI CO CTOPOHbI pacTBopa

NPUNOXWUTb OaBMeHne, NpeBbILlaloLLee ocMoTUYeckoe (o > 1), TO pacTBopuUTESb
Ha4YHeT nepexoanTb U3 pacTBopa B 0OpaTHOM HanpasneHun. B aTom cnyyae oyget

UMeTb MecTo obpaTHbIM ocmoc. PacTtBopuTenb, npowlegwui vepe3 membpaHy,
Ha3bIBalOT UNbLTPATOM.

ABmxylien cunon npouecca obpaTHOroO ocMoca SBngeTcs nepenag,
JaBneHnsa Ap = P — m, rae P — n3bblITOYHOE AaBneHve nog pacTBOPOM; 7I1 —
OCMOTUYECKOe faBreHne pacTeopa.

Ecnn B npouecce obpaTHoro ocmoca HabnogaeTcs HEKOTOpbI nepexos
yepe3 mMeMOpaHy pacTBOPEHHOrO BeLlecTBa, TO MPU pacyeTe ABUXYLLUEN CUMbl
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crieflyeT yunTblBaTb OCMOTUYECKOE AaBrieHne gunbTpata 72, NPoLeALWero Yepes
mem6paHy. Torna Ap=p — (m—m) = p — A~x.
Ons npuBnKEHHOTO pacyeTa OCMOTMYECKOro [aBfieHUst MOXeT ObiTb

ncnonb3oBaHa ¢opmyna BaHT-lophpa # = X R T, rge x — MonbHas [ons
pacTBOpuMOro BewectBa; R — rasoBass noctosHHas; T — abconoTHas
TemnepaTypa pacteopa, K.

OcmoTundeckme  gaBrieHMst  pacTBOPOB  MOryT  [OCTUratb  OeCATKOB
Meranackanen. [aesneHne B 0OpPaTHOOCMOTMYECKMX YCTaAHOBKaX [OOSMKHO ObiTb
3HauuMTenbHO 6onblUe OCMOTUYECKOro, TakK Kak 3ddEKTMBHOCTb Mpouecca
onpeaensieTcs ABMXKYLLEN CUNON — PasHOCTbIO Mexay paboynmM 1M OCMOTUYECKUM
gaesneHnem. Tak, Hanpumep, NpuM OCMOTUYECKOM [aBfeHUM MOPCKOW BOAbl,
cogepxawen 35 % conen, paBHom 2,45 MIlla, paboyee paeneHne B
ONpPEeCHUTENbHbIX YCTAaHOBKaX JOSMKHO COCTaBNATbL okono 7,85 MIa (80 atm).

YnbTpaunbTpaunio NPUMEHSAIOT ONA  pasfeneHnsl CUCTeM, B KOTOPbIX
MONeKynapHas Macca pacTBOPEHHbIX B pacTBOpPUTESNE KOMMNOHEHTOB 3HAYUTENbHO
npeBbllaeT MOMEKyNsapHy0 Maccy pacTteBoputens. [Ona pasgeneHus BOOHbIX
pacTBOPOB YnbTpadunbTpauuio NPUMEHSIIOT, KOrga pPacTBOPEHHbIE KOMMOHEHTbI
UMeT MonekynapHyto maccy 500 u Bbiwe. [BuxXyLwen cunon ynetpadpunbTpaumnm
ABNdeTCcAa  pasHocTb pabodero wn  atmocdepHoro  aasneHus.  OB6blYHO
ynbTpaunbTpaunio NpoOBOAAT NPU HEBLICOKNX AaBneHusax, paBHbix 0,1— 1,0 Mla.

YnbTpadunbTpaumsa npoTtekaeT nog AeNCTBMEM nepenaga gaBneHun 0o u
nocne memopaHsbl.

B 3aBMCMMOCTM OT Ha3HavyeHus npouecca ynbTpadunbTpaunm NPUMEHSIIOT
MemOpaHbl, KOTOpble  MPOMycKalwT  pacTBOpUTENb W NPEUMYLLECTBEHHO

HU3KOMONEKYNSIPHbIE coeanHeHus (npwu pasgeneHuu BbICOKO- 7
HU3KOMONEKYNSPHbIX COeAMHEHUIA), pacTBOpPUTENb M onpeaeneHHble dpakumm
BbICOKOMOJEKYISAPHbIX coeauHeHUN (npwm dpakunoHMpoBaHum
BbICOKOMOJEKYISIPHbIX CcoeauHEHMUN), TONbKO pacTBOPUTENb (npwn

KOHUEHTPUPOBAHNN BbICOKOMONEKYJTAPHbIX COGD,I/IHGHI/IVI).

PasgeneHne obpaTHbIM OCMOCOM W yrnbTpadunbTpaumen nponcxogut 6es
dasoBbIx npeBpaleHnin. PaboTa pacxogyeTcs Ha co3gaHue AaBrneHust B XKUOKOCTU
n NpoaasnvBaHune ee Yyepes meMbpaHy: Au = ActAnp, rae Ac — paboTa Ha cxaTue
Xnakoctun; Anpp — paboTta Ha NpodaBnuBaHUe XNOKOCTM Yepe3 MembpaHy. Tak Kak
XNOKOCTb HecxKMmaema, BennumHon Ac 0OblMHO npeHebperatoT. PaboTta Ha

npoaaBnuBaHne XMOKOCTU onpepaenseTca no dopmyne Ame = APV, roe Ap —
nepenag gasneHuns Ha membpare; V — obbeM npogaBnnsaemMon XuaKkocTy.

CpaBHum paboTy Ha npogasnveaHue 1 m3 Boabl Yepe3 MeMbpaHy 1 paboTy
Ha ncnapeHue 1 m Bogbl.

B nepsom cny4ae npu gasnexHun p = 4,9 MlNa pabota Ha npogasnuBaHue
coctaBnsaet 4,90 Mk, Bo BTopom crniyydae (npu r = 2260 Kx/kr) — 2270 MOx. U3
CpaBHEHUs 3TUX BEIIMYMH BUAHO, YTO Pacxod SHepruv Ha pasgeneHve obpaTHbIM
OCMOCOM 3HA4YUTENbHO HUXE, YeM Ha ucrnapeHne XnaKkocTu.
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PaspgeneHve wmetogamn obpaTHoOro ocmoca U ynbTpadunbTpaumnm
MprHUMNManbHO OTNMYaeTcst OT 0ObIYHOMO ounbTpoBaHus. Npu obpaTtHOM ocmoce
n ynbTpadunbTpaumm obpasyTca [[Ba pacTBopa: KOHLEHTPUPOBAHHBIA U
pasbaBneHHbIn, B TO BpeMs Kak npu (punbTpoBaHMM OCafOK OTKMNadblBaeTCcs Ha
dunbTpoBanbHOM  neperopoake. B npouecce  obpaTHoro  ocmoca M
ynbTpadunbTpauum HakonfieHMe pPacTBOPEHHOrO BelecTBa Yy MNOBEPXHOCTU
MeMbpaHbl (BCneacTBMe KOHUEHTPaLMOHHOM Nonapusaunmn) HegonycTumo, Tak Kak
Mpy OSTOM pPE3KO CHWXKAKTCA CEenekTMBHOCTb (pasgendtowas CnocobHOCTb) U
[MpoHMuaemocTb (yaenbHasi NPon3BoAMTENbHOCTE) MEMBpaHbI, CoKpallaeTcs CPOK
ee CIny>oObl.

CenekTMBHOCTbL U MNPOHULAEMOCTb MeMbpaH — 3TO Hambonee BaXHble
TEXHONOrnM4yeckmne CBOMCTBA.

CenektnBHocTb ¢@ (B %) npouecca pasgernieHnss Ha noslynpoHULaeMblX
MemOpaHax onpegendeTcd no gopmyne @ = [(X1 — X2)/ X1]-100 = (1— X2/ x1)-100,
rgae X1 W Xo—KOHUEHTpauuum pacTBOPEHHOro BellecTBa COOTBETCTBEHHO B
ncxogHoMm pacteope W unbtpate. MHorga ¢ HasbiBalT KO3 PUUMEHTOM
conesagepxaHusi.

MpoHuuaemocts G [B n/(M?4)] npu [OaHHOM [aBMNEHUN BblpaxaeTcs
cooTHoweHuem G = V/(F-17), rae V—obbem dunbtpaTa, n; F — paboyas nnowaab
NOBEPXHOCTU MeMOpaHbI, M?; T— NPOAOIHKUTENBHOCTb NpoLecca, Y.

Mem6paHbl 4omKkHbI 06nagaTh crieqyroLw MM CBOMCTBaMMU:
BbICOKOW pa3aensoLLen CnocoBHOCTLIO (CENEKTUBHOCTLIO);

BbICOKOW yaenbHom NPOM3BOAUTENBHOCTbLIO (MpoHUL@eMOCTbI0);
NMOCTOSIHCTBOM CBOMX XapaKTEPUCTUK B Mpouecce 3IKcnnyaTaumm; XMMUYECKOWN
CTOWKOCTbIO B pasgensowlen cpeae;

MEXaHN4YeCKON NPOYHOCTLIO;
HEeBbICOKOW CTOMMOCTbHO.

MemOpaHbl M3roTaBnMBalOTCS W3 PasfMyHbIX MaTepuanoB: MONIMMEPHbIX
MNeHoK, cTekna, MeTannuyeckon donbrn n 1. . Hambonbluee pacnpocTpaHeHue
NoNy4nnn memopaHbl U3 NONUMEPHbBIX NIIEHOK.

MonynpoHuuaemble MembpaHbl 6b61BalOT NOPUCTBIMU N HEMOPUCTBIMKU. Yepes
HernopucTble MemOpaHbl pacTBOPUTENb M PACTBOPEHHbIE BeLLECTBA MPOHMKAKOT
noa OencTBMeM rpagueHTa KoHueHTpauunm monekynsapHon anddyauven. Noatomy
9TM  mMemMbpaHbl HasbiBalOT AMdPdy3noHHbIMW. OHM  npeacTtaBnaloT  cobomu
KBa3nMromoreHHole renn. CkopocTb AMddYy3Mn KOMMOHEHTOB Yepes 3T MeMObpaHbI
3aBMCUT OT SQHEpPruM akTMBauum nNpu B3aMMOLEWCTBUM YacCTUL, KOMMOHEHTOB C
matepmnanom membpaH. CkopocTb Auddy3mm Takke 3aBUCUT OT MNOABMKHOCTU
OTAENbHbIX 3BEHbEB MeMOpaHHOMW MaTpuubl U OT pasmepoB AUDDYHANPYHOLLMX
yacTtuy. CKopoCTb TeM BblLLE, YeM curlbHee HabyxaeT membpaHa.

CkopocTb andpdysnmn monekyn 4vepes ANPPY3MOHHYIO MeMbpaHy npsmMo
nponopumoHarnbHa KoaduumeHTy anddysnn, KOTOpbIN 3aBUCUT OT pa3MepoB
MOMeKyn n nx popmei.

Onddy3noHHbIe MeMGpaHbl MPUMEHSIIOTCS AN pa3fneneHnss KOMNOHEHTOB C
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ONn3KMMK CBOMCTBaMM, HO C MOJ1EKYITaMUN pa3finyHbIX pa3MepoB.

Tak kak OnddysmoHHble MeMbpaHbl He MMEKT KanunnsipoB, OHU He
3abuBaloTCa 1 X NPOHULAEMOCTb OCTaeTCsl MOCTOSHHOM B NpoLecce pasgeneHuns.

Anddy3noHHbIe MeMBpaHbl 0ObIYHO MPUMEHSIOT NS pasgeneHuns rasoBbiX U
XNOKMX CMEecen MeToaoM ucnapeHust yepes membpaHy.

[ns npoBedeHus npoueccoB obpaTHOro ocmoca M ynbTpadunbTpauum
NPUMEHSIOTCS NOPUCTbIE MeMOpPaHbI, 3rOTOBIISIEMblE B OCHOBHOM M3 MOSMMEPHbIX
matepuanoB. [lonMMepHble MeMOpaHbl MOryT ObiTb  @HU3OTPOMHBLIMKM U
N30TPOMHBLIMW.

MembpaHa ¢ aHM3O0TPOMHOWN CTPYKTYPON COCTOUT M3 TOHKOIO NOBEPXHOCTHOIO
CNnosi  Ha  MUKpOMopucTon  «noasioxke». PasgeneHne  npoucxogut  Ha
NOBEPXHOCTHOM aKTUBHOM Crlioe, W nNpakTU4YeCKNn BeCb nepenag [gaBneHus
NPUXOANTCA Ha 3TOT CrOW.

N3oTponHble membpaHbl obpasytoTcs npyu 06fy4YEHUN TOHKMX NONMMEPHbIX
MNEHOK 3apsPKEHHbIMW YacTuuamMn C nocnefywmmM TpaBneHneM XMMUYECKUMU
peareHTamu. B nocnegHee Bpemsi BbINYCKaTCA W3OTPOMNHble MeMbpaHbl Ha
OCHOBE NONMKapGOHATHbLIX MIEHOK.

B HacTosilee Bpemsi B MPOMbILLIIEHHOCTM MPUMEHSIIOTCS CreayoLme
nonMMepHble MeMOpaHbl: LEenmnono3Hble, Ha OCHOBE 3(UPOB LENNHNOo3bI,
aKPUIOHUTPUIOBbLIE, HENITOHOBbIE, MNONMUBUMHUNXMOPUAHbLIE, W3rOTOBMEHHbIE Ha
OCHOBaHWUM NoNMKapOOoHaTOB 1 NONMCYNbGOHOB.

[Ana obbsCHEeHMsT MexaHn3Ma pasfeneHus pacTBOPOB MOSTyNpPOoHMLAaeMbIMU
MeMmbpaHamMu  NpeasioKeHO  HecKosrbko  Mogenen. B nocnegHuwe  rofbl
pacnpocTpaHeHne nony4duna KanunnspHo-punbTpauuoHHas MoAeNb MexaHu3ma
nonynpoHuuaemocTtu, npegnoxeHHasa 0. V. ObiTHepcknum. CornacHo aTon Moaenu
o4yeHb BorbLOe BNMAHWE Ha Npouecc pasfeneHus pacTBOPOB HEOpPraHUYecKux U
OpraHM4yecKkux BeLeCTB OKasblBaeT MOBEPXHOCTHLIN CIIOW XWOKOCTU. B 30He
KOHTaKTa XnaKkocTu U MembpaHbl 4eACTBYIOT MOBEPXHOCTHbIE CUMbl: NPUUNaHus,
NMOBEPXHOCTHOrO HAaTSHKEHUS U MOMEKYNAPHOro nputskeHund. [loaToMy uamko-
XUMUYECKME CBOMCTBA MOrPaAHUYHOIO Croa XWOKOCTUM Yy  MeMOpaHbl  MOoryT
3HAYUTENBHO OTNMYaTLCA OT ee (U3MKO-XMMUYECKUX CBOMCTB B obbeme. C
YMEHbLUEHMEM TOSILLMHbI NOTPAHUYHOIO CII0S 3TN pasnuynga Bo3pacTaroT.

Ha cenektMBHOCTb M MPOHMUAEMOCTb MeMOpaH 6Oonbwoe BhUsiHWE
OoKasblBaeT rmgpartmpyroliasa cnocobHOCTb MOHOB. ['MapaTaums 3aknoyaeTcs B TOM,
YTO WOHbI PACTBOPEHHOrO BeLLeCTBa OKPY)XEHbl pacTBOpPUTENEM W OBUXYTCS C
HEKOTOpPOM €ero 4acTtbk, B3aumogeucTeywwen ¢ HuM. Monekynbl BoAbl,
PacnofioXXeHHble B HenocpeacTBeHHOW 65M30CTU OT MOHOB PacTBOPEHHOrO
BellecTBa, oOb6pasyoT rugpaTtHytro o6onoyky. Ha noBepxHOCTM U BHYTPWU
Kanunnapos nmModunbHoM MeMbpaHbl obpasyeTcsa  Crnon  CBS3aHHOM  BOAbI

TONWWHON O, PU3NKO-XNUMNYECKME CBOMCTBA KOTOPOW  OTNMYalTCcad  OT
XapakTePUCTUK XUOKOCTU B oObeme. Hanuume cBsA3aHHOM BOAbl B Kanunnsapax

MeM6paHbI SIBMIIETCS OCHOBHOWN l'lpl/NMHOf/I HENpPoOxXoanMoCTn 4epes MeM6paHy
MOJIEKYIT PaCTBOPEHHbLIX BELWECTB, KOTOPbIE HE PaCTBOPAKOTCA B CBsI3aHHOW BOeE.
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Ecnn amameTp d kanunnapa membpansl d < O +dru (roe dru — onametp
rmopaTUpPOBAHHOINO  MOHA), 4Yepe3 TakoW Kanunnsap  OygeT  NpoxoauTb
npenmyLLecTBeHHO Tonbko Boga (puc.2.78.). OpgHako membpaHbl  uMmeroT
Kanunnsapbl pasfuMyHOro pasmepa, a CBdA3aHHas BoAa BCe Xe pacTBopsieT
HeopraHu4eckmne conu, N03TOMy CeneKkTMBHOCTb MembpaH 6yaeTt Huxke 100%.

g,
Ncxoos n3 KanunnsapHo-

UNbTPALUNOHHOW MOAENN, SABEHUe

obpaTHOro ocmMoca MOXHO npea-

CTaBUTb creaywwmm obpasom: Ha

p>.7r NOBEPXHOCTM M BHYTPWU Kanummnsipos

1 W (' '\ rMOPOMUNBLHON  MONYNPOHULIAEMON
MembpaHbl obpasyeTcs cnom

cBsi3aHHOM BoAabl. WMoHbl conen B
pacT-BOpe npu CBOEM TEMNSIOBOM
ABWKEHMN 3axBaTbiBalT BoAy VY

NoBEPXHOCTM  MembpaH, obpa3sys
| rMppaTHble 060-NOYKM, M MepeHocsT ee Takum o6pa3oM B 06beM pacTBopa.

Puc.2.78. K 06bsICHEHUIO MexaHu3ma pa3- CHWKeHWe  KOHLEeHTpauum  Boabl Y

[EeneHUsi NonynpoH1LaeMoi MemGpaHoii ~ MOBEPXHOCTU MeMOpaHbl, obpalleHHON K
pacTBOpYy, KOMMEHCUPYETCA MNepPeExoaom

yucTon Boabl Yepe3 MeMbpaHy. Takon nepexon GyaeT mpoucxoauTb OO Tex nop,
nmoka cunbl, onpedensiemble NPUTSHKEHUEM MOMEKYNn BOAbl K MOHaAM, He OyayT
ypaBHOBELLEHbI CUITaMuX MMAPOCTaTUYECKOro AaBeHNsi CO CTOPOHbI pacTBopa.

d‘253+ dzl‘.[_

2.4.2. YCTPONCTBO MEMEPAHHbIX AMMAPATOB

AnnapaTtbl Ans obpaTHOro ocmoca W  ynbTpaduibTpaumMm ObiBaloT
nepuoanyeckoro U HenpepbiBHOrO AencTtBus. AnnapaTbl  Nepuoamnmyeckoro
OEeNCTBUS NPUMEHSIIOTCS, Kak MpaBuio, TONbKo B rabopaTopHoi npakTuke. B
NMPOMbILLITIEHHOCTM paboTaloT NPOTOYHbIE annapaTbl HENPEPbLIBHOTO AENCTBUS.

MeMOGpaHHble annapaTtbl UMelT 60rblLUY0 yaenbHY nnowanb NOBEPXHOCTY
pasgeneHns, NpocTbl B cOOpke 1 MOHTaxe, HadexHbl paboTe. MNepenan AaBneHus
B annapaTax Hebonblwon. Hegoctatkom annapaTtoB pAnsi obpaTHOro ocmoca
sIBNsieTCA BbICOKOEe paboyee OaBreHne, 4to TpebyeT cneumanbHbIX YNIOTHEHWUIA
TpyOONpPOBOAOB M apMaTypbl, paccyMTaHHbIX Ha BbicOkoe AaBneHue. Mo cnocoby
pacnonoxeHnss MeMbpaH annapatbl AeNATCs Ha annapaTbl TMna «@UNbTP-NpPecc»
c MIOCKOKaMepHbIMU hunbTpyOLWLMMM arnemMeHTamu, annaparbl c
LUUNUHAPUYECKMMM U PYTIOHHBIMUK 3NIEMEHTaMM 1 annapaTtbl ¢ MeMbpaHaMmu B BUAE
NONbIX BOMOKOH.

[MepeyncrieHHble annapaTbl COCTOAT M3 OTAENbHbLIX CEKUMA UM MOAYNEWN,
4YTO nosBondeTr cobupaTb annapatbl C pPas3NUYHOM Mfowaabld MOBEPXHOCTU
pasgeneHus.

Annapat Tuna «punbTp-Npecc», Mo KOHCTPYKLUNN HANOMUHALWMN PUIbLTP
ans  obbiMHOro (buNbTPOBaHUSA, SABNSEeTCa Haubonee npoCcTbiM  MeMOpaHHbIM
annapaTtom.
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Puc.2.79. MembpaHHbIn punbTp-npecc (a) n «noanoxka» (6):
1 — nnuta; 2 — cTskHoM 6onT; 3 — «noanoxka»; 4 — membpaHa; 5 — oTBepcTme

OcHOBOM 3TOW KOHCTPYKuuu (puc.2.79.) asnsietca (ouUnNbTPYOLWNN 3NEeMEHT,
COCTOALLMIA N3 OBYX MeMOBpaH, yNOXeHHbIX N0 06e CTOPOHbI SINCTOB «MOASNOXKNY,
M3roTOBIMEHHBIX M3 MNOPUCTOr0 Martepuana, Hanpumep MonMMmepHoro. JInCTbl
«NOANOXKM» UMEKT OTBEPCTUA AN NPOX04a XUAKOCTU. DTU NNCTbI PacnosiOXKeHbI
Ha pacctosHum oT 0,5 go 5 mm, obpasysa mexmeMbpaHHOe MPOCTPaHCTBO AJiS
pasgensiemoro pacteopa. lNMakeT punbTpyOLMX INIEMEHTOB 3aXXMMaeTCs Mexay
OByMS  nauTamuM K ctarmBaetca 6ontamu. PunbTpyemblin  pacTBOp
nocriegoBatenbHO  NpoxoAuT  4yepe3 Bce  UIbTpyOLLME  3NEeMEeHTbl U
KOHUeHTpupyeTcs. KoHueHTpaT u unbTpaT HENPepbIBHO yaansoTca U3 annapara.

AnnapaTtbl NogoGHOro TMMa NPUMEHSIITCA B YCTAHOBKaX ANS BblOAeNeHus
GenkoB U3 MOACHLIPHOM CbIBOPOTKM, a Tawkke Ans  ynbTpadunbTpauum
06Ee3>XMPEHHOrO MOSIOKa M TBOPOXXHOW CbIBOPOTKMU.

Mpon3BoauTENbLHOCTL annapaTa no CbiIBOpOTKe coctaBnseT 5,0— 6,8 m3/y,
No KoHuUeHTpaTy—O0,16—0,3 M3/u.

AnnapaT ¢ UMIMHAPUYECKUMU PUNBTPYIOLWLMMUK AfieMeHTaMn cobupaeTtcs ua
OTAENbHbIX LUNMHAPMYECKNX dunbTpytowmnx mogynen (pmc.2.80.).

LinnuHapuyecknin onnbTpyOWNN 3NeMeHT npeactaBnseT cobor CMEHHbIN
y3esn, coOpaHHbIn M3 NOSynpoHMUaeMon MemOpaHbl M OpEeHaXHOro Kapkaca.
[peHaxHbIn Kapkac COCTOMUT U3 TPyObl M MOPUCTOM «MNOLNOXKM», UCKIOYaloLWen
BAABNMBaHMe MeMbpaHbl B ApeHaXKHble KaHanbl TpyObl.

Linnungpuyeckne unbTpytoLLmne 3NeMeHTbl N3roTaBnMBatoTCS TPEX TUMOB: C
pacrnonoXeHneMm memobpaHbl Ha BHYTPEHHEW MOBEPXHOCTM APEHaXHOro Kapkaca,
Ha BHELUHEN U ¢ KOMOMHMPOBAaHHLIM pacnonoXeHneM MeMopaHsb!.
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Puc.2.80. MemOBpaHHbIn annapat ¢ LMNNHAPUYECKUMN
PUNbTPYHOLLMMUN 3NIEMEHTAMMN

AnnapaT ¢ UANMHAPUYECKUMU PUNBTPYIOLNUMN SNIEMEHTaMK C MeMOpaHOoW,
pacrnosriokeHHON Ha BHYTPEHHEN MOBEPXHOCTM [APEHaXXHOro Kapkaca, WMeeT
criegylowime npevMmyLlecTBa: Marnyl MaTepuanoeMKocTb U3-3a  OTCYTCTBUS
HamnopHoro kopnyca, HebonbLloe rMapaBnMYeckoe COMNPOTUBIEHME, BO3MOXHOCTb
MEXaHUYECKOM OYUCTKN (PUNbTPYIOLLMX 3NEMEHTOB OT ocagka 6e3 pasbopku,
HaeXHOCTb KOHCTPYKLIMM.

HepoctaTtkamu 3aton KOHCTPYKUUN ABNAKOTCA HU3Kad YyAelibHasA pa6oqa;|
nnowaab rNMnoBEPXHOCTU (*)I/IﬂpraLl,I/II/I MeM6paH, BblICOKHe Tpe6OBaHI/I$I K c6op|<e
3JIEMEHTOB.

KOHCTpYKUMN  DUNBTPYIOLLUNX INEMEHTOB C HapPYXXHbIM PaCcrofioXKeHeMm
mMeMOpaHbl UMelT 6onbliylo yaenbHyto paboyyi  nnowagb NOBEPXHOCTU
mnbTpaumm. OgHako oHM Gonee MeTanfioeMKU U He MO3BONSAKT OCYLLECTBATb
MeXaHNYECKYI0 OYUCTKY PUNBbTPYHOLLNX 3NIEMEHTOB.

LinnuHapuyeckne  ovnbTpylowime  anemMeHTbl € KOMOBMHMPOBAHHbLIM
pacrnonoxeHnem membpaH WUMEKT MNPUMEPHO B 2 pasa 6onbllylo YyAESbHYHO
pabouyylo nnowagb NOBEPXHOCTM unbTpaumm, Yem onmcaHHble. OgHako Takue
KOHCTPYKU MK obnapatoT 3HA4YUTENbHO oonbLMMK rmapasnnyecknmm
COMNPOTUBIIEHNAMN N3-3a BONbLLION ANMHbBI KaHaNoB ANs 0TBoAa unbTpaTa.

YnbTpadunbTpauMOHHbIe YCTAaHOBKM C LUINMHAPUYECKUMU OUSBTPYHOLLMMN
arieMeHTaMM LLUMPOKO NMPUMEHSAIOTCS ANs1 OCBETNEHNA PPYKTOBbLIX COKOB. OT coka
OTAENSAKTCA BCE BELLECTBA, Bbi3blBalOLLME NOMYTHEHME COKa, KaK, Hanpumep,
NpOTEeuH, Kpaxmar, NekTuH, AyounbHble BelecTsa 60MNbLLION MOMEKYNAPHON
Macchbl, YacTuLbl Lennoosbl U apyrue BellecTsa. B ocBeTNIEHHOM Coke
coepxaTcsi BCce BellecTBa B HaTypasribHOM COCTaBe.



123

AnnapaTtbl C PyNnOHHbIMU (DUNBLTPYIOLWMUMM IfIEMEHTAMM BbINOSTHAOTCA B
Buae TpyObl, B KOTOPY nocrnegoBaTeflbHO BCTaBMEHO HECKOMbKO (NMOTHOCTb
ynakoBkun MembGpaH cocTtaBnseT 300— 800 m?/M3) pPYNOHHbIX UILTPYHOLLIMX

3JIEMEHTOB

(pnc.2.81.a.) Kaxgblh 3nemMeHT COCTOUT U:

HaKpy4YeHHOro Ha

oTBOAAWY TpyOy naketa m3 OBYX MemMOpaH W «noanoxkuy». [ns cosgaHus
MeXMeMOpaHHOro MpPOCTpPaHCTBA Mexay MemOpaHamu ycTaHaBnuBaeTCs ceTka-

cenaparop.

NcxoaHbin  pacTtBOp  ABUMXKETCHA
no MexXmeMbpaHHbIM KaHanam B
NPOAOSIbHOM HanpaBneHun
[pnc.2.81.6.), a dunbTpatr  no
cnvparnibHOMY  [pPEHaXHOMY  CIIOH
nocTynaet B TpyOy M BbIBOAUTCSA M3
annapara.

% YBenuyeHne paboden nnowagu
~ /2 13 4 &{ MembpaH B aTUX annapaTtax
% f s or s e ms s s 7 S noBbIlWAaET MJOTHOCTbL YMNAaKOBKX, a
g N e e Takxe CHWXaeT CTOMMOCTb
= = e e £ M3roToBneHus. YeenuueHue nnowiaau

T:j: e %‘ mMeMbpaH MOXeT goCcTuraTbCsa 3a cuyeT
Hexodwee pacmBop = § yBeNuYeHnss  OfvHbl U LUMPUHbI
a HaBmMBaeMoro naketa. OgHako WnpuHa

naketa nMMUTUPYETCA pasmepamu

Puc.2.81. PynoHHbli UnbTPyOLWLMIiA 3aneMeHT MeMOpaH 1 ApeHaxHoro  crosi.
(a) n annapaT 3apsHKEeHHbIN TakuMn MakcumanbHasi — WWpUHa  nakeTa
anemeHtamu (6): 1—Tpy6a; 2 — membpana; Aocturaet 900 mm. [nuHa nakeTa
R—«nonnoxka»: 4- cetTka-cenanaton orpaHn4mBaeTCcA rmapasimiM4ecknm

COMPOTMBMNEHMEM [PEHaXHOro cros
NOTOKY counbTpaTa 1 06bIYHO HE NPEBbLILLAET 2 M.

YacTtb 2

[Mpoueccol n annapaTbl NULEBLIX NPOU3BOACTB: KOHCMEKT NEKUU no
kypcy MAlNM Yacts 2. Weaney B.H., Kpoxanes A.A., bakun N.A.,
[MotanoB A.H. .KemepoBCKuM TEXHOSTOrMYECKNA MHCTUTYT NULLEBON
npombliwneHHocTn. — Kemeposo, 2002. — 140 c.

1. TEMJNIOOBMEHHBbIE NMPOLECCHI

1.1. O6bwue ceedeHus
[Mpouecc nepeHoca Tenmna, MNPOUCXOAALWMA Mexay Tenamu, UMeHLMMU
pasnuyHylo TemnepaTtypy, HasbiBaeTcs TennoobmeHomMm. Ero gBumXywen cunom
ABNSIETCA pa3HOCTb TeMnepaTtyp mexay 6onee n meHee HarpeTbiMn Tenamu. Tena,

yqacTBylLllne B TennoobmMmeHe, HasblBalOTCA TennoHocutensamu. PasnuyaioT TTPU
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cnocoba pacrnpocTtpaHeHna Ternna: TensionpoBoAHOCTb, KOHBEKLUNIO KN TeENsioBoe

N3nyyeHue.

TennonpoBoAHOCTb nNpeacTaBndeTr cobon nepeHoc Tenna oT 6onee k
MeHee HarpeTbiM y4acTkaMm Tena BCMeACTBME TENNOBOrO ABMXKEHUS U
B3aMMOAEWNCTBUS MMKPOYaCTUL, HEemnocpeacTBEHHO CconpuKacallmuxcs Apyr C
apyromM. B TBepabix Tenax TennonpoBogHOCTb OObIYHO SIBMSIETCS OCHOBHLIM BUAOM
pacnpocTpaHeHus Tenna.

KoHBeKkUuMen HasbiBalOT MEepeHoc Tenna BCMEeACTBME ABMXEHUS WU
nepemMeLlnBaHNsa MakpoCcKonuyecknx o6 bemoB rasa unm xunakoctu. lNepeHoc Tenna
BO3MOXEH B YCNoBUsIX CBOOOAHOW KOHBEKLMM, OOYCNOBMEHHOW pPasHOCTbIO
NNOTHOCTEN B pPasfNyHbIX TOYKax oObema XXMOKOCTU, BO3HMKAIOLLEN BCreAcTBUE
HEeOAMHAKOBbIX TemMrnepaTyp B HUX WNW B YCMOBUSIX BbIHYXXOEHHOW KOHBEKLUW,
Korga npoucxoauT nNpuHyOuTENbHOE [OBWXKEHMEe BCero obbema XWAKOCTW,
HanpumMep, Npu NepemMeLLMBaHNN ee MeLLarnkown.

TennoBoe wu3ny4YeHWe - MPOLECC PacnpPOCTPaAHEHUS 3NEKTPOMarHUTHbIX
konebGaHui C pasnMYHON ANUHOW BOJH, OOYCINOBMNEHHbLIA TEMMOBbIM OBWXEHUEM
aTOMOB M Mornekyn uanyvatoulero Tena. Bce Tena cnocoOHbl M3ny4aTb 3HEPIUIO,

KOTOpasd norrowaeTcqa ApyruMmmn tefilaMmm 1 CHoBa rnpespaliaeTcd B Tenso.

NHTEHCMBHOCTL  TENMOBOrO  M3ry4YeHWst BO3pacTaeT C  MOBbILEHUEM
TemnepaTypbl Tena u npuobpetaeT AOMUHMpYIOLlEe 3HauveHne Tonbko npu

>600°C. Mol 6Gonee nogpobHO 3TOT cnocob pacnpocTpaHeHus Tenna
paccmaTpuBaTb He Byaem, T.K. nogaBnswLlas YacTb TennoobmMeHHoM annapaTtypbl
paboTaeT npu 3Ha4YMTENBbHO Bonee HM3KNX TeMnepaTypax.

B peanbHbIX YCNOBKsIX TEMMO nepegaeTca He OQHUM crnocobom, a ABYMS Unu

nspenka Tpemsi.

Tennootpaya - 3TO NepeHoOC Tenna OT CTEHKM K rasoobpasHon (Kugkon)
cpege vnu B obpaTHOM HanpasneHuu. Tennonepegada - 3TO Npouecc nepegayu
Tenna oT 6onee Harpeton K MeHee HarpeTol >KMAKOCTU (rasy) 4epes
pasgensoLwyo nx NoBepPXHOCTb UNN TBEPOYI CTEHKY.

B HenpepbiBHOOENCTBYOLWMNX annapaTtax TeMnepaTtypbl B pa3fvyHbIX TOYKax

HE N3MEHAITCA BO BPEMEHU N MpOTEeKaoLwme npouecchbl TennoobmeHa ABNAKTCA
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YCTaHOBUBLUNMUCA (CTaLI,I/IOHaprIMVI). B nepuognyecku D,GVICTBWOUJ,MX annapartax,

roe Temnepartypbl MEHSIOTCA BO BPEMEHW, OCYLLECTBMNAKTCA HecTauMOHapHble
npouecckl TennoobmeHa.

TennoBoe BO3OEVNCTBME HA NULWLEBLIE MPOAYKTbI ABNSETCA HEobXoanMbIM
YyCIOBMEM TEXHOMOIMYEeCKNX MpoLeccoB OONbLUMHCTBA MNULLEBbLIX NPOM3BOACTB.
Tenno pacnpocTpaHsieTca B cpedax, pasnuyalomxcs  cneunduyecknmm
cBoncTBamu: B xrnebonekapHoM TecTe, MmapMenage, Mosfioke, caxapHbIX pacTBopax
n 1.0. B npouecce texHonormyeckon obpaboTkM OHWM NMpeTepneBardT BO BPEMEHMU
Ka4YeCTBEHHbIE MpeBpaLLEHUs, 4YTO Bbi3blBAET COOTBETCTBYHOLIEE W3MEHEHUE
ycrnoBun Tennonepegayun. osTtomy MHorme npouecchl TennoobmeHa B MULLIEBLIX

cpenax nponcxogdrt B nepeMeHHbIX, HeCTauMOHapPHbIX yCIioBUAX.

3apgaun TennoBon 00paboOTKM NULIEBBLIX NPOAYKTOB pasHooOpasHbl. B
3aBUCMMOCTM OT Liefnien TEXHONOMMM NPOUCXOAAT CrieayroLme TenoBble NPOLECChI:

a) HarpeBaHue 1 oxnaxgeHne oaHodasHbIX U MHOroasHbIX Cpes;

6) KOHAEHCaLMsl NapOB XMMUYECKN OOHOPOAHBIX XXUOKOCTEN U NX CMECEN;

B) ucnapeHue BOAbl B nNapora3oByl cpedy (yBnaxHeHue Bo3gyxa, Cyluka
mMartepuarnosB);

) KUNMEHWUE XXMOKOCTEN.

B 60onblUMHCTBE Cry4yaeB HENMOCPEACTBEHHbIN KOHTAKT NULLEBbLIX NPOAYKTOB C
APYrMMUX TENNOHOCUTENAMU HeaoMnycTUM, NO3TOMY Tennonepeaayvy OCyLIECTBNASIOT
B pa3nuyHbIX TEMNOOOMEHHMKaX, rae TBepaas CTeHKka pasgensieT paboyve cpeabi.
TBepaasi CTEHKa CNY>XUT NOBEPXHOCTbIO HarpeBa N KOHCTPYKTUBHO BbIMOSHSAETCS B

Buge Tpyo, pybawiek un 1.4.

PacueT TennoobmeHHOM annapaTypbl COCTOUT U3 2-X OCHOBHbIX 3Tamnos:

1. OnpegeneHne TensoBOro noTtoka (TENSIOBOW Harpysku annaparta), T.e.
KonuyecTtBa Tensna Q KOTOpOoe JOIKHO ObiTb NepegaHo 3a onpeaeneHHoe Bpemsa 7

OT OAOHOro TenroHOoCUTEeNA K Opyromy. TennoBor MNOTOK BblYMCAAETCS nytem

COCTaBlieHUA U pelleHnda TensioBbiX ©anaHcos.

2. OnpegeneHue noBepxHocTW TennoobmeHa I, oBecneunBatoweit

nepenadvy Tpe6yeM0ro Konun4yecTtBa Tenna B 3aJaHHOe Bpemsa T. HOBerHOCTb
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TennoobmMeHa HaxoadAT M3 OCHOBHOMO ypaBHEHUA Tennonepenadn, BbIHYUCITUB

npeaBapuUTENnbHO  3HAYeHWe  cpedHelr  pasHoOCTM  TemnepaTtyp  Mexay

tennoHocutenamm Ate, n kosdpdprument Tennonepenaun K:

1.2. Tennoeol 6anaHc

Tenno Q1, oTnaBaemoe Goree HarpeTbiM TENMOHOCUTENEM, 3aTPAYMBAETCS
Ha HarpeB Gonee xonogHoro Q2 n Ha komnexcauunio noteps Q,, B okpyxatoLLyto
cpeay.

BermunHa Q, B Tennosbix annapaTtax, NOKPbITbIX TEMOBON M30MSLMEI,

npuHuMaeTca B AunanasoHe 3..5%. B nepBoM NpubNMXKeHMNn e MOXHO

npeHebpeyb. Toraa TennoBon 6anaHc BbIPpasnTCs paBeHCTBOM

Q=Q1=Q2,

roe Q - TennoBasi Harpyska annapara.
Ecnn pacxogpbl "ropsiyero” n "XxonogHoro" TennoHocuTenen coctaBnaloT G
n G2 cOOTBETCTBEHHO, @ VX SHTaNbNUM Ha BXOAE B annapart | /77, 1217 v Ha BBIXORE

| /%, 12K ypaBHeHMe Tennosoro 6anaHca GygeT MeTb CrieayioLWwmi BUA
Q:Gl(llH _IlK):GZ(IZK_IZH) (1-2)

na cny4dad TennoobmeHa 6e3 U3MEHEHUS arperatHoro CcocCToAHUA

TennoHocuTenen, SHTanbMNnAa nocnegHmMx 3aMeHAeTCA npon3sBegeHneEM

tennoemkoctun "C" Ha TemnepaTypy {:

l1h=Cin-t1n; l1k=Cik t1k;
lok=Coktok; lon=Con-ton

Bennunnbl C1y 1 Cik - aTo cpegHue yaenbHble TennoemMkocTy "ropsiyero”
TennoHocuTens B AvanasoHe nameHenus Temnepatyp ot 0 go t1H (Ha Bxoge) v tik

(Ha BbIxoge) cooTBeTCTBEHHO. [ns "xonogHoro" TennoHocuTens Con n Coxx -
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cpenHue yaenbHble TENNOEMKOCTU B npeaenax 0 - topym 0 - thk. B TexHmueckux

pacyeTax 3Ha4yeHWUs SHTanbnNUn 0ObIMHO HaxoOsAT NMpu 3adaHHOW TemnepaTtype U3

TENNOBbIX U 3HTp0I'IVIVIHbIX anarpamm minm cnpaBoYHbIX Ta6J'II/ILl,.

Mpn n3MeHeHUM arperaTHOro COCTOSIHUSI TenrioHocuTens (KoHaeHcauums
napa, ucnapeHve XWAKocTM W T.A4.) WU NPOTEKAHUM XUMUYECKUX peakuun,
COMPOBOXAAKLWMNXCS  TENnoBbIMM  3dppekTamn, UX HEOOXOAMMO YYUTbIBATD.

Hanpumep, npun KoHOEHcaUMM HaCbIWEHHOro napa, sasnswwerocsa "ropayunm”
TenrnoHocuternem, BenuunHa lik B ypaBHeHun (1-2) npeactasnseTr cobon

SQHTAanNbMMKO ygandemMmoro napoBoro KoHgeHcarta.

1.3. OcHo8HOe ypasHeHuUe mensonepedayu
OCHOBHbIM ypaBHEHUEM Tennorepegaydn dsndeTcA o6u.|,a9| KMHEeTU4YeCKasd

3aBMCUMOCTb MeXAY TENNOBbIM NOTOKOM Q “n NOBEPXHOCTbLIO TEMNO00OMEHa F:
Q'=K-F-Atept (1-
3)

roe K - KoahpuumeHT Tennonepenaymn, onpeaenstowmnm cpegHio CKOPoCTb
nepegaym Tenna BOOMb BCEW MOBEPXHOCTU TennoobmeHa; Atcp - cpegHsas
pa3HOCTb Temnepatyp Mexay TennoHoCUTeENnaMu, onpegenswowas CcpeaHto
OBWXYLLYIO Cuny npouecca Tensionepedadn unu TtemnepaTypHblin Hanop; T -

Bpemsi.

[nsa HenpepbIBHbLIX NpoLeccoB TennoobmeHa ypaBHeHue (1-3) nmeeT Bug,

Q=Q77=K-F-4t,, (1-4)

roe Q - TeNnOBOM MOTOK. OTO KOMMYECTBO Tenna, Npoxoasilee B eanHuULY
BPEMEHUN Yepe3 NPOUN3BOSIbHY NOBEPXHOCTb.

N3 ypaBHeHun (1-3) n (1-4) MOXHO onpenenuTb pasmMepHOCTb U PU3NYECKNI

cMblcn koadduumenTa Tennonepenaun K.

e I e

“At-TT Twm?-cex-epad’  m° - epad

]
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KoadbdpuumeHT Tennonepenadn rnokasblBaeT, Kakoe KOSIM4YecTBO Tenna (B

k) nepexogut 3a 1 cek oT "ropadero” K "xonogHomy" TensiOHOCUTENIO Yepes
NOBEPXHOCTb TennoobmMeHa 1 M? Npu cpefHeit pa3HOCTU TeMnepaTyp Mexay HUMM,

paBHou 1 rpag.

1.4. [Nlepedaya mensia mensionpPo8oOHOCMbIO

Mpouecc nepegayn Tenna TennonpoBOAHOCTBLIO OMNUCHLIBAETCH C MOMOLLbIO

3akoHa ®dypbe, COrnacHo KOTOPOMY KONMUYECTBO Tenna dQ, nepeaaBaemMoe
MOCPeacTBOM  TEnnonpoBogHoCTM — uepes  amemenT  nosepxHoctn  OF,

NepPneHaNKyNsiPHbIA TennoBoMy notoky, 3a Bpemst 07 npsiMo nponopumoHansHo

TeMnepaTtypHomy roaguneHTy dt/dn , MOBEPXHOCTH dF n BpeMeEHU dT

dQ:iﬁ-dF-dr
dn -

TeMHepaTyprlm rpragneHTomMm HalblBaeTCA rnpoun3soaHad Temnepartypbl Mno

(1-5)

HOpMarnu K U30TEPMNYECKOM NOBEPXHOCTH.

Bm

A=l
KoadbpmumeHT TennonposoaHocTn A nMeeT pasmMepHOCTb: M-2pad

1 NoKasblBaeT, KaKoe KONMYEeCTBO Tenna NepeHocuTcsl NyTeM TENonpoBOAHOCTM B
eanHNLYy BPEMEHM Yepe3 eauHuLy MNOBEepPXHOCTU TenrioobMeHa npu nageHum
TemnepaTypbl Ha 1 rpag Ha eguHUUy [OfVWHbI HOpManuM K W30MeTPUYecKom
NMOBEPXHOCTMW.

[na XapakTepuctukn TeENNOUNHEPLNMOHHDbIX CBOWCTB BelLUeCTBa BBEOEM

noHsaTMe kKoadcuumeHta TemnepatyponpoBogHoctu "a". Yem 6Gonble

BenuyuHa "a" y BellecTBa, TeM ObICTpee OHO HarpeBaeTCH U oxnaxgaeTcs:

oA g . meepad M
o s b

Ke-2pad m°
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1.5. [Nlepedaya menna KOHeekyueu

MHTEHCUMBHOCTbL nMepeHoca Tensa KOHBEKUMEW 3aBUCUT OT CTeneHu
TYpOYNEeHTHOCTM NOTOKa >KMAKOCTM M NEepemMellnBaHus 4YacTul BHYTPU Hero.
CnepoBaTenbHO, KOHBEKUMS CUMNbHO 3aBUCUT OT MMAPOAMHAMUYECKUX YCNOBUM
TEYEHUNS NOTOKa XNOKOCTW.

B agpe NnoToKa nepeHoc Tenna
ocylecTBnsieTcs OAHOBPEMEHHO
TENNonpoBOAHOCTbIO U KOHBeKunen. COBMECTHbIN
nepeHoc Tenna 3TumMM crnocobamu HasblBaeTcs
tem

KOHBEKTUBHOM TennooTaadven. MexaHun3m

nepeHoca Tenna B sSApe noToka Mpu  ero

Typ6yﬂeHTHOM OBUWXEHUN XapakTepunlyeTcA

MHTEHCUBHbIM NepemMellimBaHNEM MaKp006beMOB

SEMMMIIIITITINNY

cpedbl, KOTOpoE nNpmBOAUT K BblpaBHUBAHUIO

Puc.1.1. Cxema TemMnepaTyp [O HEKOTOPOro CPEAHEero 3HauyeHus

KOHBEKTUBHOIO
toe. Mo mMepe npubnmxkeHus K  CTEHke

WHTEHCMBHOCTb TEnnooTAaynM nagaeT. OTo 00bscCHSAeTCA Tem, 4To BOAM3U Hee
obpasyetcsa TennoBOM MOrPaHUYHbIA  Cron, NoAOoOHbIN  rMAPOANHAMUYECKOMY
NorpaHN4YHOMYy CIriot0, HO OBbIYHO MeHbLLE ero rno TonwuHe. B aTom cnoe, no mepe
NpUBAMXKEHNS K CTEHKe, BCe Bornbluee 3HavyeHne npnobpeTtaeT TennonpoBo4HOCTD,

a BnvsiHne TypbyneHTHOCTU CTaHOBUTCA NpeHebpexumo mano (puc.1.1).
MnotHocTb TypbyneHTHoro Ttennoobmena (,, B Hanpasnewun ocm ")

onpeaenaeTcd BblpaXeHnem:
.

3necb Ay - KO3 PMUNEHT TypOYNEHTHON TENTONPOBOAHOCTM.

Benunuuna ﬂ,m BO MHOIo pa3 npesbillaeT 3HaAYeHUA A, T.K. B 4dA0pe

Typ6yﬂeHTH0l'0 NOTOKa MNnepeHocnTcd 3aMeTHO bonblee KonuyecTtBo Tenna, Yem

nyTem TensionpoBoAHOCTM B TEMJTOBOM NOrpaHN4HOM Crioe.
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MHTEeHCMBHOCTb NepeHoca Tenna B sape notoka 3a cyeT ﬂ/m onpependeTcd

KoadbdmumneHToMm TypbyneHTHOM TeMnepaTyponpoBOgHOCTH:

A

ar =——
C-p’
Be€Jin4nHa KOTOpOoro B obnacTtu TennoBoro crnos, no mepe I'IpVI6J'IVI>KeHVIﬂ B CTEHKe
yMeHbLluaeTcd. [na MHTeHcMduKaumMm KOHBEKTUMBHOIO TensoobmeHa Heobxogmmo
YMEHbLINTb TOJILLWNHY TEn1oBOro rnorpaHN4YHoro Crio4.

CnoXHOCTb MexaHu3ma KOHBEKTMBHOIO TennoobmeHa O6yCJ'IaBJ'IVIBaeT
TPYyOHOCTW pacdeTa npouecca TennooTaadn. ToyHoe pelleHne 3agjadn o
Konn4yectse Tenna, nepegasaemMoro OT CTe€HKM K cpeje, CBA3aHO C
HeobXO4MMOCTLIO OnpeaeneHnss TemnepaTypHoro rpagmMeHTa y CTeHKM u npodouns
M3MEHEeHNA TeMnepartyp TenoHoCcuTena BAOOJIb NMOBEPXHOCTU TennoobmeHa, 4To
BeéCbMa 3aTpyaHUTESIbHO. |-|03TOMy B OCHOBY HerpepbiBHOIo npouecca
Tennootagayun 6epyT YpaBHeHue HbloTOHa:

Q=ou-F(ter - tx) (1-7)

30ecb O - KOA(pMUMEHT TennooTaayn, KOTOPbIM MNOoKasbiBaeT Kakoe
KOnn4eCcTBO Tenila nepegaeTcd OT 1 m2 NMOBEPXHOCTU CTEHKU K )KUWOKOCTU B TE€4EeHUe
1 cexk npu pasHOCTM TemMnepaTyp Mexay CTEHKOM U XUAKOCTbIo 1 rpag.

OH 3aBUCUT OT crieayoLmx akTopoB:
1. Ckopoctn xugkoctn W, ee nNNOTHOCTM O U BA3KOCTU [, T.e. NEPEMEHHbIX,
onpeaensitoLLnNX PEXNUM TEYEHUS KNUOKOCTH;

2. TennoBbIX  CBOMCTB  >XWOKOCTU (yoenbHoM  TensoeMKoCTU Cp,

TennonposoaHocTu A, koacpuumeHTa o6bemHoro paciumperus [

3. l'eomeTpuyecknx napameTpoB - opmMa 1 onpegensalme pasmepbl CTEHKN (4N
TPYyb - ux guameTp d v gnvma L, LepoxoBaTtocTb & ).

Taknm obpasom
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o=f (W,,p,cp,A,B,d,L,€) (1-8)

Otcioga BMOHO, 4YTO MNpocToTa ypaBHeHUA (1-7) TOMbKO KaXyLlasiCA.
TpyoHOCTb 3akni4yaeTcs B pacdeTe BennuuHbl "&'. Kpome TOro, HEBO3MOXHO

NonyYnTb pacyeTHOe YypaBHeHWe, MPUroAHOE ANsi BCeX CryvaeB TennooTaayw.
Tonbko NyTem 0606LLEHMS ONbITHLIX AaHHbLIX C MOMOLLbIO TEOPUN NOA0OMS MOXKHO

nony4ntb 0600LLEHHbIE (KpUTEpUanbHbI€) BbIPAXEHUS ONS TUMNOBLIX CryyYaes
TennooTaayn, No3BOSIALWNE paccumTaTb O ANA KOHKPETHbIX ycrnosuin. VicxogHom

3aBMCUMOCTbLIO NSl 3TOro sIBNsieTCs OOLUMIA 3aKOH pacnpeneneHus Temnepartyp B
XMOKOCTW, BblpaXXeHHbIN anddepeHumnancHbiM — ypaBHEHMEM  KOHBEKTUBHOMO

TennoobmeHa.

1.6. QughgpepeHyuansbHoe ypasHeHUe KOHBEKMUBHO20 mernsioobMeHa

B yCTaHOBUBLLUEMCA NOTOKE XUOKOCTU BblOENTUM 3nemeHTapr||7| obbem (B

Buge kyba) c rpaHsamm dX, dy, dz. MNprmem, 4TO MMOTHOCTb XUAKOCTM O ,ee

koacbpuLMeHT TennonposogHocT A u yaenbHas Tennoemkoctb C NOCTOsHHLI, a
Temnepatypa [ nsmensetca Baonb rpaHen ky6a. Mpoekunn CKOpoCTW ABVIKEHNS

XNOKOCTU W Ha OCKU KoopAauHaT X, y, Z cocTaBnsawoT Wx Wy Wz COOTBETCTBEHHO.

By,qu cynTaTb, HYTO Ternmno nMnepeHoCUTCA B XUOKOCTKU nyteMm KOHBEeKUUn wu
TennonpoBogHOCTU WM 3aTpadvnBaeTCA TOJIbKO Ha WU3MEeHEHUE JHTalblnn Ky6a.

Toraa KOHBEKTUBHAsI COCTaBnsoLWasn TENMOBOro noTtoka 6yaeT UMeTb BUAL

Ot 0

40,,, =—p-c( W, + 2w, + Ly av - ds
Ox oy ’

Oz
rae AV - o6bem ky6a.

A KOnMYecTBO Ternna, BHOCUMOrO B 3fieMEHTapHbIN 06BbEM 3a BpeMsi 7 MyTeM

TennonpoBogHOCTU, COCTaBUT

2 2 2
0L O O ay
o o e -

ObLLee Konn4yecTBo Tenna .dQ, NOABOANMOE KOHBEKLIMEN U TEMMOoNpoOBOAHOCTbLIO

deeng — ﬂ/(
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dQ=dQ._. +do,. z—p-c(gWx +QW +@W2)-dV-dr+
Ox oy = oz
o't 0t 0t
ﬂ(axz " oy’ r= ) dv-dr (1-9)

OTO KONMMYecTBO Tenna paBHO COOTBETCTBYyHOLLEMY MU3MEHEHUIO 3HTallbMnn

afieMeHTapHoro Kyba:

szc-p-g-dV-dr

or (1-10)

Torga, npupaBHsaB BblpaxeHne (1-9) mn (1-10), npoBegsa cokpaweHue U

npeobpasoBaHune, Nonyy4nm

o't 0t 0Ot
@+@Wx+gW +ng:a( Tt ot o) (1-11)
ot Ox Yoz ox~ oOy° Oz
A
a=——
roe C-p - KO3(ppuUneHT TeMnepaTyponpoBOLHOCTH.

BeipaxxeHne  (1-11)  aBnsetca  guddepeHumanbHbiM  ypaBHEHUEM
KOHBEKTUBHOrO TennoobMeHa u B ob6wemM Buae BblpaxaeT pacnpegeneHve

TeMrniepatyp B LI,BI/I)KyLLI,GVICFI xugkoctn. OTMEeTUM, 4TOo npn ycrtaHoBMUBLLUEMCA

npouecce TennoobmeHa ot/0t =0
UTtobbl NONy4YnTb NONMHOE MaTemMaTM4YecKoe OnMcaHue npoluecca ypaBHEHue
(2-11) Heob6x0AUMO LOMOMNHUTL YCHOBUAMM Ha rpaHuLe pasgeria NnoToka U CTEeHKU

annapara. Bbile Mbl paccMaTpuBany NOTOK XWOKOCTU Kak ABYXCIOWHY CUCTEMY,
COCTOSILLYIO M3 MOFPaHUYHOTO TEMMOBOrO CROS TONLUMHOW Omenz. U SAPA MOTOKA,

Asuvratoerocs B TypbyneHTHOM pexnme. B norpaHMyYHOM crioe TennoTa OT CTEeHKU
annapata pacrnpoCcTpaHaeTcs  TennonpoBOAHOCTBLI, KOTOpasd  OnucbiBaeTCs
ypaBHeHueMm (1-5). 3TO Xe KONMMYecTBO TennoTbl nepefaeTca s4py NoToka
cornacHo 3akoHy HetoToHa no ypasHeHuto (1-7). MNpupaBHsas BbipaxeHus (1-5) n (1-

7), nonyynMm ypaBHeHUE XapakTepusyruiee yCcrioBmd Ha rpaHumue:
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ot
- A on — Ol(fcm o t)]{) (1-12)
OpHako BblpaxeHust (1-11) n (1-12) MOXHO NPUBECTU K pacyeTHOMY Buay
TONbKO ANs NpocTenwmnx crnyyvaes. [103ToOMy OObIMHO MCNONb3YHT APYron MyTb,
3aKknyalWwnncs B TOM, YTO pacyeTHble BbIpaXeHUs norny4varT un3 obLimnx
anddepeHumnanbHblX  YypaBHEHUA, MPUMEHAS MeTOoAbl Teopun nogobuda, wn

npunBOOAT UX K KOHKPETHOMY BMAOY C MOMOLUBIO 3KCNepnMeHTalribHbIX OaHHbIX.

1.7. Tennoesoe nodobue
l. PaCCMOTpI/IM CHa4ana FIO,EI,O6I/Ie rPaHU4YHbIX ycnosvu7|. OHO onncbiBaeTcd C

nomoLlbio Kputepua Hyccenbra:
a- |

NuU=——-
ﬂ/ .

PaBeHctBo kputepreB NU  xapakTepusyer nopobue  mpoLeccos
TennonepeHoca Ha rpaHuue Mexay CTEHKOW U NOTOKOM kuakocTn. OH siBnsieTcs
Mepoii COOTHOLLEHWS! TOJLLUMHbI NOTPAHNYHOTO CHOSl Omens VU ONPEAENSIOLLErO
reomeTpuyeckoro pasmepa. B kpuTepuit BxoguT onpegensiemas B 3agadax Mo

KOHBEKTUBHOMY Tenn006meHy Benn4ynHa Q.

2. PaccmoTtpum ycrnoBusi nogobusi B sigpe notoka. OHO onuvchiBaeTcsi C
NOMOLLbO KputTepusa dDypbe, KOTOPbIA XapakTepusyeT CBA3b MeXOy CKOPOCTbHO
N3MEHEHNs TemMnepaTypHOro Mosnsl, pasmepamy kaHarna, B KOTOPOM MNpPOMCXOAUT

TennoobMeH, 1 PU3NYEeCKUMN CBOMCTBaAMW Cpeabl B HECTALMOHAPHbIX YCITOBUSIX:
F art

o=
PaBeHCTBO kpuTepueB O B cxofHbIX TOYKax TEMMOBbIX MOTOKOB -

Heobxoaumoe ycnoeue noobus HeyCcTaHOBMBLLMXCS NPOLLECCOB TEMNOOOMeHa.

3. Kputepun MNMekne nokasbiBaeT COOTHOLLEHME MEXOY KONMYECTBOM Tenna,
NepeHoCUMbIM MyTEM KOHBEKLUMW W TENNonpoBOAHOCTM NPU  KOHBEKTUBHOM

TennooomeHe:
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d 1% d '

4. Kputepun lNpaHaTtna xapakrepusyet norne Tennoguanyecknx BennymH

NOTOKa XNOKOCTU:

pr=¥-_#2_

a a-p-

5. Kputepun [pacrocha BBOAMTCA npu TennoobmeHe B YCMOBUSX
€CTECTBEHHOM KOHBEKUUM U TMOKasblBaeT Mepy OTHOWEHUA CUn TPeHus K
noabeMHOW cune, onpegensemMon pasHOCTbK MMOTHOCTEN B PasfiMYHbIX TOYKaxX
noToka:

3
aro 9 |°- 5 - At

2
| 4

roe ,B - ko3apdULMEHT 0BBEMHOrO pacluvpenust xwugkoctn, rpag?t; At -

pPa3HOCTb TeMnepatyp ropayvmx wn XoJioaHbiX 4YHacTuy XWOKOCTU, Bbl3blBAOLWNX

€CTeCTBEHHYIO KOHBEKLUWMIO, rpag.

Heobxoanmbimu ycnoBunamm nogobus nepeHoca Tenna ABINAETCA

cobniogeHne rMapoanMHaMMYeckoro K reomeTpuyeckoro nogobus. [Mepsoe
XapaKTepnayeTcsi paBeHCTBOM kpuTepueB RE B cxoACTBEHHbIX TOUKax Nopo6HbIX
NMOTOKOB, BTOPOE - [MOCTOSIHCTBOM OTHOLUEHUSI OCHOBHbLIX TEOMETPUYECKMX
paamepos cterku L1,L2, ..., Ly k HekoTopomy xapakTepHoMy pa3mepy.

Takum o6pa30M, KputepunarnbHoe ypaBHEHME KOHBEKTUBHOIO TennoobmeHa

BblpaXaeTcA B BUOE:

L, L
Nu = f (Fo,Re, Pr,Gr, =+, —= ..., —)
L, 'L, L, (1-13)

C yyetom Toro, yto kputepuii NU siBnsieTcs onpenensieMbiM, T.K. B HEro

BXOOUT NCKOMaA BeJITIMYNHA KOGqu)I/ILI,I/IeHTa TennooTaoavun a. I'Ip|/| yCTaHOBMBLLUEMCHA
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npouecce TennoobmeHa u3 BblpakeHus (1-13) UCKOYaT KpuTepun Fo. Mpwn

BblHY>KOEHHOM  yCTaHOBMBLUEMCA OBUWXEHUN BJIIMAHUNEM  KPUTEPUA GI’ Ha

Tennonepeaady MoXxHo npeHebpeyb. Toraa:

L, L L
Nu = f (Re,Pr,—=,—=%,...,—)
L L, -

0 0

(1-14)

Bug doyHkunmn (1-14) onpenensieTcsa OMNbITHLIM NyTEM, nNpuyeM oObl4HO en

npuaalT cTeneHHyt dopmy. Hanpumep, npu OBwXeHuM MoToka B Tpybe

anameTpom d v anvron | ypaBHeHue (1-14) npumeT BuUA:

ao-d I
NU=T=C'RG -Pr (H)p’ (1-15)

roe senuundbl C, M, N, P onpepenstoTca No onbITHLIM AaHHbIM.
KoatppuumeHt Tennoorgaum O onpegendercd no  HangeHHoMmy U3
KpTepuanbHbIX ypaBHEHUN KpuTeputo HyccenbTa.

1.8. TennoomaoOay4a 6e3 uaMeHeHuUs1 azgpe2amHO20 COCMOSIHUS
a) BblHyxgeHHoe pABWXeHWe BHYTpU Tpyd npu TypOyNneHTHOM pexume

(Re >10%). fins reomeTpuyeckn nofoGHbIX NPSIMbIX TPYE:

a-d,, 08 D04
— 2% — Nu=0,023-Re"°- Pr | (1-16)

Hc
roe ds;«; =4S/1I. S - nnowaab nonepeyHoro ceveHus notoka; 11 -
CMOYEHHbIV NnepumeTp cedeHus. [ns Tpyb Kpyrrnoro cevyeHns d.s=d.
N3 ypaBHeHus (1-16) BUOHO, YTO 3Ha4YeHuUe O 3aBUCUT rnaBHbIM 0b6pa3om oT
CKOPOCTU MOTOKa (RE), C BO3pacTaHMEM KOTOPOM YMeHbLIaeTCs TOsLWMHaA

TenrnoBoro rnorpaHN4YHoOro crnod, n ero TeI'IJ'IO(*)I/I3I/I‘-IeCKVIX CBOWCTB. I'Ipvl Z/d <50

BBOOAUTCA MOMpaBOYHbIN KOIPPULUMEHT. B cnyyae 3HauMTeNnbHOro W3MEHeHUs

dun3anyecknx CBOMCTB TEMSIOHOCUTENEN B npoLiecce TennoobmeHa
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Nu =0,021- Re®®. Pro®. (- Pr )02

1-17
ler (1-17)

Pre: - Kputepun MNpaHatnsg npyu TemnepaType CTEHKM annapara.

I'IpM Halimdnnm BHYTPWU annaparta 3MeeBUKa noABndeTCcA OOoMnoJiHnTesibHas

Typbynusaumsa, onsa yyeta KoTopon BBOAUTCS NONPaBOYHbIN KOIMPULNEHT:

d
o, =a-(1+ 3,54-5)’ (1-18)

rae d - BHyTpEHHMI7I AnameTp pr6b|; D - AMaMeTp BUTKa 3MeEBUKA.

6) JlamuHapHbin pexnum. OH OCIOXHSIETCA €CTECTBEHHOW KOHBEKUMEWN,

BO3HMKaIOLLEV BCeaCTBME pasHOCTU TemnepaTyp Mo Ce4YeHnto NoToka:

Pr
_ Pa033 pp043 ~.01 0,25
Nu=017-Re Pr-=.Gr (PrCT ) | (1-19)

Kpl/lTGpI/II7I GI’ BBOOAUTCA And ydeTa BJITNAHUA €CTEeCTBEHHOMN KOHBEKL M.

B) TennooThaya npyv MexaHM4eckom nepemMeluvBaHuu. [ns annapaTtoB C

Mellankamu, co3garowmmm npenmyLectBeHHO pagnaribHbl€ NOTOKU XXNOKOCTU.

m n, H o4
Nu=c-Re, -Pr'(—)

Hon (29

2
roe eu o ;  Mcm - BA3KOCTb cpefbl Npu TemnepaType CTEHKN.

7,

YpaBHeHne (1-20) nonyyeHo Ans  annapatoB 6e3  BHYTPEHHUX
oTpaxaTenbHbiXx neperopogok. KoadpdpuumeHtol M, N, C HaxoosaTcs ONbITHbIM

nyTem.

r) npu €CTECTBEHHON KOHBEKLINU HarpeTble 4acTtuubl, MMEKLLNE MEHbLUYIO
NMNOTHOCTb, NOAHMMAKTCA KBEPXY, WUX CMEHANT bonee XoJlioaHble, KOTOpble
onyckarTCAd BHWU3 W, HaArpesBwnCb, TakKKe NOoAHMMAKOTCA BBEPX. B pesyrnbTaTte

BO3HUKAKOT KOHBEKLMOHHbIE TOKU TEMJTIOHOCUTESIA.
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Nu=c-(Gr-Pr)" (1-21)

1.9. TennoomaoOa4a nNpu U3MeHeHUU a2pe2amHo20 COCMOSIHUS
Onpepensowme pasMmepbl CUCTEMbI AN NPOLIECCOB KOHAEHcauun napa wu
KMMNEHUS XMAOKOCTEN pasnuuHbl. [NMpyn koHOeHcauuu napa onpegenswoowmnm oyaet

NUHENHbIW pa3Mep MNOBEPXHOCTW HarpesBa, U3MepsieMblt BOOMb MYTU CTEKaAHUS

KoHOeHcaTa (HanpuMep, BbicOTa BepTUKANbHON NoBepxHocTM FH vnu HapyxHbIi

AnameTp ropu3oHTanbHon Tpyokm dH).
Mpn KMNEeHUn TakuM pas3MepoM CTaHOBUTCA JMOO KPUTUYECKUA pagunyc
o6paaytolerocs nysbipbka napa Ry, nu6o ero amametp do B MomeHT OoTpblBa OT

noBepxHocTu. [lpu KOHAEHCauun napoB Ha MOBEPXHOCTU Harpeea OObIYHO
obpasyeTcsi cnnowHas nneHka koHaeHcata. OHa cTekaeT BHU3 B pPasfvYHbIX
rMAPOAMHAMUYECKUX pexXmnMax. No3aToMy MHTEHCUMBHOCTb TEMSIO0TAAYM 3aBUCUT OT
TOJLLUMHbI MAIEHKM KOHOEHCATa U PeXrMMa ee TEeYEHMS.

N5 NNeHoYHON KoHAeHcaUmMn napa npyv nammHapHOM TeYEHUM MIEeHKU
0,25
Nu=c- (Pr Ga - KU) ’ (1-22)

rae ¢ = 0,943 - ans BepTukansHeix nosepxHocteit (I=H); ¢ = 0,728 - npu
KOHAEHCALMN Ha HapYXXHOM MOBEPXHOCTU ropusoHTanbHbX Tpy6 (1=0.,.);

I

C., - At - KpuTepumn pasoBoro npespalleHna Kytatenaase;
K

Ku =

I'« - TennoTa koHaeHcaumu, [x/Kr; Cx -TENNoeMKocTb KoHaeHcaTa, Dx/kr-rpaa; At -

pasHOCTb Mexay TemnepaTtypamu napa u cteHku, °K;
. |3

Ga:—g

V2 - Kputepun [Manunes.

1.10. Tennonepedaya Yepe3s NyIOCKyr0 CMEHKY
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PaccmoTpum npouecc Tennonepenadn mMexay TernoHOCUTEITAMMU,

pasgerieHHbIM1 Mrnockon cteHkon (puc.1.2.). BHavane onpegnennm KonvyecTtBO

Tenna Q nepegaBaemMoe B €OVHULY BPEMEHM OT ropsiyero TenroHOoCUTENs C
Temnepatypon {1 k xonogHomy ¢ Temnepatypoii {2 uepes pasgenstowyio nx cteHky
TONWMHON O W KoapdpuuneHToMm  TENNONPOBOLHOCTH A. TemnepaTypsbl

— — — noeepxHocTel cteHkn temy n 1em2 cootTBeTCTBEHHO.

—— L ~— - —
L e N o / — ————
ty « % — — T KoapduumeHTbl TennootaayM Ona  ropavero
[N —-_— T =
“E /J, €72 tennoHocuTens 0.1, @ XONOAHOro — OL2.
;. —_
“ e % , »
e / — = - MpuMeM, 4TO npouecc  TennooTaauw
oo / _ @ __-_ _ ycTaHOBMBLUMICA. B aTOM crnyy4ae ogHO U TOXe
. « —_ — = -
C = % KONMMYeCcTBO Tenna 3a OAMHAKoBOE BpeMs
T g?? - - - -
. N / ‘ - - - nepedaeTcsl OT ropsivero TennoHOCUTENs K CTEHKe,
- e N " - -

yepes Hee U OT CTEHKM K  XOnogHoOMy
Puc.1.2. Tennonepegaya

TennoHocuTtent. Toraa:
uAne2 NMNNCKVIN ATAHKY

1. KonnyecTBo Tenna, nepegaBaemMoe Yyepes
noBepxHocTb F oT ropsiuero TemmoHocuTensi k CTeHke, NMo 3akoHy HbloToHa

COCTaBuT.
Q=ay(t, —t.y)F

2. KonuyecTBo Tenmna, NPOXOAALLEro nyTeM TennonpoBoAHOCTU 4Yepes

CTEHKY TOJ'ILLI,I/IHOI7I 5 M NOBEPXHOCTbIO F, No 3aKOHY CDypbe 6y,u,eT paBHO:
A
Q :g(tcn _tCTZ) -F _

3. KonuyecTBo Tenna, nepefaBaeMoe Yepe3 MOBEPXHOCTb F oT cTeHku

XOJNoaHOMY TENIOHOCUTESTIO, MO 3aKOHY HbloTOHa cocTaBuT:

Q=a,(ter, — 1) F

Mpeobpasyem 3Tn ypaBHEHUSA CrieayowmnmMm obpasom:
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_Q Q4 yoQ
= (tCTl _tCTZ)_E°z, (ter, —1,) = E-

a,

(tl - tCTl) =

aq -

CnoxuB nesble n npasBbie 4aCTn 3TUX ypaBHeHMVI, NnoJIyvynm:

1
Q- F(t -t,)
1+5+1 1 2 ) (1_23)
a, 1 a,

N3 conocTaBneHus ypasHeHun (1-4) un (1-23) cnegyer, yTo:

K 1
1 o6 1
a, A «a,
BeJ'II/I‘-II/IHa, o6paTHa$| K, Ha3blBaeTCA O6LL|,I/|M TeEPMUYECKNM

conpoTtmBIrieHneM 1 obo3HavaeTcA RZ

R—i—i+é+i
K a 1 a, (1-24)

rae 1/ o, =1, -tepmmueckoe conpoTusnerme ropsuero TennoHocuTens:
1/ a, =T, - tepmudeckoe conpoTUBREHNE XONOAHOTO TEMMOHOCUTENS;
O/A=Y ¢ - TEpMUYECKOE COMPOTUBIEHNE CTEHKM.

B cnyyae MHOrocrnomHom CcTeHkM B ypaBHeHne (1-24) BMecCTO o0/A

noagcrtaBndeTcqa Cymma TepMmNUYECKUX COI'IpOTVIBJ'IeHI/IVI Ka)goro crnosi CTeHku. Toraa:

1 1 o1
+

K o FAa,

AHanus BblpaxeHus (1-24) nokasbiBaeT, YTO ANs MHTEHCUdMKaLUKM npouecca

R

Tennonepedadn cnegyet  yBenuyuMBatb  MEHbLWMW U3 KO3 MULMEHTOB

Tennootaayn, T.K. BeJriM4MHa K Bcerga MeHblle ero. [Onsa 3aTtoro, HarnpuMmep,
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YBENMUYMNBAKOT CKOPOCTb TEMMOHOCUTENSA C MEeHbLUMM O UNn Typ6yJ'II/I3I/IpyI-OT NOTOK

Apyrumum cnocobamu.

1.11. Jeuwxywas cuna mensoobMeHHbIX NMPoyeccos

ABvxyLLen cunon npouecca TenrioobmMeHa sABnNsSeTCs pasHOCTb TeMnepaTyp
TennoHocutenen. Nog AencTBMeM 3TOM PasHOCTU TENMOo nepegaeTcsa OT ropsiyero
TENMNoOHoCUTENS K xonogHomy. lMpu 3aTOM OBMXKyLlasl cura He COXpaHsieT CBOEero
MOCTOSIHHOTO 3HAYeHWsd, a W3MEHHAeTCAa BOOMb MOBEPXHOCTU TennoobmeHa.
[MoaTOMy BBOAUTCA MNOHATME - CPEOHSAS Pas3HOCTb Temnepartyp, NpuM KOTOpOW
onpeaensTCs  YUCNEHHble  3HAYeHUss (PU3MYECKMX MNapameTpoB  cpenbl.
TemnepaTypbl TEnrOHOCUTENEN WM3MEHSAIOTCA MO CEeYEeHUK MNoToKa BCreacTeue
HanuuMs nonsa TemnepaTyp W CKOPOCTEW, a Takke BOOMNb MPOTOYHOM YacTu
TENNOOOMEHHMKA MO Mepe OXNaXKAeHUs ropsiiyer cpedbl U HarpeBaHUst XONO4HOM.
B 4actHOCTM, npu KOHOEHCauMM napa W KUNEHUMU XUOKOCTW, TemnepaTtypsbl
TEeNnnoHocuTenen MNPUHUMAKTCA MNOCTOSHHBIMM  KaK  TemnepaTtypbl  ¢)a3oBoro
npespaweHus. lpoueccbl TennoobmeHa B annapaTax HenpepbiBHOrO OeWCTBUSA
MOryT OCYLLEeCTBIIATbCHA B NPAMOTOKE, NPOTMBOTOKE, NEePEeKPeCTHOM N CMeLlaHHOM
noToKax.

Mpyn HarpeBaHUM wNU oxnaxgeHun paboyen cpeabl (6€3 U3MEHEHUS

arperatHoro COCTOFIHVIFI) TeMnepartypa ee BOOJ/Ib TMOBEPXHOCTU HaArpesa

a7 tay

"rﬁ'? l”ztz'

= ’ 1= th

-4 ¢ o ¢
EE i ¢

- -4 _ Yy

= \ﬂ\f” - r\ﬁ/\, '

2= ) f iy I ty "o
= tz" i

M ~= {1 &
,1 T ) 7 Lt z
F,f, 6‘2t2 af F @f;' ‘&t; 5 afF
a

c.1.3. CxeMbl OTHOCUTENBLHOIO ABUXEHUS pa6oq|/1x cpeg n SMEeHeHnA nx

TeMnepartyp BOoosfib NOBEPXHOCTU HarpesBa.:

N3MEHSIETCH MO HEKOTOPbIM 3KCMOHEHUManbHbIM kKpuebiM (puc.1.3.a,6)
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Mpu npocTenwmnx cnyyvadax Tenjionepegadn - npsaAMOTOKeE U MNMPOTUBOTOKE,

CpeaHss pasHOoCTb TemnepaTtyp onpedensieTca no ypasBHeHutoo [pacrocda kak

cpenHsasa norapudmMmyeckas:

A2 At — AL,
2.31g At, . (1-25)
AL,

Ana npsmoToka:
At =ty =ty At, =1, =T
[Ansa npoTnBoTOKa:

Ata :tm _tzH; Aty =t -ty

Hanbonee coBeplUEHHON CXeMoW Tensionepenayn SBMsieTCs MNPOTUBOTOK,
npn kotopom ¢ uMeeT HauBbiCluee 3HAYEHME M3 BCEX BO3MOXHbLIX CXEM

Tennonepegayn npu MNpoyYMx paBHbiX Yycrosusax. [lpu Tennonepepaye B
NPOTUBOTOKE HarpeBaemMbld MOTOK MOXeT ObiTb HarpeT [o 6ornee BbICOKOW
TeMnepaTtypbl, Y4eM KOHeYyHas TemnepaTypa HarpeBaroLlero notoka. HanmeHnbwee
3HayeHue npu MNpPoYUX PaBHbIX YCIOBUSIX UMEET CpefdHss pasHOCTb Temnepartyp
npuv NPSIMOTOKE.

Mpn 6onee CrnoXHbIX cnyyasax OTHOCUTENbHOIO ABMXXEHUSA TennoHocUTenen
(MepeKpecTHbI TOK, HEpaBHOE 4YUCNO XOA4OB ANs obeux Xuakux cpeg v T.4.) B
BblpaxkeHne (1-25) BBOAATCS nonpaBOYHbIE (PYHKUMW, YUCMEHHbLIE 3HAYEHUSA
KOTOPbIX HAXOAATCS B CpaBOYHUKAX.

22. lNoyemMy npu pacyeTax TennooOMEHHbIX MPOLECCOB WCMOMb3YHT CPEenHIO

pasHocTb TemnepaTyp? Kak oHa BbluMcnseTca?

1.12. KoHOeHcayus
KoHaeHcauwms - nepexo BellecTBa U3 napo- UM rasaoo6pasHoro COCTOAHUSA

B XXMAKOe, NPOBOAMMOE NyTEM OXNaXAEeHWUs ero Boaon UNmn XonoAHbIM BO34YXOM.
KoHaeHcauusi napoB LUMPOKO MPUMEHSIETCA B NULLEBOW MPOMbILLIIEHHOCTM MpU
NPOBEAEHMN NPOLIECCOB BbINapuUBaHUS, BakyyM-CyLLKM W Op., ANS CO3[aHust
paspexeHus. [pyn 3TOM napbl , NoAnexalwme KoHaeHcauun, obbl4HO OTBOAAT B

AOpYyrol annapaTt - KOHAEeHcaTop, rae OHW OXMaXaalTcsl BOAOW UMW BO3QYXOM.
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Ob6bem noJtydaemMoro KoHgeHcaTa B TbiCAYY U bonee pa3 MeHbLle obbema napa, mn3

KOToporo oH obpasosarncs. [oaToMy B KoHAEHCaTOpe CO3OaeTcs paspexeHue,
KOTOpOe YBenuuMBaeTCs Mpu YMeHbLUeHUX TemnepaTtypbl KoHAeHcauuu. [ns
noadepXaHuss BakyymMa Ha TpebyemMoM YpOBHE W3 KOHAeHcaTopa HenpepbiBHO

OoTBOAATCA C MNOMOLLBIO BaKyyM-HacoCa HEKOHOEHCUPYOLWNE ra3bl.

Mo cnocoby oxnaxgeHus pasnuyaroT ABa Tuna KOHOeHCaTOpOB:

a) CMeLeHuns; 6) NnoBepXHOCTHbIE.

KoHoeHcaTopbl cMeweHna - annapartbl, rae nap HenocpencTBEHHO
cCMelwmnBaeTca C  oxnaxpawowen Bogon. [lo cnocoby oTBoga  BOAbI,
HEKOHOEHCUPYIOLWMXCS ra3oB M KOHAEHcaTa pasnuMyarT Cyxue U MOKpble
KOHOEHCaTOpPbl CMELLEHNS.

B cyxux (bapomeTpuyeckux) koHgeHcaTtopax (puc.1.4.) Boga u KoHgeHcaT
yaansiTcs COBMECTHO, a rasbl OTAENbHO C NOMOLLbI BakKyyMm-Hacoca. BHyTpwu

kopnyca 1 B3aumogencTsme napa U  BOAbl

Boadyx npoucxoanT B NpoTuBoToKe. Booa nogaetcs yepes

WwTyuep B BuAe TOHKMX CTPyW nepeTekaetr C
Tapenkn 2 Ha Tapesnky 4yepes oTBepctna n bopTa.
Map nocTynaeT CHU3Yy u4epe3 LwWTyuep W npu
COMPUKOCHOBEHUN C  BOAOW  KOHOEHCUPYETCS.
Cmecb koHOoeHcaTa M BOAbl  nonagaetr B

BbapomeTpuyeckyto Tpyby 3 BbicoTOM OKOlo 10 M U

nanee B konogeu 4. Tpyba 3 u konogeu urpatoT
porb r’MapaBnMYecKoro 3aTeopa, NpensaTCTBYHOLLErO
NMPOHMKHOBEHUIO HAaPYXXHOro BO3dyxa B annapar.

HeCKOHﬂ,eHCI/IpOBaBLIJI/IeCH ra3bl OTCacCblBalOTCA

g 4 yepes wWTyuep 8 Bakyym-Hacocom. [lpouecc
KOHOEeHcauun napa npoTekaeT Mo BakyyMoOM
(0,01...0,02 MH/M?).

Puc.1.4.5apomeTpuieckmii [ns ypaBHOBELLUEHUS pas3HOCTU OaBrieHUN B
KOHAEHcaTop KOHOEeHcaTope M aTMOCHEPHOro MCnonb3yeTcs
1- Kkopnyc; cTONG XNOKOCTU, Haxoaswmincs B Tpybe 3.
2- Taperka,;
3- BapomeTpuyeckas
Tpyb6a;
4- kornopeu;

5- nosyLuka.



143
[10CTOMHCTBOM NPOTUBOTOYHOIO 6ap0MeTqueCKoro KOHOeHCaTopa ABNAeTCA

Hanbonee NpocTon 1 aelweBbln cnocod 0TBOAA BOAbI, yaandeMon B KaHanu3aumio.
B MOKpbIX KOHOEHCATOpax CMELLEHNS OXNaXaalLwWwascs BoAa pacnbifsieTCa BHYTPU
annaparta 4epe3 conna. Boga n nap BBOOATCA B BEPXHEW 4acTu Kopnyca
NPSMOTOKOM, a KOHAEHcaT, BoAa U HECKOHLEHTPUPOBABLUMECS rasbl yaansTcs u3

H)KHEWN YacTu C NOMOLLbIO MOKPOBO3YLLUHOIo Hacoca.

KoHaeHcaTopbl CMELLEeHWUst MUCMOMb3yTCA AN CO3OaHWUsl pas3pexeHust B
yCTaHoBKax, paboTarLlmx nog BakyymMom (Bakyym-ounbTpbl, CYLUWUIIKK, BbiNapHble

annapartbl U T.4.).

B noBepxHOCTHbIX KOHAEHCATopax KOHAEHCUMPYKLWWNCA nap oToaeT CBoe
Tenno yepes cTeHky. OBbIYHO nap KOHAEHCUPYETCA Ha HapY>XHbIX UMW BHYTPEHHNX
NOBEPXHOCTAX TPYyD, OMbIBAaEMbIX C NPOTMBOMOSIOXHOW CTOPOHbI BoAon. MoaTtomy
NOSIBNSAIETCA BO3MOXHOCTb pasfesibHoro oTBoda KOHAEeHcaTa M oxnaxgarouen
BOAbl, YTO MO3BOMSET MCMNOMb30BaTb KOHAEHCAT, eCcrniv OH npeactaBnsgeT cobowu
Kakyto-nmbo UeHHOCTb. Hanpumep, ecnn CXKwXeHne n oxnaxgeHue KOHEYHOro
npogykra, nony4yaemoro B BuUAE MeperpeToro napa, SABNSETCA 3aBepLuatoLlen

onepauuein TeXHONorn4eckoro npoLecca.

OTMEeTMM, 4YTO MOBEPXHOCTHbIE KOHAEHcaTopbl Gonee MeTannoeMKu U
TpebytoT OGonbliero pacxoga Boabl. B NpOMbIWNEHHOCTM B KayecTBe
MOBEPXHOCTHbIX KOHAEHCATOPOB MCMOMb3YKT pasnU4yHble TennoobMeHHUKN,

HarpmnMep, pr6‘-IaTbIe N opocuTesibHble XonoanJibHUKN-KOHOAEHCAaTOpPbI.

1.13. KoHcmpykuyuu mensioob6MeHHbIX annapamos
TennoobMeHHMKaMK Ha3blBalOTCA annapartbl, B KOTOPbIX MNPOUCXOOUT
TennoodbmeH mexagy paboyumn cpefamu He3aBUCUMO OT MX TEeXHONOrM4ecKoro
Ha3Ha4eHun4.
B 3aBucmmoctn oT cnocoba nepegayvyn Tenfa pas3nnyarT OBE OCHOBHbIE
rpynnbl TennoodMeHHUKOB:
1. ToBepxHOCTHble, rae MepeHoc Tensa Mexgy padboyMvmmn cpegamu
OCYLLEeCTBNAETCA 4epe3 TBepAy CTeHKy, pasgenswowyo ux. [lpn 3Tom

HeHOCpe,D,CTBeHHbIVI KOHTAaKT MexXay cpegamMmn NCKI4eH.
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2. CMeweHus, B KOTOPbIX TENMo nepegaeTcs OoT OOHOW cpefbl K ApYyron npu mnx

HenocpeaCTBEHHOM COMNPUKOCHOBEHUN.

[TOBEPXHOCTHbLIE  TennoodbMeHHuKM Haumbonee pacnpocTpaHeHbl. [lo
KOHCTPYKLMM NX MOXHO MOApAa3aennTb Ha KOXXyxoobpasHble, Tuna "Tpyba B Tpybde”,
NOrpyXHble, OPOCUTESbHbIE, C MITOCKMMU MOBEPXHOCTAMU Harpesa 1 T.4.

PaccmoTtpum HeKoTopble
It ,agvaﬂ P P
WU GROCmS

4 OCHOBHbI€ KOHCTPYKLIUN.
J
' L VAN A 1.13.1. KoxXyxoTpy6Hble
flap E?/,gll!'ll.z Tennoo6bMeHHUKN.
4 :\{ii\‘\‘i I TennoobMeHHMK (puc.1.5.)
P\ L

npegcrasnsetr cobon ny4yok Tpyo,

6'{ NMOMELLEHHbIX B LUNTMHAPUYECKOM
Yen b

kopnyce 1 (koxyxe). [lpocTpaHCTBO

Mexagy Tpybkammn 3 u 6okoBow

NOBEPXHOCTbID  KOXyXa Ha3blBaeTCA

MeXTPYOHbIM. Tpybkn 3aBanbLOBaHbI

(3aKkpenneHbl) wNU  nNpuBapeHbl K

Xongdwan TPyOHbIM pelweTkam 2. K donaHuam
wmudrocms

KopnycCa KpenaTca KpbilWKa 1 gHULEe 5,

Puc. 1.5. KoxyxoTpyBHbii nmetowme natpybku 4 gns nopsopa u

TennoobmeHHuk/ oTBoga paboyeit xuakoctn Xo. Ha

1 - kopnyc; 2 - TpybHas pelueTka; Kopryce Takke MMeroTcs natpybku 4

3 - rpetowas Tpyba; 4 - natpy6ok; Ons ToABOAa M 0TBOAA paboyero Tena

XK.
TpyOkn O0ObIMHO UMeT guameTp d 210 mMm u wusrotoBnsitoTCS Y13

MaTtepuaroB, XOpOLIO MPOoBOAALWMX Tenno. bonbwnumMm HegocTaTtkoM O4HOXOAOBbLIX
TennoOOMEHHUKOB, npefHasHayYeHHbIX [Afs  HarpeBaHWa UAM  OXNaXKaeHus
XNOKOCTEN, SIBNAETCS HECOOTBETCTBME MEeXOy MPOMYCKHOM CMOCOBHOCTBLIO Ny4ka
Tpybok u nnowaabto TennoobmeHa. Tak, Tpybka gnametpom 20 MM Npu CKOPOCTU
notoka 1 m/cek moxeT nponyctutb okono 1000 n/yac xmgkocTn; Npu 3TOM

nnowaab NoBepPXHOCTN TPpybkM npu obblYHOM AnvHe 3,5 M cocTaBnsieT BCEro OKOmo
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0,2 M2, YTO AIBHO HEAOCTATOYHO ANA CYLLIECTBEHHOro noJorpesa Takoro 60mnbLoro

KonuyecTBa >XMAKOCTWU. [103TOMYy MpPUXOOMTCHA YMEHbLUATb CKOPOCTb [BWKEHMS
XNOKOCTU B TpybKe, YTO NPUBOOMT K CHWXKEHMIO KOIddUUMeHTa TennooThaauu.
OTOT HeQOCTaTOK MOXHO YCTpaHUTb B NEPBYIO ovepeab NyTeM rpynnmpoBkn Tpyd B
oTAenbHble Ny4Ykn (XO4bl) N YCTPOMCTBA COOTBETCTBYHOLUUX Neperopofok. B atom
cnyyae Mbl gocturaem adpdekta He 3a CYeT CHWKEHWA CKOPOCTM MOTOKa, a B
pesynbTaTe yBeNN4eHUs ero Nyt B HECKOSMbKO pas.

Takon TennoobMeHHUK Ha3biBaeTCsa MHoroxomoBbiM (puc.1.6 a ). 3gecb
paboyas XnakocTb NPOXoauT Yepe3d TpyOHOe MPOCTPAHCTBO B HECKOSIbKO XO40B,
npoTekasi nocnegoBaTesibHO Yepes BCe Ny4yku Tpyo.

[Mpn HeBonbwoM Yncne xodoB (OBa-TpW) Neperopoky genarT No xopaaw,
npy 6Gonblwem - pagnanbHO WK KOHUEHTpudeckn. KOHCTpPYKTMBHO YyAob6Hee
ycTpaMBaTb YeTHOe 4UCro XodoB, HO He 6GObonee 16. Ecnu B MexTpybHOM
NPOCTPaHCTBE TENNOHOCUTENEM SABMNAETCA XUOKOCTb, TO ANSA YBENUYEHUs ee
CKOPOCTM Takxke YyCTpaumBalT Neperopogku - npoaosribHble W MNonepeyHble.
[MpogonbHble Neperopoakn Aenst MeXTpyObHoe MpPOCTPaHCTBO Ha CTOMbKO Xe
XOOOB, CKONMbKO MMeeT TpybHoe. OTM neperopogkum obecnednmBaloT NPUHLMN
npoTuBoTOKa paboumx Ten. lNeperopoakn yCcTaHOBMNEHbI napasnsienbHo Tpybkam u
He AOoCTuratoT NPOTUBOMOSOXHON TPpyOHOM pelleTkn. bonbloe Yicno neperopogok

HE peKoMeHOyeTCA Wun3-3a TpyAHOCTU YINIOTHEHNA WnX CTbIKOB C pr6HbIMI/I

pelleTKkamum.

. fopsyuu
ropawud merr, Xonoowsii men- MenneHICUIMENs
AONOCUTIEN #~ TOROCUMENRs

fla
4 fass! nap

Koudenca m

Kondencarm

Xonodneiu
MEenAgHoCU MEns

a) 6)

Puc. 1.6. Cxema MHOroxooBoro TennoooMeHHUKa:
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[MonepeyHble neperopoaku ObiBaloOT nepekpbiBawLne N HenepekpbiBaroLne.

MMepekpblBaloWne MNeperopodkn nepecekarT BCe MexXTpybHoe MpOoCTpaHCTBO,
OCTaBNAS BOKPYr Kaxgon TPYOKM KOMbLEBYH LWESb LUMPUHON OKOMo 2 MM.
PacctosHmne mexay neperopoakamu obbidiHO 100 mm. Pabouee Teno nportekaet
yepes KonbleBble Wenu ¢ 60MbLWON CKOPOCTLI0. [1py 3TOM B NpoMeEXyTKax Mexay
neperopogkamm obpasytoTca TypOyneHTHble 3aBUXPEHUsl, YTO MPUMBOAUT K
yBeNMYeHuto KoadpduumeHTa TennooTaadn. Taknme neperoponkm HenpuMeHUMbl,
€CInN XXUAKOCTU MOTyT BblOeNsATb 0Cafok, T.K. Y3KMe LWenu nerko um 3abusatoTcs.
HenepekpbiBatowwme neperopogku (pnc.1.6 6 ) BbINOMHAKOT, HAanpMmep, ¢ NPOXO40M

B BOE CEKTOpa Uin cermeHTa.

[AByxxoOo0BbI  TENNOOOMEHHMK 4acTO BbINOMAHAT € U-oGpasHbiMu
TPyOKamMu, OTKPbITble KOHLbl KOTOPbIX 3aBarbLOBaHbl B OAHY U Ty e TPYOHYIO
peweTky (puc.1.7). MNpn 3anycke B paboTy TennooObMeHHWKOB HY>XHO obpaluaTb
BHMMaHME Ha HanpaBneHuve ABwXKeHust paboumx Ten. lopsuyas (oxnaxnaemas)
XNOKOCTb [OSMKHaA onyckaTbCs (nogada cBepxy), a xonogHas - nogHumartbcs. B

3TOM CllyYae npuHyanTernbHoe OBWXKEeHNe coBnagaeT C eCTECTBEHHbIM.

1.13.2. Tennoo6mMeHHUKMN "Tpyba B TpybGe"
Takne TennoobMEHHUKN MPUMEHSAT MNpu HebonbliMX pacxogax padoymx

XUOKOCTEN U BbICOKMX AaBrneHusax. OHW  CcOoCTaBnSATCA U3 HECKONbKUX

_IL/f
Xongdrwas

Mmudracme
1

Jxnamidennan
HUTROCTIS

| .

=
T T

) fopayas  Haepeman
M mudgocmb HUTKOCTb

Puc. 1.7. Cxema Puc. 1.8. TennoobmeHHMK TUNa «Tpyba B

TennoodbmeHHuka ¢ U- TpyGex:

06pasHbIMK TpyGKaMu: 1 —HapyxHaa Tpyba; 2 — BHYTPEHHSAS

1 e A N rAA A KA D vrAmALiAs A mPATAR AL
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nocnepnoBaTtesyibHO COoeUNHEHHDbIX AJIEMEHTOB, O6pa3OBaHHbIX OBYMA

KOHLIEHTPUYECKMN pacnonoxeHHbiMn Tpybamm (puc.1.8). Kaxgbin aneMeHT cocTtouT
n3 2-x Tpyb, BCTaBNEHHbIX ogHa B APYryl. OnemMeHTbl coedunHeHbl B GaTapeto
nocrnegoBaTtenbHO, napannienbHo unm  KombuHupoBaHHO. [lpu 3ToM  TpyObl
coegnHalTca € Tpybamn, a KonbueBble NPOCTPaHCTBA C  KOJSbLEBbIMU
npocTpaHcTBaMn. [JOCTOMHCTBOM Takmx TennoobMeHHMKOB ABNsSeTca cobnogeHne
NpoTMBOTOKA, 4TO  obecneyMBaeT Hauboree  NOSIHOE  UCMOMb30OBaHUE
TennoHocutens. OHM NO3BONAT AOCTUraTb [OBOSIbHO BbICOKMX CKOPOCTEN
Xugkoctm B gmanasoHe 1-1,5 m/c, 4TO yMeHbLUAaeT BO3MOXHOCTU OTIIOXKEHUS
3arpsA3HEHU Ha MNOBEPXHOCTM TennoobMeHa UM yBenuMuMBaeT 3HaAYeHus
KoatppuumneHtoB Tennootaadun. OTMETUM, 4YTO ITU TennoobmeHHukn ©Gonee
rPOMO34KKN, MO CPaBHEHUIO C KOXYXOTPYOHbIMKW, KU TpebytoT Gonbliero pacxopa

MeTarnna Ha eanHuuy nNnoBepxHOoCTU TennoobmeHa.
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1.13.3. MNorpyxHble Tpyb4yaTble TENNTOOOMEHHUKN
OHn wumetot Bug (Puc.1.9) 3meeBuka 1, norpyxeHHoro B annapart 2,

3anonHEHHbIN XUaKkocTblo. KoadhdbunumeHT Tennonepenavnm B HUX HEBENUK, T.K.
XNOKOCTb CHapYXW 3MeeBMKa OBWXKETCA TONbKO MNoA4 AENCTBMEM CBOOOAHOMN
KoHBeKunn. OB6bIMHO WM BHYTPUM TPYOOK CKOPOCTb ABWXeHUst pabodero Tena

HeBenuka. lMoaToMy AnNs MHTeHcuduMkaumm npouecca HeobXO0AMMO MNPUMEHSITb

Boda
J/’“_f>ﬁf
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Puc. 1.9. Puc. 1.10.

TTornvxxuaou OnocuTenwlRIT
MeLlanku, T.e. WCMOMNb30BaTb BbIHYXOEHHY KOHBEKUMIO. OBbIYHO 3MeeBUKM

NPUMEHAIOTCA TaM, rge He Tpe6yeTCF| noaBoauTb DONbLIOE KONMMYECTBO Tensa unu

B Ka4ecTBe AOMNOMHUTENbHON NOBEPXHOCTU (Hapsiay C pybaLuKkon).

1.13.4. OpocuTtenbHble TENNOOOMEHHUKN
Takon TennoobmeHHuk (puc.1.10) npeactasnger cobonm Tpydy 2 cC

NPSIMOYrOfibHbIMU BUTKaMW, COeQUHEHHbIe KoneHamu 3, 3aKpenneHHble Ha CTONkKe
4. Oxnaxpaemasi XUOKOCTb BblTEKaeT M3 pacnpegenutensHoro xenoba 1 Ha
HapY>XHYI0 MOBEPXHOCTb BEPXHEro BUTKA TpyObl M 3aTeM nocrneaoBaTeribHO
CTeKaeT Ha HWKepacnornoXeHHble U B cOopHbIN enob 5. >Knakoctb, ombiBatoLWas
TPYOKW, HarpeBaeTCs UMK OXNaXkaaeTcs B 3aBUCUMOCTM OT TemnepaTtypbl cpefbl,
npoTekatwowen  BHyTpu. Hepmoctatkm  opocuTEnbHbIX  TENNOOOGMEHHMKOB:
rPOMO3OKOCTb M HEPABHOMEPHOCTb CMadnBaHUS HapY»XHOW noBepxHocTu Tpy6. Kak
npaBuno, OHW pacnonaralTcs BHe MNOMeleHUs. TennoobMeHHUKM 3Toro Tuna
NMPUMEHSIIOTCS B XONOAUIbHOM TEXHWKE B Ka4yeCcTBe KOHAeHCcaTopoB, paboTaloLimx

NPU BbICOKUX OaBNEHUAX XnagoareHta, AnAa oxXnaXxaeHumAa nmea, MOJ1oKa U OPpYyrnx
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xunaokocten. OHM pa60Ta}0T npu HebonbLIMX TEnmnoBbIX Harpyskax "n uMerT

HeBbICOKME KO3I(hPULMEHTLI TENNOOTAAYM.

1.13.5. TenNOOOMEHHUKM C NSTIOCKMMM NOBEPXHOCTAMMU HarpeBa
K aToMy TuUny OTHOCATCA pasnuyHble pebpucTble, nnacTuHyYaTtbie U gpyrue

TENNOOBMEHHUKMN.

OpebpeHne noBepxHOCTM MNPOU3BOAUTCS C TOM CTOPOHbI, 4e MeHblue
3HayeHne KoadbduumeHTa Tennootaaun. ATo AenaeTca And cosgaHus 6onblien
NOBEPXHOCTM KOHTaKTa CTEHKM c pabouden cpepoin. Pebpuctbii TennioobMeHHMNK
AN HarpeBaHUs WNU oxnaxaeHws HasbiBaeTca kanopudgepom (puc.1.11). OH
npeactasnseTr cobon aBe KoOpoOkM |, NIIOCKOCTU KOTOPbIX COeAMHEHbl PSAOM
TPYOOK 2, MMeLWMX HapyXHYl pedpucTyto noBepxHOCTb. Yepe3 BXOAHOW

naTpybok noctynaeT Boga (nap), Kotopasi 3anonHseT Kopobku | n Tpydkn 2. Yepes

J
/
e

Nap

——
Kowdencam

1 4
Bosdyx I
Puc. 1.11. Cekumnsa kanopudepa: 1 — kopobka; 2 — pebpo; 3 — Tpyba.
BbIxogHOW naTpybok Boga (KoHAeHcaTt) otBoautca. Mexagy pebpamu Tpybok
npoxoauT Bo3ayx (ras), MOTOK KOTOPOro orpaHnMyeH ¢ 60KOBbIX CTEHOK kanopudepa
nnockumn nuctamu. Kanopudepbl MoryT coeamHAaTbesl B 6GaTapen napannenbHo
unu nocregosatenbHo. Pebpuctble kanopudepbl M3roTOBASIOTCSA pPasfiMyHbIX
pa3mMepoB, OHN OTNIMYAKTCH YMCNOM TPYDOOK, NX ANNHON U T.4.
CkopocTb BO3ayxa onpeaenstoT B 3aBUCMMOCTU OT €ro pac4eTHOro pacxoga
N XXNBOTFO CEeYEHUs1 MexXTpybHoro npoctpaHcTBa (~ 40%). 3Has cKopoCTb BO3ayXa U
TemnepaTtypy TEnfIoOHOCUTENs, HaxoasaT KoadUuMeHTbl Tenmnonepegayn Mo
rpacpmkam 1 Homorpammam Ans Kaxkgoro Tuna kanopudepa. 3t rpadmkn 06bI4HO
NPUBOAATCA B KaTariorax kKanopudepoB; TaM Xe yKasblBaeTCHa rmgpasnmyeckoe

conpoTmnBIiEHNE, Heobxognmoe Ans pacyeTa BEHTUITATOPA.
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CnupanbHble TensI0O0OOMEeHHUKU COCTOAT M3 OBYX CnuparnbHbIX KaHanos
NPSAMOYrOfbHOro ceyeHus, obpasoBaHHbIX MeTannMyeckummn nuctammn (puc.1.12.).
BHyTpeHHMe KOHUbI cnnpanen coeuHeHbI
neperopogkon. C  TOpUOB  KaHanbl
T 3aKpbITbl  KpbllWKaMX U YNSIOTHEHbI

npoknagkamu. Y  HapyXHbIX KOHLIOB
2 KaHanoB MMETCA naTpyokm onga Bxoga U
f BblIXO4a TennoHocuTenen, pnBa gpyrux

' =
N naTtpybka npmMBapeHbl K NA0CKMM 6OKOBbIM
‘(‘ , KPbILLKaM.
\_/}r HOCUME, Takve TennoobMeHHUKM

. m"“ l E:> MCNONb3yKTCA ANa TennoobmeHa mexay
§

KMOKOCTAMU n razamu. AN
TEeNNOOOMEHHNKM He 3abuBatoTcsa
TBEPAbIMM YacTvuamMu, B3BELUEHHbIMU B

TENNIOHOCUTENSX, no3aToMy OHU

Puc.1.12. CnupanbHebiii XNOKOCTSAMW CO  B3BELUEHHbIMM  YacTuLamu,
TENNOOOMEHHMUK: Hanpumep AN OxNaxgeHust Opaxkm Ha

1 — KpbllKa; 2 — Neperopoaka; cnmpToneperoHHbIX 3aBoAaXx.
3,4 — MeTannmM4eckme nnCTbl

" Kowdercam

nno-

ﬁ NPUMEHSTCA Ans TennoobmeHa mexay
fla

CnupanbHble TennoobMeHHUKN
KOMMaKTHbI, MNO3BONSAKT MNPOBOAUTL MpoLECC
Tennonepegaynm nNpu  BbICOKMX CKOPOCTAX TENSIOHOCUTENEN C  BbICOKMMU
KoadhdmumnmeHTammn Tennonepenayn; rmapaBimyeckoe ConpoTUBNEHNE CnnparbHbIX
TENNOOOMEHHMKOB HWMXKE COMPOTUBIIEHUS MHOIOXOLOBbLIX annapaToB MNpu Tex Xe
CKOPOCTAX TENSIOHOCUTENEMN.

HepocTtatkom cnnparnbHbIX TENNoo06MEHHNKOB ABMAETCA CINOXHOCTb
N3roToBrieHnd, pemMoHTa N YACTKN.

NMnactnHyaTble TEennooo6mMeHHuUkn (puc.1.11.) MOHTUPYIOTCA Ha pame,
COCTOSILLIEN U3 BEPXHETO N HDKHEro HecyLmnx 6pycoB, KOTOPbIE COEAMHAIOT CTONKY
C HenoaBwXxHoW nnuTon. Mo HanpaBNALLWMM CTSXKHBIM LUNUbKAM NepemMeLlaeTcs
noaBwxkHaa nnuta. Mexay nogBWXKHOM M HEMOABWMXXHOW MNuTamMu pacrnonaraeTcs
NakeT CTanbHbIX LITAMMOBAHHbLIX FOPUPOBAHHbLIX NIACTMH, B KOTOPbLIX MMEKTCHA
KaHanbl ANa npoxoda TennoHocuTenen. YNnoTHeHWe nnacTuH JOocTuraeTcs C
MOMOLLbIO 3arnybneHHbIX MPOKNadoK, KOTOpble MOryT BblAEPXMBATb BbICOKME
paboune pasneHus. TennoHocuTenu K KaHanam, obpasoBaHHbIM MflACTUHAMM,
NPOXo4AT MO YepeaywlWMMCA KaHanam CKBO3b pasferieHHble MpoKnagkamm
OTBEpPCTUSA.



JencTeunsa
nnacTMH4YaToro Tenno-
oOMeHHMKa nokasaH Ha
puc.1.12. Kak BMOHO K3 3TOMN
cxembl, TennoobmMeH npowuc-
XOoONT B MNPOTMBOTOKE, MPUYEM
KaXkObln TEenoHOCUTENDb
ABWXeTCS BOOIb oHOMN
CTOPOHbI NSIACTMHbI.

MpuHUMN

[NnacTuHyaTbie Tenno-

OOMEHHMKM  MCNOMb3ylTCA B
KayecTBe HarpeBsaTenen,
X0NoAUNbHUKOB, a Takke
KOMOGUHMPOBaHHbIX Tenno-
obMeHHMKoB ans
nacrtepusayuu, Hanpumep
MOJIOKa, " cTepunusayum

(menacchbl). oK

TENI00OMEHHNKN MOXKHO CO6I/I-paTI:> B BUOE MHOIoCTy-neH4YaTbIX arperatos.

[NMnacTtuHyaTbie

nnowaabio NOBEPXHOCTU Tensrorepenadu,

Puc. 1.11. NMnactuH4aTbI TENNOOOMEHHUK:

1 — BepxHWin HecyLw i Bpyc;
2 — HenoABwxKHasa nNnuTa; 3

— nnacTuHa; 4 —
noaBw>xHaa NnuTa;

Tenno-ooMeHHUKN

NnnacTuH.

KOMMaKTHbI,

obna-patoT GonbLUON

4YTO [OO0CTUraeTcd l'Od)pI/I-pOBaHVIeM

Beicokas adhdpek-TMBHOCTb 0ByCnoBneHa BbICOKUM
OTHO-LLUEHWEM NNOLLAaAN NOBEPXHOCTU TENonepeaayn K
o06bemy TennoobMeHHVKa 3a CHET BbICOKUX CKOPOCTEW
TennoHocuTenen, a Takke Typbynm3aunm NOTOKOB
rodprpoBaHHbLIMY NOBEPXHOCTSAMU NNACTUH U HA3KOTO
TEPMNYECKOro CONPOTUBMEHUSA CTEHOK NNACTUH.

9T TennooOMEeHHNKN W3roTaBNMBalKOTCH B Bnae MOLI,yJ'IGVI, M3 KOTOPbIX

=7 A
;)

{2

§%%§§/»C
AL
A T

,T
h,,{[[///l//

Puc.1.12. MNpuHuun gencremna
nnacTMH4YaToro
TennoobMeHHuKa.

o

L

{\v

A

VLY

,\\\\

¥

i,l’lh!.
&)/
O

MOXeT ObITb cobpaH
TEnnooObMeHHUK C nnoLanbio
NMOBEPXHOCTU
Tennonepeaayu,
Heobxo4MMoKn Ans OCyLLEecTB-
neHus TEXHOJTOrM4YecKoro
npouecca.

K Hepoctatkam OTHO-
CATCA CNOXHOCTb W3roToOB-

neHus, BO3MOXHOCTb
3abuBaHus NMOBEPXHOCTEN
NNacTMH  B3BELUEHHbIMW B
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XUOKOCTU TBEpAbIMUN YaCTuUaMn.

1.13.6. Tunu4HbIe cny4yau TennoobmeHa

1. TennoobmeH B pyballkax peakunoHHbIX annapaToB

Kngkoctb, Haxopdwaacs  BHYTpPU  annaparta, nosiydaeT  3agjaHHoe
KONM4ecTBO Tenna nyTemM CBOOOAHOW KOHBEKUMW WNU  BbIHY>KOEHHOW NpU
NPUHYOUTENBHOM nepemMeluBaHmum mMewankon. [lpy naposom oborpese nap,
Haxoaswmnca B pyballke, KOHOEHCMpYeTCs Ha BepTUKanbHOM U cdepuyeckon

MOBEPXHOCTSAX, a NP 0borpeBe XNOKOCTbIo NPOMCXoaNT obTekaHue umunmHapa.

2. TennoobMeH B KOXYXOTPYOHbIX TENIO0OMEHHNKax

B TpybHOM npocTpaHcTBe TennoobMeHHWKa NpoMCXOoAuT Tennonepegaya
NPy BbIHYXXOEHHOM NepexoAHOM, NMaMMHapHOM unu TypOYNeHTHOM pexumax; B
MEeXTPYOHOM MpOCTpaHCTBE Npu napoBoMm oborpese NpPoucxoauT KOHAeHcauus Ha
BEPTUKANbHOMW MOBEPXHOCTU UMW CHapyXW TrOpuU3OHTanbHbIX Tpyd, a npu
XWOKOCTHOM oborpeBe - MpoAdosibHoe, MnornepeyvyHoe unuv cmelaHHoe obTekaHue

ny4yka Tpyo.

3. TennoobmMeH B NOrpyXHbIX TENNOOOMEHHMKaxX

Mpn napoBom obGorpeBe BHYTpPM TPYyO MNPOUCXOOUT KOHOEHcauusi, a npwu
XWOKOCTHOM - BbIHY)XAEHHOE [OBWXEHWE B PasfiMYHbIX pexmmax C MNOBblLLEHUEM
WHTEHCUBHOCTW TENNOOTAA4Yn B 3MeeBMKaxX 3a CHET MOBOPOTOB MoToka. CHapyxu
Tpy6 npoucxoout cBobooHAA KOHBEKUMSI WNWU, MNpUM  HanMuMm  MeLuarnok,

BbIHY>AeHHOe obTekaHue Tpyo.

1.14. OcHo8HbIe cnocobbl yeeslu4eHUss UHmeHcusHocmu mensioobmMmeHa

1. YMeHblUeHNE TOMWMUHbI TEMNSIOBOrO MOrPaHMYHOrO Crnos B pesynbraTe
TypOynum3auum 3a cHeT NOBbILLEHUSA CKOPOCTU ABUXKEHWSI MOTOKOB UIK APYroro Buaa
BO34EWNCTBMSA; 3TO AOCTUraeTcd, Hanpumep, pas3buBkom nydka Tpybok Ha xoabl u
YCTaHOBKOW MEXTPYOHbIX Neperopoaok.

2. YnydweHue ycnoBunm OTBOAA HEKOHOEHCUPYIOLLMXCA rasoB  unn
KOHOeHcaTa npu napoBoM oborpese.

3. CosgaHue OnaronpuATHbIX YyCrnoBUA Onsi  oOTeKaHusi  MOTOKOM

NMOBEPXHOCTM HarpeBa, NPW KOTOPbIX OHA BCS aKTUBHO y4YacTByeT B TENNOoOMeHe.
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4. OGecnevyeHne oONTUMAanbHbIX 3Ha4YeHUn TemnepaTtyp, TEePMUYECKUX

COMNPOTUBIEHNIA U T.4.

NHTeHcnpmkauna  TennoobmeHa  ABNseTca  OOHUM U3 OCHOBHbIX
HanpaBfieHUA Pa3BUTUS M COBEPLUEHCTBOBAHUA TEMNOBOMW annapaTtypbl NULLEBbIX
npousBoACcTB. [lpn 9TOM LIMPOKO WUCMOSMb3YIOTCA MOSIOXKUTESNbHbIE 3(PdEeKTbl B
WHTEHCMGUKaumMmM TennoobmeHa, OOHapyXXeHHble W UucCrnegoBaHHble B OPYrnx
obnacTax TexHosnormm U aHepreTukn. Hanpumep, 3a nocnegHve rogbl BbIMOSHEH
psg paboT No NPOMbIWIEHHOMY WUCMbITaHWUIO akTUBHbIX ("peXuMHbIX") MeToaoB
WHTEHCMGuKaumm  TennoobmeHa B annapatax MUWEeBbIX  NPOU3BOACTB,
obycrnoBnmBawLWmMX U3MEHEHWe rnapoanNHaMNUYecKon OOCTaHOBKW, pPEXUMHbIX
XapakTepUCTUK TedeHust (CKOPOCTU, MIOTHOCTWU, BA3KOCTU U T.4.) U BbI3blBAOLLNX
OOMNONHUTENbHYK Typbynusaauuio notoka. Kpome Toro, akTMBHble MeToAbl
CMOCOOCTBYIOT CHUXEHWUIO HakuneobpasoBaHUs U He TpebyrT AOMNOSHUTENLHOIO

pacxofa aHepruu.
B kayecTBe akTUBHbLIX METOAOB MCMONb3YHTCS:

a) BblHYXXOEHHble NynbcaLlnmn CKOPOCTU N OaBNEHUS;

6) NNEHOYHOE TEYEHUE XKNOKOCTH;

B) BOyBaHME BO34yXa B NOTOK HAarpeBaemMoro npoaykra;

r) paumoHanbHoe coyeTaHMe COBMECTHOrO AEeNCTBUS HECKOMbKUX hakTopos,,
NHTEHCUMULMPYIOLLNX NpoLLecC.

1. B Kkakmx crniydasix  MCMNONb3ywT  TEnnOOOMEHHWKM C  pebpucTbiMu
NOBEPXHOCTAMN?
2. B uyem 3aknwo4valoTCA OCHOBHble Crnocobbl YBENUYEHUA WHTEHCUBHOCTM
TennoobmeHa?

2. BbINMAPUBAHUE

2.1. O6bwue ceedeHus
BbinapuBaHueM HasblBaeTCs MNPOLLECC CryLleHUa MpakTUYecKn HeneTydmx

TBEpAbIX BELLeCTB 3a CYeT WucnapeHuss netydero pacteoputens. [lpu 3Tom
YacTUYHOEe yaaneHve pacTBOpuTens M3 Bcero obbema pacTBopa OCyLLeCcTBNseTCs
npu TemnepaType KUMeHusi MocreaHero, korga AaBrfieHWe napoB pacTBOPUTENS

paBHO OgaBJieHNIO0 B HaApaCcTBOPHOM MNPOCTpPaHCTBE.
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OcobeHHOoCTbIO npouecca BbllMapmnBaHnda ABIAETCA NOCTOAHCTBO TeMrnepaTtyp

KuneHma npuv [[aHHOM [daBfieHMM W cocTaBe pactBopa. B psage cnydvaes
BblMApPEHHbIN pacTBOP NOABEpPratoT NocneayoLwen Kpuctannmsaumm.

Tenno, Heobxogumoe Ons  BbiNapmBaHus, OObIYMHO MOABOAUTCA C
HacbIWEHHbIM BOASIHBIM MapOM, KOTOPbIN Ha3blBaeTCcHA rperwmm (NepBUYHbBIM),
yepe3 CTeHKy, OTAENsLWY TenfoHoCUTeNb OT pacTBopa. BTopu4iHbIM
Ha3blBaeTCcs nap, 06pasyroLWmMnCcs Npy BbiNapmBaHUN KUNSALWEro pacTeopa.

B nuwenepepabaTbiBatoLLlen NPOMbILLNIEHHOCTU, Kak NpaBuIio, BbiNapuBatoT
BOOHbIE PACTBOPbLI - CBEKNOBUYHbIE U TOMATHbLIE COKW, CUPONbI, 6apay, NEKTUHOBLIN
Krnen, MOnoKo u T.4.

[Mpouecchl BbinapmMBaHUSa NPOBOAAT B BblMapHbIX annapatax noj BakyymMow,
npu NOBbILLEHHOM W aTMOCEPHOM [AaBMEHUAX B 3aBMCUMMOCTM OT CBOWCTB

pactBopa N BOBMOXHOCTUN UCNOJIb30BAHUA TerJla BTOPUHYHOIO napa.

Mpwn BbiNapuBaHMM nop BaKyyMOM, MOCMeAHU co3daeTcsi B annapare
nyTeM KOHAEeHCauMuM BTOPMYHOIO Mapa B KOHOEHcaTope W oTcacbiBaHWM M3 HEro
HEKOHOEHCUPYIOLWMXCST Ta30oB C MOMOLLLID BaKyym-Hacoca. Takol noaxopn
NO3BONSIET YBENMMYUTbL OBWXKYLLYKO Cuiy Tennonepegadn (pasHocTb Temnepatyp
mMexay rpelwuM napoM U pacTBOPOM) W, Kak CrieacTBUe, YMEHbLUMTb Mnollaib
NOBEPXHOCTM HarpeBa BbINMapHOro anmnapaTta u TEM cambiM €ro MaTepmnanoeMKoCTb.
Kpome TOro, BbinapvBaHWe nofd BakyyMOM MNO3BONISIET NPOBOAUTL MPOLIECC Mpu
bonee HM3KMX TemnepaTypax, YTO OCOOEHHO BaXHO AONS MULLEBbLIX PACTBOPOB.
OpHako NpYMeEHeHWe BaKyyMa BbI3blBAeT YOOPOXaHWE BbliMapHOW YCTaHOBKW, B
CBSI3W C [OOMNOSHUTENbHLIMK 3aTpaTamMy Ha YCTpoMCTBa ANs €ro Co3gaHust
(KOHAEeHcaTopbl, JOBYLUKW, BaKyyM-HacoCbl), M YBENUYEHWE IKCMyaTaLMOHHbIX

pacxonos..

Mpu BbiNapvMBaHUM NoA U30bITOYHLIM AAaBNIEHUEM BTOPUYHLIA Map MOXET
ObITb MCMONb30BaH Kak TEMMOHOCUTENb B NOAOrpeBaTensx, Ans oTonneHus Tennuuy
N OpYyrMx BHYTpu3aBoackmx Hyxa. OgHako TakoW MeTon BbiNapuBaHWUS CBSI3aH C
NoBbILUEHMEM TeMnepaTypbl KuneHust pacTtBopa. [1o3ToMy ero npuMMeHeHue B
MULLEBON MPOMBILLIIEHHOCTM OFpaHUMYeHO CBOWCTBaMW pPacTBOPOB, KOTOPble

OOJDKHbI ObITb TEPMUNYECKHN CTOVKUMMW.
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Mpn BbIN@pvBaHMM nop aTMocdepHbIM AaBneHueMm, 00pasyoLnncs

BTOPWYHbLIN Nap He ucnonb3yeTcs M 0bbl4HO cbpackiBaeTcs B atmocdepy. Takon

cnocob BbiMmapmnBaHUA Hanbonee npocCT, HO HanMeHee 3KOHOMUNYEH.

2.2. A3mMeHeHue ceolicme pacmeopa fnpu ebinapusaHuu
B npouecce BbinapnBaHns yBENMUYMBAETCS KOHLEHTPALMS TBEPAbIX BELLECTB
B pacTBope, 4YTO MNpuUBOAUT K M3MEHEHUIO ero Tennoduandecknx ceoucts. Ha

(pnc.2.1 a) nokasaHO MX U3MEHEeHMe B MpoLecce BbiNapuBaHUsS Mpu yBerMyeHnn
koHUeHTpauuu ot HauanbHoit CB;, no koneuroit CBj 3a Bpems t npu nocTosiHHOM

daBJIEHNN Napa Had KUndwmm pactBopoM

Mo mMepe CryweHunda pactBopa e€ero KOHUeHTpauund acCCUMNTOTUYHECKU

npubnmxkaeTcsa K TeopeTnyeckomMy npeaeny CBmeop:100%.

Mpu gocTkeHnn KoHueHTpaumn nepecsienns CB), B kpuctannuaytoLmxcs

pacTBOpax HaA4YNHaeTCA BblnageHne n3bbITKa pacTBOpEeHHOIo BewecTtesa B 0CagoK 1

npu AanbHeunwem BbillapuBaHnn npouncxoanmt poCT MaCCOBOIro coaepxxaHud

KpUCTasnnoB B pacTBope Kp. KoHueHTpauwmst nepecbiwennst CB;, cnyxut rpanuueit

mMexny obnactaMm HeHacbILWEHHbIX pacTBOpOB I (,EI,J'IFI cryweHnda KOoTopbIX
MCMNOJIb3YIKOTCA 0b6bI4HO BbilMapHblE annapaTbl) 7 nepecbIlEeHHbIX

KpUctarmmm3yrLnxca pacrtsoposB II (3,1:|,er NPUMEHAKTCA BaKyyMHbIE annapaTbl).

KOHLI,eHTpaLI,I/IFI nepecbliLLeHNA CBn MOXeT WU3MEeHATbCA B nNpegernax

3alTPUXOBaAHHOM  Mfowagn B 3aBMCUMOCTM  OT  KOHKPETHbIX  YCroBUW
(Temnepatypbl, Tpebyemon cTeneHn nepecbiweHna u T1.4.). B obnactn
MepecbIEHNa KpMBasi KOHLEHTpauuMm paccnamBaetcs. BepxHas ee  4yacTb
OTHOCUTCA KO BCEW YyBapuBaeMoOW Macce, BKOYasi KpUCTanSbl, a HWXKHAS

nokasbiBaeT KOHLEHTpauuo TBEPAOro BeWecTBa B MaToO4HOM pacTBope.
N3 (pnc.2.1 6) cnegyeT, 4TO TemnepaTypa KuneHuss pacTBopa tp
yBENMMYNBAETCA  BCMEACTBME  MOBbIWEHUST  3HA4YeHUs  PU3MKO-XMMUYECKOMN

nenpeccun @b (pasHocTb Mexay TemnepaTypamu KUMeHMss pacTBopa U
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pacteoputensi). Mpu atom 3Hadenve 1, Gonbwe Temnepatypbl BTopuyHOro napa
tem, HaxopsLWerocs Hag pacTBOPOM, Ha BENNYUHY Aqb.

Ob6wasa kpuBasi BA3KOCTM V pasdBauMBaeTCs: BEPXHSAS XapakTepusyeT
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Puc. 2.1. 'ameHeHne Tennodunanyeckmx CBOMCTB pacTBopa npu BbinapusaHuu: |
—0bnacTb HeHacbILLEHHOro pacTBopa;
Il — obnacTb NepechiWweHns U KpucTannmsauuu.

3 PeKkTUBHYIO BA3KOCTb BCEN CYCMNEH3UU, a HMXHASA - MaTOYHOro pacteopa V. B

uesioMm no mMepe pocta KOHUueHTpauun, TrJIOTHOCTU U BA3KOCTU pacTBoOpa

YMEHbLUAOTCA ero TemMnepaTyponpoBOAHOCTb M TEMNNMOEMKOCTb. ATO NPUBOAUT K
YBENMYEHUIO BenWuMHbI KpuTepusi MMpanatns Pr = Vv/a w, kak cneacTsue,

YXYyOLEHNIO YCIMOBUA TEMMOOTAAYM OT MOBEPXHOCTM HarpeBa K KUNAWEMY
pacTBopy (YMeHbLUaeTcs 3HaYeHne KoadpdumumeHTa TenNooTaaum oy).

B 3akniyeHne OTMETMM, YTO MNpY BbiNAapMBaHWW HEKPUCTANMMU3YOLLMXCH
pacTBopoB (natouHasi 6apaa) - o6nacts |l Ha puc.2.1.6, otcyTcTByeT, U KpuBbIE
KOHLIEHTpaLNUKN N BA3KOCTU He pasaBanBatoTCs.

2.3. MemoObI ebinapueaHusi

B nuweBbIX oTpaciiax LWUPOKO UCIOJNb3yHT OAHOKpaTHOE BblNapuBaHUe,

ocyuwiecTeridsemMmoe nepmnogndeckn uinm HernpepbiBHO B OOAHOKOPMYCHbIX BbliNapHbIX
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annaparax, ¥ MHOrokpaTtHoe, nposogmnmMmoe HernpepbiBHO B MHOIMOKOPMNYCHbIX

BbIMapHbIX YCTAaHOBKaX, COCTaBEHHbIX U3 HECKOMbKMX O4HOKOPMYCHbIX annapaTos.

OpHokoprnycHasi BbinapHas YycTaHoBka (puc.2.2) npegHasHadyeHa Agns
O[HOKPATHOro HENpPepbIBHOMO BbiNapuMBaHUSA U NMPUMEHSETCA B ManoTOHHaXHbIX
npomnssoacTBax. O6pasylowunca npu BbiMapMBaHUM BTOPWUYHBLIM Nap B 3TUX
yCTaHOBKax He WCMonb3yeTcd, a KoHAeHcupyeTcs B KoHAeHcaTtope. OCHOBHble
annapaTtbl yCTaHOBKM — BbIMApHOW annapar, nogorpesartenb, 6apomMeTpuyeckun
KOHOeHcaTop M HacocChbl.

BeinapHoun annapat (puc.2.3) cCocTouUT 13 rpetoLen kKamepbl 1, NPOCTPaHCTBO
KOTOPOM OrpaHU4YeHO CTEHKamMu annapata 2 MexXTpybHbiMu peweTkamn 6 n 7. B
NPOCTPAHCTBO rpelolen Kamepbl MNOOAETCA HaCbIWEHHbIN BOASHOM nMap, a
KOHZEHCcAT OTBOAMTCS N3 ee HWXKHEN YacTu. BeinapmBaemMbln pacTBOp, NOAHMMAACH

CHN3Yy BBEPX MO KUMATUITbHbIM pr6|<a|v| 5, HarpeBaeTcAa U KUMT C O6pa3OBaHI/IeM

K daxiym-nacocy

Tap

Kouden- Kowdencar

B xpanusuye
i

H3 xpanunuiya a
wr

! 2 J 4
Puc.2.2. OgHokopnycHas BbliNapHasa yCTaHOBKa HEMPEepPbIBHOIO AEACTBUS.
1, 8 — Hacoc; 2 — pacxogomep; 3 — TennoobMeHHK; 4 — BbiNapHOW annapar;

5 — bapomeTpudeckmin kKoHgeHcaTop; 6 — NOBYLLKA;
BTOPUYHOro napa. YacTb XMOKOCTU oOnyckaeTca Mo LeHTpanbHoW Tpybe 4 B

HWXXHIOK YacCTb rpetoLen Kamepbl U HaNpaBnNseTCca B KUMNATUIMbHbIE TPYOKN. Takum
o0pasoM MpoOUCXOANT HeMpepbiBHAA LUMPKYNAUUS MO 3aMKHYTOMY  KOHTYpY
BCrneAcCTBME pPasHOCTU MMOTHOCTEW pacTBopa B LUeHTpanbHoM Tpybe U
NapOXUOKOCTHOM 3MYNbCUN B KUNATUNBbHBIX TpyOkax. YnapeHHbI pacTBop

yoansieTcsa Yyepes naTpybok, pacnoroxeHHbIn B AHMLLE 8 annaparTa.
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Puc. 2.3. Cxema ycTponctea OANHOYHOIO

(nnHAKANAVAHNAAIRRKIAANHAIN AnnNanaTa

Ceexun pacTtBop nogaétcs
Hag BEPXHEN UNN HWXKHEN TpyOHON
peLLEeTKON. BTopuyHbIN nap
3anosnHgaeT HagpaCTBOPHbLIN

obbemMm, OTKyda OTBOAMTCS 4Yepes

NOBYLLKMN cenapartopa 3,
3agepxuBatoLme OpbI3ru n
Kanenbku XNOKocTn, yepes

BEpXHU naTpybok B KOHOEHCATOP.

B ogHokopnycHoOM BbinapHom
YCTaHOBKE pacxof, rperoLlero napa
coctaBnsiet 6onee | kr Ha | kr
ncnapeHHom BOAbI.
OKOHOMWYHOCTb npoLecca MOXeT
ObiTb MOBbILLIEHA TONMbLKO 3a c4YeT

paunoHaribHoOro MCNoJsb30BaHNA

BTOPWYHOrO napa, kak 3TO MPOUCXOAMUT, HanpMMep, B MHOrOKOPMYCHLIX BbliMapHbIX

yCTaHOBKaXx.

MHoOrokopnycHasi BblnapHasi ycTaHoBka (puc.2.4) COCTOUT M3 HECKOSbKUX

nocnenoBartesibHO COE€OUHEHHbIX OOHOKOPMYCHbIX BbIMAapHbIX annapartos. Ee

npunHUKMN OENCTBUS  3aKfovaeTcs B MHOIoKpaTHOM WMCNOJNb30BaHNN TEMa

rpetoLlero napa,
W, -AE’ W, Ao in  MocTynaroLero B
l . nepsbIN KOpnyc, Ang
YD, YD 8o oborpesa
P ; I ~ /4 S| m nocneayowmx. Mpu
n;ﬂf_).;: _,_E ; 3TOM B KadecTse
i f hn
tﬂf ' rpetoLlero napa
nocneayoLLero
Y | Y kopnyca
K P K P K cp
ncnonb3yeTcs

Puc.2.4. MHorokopnycHasa npamMoTo4YHas

RAKV/\/M-RKINMANHAG VOTAHNRKA

BTOPUYHbIN nap
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npegblayLero.

McxogHbIn pacTBop, NpeaBapuUTeNbHO HarpeTbin 4O TeMmnepaTypbl KUNEHUS,
noctynaet B | kopnyc, oborpeBaembii MNepBUMYHbIM NapoM. BTopuuHbld nap,
obpasytowmnnca B | kopnyce, HanpaBnsieTCca B KavyeCTBE PeoLEero BO BTOPOW.
3pecb gasneHue 6Gonee Huskoe. [MoaTtomy pacTBop, ynapeHHbin B | Kopnyce,
nepemeLlaeTcsi BO BTOPOM camoTekoM. NMoHWkKeHHoe faBreHve obycnasnvBaeT U
bonee HU3KyO TemnepaTypy kuneHust pacteopa Bo |l kopnyce. NoaTtomy pacTsop,
npuwegwni m3 | Kopnyca, 4aCcTMYHO OXNnaxJaeTca A0 TemrepaTypbl KUNEeHUs BO
BTopoMm. [lpn aTOM BblgenseTca Tenno, npueogswee K obpasoBaHuio
AOMNOJSTHATESNbHOMO KOMMYecTBa BTOPUYHOrO napa. JTO SABfieHWEe HasblBaeTCs
camoucnapeHmemMm pacTtBopa M MpPoMCXoauT BO BCEX KOpnycax, Kpome MepBoro.
AHarnornyHas kaptnHa npovcxogut B 111 kopnyce.

BTopuyHbIM NMap M3 nocnegHero koprnyca noctynaetr B GapomeTpuyeckni
KOHOEHcaTop, rae 3a CYeT ero KoHgeHcauuu, cos3gaeTcs Tpebyemoe paspexeHue.

HeCKOH,D,eHCI/IF)OBaBLIJI/IeCFI radbl 1 BO34YyX OTCAaCbIBalOTCA BaKyyM-HaCOCOM.

NMpenmywecTBa 4aHHOW CXEMBbI:
1. [BMXeHne pacTBopa CaMOTEKOM M3 Kopnyca B KOpPMNyC 3a CYeT pasHOCTU
JaBNEHUN;
2. BO3MOXHOCTb BblNapMBaHUs TEPMUYECKM HECTOMKUX pacTBOpOB, T.K. B
nocrnegHem kKoprnyce Haubonee ynapeHHbid pacTBOp HaxXOAUTC B 30HE

HaMMEHbLLNX TeMnNnepartyp.

HepocTaTtok npsiMOTOYHOWM CXeMbl 3akrntodaeTcs B 6onee HU3KOM cpefHeMm
ko3 uUMeHTe Tennonepenayn, N0 CPaBHEHNIO C MPOTUBOTOYHBLIMM YCTaHOBKaMM
310 06BACHSIETCA TEM, YTO OT KOpryca K KOpnycy YBenu4MBaeTCsl KOHLEHTpauus
pacTBopa M YMEeHbLUaeTCsi ero [AaBfieHue, YTO U CHWKaeT Ko3PULMEHTHI

TennooTaaymw.

B MHOrOKOpnyCHYH YCTaHOBKY pacTBOP MOXET NocTynaTb NPOTUBOTOKOM. B
3TOM cNny4ae cxema [ABWKEHUS napa OCYLLEeCTBNAETCA Kak Mpu MpPsSMOTOKe, HO
MCXOAHbIV pacTBOp NOCTyMNaeT B NOCNEAHMUIN KOPMyC, a B KOHLIEHTPMPOBAHHOM BUAE
BbIXOOAUT U3 MepBoro. Takum o6pasoM, BbiNapuBaeMblii pacTBOp nepemellaeTcs
MPOTMBOTOKOM MO  OTHOLLUEHWIO K BTOpPUYHOMY napy. Ero ngBmxeHue

obecrneynmBaeTc C MOMOLLbIO LEHTPOGEXHbIX HacocoB, T.K. [AaBreHue oT
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nocnegHero Kopnyca K rnepeomMy rnocreneHHoO BO3pacTaeT. [Mpy NPOTMBOTOYHOW

cxeme camoucnapeHue otcytcTByeT. OBbIMHO ee MCNOonb3yT ANS BbiNapuBaHus
pacTBOPOB 0 BbICOKMX KOHEYHbIX KOHLEeHTpauun, korga B | Kopnyce BO3MOXHO
BblNaZieHne TBepaoro BellecTBa WM BA3KOCTb pacTBOpa pes3ko BO3pacTaeT C
yBENMMYEHMEM €ero KOHUeHTpauun. [JOCTOMHCTBOM MPOTUMBOTOYHbLIX YCTAHOBOK
aBnsieTcs 6onee BbICOKMI CPeAHUN NO YCTAHOBKE KOIhUUMEHT Tennonepegayu,
a ee cepbe3HbIM HeOCTaTKOM - HEOBXOOMMOCTb NepekaynBaHUsA BbliNapMBaeMoro
pacTBOpa, YTO CBA3aHO CO 3HAYUTESIbHLIMW 3JKCMyaTaunmoHHbIMU pacxogamu. B
3aKknyeHne oTMETUM, YTO eCrln pacxo rperoLero HacblWweHHOro BOASHOro napa
OS5 OQHOKOPMYCHOW YCTaHOBKM cocTaBnseT bonee 1 kr Ha 1 Kr BbinapeHHOW BOAbl,
TO ONs OBYXKOPMNYCHbIX YCTAHOBOK OH MeHbLUE B ABA, a ANA TPEXKOPMYCHbIX B TpU

pasa.

2.4. OcHoeHble 8e/IUMUHbBI, Xapakmepu3yroujue pabomy ebinapHo20
annapama

MHTEHCMBHOCTL  BbiMapvBaHMs B NepByD o4vepedb  3aBUCUT  OT
TeMnepaTypHoOro nepenaja (TemnepaTypHOro Hanopa), KOTOpbIM npeacraBndet
cobon pasHOCTb Mexay TemnepaTypamu rpetoLlero (NepBMYHOro) napa n KUnswero

pacTBopa.

Beegem noHATMA nonHas w nonesHas pa3HOCTN TeMmmnepaTtyp. MonHown

pasHocTblo Temnepatyp Atuonn 6yoem  HasbiBaTb  pasHOCTb  Mexay

/
Temnepatypamu nepsuuroro t, n sropuunoro 1%, napa B koHue naponposoaa,

oTBOAALLEero ero U3 cenaparopa.

AtHOHH - tn = t,BT.
I'Ipou,ecc Tennonepenaydyn npu BbinapmBaHMm nponcxoanT 3a c4eT nonesHowu

Pa3HOCTM TeMnepaTyp, KOTopasi MeHblle MOMHOM Ha BEeIMYMHY TeMnepaTypHbIX
notepb A:

At =Atpon —A.

B cBow oyepenb TeMrnepaTtypHble MoTepun CKMnaablBakOTCA U3 TpeX

CoCTaBnALLWUNX:
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A =Ac + Ao + A,

rme Ac = ten - t'en - ruppaBnuueckas genpeccusi, Bbl3biBaeMast

rMOPaBNNYECKUMIN COMPOTUBIIEHUAMM, KOTOPbIE OOIMKEH NMPEeoaoneTb BTOPUYHbIN
nap npuv CBOEM [OBWXEHUM 4Yepe3 cenapaTtop M naponposon. BbizaBaHHoe 3TUM
YMeHbLLEHNE AaBreHUst BTOPUYHOrO napa npuBoauT K HEKOTOPOMY CHMDKEHUIO €ro
Temnepatypbl. OGbIYHO rMapaBnMyeckas Oernpeccusi Bbl3biBaeT HEOOXOAUMOCTb

NOBLILLEHNA TeMnepaTypbl KuneHusa pactesopa Ha 0,5 - 1,5 °C;
Ae - rmppoctaTtuyeckas genpeccus, NpeacTaBnsieT coboii pasHOCTb Mexay

TemnepaTypamu pacTBopa nocepeanHe BbICOThbl rpetowmx Tpyd n Ha NoBEPXHOCTH.

O6bI4HO OHa paBHa 1-3°C;

Aqb - U3nKo-XxMMMYeckasa Oenpeccusi, paBHasi pPasHOCTU  Mexay
TemnepatypamMu KWUMeHUs pacTBopa M YMCTOro pacTBOpUTENs MNpu O4MHAKOBOM
AAaBMEHUMN.

BeBugy TemnepaTtypHbIXx NOTepb TeMnepaTypa KUMeHusi pacTBopa [OJhKHa

ObITb DonbLwe TeMnepartypbl BTOPUYHOIO napa, Haxogdweroca Hag HUM:
t, = tow + (d2 + Adh).

Torpa NnoJ1e3HYHO pa3HOCTb

g
I

=Yy ‘[ TeMnepatyp MOXHO BbIPpa3nUTb

cnegywouwmm obpasom:

At=(ta-ts) - A=ty - t,.

Atemy, )

Ha pwuc.2.5 nokasaHa

-

4t nonH

KapTuHa pacnpegeneHus

in
i,

= y
77 =37 None3Hon pasHOCTU TemnepaTtyp
—-‘/ —f— W
: o no Mepe TOro, Kak TennoBown
S / ¥ = =y P
0 . E NOTOK nocnenoBaTtesnbHO
¥y | % < Ef 5 A
npeogoriesaer Tepmuyeckmne
Puc.6.5. K onpeneneHnuto nonesHomn COMNpPOTUBNEHNS,

BCTpeYaloLMecs Ha ero nyTu,
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At = Aty +Atet+ Aty + At

rone At1 - nepenan TemnepaTyp Ha yyacTke KOHOEHCALMWM NEPBUYHOTO Napa Ha
HapYXHOI MoBepxHOCTU kunsTUnbHbIX Tpy6; At - nepenag Temnepatyp npm

NPOXOXAEHUN TENMOBLIM MOTOKOM TOMLM CTEHOK KunsTUNbHbIX Tpyo; Aty -
nepenag Temnepatyp B CrO€ HaKUNKW, pPacrnosiOKEHHOM Ha BHYTPEHHEN
noBepxHocT kunsTunbHbix Tpy6; Al2 - nepenan Temnepatyp Ha yuacTke

TEeNnnooT4auyM OT CrOA HAKUMNK K KUNALEMY pacTBopy.
Kak cnegyet mn3 puc.2.5, Bo3pacTtaHue 3HayYeHUn TemnepaTypHbIX MOTEPb

HeM30eXXHO NPUBOAMT K MOBLILEHUO TemMnepaTypbl KUNEHWs pacTtBopa WU, Kak
crneAcTBME, K  YMEHblUeHMI0  nonesHoit  pasHoctn  Temnepatyp At

obecneunBatoLLen npouecc BbilMapuBaHUA.

2.5. QnemeHmMbI pacyema 0OHOKOPIYCHOU 8bINnapHoOU ycmaHO8KU

MaTtepuanbHbiM 6anaHc. Ha BbinapnBaHue nocrtynaet G, Kr/cek ucxoaHoro

pacTBopa KoHUeHTpauveit X, u oteogutcs (5x kr/cek ynapeHHoro pacTsopa

KOHLl,eHTpaLl,I/IeIZ Xx. Ecnu B arnnaparte BblilapnBaeTCA W Kr/cek BoAbl, TO

MaTepmaanbM ©anaHc MOXHO 3anucaTb B Buae ABYX ypaBHeHI/II7IZ

No BCEMY BELLECTBY:

GH = GK +W ’ (2-
1)

No PacTBOPEHHOMY CyXOMY BELLIECTBY:

Gy Xy =6y - Xk (2-
2)

N3 natn nepemMeHHblX, BXOoOAWUX B 3TN YypaBHEHUA, TPpU OOJIKHbI ObITb

3agaHbl. OB6bIMHO N3BECTHbI: pacxog McxogHoro pacrtBopa GH, ero KoHueHTpauunsa

X 1 TpebyemMas KOHLEHTpaLUsa ynapeHHoro pacTeopa Xy:

Torga ¢ nomowbio  BblpaxeHun  (2-1) un  (2-2) onpegenvuu

npon3BOOUTENIbHOCTb annapaTta:
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no ynapeHHoMYy pacTBopy - Xy :

no BbiNapnBaemMon Boge -

X
W =Gy, -G, =Gy, (1_X—H)_
K

TennoBon GanaHc. Bsegem cnegywowme

o6osHauenuns: /] - pacxon rpetowero napa; |, lgn -

SHTalnblMnMn rpewwero 1 BTOPpUYHOro rnapa, |H, Ik -
SQHTAalnbMMNM UNCXOOAHOI0 WM YyNnapeHHOro pacTBopa,

— /
l,.c.=c”@ - snTanbnua napoBoro KoHAeHcaTa, rae

/
C - ygenbHasa TenrnoeMKoCTb, a @ - TeMnepartypa

Puc.2.6. K coctaBneHno  koHaeHcara, °C.
MarepuarnbHOro un Onpegenum npuxog n pacxog tenna (puc.2.6).
Mpuxop Tenna:

1. C ncxogHbiM pacTBOPOM -

2. C rpetowmm napom - /1 -1,

Pacxop Tenna:

C ynapeHHbIM pacTBOpPOM —

Gy -1k =Gy -G 1Ty
C BTOpUYHBLIM Napom — Wlgm;
C napoBbiM koHaeHcaTom — /{-¢ "+ O);

nOTepI/I Ternsia B OKpyXakwLwlyr cpeay — Qn
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Torga TennoBoW 6anaHC OOHOKOPMNYCHOW BbiMApHOM YCTAHOBKW Bbipa3vTcA

crneayoLwum ypaBHEHNEM

Gy -y +I[-I:GK T+ W+
+ [-¢”- O+ Q.

30ecb 3HTanbnMsa MCXOOHOro pacTBopa ||-| :CH 'tH (Cy - ypenbHas
Tenrnoemkocts, a t, - Temnepatypa), a ynapenvoro lx = Cyk 'tK (G -

TemnepaTtypa KUneHusi pacteopa).

3ameHuB B nocnegHem Boipaxenun G, na cymmy G +W, nonyunm:
G -cy -ty +W-c, -ty + 7.7=G, -C -t +
+ W']gm'l' ﬂ'C ,'@'I' Qn (2'
3)

N3 ypaBHeHUs (2-28) HaxogmMm pacxof rpetoLero napa:

Ckly —Culy LW Igm_CHtH n QH
| -c'® | -c'® A

ﬂ:GK

OTcloga MOXHO cAaenaTb BbIBOJ, YTO pacxod napa 3aBUCUT OT BEeNUYUHBI

Tpex cnaraemMbix NPaBoN YacTu:

1. Pacxoga napa Ha nameHeHune saHTanbnuu BbinapMBaemMoro pacTteopa;
2. Pacxoga napa Ha HenocpeacTBEHHOE BbiNapuBaHue pacTtBopuTens (Hanpumep,
BOAbI);

3. Pacxopg napa Ha KOMneHcauuno NoTepb Temnsia B OKPYXakLlyro cpeay.

Ecnu npuHATbL, 4TO UCXOAHbLIA  pacTBOp MNocTynaeT B annapar
npenBapuTenbHO HarpeTbiM 40 TemnepaTypbl kunenusi, T.e. [, = 1, a notepw

TEenna B OKPYXalLYK cpefy COCTaBNAT Kak 0OObIMHO 2-5%, TO 3HA4YeHUaAMU

NepBOro N TPETbEro criaraemMbix B NEPBOM NPUBNMKEHNM MOXHO NpeHebpeyb.

Torpa:
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| —c,t
EW em H™H
A | -c'® - (2

4)
MoBepXxHOCTb HarpeBa HenpepbIBHO AEWCTBYIOLIEro BbiNapHOro annapaTa

onpegenaeTcd n3 OCHOBHOIoO ypaBHEHUA Tenronepeaadn:
K-At’

roe Q — ﬂ(l - C'@) - TEennoBas Harpyska annaparTa;

K

B 1
1 Z o 1 - KoadhduuUMeHT Tennonepegayu;
+ +

o, A a,
At - noneaHas pasHocTb TeMnepaTyp;
01 - KO3(pPMUMEHT TennooTaaum OT KOHOAEHCUPYIOLLLETO Napa K CTEHKE;

02 - KO3 MPULUMEHT TENNOOTAAYN OT CTEHKM K KUNSALWEMY pacTBOpY.

CnegyeT nMOMHUTb, 4TO 3Ha4yeHWe KoadpmuMeHTa Tennonepenayu
CHWXaeTCcsi N0 Mepe MOBbIWEHUS KOHLEHTPaUMM 1M BA3KOCTU pacTBopa, a Takke C

NOHMXEHNEM TeMnepaTypbl €ro KUNeHus.

2.6. KoHcmpykuyuu ebinapHbIX annapamos

B nvweBon MpOMbLILIIEHHOCTU LUMPOKO MPUMEHAIOT TpybyaTtble BbiNapHble
annapaTtbl C €eCTEeCTBEHHOW W TMPUHYOUTESNbHOM UMPKYnsumen ¢ nnowagbto
nosepxHocTn Harpesa oT 10 oo 1800 M? 1 pas3nUYHbIM PacnonoXeHNEM rpetoLLe
kamepbl. B psge cnydaeB Ona  MHTEHcuMdMKauuu npouecca BblinapuBaHuUs
NCMONb3YKT PasfinyHble KOHCTPYKLUNN NITIEHOYHBIX BbINMAPHbLIX annapaTos.

Mpn  BbLIOOPE  KOHCTPYKUMM  BbIMAPHOro  annapaTta  y4YuTblBalOTCA
TennogmsmMyeckme CBOWCTBA pacTBOpa, CKIMNOHHOCTb K KpucTannusauuw,
YYBCTBUTESIbHOCTb K BbICOKMM TemnepaTtypam, rnonesHasi pasHoCTb TemnepaTtyp B

KaxXaom Kopnyce, nnowaib NOBEPXHOCTU TennoobMeHHOoro annaparta,
TEXHONOIrM4yeckne oCobEHHOCTM.

BbinapHble annapaTtbl M3rotaBnNuBalOTCA U3 YrNepoamcToOn, KOpPpPO3u-
OHHOCTOMKOM N OBYXCITOMHOW CTanu.
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BbinapHble annapaTbl C eCTECTBEHHOMU LUPKYynAuMen npocTbl No
KOHCTPYKUMM 1 NPUMEHSAIOTCS AS151 BbliNapyBaHUA pacTBOPOB C HEBLICOKOW
BSAI3KOCTbHIO, HE CKIMOHHbIX K KpUcTannMsaunn. 3t annapatbl 6biBatoT C COOCHOWN U
BbIHECEHHOW rpetoLLen kamepon (puc.2.7, a, 6).

BoinapHon annapaT cocTouT W3 cenapartopa, rpelwen Kamepbl W
unpkynsumoHHon Tpyoel. Cenapatop npeactaBnsieT cobOM  LUIIMHAPUYECKYIO
€MKOCTb C 3fINIUMTUYECKON KPbILWKOW, NPUCOEAMHEHHYID C MOMOLbD 60NTOB K
rpetowen kamepe. B cenapaTtope ANns OTAENEHUs Kanenek >XWUAKOCTU OT
BTOPMYHOrO Mapa yCTaHaBMMBAKOT Pas3fIMYHON KOHCTPYKUUKM OTOOMHUKK. [petolas
Kamepa BbINOfIHEHA B BUAE BEPTUKAINbHOIO KOXyxoTpyb4yaToro tennoobmeHHuka,
B MeXTpybyaToe npocTpaHCTBO KOTOPOro MocTynaeT rpetowmin nap, a B rpetoLmnx
Tpybkax KkunuT pactBop. HwkHME 4YacTm cenapatopa U Trpetowen Kamepbl
CO€ANHEHDI LIMPKYIALMOHHOM Tpybon.

EcTecTBeHHas UMpKynsauns Bo3HMKAET B 3aMKHYTOW CUCTEME, COCTOSLLEN N3
HeoborpeBaemMon LUUPKYNALMOHHON TPYObl N KMNATUIBbHBLIX TPYD. ECnn XnakocTb B
Tpybax Harpeta 0O KAMNEHWUs, TO B pesynbTaTe BbiNapuMBaHUA 4acTu XXUOKOCTU B
aTnx Tpybax obpasyeTcs NapoOXMOKOCTHAA CMeCb, MNOTHOCTb KOTOPOW MeEHbLuUe
MNNOTHOCTM CaMOM XMAKOCTU. Takum obpasom, Bec cTonba Xuakoctu B
UMPKYNAUMOHHON Tpybe 6Bornblle, Yem B KUMNATUNbHLIX Tpybax, BCreacTBMe 4Yero
NPOUCXOANT LUUPKYNALMS KUNAWEN XUOKOCTU MO MNyTU KUNATUIbHblE TPyObl —
napoBOe MNpPOCTPaHCTBO — LUMPKYNAUWMOHHaa Tpyba — Tpydbl n 1. A. [lpu
UMPKYNALMMA  NoBbIWaeTcs KO3 UUMEHT TennooTaayn CO CTOPOHbl  KUMNSLLEN
XNOKOCTU N CHWXKaeTCcs obpasoBaHUe HaKuUMmM Ha NOBEPXHOCTU TpyO.

a o
Puc.2.7. BeinapHble annapaTtbl C €CTECTBEHHOM LUMPKYNSUMEn pacTBopa:
a—C COOCHOW rpetoLen kamepon; 6—cC BbIHECEHHOM IPEIOLLIEN KaMepOoW;
1 — rpetowas kamepa; 2 — cenapartop; 3 — LUMpKynsumoHHasa Tpyba



167

[na ectecTBeHHOM umpKynauum TpebyroTca asa ycnosus: 1 — goctaTodHas
BbICOTa YPOBHS XMAKOCTU B LMPKYNSAUMOHHOM Tpybe, 4ToObl ypaBHOBECUTL CTONO
NapoXNOKOCTHOM CMecu M co3gaTb HeobXoOouMMyr CKOpPOCTb; 2 — p[ocTaTovHas
WHTEHCMBHOCTb napoobpasoBaHusa B KMNATUNBbHBIX Tpybax, 4YTOOBbI
NapoXmnaKkocTHasdA CMecb MMerna BO3MOXHO Manyto NioTHOCTb.

lMpencraBneHHble Ha puc.2.7 annapatbl BbIFOAHO  OTAMYaKOTCA  OT
YCTapeBLUMX KOHCTPYKUMA annapatoB C LEHTPanbHOW LUUPKYNSALMOHHON TpyOOo.
Hannune oborpeBaemMon UeHTpanbHOMW UMPKYNAUMOHHOM Tpybbl MpMBOAMIIO K
CHWKEHUIO NUHTEHCUBHOCTU LUPKYNAUNN.

BbinapHble annapartbl, MokasaHHble Ha puc.2.7., UMelT nnowanb
noBepxHOCTM Tennonepenayun ot 10 go 1200 M?, ANVHY KUNATUMBHLIX TPYO OT 3 A0
9 M B 3aBUCMMOCTM OT UX guameTpa. lnameTp KunatunbHblix Tpyb coctaBngaet 25,
38 n 57 mm. U3bbiTouHoe pgaBneHue B rpetwowen kamepe 0,3— 1,6MlMa, a B
cenapaTtope Bakyym npumepHo 93,0 klMa. CooTHOWeHMe nnowanen cedyeHus
UMPKYNALMOHHON TPYObI 1 rpetollen kamepbl coctaBngeT He meHee 0,3.

MapoobpasoBaHne B KuMMNATUAbHbLIX Tpyb6ax onpegensercsa U3nYeckumm
CBOMCTBaMW pacTBopa (rnaBHbIM 00pa3oM BA3KOCTbK) M Pas3HOCTbLIO TeMnepaTyp
MeXay CTEHKOM Tpybbl 1 XXMOKOCTbIO. Yem HMKe BA3KOCTb pacTtBopa 1 yem bonblue
pas3HOCTb TemnepaTtyp, TeM UHTEHCUBHee napoobpasoBaHue n Gonblue CKOPOCTb
unpkynsaumn. [Ina co3gaHust MHTEHCMBHOW LMPKYNsSiUMW pasHOCTb Temnepatyp
MeXay rperoLm napom 1n pacTBopoM AormkHa 6bITb He Huxke 10 °C.

Bbll'laprIe arnnapatbl C €CTECTBEHHOU LlMpKyﬂFILlMGVI OTIIM4YaloTCA I'IpOCTOTOIZ
KOHCTPYKUMN U NErkogoCTyrnHbl 4nd peMoHTa U O4UCTKNA.

BbinapHble annapaTtbl C  MNPUHYAUTENbHOM  LMPKYNsUMen  pactBopa
MO3BOMSAT MNOBLICUTb WMHTEHCUBHOCTb LUMPKYNAUMM pacTBopa U KOIMUUNEHT
Tennonepeaayw.

Ha puc.2.8. nokasaHbl Takne annapatbl C COOCHOW U BbIHECEHHOW rpetoLLen
Kamepou.
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Puc.2.8. BeinapHble annapatbl C NPUHYAUTENBHOW LIMPKYNAuMen pactesopa:
a—C COOCHOW rpetouen kamepon; 6—c BbIHECEHHOW rpetoLlen Kamepowm;
1—rpetowan kamepa; 2 — cenapartop; 3 — UMpKynsaunoHHas Tpyba; 4 — Hacoc

Livpkynaums  XKMAKOCTU MNPOM3BOAMTCS MNPOMENNEpPHbIM  UNN  LIEHTPOBEXHBLIM
Hacocom. CBeXWW pacTBOp MNOLAETCA B HWKHIOW YacTb KUNATUIbHMKA, a
ynapeHHbIN pacTBOP OTBOAUTCS U3 HUXKHEW YacTu cenapaTtopa. YPOBeEHb XUOKOCTU
NoOAEPXKMBAETCA HECKONbKO HMXEe BepxHero obpesa KUNATUNbHbIX —Tpyo.
[MockonbKy BCA UMPKYNAUMOHHAsA CUCTeMa MOYMTU  MOMHOCTLIO  3anorfHeHa
XMOKoCTblo, paboTa Hacoca 3aTpayvMBaeTcs NuWb  Ha  NpeogofieHne
rmapaBfiN4ECKNX CONPOTUBITEHUM.

[aBneHne BHU3Y KUNATUNbHbLIX TPy6 Oonblue, YeM BBEPXY, Ha BENUYUHY
AasneHus ctonba XuMAKocTu B Tpybax nroc Ux rmgpasnnyeckoe ConpoTUBIEHME.
Beunay atoro Ha 60nbLUe YacTu BbICOTbI KUMATUMBbHBIX TPYD XNOKOCTb HE KUMKUT, a
nogorpeBaeTcs. 3akMnaHne NPoMCXOAUT TONbKO Ha HEBOMbLUOM y4acTKe BEPXHEWN
yactn Tpybbl. KonnyectBo nepekayMBaemMon HaAcOCOM XWOKOCTU BO MHOro pas
npesblLLaeT KoNM4YecTBO UcnapsieMon BoAbl, MO3TOMY OTHOLLEHME MacChl XXUAKOCTH
K Macce napa B NapOXMAKOCTHOM CMECH, BbIXOAALWEN N3 KUNATUNbHbLIX TPY6, O4eHb
BENUKO.

CKOpOCTb LIMPKYNALMK XKUAKOCTU B KUNATUIbHBIX TPY6ax NpUHMMalOT paBHON
1,5—3,5 m/c. CKopocCTb LMPKYSaumm XNOKOCTU onpepenseTtcs
NPOM3BOOUTENBHOCTLIO  LUMPKYNALUMOHHOIO  Hacoca, Mno3ToMy annapatbl C
NPUHYOUTENBHON LUMPKYNAUMEn NpurogHbl npy pabote ¢ ManbiMM PasHOCTSMMU
TemnepaTtyp Mexay rpetowmm napom n pactsopom (3—5°C) n npu BbinapnBaHum
pacTBOPOB C OONbLLON BA3KOCTLIO.
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BbinapHble annapaTbl C NpUHYOUTENBbHOW UMPKYNSaunen MMeroT nrowagb
noBepXHOCTM Tennonepenaydn ot 25 o 1200 m , ANWHY KMNATUNBHBIX TPY6 OT 4 o0
9 M B 3aBMCUMOCTW OT WX ONAMETPOB, KOTOpble cocTaBnawT 25, 38, 57 mwm.
N36biTouHOE OaBneHue B rpewuwen kamepe ot 0,3 go 1,0 Mlla, a B cenapatope
BakyyM 93 klla. CooTHOWeHne nnowagen cevYeHnsa UMPKYNAUMOHHON Tpybbl M
rpetoen kamepol He meHee 0,9.

[locToMHCTBamMM annapaToB C NPUHYOAUTENBHOW UUPKyNnauuen SBnatoTCA
BbICOKME KO3(hbbmumeHTol Tennonepedayn (B 3—4 pasa 6onblie, 4Yem npwu
€CTECTBEHHOM LNPKYyNAumMmK), a cnefoBaTesibHO, U 3HAaYUTENbHO MeHbLUe nroLwiagun
NOBEPXHOCTU Tenmonepenayn, a TakkKe OTCYTCTBME 3arpA3HEeHUNn MOBEPXHOCTU
Tennonepedadn npu  BbiMapMBaHUM  KPUCTaNNU3YOLWMXCA  pacTBOPOB U
BO3MOXHOCTb paboTbl Npu HEBOMNbLUMX pa3HOCTAX TeMMepaTtyp.

HepocTtaTok aTux annapaTtoB — 3aTpaThbl 3Heprnm Ha paboTy Hacoca.

MpuMeHeHne  NPUHYOUTENbHOW  UMPKYNauMM  uenecoobpasHo  npwu
M3roToBMEeHUNW  annapata M3  JOPOroro  MeTanna Ans  BblnapuBaHuUA
KPUCTanm3syrLmxcsa N BA3KNX pacTBOPOB.

lNMneHoyYHble BbiNapHble annapartbl NPUMEHATCH A1 KOHUEHTPUPOBAHUS
pacTBOPOB, YYBCTBUTENbHbIX K BbICOKMM TemnepaTtypam. [lpu Heobxoanmom
BpeMeHn npebbiBaHMST B 30HE BbLICOKMX TemnepaTyp pacTBOp He ycneBaeT
neperpeTtbCcd M €ero KavyecTtBO He CHwxaeTcs. BbinapvBaHne B NNEHOYHbIX
annapartax NpoMcxoauT 3a OAUH NpMXo4 pacTBopa vyepes Tpyobl.

[MnéHoYHble annapaTbl ObIBAOT C BOCXOAALWEWN MIIEHKOW WU COOCHOM WK
BbIHECEHHOMN Trpelowen Kamepon W nagarowen TMnreHKoOM U COOCHOW  unn
BbIHECEHHOW rpetoLLen Kamepou.

[MneHoYHble annapaTbl, Kak WU OnucaHHble Bblle, COCToAT (puc.2.9.) u3
rpelowen kKamepbl M cenapatopa. B rpetowen kamepe pacnosiokeHbl Tpy6bl
AnHOM OoT 5 40 9 M, KOoTopble 060rpeBatoTCs rPELLIUM NapoM.

Ha pwuc.2.9,a nokasaH nNMeHOYHbLIA BbIMAPHOM annapaTt C BOCXOASLUEN
NMEHKOM U COOCHOM rpetolien kamepomn. MicxodHbln pacTBop nogaetcs B TpyObl
CHU3Y, NpUYeM YPOBEHb XUAKOCTU B Tpybax nogaepxmnsaeTcs Ha ypoBHe 20—25 %
BblCOTbl Tpy6. B ocTtanbHOM 4acTu Tpyd HaxoauTCs NapOXMOKOCTHAs CMECh.
PacTBop B BMAE NNEHKN HAaXOAUTCS HA NOBEPXHOCTU TPyO, a nap ABUXKETCS MO OCK
TPYbbl C 6OMbLLOM CKOPOCTLIO, YBreKasa 3a CO00OM NNEHKY XUAKOCTU. [Mpn OBMXKEHUM
napa n nieHKN XUOKOCTU 3a CYET TPEHUS MPOUCXOOAT Typbynusaumsa nreHkn u
WHTEHCUBHOE OOHOBMEHME MOBEPXHOCTU. 3a cveT 3TUX (PaKTOPOB OOCTUraroTCs
BbICOKME KO3 PULMEHTLI Tennionepegaymn n 6onbLias NnoBepPXHOCTb UCNAPEHUS.

Ha puc.2.9,6 nokaszaH annapaT C nagalowen MnneHKoM U BbIHECEHHOW
rpewowen kamepon. B Takmx annapatax UCXOAOHLIN PacTBOP MOCTyNaeT CBepXxy B
rperoLLyto Kamepy, a KOHLUEHTPUPOBAHHbLIA PacTBOP BbIBOAUTCHA U3 HWKHEW YacTu
cenapartopa.
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Puc.2.9. lNneHoYHbIe BbiNapHble annaparTbl:
a—C BOCXOsLLEN NSIEHKON U COOCHOWN rpetoLlen Kamepowm;
0—c nagatoLien NAeHKoOn 1 BbIHECEHHOW rpetoLlen Kamepon;
1 — cenapartop; 2 — rpewwiasa kamepa

[MneHo4Hble BbiNapHble annapaTbl  WU3roTaBnNMBaKTCA C  Nowagbio
NOBEPXHOCTM Tennonepegayun ot 63 go 2500 m? ¢ guameTpom Tpy6 36 unu 57 mMm.

N36biTouHOE aaBneHue B rpetouwen kamepe ot 0,3 go 1,0 Mla, a B cenapatope
Bakyym 93 klla.
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HepocTtaTKoM NNeHOYHbIX annapaToB SABSETCA HEYCTOMYMBOCTb paboThbl Npu
konebaHuax gasneHus rperowero napa. lNpu HapyweHun pexrma paboThbl annapaT
MOXHO nepeBecT Ha paboTy C UMpKynsumen pacTBopa, Kak B annapartax C
NPUHYOUTENBHON  UMPKynaunen. POTOPHO-NNEHOYHbIE BbiNapHble annapaTbl
MPUMEHSIOT ANSA KOHUEHTPUPOBAHUA MULLEBbLIX PacTBOPOB, a TakKke CYCMNeH3un.
PoTopHO-NNEHOYHbIN annapaT npeactaBngeTr Ccobon  UUNUHOPUYECKUA  uUnun
KOHM4eckurn kopnyc c oborpesaemon pybdawkon (puc.2.10.). BHYTpM Kopnyca

BpaLLaeTcs poTop,
pacnpegensowmn  pactBop Mo
LUNTMHAPUYECKON NMOBEPXHOCTU
koprnyca B BuAEe TMIIeHKW, a B
HEeKOTOpbIX CnyvYasx — B Buae

CTpym n Kanensb. PoTtopHo-
NNeHoYHble annapaTtbl BbIMNOMHEHbI,
Kak npaBuno, W3 HepXXaBetoLlen
yrnepogucton  crtann  X18H10T.
BbicoTa annapartoB gocturaet 12,5
M npu 1ametpe 10 ™M, nnowagb
noBepxHoCTK TennoobmeHa ot 0,8
ap [0 16 m2.
Kordercarm PoTopHO-nneHoYHbIe anna-
—_ paTbl ObIBAIOT C XXECTKUM UIn pas-
4 Ma3blBaloLLMM POTOPOM. YKeCTKUn
pOTOp N3roTaBnmMBaeTCs NycTo-
TenbiM C fionacTamun. 3asop Mexay
nonacTbio N CTEHKOW annapara coc-
5 TaBnsiet ot 0,4 no 1,5 mMm. cxoa-
HbI/ MPOAYKT NOOAETCH B BEPXHIOK
YyacTb annapara u nonactamu
pacnpegensieTcs rno
LUUIIMHAPUYECKOW CTEHKE B BUAE
=i nneHkn. OKpyxHasi CKOpPOCTb
nonacten gocturaeT 12 m/c. Mpwn
paboTe nog Bakyymom (npwu
A aasneHun oo 100 Ma) Ban poTtopa
LB 1F YyNNoTHAETCA crneymanbHbIM
Kaﬂgzgf;gga‘gﬂ””“ﬁ TOPLEBbLIM YNIOTHEHNEM. HUKHIIA
NOALWMMHUK CMa3blBaeTCs nepepa-
B6aTbiBaemMbiM MaTepuanom. MNMpuH-
Puc.2.10. POTOpHO-MNeHOYHbIV BbiNapHOu LUunuanbHoe oTnmyne ucnapurtens
annapar: C pasmMasblBaloLLnM pOTOPOM 3aKk-
1 — npuBoA; 2 — ynNnoTHEHHUE; novaeTcs B NpUMEHEHUN poTopa C
3 — POTOP: 4 — pnaxok; LIAPHMPHO 3aKpenseHHbIMN Ha
5 — kopnyc; 6 — pybaluka Bany dnaxkamu. Mpu BpaLLeHnn
poTopa donaxkn NPUXUMarTcs
LEeHTPOBEXHOM CUITON K BHYTPEHHEN NOBEPXHOCTM KOpMyca U pa3masblBatoT Mo Heu
NPOAYKT B BUAE NNeHKU. Takme annapaTbl NPUMEHSIOTCA TakKe ANs NpoBeaeHus
COBMELLIEHHOIO NMpoLiecca KOHLUEHTPUPOBaHMS 1 CyWwKn. [lInameTp annapaTtos
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pocturaet 1 m, nnowaab ot 0,8 0o 12 M, OKpY)XHas CKOPOCTb BpaLleHUsa poTopa C
dnaxkamun 5 m/c.

KoHcTpykums annapaToB no3sonsieT 6rnarogaps 0ceBoMy nepemeLLeHnto
poTopa perynupoBaTh TOMLUHY NNEHKN U TEM CaMbIM CKOPOCTb npouecca.

PoTopHO-nneHo4YHble annapaTbl UMeKT Boree BbiCOKME KO3(hpULNEHTDI
Tennonepegayun, Yem annapaTthbl C nNagatoLen NIeHKON, OHN JOCTUratoT 3HAYEHNN,
paBHbIXx 2300—2700 BT1/(M?-rpaa), B TO BpeMs Kak B annapaTtax ¢ nagatoLuen
nneHko — 1500—1600 BT1/(m?-rpag).

3. MACCOOBMEHHBIE NMPOLIECCHbI

O6wue ceedeHus
MaccoobmMeHHbIMU Ha3bIBAOTCH npouecchbl, Xapakrepusyemble rnepexogom

OAHOM0 WIKN HEeCKOSIbKUX BeLecTB M3 o4HOW dhasbl B ApPYryr. ITOT nepexon
OCYLLECTBIISAETCA  KOHBEKTUBHOWM W  MonekynsapHon auddysven, nosatomy
MacCOOOMEHHbIe npouecchl Ha3blBalOT Takxe AN Py3MoHHbIMMN.
MaccoobMeHHble NpoLEeCcChl  KracCcuuuMpyoT Mo arperatHoOMy COCTOSIHUIO W
XapakTepy B3anmMoaencTaunsa gas.

[Mpn abcopbummn NponcxoamnT cenekTUBHOE MOrnoweHne rasoB UM napos
XNOKMmu nornotutensmun - abcopbeHtamu, T. €. UMeeT MecTO nepexo BellecTsa
13 ra3oBou UM NapoBOn drasbl B XUOKYHO.

[Mpn neperoHke W peKkTU(UKaALUMKM Xnakass CMecCb pasfensieTcs Ha
COCTaBnsLWMe KOMMOHEHTHI. [Mponcxogut nepexon BeLeCcTB U3 Xuakon ¢asbl B
NnapoBYyO N U3 NAaPOBOMN B XUAKYIO.

[Mpn akcTpakumMm NpoMCcxXoanT U3BrEeYEeHNe OOHOIo UM HECKOJSTbKUX BELLLECTB
N3 pacTBOPOB UM TBEPLbIX BELLECTB C NOMOLLLI0 pacTBopuTenen. lNpu akcTpakuyum
B CUCTEME >XMAOKOCTb - XWOKOCTb MMeeT MeCTO nepexoq BellecTBa M3 OOHOW
Xngkoun asbl B APYryro Xuakyro dasy.

Mpn apcopbumm nponcxogut usdbupaternibHoe MNOrfoLweHne rasoB, nNapos
WX PacTBOPEHHbIX B XXUOKOCTAX BelWecTB TBepAblM NOrnotuteneMm -
ancopbeHToM, CnocoBHbIM MornowaTte OAUH MAN HECKOSTbKO KOMMOHEHTOB U3 KX
cmecun. lNpouecc ncnonb3yeTcs BO MHOMMX NPOW3BOACTBaX, rge M3 CMecu rasos,
napoB WNAW pPacTBOPEHHbIX BeLecTB HeobxoaMmo wu3BnevYb TOT WM MHOM
KomnoHeHT. Npun agcopbumn BelecTBa NepexoaaT U3 ra3oBon UNu Xunakon gasol B

TBEPAY!O.
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CYI.IJKa - JTO YypaneHume BJlarm wm3 TBeEPObIX WIN XUOKAX BNaXHbIX

MartepuaroB nyTem ee ucnapeHud. B aTom npouecce nmeeT MeCTO Nepexos Bnaru
13 TBEPAOro BNaXHOro Matepuana B NapoByo UIn rasosyto aay.

Mpy Kpuctannusauum 13 Xnakon dasbl BblOENSETCA BEWECTBO B BUAE
Kpuctannos. [lpy 3TOM npoucxoauT nepexon BelwecTtBa K3 xuakon dasbl B
TBEpPAYHo, B pe3yrnbTaTe BO3HUKHOBEHMWS U pOCTa KPUCTarnsos B pacTBope.

MaccoobmeHHble npoueccbl obpaTuMbI, T.e. pacnpegensiemoe mexay
draszamn BeLLECTBO MOXET nepexoamtb U3 ogHOM (hasbl B APYryto B 3aBUCUMOCTU
OT YyCrnoBuMi paBHOBecus a3. OTO paBHOBeECME, Harnpumep KOHLUEeHTpauus
pacTBOPEHHOro BelWecTBa B ABYX B3aMMogencTBylowmx ¢asax, 3aBuCUT OT
TemnepaTypbl 1 gasneHus. CeA3b Mexay napameTpamMu B YCIIOBUSIX PaBHOBECUS

MOXeT ObITb NPeACTaBneHa ypaBHEHMAMU, TabnmuamMmm unu rpadoukamm.

MexaHu3m macconepedayu
Macconepepaua - npoLecc nepexoaa BeLecTBa (M HECKOMNbKNX BELLECTB)

N3 O4HOM (pasbl B APYry0 B HarnpaBneHUn OOCTMXKEHUS paBHoBecusl. [lepeHoc B
npegenax ogHon dgasbl Ha3biBalOT MaccooTaavyen. B maccobmeHe y4acTByOT, Kak

MUHMMYM, TpWU BeLLlecTBa: pacnpegensiowee BeLWecTBO (MMM BeLLecTBa),

cocTaBnisiollee nepeyto dasy G- pacnpegensiollee BellecTBO (UNV BellecTsa),

cocTaBnsiollee BTopylo dasy L ; pacnpenensiemoe BellecTBO (MNu BellecTBa),
KOTOpOe NepexoamnT u3 oaHon gasbl B apyryto M (puc. 3.1).

: MycTb
Nobepxrnocms pasdena gagz

4’;235_(? . Pasza L

e - HaxoguTCca nepBOHaYanbHO
— L &
-7 TONbLKO B (pase G v vmeer
x
""\r_ KOH-UeHTpaumio V. B dase
L=

L B HayanbHblIi MOMEHT

pacnpepnerniaemoe BeLleCTBO

pacnpenensieMoe BELIECTBO
OTCYTCTBYET, T.€.

KOHUEeHTpauna ero B aTon

cdaze X =0. Ecnn dasbl

G ulL npvBectn B

Puc. 3.1. Cxema maccoobmeHa

LY YaQ\Vg g A V) I+\OOOI\AIA
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COMPUKOCHOBEHWE Jpyr C APYroMm, HayuHaeTcs rnepexon pacnpenensiemoro

BewlecTBa 13 dasbl G s drasy L N C NOSABIIEHMEM BeLLeCcTBa M & dasze L

HauynMHaeTcAa obpaTHbIA Nepexoan ero n3 gasbl Les dasy G.

Co BpeMeHeM CKOpPOCTU nepexodga BewectBa CTaHYyT OAWHAKOBbIMU, WU
HaCTynnT coOCMOsiHUe paeHOo8ecCUs. I'Ip|/| 3TOM YyCTaHaBJINBaeTCA onpeaesieHHada

3aBMCUMOCTb MeXAYy KOHLEHTpauusMn pacnpedenseMoro BellectBa B obenx
dazax: nwbon koHueHTpauum X 3TOro BeuwlecTBa B dase L COOTBETCTBYET
paBHOBECHAS KOHLEHTpaUus ero yp B dpase G,T.e. Yp =f(x).

PasHocTb Mexagy akTU4eCcKOM U PaBHOBECHOM  KOHLUEHTpauusiMu,
XapakTepusyollass cTeneHb He OOCTWXKEHWUs paBHOBECUS, sBNsSieTca dewxkyuwiel
cusioli MaccoobMeHHbIX NMPoyeccos:

a) OBMXYyLLaa cuna maccoobmeHa yepes3 KOHLEHTpauuMu pacnpegensieMoro
KOMMNOHeHTa B dhase G: Ay =yV— yp;

6) oBmXKywas cuna maccoobmMeHa Yepes3 KOHUEHTpauuMm pacnpenensaemoro

komnoHeHTaB chase L: Ax=x, —x.

p
B maccoobmeHHbIX npoueccax (macconepefade) ABWXKYLLAa cuna MOXeT
ObITb paccynTaHa No o4HOMY U3 ABYX BapuaHTOB - a) unu 6).

MamepuanbHbIl 6anaHc npu macconepedaye
PaccMmoTpuM  NpAMOTOYHbLIA  MacCOOOMEHHbIM  annapaT, B KOTOPOM

OCYyLLIeCTBNAETCH B3anMOOenNCTBME NOTOKOB pasbl G (kr/c), ¢ nameHaWUMnNCS B
Hel KOHUeHTpauusamun pacnpegensemMoro sewjectsa oT )V g7 oo YV g (B macc.
aonax), u asbl L (B Kr/c), C W3MEHSWUMUCA B HEN KOHLEHTpauusmu

pacnpeaensiemoro seuectsa ot X fF no X g (B macc. gonsix) (puc. 3.2). ans

HenpepbiIBHONO yCtaHOBUBLUETOCA npouecca MaTepMaﬂbelﬁ GanaHc 3anuweTcs:

a) No BCceMy BeLLeCcTBY
Gy + Ly =Gk + Lg; (3-1)

6) no pacnpegensieMomMy KOMMOHEHTY
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Guyy+Lgxy =Ggyx+Lgxg. (3-2)
[ns HWXHEeN YyacTu annapaTta U Ansi HEKOTOPOro MPOU3BONIbHOIO CeYeHus,

ANs KOTOPOro pacxodbl a3 cocTaBnAlT G " L (kr/c), a TekyLmMe KOHUEeHTpauum

paBHbl ) 1 X COOTBETCTBEHHO, MaTepuanbHbli 6anaHc no BceMy BeELLECTBY M MO

pacnpegendeMomMmy KOMMOHEHTY:

Gy+Ly=G+Lg (3-
3)
Guyg +Lx=Gy+ Lgxg (3-
4)
Pewas ato ypaBHEHNE OTHOCUTEJIbHO Y, NOJTYHUM:
L Guyy—Lg xg
y=—=Xx+ (3-
G G
o)

YpaBHeHne npsamon (3-5), Bblpaxawwen CcBA3b Mexgy padovnmu

(TEKYLLMMN) KOHLUEHTpaunsaMn HasbiBaeTcs paboyen nuHMen npouecca.
[MpM COBMECTHOM MOCTPOEHUUN FINHUN PaBHOBECUS yp n paboyen nuHUK

MaccoobmeHHoro npouecca B koopauHatax )V — X (puc.3.3) MOXHO YCTaHOBUTH

HaripasrieHne Mmacconepegadun.

Ecnn pa6oqaﬂ JIMHNA pacnojfioXeHa Bblille JIMHMKU paBHOBECUA, HalpumMmep,

»,

588

o

L

Y

o —

Xy
Puc.3.2. Cxema HenpepbiBHOro  Puc 3.3. W3obpaxeHne paboyen u

npAMOTOYHOIO PaBHOBECHOW  NMHUN Ha

Y — X puarpamme.
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npu abcopbuum (puc. 3.3), TO NS NPOU3BOSILHO BbIOPAHHOW TOYKM Ha paboyen

NAHWUKM KOHLUEeHTpauun ) > yp n X< X . Mpn aTOM, CTPeMsiCb K PaBHOBECHbIM

KOHUeHTpauusim, ) cHwxkaeTcs, a X noBblaeTcd B MNpouecce nepeHoca

BeLLECTBa, T.e. pacnpeaensieMblil KOMIOHEHT nepexoauT u3 dasel G B dasy L

Ecnn paboyass nuHMS pacnonoXxeHa HWXe NMHUMU paBHOBECUS, Hanpumep,

npu pekTudukauun, To Ang nobon Toukn paboyen nuHum Y < yp nx> xp. Mpwn

9TOM pacnpefensemblin KOMNOHEHT ByaeT nepexoauTb M3 dasbl L s dasy G ,

CTPEMSICb K paBHOBECHbIM yp mXp.

OcHogHble 3aKoHbI Macconepedaqyu
CKOpOCTb Macconepeagayun CBA3aHa C MeXaHN3mMOoOM nepeHoca

pacnpegensemoro BelwlectBa B dasax, Mexay KOTOpbIMW  NPOUCXOAUT
mMaccoobmeH. [lepeHoC BelwlecTBa BHYTpPU asbl MOXET MNPOUCXOOUTb TOSMbKO
nytem monekynsapHou auddysnmn, nnbo nytem KOHBEKUUU VM MOJEKYISAPHOW
anddy3mm ogHoBpEMEHHO.

3akoH monekynsipHol dughgpy3uu (NepBbit 3aKOH PlkKa), OCHOBAHHbLIA Ha
TOM, 4TO AUddy3ns B rasax M pacTBopax >XUAKOCTEN MPOUCXOAUT B pesynbraTte
GecrnopsiAoMHOro TENnrIoBOro ABWXEHWUS MOSEeKyr, aTOMOB, WOHOB, KONMMOWOHbIX

YyacTuu, NPUBOAALLEro K NepeHocy BellecTBa U3 30Hbl BbICOKMX KOHLEHTpauun B
30HY HU3KNX KOHLEHTpaLnH, rNacuT: “Macca BellecTBa amM ,
npoaudcgcpyHampoBaBLlLlero 3a BpeMms ar yepes aremMeHTapHyl MNOBEPXHOCTb
dS (HopmanbHyl K HanpaeneHuto auddyauun), nponopunoHanbHa rpaguneHTy

KOHLUeHTpauum dC/ dn storo BellecTBa “

dM D dc
——=-D— 3-6
dS dt dn (3-6)
WNW B NPOVHTErPUPOBAHHOM BUAE:
M Ac Ac
Y- _pae --p2¢ 37
ST An T An (3-7)
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M

rae q,, = —— - yAelbHbIN NOTOK BelecTsa.
T

KoahpuumeHT nponopumoHanbHOCTH D s BblpaXXeHUn 3akoHa Puka
Ha3blBaeTcs Ko3adphpuumeHToM MmonekynsapHou audcdpysnm.
KoadhdpmumeHT gndpdysum D nokasbiBaeT, kakas Macca BellecTBa

andyHampyeT B eOuUHULY BPEMEHM Yepes3 eauHuLy nnowiagm noBepxXHOCTM Npu
rpagueHTe KOHUEHTpauum, paBHOM eguHuLe.
3HauveHne koadhdpuumeHTa anddysnmn obbliYHO BepyT N3 CNPaBOYHUKOB UK

paccunTbiBatoT no dopmynam. KoadpdpuumeHt gndpdysmm rasa B cpeagy apyroro
rasa umetot aHadenms (0,1—1,0)107 Mz/C, a npv auddy3nmn rasa B XMOKOCTM OHU

B 10* —10° pa3 MeHblle. Takum obpasom, MonekynspHas anddysuna asnseTcs

BeCbMa npoaoJIXUTeSIbHbIM NpoueccoMm, 0COBEHHO B XXNOKOCTAX U TBeEpAdblX Tenax.

CobcTtBeHHO MonekynsapHas anddysna Habnogaetca pegko. OHa 06blvHO
COMpPOBOXAaeTCH KOHBEKTUBHbIM NEpPeHOCOM BeLlecCTBa B ABWXYLLEWCH cpede B
HanpaBreHun, coBnajarllemM C HanpasrneHneMm obuero notoka. CymmapHbIN
nepeHoc BellecTBa BCMNeACTBUME KOHBEKTUBHOIO MepeHoca W  MOSeKyIisipHON
andpdysnn, no aHanormm ¢ TennoobMeHOM, HasblBaldT  KOHBEKTUBHLIM
MaccoobMeHOM unn KoHBeKTUBHOU Audcysmnen. Npn KOHBEKTUBHON AN EY3UN
NnepeHoC BeLLeCcTBa OCYLLECTBAETCS CO CKOPOCTbIO BO MHOMO pa3 MpeBbillatoLLen

CKOPOCTb MOJSIEKyNApHOM anddysunu.

3akoH koHeekmueHol OJudggpy3uu (3akoH LUlykapésa A.H.) nossonsiet
onpegenuTb KONMYECTBO BeLLecTBa, NEPEeHOCMMOro B 0gHON ase K rpaHuue unu
OT rpaHuubl (Npu MaccooTgade) pasgena  ¢as. CkopoCcTb  MaccooThauu

ornpependaeTca:

ans gasol G:
M::By(y_yep)s , (3-8)

ans gasbl L:
M=p.(x,, —x)S (3-9)
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Bxogswue B 3TM ypaBHEHUA pa3HOCTU KOHLEHTpauumn Y=Yop N X,p—X

p
(cm. puc. 3.1) npeacTtasnsalT cobon ABMXKYLLYKO CUMY MpoLecca MaccooTaaum

cootBeTcTBeHHO B thasax G u L, npuuem )V u X - cpedHue KOHLEHTpaLmu B

OCHOBHOW Macce (sagpe noToka) kaxaon mn3 dgas; yep n xgp - KOHUEeHTpaumm y
rpaHuLbl COOTBETCTBYOLLEN dhasbl.

KoachpuumeHTol nponopumoHanbHOCTM B ypaBHeHusx (3-8) u  (3-9)

Ha3blBalOTCA KO3hpnumeHTamm maccootgaun.
KoachpunumeHTel maccooTaaun ,Bx (B cba3eL) n ﬂy (B dase ()

NMOKa3sblBalOT Kakas Macca BellecTBa nepexoauT OT NMOBEPXHOCTM pasfgena (as B
aopo  dasbl (MM B obpaTHOM HanpasfeHun) 4epe3 eavHULy nrowagu
MOBEPXHOCTM B €OuHMLY BpPEMEHU Mpu OBWXKYLLUEA Cuie MaccooThaudn, paBHOM

eanHuae.

Tepmoodughgpy3susi. Bo mHormx npoueccax maccoobmeHa (Cyluka, Bapka,
Xapka W T.4.) BO3HMKaeT pasnuume B HamnpaerieHWM pacrnpoCTpaHeHUs
TemnepaTtypbl U KOHUEHTpaumm auddyHANPYEMOro BeLlecTBa. TemnepaTypHbIN
rpagueHT HanpaereH OT nepudepun nNpoaykra K €ro LUeHTpy, a rpagauveHT
KOHLEHTpauun - oT ueHTpa K nepucepun. B atom cnyyae andpdpyHampyemoe
TSDKENOE BELLECTBO NEepeMellaeTcs B HanpaBfeHUW rpagueHta TemnepaTtyp, a
nerkoe anddyHaMpyemoe BeLWeCcTBO - B HanpaBnNeHUn rpagmMeHTa KOHUEHTPaLnu.
MogobHoe aBneHne nony4vnno HassaHue tepmoaunddysuu. MNpu Tepmoanddysnm
npouecc maccoobMeHa MOXeT ObiTb HECKONbKO 3aTpydHEeH, 4YTo 0bbsACHseTCs
NPOTMBOMOMOXHBLIM HanpaBneHneM ABWXEHWUSA, Hanpumep, Bnarm u napoB nNpu

BapKe, XapKe, CYLLKe.

[BmxeHne Bnarn B HanpasneHnn rpagneHTa TeMnepaTtyp Ha3blBaeTCA
TepmMmosBnaronpoBoaoHOCTbIO. I'Iepemel.u,eHme Bfarm B HarnpasJIEHUN TpagaUEeHTa
KOHUEHTPpauunn ABNAETCA BraronpoBoAHOCTbLIO, 4YTO NO CBOEMY q)VISVI‘-IeCKOMy

CMbICNY paBHO3HAYHO A Py3nm BeLLecTBa.
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KpumepuanbHbie ypagHeHUs1 KOHeeKkmueHol ouggpysuu
Mpn aHanunse npoueccoB anddysMm K1  Macconepesaym  LWMPOKO

NCMNOSb3YHTCS pPasfMyHble KPUTEPUN U KpUTEPUATbHbIE YPaBHEHUS. OTU KpUTEPUU
HOCAT B OCHOBHOM T€ € HaMMEHOBaHWA, YTO U KpUTEpUU Tennonepenayun, Ho K
HUM gobaBnsaeTcs croBo "ANdAY3NOHHBIN".

Onddy3moHHbIN KpuTepun HyccenbTa, XxapakTepmsyrLwmin COOTHOLLEHNE
WHTEHCMBHOCTW MepeHoca BelecTBa KOHBEKUMEN U MOSeKynapHon andpdysven y

rpaHuubl asbl:

pl
Nug =— .
A7 p

Kputepun Buo sBnsetca Mepon cpaBHEHUS CKOPOCTM NEpPEHOCca BeLLEeCTBa
B MOrpaHNU4YHOM CIoe y NoBepxHOCTU pasgena ¢a3 M CKOPOCTU nepeHoca BHYTPU
dasbl. B npoueccax, rae nepeHoc BellecTBa OCYLLECTBNAETCH U3 TBepaon ¢asbl,

BMECTO Kputepusa HyccenbTa ncrnonbdyetca ampdys3noHHbIn Kputepuin buo:

, [
k

A
roe kg - KO3 PULMEHT MaAcCONPOBOAHOCTU UNKU KOIPPULUNEHT BHYTPEHHEN

andpdysnn. Takum obpasom, kputepuin brno sBnaeTcsa Mepon cpaBHEHUSA CKOPOCTU

BHeLUHEeN 1 BHyTpeHHen anddysnmn nssnekaemMmoro u3 teepaon dgasbl BeLecTsa.
Onddy3noHHbIn  Kputepun Dypbe FOﬂ XapaktepusyeT U3MeHeHue

CKOPOCTU noToka AudpyHaOMpPYOLLEN MacCbl BO BPEMEHM W UCMONb3yeTcsa Ans

XapaKkTEPUCTUKN HeCTaLMOHapPHbIX NPOLECCOB:
Fo = DT/ I
Andpy3noHHbIn kputepun MNekne:
Pe, =vI/D
MNpeobpasyem kpuTepun Peﬂ W NpeacTaByM ero B BUAe Npov3BeAeHUs:

Pe;=vl/D=(vi/v)(v/ID)=RePry,
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Onddy3noHHbin  KpuTepuin  MpaHaTtns Prﬂ :V/D XapakTepusyet

nogobue noneu pusnMvecKkUx BeSIMYUH U onpeaenseTcs TONbKo (PUsndecknmm
CBOWCTBaMW BeLLEeCTBA.
B obwem Buae kpuTepuanbHOe YypaBHEHWE KOHBEKTMBHOW Anddysnm

3anncbiBaeTCs:
Nuy = f(Re,Gr,Pry,Foy) (3-10)
Kputepun HyccenbTa, cogepXawmn WUCKOMYHO BeNUYUHY - KOIPPUUMEHT
maccooTaaun 3, HeobxoamMbIi Ans pacyeTa koadpduumenta macconepeaaun K,

B 3TOM YypaBHEHUN ABIAETCA onpepenAemMbiM B OT/IMHMUE OT OPYrnX KPpUTEPUEB,
KOTOpble 4ABNAKOTCA onpeaenAdArwwmMMn, T.€e. COCTaBJiIieHHbIMW UEJNMMKOM U3

napameTpoB, BXogAWNMX B ycrioBne 0gHO3Ha4YHOCTU.

KoHKpeTHble KpuTepuanbHble ypaBHEHUA B SBHOM Buae (B BUAE CTENEeHHOW
dYHKUMK)  NPUBOAATCA MPU  ONUCAHUM  COOTBETCTBYHLUMX MaCCOOOMEHHbIX
npoueccos. Mo 3Ha4YeHnsM Kputepusa HyccenbTa, HaUAEHHbIX MO KpUTepUanbHbIM

ypaBHEHUSIM, onpeaenstoT Koad@ULMEHTbI MaccooTaaun Ans kaxxaon dasbi:

L= Nuﬂ D], a satem - koadduument macconepeaain K .

OcHoeHoe ypasHeHue maccornepeda4qu
Macconepenaya, Tak e Kak M Tennonepegada, npeactaBnseT cobon

CMNOXHbIW MpoLecc, BKoYawwmun B ceba nepeHoc Macchl (BelwecTsa) B npeaenax
OAHOM (ha3bl, NepeHoC Yepe3 NOBEPXHOCTb pasgena v nepeHoc B npeaenax gpyrom

dasbl.

Macconepegaya no aHanormm C  Tennonepenaven XapakTepusyeTcsA

OCHOBHbIM YpaBHEHUNEM:
dM ; /dSd . = kACj;; (un dM 7 = kAC pdsdt) (3-11)
rae dMﬂ - JIOKalfibHOE€ KOoJiM4eCcTBO BelwlecCTBa, nepeweguero 13 ogHom
dasbl B Apyryto; dS - nnowanb nokanbHOM NOBEPXHOCTY Macconepeaayn, dr -

npoaoJIKUTENIbHOCTb MpoLuecca, k - JIOKanbHbIN KOGqu)I/ILl,I/IeHT CKOpOCTU
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(NpoBOAMMOCTb) Mpolecca, HasblBaeMbli Ko3agppuumeHTOM Macconepepaum;

ACJ] - obuee BbipaXkeHne NnoKanbHOW Pa3HOCTU KOHLEHTPaLMA (OBUXYLLEN CUTbI

Ha QaHHOM y4yacTke Maccornepegayu). [ns HenpepbiBHbIX MPOLECCOB ypaBHEHME

(3-11) moxeT ObITb 3anncaHo :

dM ;7 = kAC;dS (3-12)

roe dMﬂ - KONMYecTBO BellecTBa, NMEpPeHOCMMOEe Ha AaHHOM Yy4acTke
mMacconepegayn 3a eavHuly BpemeHWu. Ecnu npuHATb NpoBOAMMOCTL npouecca -

KoadhdbnumeHT mMacconepenaymn k - nocrosHHbIM Ansi BCEW MNOBEPXHOCTU

mMaccoobmeHa S; NONY4YMM MHTErpanbHbIn BUA ypaBHeHus (3-12):

M = KACS (3-13)

roe M - ofuwee konuuecTBo BellecTBa, NepeLlealero U3 oaHoN gasbl B

OPYryo 3a eguHULy BpeMEeEHMU; K - Koa(hpuumeHT macconepeadn OnNs BCeW

nosepxHocTn (§) KoHTakta ha3. YpaBHeHue (3-13) Ha3biBaeTCsl OCHOBHbIM

ypaBHeHnem macconepegayn. CornacHo aToMy ypaBHEHMIO KONTMYECTBO BELLECTBA,

nepeHeceHHoe u3 oaHou asbl B APYryww 3a eauHuly BpPeEMEHMU (M)
NPOMNOPLMOHANbHO Pa3HOCTU ero Tekyluen U pasHoBecHol koHueHTpauun (AC) u

nnowaam gasosoro koHTakta ().

KoadcuumeHt mMacconepenaum K NMoKasblBaeT, Kakoe KOJIM4ecTBO
BelllecTBa nepexogut M3 O4HOW (pasbl B APYIYIO 3a €OuHWLY BPEMEHWN Yepe3 eamHuULYy
nrowaan noBepxHOCTU a30BOro KOHTaKTa Mpu  AOBWXYLLEN curne, pasBHOW

eanHuae.

CnoXHOCTb pacyeTa npouecca Macconepefayn cBsidaHa C TeMm, u4TO
NPaKTUYECKM HEBO3MOXHO M3MEPUTb KOHLEHTpauun a3 HernocpeacTBEHHO Y
rpaHvubl UX pasgena. YuuTbiBas 3TO, OCHOBHOE YypaBHEHMe Mmaccornepegauu,

BblpakaloT B BUAE ABYX PAaBHOLIEHHbIX YPaBHEHWIA:

M=K,S(y-,)

M=K, S(x, —x) (314)
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roe Ky,Kx - k03ddUUMEHTbI  Macconepeaun, BbIpaXeHHble  Yepes

koHueHTpaumm a3 G u L.

nOCKOJ'Ibe KOHUEHTpPaunun cbas N3MEHAKTCA NMpUn MUX AOBMXEHUN BOOJIb
NOBEPXHOCTN pa3felia, TO WU3MEeHAEeTCA W AOBMXyLWasa Cujila Macconepenadu.

MosToMy B ypaBHEHMM Macconepenavy BBOAST BENMYMHY CpPeAHen ABWXYLLEN

cunbl (Ay,,u Axcp):

M=K, SAy,,
M =K, SAx,,

(3-15)

C nomMoLlblo 3TUX YpaBHEHUN 0BbIYHO HaxXOAST NMOBEPXHOCTb KOHTakTa ¢has
(S) M MO HEN paccuYnTbiBaOT OCHOBHbIE pa3mepbl annapaTta. Npu 3ToM BennynHa

M nu6o 3apaeTcs B vicxomHbIx AaHHbIX, NGO onpeaenseTcst No MaTepuarnbHOMy

GanaHcy, a ko3dduUMEHTbI Macconepenaym Ky n K. v cpegnsa aeuxywias

cuna (Aycp 7 Axcp) paccYMTbIBaOTCA MO creumanbHbIM MeTogUKaM.

3aeucumocmb Mexoy KoaghguyueHmamu
Macconepeda4yu u maccoomoayu
[onyctum, 4TO pacnpegensemMoe BeLecTBO, Kak MokasaHo Ha pwuc. 3.1,

nepexoaut wn3 dasbl G s dasy L v ABUXYyLlaa cura macconepenaydu
BblpaXkaeTcsa B KOHLUEHTpauusax gasbl G (Ay =y —yp). Mpw ycTtaHoBMBLLUEMCS
npouecce maccornepegadn KormyecTBo BeLLecTBa, nepexogsiiee u3 dasbl B hasy
onpepnensietcs no ypasHeHuo: M = KyS(y —yp).

[na cnyyas, korga paBHOBECHasi 3aBUCMMOCTb MeXOy KOHUEeHTpauusmun B
dasax niMHenHa, T.e. NIMHUS paBHOBECUS OMUCLIBAETCH ypaBHEHNEM:

yp = mx, (3-16)

raoe I - koacbdpuuMeHT pacnpeneneHus, (TaHreHc yrna HaknoHa nUHUK

paBHoBecusl). [MpuMHMMas, 4YTO KOHLEHTpauus pacnpedensieMoro BellecTBa B
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pazax HenocpeacTBEHHO Yy rpaHuubl (X,,,).p) PaBHOBECHbI [ApYr [Apyry

(Vop = MX,p) BbIPA3NM:

Xop =Vep/M,  x=y,/m,

roe yp - KOHUEeHTpauus dasbl G, paBHOBECHAas C KOHLeHTpauuei dasbl L.

MoacTtaBnasa 3Ty 3HAYEHUA B YpaBHEHUA MaccooTAa4u nosyvymm:

I ..

= —+—
Ky B By

[Mpwn BblpaxxeHuUn KoadpduumeHTa mMacconepenaym B KOHUEHTpaumax doasbl

(3-17)

I _ 1, 1
Ky B (Bym)

lleBble yactu ypaBHeHun (3-17) un (3-18) npegcrtaensT cobon obuee
CONpPOTMBIIEHME Macconepejayn, a ux rfpasBble YacTu - CYMMY COMPOTMBNEHWUN
MaccooTaauum B dpasax.

Mpyn KpvBOM nuHUM paBHoBecusi (M=CONST) BenuunHbl M,

(3-18)

criefoBaTenbHo, KoadduLMeHTbl Macconepenadn K naMeHsioTcsl no BbicOTe
(AnvHe) annapaTta. B aTom cny4vae npu pacdeTe ero obbi4HO pa3buBatoT Nno BbICOTE

Ha y4YacTKu, B npegenax Kaxaoro n3 HUX npuHumMmarT 11 BENMUYNHOW MOCTOAHHOU U

MCNonb3yloT CpeaHee anAa BCero annaparta 3HadyeHune K

3.1. CopbumnoHHbIe npouecchl
HornomeHme Kaknm-nndo tenom ra3oBs, napoB UM paCTBOPEHHbLIX BELLECTB

N3 oKpyXarLlen cpeabl HasbliBaeTcs COPOLMOHHBIM NPOLLECCOM.

3.1.1. Abcopbuyus
CyuwHocTb npouecca n o6nactb NpUMeHeHus
Abcopbuunen HasbiBaeTcsa Mpouecc MOrnouleHnss rasoB unuM napoB U3
ra3oBbIX WMNU MaporasoBbiX CMECEN >XMAKMMW nornotutenamm (abcopbeHTamm).

Mpn  dwusundeckon  abcopbumm  norrnowaemblin  ra3  (abcopbTuB) He
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B3anMOOENCTBYEeT XMmMmYyeckn ¢ abcopbeHTom. Ecnu xe abcopbtne obpasyeTt C

abcopbeHTOM XMMM4yeckoe coegmHeHne, TO NPoLECC Ha3biBaeTCA XeMmocopouuen.

dusnyeckan abcopbums B OONbLUMHCTBE cnyyvyaeB obpatuma. Ha a3Tom
cBOMCTBE abCOPOUMOHHBLIX NPOLECCOB OCHOBAHO BblAeneHMne MOrnoLeHHOro rasa
n3 pacteopa - gecopbumusa. CouetaHme abcopbuum c gecopbuuen nossondeT
MHOIFOKpaTHO UCMOMb30BaTh NOrMOTUTENDb U BblAENATb MNOMMOLEHHbIN KOMMNOHEHT B
4YMCTOM BUIE.

B npombiwneHHoCcTM npouecchl abcopbumm NpUMEHSOTCA rnaBHbIM 06pa3om
ANS N3BMAEYEHNS LEeHHbIX KOMMNOHEHTOB M3 ra3oBblX CMeCen Unu A OYUCTKM ITUX
CMecen OT BpedHbiX npumecen. [Ona npoBegeHust npoueccoB abcopdbuunm
npumeHsoT  abcopbeHTbl, obnagawowmne  mM3bupaTtenbHOW,  CENeKTUBHOM
CMOCOBHOCTbLIO.

ABCOpOUMOHHbIE  Mpoueccbl  0ObIMHO  COMPOBOXAAKTCA  TEMNSIOBbIMM
npoueccamu. [lMpn 3ToM B OONbLWIMHCTBE M3 HUX HabNwgaeTcss BblaeneHue
TEennoThl.

dunamyeckas CyWHOCTb MNpoLecca 3aKkn4vyaeTcd B PacTBOPEHMM as3oB B
XNOKoctTn. 3aBUCMMOCTb MexXay pacTBOPUMOCTbIO rasa UM napumnanbHbIM
OaBreHneM BblpaxaeTcsa 3akoHOM [eHpu, B COOTBETCTBMM C  KOTOpPbIM
pacTBOPUMOCTb rasa npwu [daHHOM TemnepaType npsiMO NponopuMoHarnbHa

napuuanbHOMY AaBMneHuo rasa Haf, XUAKOCTbIO:
X=p-y (3-19)
roe X - KONMWYecTBO pPaCTBOPEHHOTO rasa, OTHECEHHOE K MOrMoLatoLLen
XKUOKOCTH, MOﬂb/Mg; W - KOS(*)C*)VILWIGHT nponopunoHasribHOCT!, 3aB|/|CF|LL|,V||Z oT

cBoncTB abcopbeHTa 1 Temnepatypbl; P - napumansHoe AaBneHne abcopbTuBea,

MNa.
B cooTBeTcTBMM C 3aKOHOM [lanbTOHa B ra3oBoM CMecU napumanbHoe

AaBreHne Kakoro-nmbo KOMMOHEHTa MOXHO BblPpa3nTb ypaBHEHUNEM:

P=Y Posiy (3-20)
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D
roe Y - pona  paccmatpusBaemoro
KOMnoHeHTa (abcopbTmBa) B rasoBon cmecy;
Poswy - obLee naBneHve razoson cmecy, Ma.
tgp=m N3 BbipaxeHun (3-19) n (3-20) cneayer:
X
y=—"—
Y Popy
0 x
Puc. 3.4. JluHna pasHoBecns 1
o iormes AR eanE O603HauvB oTHOLIEHWE V- Posn yepes

H , nonyunm ypasHeHue casoBoro paBHoBecus:

y=H X, (3-22)

roe H - koHcTaHTa dhasosoro pasHosecus.

YpaBHeHne (3-22) nokasbliBaeT, YTO 3aBMCUMOCTb MeXAy KOHUeHTpauuneu
AAaHHOrO KOMMOHEHTa B rasoBOM CMECUM U B PaBHOBECHOW C HEW XWOKOCTU
BblpaXxaeTcs NpsIMON NMMHUEN, NPOXOASALLEN Yepe3 Havano KoopanHaT n MMetoLLEen
Yron HakrioHa, TaHreHc KoToporo paseH M (puc.3.4). YncneHHble 3HavyeHus M1l
3aBUCAT OT TemnepaTypbl U JaBMEHUS: YMEHbLLAKTCS C YBENUYEHNEM AaBNEHUS U
CHWXEHMEM TemnepaTypbl.

Takum o006pa3om, pacTBOPUMOCTb rasa B XWOKOCTU YBENWYMBAETCA C

noBbllLeHneEM aBrieHnAaA U CHUXEeHUEM TeMriepaTtypbl.

MaTtepuanbHbIK 6anaHc u pacxon abcopbeHTa
Mpumem pacxoabl a3 no BbiCOTe annapata MOCTOSAHHBIMM U Bbipasvm

cofepXaHue normnowaemMoro rasa B OTHOCUTENbHbIX MOJbHbIX KOHLEHTpaLUsX.
O6o3naunm: (G - pacxom MHEpTHOro rasa, KMOrb/Cex; Yy n Vi - HavanbHas u

KOHeYHas KOHLeHTpaumm abcopbTvMBa B rasoBOl CMeCH, KMOSb/KMOMb MHEPTHOrO

rasa; L - pacxog abcopbeHTa, KMOsb/Cek; xH n X, - HavanbHash U KOHeYHas

KOHUEHTpauumn normnowiaemMoro rasa B abcopbeHTe, kMonb/kMonb abcopbeHTa.

Torpa ypaBHeHVe maTepuanbHoro 6anaHca byner:
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Gy, —y)=L(x,—x,)=M, (3-23)

roe M - xonnyectso KOMMOHEeHTa, nepellelliee u3 ogHon gasbl B ApYryo,

KMOIb/CeK.

OTcroga obwmn pacxoq abcopbeHTa (B Morb/cek):

L:G(yH_yK)/(xK_xH)’ (3-24)
a ero ygenbHbl pacxog (B KMOJSIb/KMOMb MHEPTHOrO rasa):
[=L/G=(y,—y.)/(x. —x,). (3-25)

YcTponucTBo abCopOLMOHHBLIX annapaToB
Abcopbums npoTekaeT Ha NOBEPXHOCTU pasgena ¢as. Noatomy abcopbepbl

OOIMKHbI MMETb Pa3BUTYHO MOBEPXHOCTb KOHTaKTa a3 Mexay >KMAOKOCTbI Wt
rasom. Mo cnocoby obpaszoBaHUsA 3TON NOBEPXHOCTU abcopbepbl MOXHO pas3fnenuTb
Ha cnegylowme 4YeTbipe rpynmbi:

1. MOBEPXHOCTHbIE W MNIIEHOYHble (ra3 MpoMycKkaeTcsl Hah MNOBEPXHOCTLHO

ABWXKYLLENCS XNOKOCTU. [MoBEPXHOCTbIO KOHTaKTa B MIIEHOYHbIX abcopbepax
SABNSIETCHA NOBEPXHOCTb CTEKAIOLLEN NIEHKM XKUAKOCTW);

2. Hacapgo4Hble, B KOTOPbIX MOBEPXHOCTbIO KOHTaKTa da3s siBNdeTca NOBEPXHOCTb
pacTekaroLencsa no cneunanbHOW Hacagke XNUaKocTu;

3. bapboTaxHble abcopbepbl, B KOTOPbIX MOBEPXHOCTb KOHTaKTa da3 co3gaeTcs
noToKamu rasa (napa) v >XUAKoCTU;

4. PacnbinuBatowme abcopbepbl, B KOTOPbIX MOBEPXHOCTb KOHTakTa bas
co3gaeTcs BcrneacTene pasbpbi3rmBaHNS XXUOKOCTW.

Hanbonbluee npumeHeHne NonyyYnnm HacagodHble abcopbepbl (puc.3.5.),
npeacTaBnsalWnn  cobon LUNMHOPUYECKYHO KOJIOHHY, 3amnoSfiHEHHYHD HacagKow
(korbua wnWM gpyrve TBepAble Tena), KoTopas YKNnaablBaeTCs Ha OropHble
peweTkn, UMeLmne OTBEPCTUS ONA MNPOXOXAEHUS rasa WM CTOKa XUOKOCTW.
Abcopbupytowasa XMAKOCTb M3 pasbpbli3rmBatend MnocTynaeT B CNOW Hacakw,
NnokpbiBasi €€ XXWAOKOW NIEHKOW, cTekast BHM3. [a3, noanexawmn pasgeneHuto,

nogHMmaeTcsa BBepX. AGCoOpOTMB NOrnoLwaeTcs XXMAKOCTLIO.
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B noBepXxHOCTHbIX abcopbepax Ans yBENUYEHUS MOBEPXHOCTU KOHTaKTa

a3 yctaHaBNMBaOTCA HECKOMbKO MOCNeAoBaTeNlbHO COeAMHEHHbIX anmnapaTos, B
KOTOPbIX ras M XWAKOCTb OBWXKYTCS NPOTMBOTOKOM Apyr K Apyry. OpocutenbHbIn
abcopbep (pnc.3.6.) COCTOUT U3 rOPU3OHTANbHbIX TPYDO, BHYTPM KOTOPbLIX NPpOTEKaeT
XXMAKOCTb, YPOBEHb KOTOPOW NOAAEPXKMBAETCA C NMOMOLbi0 nopora. OxnaxaeHve

abcopbepa npoucxoauT C MNOBEPXHOCTM OPOLUAEMOWN XMUAOKOCTWU. WUCMONb3YHTCSH

| * ; 0mm£;zéfgmag
4 _TZ L /7 ras
_’E:ﬁ NI TN Hudrocms
_ ' - ;_—— —_—— p
J ! \t‘&‘**#*‘*, }f(gﬁkgcmb
2 n? ¥ ==
— ; Y
47 /as
Puc. 3.5. Abcopbep HacaouHOro Puc. 3.6.
THUIIA: [ToBEpXHOCTHBIN
1 - naTtpybok anga Bxoga rasa; a06conoen:

2 - Kopnyc; 3 - Hacafka;
4,6 - naTpybkn onsi Bxoga 1 Bbixoaa

Takune annapatbl Ans nornoweHnsa XopoLwo paCcTBOPUMbIX ra3oB.

Tapenb4yatble 6Gap6oTaXHble KOJNMOHHbI SBNAOTCA 3MEPEKTUBHLIMU ©
Hambonee pacnpocTpaHeHHbIMW annapaTtaMu, BHYTPU KOTOPbIX O4Ha Hag Apyron
pasMeLleHO OnpeaernieHne KONMMYECTBO TFOPM3OHTanbHbIX  NepdopupoBaHHbIX
neperopofok — Tapernok, obecneynmBalomMX TEYEHME XUOKOCTU CBEPXY BHU3, a
napa — CHU3Yy BBEpX.

TapenbyaTble  KOMOHHbI  ObIBAOT  KOMMNA4YKOBbIMU, KnanaHHbIMMU,
NpoOoNibHbIMM  CUTYaTbIMKM  TapenkamuM, Ha  KOTOpPbIX  MMEeT  MEeCTO
HeopraHM3oBaHHbIA MEPENMB  XKMOKOCTU 4Yepe3 OTBEPCTMS, M C  CUTYaTbIMM

TaperikamMmun C neperimBHbiIMn yCTpOI;ICTBaMI/I.
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Ha puc.3.7. npegcraBneH yyactok Tapenbvyaton 6apboTakHOW KOMOHHbI C

cUTYaTbIMW TapenkaMmu 1 nepenmeHbIMU YCTpoNCTBaMu

PacnbinuBarwwme abcopbepbl paboTatoT No NpMHUMIMY KOHTakTa a3 B pesynbTaTe
pacnbiMBaHMsA UN pa3dpbl3rMBaHMS XNOKOCTM B ra30BOM MOTOKE.
MpocTenwmm NnpMMepom pacnbinuearoLmMx abcopbepos ABNSETCS NObINA

pacnbinmBatoLwmin abcopbep ¢ mexaHnvecknmm opcyHkamm (puc.3.8).
Hanbonblune KOC-)d)(bVIU,VIeHTbI mMacconepegaym nMerT MeCTto B MOMEHT pacrblJieHNA XUAKOCTU, a 3aTeM
OHUM pPEe3KO CHWXXAaKTCA BCieaACcTBMe KoanecueHunm Kanesrnb N ymeHbleHnA NoOBEepPXHOCTU Cba3OBOFO
KOHTaKTa.

YacTo dopcyHkn ycTaHaBnmBaroTCcAa No Bcen BbicoTe abcopbepa.
Pacnbinusatowwme abcopbepbl NpUMEHSAOT Ans abcopbunm XopoLo pacTBOPUMbIX ra3oB.
K pacnbinuBarowmm abcopbepam Takke OTHOCATCS  MexaHU4Yeckue

abcopbepbl, B KOTOpbIX pa3bpbl3rMBaHne XNAKOCTH npon3BoanNTCS
Bpawjarowmmmucs yctponctsamun. MexaHundeckne abcopbepbl KOMMAKTHbI U

ahdekTUBHEE pacnbinmBatoLwmnx abcopbepos.

Mudxocmes 3

;\i | ragz

f |\\ Iy 1\\ :’;J'q\\

faz E

e Frnoormrs

Pnc.3.8. Pacnbinueatowmmn

Puc. 3.7. CutyaTtble abcopbep

Taperikm C

nepesimnBHbIMA

3.1.2. Adcopbuyus

CywHocTb npouecca n o6nactb NpUMeHeHuns
Mog apcopbumen NoOHMMaKT NPoLUEecC NOrnoweHnss 04HOrO UM HECKOMNbKNX

KOMMOHEHTOB W3 ra3oBOM CMECU WUNu pactBopa TBeEpAbIM BeWEeCTBOM -
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a.qcopﬁeHTOM. Mornowaemoe BeLWECTBO HOCUT HasBaHue ancopGaTa nnn

apcopbTuBa.

Mpouecchl agcopbumn nsdbupaTtenbHbl U 00bIMHO obpaTtumbl. bnarogaps nx
00paTUMOCTM CTAHOBUTCA - BO3MOXHbIM BblOEMNEHNE MNOrMOLLEHHbIX BELWECTB M3
agcopbeHTa unu nposeaeHus gecopouun.

MexaHnam npouecca agcopbumm oTnmMyaeTcss OT MexaHu3ma npouecca
abcopbuun, BCNeaocTBMe TOro, YTO W3BMNEYEHWE BELLECTB OCYLLECTBMSAETCS
TBEPAbIM NMOrnoTUTENEM.

Mpoueccbl agcopbumn LIMPOKO MPUMEHSOTCA B MNPOMbILLEHHOCTU NpU
OYUCTKE N OCYLLKE ra3oB, OYUCTKE U OCBETIIEHMM PAcTBOPOB, pa3deneHnn cmecemn
ra3oB WNW NapoB; B YACTHOCTW MPU M3BIIEYEHUN NETYYUX pacTBOpUTENEN M3 UX
CMEeCM C BO34YyXOM UInv ApyrumMu rasamu.

3HaueHne aacopbUMOHHBIX MPOLECCOB CUMbHO BO3POCHO 3a nocrnegHee

BpeMsi BCIIeACTBME pacluMpeHUst NOTPEOHOCTM B BELLLECTBAX BbICOKOW YNCTOThI.

AﬂCOpGGHTbI, NnPUMEHAEMbIE B TPOMBbILLJIEHHbLIX YCINOBUAX, AOOJDKHbI

oTBe4aTb cnegyrouwmmMm OCHOBHbIM Tpe6OBaHVIFIMZ

- obnagatb M3bUpaTenbHOCTLIO (CENEKTUBHOCTLIO) - CNOCOBHOCTLIO MNorfowaTtb
TONbKO TOT KOMMOHEHT (T€ KOMMOHEHTbI), KOTOpble HEOBXOAMMO BbIAENUTL UMK
yaanuTb U3 CMecwu;

- MMeTb MaKCUManbHYyl agcopObUMOHHYD €MKOCTb (aKTMBHOCTb) - KONUYECTBO
agcop6bTumBa, NOrnoOLWEeHHOro eanHMLLEN Macckl Unn obbema agcopbeHTa;

- obnagatb cnocobHOCTblO npenenbHO AecopbupoBaTtbCs, Heobxooumon Ans
pereHepaunmn aacopbeHTa;

- MMeTb AO0CTaTOYHYK MPOYHOCTb rpaHyn aacopbeHTa, Tak Kak MX paspylleHue
yxyawaeT rMapoaMHaMUKy npolecca:

- obnagaTb XWMWYECKON WHEPTHOCTbID MO OTHOLWIEHUO K MOrMnouaembim
BellecTBamM;

- MMETb HN3KYHO CTOUMOCTD.

B npoMbllLneHHOCTN aacopbeHTbl UCNONb3YTCA B BUAE FpaHyn pasMepom

2-7 MM NMB0O B NOPOLLKOOOPA3HOM COCTOSAHMM C padmepom vactumy 50-200 mMkm.

B kayecTBe aacopbeHTOB LUMPOKO MPUMEHSIIOTCS aKTUBHbIE YITIN, KOTopble
nony4yatT NPU CyxOn MeperoHke yrnecogepkalinx BELLecTB, TaKuX, Kak AepeBo,

TOp(b, KOCTU W Ap. AKTMBI/IpOBaHI/Ie npoBogAT B OCHOBHOM MpoKarnnmBaHNeEM yrne|7|
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Npu TemnepaTypax cebile 900°C, nepen obyrnuBaHMEM BBOAAT aKTMBUPYHOLLIME

nob6aBku (pacTBOPbI XNOPUCTOrO LIMHKA, KACNOT, Wenoyen un gp.).

B cnuptoBoM M nukepo -BOLOYHOM MPOM3BOACTBAX MUCMOMb3YHOTCS
aKTUBMPOBAaHHbIE YIMM  pacTUTENbHOro npoucxoxaeHus (6epesosBbini  BAY,
OyKoBbIN) AONS M3BMAEYEHUA U3 COPTUPOBKM (CMecb cnupTa C BOOOW) M cnupTa-
pekTudurkaTa anbLerMgoB, KETOHOB, CHOXHbIX 3GMPOB, KapOOHOBbLIX KUCIOT U
BbICOKOMOJIEKYNSAPHbBIX BELEeCcTB (CUBYLUHbIX Macen). Yronb M3BrieKkaeT rioKo3y U
dpyKTO3Y, coAepKalimeca B HEKOTOpPbIX COpTax BOLKW. AKTUBMPOBAHHbLIA Yrofb
NPUMEHSIETCS ANA OCBETNeHUs nMBa M (PPYKTOBbLIX COKOB. [1ns obecuBevnBaHus
caxapHbIX CUPOMOB MPUMEHSIETCS aKTUBUPOBAHHbLIA Yronb, MOMyYeHHbIM Ha Gase
KOCTAHOrO yrnsi. TWNUYHBbIM MENKO3EpHUCTbIM  yrneMm Aans obecusevnBaHus
caxapHbIX CMPOMOB, KOHbSKOB, BUH, (OPYKTOBbLIX COKOB, 3(PUPHbIX Macer, xenatuHa
ABNsieTcs yronb gekonap. B page cnyvyaeB ogHOBpeMeHHO ¢ obecuBevrBaHMEM
NpouCXoanT yaaneHue 3anaxa, NPUBKYca, KOMMOUOHbIX W OPYrnX NpuMecen.
YaenbHas nnowagb NOBEPXHOCTM aKTMBUPOBAHHbLIX yrien coctasnseT 600-1750
M2/T.

AKTVMBUPOBAHHbIE YN NPUMEHSIOTCA TaKkKe ANS OYUCTKU MPOMbILLNIEHHbIX

ra3oBbIX Bbl6pOCOB.

Cunukarenu npeacTtaBnAlT NPoAyKTbl 06e3BOXMBAHUSA rens KpeMHUEBOW
kncnotbl. X nonyyatoT obpaboTkon pacTBopa cunukata HaTpus MUHeparibHbIMU
KACnoTaMn WnNn pacteopamMu UX conen. YpgernbHaa nnowagb MOBEPXHOCTU
cunukarenen coctaenset 400-780 m?/r. Cunukarenu UCNonb3yTcs AN OCYLUKU

BO34yXa, OCBETJIEHNA NnBa n (*)pyKTOBbIX COKOB.

LleonuTbl - BoAHble anOMOCUNUKAaTbI MPUPOAHOINO MMM CUHTETUYECKOro
npoucxoxaeHust. Pasmep nop CUHTETUYECKUX LIeONUTOB COM3MEPUM C pa3mMepamm
copOMpYyeMbIX MOMEKyn, MO3TOMYy OHW MOryT agacopbupoBaTb MONEKYnbI,
NPOHUKaKLLIMe B Mopbl. Takue LeonuTbl HasbiBalOT MOMEKYNSAPHbIMU CUTaMMU.
LleonnTbl HEKOTOPbIX MapOK WCMOMb3YKTCA AONsl KOHLUEHTPUPOBAHMSI COKOB.
LleonuTbl  XapakTepusyloTCsi  BbICOKOW  MOFMOTUTENbHOM  CMOCOGHOCTBIO U

NPUMEHAIOTCA AJ1A OCYLUKK ra3oB U XUOKOCTEWN.
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MMyWHbI 1 gpyrne npupodHble MMUHUCTbIE aacopbeHTbl - GEeHTOHUTOBbIE

MWHbI K oTbenuBaroLlnMe T[MUHbI TyMOpPWMH, ackaHuT W  Op. -ABNATCS
BbICOKOANCNEPCHBIMN CUCTEMAMN CO CIIOXHbIM XMMUYECKUM cocTaBoM. Hanbonee
pacnpocTpaHeHHbIM METOAOM aKTMBaLMK MPUPOOHbLIX MMUH siBnsieTcs obpaboTka
NX MUHepanbHbIMU KMcrnotamu. Npu 3TOM yaansiTCca OKCuabl Kanbuus, MarHus,
Xenesa, anloOMWHUA W OPYrMX  MeTannos, npoucxoaut  obpasoBaHue
AOMNOMNHUTENbHBIX Mop. YAenbHasa nnowaib NoBEepXHOCTU MMuH cocTtaBnsaeT oT 20
0o 100 m?/r.

[MUHUCTBIE MaTepuarnbl MPUMEHSIOTCA B OCHOBHOM AN OYUCTKM PasfnYHbIX
XNOKNX cpeq OT npuMmecen, HanpuMmep, OKpaLleHHbIX BELLEeCTB, B pe3ynbTaTte Yyero
npoaykT obecupeymBaeTcs. [10aTOMY NPUPOAHbIE MUHUCTBIE aacopbeHTbl nHoraa
HasblBaloT "oTbenuBarwowan 3emns". [MUHUCTbIE aacopbeHTbl MUCNOoMb3yHTCA B
NMALLEBON MPOMbILIIIEHHOCTM [ONA OCBETNIEHUS BWH, MWBa, (OPYKTOBbIX COKOB,

padUHNPOBaAHMS pacTUTENbHbLIX Maces, BOAbl U ANs ApYrux Lenen.

PaBHoBecue npu agcopoumm n matepmanbHbIN 6anaHc
KonuyectBo BewecTtBa, agcopbupoBaHHOE eaMHULEn Maccbl unn obbema

[aHHOro MOrnoTUTEeNns Npu OOCTUXKEHMM COCTOSIHUSI pPaBHOBECUS 3aBUCUT OT
TemnepaTypbl M KOHLEHTpaLMu NormowaemMoro BellecTBa B NaporasoBoill cMecwu
unn  pactBope. COOTBETCTBEHHO  3aBUCUMOCTb  MEXAy  pPaBHOBECHbLIMM

KOHUEeHTpauusammn gas npu agcopoumm MMeeT Bug

X = f(Y,T), (3-26)

UIn rnpu NOCTOSIHHOMN TeMnepartype

X" = fy(Y), (3-27)

*
roe: X - otHocuTenbHas KOHUeHTpauus agcopbtmea B agcopbeHTe,

paBHOBECHAA C KOHLUEHTpauuen agcopbTmBa B rasoBOoW WNW Xuakon dase, Kr

agcopbTtmBa/kr agcopbeHTa;

Y - OTHOCUTEJIbHaA KOHUEeHTpauuna ap,cop6T|/|Ba, Kr/Kr HOCUTENs ra3oBoWn

CMEeCU 1nu pacTeopa.
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KoHueHTpauust Y MOrmoLaemMoro KOMMOHEHTa MOXET GbiTb 3aMeHeHa ero

*
napumManbHLIM JaBMEHMEM PACTBOPOB NAporasoBor cMecy, Torga: X = fz ( p)

MpencraBneHHble OBe 3aBMCUMOCTM NPeacTaBnsalT cobon BblipaXeHHble B
camom oOWeM Buae YpaBHEHUS §MHUMM pPaBHOBECUA nNpu agcopdbummn, wnu
n3otepmbl agcopbumn.

HecmoTpss Ha CcnoXHOCTb WM cBoeoOpasue npouecca, OCHOBHbIE
3aKOHOMEPHOCTU Ans npouecca agcopbunm NMMEeT CXoA4CTBO C 3aKOHOMEPHOCTSIMMU
abcopbunoHHoro npouecca. Tak, gna agcopbumn 6ygeTt cnpaBeanMeo, Kak U ans

abcopbunn ypaBHeHne maTepuansHoro banaHca:
roe: X H - HavanbHoe cofepxaHue copbTvBa, OTHECEHHOEe K eduHuLe

Beca copbeHta; X - KOHeYHOe copepxaHue copbTvBa, MO OKOHYaHUM LMKna

paboTbl annaparTa.
Cnegyetr vmeTb B BuAay, YTO Npuv NpOBEAEHMM npouecca aacopoumm

a,EI,COD6eHT HaxognuTcAaA dYalwe BCero B HenogBMxXHOM COCTOAHUW, a Trasd

npodunbTpoOBbLIBAETCA 4epe3 crion aacopbeHTa. B 9TOM ypaBHEeHUM nopg L
crnefyeTt NOHUMMaTb He 4YacoBOW pacxod agcopbeHTa, a KONMYecTBO ero, Kotopoe
3arpyXeHo B annapar.

B nocnegHee Bpemsa cTann nNpuMeHATb agcopbepbl  HenpepbiBHOMo
OENCTBUA, B KOTOPbIX aAcopOeHT ABWXKETCS HaBCTpPe4y rasoBon cMecu. B aTtom
crnyyae ypaBHEHWEe BMOMIHE WOEHTUYHO YpaBHEHUID MaTepuanbHoro 6anaHca
npouecca abcopbumn.

KonnuectBo afcopbupoBaHHOrO BellecTsa 3a BpemMss T MoXeT 6biTb Mo

aHanorum c npowleccom abcopbunm HanaeHo U3 ypaBHEHUS
M = BACFT (3-29)

roe ,B - KoadhdmumneHT agcopbumu; F—I‘IOBerHOCTb ancopbenta, m%4, AC -

ABMXYyLIaA cuna BblpaXXaemMad pa3HOCTbIO KOHLI,eHTpaLI,I/IVI.
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BenuunHy KoadhduumeHTa apcopbumm ,8 paccUYnTLIBaOT, WCMONb3ys

N3BECTHOE YpaBHEHWE KpuTepuarbHOW 3aBUCUMOCTU Mexay ANddY3MOHHBIMU

Kputepusammn HyccenbTa u NpaHatns:
Nu, = ARe" Pr) (3-30)

BennunHy koadpcpmumeHTa A M nokasaTenem crteneHen m wn N
onpenenstoT aKcnepuMmeHTanbHO. Tak Npu MNOrnoweHnn napoB akTMBUPOBAHHLIM

yrnem npy OpMeHTUPOBOYHbIX pacyeTax MOXHO MPUHAT:

Nu, =1,6Re 0:>4 _ (3-31)

N3 ypaBHeHus (3-29) MOXHO onpeaenutb HeobXxoaAnMyK MNOBEPXHOCTb

ancopbeHta F u pacxon aacopbeHTa. [lanee paccuMTbiBalOTCH pas3Mmepbl
annapaTta, [AOns KoToporo Obina nogobpaHa TpebyemMasi  MOBEPXHOCTb

MaccoobmeHa.

AnnapaTtbl Ans npoBeAeHUs npouecca agcopouumn

Aocopbepbl MO opraHuMsauuMmM  npouecca OenaTca  Ha - annapatbl
nepmoanyeckoro N HenpepbIBHOrO AeNCTBUS.

Apcopbepbl nepuoauyvyeckoro AeucTtBuUA OblBalOT C HEMNOABWXHBLIM U
NnceBOOOXMXKEHHbIM crnoem agcopbeHTa. [Ons o4nucTku pacTBOPOB B CNUPTOBOM W
BOOOYHOM MNPOM3BOACTBAX MNPUMEHSAIOTCA TakkKe €eMKOCTHble agcopbepbl C
MEXaHMNYECKUM NepemeLInBaHNEM.

BepTukanbHbln umnuHgpudeckun agcopbep (puc.3.9) ssndetcsa Hambonee
pacrnpoCTpaHEeHHOW KOHCTpYKUMENn agcopbepoB nepuogmnyveckoro aencteus. Crnown
rpaHynMpoBaHHOrO agcopbeHTa 3arpyaeTtca 4Yepe3 BEpXHME JIIOKM  Ha
KONMOCHUKOBYO pelleTky. Bbirpy3ka agcopbeHTa nponcxoguT Yepes HUXKHUE THOKM.
Takne agcopbepbl mcnonb3ytTca ANa agcopObUUMOHHOM OYUCTKM MNapo-ra3oBblX
cMecen N XUOKMX pacTtBopoB. [Ana nogadm MUCXOLHbIX CMecel M OCTporo napa
agcopbep cHabxeH COOTBETCTBYHOLIMMM LWITyUepamu. MicxogHasa xmakas CMech,
Kak npaBusio, NogaeTcs CHM3Y BBEpPX Yepes KonbLeByto TpyOy. MaporasoBas cMecCb
MOXeT noaatbCsa M cBepxy BHM3. B atom cnyyae npu gecopbuum ocTpbii nap
nogaeTcs Yepes KomnbLeBYO TpyOy.



flapoeasoban cmecs

Adcopdenm Adcopienm

OuuieHHans napoeazobas
CMECs

Punc.3.9. Aacopbep ¢
HENOABWXHbIM CITIOEM
agcopbeHTa:

1 — kopnyc; 2 — KONOCHUKOBas
peweTka; 3 — KonbueBas Tpyba;
4 - agcopbeHT

194

Mpouecc B npencrtaBneHHOM afcop-
Oepe npoxoguT B 4eTblpe cTtaguu: agcopo-
umns, gecopbuus, cywka, oxnaxaeHue agcop-
beHTa. Nocne oTpaboTkm ancopbeHTa BO3HU-
KaeT 3agada pereHepaumm cnosi  norno-
Tutensa.  [ecopbuus  agcopbupoBaHHOro
BewecTBa u3 agcopbeHta sBndeTcA Heob-
XOOUMON CTaguen TexXHOSIOrMYeckoro mnpo-
uecca, KoTopasi pelwaeTt ABe 3agadn: nsene-
YeHune BelllecTBa n pereHepauunio
agcopbeHTa.

OCHOBHbIM MeTOA0M aecopbumn
ABNsieTCsl  BblTeCHeHMe n3  agcopbeHTa
MOrfoLWEeHHbIX KOMMOHEHTOB C MOMOLLIbIO
BELLECTB, HAaNpUMep HacCbILLEHHOro BOASHOIO

napa, obnagarmowmx nyywen agcopbLMOHHON
CcnocobHOCTbI0. [NA yBEnMYeHus CKOPOCTU
pgecopbumn npouecc 4acTto npoBOAAT Npwu
MOBLILLEHHbIX TeMnepaTtypax.

BepTukanbHbIn agcopbep C
HEenoABMXHbIM KONbLUEBbIM cnoem
agcopbeHTa (puc.3.10) npegHasHayeH Ans
NOrfoweHna KOMMOHEHTOB M3 MaporasoBown
cmecn. Aacopbep CoCcTouT U3 BEPTUKANbHOIO
Kopnyca, BHYTpM KOTOporo mMexay
nepdopMpoBaHHbIMKM CETKAMK PaCroSIOXKeH
cnon apgcopbeHTta. Ha crtagum apcopbummn
naporasoBasi CMeCb MOAAETCHA B HWXKHIOW
yacTb agcopbepa u pacnpegensieTcs Mo

KOnbLIEBOMY ceveHuto agcopbeHTa.

Mponas 4yepes cnon agcopbeHTa, ouMLLEHHas Napora3oBasi CMECb BbIXOAUT
yepe3 LUeHTpanbHblM naTtpybok. Ha ctagum pecopbuum

Pnc.3.10. Aacopbep ¢ BOASIHOW nap

nogaeTca B aacopbep 4yepes LieHTparnbHbIN

KONbLEBLIM CITOeM agcopbeHTa: natpybok Cmecb napoB gecopbupoBaHHOrO KOMMOHEHTA U

1 — kopnyc; 2,3 — BHYTPEHHAA U
BHELLHSAS UMNUHOPUYECKne
peweTkn; 4 - agcopbeHT
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BOObl ydansieTca 4epe3 HwxHui 6okoBon wTyuep. Ona cywku apcopbeHTa
nogaeTca ropavyMn BO3OyX, a AN OXNaXaeHuss — XxonogHbl Bo3ayx. [locne
oxnaxgeHuss agcopbeHTa uMkn paboTbl noBTOpsieTcA. 3arpy3ka apcopbeHTa
NPOUCXOANT - YEPE3 BEPXHUE JTHOKN, @ BbIrPY3Ka — YEPE3 HUXKHIOK TEYKY.

Ancopbep € NCeBOOOXWMXKEHHbIM  cnoem  (puc.3.11.)  3anonHeH
MEernKO3epHUCTLIM  afcopbeHToMm. McxoaHas cMecb MofaeTcs CHWU3Yy  Mof,
pacnpefenuTenbHyl0  pelleTky Mpu  CKOPOCTW, MpeBbIlLaloWeil  CKOPOCTb
NCEeBAOOXMKEHNS YacTuL, aacopbeHTa. MNpu 3TOM Croi pacLUMpseTcs U NepexoanT
B NoaBWXHoe cocTosiHue. MNposeaeHne ancopbuuy B MCEBOOOXKMKEHHOM Croe
3HAUUTENbHO  WMHTEHcUdUUMpyeT  npouecc .

MaccooBMeHa 1 cokpallaeT NPoAomKuUTeNbHocTy  (YIHTIIEHHEI NACTRON

npovecca.

Apncopbepbl peakTopHOro TMNa cC 5
MeXaHN4YeCKNM n NHEBMaTUYECKNM )
nepemelnBaHNEM WUCMNOMb3YKTCA L9 OYUCTKK
CANMPTOBOOOYHbLIX pacTBopoB. Aacopbep cocTouT oS T
N3 UMNUHOPUYECKOrO Kopnyca C aNnUnTUYECKUM PR :

|7

aHvLLEeM. BHyTpuM kopnyca BpallaeTcst nonacTHas }’45"0/”55’””.1
Mewanka. PacTBop 3anuBaeTcs B apcopbep '
yepes BEPXHUN naTpy6ok, agcopbeHT
sarpyxaetcsa uepes BepxHUN mok. CycrneHsus

HexoTHer
pacmoon

Puc.3.11. Aacopbep ¢
NCeBOOOXMKEHHBIM COEM:
| — Kopnyc; 2 — pacnpegenurenbHas

\ CnMBaeTCcsa U3 annaparta Yepes HKHUM
¢ 7 naTpybok n noctynaeT Ha punbTp, rae
h& VIR / pasgenseTcs. AKTUBHBIN yronb
: - HanpaBnseTCd Ha peHepaumo B
Oxnawdanr aecopbep. AoCoOpBLMOHHbIE YCTAHOBKM
:1zuuz.7 azenm C  agcopbepamm  NepUMOAMYECKOro
AEVCTBUS  COCTOAT U3 HECKOJTbKUX
annaparos, paboTatoLmnx
nonepemeHHo. Yactb apcopbepos
paboTtaeT B ctagum agcopbumm, B TO
BpeMsA Kak B [ApYyrMx npoucxoaut
pereHepauusa agcopbeHTa.

A

6 \ SR8 S
Hoxoduans oot
CMECH H

Apncopbepbl HenpepbIBHOIO

[perowud | s y
W ] AeucTeua 6bIBAlOT C  ABWKYLLMMCS
; MAOTHBIM UMW NCEBAOOXMKEHHBIM
1 HE cnoem apgcopbeHTta. Apcopbepbl C
5 THAEEHE OBWXYLLIUMCH  CrOeM  3ePHUCTOro
{H AR E| LXe#dercam  apcopbenta  npencrasnsior  cobon
Dempsii :'_—" nonble KOMOHHbI C MeperopoakaMu u

nap LA tIAPREE L Ay ar et aadl)



Pwu¢

ABVKYLLY

1—
pacnpene

nogorpeBatd i
5—paf::
napa, .'-‘.::: s <
oL

196

nepenuaHbIMK natpybkamu n annaparbl c TpaHCNopTUPYIOLWUMU
npucnocobneHnamm. Ha puc.3.12. nokazaH MHOMOCEKLUMOHHbIA  KOJTOHHbIN
agcopbep Ons O4MCTKM Naporaso-rasoBbiXM CMeCen, COCTOSALMIA U3 XONOAUSNBbHUKA,
nogorpesatens u pacrnpegenuTerbHbIX Tapenok.

B nepson cekumm npoucxoguT oxnaxaeHue apcopbeHTa nocne pere-
Hepauun. 3Ta CeKunsa BbINOSIHEHA B BMAOE KOXyXOTpyb4yaTtoro Tenno-obmMeHHuKa.
Oxnaxpgawwiaa  XuakocTb  nogaeTca B MexTpybyatoe  nNpocCT-paHCTBO
TennoobMeHHUKa, a agcopbeHT npoxoanT no Tpybam.

BTopas cekumsa npencraensiet cobowm cobcTtBeHHO apcopbep, B KOTO-pOM
agcopbeHT B3auMMOOENCTBYET C MCXOOQHOW Mapora3oBor CMecbio. M3 nepson
CEeKUMN BO BTOPYHO afcopOeHT nepeTekaeT Yepes natpyodkm n pacnpegenmrenbHble
Tapenku, obec-neuvBalroliMe paBHOMEPHOE pacnpe-geneHne agcopbeHta no
CEYEHUI0 KOMOHHbI M CchyXauwme 3aTBopamu, pasrpaHUYMBalOLMMN MEPBYIO U
BTOpYlO cekumn. [anee agcopbeHT noctynaet B [OEeCOPOLMOHHYIO CeKuuto,
NpeacTaBnsaloWwyo  cobor  KOXYXO-Tpyb4yaTbil  TENNOOOMEHHUK, B KOTO-POM
HarpeBaeTCAa M B3aUMOAEWCTBYET C OeCopOupylolWMM areHToM — OCTpPbIM
BOOSHLIM NapoM. PereHepupoBaHHbI agcopbeHT yaansaetcs u3 agcopbepa vepes
Lwno3oBon 3ateop. Aagcopbepbl ¢ NCEBAO-OXKMXKEHHBIM 3€PHUCTBIM afncop-6eHTOM
GbIBalOT OQHOCTYNEHYATLIMU N MHOTOCTYNEHYaTbIMMN.

Agncopbent OpHOCTYNEHYaTbIN ancop6ep c
NcCeBOOOXMKEHHbIM croeM nokasaH Ha puc.3.13. OH
rfaz npegcrasnset cobon LMNUMHOPUYECKUIA BEPTUKANBbHbIN
kopnyc, BHYTpM KOTOpOro CMOHTUPOBAHbI
1 rasopacnpegenurensHas pelueTka n
nblneynasnuealrollee YCTPOWCTBO TUMA  LMKIOHA.
AncopbeHT 3arpyxaeTcs B annapaTt CcBepxy 4epes
Tpyby u BbiBOOUTCA 4vepe3d Tpyby cHusy. McxogHas
naporasoBasi cMecb BBOAMTCA B agcopbep npwu
T CKOPOCTH, npeBbILIaoLLEen CKOPOCTb Ha4ana
7 ICEBAOOXKVDKEHNS,  MOA  ra3opacrnpefenuTenbHyio
peLueTKy Yepes HKHUIM NnaTpybokK, a BbIBOAUTCS Yepes
o BEpXHUN  natpybok, npomas  npegBapuUTeribHO
.- |~ 7 NbineynasnuneaoLlee YCTPOWNCTBO.
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Punc.3.13. OgHocTyneH4yaTbin agcopbep
HenpepbIBHOrO AENCTBUS C
NCeBA0OXMKEHHbIM CITOEM:

1 — nbineynaenuearoLlee yCTPONCTBO;

2 — rasopacnpegenuternibHas peLleTka;

3 — kopnyc

Adconferm frz

ans

BEpXHeN
HWXHEN

flaeporaicfor
oM EOh

Adeogdesm -
TGS OTapAarid

MHorocTyneH4aTbIn
Tapenbvatbin  agcopbep C
NCeBOOOXMKEHHbBIM crnoem
nokasaH Ha pwuc.3.14. OH
npeacTtaBnsieT coboW KOSMOHHY,
B KoTopowm pPacrosioXXeHbI
rasopacnpegenutesnbHble

peweTkm C  nepenuBHbIMU
natpybkamu, crnyxawmmm
OLHOBPEMEHHO 3aTBopamu
rasoBoro notoka. AacopbeHT
NoCTyrnaeT B BEPXHKK 4acTb
agcopbepa n nepeTtekaetr cC
Ha HWkHO Tapenky. C
Tapenkn agcopbeHT 4yepes
LLIH030BOM 3aTtBop
BbIrpyXXaetcss u3 agcopbepa.
NcxooHas naporasoBasi cMecb
noctynaeTt B agcopbep cHu3y
yaanseTcs 4epe3  BEPXHUM
naTpy6ok.
MHorocTyneH4aTbIn

agcopbep  oTnuyaetcsa  OT
OOHOCTYMNeH4yaToro Tem, 4TO
paboTaeT no cxeme, Gnn3Komn
annapatam naeanbHoro
BbITECHEHWNSA, 4TO MO3BONSAET
npoBOANTb npouecc

agcopObunn B NPpOTMBOTOKE.

Puc.3.14. MHoroctyneH4yatbii agcopbep

C nNnceBOOOXMXKEHHbIM CITOEM!

1 — Kopnyc; 2 — rasopacnpegenurernbHas peLlleTka;
3—nepennBHon NaTpybok; 4 — LWMO30BOW 3aTBOP

3.2. CYLLKA

3.2.1. CywiHocmb npoyecca u e2o0 Ha3Ha4eHue
CyI.IJKa npeancrasndeT cobon TennomMaccoodOMeHHbIN npouecc,

ﬂpe,D,Ha3Ha‘-IeHHbIIZ ans 06e3BoXnBaHUS pa3nn4yHbIX MaTepmnasios U NMPOAOYKTOB.
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MHorne Buabl Cbipbsi MNULLEBBLIX MPOU3BOACTB coAepXaT 3HauuTellbHOoe

kKonunyecTtso Bnarn. OgHako rotoBble NPOAYKTbl AOJIXHbI cogepXaTb MUHUMaAribHoOe
KOnmmM4yecTBO BIiarn, 4To rno3BondAeT yaelweBUTb UX TPaHCMOPTUPOBKY, YBEJTNYUTb

(NOBbICUTbL) CTEMEHb COXPaHHOCTU U NpUAaTh UM HEOBXOANMbIE CBOWCTBA.

BbicylumBaHuio nogsepraroTcs Kak TBepAble, Tak W Xugkue matepuansl,
cogepxawue Boay. B cBeknocaxapHOM MpOM3BOACTBE CyLUKE MNOABEPralTcH
caxap-necok, caxap-paduHag, a Takke oTxo4bl MPOM3BOACTBA - XXOM. B cnvpTtoBoM
NPOM3BOACTBE BbICYLLMBAKOTCA OTXO4bl npousBoacTBa: ©Oapaa, nuweBble U
KOPMOBbIE APOXOKN. BOonbLUYO ponb UrpaeT CcyLlka B MMBOBAapPEHHOM NPON3BOLCTBE:
cywart comnof, oTxogbl npoussBoacTBa. B kpaxmanonaTodHOM MpPOM3BOACTBE
BbiCyLUMBaOT Kpaxman. Cyuwka ucnonb3yetcs npu MosiydeHUM Cyxoro MOJSoKa,
cyxapen, PpyKToB, OBOLLEN, MAaKapPOHHbIX N34eNnUn, NacTUnbl.

Mo cnocoby moaBoga Tenna K BbiCyLUMBAEMOMY Martepuarny pasnuyaroT

crneayoLume BUAbl CYLLKU:

- KOHBEKTMBHasi Cywka - TMyTeM HENOCPeACTBEHHONO COMPUKOCHOBEHMS
BbICyLULMBAEMOro MaTepuana C CyLWWIbHbIM areHToM, B KayecTBe KOTOPOro
06bIYHO UCNONb3YT HarpeTbii BO34yX WM TOMOYHbIE ra3bl (Kak Mpasuno, B
CMECK C BO3YXOM);

- KOHTakKTHadA CyullKa - nytemM nepenaydum tenna OT TEennOHOCUTENA K MmaTtepuany
yepes pa3geniarowyo UX CTEHKY,

- pagvauvoHHasd CyLllKa - nyteM nepefadun Ternna VIHCbpaKpaCHbIMVI Jiydamu;

- AUN3NIeKTpu4yeckKas Cyllka - nytemMm HarpesaHuA B NnoJjie TOKOB BbICOKOM 4YacTOThl;

- cy6nMMauMoOHHasA Cyllka - Cyllka B 3aMOPOXXEHHOM COCTOSIHUM Npu rnybGoKoM
BaKkyyMe.

BeicywumBaembin  maTtepuan npu nwoboM MeTode CyLKM Haxogutcs B
KOHTaKTe C BNaXXHbIM ra3om. [1pn KOHBEKTUMBHOW CyLLKE BIIaXHOMY rasy (KOTOpbIN
SABMSIETCA CYLUWMbHBbIM areHToM) npuHaafeXxuT OCHOBHAas porfib B Mpouecce.
[Mo3aTOMy M3y4YeHWe CBOWCTB BMIAXXHOrO rasa HeobXxoguMMO MpU PacCMOTPEHUN U
pacyeTax npouecca cywku. MeToa CywkM U TUN CYWWUNKU A9 KOHKPETHOro

MaTtepunana Bb|6l/|paIOT Ha OCHOBaHWW aHalnn3a mMmaTtepuara Kak obbekTa CYLUKW.
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3.2.2. Cmamuka cywku

Ecnn mMaTepunarn HaxogntcAa B KOHTAKTe C BJ1aXHbIM BO3YyXOM, TO BO3MOXHblI

[Ba npowecca:
a) cywka - (gecopbuusa Bnarm n3 matepuana) npy napuuanbHOM OaBfieHUM

napa Hag MOBEpXHOCTb MaTtepuana PM, NpeBbILaKLWNM ero napuuanbHoe

naenenve B Bosayxe unv rase b, , r.e. P, > P,
6) yBnaxHeHue - (copbunsa snaru matepuanom) nou P, < B, .

B npouecce cyliku BennyinHa PM yMeHbLUaeTcs U NpubnmxaeTcs K npegeny

PM:PI’l I'Ip|/| 3TOM HacTynaet COoCTodHMe OJUHaMNYeCKoro paBHOBECUA,

KOTOPOMY COOTBETCTBYET nMNpeaderyibHad BI1aXHOCTb MaTtepualia, Ha3blBaeMasd

paBHOBECHOW BNAXHOCTbK. PaBHOBECHAs BMa)XHOCTb 3aBUCUT OT napunaribHoOro

JaBJieHNA BOOAHOIO napa Hag Martepuariom PM nnn I'IpOI'IOpLI,I/IOHaJ'IbHOI7I emy

BENNYMHBbI OTHOCUTENBHOW BRNAXHOCTU BO34yXa (0, n onpegendetrcda ONbITHbIM

nyteMm. [lo3ToMy C MNOMOLLbIO TaKOro CYLIUIIBHOTO areHTa, Kak Bo3gyx (c
onpeaeneHHon OTHOCUMTENbHOM BMAXHOCTbID), W3 MaTepuana HeBO3MOXHO

yoanuTb BClo Bnary

PasnunyatoT cBO6OAHYIO 1 CBA3aHHYHO Bnary B matepuane. Mon ceBoboaHoOM

BMnaro nNoHMMaloT Briary, CKOPOCTb MCMapeHWsi KOTOpoW M3 maTepuana pasBHa

CKOPOCTM uUcnapeHnsa Boabl CO CBOOGOAHON MOBEPXHOCTU (PM — PH ), rae Pn —

JaBlieHne HacblleHHOro BoAAHOro napa. CKOpOCTb ncnapeHus CBSAA3aHHOM Bnaru

U3 MaTepuana BCerga MeHblle CKOPOCTM MCMapeHns BOAbl CO  CBOGOAHOM
nosepxHocTW. MNpwn aTom P, <P,

,D,J'Iﬂ XapakKTeEPUCTUKN COoOEPXaHUA BIlarm B MaTepuane WUCnosib3yrTCA
NOHATUA. W — BJIaXXKHOCTb MaTepumarna, KakK codepxXaHue BJlarm Bblpa*XeHHOE B

npoueHTax OT MaccChbl BJTaXXHOIo MmaTtepumarna.:
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m@JZ
w= . -100% , (3-32)

rne M, - macca Boabl, Kr; 71 - o6LLas Mmacca Matepuana, Kr.

B psine cnyvyaeB 6Gonee ygo6HO OTHOCUMTbL Bnary K abCoOMTHO Cyxomy

BelllecTBY. B oaTOoM cnyyae BnarocoaepxaHue é: npeacraBnseTr coboi

coAep)aHue Bnaru B kKunorpammax Ha 1 kr matepuana:

‘f:meﬂ.l()()%.

(m —m (3-33)

6]l

3.2.3 BudbI cesi3u eslazu ¢ Mamepuasiom
MexaHnam npouecca CywKuW B 3HAYUMTENbHOW CTeneHn onpenendercs

dopmon cBA3n Bnarn ¢ matepmanomM. Yem npoyHee cBA3b, TEM TpyaHee npoTekaeT
npouecc cywku. lpn cywke cBA3bL Brarm ¢ martepuanom Hapywaetcs. [1.A.
PebuHagepom npeanoxeHa cregywowasa knaccudpukauna ¢opm CBA3M BRarn C

mMaTepuasnom:

1. xumMmnyeckas (MoHHasi, MOneKynspHas);

2. busuko-xumMmnyeckas (agcopOumnoHHasi, OCMOTUYECKAs, CTPYKTYPHas);

3. MexaHuyeckas (Bnara B Kanunndpax n Mmakpokanummndpax, srara CMa‘-II/IBaHI/IFI).

Hanbonee NPOYHbIM BUOOM CBA3WN Blarn ABNA€TCA XUMHUYeCKas. MoxeT
ObITb vyaaneHa TOJIbKO Mpwu HarpesaHUn Matepuana Ao BbICOKOW TeMnepartypbl

(NMpokanuBaHuM) NN XMMUYECKOM BO3AENCTBUN.

B npouecce CyWKn yaanaeTcd, KakK npaBuio, TOJIbKO BJiara, cBA3aHHaA C
MaTtepunarnom (*)M3VIKO-XVIMM‘-IECKM N MexaHuvecku. Bnara, cBsizaHHaa c
MaTtepunarnom CbI/I3I/IKO-XVIMI/I‘-IeCKI/I, MOXeT ObITb yaaneHa npu nomMmownm CyLUKW.

®opMbl PU3NKO-XMMNYECKON CBA3M pa3HOOBpasHbI:

- AQCcopOUMOHHO-CBSI3aHHas BRnara - YyaepXuBaeTcs Y
MOBEPXHOCTM pasgena KoMMouaHbIX YacTuL, C  OKpyKalowen Ccpeaon.

O6bnagasa ©OonbLION MNOBEPXHOCTbIO, KOMMOMAHbLIE CTPYKTYPbl WUMEIOT
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6OJ'IbLLIyI'O aD,COp6Ll,VIOHHyI-O CNocoBHOCTb. lNpo4Ho CBA3aHHasA C

mMaTepuanom 3Ta Bfara HasblBaeTCsl CBA3aHHOM Bogon. AacopbumoHHas

Bara yaep>xxmBaetcsa MOJIEKYNAPHbIM CAJTOBbLIM MOJ1IEM.

- OcmMoTHUYeCcKMU yaepxaHHas 1 CTPYKTYpHas Bnara - otim4aeTrcs
OT afcopbUMOHHOM TeM, YTO OHa CBfA3aHa C MaTtepuarioM MeHee MPOYHO,
yaepXnBaeTcs OCMOTUYECKMMU CUMaMU W HaxoOuTCH BHYTPU KNETOK
MaTepuana (HasblBaemas UHaye Bnaron HabyxaHus).

Hanbonee nerko moxeT ObiTb yganeHa MexXaHUMYeCKU CBsi3aHHas Bnara.
OHa cogepxuTca B Kanunnsdpax Tena WM Ha ero noeepxHocTu. Kanunnspbl
NMOPUCTLIX TEN pasnuyarTca no guameTpy. Kanunnsapbl, cpegHuin paguyc KOTopbIX

MeHbLle 10° cM Ha3biBaloTCA MUKpOKanusiJiapamu.

3.2.4. KuHemuka cywku

[Mpn KOHBEKTMBHOW CyLLKe BMaXHbIX MaTepuarnoB Bfiara nepemMeLiaeTcs B
MaTepuane no HanpasfeHWo OT LUeHTpa KycKoB maTepuwana K nepudepun, rae
MaTepuan OMbIBaeTCA CyLUUSIbHbIM areHToM (BO3ayxom). Takoe nepemelleHue
Bnarm (Murpaums) — 3T0 B OCHOBHOM M PY3MOHHbIA NPOLECC, ABMXKYLLEN CUMON
KOTOPOro SIBNSIETCH Pa3HOCTb MeXAY KOHUEHTpauusaMu Briarm B pasnmnyHbiX TOYKax
mMaTepuana. OgHako 3TOT NPOLEeCC YCNOXHAETCS TensoBbiM BO3AENCTBUMEM Ha
MaTepuan.

Konuuectso Bnarv My | npoluenluen yepes noBepxHOCTb F 3a Bpemsa T
npu rpaguenHTe KOHLI,eI-;paLI,VIVI dc/dx:

my, =—K,, - F-(dc/dx)-T (3-34)

roe KW - KO3 MULUMEHT, 3aBUCALWMA OT XapakTepa CBA3M Bnarum c
MaTepuanom u OT Xxapaktepa maTtepuana.

B maTepuane Bnara MOXeT nepeMeLlaTbCs B BUAE XKMOKOCTU 1 B BUAe napa.
Mpn 6GonblIOK BMAXHOCTU MaTepuana npeobnagaet Murpaumst Bnarm B BuAae
XXMOKOCTW.

MepemelleHne BnarM BHYTPWU NPOAYKTa MpoMcXoauT Takke nop AeiCTBUEM
TemnepaTypHoro rpagueHta. Npyn 3ToM Hago uUMeTb B BMAY, YTO NepemelleHune
Brarn nog TensioBbiM BO34eNCTBMEM UMEET HanpaBlieHne TennoBoro noToka, npwu
3TOM NposiBNsieTcs AeNCTBME TEPMOBMAronpoBOAHOCTM. DTO O3HA4aeT, YTO ecnu
HarpeB nNpoAdyKTa OCYLEeCTBNSETCA C €ero MOBEepXHOCTM, TO Bnara B cuny
TemnepaTypHOro rpagneHTa nepemMeLLaeTcs oT nepudepun kK LeHTpy.

KonuyectBo  BnarM, KoTopoe  nepemeljaetcs  nog  AENCTBUEM
TemnepatypHoro rpaguenta dt/ dx -
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m =—K -F-(dt/dx) -t (3-35)
roe Kt - KO3 PULMNEHT, aHANOIMMYHbIN KOIPPULMEHTY KW :
Takum o6pa3omM, cCymMmapHOe KONMYeCcTBO MNepeMellaemMon Bnarn npu
HanNU4MM pasHOCTM ee KOHLUEHTpaLuMi n TemnepaTypHOro rpagneHTa 6yaet paBHO:
m=m, —m,, (3-36)
roe M1 — obuwee koNM4ecTBo AndyHaMpyemMon Bnaru, Kr.

[Ansa Toro 4To6bl YMEHbLNTL 3G EKT TEPMOBNAronpPOBOAHOCTM, MPOAYKT Npwn
CyLLKe HeoBX0aMMO MO BO3MOXHOCTU U3MeNbYaThb.

Cylika maTepuana CoCToOUT U3 TpeX 3TanoB.:

1. nepemMelleHns Brarm BHYTPWU BbICYLLMBAEeMOro marepuana no HanpabreHuo K
€ro NoBepxXHOCTH;

2. napoobpasoBaHus;

3. nepemelleHns napa oT NOBEPXHOCTM MaTepuana B OKpy>aloLLuiA BO3aYX.

Omxywen cunon gudpdysnun Bnarm un3  MNOBEPXHOCTHOM MNEHKN B
OKPYXXaloLLLYIO cpefy sBfsieTCs pas3HOCTb NapumanbHbiX aBfeHUI BOASHOro napa

AP=P - F, (3-37)

roe: PH - napuuanbHoe AaBfieHWEe HaCbIWEHHOrO napa B MOrpaHUYHOM
NapoBOM CIIO€; P6 - napumarnbHOe [AaBrieHNe BOOSIHOrO Mnapa B OKpY)KatoLlew
cpege.

KonunyecTtBo npogndpdpyHampoBasLLero napa:
m= B(F, - F)Ft, (3-38)
roe: B - KO3 PULMEHT UCNapeHNs; F nnowagb NOBEPXHOCTU UCNAPEHUS.

KonunyecTtBo Bnaru, npowleguiee Yyepes norpaHnYHbIM Crion B OKPYXKaroLLyto
cpeay, AOMKHO ObiTb paBHO KONMYECTBY Bnaru, nogBefeHHOW K 3TOMY Crol 13
mMaTepuana. CKOpOoCTb CYLLIKM MOXET JIMMUTUPOBATLCS 3TMMKU 0B0MMU npoLeccamm
1 3aBUCUT OT CBOMCTB MaTepuarna u pexmma CyLLKW.

Habniogas 3a nameHeHnem maccbl MaTepuana B npouecce CyLKU, CTPOAT
KpuByro cywikn (puc.9.1) B KoopAuHaTax: BII@XHOCTb MaTepuana B MacCCOBbIX
npoueHtax (W) - Bpemst B MuHyTax unu yacax ( T ). B Hauyane cylikn B TeyeHue
HebOoNbLOro NPoMeXyTka BpEeMEHU NMHUS CYLLUKM UMeeT BUA KPMBOW nporpesa
Matepmana. 3atem HaymHaeTcs | nepnoa NOCTOAHHOW CKOPOCTMU CyLuku. B aToT
nepuoa NUHUSA CYLLIKU UMeeT B NpsiMon. TemnepaTypa matepuana B 9TOT nepuos,
NPUHMMAeT 3HauyeHWe, paBHOe TemnepaType Mokporo TepmomeTpa [, (oTpesok
B,C| na TemnepaTtypHoit kpuBo). B nepBbI Nneproa CyLLIKM NPOUCXoamnT yaaneHme
cBoboaHOM Bnarn (Bnarm MakpokanunnapoB M cmaudmBaHus). Korga csobopHas
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Bnara MONHOCTbLIO YyAarneHa, HacTynaeT BTOpPOW nepuo - nepuon yaaneHus
cBfAzaHHoM Bnarun. B Touke C, COOTBETCTBYIOLLEN ONpeaeneHHOW BRaXHOCTU
Martepuarna, xapakrtep JIMHUM CywKu u3MmeHsietcd. OHa CTaHOBUTCA KpPUBOW,
acMMNTOTUYECKN NMPUONMXKaKLWENCsa K 3HAYEHUIO Wp - paBHOBECHOM BMaXXHOCTU
npw 3aflaHHbIX YCNoBUAX CyLLKW. Bo BTOpOM nepuoge CKOpOCTb CYLLKM HEMPEPLIBHO
yMmeHbliaeTcd. dopma NUHUM CYLIKN 3aBUCUT OT BMAa CBA3U Bnarv ¢ Matepuarnom,
CTPYKTYpbl MaTepuana, T. e. OT YCroBUN nepemeLleHnsa (Murpaunmn) Bnarm BHyTpu
npogykta. lNpn JOCTMXKEHUN paBHOBECHOW BMaXXHOCTU NpekpaliaeTcs yaaneHue
BNnarm w13 MaTepuana. TemnepaTypa Martepuwana paBHa TemnepaType
OKpyXatLiero matepuan TensnoHocuTens (To4ka El ). OgHako Ans OOCTUXKEHUS
paBHOBECHOW BNaXXHOCTW TpebyeTcst 3HaYMTeNnbHOE BpeEMS.

W, 00
dw )
A dr
A 8
nepgaﬂ I[ j !
nepu o
etodf | repuod_
| I
£ | A
) 0 L5 l . .
b T o Y Wy W26
Puc.3.15. Kpuas cyLiku Puc.3.16 . KpuBasi CKOpOCTHU CYLLKK

Ha oCHOBaHUM KPMBLIX CYLLUKM MOXHO MOCTPOUTb KPUBbLIE CKOPOCTM CYLLKW
(pnc.3.16). Ons atoro no ocu abcumcc OTKNagbiBalT coaepxaHue Bnarn B
mMaTepuane, no OCW OpAMHAT — CKOPOCTb CYLUKW, MNpeAcTaBnsawowyto cobon

M3MeHeHune BJriarm BO BpeMeHU dW/d 7. CKOpOCTb CylwKkn and AaHHOW BNa)XHOCTWU
MaTepuana BblpaXXaeTCA TaHF€HCOM

%ﬂ' Wipt yrna HaKroHa KacaTernbHON,
T NpOBEAEHHOW K TOYKEe  KpWBOM
CYLLKM.

Bua KpuBbIX CKOPOCTU CYLUKK
BO BTOPOM  Mepuoge  MOXeT
3HauuTenbHO oOTnNu4yaTbCcsa. BTopown
nepuos CyLKW, B 3aBUCUMOCTU OT
dopM CBA3U Bnarn ¢ martepmarnom,
MOXeT caM cKragbliBaTbCsa U3
HECKOMNbKUX nepnoaos. Ans
mMaTepuanoB, WMEIOLLMX CIOXHYIO
CTPYKTYpYy, Habniogaetca BTOpas
KpuTndeckas TOYKa,

A COOTBETCTBYIOLLASA rpaHuLe
—JH

Wy w, %

Pnc.3.17. Tunn4yHele KpuBble

CKODOCTU CVLUKA
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BnaxHocTn Wip2 | mpu KOTOpOW M3MEHSIeTCH MexaHu3M MepemelLeHust Brarv B

matepunane. KpuvBas 1 (puc.3.17) TunuyHa AnNa KanunnsapHo — MOPUCTbIX Tes
(Hanpumep, cyxapen), Ons KOTOPbIX BEpPXHUMW Y4aCTOK ornpefensieT CKOpoCTb

yAaneHus Ka-MUNNsipHON BRary, a HWKHWA, HaumMHas ¢ BiiaxHocTn pasHot Wip2 | -

ancopbunoHHon. JInHum 2 1 3 COOTBETCTBYHOT CKOPOCTAM CYLUKU, 6Onb-ien unu
MEHbLUEN, YeM Te, KOTopble MOAYUHAIOTCA MPAMONMHENHOMY 3akoHy. KpuBasa 2
XapaktepHa Ond TKaHen W Opyrnx TOHKOMWUCTOBbIX MaTepuarnos, WNW Korga
Martepwuarn pacTpeckmBaeTcs BO Bpems cywwku. KpuBaa 3 MmeeT MecTo B Criydvae,
Korda Ha MOBEpXHOCTUM MaTtepuana obpasyeTca Kopka, npenaTcTeyloLlas
anddy3mnm  BrnarMm K MNOBEPXHOCTUM pasgena das, wnu, Hanpumep, Ans
KepamMuyeckux maTepuaros.
YpaBHEHUA CKOPOCTU CYLLKU
B nepBbIM _nepuon Cywku yaanseTcsa cBobogHaa Bnara, ucnapeHue

KOTOPOW MOXXHO paccmaTpuBaTb Kak UCnapeHue BoAbl CO CBOOOAHOWM NOBEPXHOCTMU.
Mpn yMeHbLUEHUN BNaXXHOCTM MaTepuana BnnoTb A0 NEPBON KPUTUYECKON TOYKM
napuuanbHoe faBrieHne napa B NOBEPXHOCTHOW MieHke He naMeHsieTcs, Moatomy
OBWXYLLEA CUMOM npouecca B NepBblii nepuod cylwku 6yaet (P,—P), n

CKOPOCTb CYLLKU [B Kr / (4-M?)] MOXET GbITb BblpaXeHa ypaBHEHMEM:

U = dw/ dr =0.0745(V, p° (P, — P,)) 539
Takum o6pa3om, B NepBbIA NepUog CKOPOCTb CYLLKW, OTHECEHHAs K eauHuULEe

NOBEPXHOCTN, 3aBUCUT OT (})H _Pg), MMNOTHOCTN CYLWWIIbHOro areHta n ero

CKOPOCTM.

CnepoBaTtenbHO, B NepBbIN Nepuos onpeaensiowmnmm dakropamm sSBnstoTcs
napameTpbl CyluibHOro areHTa. CkopocTb audpdysumn Bnarn BHyTpM maTepuana
He onpeaensieT UHTEHCUBHOCTU NCNapeHus.

Bo BTOpown nepuon CYLLKN KNHETUNYECKMne 3aKOHOMEPHOCTU BGonee CrnoxHeole,

4YTO BUOHO M3 KPUBbIX CKOPOCTUN CYLLUKW. B aToT nepmnon HaydunHaeT yaandTbCA
CBA3aHHaA BoOAda. ﬂpm 3TOM nNapuwuanbHoOe p[aBlieHne BOAAHbIX MapoB Ha
NOBEPXHOCTN MaTepmnasia CTaHOBUTCA MEHbLUE OaBleHnA 4nucTOM BOAObI npu TOW e
TeMrnepartype. B aTot nepunog pAasrieHne BOOAHOINO rMapa ABIAeTCA beHKLlMeIZ
TeMnepatypbl Matepumasna u ero BnaXHOCTU Ha MOBEPXHOCTU. MocnegHsas e
3aBUCUT OT CKOPOCTU nepemMeLleHnd Brarn B Mmatepuare. 3HauuT, CKOPOCTb CYyLUKA

B 3TOT nepmon 3aBUCUT HE TOJIbKO OT LI,I/IquDy3I/II/I BJ1arm B Opr)Ka}OLLI,I/IIZ BO34YyX, HO
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Takke OT BaronpoBOAHOCTU MaTepuana. Takum o6pa30M, BO BTOpPOWN-nepuos,

CKOPOCTb CYLUKWU onpeaendetcd aBliEeHNAMUN, CBA3aHHbIMU C nepemMelleHnemM Brarun

BHYTPU maTepuana. [Jonyctum, 4TO BO BTOPOW Mepuo CYLLUKN OBWXKYLLEN CUITON

npouecca CYyWKn 4ABnAeTCA pa3HOCTb MexXay BJ1aXHOCTbHO MaTtepuanna W n

paBHOBeCHOW BNaxHOCTb Wp. CKOpPOCTb CyLLKM BO BTOPOM Mepuoae:
dw/dr=K-(w—w,) (3-40)

roe K — koacbduLmMeHT cylukm, xapakTepusyoLLnii MHTEHCMBHOCTL BRaroobmMeHa.

D,J'Iﬂ BTOpPOro nepumoga CyWwKM HadallbHad BJ1aXHOCTb MaTepuana

COOTBETCTBYET KpuTMyeckon BnaxHocTm W1 (puc. 9.4.) wunu, TouHee,

npuBeAeHHON KPUTUYECKOW BIaXXHOCTW. [lpuBedeHHas KpuUTUYecKas BNaXKHOCTb
MOXeT ObITb onpefeneHa, Kak nokasaHo Ha puc. 9.4. [puHUMalOT, YTO NUHUSA
CyWKM BO BTOpPOW nepuog asnsetcsa npsaMon. [Ona nocTpoeHuss 3Ton NpsMOWn

NpoBOAAT nNuHUI AB Tak, 4TOObl OHa OTCekana paBHOBENUKME nrolaan
(3awwTpuxoBaHbl). Touka Kyn moxeT nexartb BnpaBo unu Bneso oT Toukn Ki B

3aBMCMMOCTM OT Tuna KpuBOW cywku. Touke K COOTBETCTBYET npuBeAeHHas

Kputnyeckasa BraKHOCTb WKH .

[MponHTerpupyem ypasHeHue (3-40) B npegenax ot Wern po Wa:

(Wir —Wp)

(w, —wp)

In

—K.
r (3-41)
rge W2 - KOHeYyHad BINa*KHOCTb MaTeleaﬂa.

N3 nocnegHero BblpaXeHnda nonydyaem npoaoInKUTesIbHOCTb BTOPOro

nepuoaa CyLLKK:

T, =1/K-In (Wiar =We)

(W, —=wp) (3-42)
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KoadppunumeHT cywkm K OomKeH ObiTb HaWaeH SKcnepumeHTanbHo. Ecnu

NPUHATbL, YTO BO BTOPOW NEpPUOS KpMBasi CKOPOCTM CYLLUKM MOXeT OblTb 3aMeHeHa

npsmon (pnc.3.18.), To KOAPUUMEHT CYLLUKM MOXET OblTb NpeacTaBreH:

oo | 1
. R 1/p+4/7n°-Rla, (3-43)
rme R — onpenensowmnn reoMeTpmMyeckun pasmep BbICYLLMBAEMOro Tena;
ANa  NNacTUHBbI R paBeH Y2 ee TOMWMWHbE, B — KO3MPPULUMEHT BHELLHErO
BnaroobmeHa,  M/y; a, —  KO3((PUUMEHT  NOTEHLMaNonpoBOAHOCTU

macconepeHoca, M?4. JTOT  KO3(PMUUMEHT aHanormyeH KoadpdPULMEHTY
TeMnepaTyponpoBOAHOCTU, 3aBUCUT B OCHOBHOM OT (pOpMbl CBA3M Bnarm c
MaTepuanom W TemnepaTypbl MaTepuana u onpegensieT BHYTPEHHUW nepeHoC
Bnaru.

Mpn BBEOEHUN KOI(PPUUMEHTA CYLLUKM CUATAKOT, YTO BIIAroKoaPuULNEHTbI

He M3MEHSITCA B NPOLIECCE CYLLUKWN; TOYHEEe pacyeT BeCTU Nno 3oHaM. 3 ypaBHeHUs
(3-43) cnepgyeT, 4TO KOI(PPULMNEHT K YMEHbLUAeTca C yBenndeHuem pas3mMepoB

BbICy-LULMBAEMOIO  Tena, crego-BaTesflbHO,  COrMacHo  ypaBHeHuto  (3-42)
NPOOOIKUTENBHOCTL CYLUKM MPU 3TOM YyBenuuutcsa. Takum obpas3oM, BO BTOPOW
nepuog Ccylkn Gonbllylo pornb UrparT reoMeTpuyeckne opMbl BbICYLLMBAEMbIX

Ten, BJ1a>XKHOCTb Martepunana,
ay .

o BflaronpoBoAHOCTbL ero. Wmerot

Takke 3Ha4YeHne, XOTA U MeHbLLUEE,
4YeM B MEepBbI NEepuop, CKOPOCTb
ABWXKEHUS Bo3gyxa W ero

napameTpbl.

3.2.5. OcHo8bI pac4éma
CyWwu’sioK

Puc.3.18. Pacuyer npoaomKUTENBHOCTH BTOPOT0O IIEPUO/IA CYILKH
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HopmanbHbIN TeopeTUYeCKUM CyLLUNbHbIA NpoLecc

My
y ’i-" 1‘21X2
L | L, X ,.—-—"""’,J ‘2072
tg. %0, (g. Yo I\Nvl {14 Y1 r.——-””
'

mt,. ¢ W

Punc.3.19. Cxema cylumnbHOM yCTaHOBKM

Ha puc.3.19. nsobpaxeHa cxema CyLWUNbLHOW YCTAHOBKW C HOPMasnbHbIM
CyLLUIbHBIM MpPOLIECCOM, COCTOsSWEen u3 nogorpesatens (kanopudpepa) 1 ans

BO3yxa M CylunribHOW Kamepsbl 2. Bo3ayx, noctynatowmn B nogorpesaTenb, UMeeT
Temnepartypy f() , BrarocogepxaHue X, YAENbHYl0 3HTanbNuio Iy n
OTHOCUTENBbHYI BnaxHocTb P . Bbixoas U3 nogorpesaTens, BO3ayx OyaeT MmMeTb

napameTpbl 155, X, @;.

B cywunbHOM Kamepe MpoucxoauT Mpouecc B3auMOOEWCTBUSA HarpeToro
BO3dyxa C matepuanom. PaccmMoTpumMm TeopeTuyeckui npouecc cywku. [na atoro
npouecca Mbl npeanonaraeM, YTo B CyLUMSIbHOW Kamepe BO34yXy He coobuiaeTcs
OOMOMHUTENBHO Tenna MU OH He TepsieT
NPUHECEHHOro Tenna. Takon npouecc

Ha3blBaeTCA TEOPETUHECKUM.

Bo3gyx, noCTynuBLLMIA B CYLUWAIKY,

nepenaeTt cBoe€ TerJjio Briare Mmatepumana,

0 ¢=100%
KOTopasi HarpeBaeTcs W uUcnapsieTcs.

O6pasoBaBwnecs napbl CO  BCEM

Tenriom, NOJTy4EeHHbIM oT BO34YyXa,

o ot i S e Wt s st

1
!
-
]
|

cMellmBaloTcs C Bo3gyxoMm. [loatomy

Xp=Xy
Puc.3.20. N3o06paxeHune Ha I-X

avarpamme TeopeTU4eckoro
npouecca CyLLKK

R

TennocoaepxKaHne BO3AdyxXxa OCTaeTcd



208
NOCTOAHHbIM, XOTA TEMMNEepaTypa ero CHMxXaetcs.

Yxogawmn  BO3gyx UMMeeT  napameTtpsbl tzaxzalz NN Mpn oaTOM

Xy > X, Py >@, 1, >, no ] =1,. TeopeTM4eckun CyLIUMbHbLIN NPOLECC
n3ob6pasvm C NOMOLLIbIO | x-

anarpammbl  BriakHoro Bo3gyxa (puc.3.20.). llycTb Touka A COOTBETCTBYET
COCTOSIHMIO BO34yxa npu ero Bxode B nogorpeeBatenb. [lpouecc nogorpesa

BO34yxa M300pasntcsa nuHMEN AB npu X1 = Xp. Touka B COOTBETCTBYET
COCTOSIHMIO BO3Jyxa Npwu BbIXOAe ero u3 nogorpesartens. BnarocogepxaHue aToro

Bo3dyxa X| = X(. TeopeTuyeckuin npoLecc CyLIKM M300pasuTca nnMHUen BC :

KOTopasi napannesibHa JIMHUM MOCTOSIHHOW aHTanbnuu, T.e. I =const. Touka C

XapakTepusyeT Bo34yX Npu BbIXOAE €ro U3 CyLIUbHOM Kamepbl.
Mo |-x - guarpamme MoxHO onpenenuTb KONMYECTBO BO3dyxa WM Temna,

pacxodyemblx Ha 1 Kr Bnaru, MCnapeHHON B CYLLUIIKE.

Pacxopg cyxoro Bo3ayxa Ha 1 Kr ucnapeHHom Bofbl E

[ = 1/(x2 —X)= 1/(x2 - X) (3-44).

BnaroconepxaHue X| u X, nerko onpeaensietcs no |-X - anarpamme. Ha Harpes

B nogorpesaTtene 1 Kr cyxoro Bo3gyxa, NMOCTynarwwero B CYLIUNKY, pacxoayeTtcsa

i2 - io k[bk. Pacxon Tenna Ha 1 Kr ucnapeHHoun snaru (B KIXx):
q=1/G, —i,) =@ —i)/(x, —x,). (3-45)

MarepuaJibHbIi 02JIaHC PeaIbHOTO NMPoLecca CYIIKH
[na cocTaBneHus ypaBHEHWA  MaTtepuanbHoro 6GanaHca BBegeM

obo3HayeHus (pnc.3.19.):

mH - KOJTM4eCTBO BJ1a>KHOIo MaTtepuarsia, noctynarwero Ha CyLlKy, Kr/c;

mK - KOJIM4EeCTBO BbICYLLUEHHOIO MaTepuana, Kr/c;
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W, W, - HayanbHas 1 KoHeYyHas BNaXXHOCTb MaTepuana, cuMTas Ha Cyxyl maccy,
%;
W - konuuectso Bnaru, yaansiemon n3 matepuana npu cylike, Kr/c;

L - pacxof Cyxoro Bo3sayxa, Kr/c.

Toraa ypaBHeHUst MaTepuanbHOro 6anaHca 3anuyTcs Tak:

a) No BceMy maTtepuvarny, rnoBepraemMomMy CyLLKe

m, =m, +W, (3-46)

H

6) no abconTHO CyXxOMy BELLECTBY B BbICyLLMBAEMOM MaTepuane

m 100 —-w, _ m 100 —w,
“ 100 <100 - (3-47)
OTkyaa:
o _100-w, o 100-w,
©100-w © 100 -w_ - (3-48)

KonunyecTtBo ygansemon Bnaru:

W=m, —m,,

nnn:
Wem —m 1OO—WK_m W, —W,
“ "100-w,  "100-w._ - (3-49)
W —W
:m H K
“100 —w,_ -

Mpwn pacyeTe KOHBEKTMBHLIX CYLUWUIIOK Kpome GanaHca no BbiCyLUMBaeMOMY
maTepuany cocTaBnsieTcs ypaBHeHMe maTtepuanbHoro GanaHca no Bnare, U3

KOTOPOrO OMPeAENsIOT PACX0f CyXOro BO3AYXa Ha CYLLKY:

N3 aToro ypaBHEHMs onpeaenstoT pacxon abcontoTHO Cyxoro Bo3ayxa Ha CyLUKY:
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w
L=——— (3-51)
Xy — X
YaenbHbIi pacxos Bo3dyxa Ha ucnapeHue us matepuana 1 kr snarv paseH

L 1

l:—:—
/4 X2—X0.

(3-52)

YuuTtbiBasi, YTo X| = X(), MOXHO 3anucaTb

1

[ = ———
Xy — X

9.5.3. TennoBow 6anaHc CywunokK
PaccmoTpum TennoBou 6anaHc Hanbonee pacnpoCcTpaHeHHbIX

KOHBEKTUBHbIX CyLUIMMoK (pnc.3.21.).

[lnsi cocTaBneHus ypaBHeHMs TeNnoBoro 6anaHca BBegeM 0003Ha4YeHUs:

mH - KOINTM4eCTBO BJ1a>XHOIo MaTepuanna, nocrtynarwero B CyLUAJSIKY, Kr/c
mK - KOJTM4eCTBO BbICYLLEHHOIO MaTtepuana, Kr/c;

W - KOIMn4ecTBoO, Mcnapﬂemoﬁ Bnaru, Kr/c;

C,, - yaenbHas TennoeMKoCTb BbICYLLEHHOro MaTepuana, Ox/kr K;
Ce - yaenbHas TennoemMkocTb Briaru, [Ix/kr K;

[, - Temnepatypa maTepuana Ha BXOAe B CyLusky, °C;

[, - TemnepaTypa MaTepuana Ha BbIxoAe 13 cymnku, °C;

L - xonnuectso abconioTHo Cyxoro Bosayxa, Kr/c .
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Punc.3.21. Cxema KOHBEKTUBHOW CYLUMNIIKN:
1 — kopnyc; 2 — MaTepuai; 3 — ICHTOYHBII

T™TMAaAaHAaCTTONTAN®

Mpwn cocTaBneHnn ypaBHEHUsI TeNSIOBOro 6anaHca crnegyeT yunTbiBaTb, YTO
B CYLIMNIKE MOryT ObiTb TPaHCMOPTHblE YCTPOWCTBA, Ha KOTOPbIX HaXoAWUTCS
BbICYLUMBAEMbIA MaTepuan (Hanpumep, TpaHCNopTep, BaroHeTkM W T.M.) U Ha

HarpesaHMe KOTOpPbIX pacxodoyeTcd Tenno.

My, - MACCa TPAHCTOPTHBIX YCTPOACTB

Cmp - yaenbHas TennoeMKoCTb X MaTepuana, x/kr K

4 mpn - TEMNepaTypa TPaHCMOPTHbIX YCTPOMCTB Ha BXoAe B cywuunky, °C
l‘mpK - TemnepaTtypa TPaHCMOPTHbIX YCTPONCTB Ha BbIXOAE W3 CYLLUUIIKW.

CornacHo npuvBEOEHHOW CXEeMe CYLUSbHOW YCTaAHOBKW Tenno (QK)

NOABOANTCS B OCHOBHOM Kanopudepe (nogorpeBaTene) 5, yctaHOBNEHHOM nepep

CYLUMINBbHOW Kamepou, 1 B AOMNONHUTENBHOM Kanopudepe 4, Haxoaswemcst BHyTpu

CyLUUIbHOW Kamepbl ( Qa ).

Torpa, paccmaTpmBasi KONMYECTBO BIIAXXHOMO mMartepuana mH B TenrnoBOM

GanaHce Kak CyMMy KOMMYecTB BbicylwenHoro matepuana 1, w ucnapenHon

snarm W, c yueTom noTepb Tenna B okpyxaroLLyio cpeay Qnom nveem:
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lNpuxopg Tenna Pacxon tenna
1. Co CBEXUM BO3IYXOM L- io 1. C oTpaboTaHHbIM BO34YyXOM
L-i,
2. C BnaxkHbIM maTepuanom: 2. C BbiCyweHHbIM MaTepmanom
a) C BbICYLLEHHbIM MaTepuanom
) Yy p mKCMZ‘K
mKCMtH
6) c Bnaron, ncnapsemon 13 matepmana
wC,t,
3. C TpaHCnopTHbIMKU YCTPOMCTBaAMM 3. C TpaHCnopTHLIMKU YCTPOMCTBaAMM
My, Cmp L ipn Minp C'mp Linpre
4. B 0CHOBHOM kanopudepe QK 4. TlloTepu Tenna B OKPYXaOLLYHO
cpeny Qnom
5. B gpononHutensHoM Kanopudepe Qa

Mpwn ycTaHOBMBLUEMCSI MpPOLIECCE CYLUKM TennoBoW 6anaHc BblpaxaeTcs

paBEHCTBOM:
Lij+mCt, +WCt, +m, C t  +0 +0,=
:Liz +m, C t +mmpCmptmpK A (3-53)

N3 aTOro ypaBHEHUSI MOXHO OMpefenuTb OOLWMA pacxon Tenna Ha CyLUKy

(Ox + Qo
QK + QO - L(IZ o IO) + mKCM (tK _tH) + mmp mp (tmpK mpH) o

-WwCyt, +Q

Pasgenuns obe yactu noJty4eHHOro paBeHCTBa Ha w , MONy4YnM BblipaxXeHne

(3-54)

nont -

A8 yoenbHOro pacxoga tenna (Ha 1 Kr ucnapeHHown snarm):

qK + q() = Z(ZZ o lO) + QM + Qmp — C6tH + Qnom . (3-55)
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YpaeneHbln pacxoq Tensia B OCHOBHOM Kanopudepe MOXHO NpeacTtaBuUTb B

BUOE:
q :Z(i1 —1,).

MNoactasnasa { ;. B Bbllle 3anMcaHHoOe ypaBHEHWE, HaXxoaAuMm

I(i,-i)=q,+ct,—q, Yy~ Ynom. (3-56)
O603HaunB NpaByto YacTb YpaBHEHUS A
(@0 + Cot,) = (@ + Dy + Gnom) = A, (3-57)
nonyymm:
.. A
(i, —i,)=A y: =L+t (3-58)

BennunHa A BblpaXaeT Pa3HOCTb MeXAy MpuxogomM K1 pacxogom Tensa

HenocpeacTBEHHO B KaMepe CyLimnku 6e3 yyeta Tenna, NPUHOCMMOro BO34YXOM,

HarpeTbiM B OCHOBHOM Kanopudepe. BenuuumHy A HasbiBalOT BHYTPEHHUM

GanaHcoM CyLUMbHOW Kamepbi.

Puc.3.22. 'padomueckunn pacyet

AEeNCTBUTESNbHOMO Npouecca CyLLKK

BennumHa A moxeT 6biTb
NONOXUTENbHOMN nnu
oTpuLaTesnibHON.

HopmanbHbIn
OeNCTBUTENbHbIA Nnpouecc
CYLUKMK Ha

I-x- pnarpamme

Paccmotpum NOCTPOEHNe
npouecca CylKWM Ha I-x -
avarpamMmme. Cpenaem
NnocTpoeHne Ans cnyyas, Korga

A>0

yemMm pacxond). CHayana nocTpoum

(npuxon Tenna ©Gonble
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rpapuk TeopeTUYECKOro rnpouecca Ans 3adaHHbIX ycnosmﬁ paGOTbI CYLLUIKN

(MHUK ABC).

Mpu A > 0 coctosHve BO3ayxa B CYLUMIbHOM Kamepe W3MEeHSieTcs He B

cooTtBeTCcTBMM ¢ nNuHMen BC, a no Kakon-To NUHUK, nexallein Bbille 3TON NMUHUA U

MMeloLLelt Havano B Touke B, Hanpumep, B cootBeTcTBuM ¢ nuHuen BC,. Ecnu
BO34YyX BbIXOAUT M3 CYLUWIKN NPU OQHON MU TOW X€ OTHOCUTENbHOW BIIAXXHOCTU, TO

Tennocofepxaxue ero B Touke C; Gonblue yem B Touke C.

CornacHo (3-58):
A
L =4 +l’ [(i, —i,)=A

1 .
Ho [ = ———— ortciopa: A=, —1)/(x, —x,).
Xy — X
|_|O C-)TOMy Bblpa)KeHI/IIO MOXXHO OI'Ipe,EI,eJ'IVITb noJyioXxxeHme JMMHNn BC1 r|p|/|

ns3gectHom A.

Mpn 3agaHHbIX YCNOBUAX CYLUKM CTPOUM SIMHUU TeopeTUYecKkoro npouecca
(pnc.3.22.). Yepes nponsBosnbHyo Touky € Ha nuHum BC NPOBOAUM NINHMIO eF
N namepsiem el (8 mMm). Mo cdbopmyne onpegensem ekl (B MMm).

Ee=A-eF-n,

roe N ZMZ- /Mx - COOTHOLWeHVe MacwTaboB TennocogepXaHnsa u
Bnarocogepxanusa. OTknagbiBaem eE n yepes Toukn B n E NPOBOANM JIMHUIO

AENCTBUTENBHOIO npouecca BCl- AHanormyHo Haxogum NUHUK OENCTBUTENLHOrO

npouecca cywku npu A < 0.

YaenbHbIN pacxon Bo3ayxa:

1

(xz—xl)'

YaenbHbIN pacxod Tenna B nogorpesaTene:
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g = —ip)/ (xy —xp).

BapuaHTbI cyluMnbHOro npouecca
Kpome HOpmanbHOro CyLimibHOro npouecca MoryT ObiTb NMOCTPOEHbl UHbIE

npoueccol, OoTnnyarwmnecs cnocobom nogBoga Tenna K CylWniibHOMY areHTy.
an/IMeHeHI/Ie TOro nnnm MHOro BapwmaHTa onpeaendeTcs cBOMCTBaMM mMaTepuana u

CTpemneHneM co3faTb Hanbonee 3KOHOMWYHbIM CYLLUITbHBIN NpoLecc.
A) Cywunka c nodoepesom 8030yxa 6 CywusibHOU Kamepe.

Tennota MOXeT BHOCUTLCS HE TOMbKO B NOAOrpeBaTtene, Ho Takke YaCTUYHO
B CyLUMNbHYIO Kamepy. KpaiHum

;‘,! A\ ) . crnyyaem OygeT, Korda BCS
Tennota BBOAMTCA B CYLUUIbHYIO

Kamepy (NMnHKA AC Ha
punc.3.23.). Mexay ABYyMS
KpauHUMN MOSIOKEHNAMU NTUHUN
cywkn (BC n AC) moryTt 6biTb

pacnonoxeHbl NMMHN npoLeccoB

C nocnegoBaTtesibHO

yYBENMN4nBaroLLMMcCA

KoIlin4yecTtBOM TensrnoThbl,

| 2 BBOAMMON B MoAorpesaterlb.
Puc.3.23. IIporecc B [pouecc ABC cooTeeTcTBYET
CVITIUIIKE € TIOMOTNEROM cnyyalo, Korga B CYLUMIKY
BBEEHO TaKoe KONMUYEeCTBO TenmnoTbl, KOTOPOEe KOMMEHCUPYeT MoTepu B

OKpY>KatoLLee NpoCTPaHCTBO.

OQHMM M3 NPOMEXYTOYHbIX MOMOXEHUA NMHMIA cywkn ByaeT nuHus BiC,
KOTOpas coBnagaeT C M30TepmoWn, npoxoasiuien yepes Touky C. B aTtom cnyvae
npouecc byaet npoTekaTb NpU NOCTOSHHOM TemnepaTtype. YacTb TennoTbl B 3TOM

cnydyae GyaeT BBeAeHa B karnopudep, a ocTanbHas 4acTb B CYLUMIIKY.
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[laHHbIN BapuaHT CywunbHOro npouecca uMMeetr TO NpenmMmyllecTtBo, 4YTO

MOXeT npoTekaTb MNpW HU3KOM TemnepaType. OTO BaxHO npu pabote cC

MaTepuanamu, KoTopble Npu BbICOKUX TEMMNepaTypax pasnaratTcs.

B) Cywunka c MHO20KpamHbIM NMPOMEXYMOYHbLIM HazpesaHuem eo3dyxa.

TemnepaTypa CyWWUSbHOrO areHTa MOXeT OblTb CHWXKEeHa npu CyLKe C
NPOMEXYTOYHbIM nogorpesoM Bo3gyxa (pnc.9.10). Bosgyx, oTpaboTaHHbIi B
nepBon Kamepe, HanpasndeTcd B MepBbIN MNPOMEXYTOYHbIN MoJorpeBaTernsb;
nogorpetblin  BO3QyX MNOCTynaeT BO BTOPYH CYWWUIbHYHO KamMepy W T.A.
BeptukaneHole oTpeskn ABi1, CiB2, C.Bz u CsBs wusobpaxaioT nogorpes B

OCHOBHOM 1 B TpeX MNMPOMEXYTOYHbIX nogorpeBaTendx, Korga Bo3ayx, BbIXOOALLMN

Ompabomannsr n3
fo3dyx
/ l-\. f
Bramisit "I: /
Mmamepuan :

n—-—»’l
( 2___-%?
BoICy NS 2 J1
Hamepuan I:

Boadyx
a

kamep, nmeeT TemnepaTypy t n A=0. YaenbHbIl pacxoq Bo3ayxa B 3TON CyLUUNIKE

6ynet 1/(x, —X,), a yaenbHbiit pacxog Tennotsl ¢ = (i, —i,)/(x, —x,).

Puc.3.24. Cxema CymuiKu ¢ MHOTOKPATHBIM
MIPOMEKYTOYHBIM
MOTOTHEBOM BO3NMVXa (a) M M300naxeHue mhoriecca

Pacxog Bosgyxa M TennoTbl MOr Obl OblTb TakMM >Xe B HOPMarbHOM
npouecce cywkn ABC (NyHKTUPHbIE NMNHUKN pUC.3.23.), HO TOJSTbKO MPU 3HAYUTENBHO
bonee BbLICOKOW TemnepaTtype. Takylo cXemy MNPUMEHSAT AN CYLUKM MULLEBbLIX
MartepuaroB, He BblOEPXMBAKOLWMX BbICOKMX TemnepaTyp (MakapoHHble unsgenus,
CYLUKWN U T.4.).
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B) Cywunka ¢ yacmu4HoUl peyupkynsyuelti ompabomaHHo20 8o3dyxa.

NcxogHbin  Bo3gyx (Todka A puc.3.25.), cmewmBaeTcd C  4acTbio

oTpaboTtaHHoro Bo3gyxa (nuHmm AC un BC), 3aTeM cmMmecb HarpeBaeTcs B

kanopudepe [0 TemMnepaTypbl Cywku [, u B3auMomeicTByeT C BbICyLLMBAEMbIM

matepuanom. KoHeyHble napameTpbl Bo3gyxa onpegensetr Todka B. [lo

CPaBHEHMIO C CYLLKOW NPV OAHOKpPaATHOM Mpoxode BO3ayxa, Ansl 9TOro BapuaHTa

XapaKTepHbl MOHWKEHHas TemnepaTypa Bosgyxa npu cywke [, Bmecto [,

noBblLLEHHOE Ha4alibHOE BJlarocogep>xaHume xc BMeCTO xH n 6onbluas NMHeNnHas

CKOPOCTb rasa B CylIMnKe. QT napameTpbl 3aBUCAT OT KPaTHOCTU CMeLLeHUs

n=I1/L.

Ompadomannsid i
4 Gogdyx ! t,(‘

M/ N\

Coewud 803dyx M])
L A It AVAVAY

4

I
. - i l
L ompadomakwsid Bo3dyx Xy X Xy
a ']
Puc.3.25. Cxema cywmnkn ¢ Bo3BpaTtom oTpaboTasLlero sosgyxa (a)
1 n3obpakeHue npouecca Ha 1-X auarpamme (6).

Pacxoabl TennoTbl OyayT OAMHAKOBLI Kak M B cylumnke 6e3 LupKynsuuu.
OpHako 3TOT npouecc obecneymBaeT MSArKM PeXUM CyLLKU (nacTuna, mapmenaa,
MakapoHbl). B aTOM cnyyae BbICOKOE napuuanbHOe AaBrieHue BOAsHbIX MapoB B
LMPKYNUPYIOLLLEEM BO3OYXE YMEHbLLAET ABMXYLLYIO CUMY NpoLecca, YTo BeAeT K ero
3amMenneHuo. JTOT BapuaHT MO3BONMSIET OYEeHb TOYHO WU TMOKO perynupoBathb
BMNaXHOCTb M TeMnepaTypy Bo3ayxa B CYLUUIIKE.

) Cywunka ¢ yacmu4Hol peyupkynsyuet ompabomaHHo20 eo3dyxa
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U NMPOMeXymoYHbIM Ha2peasoM.

ABnsieTca codeTaHWeM OMnMCaHHbIX Bbllle BapuaHToB. [ns 3Toro BapuaHTa
XapaKTepHbl MOHWXEHHasi TemnepaTypa BO34yxa, MOBbILWEHHOe HavanbHoe
BrnarocogepkaHme W OTHOCUTENbHasi BRaXXHOCTb BO3gyxa, Oonblias nMHenHas
CKOPOCTb rasa B CYLUMIIKE 3a CYET YBENMYEHMSI KONMUYEeCcTBa LMPKYNMPYHOLLErO
BO34yXa B CyLUWIIKE.

3.2.6. KoHCTpyKUMM CyLLUIOK

Cywunku, npumeHsaemble B NULLLEBON NPOMBbILLNIEHHOCTH, OTANYAOTCA pasHoobpasmeM KOHCTPYKLUIA K
nogpasfaensaTca no cnocoby noasoAa TennoTbl (KOHBEKTUBHbIE, KOHTAKTHbIE U T.4.); N0 BUAY
MCMNonb3yeMoro TENNOHOCUTENS (BO3AyX, ra3, nap, TOMOYHbIE rasbl); N0 BENIMYMHE AaBMEHUS B CyLUUIIKE
(aTMocdbepHble 1 BakyyMHble); MO cnocoby opraHusauum npoiecca (Nepuoamnyeckoro 1 HeNpPepbIBHOMO
AENCTBNA); N0 CXemMe B3anMOoZeNCTBUSI MOTOKOB (MPSIMOTOYHbIE, MPOTUBOTOYHbIE, MEPEKPECTHOIO U
CMeLLaHHOrO TOKa).

KOHBEKTUBHbIE CYLLUIIKW, Cpean KOTOPbIX MPOCTENLLNMU ABNAOTCA KaMmepHble  (Puc.3.26),
npeacTaBnsalT cobor Kopnyc, BHYTPU KOTOPOro HaxoasaTcs

BaroHeTKW. Ha MoJiIKaxX BaroHeToK nomMeLwjaeTcsd Bﬂa)KHblVl MaTepl/laJ'l. Tel'IJ'IOHOCI/ITeJ'Ib HarHeTaeTCd B
. - CYLUWIKY BEHTUMATOPOM, HarpeBaeTcs B
Lo

it Kanopudepe 1 NpoxoauT Hag
M"ﬁﬂ h Grron Gamniaty NMOBEPXHOCTLIO BbICYLLMBAEMOrO

4 i T~
; 'f dlisy mMaTepuana unv npoHM3biBaeT Cron
: R / mMaTepuana cHu3y Beepx. Yactb

OTpa6OTaHHOI'O BO34yXa cMellnBaeTca co

: CBEXWM BO34yXOM. OTU CYLUNIIKM
nepuoamnyecKkoro AencTeust pabotatoT npu
' aTtMocdepHoM gasrieHnn. OHK

NMPUMEHAITCA B MalilOTOHHaXHbIX
} npon3BoAcTBax ONA CYLLKM MaTepuarnos

Mpu HEBLICOKUX Temnepatypax B

——,
— MSArKMX ycrnoeusix. KamepHble cyLumnkm
L — MMEI0T HU3KYIO Npon3BoANTENIbHOCTb U
it

Y OTNMYaTCS HEPABHOMEPHOCTbLIO CYLLKM
npoaykTa.

o

L
g \g_;—-
1

. . ’
= —
— y

TyHHenbHble CYLUWIKMN
(Pnc.3.27.) npumMmeHsawTCca Ans
CYLLKM cyxapewn, OBOLLIEWN,
bpPYyKTOB, MakapoH MU ApYyrux nNpoayktos. [1o opraHM3aumm npouecca 3TU CYLUUIKK
OTHOCSITCA K CyLuMnkaMm HenpepbiBHOro genctend. Cylwmnkn npeacraBnstoT cobom
YASIMHEHHbIN NPAMOYrOfbHbIA KOPMNYC, B KOTOPOM MepeMeLLalnTcs No penbcam Te-
OEXKN C BbiCyLUMBAEMbIM MaTepuanoMm, pacnofioXeHHbIM Ha nosikax genexek. Mpu
9TOM BpeMda npebbiBaHUA Tenexek B  CYLWWIbHOW KamMepe paBHSeTCs
npogosmkuTensHoCcTn cywkun. Cywka matepuana [ocTuraetca 3a OAvH Npoxon
Tenexek. CBexuin BO3ayx 3acacbiBaeTCa BEHTUNSATOPOM M NOCTyNaeT, HarpeBasachb
B kanopudepax, B cywunky. epemelleHne Tenexek npoucxoguT C MOMOLLbHO
Tonkatens. Cywurnka nmeeT caMoOTBOPSOLLNECS OBEPMW.

A LAy La ¥
R A oA TR A ot o 4
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OmgaSgircaned rOpﬂngﬂ BO3AYyX
Apskn © faadyx B3aMMOLENCTBYEeT B CyLuUrnke c
y ¥ ‘ s § MaTepuanom B NpsiMOTOKe Nnmbo B
\ . o npotnsotoke. B psge cnyyaes B

\ 1,7 TYHHENbHbIX CYLUMITKaX BO3MOXHO
T L OCYLLIECTBUTb peunpKynsaumto

! BO34yxa M €ro npoMeXyTOYHbIN
noJorpeB B CYLUUITbHOW KaMmepe.

4hd i D - Kanopudepbel ©n  BeHTUNATOPSLI

Punc.3.27. TyHHenbHas cyLwunka: MOryT yCTaHaBIIMBaTbCA Ha Kpbilwe

1 — fBepu; 2 — ra3oxof; 3 — BeHTUNsATOp; CYWWIKW, COOKY unu B TyHHene noa

4 — xanopudep; 5 — Kopnyc; cywunkon. OTpaboTaHHbIM BO3QyX M3

6 — Tenexkn ¢ mMartepuanom CYLLUUIIKHN Bbl6paCblBaeTCﬂ yepes
ra3oxog.

JIeHTOYHblIE MHOrosIpYyCHble KOHBEMWEpPHble CYLUUMKN MPUMEHSIOT OMS CYLUKU
MakapOHHbIX M3Oennin, cyxapewn, (OpyKToB, OBOLUEN, Kpaxmana v gp. BnaxHbin
Martepuarn 3arpyxaeTcsi Yyepe3 BepXHUW 3arpy3oyHbl ByHKep, Kak rnokasaHo Ha
Punc.3.28. unn 6okoBon 1 nocTynaet Ha BEPXHUA NepdOpnpOBaHHbLIA NTIEHTOUHbIN
KOHBENEep, Ha KOTOPOM MepemellaeTcss BOOMb CYLIWMBHOW Kamepbl, U 3aTem
nepecbinaeTcs Ha HWXepacrnonoXeHHbIn KoHBenep. C HWXKHero KoHBenepa
BbICYLLUEHHbIN MaTepuasrl nocTynaet B pPasrpy304Hbin OyHKEp unn Ha NPUEMHBbIN
KOHBeuep.

I'IeperlrlaHme MaTtepuana C JIeHTbl Ha JIeHTy CI'IOCO6CTByeT ero
nepemelinBaHMO, 41O, B CBOKO o4epedb, yBermM4YnMBaeT CKOPOCTb CYLUKWU.

Ons  Toro  4toGbl  MaTepuan  HanpaBfeHHO  Mepecbinancs ¢
BbILLEPACMNONOXEHHOIO KOHBEWEpPA Ha HMXKXEepPacnoSOXeHHbIN, yCTaHaBNMBAKTCA

LT Rl

boseys

l Moty

GDE

HanpasndarLwmne Io0TKA.
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Puc.3.28. JleHTOYHasa cywunka:
1 — Kopnyc- 2 —neHTO4YHbIN KOHBeNep; 3 — BeayLwime 6apabaHbl; 4 — BegoMble
B6apabaHbl; 5 — kanopudepbl; 6 — BGyHKep € 3arpy304HbIM YCTPOMCTBOM

Bo3ayx HarHeTaeTcsa BEHTUMSTOPOM, MPOXOAUT 4epe3 kKanopudep wu
HanpaBnseTca B CYLUWNbHYKO Kamepy, rae NpOHM3bIBaeT Crov maTtepuana Ha
Kaxkgon nepdopupoBaHHON neHTe. [ng npoMexXyTo4yHOro nogorpesa Bo3gyxa nog
NIeHTaMn Kagoro KOHBenepa HaxoauTcs Kanopudep, BbINOSIHEHHbIN M3 opeb-
PEHHbIX TPYO.

JNNeHTOoYHble CyLWMKM OblBalOT MPSMOTOYHBIMU U MPOTUBOTOYHbIMU. Takue
CYLUMNKM MOFyT M3roTaBNMBaTbCs C  peuupkynsiuMent Bosgyxa. 3a cyet
NMPOMEXYTOYHOIO MOAOrPEBa U PEeuUpKYNsauMM BO34yxXa B JIEHTOYHbIX CyLUWUSIKaX

OOCTUraroTCA MArkne yCcnoBuA CyLLKWN.
daawners sapra

LaxTHble CYLUUIIKM C
awxywmmea  crnoem  (Puc.3.29.)
NPUMEHSIOTCS AN CYLWKUN 3€PHOBbIX
cbinydynx MatepuanoB. [lo ocwu
CYLUUITKA pacnosioXeHbl Tpybbl Ans
nogayn  TennoHocutensd.  TpyObl
OKaH4YMBalOTCA  XanwssaMmm  Ons

paBHOMEPHOro pacnpeaeneHns
TennoHocuTens no ceYeHuo
cywunku. Cuctema noasoga U
LMPKYnaLum TennoHocuTens

pasgensieT obbem CywuUIikM Ha aBe
30Hbl. B nepBon 30He ncnonb3yeTcs
TennoTta TennoHocuTens,
BbIXOOALWEro 13 BTOPOM 30HLI. B
nepBou 30He yoanseTtcs B
OCHOBHOM MOBEPXHOCTHas Bfiara, BO
BTOPOW — BHYTPEHHSS.
lNpenoBapuUTenbHO  TENMOHOCUTEND,
nocTynawwmim BO BTOPYH 30HY,

Puc. 3.29. lWlaxTHas cywunbHaga ycTaHoBKa MOXET noABepratbCA OCyllke B
ans KOHOEeHcaTope BTOpPOM 30HbI. B BepxHen

CYLLUKM 3€pHOBbLIX MaTepmnarnos: 4acTtun CyLINIIKN oba NoTOKa

1— 6yHKep-XOﬂO,D,I/IJ’IbHI/IK; 2 — O6'beﬂI/IHF|}OTCF| n nogarTCH rasonyBKon
NPOMEXYTOYHbIN ByHKep; 3 — rasoaysku; 4 — Nocne noforpesa B KanopugepHyto 30Hy
kanopudepsbl; 5 — OyHKep; 6 — waxTa; 7 — CYLUUIIKN. Bbirpyska BbICYLLEHHOIO

Tpybbl 4Ns nogBoaa TennoHocuTens; 8—
XOnoaunbHUK-KOHAeHcaTop; 9—xanto3n; 10—
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MaTepunana ocywecTBAeTCA HenpepbiBHO MOJIO4YHbIM 403aTOPOM.

CyLwmnku c nceBAOOXKMKEHHbIM CIIOEM SBMAIOTCS annapartamMu HEMpPepbIBHOTO AENCTBUS U
NPUMEHSIOTCA Kak ANd yaaneHus NoBepXHOCTHON 1 cnabocBA3aHHOW Braru, Tak U Ans yaaneHus
CBSA3aHHOW Briaru U3 Menko3epHUCTbIX U 3epHOBbLIX MaTepuanos. CyLLUIIKN C NCEBAOOKMKEHHBIM CIOEM
N3roTaBMMBaKTCA BEPTUKANBHBIMW Y TOPU3OHTaNbHBIMU C OOHON UMM HECKONBbKNMUK cekunsimmi. Cxema
OAHOCEKLMOHHOM CyLUUITKK npeacTasneHa Ha Prc.3.30. BnaxHbln MaTtepuan HenpepbiBHO NO4aeTCA B
cywunnky. TennoHocuTernb, HarHeTaeMbli BEHTUNSATOPOM, HarpeBaeTCc A B Kanopudepe v nocrtynaeT B
CyWMnKy nof rasopacnpegenmu-

Ompadomannee aars

—
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Punc.3.30. OgHoceKkuMOHHaaA cyLlunnka ¢ NCEBAOOXKMKEHHbIM CITOEM:
1 — BeHTUNATOP; 2 — Kanopudep, 3 — ByHKep; 4 — LIHEK; 5 — LNKIIOH;
6 — Kopnyc CyLUUIIKN; 7—BbIrPY>XHOM NaTpyObOK,;
8—rasopacnpegenutensHas peweTka;9 — KoHBenep

TenbHyl0o peweTky. Cywka maTepuana nOpOUCXOAUT B 30HE  CYLUMWIIKW,
npuMbIKaloLWen K rasopacnpegennTtenbHon pelleTke. BbICyleHHbIn MaTepuan
yaanaeTcs U3 CyLUUkun Yepes natpybok. OTxogsawme ns CyLLnKn rasbl 04MLLAaTCS
OT nMblMM B LUMKAOHE W BblbpackiBaloTca B aTtMocdepy. Hepoctatkom
OLHOCEKLMOHHBIX CYLUUITOK SIBMISIETCH HepaBHOMEPHOCTb CYLUKM mMartepuana. [Ans
NOBbILLIEHNA PaBHOMEPHOCTU CYLUKA TMPUMEHSIOT MHOIMOCEKUMOHHbIE CYLUMUIIKN.
CekunoHnpoBaHne annapaTtoB AOCTUraeTcsl AeNeHMeM C NOMOLLbLIO NMeperopook
Bcero obbema annapara, a 3HauuT, U Cros MaTepuana Ha psag ropu3oHTanbHbIX
CeKUuMA BepTUKanbHbIMW MNeperopogkamMm  WNM  Ha BepTUKanbHble  CeKkuuu
rOpU30oHTanNbHbIMN NepPOpNPOBaHHBIMWN NeperopogKkamu.

Bubpocymminky MpUMEHSIOTCS IS CYIIKH TIIOXOOKIKAeMbIX MaTepHajioB:
BJIQYKHBIX TOHKOAMCTICPCHBIX, MOTUANCTICPCHBIX, KOMKYIOIOIIHUXCS | T. 1., KOTOPHIX B
MPOMBITIUICHHOCTH OOJBIMMHCTBO. Bo3nelcTBUe Ha CIOW JUCTIEPCHOTO Martepuaia
HU3KOYACTOTHBIX KOJEOAHMI MHTCHCU(PUITMPYET TEIJIOMAaCCOOOMEHHBIE MPOIIECCHI B
CJIO€ M OTKPBIBACT IIMPOKHE BO3MOXKHOCTH [IJISi CO3/IaHUSI BBICOKOA((HEKTHUBHBIX
CYIIUJIOK TEPEeKPECTHOTO TOKa, MPUONMKAIOIMKXCS TO TOJNI0 pachpeneieHus

TCMIICPATyp U KOHHGHTpaHI/Iﬁ K allraparaM uacajJlbHO BEITCCHCHHA.
BubpoasponceBaoOKMKEHHbIN (BUDPOKMMSALLNIA) CIO MOXeET ObiTb CO34aH B annapartax pasHoobpasHbIX
KOHCTPYKLMIA: BEPTUKAIbHBIX, FOPU3OHTASIbHBIX M JTOTKOBBIX.

Haunbonbliee npuMeHeHne HaLun JTOTKOBbIE CYLUUITKWU, HAKIMOHHbIE Nog, HEOOMbLINM YIIIOM K FTOPU3OHTY
(Pnc.3.31). MpurBopg CyLMnKn COCTOMT U3 MasTHUKOBOIO ABuUraTens — BMbpaTopa HanpaBneHHOro
OEVNCTBUSA C perynmpyembiMm aeba-naHcom.
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Haunbonbliee npakTnyeckoe 3HadeHue ansi NpoBefeHns TENToMacco06-MeHHbIX MPOLECCOB MMeeT
BubpoasponceBaoOKMKEHHbIN CroK, 0bpa3yeMblii 04HOBPEMEHHO NOTOKOM ra3a 4Yepes Criov u
HN3KOYaCTOTHOW BUDpaLnen.

gmpadamanreid S03dyx

alh

Bascyisiernnard
mameguan

-]
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5

Puc.3.31. Bubpocywunka: 1 — amopTnsaTtop; 2 — NpyxXuHa;
3 — BbIrPY304HbIN NIOK; 4 — BUbpaTop; 5 — asuratens; 6 —
rasopacnpegenutenbHaa peweTka; 7 — xenob; 8 — cMOTPOBOE OKHO

BnGpaUMOHHbIE CYLLMIKA NPUMEHSIIOTCA AN CYLIKM KapTOMenbHOW KpYrKu
Ha KaprodgenenepepabaTbiBaloLnX 3aBoAax.

BapabaHHble CYLIWUIIKU NPUMEHSIIOTCA AN CYLIKM CBEKMOBUYHOMO XOMa,
3epHo-kapTodenbHoM 6apabl, KyKypy3HbIX POCTKOB M Me3rn, 3epHa W caxapa-
necka. Cywka B 6apabaHHbIX CyLLMIIKax MPOUCXOAUT NPy aTMOCKHEPHOM AaBMNEHUN.
TennoHocuTenem SBNATCA BO34yX MO0 TOMOYHbIE rasbl.

bapabaHHble cywunkn (Puc.3.32.) wuMelT UWNUHOPUYECKUA  NOnbln
ropu3oHTanbHbl 6apabaH, ycTaHOBMEHHbIM Nog HEGOMbLIUM YrNIOM K FTOPU3OHTY.
BapabaH cHabxeH GaHgakamu', Kaxabli U3 KOTOPbIX KaTUTCA MO ABYM OMOPHbLIM
ponukam wu ukcnpyeTca ynopHeiMn ponukamn. bapabaH npuBoauTCca BO
BpalleHne OT anekTponpusoda C NOMOLLBK HacaXeHHoro Ha GapabaH 3ybuyaToro
koneca.
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Puc.3.32. bapabaHHas cywunka: 1—rtonka; 2—6yHkep; 3—bapabaH;
4~6anpaxu; 5—a3ybyatoe Koneco; 6—BeHTUNATOP; 7 — LMKIOH; 8 — NpUeMHbI
OyHKep; 9 — wn3oBon nuTaTesib; 10 — ONOpHbIE POSNKK

Uactota BpaweHus 6apabaHa He npeBbilaer 5—8 MuH. BnaxHbin
Martepuan nocTynaeT B CywWwunky 4epes nutatenb. [Npu BpaweHun 6GapabaHa
BbICYLULMBaeMbIA MaTepuan nepecbinaeTca W OBMXETCS K  pasrpy3oyHOMY
oTBepcTuio. 3a Bpemsi npebbiBaHust matepuana B OapabaHe npoucxoguTt ero
BbICyLLMBaHME NpW B3aUMOAEWCTBUN C TEMMOHOCUTENIEM — B AAHHOM Criyvae
TOMOYHBLIMW ra3amm, KOTopble cTynatT B 6apabaH 13 TOMKMW.

[ns ynyylweHus KoHTakTa mMartepuana ¢ CylunbHbIM areHToMm B GapabaHe
yCTaHaBNMBalOT BHYTPEHHME Hacadku, KoTopble npu BpaweHun 6Gapabana
CnocobCTBYIOT NEepeMellnBaHui0 Matepuana W ynydwawT obTekaHue ero
CYWWWUNbHBIM areHToM. Tun Hacagku BbIOMpaeTcsi B 3aBMCMMOCTM OT CBOWCTB
maTtepuana.

[@3bl U mMaTtepman MOryT OBuraTbCA MPsSIMOTOKOM W MNPOTUBOTOKOM. [lpun
NpsAMOTOKe yaaeTca m3bexaTb neperpeBa maTtepuana, Tak Kak npu 3ToM ropsiimne
rasbl B3aMMOOENCTBYIOT C MaTepmasniom ¢ BbICOKOM BAAXXHOCTbIO. YTOBbI UCKNIOYNTL
GonblIoN YHOC MbiAW, rasbl npocacbiBaloTcs 4vepe3 GapabaH BEHTUNATOPOM CO
ckopocTtbto 2— 3 M/c. [lepen BbiGpocom B atmocdepy oTpaboTaHHble rasbl
OYULLIAIOTCS B LMKITOHE.

BanbuoBble cywwunku (Puc.3.33.) npegHasHayeHbl AN CYLWKA KUOKUX WU
nactoobpasHbiXx MatepuanoB: BCEBO3MOXHbIX NacT, KOPMOBbIX LPOXCKEN U APYrux
Martepwuarnos. [pelowmnin nap NnoctynaeT B BanblUbl, BpalaloLwWwmnecs HaBcTpedy apyr
apyry co ckopocTtbio 2—10 MuH", Yyepes nonyto Landy, a KoHAeHcaT BbIBOAMTCS
yepe3 CUGOHHYK Tpyby. MaTtepman 3arpyxaetca CBepxy Mexay Banbuamu u
NMOKpbIBaEeT MX TOHKOW MIIEHKOW, TOSMLIMHA KOTOPOW onpenenseTcs perynupyemMbim
3a30poM Mexay Banbuamu. BeicylwimBaHne maTtepuana npoucxogut B TOHKOM Crioe
3a nonHbIn 060pOT BanbLOB. [MoACYLWEHHbIM MaTepuan CHAMaETCA HOXXaMn BOOMb
obpasyolwen kaxgoro Bansbua. B crnydyae HeobxooMmoCcTV OOCYLIKM mMaTepuana
BanbLOBas cyllurka cHabxaeTcsa rpedKkoBbIMU JOCYLLUMBATENSAMN.

CIBLIF il

r Nowdencam

Puc.3.33. BanbuoBas cywmnka:
1 — pocywmBartens; 2 — kopnyc, 3 — npusog; 4 — BeayLWnn Baneuy,;
5 — cudoHHas Tpybka; 6 — HOX; 7 — BeJOMbIN BaneL,
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PacnbinuTenbHble CYLWWKWM MNpefHasHaveHbl Ans  CYWKM pacTBOPOB,
CycneH3un u nacToobpasHbix MaTepuanoB. CyLlUKOW pachnbiieHMeM noryyaoT
CyXx0€e MOJI0KO, METOYHO-OBOLLHbIE KOHLEHTPATbI, NULLEBbLIE M KOPMOBbIE APOXKM,
SIMYHBIA MOPOLLOK U ApYrne NPoAyKThl.

PacnbinutenbHble CyLIWUIKNU NPeACcTaBnsioT cobon B GONbLUMHCTBE Cryvyaes
KOHWUYECKO-LIMITMHOPUYECKUIA annapaTt, B KOTOPOM MPOUCXOAUT AMChneprupoBaHune
mMaTepuana npv noMoLy crneymnanbHblIX gMcnepraTopoB B NOTOK TennoHocuTens. B
KayecTBe  OUCNEPraTopoB  MPUMEHSIIOTCS  LeHTpobexHble  pacnbinuTenm,
NMHEeBMaTMYECKME U MexaHn4Yeckne OpPCyHKM.

Mp HenocpeaCTBEHHOM  KOHTaKTe  TenfioHocuTenda — BO3dyxa C
pacnbIfieHHbIM MaTepuanom NoYT MFHOBEHHO MPOTEKaeT Ternno-mMaccoObMeHHbIN
npouecc. [MpoAomKUTENbHOCTL NpedbiBaHMA MaTepvana B CyLUUNKe He
npesblwaer 50 c¢. [OCTOMHCTBOM pacnblIMTENbHbIX CYLUWMOK  SABMSIeTCA
BO3MOXXHOCTb MCMONb30BaHUA TEMMOHOCUTENEN C BbICOKOM TemnepaTypon Oaxe
ANS CywKn TepmonabunbHblx MaTepuanoB. OgHako pachnbifinTesibHble CYLUUIKN
MMEIT CpaBHUTENbHO HEBOMbLLION yaenbHbI cCbeM BRnarv B npegenax Ao 20 kr/m3,
GonbLon pacxod TENNOHOCUMTENS U, KakK CNeacTBMe, 3HaYnTEeNbHY0 MaTtepuane- un
9HEpProemKocCTb.

Mpn MexaHn4yeckoM MeTode pachbifieHUss UCMNOoMb3YKTCA (POPCYHKU, B
KOTOpbl€ XXMOKOCTb NogaeTcs npu gasneHnax 7,5—20 Mla.

CybnumaumoHHbIE CYLUMMKN MPUMEHSAIOTCA AN CYWKN LEHHbIX MULLEBbIX
NPOAYKTOB, KOrga K BbICYLUEHHOMY MNPOAYKTY NPeabsiBfsAlTCA  BbICOKME
TpeboBaHUss B OTHOLWEHUN COXPaHEHUS ero 6uonornvyeckux CBOWCTB Npu
ONIUTENbHOM XPaHEHUU, Hanpumep Msica B 3aMOPOXEHHOM COCTOSIHMMW, OBOLLEWN,
dpykTOB M Apyrnx npoayktoB. CybnumaumoHHasa cyluka npoBoauTCA B riyOoKoMm
Bakyyme npu octatoyHom aasnexHmn 133,3—13,3 Ma (1,0—0,1 mm pT. CT.) 1 npwu
HU3KUX Temnepartypax.

Mpn cybnMmaumMoHHON CyLIKE 3amMo

X Ju POXEHHbIX NPOAYKTOB Haxo4sWasiCa B HUX
Bnara B Buae nbAa nepexoamT Henoc

fagrvas é A A Pexoa
#08a peaCTBEHHO B Nap, MUHYSA XXWOKOE COCTOS
oAU st HVe- lMepeHoc Bnarm B Buae napa oOT No
2 7 BEPXHOCTU WCMApPEHUs MPOUCXOAUT MyTem
‘ apdysnn, T. e. cBOOBOAHOrO OBWMXKEHUS

~ Monekyn napa ©6e3 B3auUMHbIX CTOJMK
HOoBeHUN apyr ¢ gpyrom. CybnnmaumnmoHHas

cywwunka (Puc.3.34.) coctouT U3 Cylunb

HOW Kamepbl (cybnumartopa), B KOTOpOW

Tognvan " pacrnonoXeHbl MNyCTOTENble MMAUTbI, U KOH
foda AeHcaTopa — BbIMOpaxusatens. B nnutax
LUMPKynMpyeT  ropsdas BoAa. Bbicy
lUMBaeMbii  Matepuan B NPOTMBHAX  pa3
Mewiaetca Ha nnutax. [poTuMBHU  nMeT
cneymarnbHble OopTUKM, KoTopble obec
neyYnBaloT  BO3QYLIHYIO  MPOCIIONKY  MeXay
nnuMTamMum n NpoTuBHAMKU. Tennota OT MAUT K

Puc.3.34. CybnnmaunoHHas
cyLuunka:

1 — cywmnbHaga kamepa;
2 — nnuTa; 3 — NPOTUBEHD;
4 — KoHOeHcaTop-
BbIMOpaXuBaTenb
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NPOTUBHSIM nepegaeTcs 3a cyet paguauun.
O6pasoBaBLiasics npu CyLuKe
napoBo3ayLuHas CMecCb n3 cybnumaTopa
nocTynaetT B KOHOEHcaTop — BbIMOpaXuBaTelb —  KOXYXOTpybuaTbii
TENNOOOMEHHUK, B MeXTpybyaTOM MpPOCTPAHCTBE KOTOPOro  LUMPKynupyeT
xnagareHT — ammuak. KoHgeHcaTtop - BbIMOpaXkuBaTenb BKNOYaeTcs B

UMPKYNAUMOHHBIM KOHTYP C MchaputenemM aMMmadyHom XOnoAuSibHOW YCTaHOBKU U
coefMHAeTCa C BaKyyM-HacoCcOM, npefHasHadyeHHbIM ONnd  oTcacbiBaHUSA
HEeCKOHAEHcMpoBaBlUMXCA rasoB. B  Tpybax koHOeHcaTtopa npoucxoasat
KOHOEHCauMsi M BbIMOpaXmBaHMe BOASAHbIX napoB. O6blMHO CybnMMaUMOHHbIE
CYLUUITKM UMEIOT ABa NonepeMeHHo paboTalolwmnx KoHAeHcaTopa: B TO BpeEMS Kak B
OAHOM KOHOEHcaTope MnpPOUCXOOAT KOHAEHcauusi W 3amMopaxuBaHue, aOpyromn
pasmopaxuBaeTca Ana yaaneHuss nbha. YpaneHue Brnarm uM3  maTtepuana
npotekaetr B Tpu cTagun. Ha nepBon crtagum nNpu CHUMXKEHUN [OaBfeHus B
CYLUMNbHOM Kamepe NMpomucxoasT caMmo3amopa)kmBaHue Bnarm n cyonumaums nega
3a cyeT TennoThbl, oTA4aBaemon matepuanom. lNpu atom ygansetca go 15 % scen

Bnarn. Bo BTopon cragum — cybnumauusi, Npu KOTOPOW yaansieTcsl OCHOBHas
yacTb Bnarn. Ha TpeTben cTagum — TEnnoBOM CYLWKW yaanseTcs OocTaBLUadacs
Bnara.

Mo aHeproeMkoCcTM CcybrMMauMOHHaa Ccylika npubnmxaeTca K Cylke npu
aTMocepHOM JaBneHun.

TepmopaguaunoHHas cyLumnka npMMeHsieTcs, Hanpuwvep, Aans
TepmMooOpaboTkM 3epHOBbLIX MaTepuarnos, Takux, Kak acosb, FOpoX, S4MeHb U ap.
Mpu cylwke MHpakpacHbLIMU Nydyamy TennoTa Ans UcnapeHus Brnaru nogBoauTcs
TepMounanyyeHnemM. FeHepaTopoMm, N3ny4arLmMmMm TENNOTY, SABMSOTCA cneunanbHble
namnbl UMK HarpeTble KepamMn4eckne Unm MeTannnyeckne NoBEPXHOCTH.

Mpn cywke TepMoOU3Nyd4eHMEM Ha eauHuLy MOBEPXHOCTU MaTepuana B
eQuHULY BpeMeHWU MNPUXOANTCA 3HauyuTernbHO Gonblue TennoTbl, YeM MPU CyLUKe
HarpeTbIMW rasamum WM NPU KOHTAKTHOW cywke. [Mpouecc CyLWKA 3HaYUTesnbHO
yckopsieTca.  Tak, NpOOOSPKUTENbHOCTE  CYWKW  MHGPAKpacHbIMK  nyd4amu
TOHKOCIIOMHbIX MaTepuanos cokpallaeTcs B 30—100 pas.

Ha Pwuc.3.35. npeacraeBrneHa cxema paguauMOHHOM  CYLUUNKUW  C
nany4vatensmu, oborpeBaeMbiMu rasamu.
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Puc.3.35. Paguanuonnas cymmunka: | —xoHBelep; 2—ra30/yBKa; 3—Ta30Bble FOPENKH; 4—-HU3J1ydaTellb; 5—

BBIXJIOITHAS TPYOa



226

[[a3oBble pagnauMoOHHbIE CYLUUIAKW MNPOLLEe MO KOHCTPYKUMM U OelueBne
Cywunok, obopyaoBaHHbIX namnamu. WManyyatenu  HarpeBakwTCs  rasom,
CXKUraemMblM HEenocpenCTBEHHO MO u3nyyaTendamu, UM Xe TOMOYHbIMK rasamu,
noctynamowmmm BHYTPb u3nydatenen. Bbibop wusnyuatenen onpegensietcs
CBOWCTBaMM BbICyLLMBAEMOro MmaTepuana.

Ons  WHTeHCUdUKauMM  CyLKM  CYLUWIIKM  OOSfKHbI  pabotatb B
ocuMnnvpylowemM  pexume,  4Tobbl  TepMoaudy3MOHHBLIM  MOTOK  BRaru,
HanpaBSieHHbIN 3a CcYeT TemnepaTypHOro rpaguveHtTa BHYTPb MaTepuana, He
npenaTcTeoBan aAuddyamm Bnarn ¢ NnoBepxHocTn (cM. pasgen «KuHetnka cyLukmy).

BblCOKOYaCTOTHbIE CYyLIUIKM B NocregHee BpeMsi Hawv NpUMeHeHue AOris
BbIMEYKM TOSICTOCIOMHBIX M3Oennun, Hanpumep TopToB. [1pn BbICOKOYACTOTHOW
CYLWIKe BO3MOXHO perynupoBaTb TemnepaTypy M BMaXHOCTb He TOSMIbKO Ha
MOBEPXHOCTU, HO M MO TOMLWMHE MaTepuana.

CBY-cywunka (Pnc.3.36.) cocTouT w3 1amMnoBOro BbICOKOYACTOTHOIO
reHepatopa W CYLWWUNbHOW KaMepbl, BHYTPUM KOTOPOW HaXOOAUTCHA JEHTOYHbIN
KoHBeuep. lNepemeHHbIN TOK 13 ceTn 50 'y nocTynaeTt B BbINpAMUTESNb, a 3aTEM B
reHepatop, rae npeobpasyeTcss B MNEPEMEHHbIN TOK BbICOKOM YacTOTbl. JTOT
TOK NOABO-

ANTCA K nNnacTMHaMm KoHgeHcaTopa,
B il — KOTOpble  pacnosiokeHbl ¢  obeunx
7 1 g {5 CTOPOH  JIHTOYHOTO KOHBe?lepa. Mog
\ AeNcTBMEM MOMA BbICOKOW 4acToThbl

' MOHDbI n ANEKTPOHbI maTtepunana

@ MEHSIIOT  HanpaBneHne  OBUWXKEHUS
7 ~ CUWHXPOHHO C MW3MEHEHWEeM 3Haka
f./ — - 3apsga nnacTuH KOHZeHcaTopa.
[vnonbHble  MoOMekynbl  Nony4darT
Puc.3.36. CBY-cywwmmka: BpallaTenbHoe ABWXEHWE, a HenonsipHble
NONsSIPU3YIOTCSl 32 CYET CMELUeHUss Unx
SMNEKTPUYECKUX 3apsidoB. 3a cyeT 3TUx
NMpoLeccoB B MaTepuane BblensieTcs
Tennota M MaTepuan  HarpeBaeTcs.
N3mMeHsi HanpspkeHHOCTb  3NEKTPUYECKOro
nonsi, MOXHO perynupoBaTb CKOPOCTb
CYLLKMW.

1 — nnacTuHa KoHaeHcaTopa,;
2 — cywunbHasa kamepa;
3 — NEHTOYHbLIN KOHBEWED;
4—naMnoBbIN BbICOKOYACTOTHbLIN
reHepaTtop; 5 — BbINpAMUTENb

Mpn BbLICOKOYACTOTHOM CylIKe TPeOylTCs BbICOKME YAenbHble pacxonbl
9Heprum (2,5—5 kBT * 4 Ha 1 kr ucnapeHHon Bnarn). KOHCTPYKUMS CYLUUIIOK
aBnsieTcs 6onee CNoXHOM 1 OPOron, Yem .KOHBEKTUBHbBIX M KOHTAKTHbIX. [1oaTomy
BbICOKOYACTOTHbIE CYLUMIKN LeriecoobpasHo NpUMEHATb ANns TepMoobpaboTku
AOPOroCTOSALLMNX NULLEBLIX NPOLYKTOB.
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3.3. MPOLUECCHI 3KCTPAKUMUN N PEKTUOUKALIUN
CyLwHOCTb 1 Ha3HaYeHue npouecca IKCTPaKLum

AKCTpaKuma npeacrtaBnsieT cobon n3BnevYeHne ogHoro Unm HeCcKorbKnx

KOMMOHEHTOB W3 pacCTBOpPOB WK TBEPAObIX Ten C TMNMOMOLbK pacTtBopUTENA

(3kcTpareHTa), obnagatowiero n3bmpatenbHON CNOCOOHOCTLIO PaCTBOPATL TOMBKO

T€ KOMMOHEHTbI, KOTOPbIE HeO6XO,D,I/IMO BblAENNTDb.

Mpwn 9KCTpaKuum n3 TBEPLOro Tena (3KCTparupoBaHue,

BbllenayMBaHue) nveoTcs aee dasbl: Xuakas u Teepgas. [Mpy aKCTpakumu n3

XMOKocTn obe dasbl xumakune. Npouecc aKCTpakLMm BO3MOXEH TOMNbKO MpU YCOBUK

TECHOro KOHTaKkTa a3 mexagy cobomn.

OKCTparnpoBaHne B MULLEBOM MPOMbLILINEHHOCTM uMeeT Gonblioe
3Ha4yeHMe npu NPOU3BOACTBE PACTUTENbHbLIX MAacemn; Npwu MONyYEHUN JNKEPOB,
HacToek, (PPYKTOBbIX 3CCEHUMM W T.O. OKCTpaKUMA M3 KUAKOCTU HaxoguT
NPMMEHEHME NpPU MPOM3BOACTBE MOJSIOYHOM KMUCMNOTbl M ApP. NULLEBLIX KUCMOT U3
hbepMeHTMPOBaHHbLIX pacTBopoB. B 06WECTBEHHOM NUTAHUN TaKkKe LUMPOKO
MCNONb3yeTCA MNPOLIEeCC IKCTpakuun. Bapka M kapka NpOAYKTOB, Kak NpaBwWrlo,
COMPOBOXAAKTCA IKCTPArmpoBaHMEM TEX UMM UHbIX BELLECTB U3 NpoAyKTa B BOAY
nnu xup. NpurotoBneHue Yasa unmn Koge - TUMUYHbIN NPOLLECC KCTParMpoBaHus 13
TBEPAbIX BeWecTB (BOAOW) KOMMOHEHTOB, 0b6ycnaBnuBaloLWmMX BKYC U 3anax 3Tux

HalMnMTKOB.

3.3.1. Akecmpakyus u3 xudkux cucmem

B obuwem Buae 3KCTpaKUUIO M3 XUOKMX CUCTEM MOXHO NpencTaBUTb
cnegywowmm obpasom. B xmngkoctn A pacTBOpeEH KOMMNOHEHT B. OTo 03Ha4vaeT, 4To
nMeeTcs OBYXKOMMOHEHTHbIM pactBop A+B. Ecnu k atomy pactBopy gobasuTb
pacTBopuTenb (3KcTpareHT) M, KOTopbIn HE pPacTBOPSAETCA U HEe CMeLuMBaeTcsa C
XnagkocTtbto A, HO XOpowo pacTteBopsieT B cebe KOMMOHEHT B, To KOMMOHeHT B
OypeT nepexoauTb B pacTBopuTenb. KoHUeHTpaumnsa komnoHeHTa B B xuagkoctn A
npun aToM ByaeT ymeHblaTbCs. B peanbHbIX YCIIOBUSIX KOMMOHEHT B He NOMTHOCTLIO
nepengeTt B aKCTpareHT [, kakasa-TO ero YyacTb OCTaHeTcs B Xuagkoctn A. Takum

obpasom, komMnoHeHT B 6yaeT HaxoamTbCa B XKMAKOCTM A 1 B akcTpareHTe A.
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PacnpegeneHne komnoHeHTa B B xuagkoctmh A n B akcTpareHTe [

XapaKTepuayeTcs COOTHOLLEHUEM:

¢= C, (3-59)

raoe: @ - OnbITHbIM KO MUUMEHT pacnpeneneHuns, 3aBUcALLMN OT CBOMCTB
XWOKOW CUCTEMbI, TEMNEPATYpPbl U KOHLEHTpauuu;
Cn - koHUeHTpauma komnoHeHTa B B pactBoputene [, Kr/kr;

Ca - KOHUEHTpaunsa KomnoHeHTa B B xxuakocTn A, Kr/kr.

O DEKTUBHOCTL IKCTPaKLMM YBENUYMBAETCS C MOBLILEHNEM 3HAYEHMS @,

KOTOpO€E OO0SIKHO BbITb BonbLle eanHnLbI.

B 3aBucMmocTM OT Uenn NpoBeAeHMst npouecca MOryT NpUMEHSATLCS

cneagywune MmetToabl IKCTPAKUUNU!

O[HOKpaTHOE U3BMNEYEHWE;
MHOrOCTYneH4YaToe U3BrnevyeHne ¢ nogayvyen CBeXero pacTBOpUTENS Ha KaXkayl CTyMNeHb;

MHOroctyneH4yatoe mn3Bsrne4dyeHme ¢ ncnojib3oBaHMEM O4HOIo pacrtBopuTens.

Hanbonee npoCcTbiIM METOAOM 3KCTpakuMm sBRASETCs  OAHOKpaTHOe
nssnedyeHne (puc.3.37). WcxoaHwin pactBop F wm  pactBoputens S
nepemMeLunBalOTCa B CMeCUTene, BbIAEPXMBAKOTCA ONpeaesieHHoe BpeMms,

O6yCJ'IOBJ'IeHHOG TEXHONOIrNM4YeCKMMN nokKasartesidaMun, nocre 4ero pasgenarTcAa Ha

Hexoduend F __Paguram
pacmbop ¥ | R
—
s \——J [
— . l———b
INCMPaZEHM \. - -7 JKCMBARM

akcTpakT £ v padmHaT R B OTCTONHMKE.
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Mpwn AOCTaTOYHON npoaoJIXUTESIbHOCTU npouecca coaepxxaHue

M3BJIEKAEMOIo KOMMOHEeHTa B KOHE4YHbIX TMpoayKTax 6y,qu HpI/IGJ'II/I)KaTbCFI K

3HaAYeHUAM PaBHOBECHOW KOHLIEHTpaLMW.

MaTepuanbHbiii 6anaHc 3Toro mMeToda 3IKCTpakuuu B obuieM Buae Gyaer

BbIFNAAeTb crneayowmm obpasom:

F+S=F+R. (3-60)
MaTepuanbHbin 6anaHc npouecca no Kno4eBoOMYy KOMMOHEHTY:
FXF+SXS:EXE+RXR1 (3-61)

rne: Xp, Xg, Xg, Xp - maccoBas [onsi Knio4eBOro KOMMOHEHTa B

COOTBETCTBYIOLLMX pacTBOpax.

Mocne npeoGpas3oBaHUi W3 MNOCMEOHEro YpaBHEHMSI pacCcYUTbIBaKOT
KOHUEHTpauun nonyyaemoro paduHata, 3SKCTpakTa W CTeneHb W3BIEYEHUs

LeneBoro KOMrnoHeHTa, COoTBETCTBEHHO!

XR =XF/(]+bm);

Punc.3.37. Cxema ycTaHOBKM O51s1 NpOBEeAEHUS

OAHOKPATHOIo n3Brie4eHun4.

Xg =mXg/(Il+bm): (3-62)
p=c¢c/l+¢.

roe: N = XE */XR * KoapULUMEHT pacnpefeneHns - OTHOLleHue
pacnpeneneHns paBHOBECHbLIX CoAepXKaHWUU LieneBoro KOMMNoHeHTa B 3KCTpakTe K

paBHOBECHOMY COAEpPXaHUK KI4YeBOro KOMMOHEHTA B pachHaTe; b — S/F -

MaccoBOe COOTHolleHne das; & = bm - SKCTPaKUMOHHbIN dhaKTop.

Benununna OKCTPaKUMOHHOIO cbaKTopa MMeeT BaXHOE€ TEXHUKO -

9KOHOMMYecKoe 3HadeHne. OnTumarnbHble 3Ha4YeHUs1 4aHHOro cbaKTopa HaxoaATCA
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B npedenax ot 1,2 go 2,0. 3T 3Ha4YeHNs COOTBETCTBYIOT HU3KOMY COOEPXKaHMUIo

LleneBoro KOMMOHEHTa B paduHate W OTHOCUTENbHO HU3KOW CTOMMOCTM
pereHepauun nonyyaemoro akctpakta. OgHMM M3 HeQoCTaTKOB AaHHOro metoda
ABNAETCA HU3Kas CTeneHb W3BMeYeHUs LenieBoro KOMMOHEHTa W3 UCXOOHOro

pacTtBopa.

C uenbio nony4vyeHusi paduHaTa C BbICOKOW CTEMNEHbI OYMUCTKU MPUMEHSIIOT
METO[ MHOIOKPaTHOro M3BMEeYEHUS] C UCMONb30BaHMEM CBEXEro pPacTBOPUTENS.
Mpn paHHOM MeTode o0OpasyeTcs HECKONbKO SKCTPaKTOB C  pasfvyHbIM
COAEepXXaHMeM LEeneBoro KOMMOHEHTa, MpuU 3TOM WCMONb3YEeTCH SKCTpareHT,

KOTOpbIN He TpebyeT pereHepaunn n obnagaeT manon CTOMMOCTbIO.

Hanbonee 4acto B NPOMbILUNEHHOCTN MPUMEHSIETCS METOA MHOIOKpPaTHOro
N3BNEYEHNS C UCMOSb30BaHNMEM OOHOrO PacTBOPUTENS, KOTOPLINA NpecneayeT uenb
- MNofy4YeHWe  BblCOKOKOHLIEHTPUPOBAHHOIO 3KCTpakTa C  MakCMMarbHbIM
N3BNEYEHNEM LENEBLIX KOMMOHEHTOB M3 MCXOAHOro pacTtBopa. [aHHbli MeTopn
OCYLLECTBMSIETCA NPOTMBOTOYHO B CUCTEME CMecUTenen - OTCTOMHWKOB WNN B

KOJIOHHbIX arnnapartax.

KoHcmpykyuu akcmpakmopos

Mo nNpuHUMNY opraHu3auMm npouecca 3KCTpPaKTopbl AensTca Ha annapaTbl
nepnoanyecKoro n HenpepbIBHOrO AENCTBUS.

Mo nNpuHUUNY AOENCTBUS 3KCTPaKTOPbl MOApas3fensioT Ha CTyneHvyaTble U
AndodpepeHUnanbHO - KOHTaKTHbIE.

B cBOW ouyepenb CcTyneH4yaTble 9SKCTPaKTOpbl AenAT Ha CMeCUTEemnbHO-
OTCTOWHblIE U SAWMYHbIe annapaTbl. CTyneHb Takux annapaTtoB npeacrasnser
coborn COBOKYNMHOCTb CMECUTESSI U OTCTOMHUKA.

K rpynne guddepeHumanbHO - KOHTaKTHbIX annapaTtoB OTHOCAT KOMOHHbIE
9KCTpakTopbl. Hanbonbluee pacnpocTpaHeHne U3 HUX MNOMyYnnu pacnblinTesbHbIE,
TapenoyHble W HacagoyHble annapatbl (annapatel 6e3 noaBoAa BHELUHEN
9Heprumn), a TaKkke poTopHO-ANCKOBbLIE, MYySibCaLNOHHbIE, LeHTPOobeXHbIe annapaThbl

(annapaTtbl ¢ NOABOAOM BHELLUHEWN 3HEPTUN).
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3.3.2. dkecmpazupoeaHue u3 meepobix meJ

Mpouecc 3KCTparMpoBaHMA B oOLEM BUAE BKMOYAET YeTblpe OCHOBHbIE

cTaguu:

- NPOHMKHOBEHWE 3KCTpareHTa B Nopbl YacTuL, TBEPAOro Tena;
- pacTBOpPEHUNE LLIeNIEBOrO KOMMOHEHTA;

- MePEHOC IKCTPaArmpyemMoro BeLlecTsa 13 rnyonHbl TBEPAOW YacTuLbl K
NOBEPXHOCTM pa3aena da3s (6HympeHHsiss ouggpy3us);

- NepeHoC U3BNeKkaeMoro BeLlecTBa OT NOBEPXHOCTU pa3gena ¢as Briybb
9KCTpareHTa (8HewHss1 ughpy3us).

OBunxyLen cmnomn npouecca ABMsieTCSA PasHOCTb KOHUEHTPaUUn LeneBoro
KOMMOHEHTAa B XXMOKOCTU, 3amnofHsAKLLEN NOpbl TBEPAOro Tena, U B OCHOBHOM Macce

JKCTpareHTa, Haxogdwerocd B KOHTaKTe C NOBEPXHOCTbIO TBEPAbIX YaCTUL,.

B COOTBETCTBUM C MEXaHU3MOM IKCTparMpoBaHWs MNpPoOLecC rfepeHoca
LleneBoro KOMMOHeHTa M3 rrnybuHbl TBEpOoro Tena K NMoBEepxXHOCTU pasgena ¢as

OCYLLECTBIISIETCA 3a CHET MOSNEKyNApHON anddysmn.

OCHOBHbIM 3aKOHOM MOMeKynapHon anddysnmn aensetca 3akoH Puka,
yCTaHaBNMBatOLLNIA CBA3b MEXAY NIOTHOCTLI0 AU dY3MOHHOro noToka J u

rpaaveHToM koHueHTpaLmn dC/dn na BbineneHHoit B npocTpaHcTae
noeepxHoctn dF';

Jj =-D(dc/dn), (3-63)

D - KO3(PPULMEHT MoneKynsapHon anddysum, m?/c.

3Hak "-" B nMpaBOM 4YaCTU ypaBHEHWUSA MOKasblBaeT, YTO BEKTOP MIIOTHOCTU
ANGPPY3MOHHOIO MOTOKa W BEKTOP rpaguveHTa KOHUEHTpauun HanpaslieHbl B
NPOTMBOMNOMOXHbIE CTOPOHBbI. KoadhduuneHT monekynspHon anddysnmn 3aBnucuT ot
CTPYKTYpbl TBEPOOro Tena, Temnepatypbl U KOHUEHTpaunum pacTBOPUMBIX YacTuy,
BelllecTBa.

[MepeHOC BellecTBa OT MNOBEPXHOCTW pasfena a3 Brnydbb 3SKCTpareHTa
xapakTepusyeTtcst koadpduumreHToMm maccootaaun . MNnotHocTb AN dY3MOHHOTO
noToka j OT MOBEPXHOCTU pasfena a3 K XWMOKOCTU BbIpaXalTCs ypaBHEHUEM

HbroToHa -PuxmaHa:

. Pal _ [

j=pC,-C"), (3-64)

rge: Cn - KOHLI,eHTpaLI,VIFI n3BriekaemMoro BeullectBa Ha I'IOBerHOCTVI
TBEpgoro Tena, %wmac.; " - KOHLEHTpauus KI4YeBOro KOMMOHEHTa B

aKcTpareHTe, Y%Mmac.
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BaxHenwmmn dakropamu, BAUAKOWMMU Ha BeESIMYMHY KOS(pduumneHTa
MaccooTaauun SABNAIOTCS: pPEXNM TeyeHus XUOKOCTN, domsndeckne
(Andbdy3noHHbIE) CBOMCTBA XUAKOCTU, hopMa U pas3Mepbl YacTul TBEpAoro Tena,
a TaKkKe KOHCTPYKTUBHblE OCOBEHHOCTW 3KCTpakTopa, B KOTOPOM npoTeKkaeT
npouecc.

KuHeTnyeckne  KoapuUMEHTbl  MOSiekynapHon  anddysunn D
mMaccootdgaun [ xapakTepusylT [Be pasfnuyHble CTOPOHbI  Mpouecca.
KoadhdomumeHT andpdysmm oTpaxaeTt Tonbko A dy3noHHble CBOMCTBA MaTepuana
TBEpPAbIX YacTuy M UMeeT OOWHAKOBYI BeSIMYMHY He3aBUCUMO OT TOro, rge
ocyuwiecTBnseTcs npouecc. Ha koadhduumMeHT MaccooTgaum 3HauuTenbHoe
BNUAHWE OKasblBaeT KOHCTPYKUMS annapaTta. OTOT (akTop ucnonb3yeTca Ans
OLIEHKN KOHCTPYKTMBHOIO COBEpLUEHCTBA annapata wnn oTAenbHbIX  ero
anemeHToB. C 9TOW Uenbl MepBoHaYanbHO onpegensarT B nabopaTopHbIX
yCcnoBusix KoapdpuumneHT guddysnn, a no n3BecTHOMy KoadpdpuumneHTy andpdysmm
onpeaensioT BENUYNHY KoadhdumuneHTa MmaccooTaauun.

[Mpouecc macconepenayun, T.e. MpoUEcC NepeHoca BellecTBa U3 OOHOW
dasbl B Apyryto Yyepes pasgenstoLlyo Ux NoOBEPXHOCTb, OMUCLIBAETCH YpaBHEHUEM
HecTaunoHapHou anddysnu:

de/dn = D(&° c/ ox’ +6° c/ oy’ +6° c/ 0z%). (3-65)

[ns maTemaTnyeckoro onncaHna npouecca aKkcTparnpoBaHus nocregHee
BblpaXeHne NHTerpupytoT. lNocne npeobpasoBaHnin MHTErpan ypaBHEHMUS
HecTauMmoHapHou Anddy3nm npuHMMaeT crnegyroLwmnn sua;

Zz(f—C’)/(fH —C")= Y. B, exp —,uano q+3 ,  (3-66)
n=1 q

roe: C,, - HavanbHasi KOHLEHTpaLWs M3BMNekaeMoro BellecTsa B TBEPAON YacTuLe,

% mac.; C - CpeaHsist KOHUEHTPaUns LeneBoro KOMNoHeHTa B TBEPAOW YacTule B
onpeaeneHHbln MOMeHT BpeMeHu, % mac.; C' - cpeaHsis KOHLEeHTpauusa Lenesoro
KOMMOHEHTa B 3KCTpareHTe B OMpederneHHbIi MOMEHT BpeMeHu, % Mmac.; L, -
TabynupoBaHHasi BENMYNHA, KoTopas SsBNseTcs yHKUMeN Kputepus buo;

Bi= B R/D - xpurepuit Buo;
Fo=D7/R - guddysnonnbiii kputepmit dypoe;

R - onpenensLnm reoMeTpmuyecKkmuin pasmep, M;

( - COOTHOLLEHME pacxoaoB TBEPOAON U Xuakoun das;

S - KO3 (PULMEHT, 3aBUCALLNK OT B3aUMHOIo HarnpasreHna ABumxeHns gas
(S = —I - gna npoTuBoTOKA; S=-I . OS5 NPSIMOTOKA);
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B, = f(Bi) - tabynupoBaHHas yHKUMS, yunTbiBatoLLas (hOpMy TBEPAbIX
yacTtuu,.

Ha adpdekTnBHOCTL npouecca aKCTparmpoBaHMA OKasbliBaeT 3HAYUTENbHOE
BNUAHME COOTHOLLEHWE pacxoda TBepaon M xuakon das ( , a Takke B3aumHoe

HanpaBneHne OBWXEHUS B3aUMOLEWCTBYKOLIMX dra3. 3OTU  XKe BESINYMHDI
onpeaenstoT ABMXKYLLYIO CUIYy U XapaKkTep ee U3SMEHEHUS.

HanGonee adhhekTMBHO NPOLECC OCYLLECTBAETCS NPU NPOTUBOTOYHOM ABWKeHUM chas. [MaBHbIM
[AOCTOMHCTBOM MPOTMBOTOYHOIO ABMXKEHUA ABMSAETCA BO3MOXHOCTb JOCTUXKEHMS MAKCUMarbHON CTEHKM
N3BMEYEeHNs LieneBoro KOMNoHeHTa 13 TBepaoi gasbl, C 0QHOBPEMEHHbLIM NOMyYeHnem

BbICOKOKOHLEHTPUPOBAHHOIO 3KCTpaKTa.

B cnyyae npAMOTOKa KOHLEHTpaUMs KIHOYEBOrO KOMMOHEHTa B TBepablX
YyacTuMuax Hukorga He CTaHeT MeHblUe KOHEYHOW KOHLIEHTpauuuM 3KcTpareHTa
He3aBMCMMO OT MNPOAOIKUTENbHOCTM npouecca. B aTto xe Bpems cnegyet
OTMETUTb, YTO MPX NPOTMBOTOYMHOM ABMXEHUU ha3 Ko3adhdUUMEHT MaccooTaaum
yawle BCero MMeeT MeHbLUME BENUYMHbLI, YeM Mpu NpsIMOToke. DTO 0ObsCHAETCSH
YXyOLWEHNEM YCMOBUA CMbIBaHWS 4YacTuL XKMAOKOCTbK, YTO CrieAoBaTerbHO
NPUBOANT K YMEHbLUEHWIO LENCTBUTENbHOM NOBEPXHOCTU YacTul, y4acTBYHOLUNX B
npouecce.

B npombllNeHHbIX annapaTax, Kak NpaBuIio, OCYLLIECTBNSETC KOMOUHUPOBaHHbLINA CNocob
B3aumogencTeus das, T.e. Ha OTAerbHbIX y4acTkax annaparta unu B oTaenbHbIX CTagusx npolecca
HabnogaeTcs NPSAMOTOK (NMPY BbICOKUX 3HAYEHUSIX ko3dhuLMeHTa MaccooTaaqwm), a BeCb NpoLecc B

uenom nNpubnmkaeTcs K NpOTUBOTOKY.

Kpome BblLLUENepevYncrneHHbixX cnocoboB B3anMoOeNCTBUS cbaa CyLLeCTBYHT TakKXe npouecchbl
naeanbHOro CMELLEHMWS MO XUOKOW cbase M npoueccobl B 6onbLlwom obbeme xunakoctn. OgHako aTu

MeTO[dbl B NPOMbILLJIEHHBLIX annapartax NpakTn4eckn He NpuMeHATCA.

Bropoii ¢akTop - cCOOTHOIIEHHE pacxoaa TBEPAOU U KUIKOM (a3 - OKa3bIBAET
HE MEHbIIee BIUSHUE Ha CKOPOCTh 3KCTparupoBaHusi. C yBEITMYEHHUEM MACChI
DKCTpAreHTa, YYacTBYIOLIEro B IIPOLECCE, BO3pAacTaeT MABWXKYIIAs CWIa U
YBEIMYMBAECTCS CTEIEHb W3BJIEYEHHMs LIEJIEBOrO KOMIOHEHTa. Ho B TO ke Bpems
CHW)KAETCSl  COJIEpKAHUE M3BJICKAEMBIX BEIIECTB B KOHEYHOM  DKCTPAaKTe,
YBEJIIMYUBAIOTCA ~ rabapuTHbIE ~ pa3Mepbl  amnmapaToB  NpU  OJUHAKOBOM
IPOU3BOAUTENBHOCTH. B CBsSI3W ¢ 3TMM BONPOC O BHIOOPE COOTHOLIEHMS pacxona
MAacc JI0JKEH penlaThes Kak ONTHMasbHas 3a1a4a.

Pacyem npouecca akcmpaaupogaHusi

B npouecce akcTparMpoBaHus cCblpbe, nepepabaTbiBaemoe B MNULLEBOM
MPOMBILLSIEHHOCTHN, CYLLECTBEHHO MEHSIeT MexaHuyeckue, Tennodusnyeckme u
apyrme csouctBa. [loatomy, B HacTodwen Bpems NonyyYusi  LUIMPOKOe
pacnpocTpaHeHne MHTEpBarbHbI METOA pacdeTa, KOTOPbIA 3aKryaeTcss B TOM,
4YTO MO NPOAOIKUTENBHOCTM BECb NpoLuecc pasbmeaeTtcsa Ha 3-20 n 6onbLuee 4yncno
nHTepsanoB. lNpu 3aToM fgenaeTca npeanorsiokeHwe, 4YTO Ha KaxaomM W3 3TUX
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WHTEPBAasNiOB 3HAYeHWsi KMHeTUYeckux koadduumentos D w [, BenuuuHa
COOTHOLLEHUA pacxoja Macc ¢ W CBOMCTBa B3aMMOAEMNCTBYIOLLMX (pa3 ocTarTcA
MOCTOSAHHBIMMW.

Llenbto pacyeTa npouecca SKCTparMpoBaHus SABNAOTCA onpeaeneHue
HeoGX0AMMON NPOAOCIKUTENBHOCTM MpoLecca Ans MNonyyYeHust 3aaHHON CTeneHu

n3sriedeHnd Lenesoro KOMrnoHeHTa é’: CK/CH M3 TBEepagoro Tena - I'IpFIMOVI

(MPOEKTHbIN) pacyeT UNU onpeaeneHue KOHEYHbIX KOHUeHTpauun B dpasax npwu
3a4aHHON NPOAOIMKUTENBHOCTM Npouecca - 0bpaTHbIN (MPOBEPOYHbIN) pacyer.

MeToauka NpsiMoro pacyeTa BbIrnsauT crneayowmm obpasom:

1. BblbupatoT NpoaomKUTENbHOCTL MHTEPBANa.

2. Mo n3BECTHLIM 3Ha4YeHnaM pasmepa vactuu R, senuunHam D n
paccuMTbIBalOT KpuTepuansHble ypasHeHuss o n Bi ana kaxaoro nHtepsana.

3. OnpepnensioT 3HavyeHne Z .

4. 3aAal0TCs IPOU3BOIIbHBIM 3HAYEHUEM &, U PACCHNTLIBAIOT M3MEHEHNME

KOHUEHTpaunn Ha nHTepsarse, KOHLUEHTpauuio LLeneBoro KOMNoHeHTa B TBepoun 1
Xngkomn casax.

5. OnpenensoT NpeaBapuTENbHYI0 CTENEHb M3BMEYEHMS LLIENEBOro
KOMMOHEHTa 13 TBepAoro Tena. Ecnu pacyeTHas cTeneHb U3BNeYeHUs LLeNneBoro
KOMMOHEHTA He COOTBETCTBYET 3a[jlaHHOW BENNYUHE, TO NPOM3BOAAT
MHTEPNONALMNIO N0 BPEMEHM.

6. BbINOMHAIOT YTOMHEHHbIV pacyeT npoLecca 1 onNpeaensitoT KOHEYHbIe
KOHLEHTpaLUn LIeNeBOro KOMMOHEHTa B 3KCTpaKTe 1 B TBEpPAOM Tere.

MemodbI uHmeHcuguKkayuu 3KCMpaKyUOHHO20 npouecca

CKOpoCTb NpOTEKaHMUss Mpouecca JKCTparmpoBaHusa, Kak u  nwoboro
MaccoobMeHHOro npouecca, NPAMo NponopuuoHansHa ABUXYLLEN cune npoLecca
n obpaTHO NnponopunoHanbHa Auddy3MOHHOMY CONPOTUBNEHMIO.

YBenmunTtb OBUXYLLYKO CUIly npouecca MOXHO OBYyMA cnocobamu: npuMeHeHnem NpoTnBOTOYHOIO

MeToda ABMXEeHUA B3aI/IMOﬂ,el7ICTByPOIJJ,I/IX cba3, a TakKKe noBbllEHNEM COOTHOLLEHNA pacxoga Macc
OKCTpareHTa u TBepAbiX YacTul.

Onddy3noHHoe CONpoTUBIIEHNE MNPU IKCTParMpoBaHUU CKagblBaeTca U3
COMPOTUBIIEHUA OCHOBHbIX CTagun npolecca: nepeHoca LEeneBoro KOMMOHEHTA
HenocpeaCcTBEHHO B CaMOW YacTULen OT MOBEPXHOCTU YaCTULbl B OKPY>KalOLLLYIO ee
Xungkoctb. [Ona ymeHbweHus Aanddy3noHHOro COnpoTUBMEHNA Heobxoanmo
YBENUYUTb BENUYUHBbI KNMHETUYECKUX KOIPPUUNEHTOB ANGPIY3NUM U MaccooTaauu
W, KpOMe 3TOro, YMEeHbLINTb pasMep YacTuy, TBepaon asbl. YeennveHue
BESIMYNHbLI  KO3ppuumeHta Oudpdysmm  BO3MOXHO  TOSMBbKO  NOBbILEHUEM
TemnepaTypbl npouecca. YBEeNUYUTb 3HadeHue KoadduumeHTa maccooThayum
MOXHO  HecKonbkumm  cnocobamu. B HacTosiwee Bpemsi Haubornbliee
pacrnpocTpaHeHne nonyyYnusiv  MeTodbl, CO3JaHuUS peXxuma KUNAWero cros,
3NEKTPOMMNYIbCHbIE BO3OENCTBUS, YNbTpasByKoBble KonebaHus, Bubpaumsa u T.0.
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Kpome aTtoro Ha apdekTMBHOCTb npouecca BAUSieT Takke cnocod noaroToBKM
cbipbsi. Kpome wu3MmenbyeHusa cbipbsi K 3TUM cnocobam MOXHO OTHECTU
TEPMOXMMMYECKOE BO3OENCTBUE, YBMNaXHEHWE BbICYLWWEHHOrO cblpbs, CBY -
BO3OeNCTBME W pAnd  OpPYrMX MeTOAOoB, KOTOpble  YIydwarT He  TOJSIbKO
ANPPY3NOHHBIE, HO N MEXaAHUYECKME CBOMCTBA TBEPAbIX YacTul,.
Cnep,yeT OTMETUTb, HA BCE BbllLiEeNnepe4vYncrneHHble CbaKTOpr cnenyeT HaknadblBaTb CTpoOrne
orpaHn4YeHund, T.K. yCkopdada npouecc Ha OLI,HOIZ cTagunm 3Tn (baKTOpr MOTYT Bbl3BaTb 3HA4YUTEJIbHOE
CHUXXeHMEe CKOPOCTU Ha apyron ctagun. Hanpumep, ymeHbLUeHe pa3mMepa YacTul, yBennumsaeT
NOBEPXHOCTb KOHTakKTa has, ogHako 6onee nnoTHbIN CION YacTuL, yXyaLaeT KOHTaKT C 9KCTpareHToM n
3amMeandet npouecc MaccoobmeHa. |-|03TOMy onpepgeneHne ontTuMarbHbIX peXXnMMOB BeEeHNA NMpoLiecca
H606XOD,I/IMO C y4yeTom ocobeHHoCcTEN CTPOEHUA NCXOOHOIO CbipbA, IBAMEHEHUA €ro B Te4YeHNeE npouecca,
ocobeHHocTeNn annaparta, B KOTOPOM NnpoTeKaeT npouecc, yCJ'IOBVIl7I npoBeaeHnA 3KCTparmposaHma, U 1.4.,

C TeM 4TODObl CBECTU 3KOHOMUNYECKUNE 3aTpaTtbl Ha nNofy4yeHmne rotoBoro nNnpoaykrTa un 3atpatbl Ha
BCnomorartesibHble onepaunn K MUHUMYMY.

OdbdheKkTMBHOCTL Mpouecca 3KCTparMpoBaHWs W3  TBEPAOro NpoaykTa

obecneuunBaloT crneayoLume yCrnoBus:

e [lpaBunbHbIN nogbop TunNa pacTBopuTens. PacTtBopuTenb [OOIMKeH
N3BneKkaTb U3 NPOAYKTa TONbKO HYXHbIA KOMMOHEHT 6€e3 MOCTOPOHHUX MPUMECEN;
MOMHOCTbIO yOansiTbCA M3 3KCTpParMpyemoro MpoAyKTa; He [OOIMKeH Bbi3blBaTb
KOppPO3MM annapaTypbl. B nuiuieBo NPOMbILLNIEHHOCTM B KayecTBe 3KCTpareHToB
MCNonb3yloT Boay, 6€H3MH, 3TUNOBLIN CNUPT, aLETOH, ANXITOP3TaH.

° D,OCTI/I)KeHI/Ie HeobXxo4MMOon cTeNEHU N3MenbYeHns npoAaykKTa, 4To
npunBOoANT K YBEJTIMHEHUNIO MOBEPXHOCTUN KOHTAKTA.

e Co3sgaHue onTumarnbHbIX TeMNepaTypHbIX YCNoBun. NoBbllweHne
TemnepaTypbl BeAeT K yBEMMYEHUI0 CKOPOCTU BHYTPEHHEN anddysnu.

e Co3gaHue HyxHoro aaeneHus. MNoBbilleHWE AaBNEHUS B cUCTEME
NPMBOOUT K YBENUYEHUIO BbiXO4a 3KCTParnpyembiX BELLLECTB.

e [locTaTOYHOE KONMMYECTBO pacTBOPUTENS N cobntogeHne onTMMarnbHOM
NPOAOIHKMUTENBHOCTM NpoLecca.

KoHcmpykyuu akcmpakmopoe

B nuwWeBON NPOMbLILMEHHOCTM MOMYYUNN  LUMPOKOE pacrnpoCTpaHeHue
HEeNpepbIBHO-AENCTBYIOWIME  annapatbl, B  OCHOBHOM  MPOTUBOTOYHOIO MU
KOMOVMHUPOBAHHOIO AENCTBUS, KOTOPble ObIBAOT BEPTUKAIbHOIO, rOPU30HTaNIbHOroO
UMM HaKNOHHOIrO WUCNONHeHMs. B gaHHbIX annapatax NPUMEHSIIOTCS LLIHEKOBbIE,

JIEHTO4HbIE, KOBLUOBbIE U pAA OPYIrUX pa60l-||/1x OpraHoB.

JleHTOYHbIe 3KCTpaKTOpPbI (P1C.3.38.) NPUMEHSAOTCA ANA SKCTpaKLMM Macna
M3 cemMsiH noaconHeyHuka. Teepaas ¢asa — pasgpobneHHble ceMeHa
nepemMeLLarTca Mno JfieHTe TOHKUM CII0eM, a 3KCTpareHT — OeH3WH nogaeTcs
CBEPXY C MOMOLLbKD HACOCOB M OpPOLUAET HaxoAsWMACSA Ha NeHTe martepuan.
[Mpouecc ocywecTBNseTCAa MO CNOXHOW KOMOWHWMPOBAHHOMW CXEMe [OBUXEHUA
NOTOKOB TBEPLOro Matepuana n akcTpareHTa: nonepeyHbln TOK Ha KaXkgoM y4yacTke
MW NPOTMBOTOK B LENOM B 9KCTpaktope. KOHCTPYKUMS SKCTpakTopa He
obecneunBaeT 3 EHEKTUBHOIO B3aMMOLENCTBUS TBEPOOM (Pasbl C IKCTPAreHTOM,
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9KCTpaKUUsi MPOTEKAET C HEBbLICOKOW CKOPOCTLHIO. [ NMOMHOro M3BreYeHnss macna
TpebyeTcs HECKONbKO CTyMNeHel aKCTPaKLUN.

Hoxodweid
MamegUan e—1]

ﬁl benoun 7 7
——

N
i
e

g

Punc.3.38. JlIeHTO4YHbIN 9KCTpakTop: 1—Kopnyc; 2—conna;

3—3arpy3o4Has waxra; 4—TpaHcnopTmpytoLlee yCTpoNCTBO; 5 — HacocChl

CeKkumoHHbIn annapat. CekumoHHbI annapaT (puc.3.39.) npeactaBnsaeT
cobon HakNoHHbIM U-06pasHbii  Kopnyc 1, pasgesieHHbl  BepTUKanbHbIMU
neperopogkamu 6 Ha nocnegoBaTenbHO pacnosioxXeHHble cekuun. K neperopogke
KpenuTcs nepopupoBaHHbIA HanpaBnaLWMn cekTop 9, 06pasyolni ¢ KOpnycom
MW Neperopogkon  OAPEeHaXHO-OTKMMHLIM  KaHasl, KOTopbld  3aBepllaeTcs
pas3rpy3o4HbiM OKHOM. B OKHe ycTaHOBMeHa ToOpMmoO3swas neperopogka 3,
oMKCUpPOBaAHHAsA NPYXMHOWN, YCUITUE Ha KOTOPOW perynmpyeTca.

Ha ropusoHTanbHOM Bany 7 yCTaHOBIIEHbl NepemMelumBatolme nonactm 4 m
pbl4arn, Ha KOTOPbIX YKpenneHbl neperpys3odHble KoBwM 12. BokoBas n 3agHsAs
CTEHKM KOBLUEN UMEIOT nepdopaLmio.

[nsi nogayn cbipbs U3 OOHOW CeKuMM B OPYryl0 K Neperopoake KpenuTcs
HaKnoHHas HanpaenswoLas 8, KoTopas ¢ Lenblo MHANBMAYaNbHOIO perynmpoBaHuns
NPOU3BOAMTENBHOCTUN KaXAO0N CEKLMM MOXET NOBOpPaYnBaTbCS.

AnnapaT cHabxeH napoBon pybawkon 13 ana nogaepXaHust 3agaHHOM
Temnepartypbl, [03aTOPOM 2 U  KOHTPOSIbHO-U3MEPUTENbHbIMK  Npubopamu
(poTameTpom, TepMoOMETPaMn 1 ap.).

OKCcTpakTop paboTaeT cnegyowmnm obpasom. Chipbe C NMOMOLLbIO Jo3aTopa
nogaeTca B nepByto cekumto. C 9TOro MOMeHTa BO3HUKAET KOHTAKT (pas. B kaxaown
CeKUMK Cbipbe rionactsammn 4 nepemMellaeTca BOOMb OCK annaparta B 30HY LENCTBUS
neperpy3oyHbiX KOBLUEW, 3axBaTblBaeTCcsd WMW U MNOOHUMAETCA Bblle YPOBHS
XuakocTtu. MNpu aToM nNponcxoaut cBOBOAHbLIA CTOK XUAKOCTU Yepes nepdopauunto
B KOBLUE M Hanpasnswlwem cektope 9 obpaTHo B cekumto. lNpn ganbHenwem
OBWKEHMN  KOBLUA MaTepuan OTKMMaeTcsa Mexgy HUM U TOPpMO3SLLeEn

neperopoakol. 3aTem KOBLUI MpeofoneBaeT COMNPOTUBMEHME TepMO3SLLEN
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neperopogkn 3 M martepuan nonagaeT Ha HaKMNOHHYK HanpasnsawLwyw 5, no

KOTOPOW NOCTyNaeT B CreAyoLLyo CEKLMIO.

A-A
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Punc.3.39. CeKkumoHHbIN akcTpakTop: 1 — U-06pasHbii kopnyc; 2 — [o3aTtop;
3 — TopMoO3dLne neperopogku; 4 — nepemeLumsaroLime nonactn; 5—Hoxu;
6—neperopoakn; 7—.an; 8 — HanpasnsawLne; 9 — HanpasngoLWwasa CeKTop;
10 — xBOCTOBUKMK; 11 — nepeToYHble OTBEPCTUSA; 12 — neperpysoyHbie
KoBLMK; 13 — -napoBas pyballka

K 3agHen cTeHKe KOBLUA npukpennseTcsa XxBocToBuMK 10, O KOTOpbIn
yaapseTcsa BO3BpallaloLlanca B UCXOAHOE MOSIOXEeHUe TOpMo3sLlas neperoposka.
[Mpn 3TOM NPOUCXOAUT BCTPSIXMBAHME KOBLUA W MNOSIHOE OTAENeHne OT Hero
TBEpOon asbl. B Kaxgon criegylowlen cekuuum LUKN KOHTaKTUpoBaHUA as,
OTXMMa W neperpyskn nosTopseTcsa. M3 nocnegHen cekuuum noaBeprivmncs
9KCTparMpoBaHUIO MaTepuan BbIrpyXaeTcsa aHanornyHelM obpasom.

OkcTpareHT (Boga) nogaeTcs B MOCMEAHIO CEeKUUIO U Yepe3 MNepeToyHble
oTBepcTus 11 B neperopogke 6 nonagaeT B Npeablayllyto CEeKuMio, Tak Kak
Gnarogaps HaKkNoOHY Kopryca YpPOBEHb XXMAKOCTU B KaXKOoW Mocreayowen cekumm
BbllLie, YeM B npeablayllen. AHanormyHbiM 06pa3om 3KCTpareHT nepexoauT Aanee
N3 CeKuMM B CeKkLMo, ABUrasicb HaBCTpedy TBepAon dase, a IKCTPaKT, UMELLMIA
MaKCMMarbHY KOHLEHTpauuo, OTBOAMTCA M3 nepBov cekumn. [lepeToyHble
OTBEpPCTUS B NEPEropoake O4YMLLATCS HoXamu 5.

CeKkunoHnpoBaHue N oTXaTue XUOKOCTU B KaXKOOW CEKUUM CyLLEeCTBEHHO
CHWXaeT CTeneHb NpoaoSibHOro nepeMeLlBaHns Kak TBepaOomn, Tak U XUOKon gas.
OmkaTne Ha Kaxgon CTyneHum cnocobCcTByeT ynydweHno maccoobmeHa Ha
nocrnegywoowen CTyneHn U HEeCKONbKO YyBenuimBaeT MepeHoC BHYTPU mMartepuana.
Bce aT0 genaet annapat BbICOKO3((PEKTUBHbIM.

KoBlwoOBbLIe 3KCTpaKkToOpbl. [10 KOHCTPYKUMN OENATCA Ha BepTUKalbHble U
ropusoHTasnbHble. Y  OKCTPaKTOpOB  3TOr0  TunMa  WUMEKTCH  KOBWK  C
nepdopMpoBaHHbIM OHULLIEM, 3aKpEneHHbIe Ha HENPEPLIBHO ABUXYLLENCA NEHTE.

Y BepTuKarnbHbIX KOBLLOBbLIX 3KCTpakTopoB (puc.3.40.) maTtepuan 3arpyxaetcs
CBEPXY, B BEPXHMWIA KOBLU OMyCKaloLWEerocs psiga U opoLlaeTcsi pacTBOPUTENEM,
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YacTUYHO OBOraLLEHHbIM 3KCTParnpyoLnM BELLECTBOM MOCIE NPOXOXAEHNS Yepes
nogHumMawwmnca psg  koswen. [lpoxooa 4epe3 4YacTuMubl B KOBLIE W
nepopupoBaHHOE [OHO, 3KCTpareHT MnocTyrnaeT B Crefyrowmn KoBw. Takum
obpasom, B onyckaroweMcs psiay KOBLIEN MMEET MeCTO NPSIMOTOYHbIN NpoLecc.

BepxHun koBW nogHuMaroweroca psga
KOBLUEWN opoLuaeTcs cBepxy YNCTbIM
pacTBopuTenem, criegoBateflbHO, B 9TOM psaay
MMeeT MeCTO NPOTMBOTOYHBIN NpoLecc.

XXunagkocTb, Npollealwlas Yepes nocnegHun
KOBLL 3TOro psiga, cobupaeTcs Ha AHe annapaTta
7 HanpasnseTcs B BEPXHUIA KOBLL
onyckatoLlierocs psga.

FOpun3oHTanbHbIe KOBLLOBbLIE 9KCTPAKTOPbI

paboTaloT N0 TOMY e MpUHUMMY, YTO U

NEHTOYHbIE: Trpynna KOBLUEW OAHOBPEMEHHO

opowaeTcda XUOKOCTbH, KOTOpad C06I/Ip88TCFI

nog KosBwWaMn W HarnpabJliA€TCA Ha OpoLueHune

Jkempanm

>~ coceHen rpynnbl KOBLUEN, PAacronoXeHHON B

HanpaBneHun, MNPOTUBOMONOXHOM  [BMKEHUIO

Punc.3.40. BepTukasnbHbIN

KOBLLOBbIN 3KCTPaKTOP:

1 — KoBL; 2 — nNuTaTenb 9KCTpakTopa B KOBLUOBOM TOPU3OHTasIbHOM
pacTBopuTens; 3 — 3arpy3oyHoe
YCTPONCTBO: 4—nuTaTenb Ans

MPOMEXYTOYHOrO 3KCTpareHTa XOTS KOBLUOBble 3KCTpakTopbl U 6onee

NPOU3BOAUTENbHbBI, YEeM JEHTOYHble, OHU B
MOMHON Mepe WMEKT Te Xe HeJoCTaTKu: HapylleHue MNpoTUBOTOKa, GonbLuve
rabapuTbl, Nnoxoe ucnonb3oBaHne obbema annapara.

[ByXWHeKOBbIE HaKMOHHbIe annapatbl (puc.3. 41.). AnnapaTt 3Toro Tuna
npeacraenset cobor KopblITOOOpa3HbIN, HAKNOHHO YCTAHOBIEHHbLIN KOpPMNyC C
pyballkamu Ha BHELLHEN NOBEPXHOCTU Ans oborpeBa annapata napom.

BHyTpu kopriyca, wumerowero B MOMNEPEeYHOM CeyvyeHun -obpasHyo dopmy,
pacrnonoXeHbl ABa BpaLLaloLWMXCH HaBCTpeYy ApYr ApYry LUHeKa, onnparoLLmMxcs Ha
psg PaBHOMEPHO PacMOSIOKEHHbIX MO AfMHE annapaTta MOALMMHUKOB. BuTkn
LLIHEKOB 4aCTU4YHO 3axo4AT OOWH 3a Apyrov, Yyem npefoTeBpallaeTcs BpalleHue
yacTuy, BMecTe cO LWwHekamu. [lepen HwKHEW TOpUEBOW CTEHKOW annapaTa
HaxoOMUTCA CUTO, KOTOpPOe BMeEeCTe CO CTEeHKOW obpasyeT kamepy AN OTAeNeHus
aKcTpareHTa. CuTO ouuwaeTca Bpalwawwmmmuca ckpebkamn. Hag ronosHoM
4YacTblo annapaTta HaxoauTCs MpUeMHbI ByHkep, OAHA W3 CTEHOK KOTOpPOro
ABMSIETCSA NPOAOIIKEHNEM HUXKHEN TOPLIEBOW CTEHKM annaparta. LLHekn npusoaaTcs
BO BpalleHue OByMS crneuunanbHbiMKM NPpUBOLAMW, YCTAHOBNEHHLIMU Y HUXHEN U
BEpXHEN TopLeBbIX CTEHOK annaparta. [Ona yaaneHna 4actuy u3 annapata B
BEpPXHEN YacTu annaparta UMeeTcsl Koneco ¢ Yepnakamn. Pacteoputens B annapaTt

TpaHcnopTepa. B otnnunMe OT NEHTOYHOro

3KCTpaKTope MUcnonb3yTcs obe ero BETBW.
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Puc.3.41. HaknoHHbIN ABYXLLIHEKOBbLIN
AN Py3nMOoHHBIM annapar:

1, 8—anekTpoasuraTenu;
2—npueMHbIn ByHKep; 3 — KpbILKa;
4 — onopa; 5 — neperopoaka;

6, 9 — nonacTtu; 7 — BbIrPY>KHOM
WwHek; 10 — wHek;11 — rpetowas

kamepa; 12 — cuto; 13 — wityuep
Ans BeiBoga Anddy3noHHOIo COKa;
14 - pebpo

t
nogaeTcda cneunaribHbIMMU NMOBOPOTHbIMIA I'Iany6KaMI/I C connamu B BerHeIZ 4acTu
annaparta Hag nocnegHMMm BUTKaMun LLIHEKOB.

,D,ByXLIJHeKOBbIe HaKIMOHHbIE annapaTtbl MMEKT HAUMEHbLLLYIO N3 BCEX LUMPOKO

TPUMEHSIEMbIX B MPOMbILLNIEHHOCTU TUMOB 3KCTPAKTOPOB  METanoeMKOCTb,
3aHMMalOT HaMMeHbLUM 06beM 3[aHusl, UMEHT MEHbLUMIA pacxopd SHeprun wu
MEHbLLYI0 CTOMMOCTb BCEM YCTAHOBKM B CPaBHEHMM C OPYrMMU annapatamu Takow
Xe npounsBoauTenbHOCTU. KOHCTPYKLUMS MX AOCTAaTOMHO NpocTa M OOCTynHa Ans
aKcnnyaTauMm W pemoHTa. HegoctaTkamy annapatoB 3TOro Tuna SBRASOTCS
PELMPKYNSAUMS YacTuL, M 3KCTpareHTa Mo [AfiMHe annapaTta, 3HauuTernbHoe
OpobrneHne TBepAdblX YacTul WM TPYAHOCTM B CO34aHWM  HEeobGXoaMMoro

TeMnepaTtypHOro pexmma B annaparte, 0CcobeHHO B annaparax BonbLwmnx pa3MepoB.

3.3.3. CywHocTb npouecca n Buabl pektudnkaumum
OgHnm 13 Haubonee pacnpoCTPaHEHHbIX METOLOB pasfderieHus XKuoKux
OLHOPOAHbBIX CMeceun, COCTOSWMX M3 ABYX Mnn 6onbliero ymcna KOMMOHEHTOB,
ABNSIETCA MNEeperoHka, KoTopasi npeacraBnsieT cobon npouecc, BKAYAOLNN
YacTMYHOE WucnapeHue pasgensemMon CMecu W MOCreayrLwy KOHAEHCcaLmo
o0pasylolnxca napoB, OCYLIECTBMASIEMble OLHOKPATHO WNW  MHOrokpaTtHo. B

pe3ynbTate KoOHOEeHCauun nony4yarT XUOKOCTb, COCTaB KOTOpOI7I oTnn4yaeTca OT
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cocTaBa MCXogHOW cmecwu. PasgeneHne neperoHKo OCHOBaHO Ha pasnunyHowu

neTy4yecTn KOMMOHEHTOB CMeCU Npu OAHOW U ToWn Xe Temnepatype. [pn kuneHum
CMeCH, COCTOSILLEN M3 pPasfNYHbIX MO JIeTy4eCTU KOMMOHEHTOB, Donee neTyynn
KOMMOHEHT MepexoauT B napoByk ¢a3y B OTHOCUTENbHO GonblleM KonmMyecTse,
yeM MeHee neTyyun. CnegoBaTeNnbHO, B MpoLecce MNeperoHKN xuakas asa
obenHsaeTcqa, a napoBasa dasa oborawiaeTcd HU3KOKMNALMM KOMMOHEHTOM - HK.
HeuncnapuBluascs Xugkoctb nmeeT coctaB 6onee Goratblid TPyAHONETYYUM WK
BbICOKOKMNAWMM  KOMNOHeHTOM (BK). 3Ta >XMAOKOCTb HasblBaeTcsi KyOOBbIM
OCTaTKOM, a >XMAOKOCTb, MONyYeHHas B pe3ynbTaTe KOHOeHCauuMm napoB -—

ONCTUNNATOM UINA peKTI/I(bVI KaTOM.

CyuiecTByeT ABa BMAa NEPErOHKW: NpocTas NeperoHkKa 1 pekTudukaums.

MpocTtas _neperoHka npeacrtaBndeT cobowm npouecc OAOHOKpaTHOro

4YaCTMYHOro WCMNapeHust XUOKOM CMEecu U KOHAeHcauun oOpasyloLliMxcs napos.
MpocTasi neperoHka NpMMeHMMa AOns npeaBapuTenbHOro, rpyboro pasgeneHus

XNOKUX CMECEN.

3HaunTensHo 6onee nonHoe pasgeneHne Xnagkmx cMecen Ha KOMMOHEHTbI

OOCTUraeTcda nytem peKkTucnkKauum. PeKTVICbI/IKaLl,I/ISI npeancrasndeT cobon

NnpoLEeCcc MHOrOKPaTHOro YaCTUYHOro MCNapeHust XXMOKOCTU U KOHAEeHCcauun napos.
[Mpouecc ocywecTBnaeTca NyTeM KOHTaKTa MOTOKOB Mapa U XWOKOCTU, UMEIOLLMX
pasnuyHylo Temnepartypy, U NpoBoAUTCS OBbLIMHO B KOMOHHLIX annapatax. [Mpwu
KaXXOOM KOHTaKTe W3 XWOKOCTU ucnapsaetcsa npeumywectseHHo HK, KoTopbim
oborawaloTca napbl, a K3 MNapoB KOHAEHcupyeTcs npeumyuiectBeHHO BK,
nepexogawmm B KUOKOCTb. Takom [OBYXCTOPOHHMA OOMEH KOMMOHEHTaMu,
NOBTOPAEMbIN MHOIOKpPaTHO, MNO3BONSET MOSyYnTb B KOHEYHOM CcYyeTe napbl,
npegcrasnswowme cobor nodtn ymctbin HK. 3T napbl nocne koHgeHcauun B
OTAENbHOM annapaTte AawT OUCTUNNAT (pekTudukaT) n dnermy — XuokocTb,
BO3BpaLlaeMyo OnA OPOLUEHUS KOMOHHbI U B3aUMOOENCTBUA C NOgHMMAKLWMMUCS
napamu. lNapbl nony4yaT NyTeM YaCTUYHOrO MUCNapeHnsl CHM3Y KOSTIOHHbI OcTaTka,

SABNSOLErocs NoYTU YNCTbIM BbICOKOKMMNALWMM KOMMOHEHTOM — BK.



241
Pektndumkaums WNUPoOKO NPUMEHSIETCA B CNUPTOBOW MPOMBbILLSIEHHOCTU U B

npoussoAcTBe 3UpHbIX Macen. [lpyumep nNpPOCTON MEpPeroHKn - nosiydeHune

ANCTUNNNPOBAHHOW BOAbI.

Knaccudgpukayust 6uHapHbIx cmecel
B ocHOBYy TeopuuM nNeperoHkM MoroXeHbl 3aKOHOMEPHOCTU MEeperoHKu
OGuHapHbIX cmecein. OCHOBHblE 3aKOHbI, YNpaBnsAloLWME MNEPEeroHKon OUHaPHbIX

cmecen, yctaHosneHbl [.11. KoHoBanosbim 1 M.C. BpeBckum.

B ocHoBy knaccudgukaumm OMHapHbLIX CMecen nonoxeHa YHKUMOHanbHas
3aBUCMMOCTb OOLLero gaBreHusi napoB GMHApPHOM CUCTEMbI OT COCTaBa >XWUAKOW
dasbl. Ecnn Ha ropmsoHTanbHom ocu (puc.3.42.) otnoxntb cogepxaHme HK, a Ha
BepTuKanbHon — obLlee faBneHne napoB CMeCcK, TO B 3aBUCMMOCTU OT Xapaktepa

CMeCH NnHnn gasrieHna Mmoryt UMeTb TOT UIN MHOW BUA.

JNMuHmMs 1 cooTBETCTBYET Criyyato MosiHOM HepacTBOPUMOCTU KOMMOHeHTa. B
3TOM cry4yae oblias ynpyrocTb NapoB paBHA CyMMe AaBieHWA MapoB YUCTbIX
KOMMOHEHTOB [0 Tex Mop, Moka B XXWAOKOW cpede umerTcss oba KOMMOHEHTA,

Hanpumep, cmecb 6eH3ona v BoAbl.

t=const

/ ,‘Z_—” i

i
1000 100,0 10,0 290
LOOEPHOKUE  KUKERUNALLE20  KOMNOHETIA ‘

Puc.3.42. Knaccudumkaumnsa GuHapHbIX CMeCen.
(P1 v P2 - paBrneHue napoB YUCTbIX KOMMNOHEHTOB)

JInHung 2 COOTBETCTBYET CMEeCU KOMMOHEHTOB, YaCTU4YHO pacCTBOPUMbIX OOWH

B Apyrom, Haripnmep, CMeCb I/I306yTI/IJ'IOBOFO crnpTa n BoAbl.

JInhna 3 COOTBETCTBYET CMEeCUM KOMIMOHEHTOB, MOJIHOCTbKO pPaCTBOPUMbIX

oanH B Apyrom. O6uwasi ynpyrocTb napa 3TUX CMeced WUMEET MaKCUMyM,
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OoTBeYaLmin onpeaesieHHOMY CoCTaBy XuUaKon dpasbl Npy gaHHon TemnepaTtype. K

TakKMM CMeCAM OTHOCATCA CMECU 3TUITOBOIo cnmpta n BoAbl.

JNivims 4 cooTBeTCTBYET nNpeadenibHOMY Cry4vatr, Korga KOMMOHEHTbI
MOMHOCTbIO PacTBOPSAOTCS OOWH B OPYyrom, He obOpasys Makcumyma unu

MUHUMYMa. Hanpmmep, CMeCb METUJI0OBOIO CrnmpTa n BOAbl, aMMMnaKka n Boabl.

NuHns 5 oTBevaeT crniyyat MOMHOW PaCTBOPUMOCTU KOMMOHEHTOB C
obpasoBaHveM 0cCOOOWM TOYKM, COOTBETCTBYHOLLEN MUHUMYMY [aABReEHMs,

HanpunMmep, cMecCb BOAbl U MypaBbMHOVI KUCIOThI.

Cmecun, cooTBeTCTBYyWOLWME NUHUMM 4, ABASKOTCA NPOCTENWUMWU  UNA
naearnbHbIMU, KOTOPbIE NOOYNHAIOTCSA 3aKOoHY Payns: napuvanbHoe gasneHue napa
KOMMoHeHTa Pa paBHO [OaBfieHM0 HACbIWEHHOro napa 3TOro KOMMOHEHTa npwu
AAHHOW TemnepaTtype Pa, YMHOXEHHOMY Ha €ero MOJSIbHYK OO0 B XUOKOCTU Xa ,
T.e..

Pa = pa Xa. (3-67)

PacTtBopbl, NWHWUM [aBneHusi napa KOTOpbIX OTKMOHSAKTCA OT MPsIMOW,
obpasyoTca U3 YUCTbIX KOMMOHEHTOB C 3aMeTHbIM TennoBbiM addektom. Ecnu
cuna nNPUTSDKEHUS  MOSMEKYN  HEeOAWMHAKOBbIX KOMMOHEHTOB MEHbLUe, YeM
OOVHAKOBbIX, TO AaBfeHWe napa cMmecu OyaeT OTKMOHATbLCA BBEPX OT SMHWUK

naearbHbIX PpacTBOPOB (NUHUSA 3).

Ecrnin cuna NPUTAXEHNA MOJIEKYNT HEOOUHAKOBbIX KOMMOHEHTOB oonble
CuUnbl NPUTAXXEHUA MOJIEKYIT OOMHAKOBbIX KOMMOHEHTOB, KpuBad nonaeTt Huxe

NpPAMON naeanbHbIX PpacTBOPOB (NMHUSA 5).

Ecnu cuna nputskeHust Monekyn mMana, To xuakas basa paccnaveaeTcs Ha
asa cnosi. Kaxaplh U3 HUX NocblnaeT Monekysbl B NapoBy a3y Tak, kak byaTo
Obl OH HaxoauTcsi B pacTBope oaAvH. B aTom cnyyae obuwee pgaBneHve napoB
paBHO CyMMe AaBneHUI YNCTbIX KOMMOHEHTOB NpU AaHHOW TemnepaTtype (nMHus 1

N NNHUSA 2).

OCcHoOBHbIe 3aKOHbI Mepe2oHKU
[Ana AByx B3aMMHO pacTBOPMMbIX Xugkocten npasuno das 'mbbca moxet

ObITb 3anNncaHo TakK:
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C=K-0+2=2-2+2=2, (3-68)

roe: C — 4yucno crteneHen csobogbl; K — 4YMCNO KOMMOHEHTOB, @ — 4ucrno

das.

CnepoBaTenbHO, M3 TpeX He3aBUCUMbIX MapamMeTpoB, MOJSTHOCTbIO
onpeaensioWnx COCTOSSHME CUCTEMbl — Temnepartypbl t, gaBneHns P n
KOHUeHTpauun C — MOXHO Mnpou3BONbHO BbiOpaTb nbble ABa; Npu 3TOM

onpegenntca 3HadeHune TpeTbero napameTpa, KOTOpoe He MOXeT ObITb

NPON3BOJIbHbLIM.

Bonpoc o coctaBe ¢as, HaxoasWwmMxcst B paBHOBECUU, SIBNSIETCA BaXXHEULLNM
AS19 N3ydeHus npoueccoB rneperoHkn. OCHOBHbIE 3aKOHOMEPHOCTU 3TUX NPOLIECCOB
yctaHoBneHbl [.[1. KoHoBanoBbIM, KOTOpbIN, WCCreaya pacTBOpbl CNUPTOB U

OopraHmn4eckmnx KUCnoT B BoAe, yCTaHOBUI1 ABa OCHOBHbIX 3aKOHa.

MNepBbIn 3akoH [1.I1. KoHoBanoBa ccopmynupoBaH crnegyowmum obpasom:

«lMap, HaxoadawmMca B paBHOBECUM C pacTBOPOM, BCerga CoaepXut B n3bbiTke TOT
KOMMOHEHT, npubaBneHMe KOTOPOro K >XWAKOCTM MoBbiwaeT obuee OaBneHue
NapoB Hag HEW WM CHWKaeT Temnepatypy kuneHusi». WHade roeops, nap
oborawjaeTcs TeM KOMMOHEHTOM, NpubaBneHne KOTOporo K XXMOKOCTM NOBbIAET
obulee OgaBneHve NapoB Hag HEM UMW CHWKAET ee TemnepaTtypy KuneHus. IToT
3aKOH ornpepgenigeT KayeCTBEHHbIM cocTaB napoBon asbl. Paccmotpum ans
npumepa cuctemy C-HsOH - H,O. lNpnbasneHune K xngkon case cnmpTta Bbi3biBaeT
B 3TON CUCTEME CHWXEHMe TemnepaTtypbl kuneHus. CrnegoBaTenbHO, NPU KUNEHUK
napoBasd asa Oyger oborawaTtecs napamu cnupta. B cnyyae waeanbHbIX
pacTBOpPOB 3TO MorfoxeHne OGygeT cnpaBegnmMBo Ansd noboro cocraBa XULKON

dasbl.

[ns pacTBOpOB, KpMBas gaBNeHNA KOTOPbIX UMEET MaKCUMYM UM MUHUMYM,
CyLLeCTBYeT HEKOTOpPbI COCTaB >XWOKOM CMecu, Mpu KOTOPOM BblensrLinecs
napbl MMeKT TOT Xe COoCTaB, YTO W Xuakas asa. Takad cmecb HasblBaeTcCs
HepasgenbHOKUNSLWEN nn aseoTpornHou. lNonoxeHne aton cmecu Ha rpacduke P

— X YycTaHaBnuBaeTcs BTOpbIM_3akoHoMm [1.[1. KoHoBanoBa: «B akctpemymax

AaBneHun napa (MnuM ToYeK KUMNeHusl) CMecer COCTaBbl XWOKOM U napoBon ¢has
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OvHapHOW cmecu Heobxoaumo

0 0 W o 60 & 9557 00 3HaTb COCTaB MapoBoil dhasbl B
Codepwanue cnupma 8 smudxocmu d,%ne Macce

Codepwanue enupma 8 napax 8,% no macee

3aBMCUMOCTM OT COCTaBa XWOKOW
Puc.3.43. KpuBast paBHOBeCHS.

dasbl. [Ona Bcex pacTBOpOB,

KpoMe wuaearnbHblX, 3TO COOTHOLLUEHWE COCTaBOB ONpPeaesisioT OMNbITHbIM MNyTEM.

JKcnepuMmeHTanbHble onpefeneHns galT OCHOBaHWUA AN cocTaBneHust Tabnuy

paBHOBECHbIX COCTaBOB, KOTOpble MNPUBOAATCA B crpaBoyvHMKax. KMcnonbsys

AaHHble, MOXHO MOCTPOUTbL rpadmMKk 3aBMCUMOCTW COCTaBa MapoBOW dasbl OT

cocTaBa Xugkon dassl (puc.3.43).

KpuBas paBHOBecusi, n306-paxxeHHast Ha puc.3.43, CTponTCa B KoopauHaTax
y — X (% mon.) unn B koopanHatax 8 — a (% macc.). B cootBeTcTBUM C NEpPBLIM
3akoHom [1.I1. KoHoBanoBa kpuBad And CUCTEMbl 3TUMNOBBIN CNUMPT — BoAa
npoxoauT Bblwe auaroHanu. CnegosaTtensHo, nap dyget oboraweH CnMpToM no
cpaBHeHUIO C xugkon dason. OgHaKo KpmBasd nepecekaeT AuaroHanb B OAHOM
TOYKE B COOTBETCTBMM CO BTOpbIM 3akoHoM [.[1. KoHoBanoBa. 3Ta Touka
nokasblBaeT COCTaB HepasgenbHOKUNALWEN CMecu U aBNsieTCA as3eoTPOnHON
Toykon. [lpyM HoOpmManbHOM [aBfeHUU HepasgenbHOKMNAWAass CMeCb 3TUNOBbIN
cnvpT — Boda coaepxut 95,57% macc. cnupTta npu Temnepartype kunenus 78,15

°C, npu 3TOM >Xe [OaBneHUn TemnepaTtypa KWNeHWst 3TUNOBOro crnvMpTa paBHa

78,3°C, a Boagbl - 100°C.

3akoHbl M.C. Bpeeckozo
paduk, wnsobpaxeHHbIn Ha puc.3.43., NOCTpPoeH Ana u3obapunyecknx

yCﬂOBI/II;I. I'Ipvl n3MeHeHnn aaBrieHnd B cCUCTEME USMEHAETCA U MNMOJI0OKEeHNe Kpl/lBOI7I
paBHOBECHUA. 3aKOHbI, ynpasndawwmne namMmeHeHmem paBHOBECUA Mpu N3MEHEHUN

OaBneHus B cucteme, ycraHoeneHsl M.C. BpeBckum:
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1. lMpn noBbiWeHUN TemnepaTypbl KuUNeHus (QaBreHusl) pacTtBopa AOBYX
XnoKocTen B napax Bo3pacTaeT OTHOCUTENbHOE coaepXaHue TOro KOMMOHEHTa,
ncnapeHune KoToporo TpebyeT BonbLUen 3aTpaThl IHEPIUN.

2. [Mpyn noBbllWeHUM TemnepaTypbl as3eoTpPonHOM cmeck, obnagarouien
MakCMMyMOM [aBfeHua napa, B CMECU YBENMYMBAETCA coAep)XaHue Toro
KOMMOHEHTA, napunanbHas MofbHas TennoTta ucnapeHust Kotoporo 6onblie, a gnsa
CMECN C MMHMMYMOM [aBfEHNA napa — COAep)KaHMe KOMMOHEHTa — napumarbHas
MOJSIbHas TennoTa UcnapeHnss KOTOPOro MeHbLLE.

OTN 3aKOHbI YKa3blBalOT HanpasneHne, B KOTOPOM COBUTaeTCA paBHOBECUE

npn naSAMeHeHnn aasrieHn4d B CUCTEME.

lMoHsimue o deghneemayuu

[Mpn obpasoBaHuMM napa w3 Xuagkon GMHapHOM cMmecu napbl oboralarTcs
HU3KOKUNALLUM KOMMNOHEHTOM. PaccmoTpum obpaTHbIi Npouecc — KOHAEHCaUMIo
napoB, cogepXalwmx ABa KOMMOHEHTA.

Kak aTo BMAHO 13 guarpamMmmbl pasHoBecua (puc.3.43.), nap, cogepxawum b
(%) HWU3KOKMNALLEro KOMMOHEHTA, HaxXOAUTCA B pPaBHOBECUM C XUAKOCTHIO,
cogepxawen a (%) Huskokunswero komnoHeHta (HK). MNMoatomy npu yacTuyHON
KOHOEHcauMm 9TOro napa oOcTaBwasacsa naposass (asa oborawaercs
HU3KOKUMALLM KOMMOHEHTOM. Takas YacTUYHas KOHAeHcaums,

conpoBoXgawLlascs M3MeHeHMeM cocTaBa (a3, HasbliBaeTcCs aednermaumven.

CnepoBaTtenbHo, Aednermaumen HasblBaeTCA KOHAEHCauuMs MapoBOM CMecCH,
conpoBoXxaatowasca oborawieHMemM OCTaBLUENCA NapoBON da3sbl HU3KOKMMSLLMM

KOMMNOHEHTOM. O6pasy+0|.u,a;|c9 npn 3TOM Xu1aKad q)asa Ha3blBaeTCA (*)J'IGFMOVI.

llpocmasi nepe2oHka

[MeperoHky nNpoBOAAT MNYTEM MOCTEMEHHON0O  WUCMAPEHUST  XKUOKOCTH,
Haxogswenca B neperoHHoMm Kybe. O6pasywowmneca napbl OTBOAATCA U
KoHOeHcupytoTcs. Ecnv npocTtas neperoHka NnpoBoAUTCA NEPUOAMYECKN, TO B Xo4e
otroHkn HK cogepxaHue ero B Ky6oBOWM XMAKOCTU YMeHbLUaeTca. BmecTe ¢ Tem,
N3MEHSIETCS BO BPEMEHU U COCTaB AuCTuUnnsaTa, kotopbih obegHaeTca HK no mepe
npoTekaHust npouecca. B cBsA3n ¢ 3TuM  OTOMpalOT HEeCKOoSNbKo  hpakumimn
ANCTUNNATA, UMEKLWKUX pasHblil cocTaB. [lpocTtas neperoHka, npoBogMmas cC
noslydeHMeM KOHEYHOro npoaykTa pas3HOro cocrtaBa, HasblBaeTcs (ppakuMOHHOW

N apoBbHON NeperoHKoNn.
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———-_;lr\ B nepnogunyeckun
AEenCTByOLLEN YCTaHOBKE NS

7 — hbpakyMOHHON NEepPEroHKn
‘ T (pnc.3.44.) ncxogHyo cmech
Hexaduan L 3arpyxatoT B NeperoHHbIN Kyo

Boda N
crecs }i i 1, CHaB>KEHHbIN 3MEEeBUKOM
ANs HarpeBaHus cMecu [0

=y

flag kuneHus. MNapbl OTBOAATCA B
¢ KOHOEHCcaTopP-XOmno-AUNbHUK 2.
e 3 7] T 1 /T Ppakuwu guctunnsta
— =1 NOCTynatoT B OTAErNbHbIE
= = (==
-] tz=- -- - cbopHukmM 3. 1o OKOHYaHUK
. onepauum ocTaTok U3 K
Kydoleiti acmarmox paul 3 kyba
fpodgkm CNMBaloT 1 3arpyarT BHOBb
pasgensiemyro CMechb.
Puc.3.44. Cxema ycTaHOBKH Jis1 (PPAKIIMOHHOMN Ans cocTaBneHus
NeperoHku: | — meperoHHbIn Kyo; MaTepnanbHoro 6anadca

2 — KOHJICHCATOP-XOJIOAUIBHUK; 3 — COOpPHHUKHU

(GpaKumil JUCTUILIATA. npocTow MeperoHku

Heobxoanmo BBECTHU

cnegywowme 0603HaYeHs:

L — KOnMyecTBO NeperoHsieMon cMecu B Kybe B faHHbI MOMEHT BPEMEHU, Kr
X - KOHUEHTpaumMsa HU3KOKUNALLEro KOMMOHEHTa B pa3gensieMon CMecu.
Torga konuyectso HK B xxunakon dase 6yaet paBHo: L X.

[MycTb 3a BECKOHEeYHO Marnbli NPOMEXYTOK BpeMeHu dz wucnaputca dL Kkr
CMECU U KOHLEHTpaLMS XNOKOCTN B KyDe YMEHbLUMTCA Ha BeNuyuHy dx. MNpu atom
obpasyeTcsa dL kr napa, paBHOBECHOIO C XWOKOCTbIO U MMEKLLEro KOHUeHTpaumto
y*. KonnyectBo HK B nape 0yaet paBHO dLy*. Torga ocTaToK XMOKOCTU B Kybe

coctaBuT (L — dL), kr, a ee koHUeHTpauna byaet (x — dx).

Torga ypaBHeHne matepuarnbHoro 6anaHca no HK 3anuwetcs:
L x =(L — dL) (x — dx) + dLy*. (3-69)
PacyeT npocTon nNeperoHKn uMeeT LUenblo onpeaenutb  KoM4yecTBoO
MCXOOQHOW CMeCH, KOTOpoe HeobxoauMmo neperHatb, 4TOObl nonyynTb B Kybe

OCTaTOK 3afaHHOro coctaBa WM AUCTUNNAT Tpebyemoro coctaBa Xcep. CpeaHuin
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COCTaB X¢p MNOMy4Yyaemoro OUCTUMNSATA  paccuuTbiBalOT M3 ypaBHEHMS

mMartepuanbHoro 6anaHca no HK:

F Xr=Wxw+(F-W)Xcp, (3-70)
oTKyda
Fx —Wx

Xep= F _ W . (3-71)

MpocTyldo neperoHKy npoBOAAT NpU aTMocdepHOM adaBreHuM U noj

BaKyyMOM [OJ14 CHMXEHNA TeMnepaTtypbl KUNMEeHNA CMeCH.

lMpocmasi nepeaoHKa ¢ deghnieamayueli

[nsa noBbIWEeHNs cTeneHu
pasfeneHns CMecu neperoHKy
OCYLLLECTBIIAOT, AOMOMNHUTENBHO
oborawasa nytem gedrermauuu.
Mapbl N3 neperoHHoro kyba 1
(pnc.3.45) nocTynatoT B
nednermaTtop 2, rae 4acTu4yHo
KOHOEeHcupytoTca. M3 napa
KOHOEeHcupyeTcs
npeumyLlectseHHO BK v
nonyvaemasi Xngkoctb (donerma)
cnuaeTcs B Ky6. lNMapbl,
oborauieHHble HK, HanpaBnatoTca
B KOHLEHCATOP-XONOAUNBHUK 3,
rae NosIHOCTbIO KOHOEHCUPYHOTCS.
Ouctunnat cobupaeTca B
cbopHukn 4. OKoHYaHMe

Puc.3.45. Cxema ycTaHOBKW ANs NPOCTOM onepauum KOHTPONMPYOT Mo
NEPEroHKM C Aecnermavyeit: Temnepartype KUneHusi XXnaKocTu
1 — neperoHHbIN Ky6; 2 — nednermaTop; B ky6e, KoTopast JOMKHa

3 — KOHOEHCaTOP-XONOAUIBHUK;

COOTBETCTBOBATbL 3ajaHHOMY MO
4 - cOOPHUKMN. A y

cocTaBy OCTaTKy, KOTOPbIn
yaanseTtcs 13 kyba.

Pekmudpukayus
[MpocTas neperoHka He MNO3BOMSET pas3fenuTb OAHOPOAHbIE XMAOKME CMeECHU
Ha KOMMOHEHTLI. [J0CTaTOYHO BbICOKasi CTEMEHb pasfeneHnss O4HOPOAHbIX XUOKNX
cmecen MoXeT ObiTb AOCTUrHyTa B pesyrbTate MHOFOKPaTHOro YacTUYHOrO

ncnapeHna Xumagkoctmh wm KoHAeHCauun napoB, T.e. C TOMOLLbIKO Tripouecca
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peKkTudnKaumnu. CyLLI,HOCTb npouecca pekTupukaumMm HarnagHo BuaHa 13 aHanuaa

anarpammbl t =X,y (puc.3.46).

[ns HarpeBaHNA UCXOOHOM CMECK CoCTaBa X1 A0 TemnepaTtypbl KAMNEHUs ti
HaxXo4sLWMNCA B paBHOBECUM C XMAKOCTbO. [lpyM KoHAeHcauun 3Toro napa
obpasyeTcsa XnakocTb (KOHAEeHcaT) cocTaBa Yi* = X2 , KoTopas oboraweHa HK.
HarpeB aTy »kug KOCTb OO TemnepaTypbl t2 U CKOHOeHcupoBas obpas3oBaBLUMECH
napbl, NMOMY4YMM KOHOEHcCaT cocTaBa Y2* =Xs3, MPUYEM X3>X2, T.€. XWOKOCTb eLlle

oonble oborawaeTtca HK.

Taknm obpasom,
noBTOPSIS MHOFOKpaTHO
npoLeccbl  UcnapeHus n

KOHOEHcauMm napoB, MOXHO
nosny4nTb XWNOKOCTb,
coctoqawyto n3 HK. AHanornyHo

MO>XHO npoBecTn npouecc

oboraweHus pasgensaemomn
XUOKOCTU BbICOKOKUNALLUM
0 Xy Xp X3 X, Xy KOMMOHEHTOM.

Puc.3.46. ®asoBas gnarpamma t — X,y. B npocTeiiiem  Bume

npouecc MHOFOKpaTHOro
McnapeHnust MOXHO OCYLLEeCTBUTb B MHOrFOCTYrNeH4YaToW YCTaHOBKE, B MNepBOW
CTYNeHu KOTOPOW ncnapsieTcs ucxogHas cMecb. Ha BTOpyto cTyneHb noctynaeT Ha
ncnapeHune XXMOKoCTb, OCTaBLUASCS MOcne OTAeNeHNs NapoB B NEPBON CTYMNeHU, B
TpeTben CTyNneHn ucnapsieTcs >XWUAOKOCTb, MOCTYNMBLUAST W3 BTOPOW CTYMEHMW.
AHanorn4yHo MoxeT ObiTb OpraHM30BaH NPOLECC MHOIOKpPaTHOWM KOHAEHcaUuK, npu
KOTOPOM Ha Kaxayl creyrollyto CTyneHb MOoCTynalT ANnsS KOHAeHcauuu napbl,
OCTaBLUMECS NOCMNe OTAENeHUs OT HMX XMAKOCTU (KoHAeHcaTa) B npeablaylien

CTYNEHWN.

Kaxpas CTyneHb MHOFOCTyI'IeH‘—IaTOIZ YCTaHOBKU ABAETCA, B JaHHOM Clly4ae,
Kak Obl annapartom I'IpOCTOI;I NneperoHkKu. Ho Takue YCTaHOBKMU OTJINMHAKOTCA

rPOMO34KOCTLIO 1 B6OMbLIMMK NOTEPSIMU TEMMA B OKPY>KaIOLLYO Cpeay.
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3HaunTensHo ©Oonee 3KOHOMWYHOE U MONHOoe pasgeneHne cmecenm Ha

KOMMOHEHTbl AOOCTUraeTCA B Nnpoueccax peKTI/ICbI/IKaLI,I/II/I, npoBOAUMbBIX B Gonee

KOMMaKTHbIX annaparax — peKTVI(bI/IKaLl,I/IOHHbIX KOJIOHHaXxX.

Mpouecc pekTudmnKaumm OocyLLECTBNSETCA NYTEM MHOMOKPaTHOro KOHTaKTa
MeXOy HepaBHOBECHbIMW >XMOKOM WK  napoBon pasamu, OBWXKYLLMMUCA
OoTHocuTenbHO Apyr apyra. lNpu B3aMmogencTsum dpas Mexgy HUMW npoucxoauT
mMacco- U1 TennoobmeH. B pesynbrate KaXOoro KOHTakTa KOMMOHEHTHI
nepepacnpegensioTca mexay dasamu: nap oborawaetca HK, a xungkoctb — BK.
MHOrokpaTHOE€ KOHTakTUpOBaHME MPUBOAUT K MPaKTUYECKN MOSTHOMY pasgeneHuto

NCXOOHOW CMecCMW.

Mpoueccbl  pekTUMKauMM  OCYLLECTBISIOTCS  NEepuoanuyeckn  unu
HENPEepPLIBHO MPU  PasfnUYHbIX AaBMNEHMAX: MpU aTMocepHOM AaBrieHun, MoA
BakyyMOM (Ans pasfeneHusi cMecelr BbICOKOKUMSLIMX BELLecTB), a Takke nopn

[AaBneHneM Bblle aTMocdepHOoro.

JTlobas pekTuduKaumMoHHaa ycTaHOBKA COCTOMT W3 KOMTIOHHOM YacTu, B
KOTOPOW pacnosioXeHbl Tapenku WM Hacagku, W KunatunbHuka (Kyba),
npeacTaBnsoLEero cobon KoXyxoTpybuaTbii UM 3MEEBUKOBLIA TENITOOOMEHHUK,
KOTOPbIA MOXET OblTb BCTPOEHHbIM B HWXKHIO 4YacTb WAW BblHECEHHbIM 3a
npeaenbl KONOHHbI. B nuLLIEeBO NPOMBbILLNIEHHOCTM MPUMEHSIOT, FMaBHbIM 00pa3omMm,

TaperlibvaTtble N HacaO4YHbl€ KOJIOHHbI.

KoHCTpYyKUMN pekTUUKALNOHHbBIX annapaTos

PekTndurkaumMoHHble annapaTbl Mo UX KOHCTPYKLMKU MOTyT ObiTb pa3geneHbl Ha
crieaytoLine OCHOBHbIE rpynnbl.

Cxema 8
Pex mU@UKAUUOHHbIE
annapameor
Annapamet c| |Hacadovwere N1neH0uHbe Pomayuanseie

magefnamu KONOoHH B! KONOHHbY annapameoi
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AnnapaTbl Tapeno4Horo Tuna Nony4YMnm Hambonbluee pacnpocTpaHeHne
B NULLeBbIX NpousBoacTBax. Ha punc.3.47. npeacraBneHa cutyaran tTapersika ¢
ABYMS1 LUITUHAPUYECKMMM CITMBHbIMU CTakaHaMu. CuT4yaTble Tapersiku
NPUMEHAITCA KaK ANA YUCTbIX XXUAKOCTEU, TaK U ANA XKNOKOCTEN,
coAepXxalluux B3BelleHHble TBepAble YacTuubl. [1na nepBbIX OTBEpPCTUA
UMerT anameTp 2—3 MM, AJ1A BTOPbIX — 7—8 MM.

B konoHHax 6onbLLOro AnaMmeTpa npu TEYEHUN XXUAOKOCTU Ha Tapernkax co3gaeTcs
3HauYuTenbHas pasHuLa Mexay YPOBHAMU XUAKOCTU NpU BXOJE U BbiXOde ee C
Tapenku. Bcneactene aToro BO3MOXeH HepaBHOMEPHbI NPOXo/ napa Yepes
OTBEPCTUS B PasnMYHbIX TOYKAX KOMOHHbI. YTOObI YCTpaHUTb 3TO SABMEHNE, Tapenku
yCTaHaBMMBAOT C HAKIOHOM B CTOPOHY TEYEHUS XKUAKOCTU; MPU 3TOM co3aaeTcs
OVUHaKOBbIN YPOBEHb ee Ha Taperke.

CyU.LeCTBeHHbIVI HeOOCTaTOK CUTHAaTbIX Tapesiok B TOM, YTO XMOKOCTb Ha HUX yaepXNBaeTCA TOJIbKO 3a
CcYeT gaBleHuna napa. I'IoaTomy npu nageHnn aaeneHna B KOJNTOHHE XUOKOCTb NnpoBanmnmBaeTcd vyepes
OTBEPCTUA TapenoK.

OCHOBHbIM [JOCTOMHCTBOM CUTYaTbIX Taperniok 4dBndeTcda npoctota WUx

KOHCTPYKLMW.

KonnaykoBble Tapenku MMeroT pasnuyHble ycTponcTBa. OCHOBHblE TWMbl
KONMMayKoBbIX TaperokK, NpMMeHsaeMbIX B MULLEBbIX NPON3BOACTBAX, NpeacTaBeHbl
Ha puc.3.48, 3.49 n 3.50.

Punc.3.47. CutyaTtas Pnc.3.48. OgHokon- Pwnc.3.49. Tapenka
Tapenka naykoBas Tapenka JBOWHOro AencTBus

Ha puc.3.48 un 3.49 nokasaHbl Tapenku, OObLIYHO MNpPUMeEHsieMble AN
NeperoHKn  XWOKOCTEW, coepXawux B3BeleHHble YacTuubl.  Tapernka,
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n3obpaxeHHass Ha puc.3.49., oTnn4aeTcss TemM, 4YTO B Hen nap GapboTupyet B
XWOKOCTb C OBYX CTOPOH: WU3-NOA4 KpaeB Komfnaka W M3-noj KpaeB BOPOTHMKA.
[MOo3TOMY XMAOKOCTb, TEKyLLAs NO Yy3KOMY KONbLEBOMY NpoXoay, BCTynaeT B TECHbIN
KOHTaKT C napoM. Takasi Tapesrika Ha3blBaeTCcAa Tapenkon 4BONHOIO KUNSAYEHNS.

CnuBHble CTakaHbl, M30bpaxeHHble Ha puc.3.48 n 3.49, BbLINOMHANTCA
OBarbHOrO NI KPYrIoro CeYeHus.

Ha puc.3.50 un3obpaxeHa MHOrokonnaykoBasi Tapefika CO CIIMBHbIMU
neperopogkamn. bnarogaps 6onbwomy nepumeTtpy 6apboTaxa Takas Tapenka
paboTaeTt 6onee 3 PEKTUBHO, YEM OQHOKONMAYKOBbIE TAPESIKN.

CnuBHble  neperopogknm  co3gakwT  YyCroBus AN paBHOMEPHOro
pacnpegenenns dnermbl Ha Tapenke. [Ana nydwero gucneprupoBaHusa napa
Konnadku umetoT 3ybuaTble kpas.

HepgocTtaTtkoM Tapenok CO CMMBHbIMU CTakaHaMu SIBMIAKOTCA HEOOWHAKOBbIE
YPOBHM XNOKOCTU Ha Tapernke, Tak Kak Npyu TeYEeHUM XNOKOCTU Ha Taperske ypoBEHb
CHMxaeTtcs. [loaTomy nap npopbiBaeTca Tam, FAe YPOBEHb HWXE, W Taperka
paboTaeT HepaBHOMEPHO.

[MonyumBLUME pacnpoCcTpaHeHue 3a nocrnegHue rogbl NpoBasnbHble Tapernku
NULLEHBbI 3TOro HegocTaTka. OTU Taperkn He NMEIOT CIIMBHbBIX CTaKaHOB, U XUaKas
dasa cTekaeT B HUX Yepe3 Te e OTBepCTus, 4Yepes3 KoTopble HapboTupyeTt nap.
[MpoBarnbHble Tapenkun MMeKT pasnuyHoe yctpoucTteo. Ha puc.3.51. npeacrasneHa
npoBasibHas Taperika pelweTdyaToro Tuna. B aTton Tapenke oOTBepCTUS WUMEIOT
NPAMO YrofibHOe ceyeHue. YCTpauBaloT Takke NpoBasibHble Tapernku C KpyribiMu
OTBEPCTUAMM.

Mot o
T pon O A

, l J_ﬁ_ﬂ_g?_n_ STTIRIETE

4

N R
/{@\ A }

€ @ @ + * * * * * fdnopHoe

O } @ D fap fap KoAbUD |

NE D 7

Punc.3.50. MHorokorn- Punc.3.51. lNpoBanbHaga pelletyaras
nadkosas Taperka Tapernka

O

O

¥

Ona 4ucTbix Xugkocten wupuHa wenen 3—4 MMm. PaccrtosHue mexay
Tapenkamu 300—600 mm.
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MpoBanbHble Tapenku MoryT paboTtatb C
XMOKOCTAMU, codepiKallMMy B3BELUEHHble TBepable
yacTuubl. B 3TomM cnyyae wenu [OOMKHbI MMETb

BOnbLUYIO LUNPUHY.

MpoBanbHble Tapenkn UMeKT NpU OAMHAKOBOM

avameTpe OOonblUyld  MPOM3BOAUTENBHOCTb, YEM

Tapenkn co ChAMBHbIMK cTakaHamu. OCHOBHOW MX

HeOOCTaToOK 3aKjiio4yaeTcA B TOM, YTO OHWU HEe

JONyCcKakwT LWMPOKOIro MaMeHeHNA Harpy3kn KOJTOHHbI

N MOryT addekTmBHo paboTtaTb TOMbLKO Npu

7 . .
3\ HEeKOTOPOW onpeaeneHHoN CKOpPoCcTY napa.
\(\\\\

N3 gpyrnx TMNOB Tapernok ykaXem Ha Taperku

— S C HarnpasfeHHbIM ABWXKEHUEM XUAOKOCTUM U napa. B
9TUX Tapenkax nap HanpasnseTca B CTOPOHY

@ Q §  ABVWKEHWUS XWOKOCTU U CMOCOOCTBYET YMEHbLUIEHWIO
nageHnsa ypoBHS XWOKOCTU Ha Tapernke. Ha puc.3.52. npeacraBneHa yewyndaras
Tapenka. B aTon Tapenke nap nocTynaeTr 4yepe3 OTBEPCTUHA, uUMerolmne opmy

Yellyek. TapenKM 3TOro Tnuna WUMerT BbICOKYHO MNpPpOM3BOAOUTESIbHOCTb U OYEeHb

NPOCTbI MO YCTPOUCTBY.

Puc.3.52. YewyinyaTtas Tapenka: a — o6Lwuii BUA KOMNOHHBI;
1 — cnuBHOWM CTakaH, 2 — NpUemMHoe YCTPOUCTBO A1 cnuBa

Hacago4Hble KOJIOHHBbI. Hapﬂp,y C TapesiovHbIMUA peKTI/Iq)MKaLI,I/IOHHbIMI/I
KOJIOHHaMu B MULLEBLIX NMpon3BoacTBax NMNPpUMEHAT Hacago4YHbl€e KOJIOHHbI. B Hunx
KOHTaKT Mexay napom n >XUOKoCTbio obecneunBaeTcs Hacagkon.

Ha pnc.3.53. nsobpaxeHa cxema Hacago4YHOW KOJIOHHbI MEpPMoaMNYECKOro
aencteus. Kak 3TO BMOHO M3 CXeMbl, Hacagka oOMbiBaetTcs donermou,
pacnpegenaemMomn npu NoMoLLn OPCYHKM TOro Unu apyroro suaa.

HacagoyHasa konoHHa MoxeT pabotaTtb B  NMEHOMHOM nmMbo B
9MYJSbralMOHHOM peXxume. YCTaHOBIIEHO, 4TO 3(PPEKTUBHOCTL Hacago4YHOM
KONMOHHbI MakcMmarnbHa nNpu paboTe B pexmme aMysibrMpoBaHus.
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MeXxay YMCTO NIEeHOYHBbIM PEXMMOM paboTbl HACaOO4YHbIX KOMOHH U
PEXUMOM SMYNbIMPOBaHUS UMEETCS MepexodHasl 30Ha, B KOTOPOW YyXe
HapyllaeTCs YUCTO MMEHOYHBLIN pPEeXxuMMm, HO napoBas asa ele ocTaeTcs

CMMOLUHOWN.
<«
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Puc.3.53. KyOoBbIii anmapat ¢ Haca0uHOH Punc.3.54. Cxema Hacago4YHoOu
KOJINOHHBbI, pa60Tarou_|,e|/| B pexunme
KOJIOHHOM AMyIbrmpoBaHuA

YCTaHOBMEHNIO pexnma 3dMYSbrmpoBaHUsa  CnocobCcTByeT  yBenuyeHue
CKOPOCTU Mapa W NMOTHOCTU OpolleHna Hacagku drermon. Kpome TOro, pexum
9MynbrmpoBaHMa  MoxeT OblTb  co3gaH  npyM NOMOLWM  cneuumanbHbIX
npucnocobneHnn onsa oTBoAa octaTka U3 KONMOHHBI.

Ha punc.3.54. nokazaHa cxema KOSIOHHbl UCTOLLEHUS, NPUCNOCOBneHHon Ans
paboTbl B pexvme aMynbrmpoBaHus. B 9TOM KOMOHHE CTOK XXMOKOCTU B HWKHIOK
YacTb KOSOHHbI 3aTpygHEeH TeM, 4YTO Ha pelweTke MOMelWeH Crion MenKux
umnuHgpuyecknx koney,. [loaToMmy Xxmgkoctb otxoamT no U-obpasHon TpybGe,
BbICOTa KOTOPOMW oOnpefensieT CTaTU4YeCKUrM YPOBEHb XWOKOCTU B  KOSIOHHE.
dakTnyeckn aTOT ypoBeHb OyaeT Bblle, Tak Kak Xuakas dpasa HanosiHsaeTcs
AncneprmpoBaHHbLIMN NApPOBbLIMU NY3bIPSIMU.

MNpn HeHOpManbHO BO3POCLUEM pacxofe napa MOXEeT CIYyYUTbCH, YTO
XWOKOCTb HayHEeT yBnekaTbCsa NapoM BBepx. ATU HexenaTenbHble SBMNeHUs
Ha3bIBalOTCHA «3axnebbiBaHNEM» KONOHHbI.

MNneHo4yHble KOMOHHbLI. Ha puc.3.55. npencraerneHa cxema MNIIEHOYHON
PEKTUDUKALMOHHOM KOSMOHHbLI TpybyaToro Tuna nepuoauyeckoro OencTBus.
OCHOBHbIM 311EMEHTOM 3TOWN KONOHHbI ABNAOTCA TPYOKM 2.
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, i B atu Tpybkm noctynaet nap u3 kyba 1,
lapar O xcrofuroxus 6

A cHabxeHHoro 3meeBukom. drerma obpasyetcs B
! aednermatope 3. B BepxHen yactu Tpybok 2 napbl
- KOHOAEHCMpPYIOTCA Onarogaps OXNaXOAEHMIO  3TUX
] HiHhge————= TpyBOK BOAOI, OMbIBAIOLWEN WX  HAPYXHYIO
Boda J//3 NOBEPXHOCTb. Takmm obpasom, donerma
—_—— : 9
L obpasyeTca HenocpeaCTBEHHO Ha BHYTPEHHEN
NOBEPXHOCTN TPYOOK M cTekaeT BHU3 MO TpybKam,

BCTpeYasi nap, NOAHUMAKLMNINCA Na-BCcTpedy.

~!

KoHTakT wmMexagy napoM UM XWOKOCTbLO
NPONCXOAMUT Ha MOBEPXHOCTU CTEKaloWEN XUOKOU
2 nneHkn. [lapbl, oboraweHHble B pe3ynbTarte
obmeHa ¢ pnerMon HWKEKUNSALWMUM KOMMOHEHTOM,
yOoansawTcsa U3 annapaTta B BEPXHEN YaCTu KOSTOHHbI

(HH M N NOCTYNalT B XONOAUNbHUK.

N / Kpome nneHOYHbIX annapaTtoB 3TOro Tuna
g WU3BECTHbI U  [pyrhe, B  KOTOpbIX dprierma
— H+—  obpasyeTcs B OTAENbHO  PACMOMOXEHHOM
[ ~, pedrnermatope W HanpaenseTcs U3 Hero B
Pue.3.55. Cxema muienouHo# Tpybuatyto  KonoHHy. OpHako npu  Takom

YyCTPOWCTBE  BecbMa  TPYAHO  pPaBHOMEPHO
pacnpegensaTb dnermy no Tpybkam annaparta.

PeKTUHUKAIUOHHOMN

O PEKTUBHOCTb NSIEHOYHOIO annapara 3aBucuT oT gnameTtpa ero Tpybok. C
yMeHbLleHMeM anameTpa Tpybok oHa Bo3pacTaeT. [lnameTp npuMeHseMblx TpyOoK
5—20 MMm. lneHo4vHble annapaTbl C ManbiM guameTpom Tpybok (6 MM) mMmeroT
MEHbLUYI0 BbICOTY, YEM Hacafo4Hble U TapenoyHble annapatbl, NPY OAWUHAKOBOM
ykpennsawwem addekte. ITM annapaTbl NONYYUNN NPOMbILLSIEHHOE NPUMEHEHUe
AN NeperoHku noh  BakKyyMOM  HEKOTOpbIX  MPOAYKTOB  napdroMepHOm
NPOMBbILLIIEHHOCTM.

PoTauMoOHHbIE peKkTU(MKaLunoHHbIe annapaTtbl MOryT OblTb pasfeneHbl Ha
ABe Tpynnbl: @) C BepTUKanbHbIM Bariom; 0) ¢ ropnsoHTanbHbiM Banom. B obownx
TMNax annapaTtoB AN pacnpeneneHnst nermbl UCNONb3yeTcs LEeHTpobexHas
cvna. Ha puc.3.56. npeacraeneHa poTauMOHHAa KOSTIOHHa C BEPTUKaNbHbIM Bariom
N BpawarLWmMmMmcsa Tapenkamu.

KonoHHa cOCTOUT M3 KOHWYECKMX Tapenok aAByx poaos. [lepsas rpynna
TapenoK ykpenneHa Ha BepTUKanNbHOM Bany W BpallaeTcss BMeCTe C HUM C
yactoton go 250 ob6/mMuH. BTopas rpynna Tapenok HenoaBwXKHa W coeguHeEHa C
KOXXYXOM KOSioHHbl. [Mpn pabote annapata dnerma UEHTPOOEXHONW Ccunowm
oTOpacbiBaeTCA Ha Bpallalolmnecss Tapenkn, ¢ KOTOPbIX OHa nepenvBaeTcs Ha
HenoABMXHbIE KOHYCbl M MO HMM CTEKaeT BHU3 Ha HMXeNnexallyl KOHUYECKYHO
Tapenky. Map nepemellaeTca HaBCTpeyy drerme, B pedyrnbTaTe Yero Mexay HMMu
CO3JaeTcA TeCHbI KOHTaKT. Takow annapaT C BepTuUKarbHbIM BasioM UMeeT
BbICOKYI0 pa3fennternbHyto CNOoCOBHOCTb.
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- ’?/__" PoTaunoHHble annapaTbl C rOpPU3OHTalTbHbIM

:::i_ j. Banom 6ornee CroXHbl Mo ycTpouctsy. B aTux

fé\ ? annapatax BOKPYr ropu3OHTasibHOM OCK BpallaeTcs

5\-._\\_‘ — neHTa, COorHytaa cnvpanbto. dnerma nocrynaet B

\\\ ; LEeHTp cnupanu " LeHTpobexxHon Ccunown

— g NPWXMMaETCA K CTeHKaM crnupanu, MoKpbiBas ee

S — TOHKOW nneHkon. NMap aBwxeTcsa HaBcTpeyy drerme.
| | T das3bl conpukacarTCAa Ha MNOBEPXHOCTU MIIEHKU

;747 J}L ﬂcmﬂ!nwr dnermbl. B oueHke 3dpdeKkTMBHOCTM Takoro poja

annapata B nuTepaType WMETCS pasHornacus.
Bcrneactere CNoXHOCTM KOHCTPYKLUMKU 3T annapaTbl B NULLEBOW NPOMBILLIIEHHOCTU

NPUMEHEHNA HE NOJTYyHUInn.

Punc.3.56. Cxema
POTALNOHHOW KONOHHBbI

4. MEXAHUYECKMUE MNMPOLIECCbI

NamenbyeHne, knaccudukaumss M NpeccoBaHWe MaTepuarnoB SBMSOTCS
MexXaHW4YeckuMy npoueccamn, MpuUBOASAWMMU UL K U3MEHEHUIO OPMbI
maTepuana 6e3 nsmMeHeHUs1 PU3NKO-XMMUYECKMX XapaKTEPUCTUK.

4.1. UamenbyeHue u KﬂaCCVI(*)VIKaLI,MH TBepAbIX MaTepuasnoB
Obwue ceedenust

M3menbuyeHnem HasbiBaeTCs MPOLECC YBENMYEHMSI MOBEPXHOCTU TBEpablX
mMaTepuanoB NyTem Ux pasgaBnvBaHuUs, packanbiBaHWUsi, ICTUPaAHUSA 1 yaapa.

M3menbyeHre B NULWEBOW NPOMBILLSIEHHOCTU NPUMEHSIETCA AN YBENUYEHUS
NOBEPXHOCTM  TBEpAbIX MaTepuanoB C  Uenbl  MOBbIWEHUS  CKOPOCTU
Broxmummnyeckmx n anddPy3noHHbIX NPOLIECCOB NpU NepepadboTke PPYKTOB, OBOLLEN
N T. 4., a TaKkke B npoueccax nepepaboTky NULLEBLIX OTXOA0B.

M3amenbyeHne  WIMPOKO  NPUMEHSAETCA B MYKOMOJSIbHOM,  MSICHOM,
CBEKflocaxapHoM,  CNMPTOBOM, MWUBOBApPEHHOM, KOHCEpPBHOM U  ApPYrux
npou3BoacTBax.

MeToa n3amenb4yeHus Bbl6|/lpaI-OT B 3aBUCUMMOCTU OT KPYMHOCTU WU CbI/I3I/IKO-
MEXaHUYECKMX CBOWUCTB U3MeNbYaeMblX MaTtepunanos. Ha NnpakTnuke 4acTto
NMPUMEHAIOT KOM6I/IHI/IpOBaHHbIe MeTodbl USMETTbYEHUA.

Mpouecchl M3MenbyYeHns pasgensiTca Ha gpobneHue (KpynHoe, cpeaHee u
Mernkoe), wu3MenbyeHne (TOHKOE W O4YeHb TOHKOe) U pesaHue. PesaHue
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npUMeHsieTcsi, korga TpeOyeTcsi He TONMbKO YMEHbLUMTb pa3Mep KyCKOB, HO W
npuaaTb UM onpeaeneHHyto opmy.

N3pesaHuio nogsepraroTcs OBOLLU, N PPYKTbI, KOH(PETHas N TecToBas Macca,
MSICO U Apyrmve NpoayKThbl.
Ha n3mMernbyarwmnx MmaimHax MoOXXHO NpoBOANUTL pa3rinvHblie npouecchbl N3Mernb4yeHnda, Ha4ynHas

OT U3MernbYeHUs Mol 1 KOHYas KONNOUAHbIM U3MeNbYEHNEM, NO3BOMNAOLUM NonyyYaTh NPOAYKT C
pasamepamu yactuy 4o 0,1 Mkm.

Knaccudpmkaumen HasbiBaeTca npouecc pasgeneHnss  ogHOpOAHOro
Ccbiny4yero matepuana no BenuMyuMHe ero 4actuy. [lo  TexHOMnorndyeckum
TpeboBaHMAM 4acTto TpebyeTcA HanpaBnAaTb Ha nepepaboTKy Kycku (4acTuupbl)
MaTepuanoB, pa3mepbl KOTOPbIX AOIMKHbI HAaXOAUTbCA B CTPOro OnpeaeneHHbIX
npegenax.

Mpouecc M3MEenbYEHUs XapaKTepusyeTcs CTENeHbl W3MEeNbYeHUus, T. e.
OTHOLLEHVEeM cpedHero pasmepa Kycka matepuana [[o usMenbyeHus du K
cpeaHeMmy pasMepy Kycka nocre uamenbyenus d*;

i =dn/dx (4-1)

O6bl4HO KYyCKM M3MeNnbYaemMoro martepuana W KyCckKM WM YacTuubl,
noriydyaemble B pesynbTaTe MU3MeNnbYeHusl, He UMeIT npaBusibHOW ¢opmbl. Ha
npakTuke pasmepsbl KyckoB (dx 1 dk) XapakTepusyloTca pasMepoM OTBEPCTUN CUT,
Yyepes KOTopble NpocenBatoT ChiMy4Ynin MaTepuan 4o U Nocne n3MesibYyeHus.

C Lernblo NoNny4eHnda BbICOKUX cTeneHen naMmenbyeHns npouecc n3aMenb4eHna npoBogAaT B
HECKOITbKO CTa,EI,I/IVI Ha nocneagosaTtesibHO yCTaHOBJ1IE€HHbLIX MallMHax.

B 3aBMCMMOCTM OT Ha4anbHbIX U KOHEYHbIX pa3MepoB HanbOobLUNX KYCKOB U

yacTuL MaTepuana usmesnbvyeHne nogpasfensieTcsa Ha crneaytoume Buabl:

Bug namenbyeHums du, MM dk, MM
KpynHoe 1500—200 250—25
CpepnHee 200-25 25—5
Menkoe 25—5 5—1
ToHkoe 5-1 1—0,075

KonnowngHoe 0,2—0,1 [o1.10-*

KpynHoe 1 cpeaHee nsmenbyeHme npoBoaUTCSt CyXMM cnocobom, a Menkoe U
TOHKOE — MOKPbIM cnocobom obbi4HO B Bode. Mpu MOKPOM M3MeNbYEHUN YacTuLbI
npoaykta MMetoT Gonee paBHOMEPHYH BenuuuHy. [pyu aTom pesko CHuKaeTcs
obpaszoBaHuve Nbifv 1 yNpoLaeTcs Bbirpy3ka roTOBOro NpoaykTa.

du3nYeCcKre OCHOBBI U3MEJIbUYCHUS

NamenbyeHne maTepuanos nponssoaunTcs pasgaBnuBaHNEM,
packanbiBaHWEM, yaapoM U UCTUPAHMEM.

an/I N3mMenbYeHnn oObIYHO MMEKT MECTO HECKOSbKO conyTcTeyrolwinx BnMOoB
N3Merib4eHUn4. Harlpvlmep, UCTUpaHne CcorpoBsoXgaeTcqda pas3gaBliuBaHUEM,
packarnbiBaHUEM, n3amesib4eHnem 3a CHeT yaapoB.

Mpu McTMpaHUM MaTepuanoB obpasyeTcsi OOMbLLIOE KONMMYECTBO MbiNM U B
paje criyyaeB MMeeT MecTo nepensmernbyeHme, YTo nHorga HeaonycTMMo.
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Bbl60p mMeToda uamMesibyeHusa 3aBUCUT OT KPYMHOCTU U NMPOYHOCTU KYCKOB
namerib4yaeMblX MmaTepurarnosB.

MpoyHble W XpyrnkMe MaTepuanbl W3MenbyvalTcs pasgaBnMBaHMEM W
yaapoMm, Mpo4yHble U Bs3KMEe — pasgaBnuBaHMEM, BSI3KME MaTtepuanbl cpeaHen
MPOYHOCTN — UCTUPAHMEM, YOAPOM U packanbiBaHNEM

NamenbyeHne MoxeT nposBoanTbCA B OOAMH WM HECKOINIbKO TMpuemMoB, B
OTKPbITbIX UMK 3aMKHYTbIX LUKNax.

Mpy M3MenbYeHUM B OTKPbITOM LMKNE KYCKM MaTtepuana npoxoasaT yepes
M3MEenbYawLLy MallMHy oauMH pas. Ecnu B ucxogHoMm maTtepuane MMeeTcs
npMMecb Menoyu, TO ee npeaBapuTenbHO OTCceMBaloT. B oTKpbITOM UMKne, Kak
npaBuno, NPOBOASAT KPYMNHOe 1 cpeaHee ApobnexHue.

Mpy u3MEenbYeHUM B 3aMKHYTOM LMKMAE MOcre U3Menbyatollein MalluHbI
yCTaHaBNMBaeTCs KnaccudumumpyoLLee yCTPOMCTBO, C NOMOLLbIO KOTOPOro KYCKW,
NpeBbllLaOLLINE YCTAHOBIEHHbIA KOHEYHbI pa3Mep, BHOBb TPaHCMOPTUPYOTCS B
N3MenbYaloLLyo MallUHY Ha NOBTOPHOE APOobneHue.

Mpoueccbl U3MernbYeHUs1 CBsi3aHbl C 3aTpaTo 6onblIOro  KonuyecTsa
SHeprnn. Pacxod 3Heprum Ha WM3MenbYeHMe MOXeT OblTb onpegeneH wus
CYLLECTBYIOLLMX TEOPUIA U3MESNBYEHMS.

MoBepxHOCTHAs Teopusi UCXOOAUT M3 TOro, YTO NpU M3MernbyYyeHun paboTta
pacxodyeTcs Ha NpeodorieHne CU MOMNEKYSIPHOMO NPUTSXKEHUS MO MOBEPXHOCTAM
paspylleHus maTtepuana. M3 aton Teopum crnepyet, 4Yto paboTta, Heobxogumas ans
M3MenbYeHUsl,  MporopuMoHarnibHa  BHOBb  0Opasylowencs  NOBEPXHOCTM
n3Menb4aemMoro matepuvana.

Ob6bemMHas Teopusi UCXOOMUT W3 TOro, YTO nNpU u3MenbyeHun paboTa
pacxogyetca Ha pgedopmauum maTepuana go  AOCTMXKEHWA  npenenbHOM
paspywatowen gedopmauun. OTctoga cnegyet, 4to paborta, Heobxogumas Ang
n3MenbYeHns, NponopLmMoHanbHa yMeHbLLEeHNI0 obbema KyckoB MmaTepuana nepeg
nx paspyweHueM. [lonHas paboTa BHEWHWX CUM BblpaXXaeTcsl YpaBHEHMEM
Pebunaepa

A=A+ An=K:i-AV + K3 - 4F, (4-2)

roe: Ag — paborta, 3aTpaumBaemas Ha gedopmaumo obbema paspyLlaemMoro
Kycka, [x; An -—paboTa, 3aTpaymBaemas Ha obpasoBaHMe HOBOM MOBEPXHOCTH,
x; K1 — k0ahbdumUMEHT NponopLUMOHanbsHOCTU, paBHbIn paboTe gedopmupoBaHus
eavHnubl obbema Tena; AV — u3MeHeHue obbema paspyliaemoro Tena; Ko —
KOadbdpMUMEHT NPOMOPLMOHANBHOCTM, paBHbiM paboTe, 3aTpaynBaeMon Ha
obpasoBaHMe eauHUUbI HOBOW MOBEpPXHOCTW; AF — npupaweHme BHOBb
006pa3oBaHHOM NOBEPXHOCTW.

Ha ocHoBaHun 3akoHa ['yka paboty gedopmauunmn (B H-m) matepuana npwu
cXXaTuUM MOXHO onpenennTb N0 COOTHOLLEHUIO

o’ AV
= 4-3
T2E *+3)
roe An — yMeHblueHne obbema KycKOB MaTepuana B pesynbrate nepej

paspylweHvnem, m3;, E — mogynb ynpyroctu matepuana, H/mM?; ¢ - paspywatouiee



258

HanpsbkeHne cxaTtus, H/m.

Kak BMaHO n3 ypaBHeHusi (4-3), paboTa, 3aTpadmBaemasi Ha paspyLueHue
Martepuana, 3aBUCUT OT paspyLlaloLLEro HanpsbkeHnst M Moaynsa  Ynpyroctu
mMarepwuana.

C yyeTtom (4-3) nonyymm

A = o-AV/(2E+K; AF). (4-4)

B cnyyae kpynHoro gpobneHus ¢ Manon cTeneHbio U3MerbYeHUs MOXHO
npeHebpeyb paboTon, 3aTpayMBaemMon Ha obpa3oBaHME HOBOW MOBEPXHOCTU, W,
yunTbiBas, 4to AV ~ D3, nony4mm

A=Ky AV =K1 D3 (4-5)
roe D3 —- xapakTepHblii pa3mep Kycka.

YpaBHeHne (4-5) BblpaxaeT rmnotedy Kuka—-Kupnuyesa: paboTta
ApobneHusa nponopunoHanbHa o6bemy ApodrMoro Kycka.

Ons gpobneHus ¢ 60MnblON CTENEHBLIO M3MESTbYEHUS MOXHO MNpeHebpeyb
paboTton, 3aTpaymBaemon Ha gecdopmmpoBaHne obbema Kycka. Torga, yuuTbiBas,
AF ~D?,

A =Kz -AF =K% -D?, (4-6)

OTO ypaBHEHUE ABNSETCS BblpaXeHNeM rmnoTesbl PUTTUHrepa, cornacHo Ko
Topown paboTta gpobneHns nponopuMoHarnbHa BenninHe BHOBb 06pa3oBaHHON Npu
ApoBeHNn NOBEPXHOCTN.

B cnyvae, korga Henb3s npeHebpedb cnaraeMbiMuM B ypaBHeHUU (4-2),
nony4yarT ypaBHEHME

A=K,DD =K,D** (4-7)

KOTOpoe  HOCMT  HasBaHMe YypaBHeHuss bBoHga: pabGota  OpoGneHus
nponopuuoHanbHa cpegHereoMeTpmMyeckoMy U3 ero o6bema 1 NoBEPXHOCTM.

PabGorta, 3arpauuBaemass Ha pe3aHue (pe3aHUE COCTOMT H3 JIBYX
MOCTIEIOBATEIbHBIX CTAMN: CHayala Jie3BHUE€ HOXa CKMMaeT MarepHal, a 3aTeM
nepepes3acT ero), MoXeT ObITh BhIpakeHa hopmynoit akaz. B. I1. 'opsukuna

AnonH=Acxt+ An,

rae A cx — paboTa, 3aTpadvMBaemMasi Ha cxaTue npoaykrta; A, — nonesHas
paboTa pesaHus, [x.

PaboTta cxatnma A cx = O-hcx / h, rae O — ycnoBHbIM MOAYNb CXaTus
mMaTepvana nes3smemMm Hoxa, [IX; hcoxk —BbicOTa cxatoro crnosi, M; h —
nepBOHavanbHas BbicOTa Cros matepuana, M.

MonesHas paboTta A n= Fpes «(h - hcx) roe Fpez — ycunue pesaHus.

O6bl4HO MONbL3YKTCA MNOHATUMEM YAESNbHOE YCUnne pes3aHusi, KOTopoe
npeacraensetT cobon ycunue, OTHECEHHOE K 1 M ANuHbI Ne3Busi HoXa. Tak,
Hanpumep, Ana MOPKOBU yaenbHoe ycunue pesanust coctaenseT 1400—1600 H/m,
a ans kaptodgens — 600—700 H/m.

YCnoBHbIN MOAYNb CXaTusi MaTepuana Je3BMEM HOXa onpeaensiercs
aKcnepuMeHTanbHbIM nyTem, Ero BenvynHa 3aBUCUT OT CBOMCTB MaTepuana, Buaa
HOXa, YCUnus 1 apyrnx dakTopos.
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JlesBune pexyuwero MHCTpyMeHTa XapakTtepu3yeTtcd pe>|<yu_\el71 CNOCOBHOCThLIO,
KOTOpas B npoLecce aKcniyataunm ne3Bma ymeHbLLAEeTCA.

B nuuieBon NPOMbILLINIEHHOCTM NMPUMEHSIIOTCS PEXYLLUNE NHCTPYMEHTbI CaMbiX
pa3Hoo6pasHbIX OpM: NPSIMOYronbHble, AWCKOBbIE, NEHTOYHbIE, CeproBuaHbIE U
ap. Pexywme WHCTPYMeHTbl MOryT COBeplaTtb BpallaTenbHoe, BO3BpaTHO-
noctynaTenbHoe, konebaTtenbHoe ABMXKEHWE, HO MOryT ObiTb U HEMOOBWXHbLIMU, B
TO BPEMS KaK n3pesaeMbiii MaTepuan HaxoguTcs B ABWXEHUM B MaLLUUHE.

KOHcmpyKuuu u pa60ma OCHOBHbIX munoe usMesib4arowux MawuH

Bce namenbyatowme MaluvHbl AENSATCS Ha APOOUIKM U MenbHULBI. Opobunku
NPUMEHSIIOTCS AN KPYNHOro U cpeaHero ApobneHuns, MenbHUUbl — ONsi CpeaHero,
MENKOro, TOHKOro U KONouagHOro namMenb4YeHus.

OCHOBHbIe M3MenbYatoLLMe MaLLVHbI NoAPa3AensaTCa Ha cneayoLLne TUMbI:
LLleKOBble APOBUNKK, rMpaLMOHHbIE, MOMOTKOBbIE U APOOUITKN yAApPHOIo AENCTBUS;
NPOTMPOYHbIE MAaLUWUHbI; BankoBble MeNbHULbI U BeryHbl, LWapoBble U CTEPXKHEBbLIE
MeInbHULbI, KOMNbLIEBbIE, BUOPALIMOHHbIE, KONMOWUAHbLIE MEMNbHULLbI.

PesaTenbHble MalwuHbl GbIBAOT NNacTUMHYaTbLIMU, OUCKOBBLIMU, POTOPHBLIMW,
CTPYHHbIMM U Op.

Ko BceM namenbyatowmMmM MallmHam npeabaBnstoTes obwme TpeboBaHms:
- paBHOMEPHOCTb KyCKOB U3MENbYEeHHOro maTtepuana:

- yaaneHue u3MernbYeHHbIX KYCKOB 13 pabo4yero NnpocTpaHCcTBa;

cBefeHne K MMHMMYMY Nblreobpa3oBaHus;

HenpepbIBHas 1 aBTOMaTMYeCcKas pasrpyska;

BO3MOXHOCTb PEFYNIMPOBAHUS CTEMNEHN U3MENBbYEHNS;

BO3MOXHOCTb JIErKON CMEHbI ObICTPO M3HALLMBAOLMNXCS YacTen;
HebOoNbLUOWM pacxod 3HePrun Ha eguHULY NPOAYKLMN.

LLlekoBble [poOWUNKM M3MenbyalT MaTepuan nyTem pasgaBnuBaHuS WU
packanbiBaHUs B KOHNUYECKOW kamepe, 06pa3oBaHHON HEMOABWXHON U NOABWUXHOM
nAMTamMK, KOTopble nepuoauyveckn conukatoTcs. PasgaBneHHbli  mMaTepuan
BbiNagaeT n3 Apobunkn Bo BpemMsi obpaTHOro xoaa NoABMXXHON NINTbI.

KoHCTpykumMa apobunku nokasaHa Ha puc.4.1. Wekn gpobunku cHabxeHbl
CbEMHbLIMU PEOPUCTBIMM NNUTAMU U3 M3HOCOCTOMKOM cTanu. [loaBwkHas Lieka
yCTaHOBMNEeHa Ha HeNoOABWMXKHON OCU U NPUBOANTCA B KorebaTenbHoe ABWXKEeHue oT
9KCLLEHTPUKOBOro Basna npu nomoLim waTyHa, WapHUPHO CBA3AHHOro pblidaramm 12
C 9TOW LWEeKOoWn n pery-
NMPOBOYHBLIMU KIMNHb-
amum 8 n 11. Nepeme-
3 LLIEHVWEM KINUHLEB NpwU
nomoLln 6onToB pery-
NUPYIOT  LUMPUHY Bbl-
MyCKHOM LUenM u, cne-
AoBatenbHO, CTeneHb
n3Menb4YeHna mare-

- - pnana, C nomoLybto
Puc.4.1. LlekoBas gpobunka: TAarm 13 1 nNpyXuHbl 9
1— nogBuxHas wWeka; 2 — HenoaBWXHaA LLeKa; obecneuymBaeTca 00-
3—O0Cb NOABWXHOM LLIEKUN; 4 — IKCLLEHTPUKOBbLIN Bar,
5-wikunB; 6 -MaxoBuK; 7 - LWATYH;
B, 11—perynupoBoYHbI€ KITUHbS; 9 — NPYXUHA;
10—cTaHuHa; 12 — pblvary; 13—rtara

&

t
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paTtHOE [OBUXEHWNEe LLEeKN. KoneH4yaTbin pblyar, 06pa3yeMbu7| lwaTyHoMm W«
pacnopHbIMU NMINNTaMnN, ABNAETCA OCHOBOW KOHCTPYKLUUA ,D,pO6I/IJ'IKI/I n no3sonAaAet
noJjiydatb O4EHb bonblKne aaBneHus.

LlekoBas gpobunka npocta v HagexHa B paboTe, OAHAKO Hannyve B Heu
HeypaBHOBELLEHHbIX KayalowmMxcsa MacCc TpebyeT YCTaHOBKM €€ Ha TsKenblX
dyHaoameHTax. PaboTta apobunkm conpoBoXaaeTcsi CUNbHbIM MblnieobpasoBaHnem
N WymMoMm, a npourecc apobneHns — obpasoBaHMEM MESIOUM.

FMpaunoHHble (KOHYCHblE) Opoburnku NPUMEHSAITCA ANs  KPYMHOro,
CpeaHero W Mefnkoro usMmesnbuveHus. W3menbyeHne npoucxoguT  MNyTem
HenpepbIBHOIMO pasfasnvBaHUs U U3floMa KYCKOB MaTepuarna Mexay KOHUYEeCKOM
ApobsLLEen TONIOBKOM M KOPNYCOM KOTOPbIN MMeeT (OOpPMY YCEYEHHOro KOoHyca
(pnc.4.2). [Opobsawass ronoBka ycTaHOBMEHa B  kopnyce Apobunku cC
9KCLEHTpUCMTETOM, B pe3ynbTaTe Yero OHa CoBeplUaeT 3IKCUEHTPUYHoe
BpawatenoHoe ABwxkeHuwe. Korga agpobswas ronoBka npubnuxaetrcs K OOHOM
CTOpPOHE Kopryca, W3MesibYeHHbI MaTepuan BbiNagaeT C NPOTMBOMNOSIOXHOM
CTOPOHbI Yepe3 PacLUMPAIOLLYIOCS B 9TO BPEMS KOSbLEBYIO LENb MEXAY KOPnyCcoMm
N rOJSTOBKOW.

MonoTkoBble OpPOBUIKM MPUMEHAIOTCA, Hanpumep, And M3MenbYeHus
KoCcTen B npou3BoacTBe kopMoB. MonoTkoBasi MenbHUUA npeacrtaBnsier
cobon MaluHy yaapHOro [OEWCTBUSA, WUMEoWy ObiCTpoBpaLlatoLLnNnCcs
OUCK C LUapHUPHO npu-

KpenneHHbIMKU K Hemy monoTkamu (puc.4.3.). MaTtepuan noctynaet B Opobusiky
yepes ByHKep U namenbyaeTca ApobALWMMM MOSTIOTKaMK, a Takke 3a CYeT ya4apoB O
OGpoHeBble MNUTbl. M3MenbyeHHbIN MaTepuan yaanseTcs 4epe3 KOMOCHUKOBYHO
peweTky. Pasamepbl OTBEPCTUW KOMOCHMKOBOW peLleTKn onpeaensoT pasmepsbl
N3Merib4eHHOro maTtepuana.

Puc.4.3. MonoTkoBasa gpobunka:
1 — kopnyc; 2 — opoBsaLWmMIN MOMNOTOK;
3 -avck; 4 — Ban; 5 — 6poHeBasi NNuTa;
6 - KONOCHUKOBAaA peLleTka

Puc.4.2. N'mpaunoHHas gpobunka:
1 - wapoBagd onopa; 2 - Kopnyc;
3 - bpoHeBas nnuTa; 4 - ronoBkKa;
5 - BEpTUKaribHbIN Bart; 6 - SKCLEHTPUK
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B pesuHTerpatopax u gucmembpaTtopax Ha guckax no KOHUEHTPUYECKUM
OKPYXXHOCTAM pacnofnioxeHbl nanblbl-6una. Kaxabli psg nansueB ogHOro aucka
pacnosiokeH ¢ HebornblWMM 3a30poM MeXay AOBYMS psaamMu nanbues Apyroro
ancka (puc.4.4).

MaTtepmnan nocTynaeT B MalWHy 4epe3 3arpy3ouHbli  OyHkep u
n3Menb4YaeTcss 3a CYeT YyOapoB Bpawawwmxcs nanbueB. M3amMenbYeHHbIN
MaTepuarn BbiCbINaeTCcs Yepes pasrpy304Hy0 BOPOHKY, PACMNOSIOXKEHHYIO B HUKHEN
yacTtum MaLLWHBI. YacToTa BpaLleHua JNCKOB 200—1200 MUH'L.
Mpon3BoaUTENBHOCTb TakMX MawmnH konednetcsa ot 05 go 20 T/u.

[dncmembpatopbl B OTAMHMME  OT  [E3UHTEerpaTtopoB  WMEKT  OAWH
Bpallalowmincs anck. Ponb BTOPOro Aucka BbIMOMHSET KpblKa MenbHUUbI, Ha
BHYTPEHHEN MOBEPXHOCTM KOTOPOM MO  KOHUEHTPUYECKMM  OKPY>KHOCTSIM
pacnonoXxeHbl psabl HENMOABWXKHbLIX NanbLEeB.

[nckoBble MenbHULbBI NPUMEHSATCA A9 MESIKOro U TOHKoro ApobrieHna
3epHa, conoaa, Xmbixa, cyxapen u gp. Paboymmn opraHamn OUCKOBbBIX MenbHUL,
ABNAIOTCA ABa BepTUKasibHbIX pUGEeHbIX AUCKa, OANH N3 KOTOPbIX HENOOBWKHbLIN,
a [pyron BpallaeTca Ha ropusoHtanbHOM Bany. KM3menbyaembln martepuan
nogaeTcs HenpepbiBHO B 3a30p Mexay Auckamu, rae u msamenbyaetcd. CTeneHb
N3MenNbYeHna perynupyeTcss BeNUYMHOW 3a3opa Mexgy auckamu. OkKpyxHas
CKOPOCTb AMCKOB NpW NOMOosie 3epHa coctaBnsaeT 7—6 m/c.

MonoTKkW, NAnTbl, OUCKWU N peLleTKy WU3rotaBnMBaloT U3 M3HOCOYCTOMYMBOM
MapraHuoBUCTON CTanu WUNn u3 yrnepoamcTton CTanu, Ha KOTOPYK HanpasBnswoT
TBEPAbIN Crnas.

Jlns u3MmenpyeHus (GPYKTOB M SITOJI M TOCJIEAYIONMIETO OTACICHUS COKa OT
MOJYYEHHOM  MAacChl MNPUMEHSIOTCS  JUCKOBBIE  M3MENBYAIONIME  MAIHHBI,
CKOMOMHUPOBaHHbBIE C IeHTpuGyroi. KoHCTpyKkimst oqHON M3 HUX MpeICTaBIeHa Ha
puc.4.5.

BHyTpu Kkoprnyca Ha Bany YycTaHOBNEHa AuCKoBasi Tepka, KoTopast
NPUBOAUTCS BO BpaLleHWEe KOHUYeckUm poTopoM. Cbipbe 3arpyxkaeTtcs 4epes
3arpy3o4Hyl0 BOPOHKY B KOP3WHY, CTEHKM KOTOPOW BbIMONHEHbI W3 CETKU WU
BbIMOMHSAOT Ponb (PMNbTPOBarbHOM MNoOBEepXHOCTU. M3MenbueHHass macca nopf

Puc.4.4. Cxema gesunHterpartopa:
1, 6 — Banbl; 2, 3 — OUCKWN;
4— nanbubl-6una;

5 — 3arpy3oyHas BOPOHKa;

[ — pasrpy3oyHas BOpOHKa




262

AENCTBMEM LIEHTPOOEXHON cunbl pasgenseTcs Ha cok u meary. Cok dpunbTpyeTcs
yepe3 ceTyaTble CTEHKM BpallaloLlenca KOp3uMHbl U MOCTynaeT B KOSibLEBOE
NPOCTPAHCTBO, W3 KOTOPOro 4Yepe3 BbINyCKHOW naTtpybok cnuBaeTcss U3
N3MenbuYnTens.
Puc.4.5. lamenb4arowaa malumHka onga (opykTos u aroa;
1 - BOpPOHKa; 2 - naTpyboK Ansa mesru;
3 - kopnyc; 4 - poTop; 5 - ABUraTens;
6 - naTpybok onsa BbiIxo4a coka; 7 - Barn,
8 - usmenb4arLwmn anck; 9 - KopamHa

Mesra nocTtynaeT B NPOCTPaAHCTBO MOA Kpbilen 1 oTTyada BhirpyxaeTcs
yepe3s NaTpyooK B KPbILLKE.

B npoTupoYHbIX MalimnHax ans pykToB U OBOLLEN OTAENEeHNe Coka OT Me3ru
NPOUCXOANT 3a CYET NPOTUPaHUS Yepes3 NPOTUPOYHbIE CUTa.

MpOoTMpPOYHasa MaliMHa COCTOUT U3 OAHOW UMM HECKOSbKNX MPOTUPOYHbIX
kamep. Ha puc.4.6 nokasaHa NpoTMPOYHAa MalluMHa C OOHOM FOPU3OHTaNIbHOW
npoTu-
poyHon kamepoun. Kamepa npegcraBnser cobon UMNUHAPUYECKUIA KOPNYC, BHYTPU
KOTOPOro pacrnonoxeHa nepgopupoBaHHas MeTannuMyeckas pewetka. PeweTtka
yCTaHOBIeHa Takum obpas3om, YTO MexXay Hen 1 Kopnycom obpasyeTcs KoSbLeBomn
kaHan. [lo ocum Kopnyca pacnosiokeH poTOp C HaCaXeHHbIMW Ha Hero
npoTvparwmmm nonatkamu. Mexagy nonatkamy U pelleTKon umeeTcs 3a3op, B
KOTOPOM M NPOUCXOANT U3MenbYeHne maTepuana 3a CcYeT ygapa U UCTUpaHus, a
npoTUpaHne NPoONCXOANT 3a CHET JaBfeHUs, co3gaBaeMoro fionaTtkamm potopa.

Puc.4.6. lNpoTnpoyHas mawwmHa: 1 — kopnyc; 2 — KOJSibLIEBOW KaHarT;
3— peleTka; 4 — BOpPOHKa; 5 — poTop; 6 — cnuua; 7—- nonaTka

B mammnax ¢ 1ByMs NMPOTUPOYHBIMH KaMepaMu JOCTHraercs Oosee BbICOKas
CTCIICHb HU3MCIIBYCHHA CbIPbd 3a CUCT YCTAHOBKH BO BTOpOfI KaMEpe PCHICTKHU C
MCHBIIIUMMH ITPOXOAHBIMHA pazMEpaMu.

BankoBble MernbHULbI cnyxat
ONSA cpefHero, Merikoro U TOHKOro
n3merb-
yeHusi. OHU TPUMEHSIIOTCS B MHIIEBOM
IMPOMBIINIJICHHOCTH  IJIA )1p06JI€HI/I$I u
MIOMOJIa 3€pHa, COJI0AA, IIOA0B, KMbIXa
U T. A. PabouuMu opraHamu BaJIKOBOU
MCJIBHHUIIBI SABJIAKOTCA
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TOPU3OHTANIbHBIE BallKW. JIpOOWJIKAa MOXET WMETh OJWH BaJIOK, BPAIIAFOIIHACS
BOKPYT FOPU3OHTAIILHON OCH MapajuiefibHO HEMOJBIXKHOW pabouel mieke, 1ubo J1Ba
BaJIka. B mepBoM cilyyae pa3laBIMBaHHE MarTepualia IMPOUCXOAUT MEKIY
HEMOJBW)KHOW INEKOW M BpallaromuMcs BajdkoM. [lapHble Ballku BpamjaroTCs
HaBCTpeUy OJHMH JIpyTOMY, M pa3JaBlIMBaHUE IPOUCXOJUT MEKIY BaJIKaMHU.
[ToBepXHOCTbH BAJIKOB MOKET OBITH IJIaAKON, pU(ISHON U 3y0UaTo.

Ha puc.4.7 npeacrasneHa cxema BasikoBOW MenbHULbI. [MoaWnnHUKK Banka
5 HenoaBWXHbI, a Barka 3 — MOABWXKHbI N yOEePXXUBAKTCHA MPU MNOMOLLN NPYXUHbI
2, 4TO NO3BONAET Barky 3 CMeLaTbCs Npuy nonagaHu B MenNbHULY TBEPAbIX
MHOPOAHbLIX Ten. Paamep KyckoB NpoaykTa onpenensieTcs WMPUHOW LWenm
onpegenseTcs LWMPUHOW LWenn mexagy sankamu. 3arpyska MernbHUUbI
NpoM3BOANTCA HENocpeacTBEHHO 13 ByHkepa. [pu BpalLeHn Bankos KycKku
MaTepuana 3axsaTbiBalOTCA Bankamu v pasgasnmnBaroTCs.

Berynbl (puc.4.8) uMeroT, Kak MpaBWIO, JIBa >KEpHOBa (KaTKa) W dYaIlly, B
KOTOpYIO 3arpyxaetcsi 3epHo. JKepHOBa 3aKkperjieHbl Ha BEPTUKAILHOM Bally U
BpaIiarTcs BMecTe ¢ HUM. Kpome Toro, )kepHOBa OJTHOBPEMEHHO BPAIIAIOTCSI BOKPYT

FOPU30OHTaNbHbIX OCEN 3a CYET TPEHUS
—§ MeXay MOBEepPXHOCTbH >KEPHOBOB MU

mMaTepuanom, HaxogslMMCs B value.

N3amenbyeHne  3epHa  NPOUCXOAMUT
J pasgaBnvBaHNEM M UCTUPaHUEM MpU
? ~J HaberaHuM Ha Hero >epHOBOB.

-

]

=/

f-_ BeryHbl 6b1BatlOT ¢ HENOABWMXHOM
Yalwlen u BpaljarowmmMmnca oT npmeoaa

A
DR

2 9 KaTKamu; c BpaLllaoLleincsa oT npmMeoaa
yallen u cBoBOAHO BpaLLaLLMMUCS
Puc.4.8. BeryHbi: KaTkamun. beryHbl c Bpawjarowencs Yallen
1 — BepTuKanbHbIN Bas; 2 — Yallu; Gonee 6b'CTp_c¥(°r”-Hb'
3 — ropu3oHTarnbHbIe OCH; (20 —< 50 muH ).
4 — xepHoBa (kaTk): 5 — KPUBOLLNN Bbirpyska namenb4eHHOro matepuana

OCYLLECTBIISIETCA aBTOMaTU4YeCKN 3a cyeT
LEeHTPOBEXHOW CUNbI.

IIlapoBblie U cTep:KHEBbIE MEJbHHUIBI, B KOTOPBIX MPOAYKT 00pabaThiBaeTCs
mapamu W
CTEPKHSIMH,
HaXOJSIIUMUCA BMECTE
C HUM B  IIOJIOM
BpallaloIIeMcs
OapabaHe, TMOKPHITOM
U3HYTpHU
OpOHUPOBAHHBIMU
IJINTaMH,
MIPUMEHSIIOTCS TSt
TOHKOT'O U3MEJIbUCHMUSI.
LLlapoBaga  menbHUUa

L

Lo -
Puc 4.9. WWlaposas menbHUuUa:
1—«kopnyc 6apabaHa; 2—6poHeBada nnuTa; 3—IoK;
4—npuBoaHasN LLeCTepHs; 5 — peLueTka;
6— KpblWKa; 7— nonble uandel;
Q ___ HannDARA49HOIIIVA KOHVC: O —- KDKITTIKA
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(pnc.4.9.) 3arpyxaetcs Wwapamm U MaTtepyaniom  ogHoBpeMeHHo.  Lapbl
n3rotaBnmMBaroT u3 ctanu, guabasa, dapdopa n Opyrux TBEpAbIX MaTepuanos.
Paamep wapoB 3aBUCUT OT pa3MepoB M3Menbvyaemoro mate puana. CranbHble
wapbl umetoT gumetp 35—175 mm. Kopnyc mMesnibHMUbl 3anofiHAT wWwapamMi Ha
30—35 % ero o6bema. Hapsagy ¢ wapamm Ncnonb3yrTca Takke UMNMHOPUYEC Kue
ctepxHn. Ocn cTepXXHEW pacnona- ratoT napannenibHO OCU Kopnyca MenbHuUbl. B
LLAPOBbIX MEeNbHULAX M3MENbYeHne maTtepuana npovcXoauT nog OEWCTBMEM yOapoB
nagarolmxX LapoB WM CTEPXKHEN M NYTEM WUCTMPaHMA €ro Mexay Lapamu unm
CTEPXKHAMM N BHYTPEHHEN NMOBEPXHOCTBLIO KOPMYyCa MENbHMLbI.

Mpn BpalleHuMn LWapoBON MEeSNbHULbLI BCNEeACTBME TPEHUA MeXOy CTEHKOW
MENbHULUbI U WapamMu nocnegHne nogHUMAalTCs B HanpaBfeHUM BpalleHUs Ha
TaKylo BbICOTY, NOKa Yyrosi nogbemMa He MPeBbICUT Yyrfia UxX eCTeCTBEHHOro OTKOCa,
nocne 4Yero ckaTblBalOTCS BHU3.

C yBenuyeHnem CKoOpoCTM BpaLLeHNA MeNbHULbI BO3pacTaeT LeHTpobexHas
cvna n CoOOTBETCTBEHHO YBeNuYMBaeTCs Yrosl nogbema LapoB A0 Tex rnop, rnoka
COCTaBnswLlasa curbl Beca WapoB He cTaHeT bonblle ueHTpobexHon cunel. MNpu
HapyLUEeHUN 3TOro YCroBuS Lapbl NagatoT, ONuUCbiBas NpyU NageHunm HEKOTOpPYHo
napabonuyeckyto kpusyto. Npu ganbHenwem yBenudeHUn CKOPOCTU BpalleHus
MenbHUUbI LIEeHTpPOOEeXHas cuna MOXeT CcTaTb HacTOoSbKo 60Sblon, YTO wWapsbl
OyayT BpallaTbCsl BMECTe C MeSIbHULIEN.

PamHasa wueHTpoGeXxHasi CBeKNo-
pe3ka (pnc.4.10.) CNYXUT Aans
n3pesblBaHMS CBEKMbl B CTPYXKY ANs
N3BIEYEHNS U3 HEE Caxapoa3bl.

[IpyHIMD ~ OEHCTBUS  CBEKIIOPE3KHU
3akiroyaercss B caenyromeMm.  Cekia
3arpy’kaercsi B CBEKJIOPE3Ky  uepe3
3arpy304HbII OyHKep, YBIIEKAETCS
BpAIAIOIIECNCA YIUTKOW W TOJ JCHCTBUEM
IEHTPOOCKHOM  CHJIBI  IPHKUMACTCS K
PEeXKYIIEH KPOMKE HOXEH, KOTOPBIMHU
u3pe3bIBacTCcsl B CTPYXKY. CBEKIIOBHYHAS
CTpYKKa 4Yepe3 MPOEMbl HOXKEBBIX paM

BBIMIAZIAET B IPOCTPAHCTBO  MEKIY 5
KOPITYCOM CBEKJIOPE3KH U KOKYXOM U 3aTeM

yepes JIFOK IOCTyNaeT Ha ajJbHENIIyIo Puc.4.10. Pamuas

nepepaboTKy. LeHTpobexHasa cBekrnopeska:

1 — 3arpy304HbIn ByHKep;
2 — HOXeBad pama; 3 — KOXYX;
4 — gHuwe; 5 — nok;
6 — TpexnonacTtHas ynuTtka

[ns 3ameHbl HOXeW HoxeBas
pama noAHMMaeTCss U 3aMeHsieTcs
rmyxom pamon 6e3 Hoxen. [nsa
OYUCTKMU HOXEN NpUMeHSeTCS
npoAayBKka NapoM Min CKaTbiM BO34YXOM.

BeprukanbHble O0BOLIEPE3KM IPUMEHSIOTCS Ul pa3pe3aHus OBOILIEW Ha
JIOMTHKH, KyOMKH, COJIOMKY U T J. OBoIIEpe3Ka COCTOUT U3 3arpy304HON BOPOHKH,
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U3MENbYAIOMEed KaMeppl M IPUBOJA. PeXymuM HHCTPYMEHTOM  SIBIIIETCS
TOPU3OHTAJIBHBIM JUCK, HACAKECHHBIM HA BEPTUKAIBHBIA BaJl, NPUBOAMMBIN BO
BpAIllCHUE DJIEKTpOABUraresieM. MallliHa H3rOTOBJIIEHA U3 BBICOKOKAYECTBEHHOIO
LBETHOI'O METaJlj1a, [IOKPBITOrO CJIOEM IIOJIUaMU/IA.

Pasmepbl n popma Hape3aHHbIX OBOLLEN M3MEHSIIOTCS B 3aBMCUMOCTU OT
KOHQoMrypauum HOXeN.

Ha puc.4.11. nokasaHbl HEKOTOPbIE KOHCTPYKLUUN PEXYLLNX OUCKOB.

Puc.4,11. PexyLwine guckun oBoLLEepesKu:
a - CTaHA4APTHbIN JTOMTEPE3HbIN; 6 - TOHKU AN pe3ku MArKMX U COYHbIX MPOAYKTOB;
B - OS5 HApe3aHWsl BOSTHUCTbIX IOMTUKOB; T - 41151 HAape3aHust KyOMKOB; 4 - Tepka

U3amenbuntenbs ana msica — kyttep (puc.4.12.) pabotaeT cnegytowmm
obpasom. Msco 13 KopbiTa aBTOMaTMYECKN 3arpyxaeTcsl BO BpaLLaloLLyocs Yally,
M3rOTOBMEHHYI0 W3  HepXaBewwen Ccrann, Wn pPexeTca UHCTPYMEHTOM,
BbINOJIHEHHBIM B BUAE (ppe3bl N YCTAHOBIEHHBIM B Yalle.

CkopocTb pe3Ku
coctaBisser 130 wm/c. Ilpomecc
OPOBOAMUTCS TOJ  BaKyyMOM.
Marepuan Kopiyca M KpbILIKA
KyTTepa JeTaeT IIPOIIECC
pe3aHus MPaAKTUYECKU
OecuiymMmHbIM. Brirpyska ¢gapina
IPOU3BOJAUTCS TEPUOJUUYECKU C
ITOMOII[BIO ABTOMATUYECKOU
HAKJIOHHOW 3aCJIOHKH, KOTOpas
BBITECHSICT (apil W3 dYamud B
IIPUEMHOE  KOPBITO.  YIUIOT
HEHHE KpBIIKK U KOpmIyca
JOCTHraeTcs ¢ MOMOUIBIO
CIIeIHMATBHBIX MOJTMMEPHBIX

!

h——— ——7 =
ol #¥)

Puc.4.12. Uamenbuntens (kyTTep) ans Maca: ~ 1POKIANOK.  CMeHa pexyliero
1—KpbllKa; 2—cTeHKka; 3—vala: 4—npvsog;  AHCTPYMCHTa  IIPOMCXOIUT  MC
5—cCTaHnHa; 6—pexyLnn MHCTPYMEHT HEE YeM 3a 3 MUH
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BubpaunoHHble MenbHUUbI NpeaHasHadYeHbl A1 TOHKOro W3MesSibYeHUs
mMatepuana. MenbHuua npeacraBnsiet cobon GapabaH, 3anonHEeHHbIN NPUMEPHO
Ha 70 % wu3MmenbyawWMMM Tenamu, Hanpumep wapamm BHyTpn 6apabaHa
yCTaHOBIEH BMbpaTop, KOTopbIN coobliaeT Bubpaumio wapam n namenb4yaemomy
matepuany. VIHTeHCMBHOCTb paboTbl TakoM MeNbHUUbI 3aBUCUT OT 4acToTbl U
amnnutyabl konebanmn Kak npaBuno, yactoTa konebaxmm coctasnset 1500 - 2500
mMuH 1 npu amnnutyge 2-4 Mm

KonnougHble MenbHULbI UCMONb3YTCA ANS 04€Hb TOHKOrO U3MeSbYeHUs
cycneHsun MamenbyeHve npoBOAUTCS MOKPbIM cnocobom. OCHOBHbIMWU YacTamMu
KONIONOHOM MenbHULbI ABIISIOTCA KOPMYC C KOHWYEeCKUM rHe3gom n potop Meaay
KOHMYECKOM MOBEPXHOCTbIO KOpryca W MNOBEPXHOCTbID poOTOpa MMeeTcs 3asop,
paBHbI OonsM munnumeTpa. PoTop BpawaeTca ¢ OKpyXHou ckopocTbio 30—120
m/c. B 3asope mexagy KOpnycoM M pPOTOPOM TBepAble YacTuubl CyCneH3uu
n3Menb4arTCs NCTUpaHNeEM

4.2. Knaccudukauma sepHUCTbIX MaTepuanos

[ns pasgeneHnss cMecu 3epHUCTbIX MaTepuanoB Ha pakuum C y3KMMM
npegenamu pasMepoB YacTuL, MPUMEHSIIOTCS TpY Buaa knaccudukaumi:

MeXxaHMYyecKas - KoTopas 3akfnyaeTcs B pacceBe CbiMydnx MmaTepuarnos Ha
cuTax, pewertax unu gpyrux yctpomcteax [lpu mexaHuyeckon knaccudumkaumm
yepe3 OTBEPCTUS paccenBarollero yYCTPOMCTBaA MPOXOAAT YacTuubl mMaTepuana,
pa3Mepbl KOTOPbIX MeHbLUe pa3MepoB OTBepCTUW. He npowefwive 4vepes cuta
KYCKW UIK YacTuLbl HAaNpaBngalTCa Ha JONONTHUTENBHOE U3MESTbYEHNE;

rmapaBrnunyvyeckas KnaCCVI(*)I/IKaLIMH — pasgerneHne cmecu TBepablxX 4actuu
Ha (*)paKLI,I/II/I B 3aBUCMMOCTWN OT CKOPOCTU ocelaHnA YaCTul B XKUOKOCTU,

BO3QylHaA cenapauusi — pasfefieHMe CMecu TBepAblXx YacTuy Ha
hpakumm B 3aBUCMMOCTUN OT CKOPOCTWN OTCTanMBaHUS YacTul, B BO3ayxe

Kiaccudukanus nmpuMeHseTcs KaKk BCIIOMOTaTeIbHAs ONepaIus s y1aJleHUS
MCJIOYH IIEPCO U3MCIIBYCHHUCM MATCpHalida, a TAKKC IIPU BO3BPATC KPYIIHBIX YaCTHUIL
MaTcpuajia Ha IMOBTOPHOC HM3MCJIBYCHHC U B KAa4YCCTBC CaMOCTOSTEIILHOMN o1cpanrmn
— IJIAA BBIACJIICHHA I'OTOBOI'O ITPOAYKTA 3aIaHHOI'O (bpaKHI/IOHHOFO cocCTaBa.

MexaHun4yeckas Knaccudgpukaums, KoTopas Takxe Ha3blBaeTCcA
rPOXOYEHNEM, NMPUMEHSETCA AN pa3fesieHns YacTuy pasMmepamMn OT HECKOJSTbKUX
CaHTUMeTpoB A0 gonen  munnumetpa. Knaccudumkauuio  npoBoaAT  Ha
pacceunBaloLmMX YCTPOMUCTBaX, HasblBaeMbIX rpOXoTamMu wunu cenapatopamu. [Ons
paccenBaHusl MaTepmnasnoB NPUMEHSIOT MeTanIMyeckne unu apyrme cuta, pelleTta
M3 MeTannu4yeckux JIMCTOB CO LITAMMOBaHHbIMUM OTBEPCTUSMU, pPEeLUeTKn U3
napannesibHbIX CTePXXHEN — KONOCHMKOB.

Cura GI)IBaIOT C KBaJApaTHbIMHU WA TPAMOYT'OJIbHBIMHU  OTBCPCTUSAMU,
uMmeronumMu  pasmepel oT 0,04 mo 100 Mm. Cura 0003Ha4arOTCI HOMEpPaMH,
COOTBCTCTBYIOIMMH pPA3MCPy CTOPOHBI OTBCPCTUA CHUTA B CBCTY, BBIPAJKCHHOMY B
MWIIUMETPAX UJIN MUKPOHAax.



267

Pemrera HM3roTOBASIOT W3 METANIMYCCKUX JIMCTOB TOMIMHHOW 2-12 MM, B
KOTOPBIX IITAMIYIOT KPYTJIbI€ WM MPSIMOYTOJbHBIE OTBEPCTHS pazMepoM 2-10 mm.
Uto0bI 30ekaTh 3a0MBKH OTBEPCTHI MaTepraioM, UX BBIOJHSIOT B (OpMe KOHYcCa,
PaCIIUPSIOIIETOCS KHU3Y.

KonocHuku cobuparot U3 cTepykHel 00bIYHO TpanerernaapHoro ceueHus. [pu
Takol ¢dopMe KOJOCHUKOB OOJierdaeTcss IIPOXOJ YacTHI[ MaTepuajia dYepes
pacIIUPSIONIUECs KHU3Y 3a30Pbl MEXTY KOJIOCHUKAMU.

Knaccudukanus mareprasoB TpOUCXOIUT MPH JABUKEHUU X OTHOCHUTEIBHO
nepdOpUpOBAHHON  TMOBEPXHOCTU. [lpm ATOM TMOBEPXHOCTH MOXKET OBITh
HETOJBU>KHOM, YCTAHOBJIICHHOM MO/ YTJIOM K TOPU30HTY OOJIBIIINM, YEM YTOJI TPCHHUS
Marepuana, 1100 JBIKYIIEHCS.

B pesynbtate knaccuduvkaumm nonyyatoT OBa MNpPOAyKTa: OTCEB M OTXOA.
OTceB — wvacTtuubl, npolueallne Yyepes paccevBsarollee YCTPOWCTBO, OTXO4 —
KyCKu (4acTtuupl), He npolejline Yyepes paccemnBatoLLee yCTpoUCTBO.

Knaccngpukaums 6oiBaeT ogHOKpaTHOM M MHOrokpaTHou [Mpu ogHokpaTHOm
Knaccudukaumm matepman npocemBaeTcs Yepes ogHO CUTO, NPU MHOFOKpPaTHOM —
yepes HECKOSTbKO CUT.

B NpOMBbIWNEHHOCTU WCMOMb3YKTCA TPOXOTbl C  HEMNOABWXHBIMU U
NMOABMXHbIMM  pelueTkamu. Haunbonbllee npMMEHEHME Halnn TFPOXoTbl C
HEMNOABWXHbIMW  pelleTkaMmn. [poxoTbl OblBalOT Kavawlumecs, 0OapabaHHble,
BMOpaLMOHHbIE, ANCKOBbIE, PONNKOBbLIE, KONOCHUKOBBIE U LIEMHbIE.

Ha puc.4.13. nokasaH Ka4arLnnca rpoxoT, KOTOPbIN LUMPOKO NMPUMEHSIETCS B
NPOMbILLIIEHHOCTHU

"poXOT NpmMBOANTCH B KonebatenbHOe ABMXKEHMNE C MOMOLLbIO KPUBOLUMMHOMO
mexaHuama. OTceB NpoBanuBaeTCsl NMpU COTPSICEHUN cMTa B OTBEPCTUS, a OTXOp4
nepemMellaeTcss BOOMb CUTAa W C HEro MoCTynaeT HEMNOCPEeACTBEHHO Ha
namenbyeHue. [ns otbopa HECKONbKUX (PPaKUUIA Kayalowmecs rpoxoTbl AenaroT
MHOrOSIPYCHbIMW; B 3TUX T[pPOXOTax MaTtepuan noJaeTcs Ha BepxXHee CuTo,
nmetollee Hanbonblne oTBepcTus. KpynHble Kycku yoansitoTcs ¢ 9TOro cuTa Kak
0oTX0[, a OTCeB MNOCTyrnaeT Ha pacrnofioXXeHHoe HWXe CUTO C Bonee Menkummu
oTBepcTusMU. Ha 3ToM cuTe cHoBa MonyyaltT OTXOA4 W OTCEB, NPUYEM OTCEB
nonagaet Ha cneayouwee 6ornee Menkoe cuMTo, U T. A..

Puc.4.13. Kavaowmmnca rpoxor:
1 - SKCUEHTPUK; 2 - WaTYH: 3 - NPYXuUHa; 4 - Kopnyc; 5 — cuTo
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[OCTOMHCTBaAMM MIOCKMX KadaloWMXCs [POXOTOB 4ABnsATCA Oonbluas
NPOUN3BOANTENBHOCTb, BbICOKass 3PEEKTUBHOCTb POXOYEHNSA, KOMMAKTHOCTb,
yao0CcTBO 00CNY>XMBaHNA N PEMOHTA.

HepocTtaTkoM 9TUX FPOXOTOB SABMSIETCA HEYPABHOBELLEHHOCTb KOHCTPYKLNN,
B pe3ynbTaTe 4yero pabota nx conpoBoOXgaeTcs COTPSACEHNAMM U TONYKaMMU.

bapabaHHbIn rpoxoT npeacTtaensetr cobon 6GapabaH, YyCTaHOBIEHHbIN
HaKMoOHHO nod yrnom 4 — 7 ° k ropu3oHTy. bapabaH narotaBnnBaeTcsl U3 CETKU
nnn nepcoprpoBaHHbIX CTasbHbIX JIMCTOB U BpallaeTCd Ha LUeHTpanbHOM Bany
nnbo Ha BbIHOCHBLIX OMOPHbIX ponukax. MaTtepman 3arpy)aeTcsi C OTKpbITOro Topua
bapabaHa OTtceB npoBanuBaeTcsa vepe3 nepdopmpoBaHHble CTEHKN GapabaHa, a
0TX0[ BbIXOAMT C NPOTMBOMOSOXHOIO OTKPLITOro Topua bapabaHa.

[na o4ncTkn 3epHa, 3epHOBbLIX, KPYMsHbIX 1 BOOOBLIX KyNbTyp OT COPHbIX U
3€pHOBbIX MpUMEece UCMONb3YITCA TFOPU3OHTANbHbIE WM BepTUKasibHble
UMNMHOPUYECKME 3epHOOUUCTUTENBbHbIE cenapaTtopbl. PasgeneHne B Takux
cenapaTtopax nMpoUCXoOuUT Ha MeTannmyeckom cute. [lpoxogHble pasmMepsbl
OTBEPCTUN CUTA YBESNTMYMBAIOTCA MO XOA4Y ABMXEHUA 3epHOBOM cMecn. PasgeneHune
CMeCHK MPOMCXOAUT 3a CYeT LeHTPOOeXHOW curbl B BepTUKamnbHbIX cenapaTtopax
nnbo 3a cyeT BUBPAUMOHHLIX KOnebaHun maTtepuana M cuta B rOPU3OHTasTbHbIX

cernaparopax

7 Ha pwuc.4.14. cxemaTMyHO noKasaH
2  GapabaH LEeHTPOBEXHOro cenapartopa.
bapabaH cocTOUT W3 HECKONbKUX CEeKUUN.
J 3epHO C NpUMECSIMU NOCTYNaeT B BEPXHIOK
4 cekuuto. 3a cYeT LEHTPOOEXHON CUMbl 3EPHO
BMEcCTe C npuMmecaMm oTbpacbiBaeTca K
: J nepdopnpoBaHHON CTEHKe bapabaHa
Apamees B of cenapatopa. [lpumecun, umerowme MeHblUne
: 5 4 Pasmepbl, 4Yem 3epHO, TMPOXOAAT Yepes
OTBEPCTMS  CTEHKM W ygansawTca U3
" cenapatopa B BuAEe OTCeBa, a 3€pHO
Apumecs | NOCTynaeT B HWKHIOW cekuno. CTeHku
’ GapabaHa 9TOM CceKkuMnm UMerT OTBEepCTUS
Gonblwero gnameTpa, Yyepes3 KOoTopble 3epHO
NpoOXoAnuT 1 yaanseTcs U3 cenapaTopa.

Jepro B BMBpaumMoHHbIX cenapaTopax nnockoe
HaKNoOHHOE CWUTO coBepliaeT konebaHus
| ¢ nomowbio BuGpaTopa. Mpu BMBpaLMM MaTepuana Ha CUTEe MNPOUCXOAUT Ero
pasgeneHve, npu4yem OTBEPCTUA CUT He
3abuBaloTca  maTepuanom, gaxe  ecnu
pasgensitoTca BMNaXHble mMaTepuanbl.
Cenapatop nerko perynupyetca 3a cudeT
N3MEHEHMS YacToTbl U aMNNUTyabl BUbpauun,
CuTa fIerko CMEHSATCA.

Puc,4.14. bapabaHHbIn
cenapartop: 1 —BOpPOHKa;
2 — kopnyc; 3 — 6apabaH;
4 — neperopopka C KaHariowm;
5 —Ban

MaruutHble  (3JIEKTPOMArHUTHBIE) — cemapaTopbl  NPEeAHA3HAYEHBI  JUIsS
M3BJICUCHUSI M3 MACChl CBIIY4YEro marepuana, Halpumep 3€pHa, CTalbHBIX H
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YYT'YHHBIX BKJIIOYeHHI. bapaGaHHbI snekTpoMarHuTHBIM cenapatop (puc.4.15.)
uMeeT

9KCLEHTPUYHO  PacCnoSIOKEHHbIN  Henoa-
BWXXHbBIN 3NeKTpomMarHmTt, paboTarowmn ot
NocTosiHHOro  Toka. [lpu  BpalleHumn
GapabaHa NOBEPXHOCTb €ro HaxoguTcs B
HenocpeacTBEHHON GnM30CTU OT MOMOCOB
anekTpomarHuta. YyryHHble n cTanbHble
npeameTsbl, nonagarwme B 30HYy CUITbHOrO
MarHuTHOro nons, YyaepXuBawTca Ha

Puc.4 15 Cxema paboTbl
©apabaHHOro MarHUTHOro
cenapatopa: 1 — cenapartop;
2 — KoHBeuep; 3 — ByHKep

noBepxHocTn GapabaHa, a cbinydnin maTepuarn, He obnagarwmn MarHUTHbIMM
CBOMCTBaMW, CCbINAeTCa C MNOBEpPXHOCTU OapabaHa B npuemHbin 6yHkep [lpu
Bbixoge GapabaHa n3 ccepbl AENCTBUS MAarHUTHOrO MOMSA YYryHHblIE U CTarnbHble
npeamMeTbl Nog OEWCTBMEM CUMbl TSXKECTU OTAENSTCS OT OCHOBHOM Macchl
mMartepwuana BHe byHkepa.

MarHnTHble cenapaTopbl yCTaHaBNMBAKOT B MeCTax 3arpy3ku TBEpAbIX
mMaTepuanoB B pasfvyHble MallWHbl, HAanpuMep B APOOUIKA, CYLLUMIKN U AP

Bo3aywHas cenapauums _
< 7 itbins
oTnnyaetcsa oT rmapaBnnyeckomn —
Knaccudpukaumm Tem, 4YTO CKOPOCTb
ocaxaeHus yacTu, B BO3ayxe

3Ha4YUTEenbHO oonblue CKOPOCTU
ocaxaeHusi YyacTuy B Boge. BosgyliHas
cenapauus ocylliecTBnsieTcs B

BOCXod4dLliem NnoTOKe BO34yXa B
LUMKINMOHHBLIX annapaTtax

Ha puc.4.16. nokasaHa cxema
ueHTpobexHoro cenapatopa. OB6bl4HO
Takon cenapaTop YyCTaHaBnuBaeTCcAa Ha
NNHUM OTXOASALLEr0 BO34YLIHOMO NOTOKa
OT MenbHuubl. OTaeneHne KpynHbIX Korarrisime
yacTul, MPOUCXOOUT B  KOINbLEBOM ¥2EFTLLLELS  w
KaHane u KoHyce, rae vacTtuubl 3a cyeT .
LeHTpobexHOM cunbl oTOpackiBalOTCA 3azpranernmitni 6030yx
Ha CTEHKM KOHYyca. KpynHble
YyacTuubl cocKanb3biBaloT co Puc.4 16. Cxema LeHTpOBEXHOro
CTEHOK KOHyCa W BbIFPYXalTCA cenapartopa: 1 - Kopnyc; 2 - BHYTPEHHUM
yepes natpybkm 4 u 5. Bosgyx npopykra; 4,5 - natpybku ans oteoaa
BMecCTe C MEenknM1  kpynHbIX YacTuu,; 6 - HanpaBnsawLWas

HEOTAEINBLUMMUNCSA YacTuuamu nonatka; 7 - naTpybok Ans BbiBOAA NbINK
yoansetca 4epe3 natpybok B
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LINKITOH.

FmapaBnuyeckasa Knaccudmkaumsa cmecen TBepabix YacTuy, Ha dopakummn no
CKOPOCTM OCaXOEHUA UX B XMOKOCTU NOOYMHAETCS OOLMM 3akoHaMm OCaxaeHus
TBEPObIX  Ten. 'mapaBnuyeckas Knaccudumkaums OCYyLLECTBNSETCS B
ropu3oHTanbHOM WM BOCXOAsdlleM noToke Boabl. CKOpPOCTb MoToka BblbupaeTcs
Takomn, 4ToObl U3 KnaccudukaTopa BbIHOCUNCL YaCTuULbl, MEHbLLUME ONpeaeneHHoro
pasmepa, -BepxHU NPoayKT, a B KnaccudumkaTtope ocaxganucb Yactuubl 60nbLmnx
pa3mepoB, obnagarowme 6onbLUEe CKOPOCTLIO OCaXAEHUS, - HWXKHUIA NpoayKT. [ns
Knaccudpukauum  nog  OEUCTBMEM  LEHTPOBEXHOM  CuMbl  UCMOMb3YHTCS
rMOPOLUMKITOHBI.

IHPECCOBAHMUE

O6buwue ceedeHus

ans 00e3BOXMBaHWS, OpvKkeTUpoBaHUS TBEpPAbIX Martepuaros,
rpaHynupoBaHus KW  (OopMOBaHWA MNMacTUYHbIX MaTepuanoB B  MULLEBON
NPOMbILLIIEHHOCTN NPUMEHAETCS NPeccoBaHMe.

[MpeccoBaHne 3aknoyaeTca B TOM, 4TO obOpabaTbiBaeMbli Martepuan
nogBepraeTcs BHELWHEMY AaBEHMIO B CrieunarnbHbIX npeccax.

Mog w3bbITOMHLIM AaBfieHMEM NPOBOAATCA 00e3BOXUBaHUE, OpuKeTUpo-
BaHWe, OpMOBaHMe U WTaMnoBaHWE pasfnMyHbIX NULLEBbLIX MaTepuaros.

O6e3BoXuBaHMe noa AaBneHUEM NPUMEHSIETCA B psge oTpacnen nuue-
BOW MPOMbILIIEHHOCTU: B CaxapHOM [MpPOW3BOACTBE AN OTXMMa BOObl W3
CBEKIMOBUYHOIO XOMa, COKa M3 caxapHOro TPOCTHWKA, B XXMPOBOM MPOU3BOACTBE
AN BblAENeHNs U3 ceMsiH NoLCONTHEYHMKA pacTUTeNbHOro Macna, B Npon3BoacTBe
COKOB AJ14 BblAENeHUs coka U3 arog 1 nrogos v B ApYrux NpoM3BOACTBax.

BpukeTnpoBaHue npumeHaeTcs OnNa nonydvyeHna GpukeTos, T. €. BpycKkoB
NPAMOYroSibHOW UNU  LUUAWMHAPUYECKONW opMbl  CnpeccoBaHHOro MaTtepuana.
BpukeTupoBaHne nNpuUMEHSIETCA B CaxapHOM MpOU3BOACTBE [ANA MNOSydYeHus
OGpuKeTOp CBEKTOBUYHOrO XOMa M caxapa-paduHaga. bpukeTupoBaHue LWMPOKO
NPUMEHAETCH B MNPOU3BOACTBE MNULLEBbLIX KOHLUEHTPaTOB WU NeKapCTBEHHbIX
npenapartoB, B KOHOUTEPCKOM M B KOMOMKOPMOBOM MPOU3BOACTBaX, B npoueccax
yTUnmM3auunm oTxo4oB Npon3BoaCcTBa U Ap.

PasHoBMAOHOCTBIO  BpuKeTMpOBaHMA  ABNAIOTCA  TabneTupoBaHue W
rpaHynupoBaHue. TabneTkn v rpaHysbl UMeT MeHbLUNE pa3Mepbl MO CPaBHEHMIO
¢ 6pukeTamn. NPOMBILLNEHHOCTBLIO BbIMYCKAKOTCA rpaHyNMpPOBaHHbIN Yai, Kode, nu-
LLIeKOHUEeHTpaTbl, KOHETbI U Apyrue NpoayKTbl.

PopmoBaHMe MNIAaCTUYHbLIX MaTepuanoB UCNofb3yeTca B XrnebonekapHomM,
KOHOUTEPCKOM M MakKapOHHOM MPOM3BOACTBaxX AN4 NpuaaHna usgenuvio ns Tecrta
3aaHHON (POPMBbI.

O06e3BoXkMBaHUE U OPUKETUPOBAHUE

Ob6e3BoXxunBaHme NPOAYKTOB NpUMeHdeTCA And BblAeNeHnd XnakocTtn, Koraa
OHa 4aBnAeTCA UEHHbIM NPOAYKTOM WM KOorga C 00e3BOXNBaHNEM LEeHHOCTb
NnpoAyKTa yBeJlIlM4nBaeTCH.

OGe3BoXMBaHME NPOBOAUTCA MoA AEWCTBMEM WU3OLITOYHOIO [JaBneHus,
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KOoTopoe npuknaabiBaeTcsa K matepuany. M30biToyHOe [OaBreHne MOXeT ObiTb
NPUOXeHo K matepuany Asymsi cnocobamn: gaBneHMeM MOPLUHSA B Npeccax unm
AENCTBMEM LIEHTPOOEXHOM CUIbl B LLEHTpUdyrax

BpukeTupoBaHue, TabneTMpoBaHWe W T[paHynMpoBaHWE MNPUMEHSIOTCH C
Lenblo MOBbILIEHUS KayecTBa W MPOOOIIKUTENBHOCTU MCMNONb30BaHMSA NPOAYKTa,
YMEHbLUEHNSI NOTEPb, YNyYlleHUs1 TPaHCMOPTUPOBKM U T A

YXom, npegHasHayYeHHbIN ONs cKapMAnMBaHUA CKOTY, OTXXKMMaeTCHa Ha npeccax
no cogepxanHms 9—10%. MNpeccoBaHHbIN XOM nony4atoT B Buae 6pmMkeToB Kpyrio-
ro cedeHunsa gnametpom ot 11 go 20 MM MM NPAMOYrosibHOro Ce4eHUs BbICOTOM OT
20 po 40 mm.

MNoTHOCTbL CnpeccoBaHHOro oma cocTtaBnseT okono 750 kr/m® CrteneHb
oTXaTusa BOAbl 3aBUCUT OT AaBrneHnsa npeccoBaHunsa. OgHako 6onblias crteneHb oT-
Xatnma  Bogbl MPMBOAUT K YMEHbLUEHUMIO MPOU3BOAUTESNILHOCTU npecca W
YBENUYEHUIO YOENBHOIO pacxoda 3Heprumu.

B caxapopaduHagHOM Npon3BOACTBE NPECChl MPUMEHSAOTCA AN1S NONyYeHns
BpyckoB caxapa-paduHaga. Npu npeccoBaHWUM KallKy NPOUCXOOUT 3HaAYUTENbHOE
cokpalleHne obbema NPOMEXYTKOB Mexdy KpucTannamu 3a cyeT nepemMeLleHuns
KpMCTanmnoB OTHOCUTENbLHO Apyr Apyra, a Takke 3anofiHeHWe MNpPOMEXYTKOB
ockonkamu  pa3gpobneHHblx  KpuctannoB [lpu  npeccoBaHuu  cosgaloTcs
BGrnaronpusiTHble yCnoBus A5 cpallnBaHns KpUCTannoB B GpukeTax npu Ux CyLUKe.

bpukernpoBanne mpOBOAAT B CHEHUANBHBIX Ipeccax N0 IUIOTHOCTH, IIPU
KOTOpPOM OpPUKET HE MOXKET CaMOIPOM3BOJIBHO pa3pymuThes. [lociie mpeccoBaHus
6pI/IKeTBI JKOMa IMOABCPraroT OXJIAXKIACHUIO, a CaxXap — BBICYIIIMBAHUIO.

OcCHOBHOW  XapakTepuCTUKOM npouecca OpuKkeTUpoBaHUA  ABNAETCH
3aBVCUMOCTb MexXxay npupalleHneM AaBreHust NMpeccoBaHns Ap U yMeHbLUEHUEM
koadpuumneHTa ynnoTHeHnsa npeccyemoro Bewectsa B (B = V/ Vi =h/hy, rae Vu Vi
-06beM npoaykTa 4o 1 nocne npeccoBaHus; h n hy — BbicoTa 6pukeTa oo 1 nocne
npeccoBaHus).

Jlns  BbIBOJA YpaBHEHUs paclpeieieHus
JaBJICHUA TIPECCOBAHUA II0 BBICOTC 6pI/IKCTa
paccMOTpUM  CXEMYy CHWJ, JCHCTBYIOIIMX Ha
aJIeMEHTapHbIN cioit Opuketa (puc.4.17.).

JlaBiieHMEe TIpecCOBaHMS CKJIQbIBACTCS U3
JaBJICHUA Ha YIUIOTHCHHUC IIPOAYKTA W JaBJICHUA
L IMIPCOOOJICHUA CUJI TPCHUA ITPOAYKTA O IIPCCC-
dbopmy. IIpenebperas TpeHreM MPOAYKTa O Mpecc-
dbopMy W TIpUHUMAs, YTO TPOAYKT SIBISETCS
onHoponubiM, C. M. I'pebeHIOKOM MOJIy4YEHO
BBIpAXXEHUE JIJIs1 OITMCAHUSI Mpoliecca IPECCOBAHUS:

v INP/Po=- fo (4.8)
roe - — wmoaynb npeccyemoctn; P, Po —

Puc.4.17. Cxema cun, Ae v Ay peccy 0
g COOTBETCTBEHHO KOHEYHOE M HadanbHoe AaBlieHus
AENCTBYIOLMX Ha y 9
ckatma; B, o — KOHEYHbIMU W  HayanbHbIU

3fleMeHTapHbIN Crion

BpukeTa KO3 PULNEHTbI YNITIOTHEHUS.
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B ycnoBusix paBHOBecUs Ha aneMeHT OpukeTa, Haxo4sLWNNCs B MaTpule Ha
pacCcTOsiHUM Z OT MyaHCOHa, B BEPTMKANbHOW MMOCKOCTU OEeNCTBYHOT HOpManbHble
CUnbl p; U Pz - dp; , yaenbHble cunbl TPeHUs T, 1 cunbl OT BOKOBLIX AaBNEHWUIA

I:)XZ

YpenoHasa cvna Tpenust T, = f Py, ,roe f - koappnumeHT TpeHna matepmnana
O CTEHKY MaTpuLbl

BepTukanbHoe yaenbHoe AaBneHMe CBsA3aHO C  OOKOBbIM - yAENbHbIM
nasrieHnem Pyx; cooTHoweHnem Px; / p; = & Ecnu nonepeyHoe ceyeHue F u
nepumeTp Opuketa [1 TO ycnoBue paBHOBECUS CWUT Ha OCb Z Bblpa)kaeTcs
ypaBHeHueMm F dp, = f p, 1 dz . YuuTbiBas, 4To npupalieHne gasrieHUa U CUsbl
TPEeHUS paBHbl, HO MPOTUBOMOMOXHbI MO HanpasneHwuto, nonyyum F dp; = - f &
P-gpzHdz. MNpouHTerpMpoBaB 37O ypaBHeHWe B npegenax or p o p? n ot 0 go z
Npv NOCTOSAHCTBE BENWYUH f 1 £ nonyymm

Pz =p,exp#nz/F). (4.9)
Ha gHe npecc-opmbl yaensHoe gaBneHme
Pb - p*exp(%fllz / F) , rae h — BbicoTa 6pukeTa.

YpaBHeHne (4.9) npencrtaenset cobon  ypaBHEHWE pacnpeaeneHus
OaBMEHNA MpPeccoBaHMs MO BbICOTE o©xatoro Opuketa. Ero MOXHO Takxke
ncnonb3oBaThb AN onpeaeneHns NoTepb AaBfeHNss Ha TPEHME O CTEHKN MaTpULbl.

YMeHblieHne  KoadpuuMeHTa  YNroTHEHUS  3fIEMEHTaApHOro  Cros,
NepneHanKynsapHOro  HanpaBfeHWlo  YCUINMs  MpPeccoBaHusl, CBSA3aHO C
npupaweHnemM gaBreHus B 9TOM croe [cM ypaBHeHue (4.8)J. Ecnu npuHATL, 4TO
nepBoHavarbHasi NOTHOCTb BpMKeTa MO BCEW BbICOTE MOCTOSAHHA, To > - [1 = A/n
P7/P<». MNogcrtaBnas 3HayeHue Px n3 ypasHeHuna (4.9), Hangem fo - ft, - ¥in [ P
exp(-&Mr | F) /Pq], otkyga&=A- IP/nP+exptf'friPo+ nz/F.

CpeaHnin KoadPULNEHT YyNNOTHEHUS /?- \pr-<blb, UMK
[f=j|*-NnP + NnPg + y-£-/-tf-r/F]&/fc (4.10)

NHTedmnpys nonyyeHHoe ypaBHeHMe B npegenax or 0 go n, nocne
COOTBETCTBYIOLWMNX anrebpanyeckmx npeobpasoBaHmin NOSyHNM

[?=#»- FInPIPo+VZfnzMF (4.11)
CpenHsist NNOTHOCTb BpuKeTa NOCTOSAHHOIO CeYeHns
p = (p-; M 1NP/Po)/[1-<MMBW!2P%py}}, (412)

roe GK— macca TBepaon gasbl B bpukeTe.

KoHeuYHbIN 1 HavanbHbIN KO3 PUUMEHTBI YNIITOTHEHUSA B 3TOM criydae ft- p/p*
n ft =/70 /px * KOHEeYHas BbicoTa 6pukeTa hk = Gk/Fpk, p 1 /* — COOTBETCTBEHHO
HavanbHas U KoHeYyHas NNOTHOCTU BpukeTa.

YpaBHeHus (4,11) n (4.12) aBnaOTCA OCHOBHbIMU YpaBHEHUSIMU npoLecca
O[HOCTOPOHHEro MpeccoBaHUs OWUCMEPCHOro BellecTBa, MOSIyYeHHbIMU Mpu
OOMyLWeEeHNN NOCTOSIHCTBa KoaduumeHTa TpeHua f n koadduuneHta OOKOBOro
aaBneHus £;.
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Mpn 0OHOCTOPOHHEM NPECCOBaHUWU BCIEeACTBME TPEHUS NMPOAYKTA O CTEHKU
MaTpuLbl NIOTHOCTb OpuKeTa oKasbiBaeTcs HepaBHOMEPHOW Mo BbicoTe. BpukeTsbl
Bonee BbLICOKOro kadecTBa Mosfy4varoT Npyu OABYCTOPOHHEM MNpeccoBaHuW. B aTom
crnyqae OpukeT umeeT 6onee paBHOMEPHYO MIIOTHOCTbL MO BbICOTE, YTO ynydwlaeT
ero Ka4yecTBo.

O6opydoeaHue Anst obpabomku nNpodykmoe npeccosaHuem

B  nuMweBon  NPOMBLIWNEHHOCTM  MPUMEHSIOTCSA  MPEecCbl  cambiX
pa3HOObpa3HbIX KOHCTPYKUuuM WX MOXHO pasgenuTb Ha ABe Gonbline rpynnbi:
rmapaBfiMyeckme u MexaHuyeckue.

MmppaBnunyecknn npecc pabotaeTr no 3akoHam ruapaBnmMku OCHOBHbIM
y3NoM npecca gaBnsieTcs paboynin uunuHOp, BHYTPUM KOTOPOro nepemMeLlaeTcs
NNyHXep, COeOUHEHHbIN C MOABWXKHOM MANTONW. [nyHXep NpuBoaUTCA B OBUXEHUE
XMOKOCTbIO BbICOKOro AasneHus. lNpeccyembii maTepuan noMeLllaeTcs Mexagy
NOABUKHOWN N HEMNOABWXHOW NMNUTaMMU.

Cwvna gaBneHusi, co3gaBaemMasi NopLIHEM Ha MmaTepuarn, npsMo
nponopumoHanbHa ero nnowagun; P =pF, roe p — gaeneHve B rmapocucteme,
H/M?; F— nnoluaab NopLuHs, M2,

'Mppasnnyeckme Npecchl LWMPOKO NPUMEHSATCS Npu nepepaboTke pyKTo3
1N OBOLLIEN C LieNblo NOoMy4YeHns COKOB, A4S NPOM3BOACTBA IMKEPOB U 3CCEHLMN.

B caxapHOoil TPOMBINIICHHOCTH ISl 00€3BOKUBAHHUS >XOMa IPUMEHSIOTCS
HAKJIOHHBIC TOPHU3OHTAJIBHBIC W BCPTHKAJIBbHBIC MIIHCKOBBIC IIPCCCblI C OJHO- H
JIBYCTODOHHUM  OTKaTHEM. IIpeccbl  IBYCTOPOHHETO OTXKATHUSA Ooiee
MMpOU3BOAUTCIIbHBI, 4Y€M IIPCCCbl C OAHOCTOPOHHHMM OTKATHEM, MW IIO03BOJIAIOT
OTKHMMATh KOM JI0 00j1e€ HU3KOM KOHEYHOH BIIAXKHOCTHU

HaknoHHbIN WHeKOBbIM npecc (puc.4.18.) npegHasHa4vyeH ansa omkaTus xoma.
YKom noctynaeT B cenapartop, rge n3 Hero 4acTM4YHO ygansietcd Boga, a 3aTem B
npecc, rae omKMMaeTCs OCHOBHasli YyacTb BOAbl. YacTb oTKaTom BOAbl MPOXOAUT
yepes
UMINHOPUYECKOE CUTO
n ypansetcsa 4yepes
wrtyuep A pgpyras
YacTb BOAbl NPOXOauUT
Yyepes cUTo 3 B MOy
YacTb Bana LWHeKa wu
yaandaetcs yepes
oTBepcTme 10 n
wtyuep 9, Bebirpyska
OTXKaToro xXoma
npoun3BoOaANTCA  4vepes
KOnbLiEBbIE OTBEPCTUS

mMexaoy KOHUNYECKNM

Puc.4 18. HaknoHHbIN LUHEKOBBIN Npecc.
1—cenapaTop; 2—Ban LWHekKa; 3—CuTo; 4—OTXUMHOM WHek; CUTOM U KOPMyCcOoM

5—UWUNUHAPUYECKOE CUTO; 6 — perynmpoBoYHoe OTXXNMHOTO LiHeKa.

npucnocobneHne; 7 — OTBEPCTUS ANs BbIFPY3KUN KOMa; Pasmvep oTBEPCTUA

8 — KoHu4eckoe cuto; 9—wwTyuep; 10—oTBepcTusa ong BNnaAeT Ha
yaoaneHus Boapl: 11—aononHuTenbHas NoBepXHOCTb NPOOOIMKUTENBHOCTb

dunbTpoBaHua; 12 — wTyuep And oTeoAa BoAbI npebbiBaHMS XOMa B
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npecce n cTeneHb omkaTus

BOAbl M perynupyetcs cneuunanbHbiM npucnocobneHnem 6. MopusoHTanbHble U
HaKMOHHbIE MNPECcCbl WMEKT aHanorMyHyt KOHCTpykuuiw B oTnuune ot
FOPU30OHTanNbHbIX MPECCOB B HAKMOHHbLIX HE MPOUCXOAMT YaCTUYHOINO CMELLEeHUs
OTXKaToro Xkoma ¢ yaansemMom XnaKkocTblo

BepTukanbHbIA LWHEKOBbLIA MNpecc : f

nokaszaH Ha puc.4.19 OCHOBHOM 4acTblo
npecca sBAAeTCA nMOMNbl BeEPTUKANbHbIN
LUHEeK, YCTaHOBMEHHbIN B cCreuunanbHbliX - -] -2
TpaBepcax. Ha KOXYyXe LLUHEeKa c
NPOTMBOMOSIOXHbBIX CTOPOH  PacMOSIOXKEHbI
KOHTpMonacTu, KoTopble BXOOAT B
NPOMEXYTKA MeXAy nonacTaMyi LIHeKa W
NpPensiTCTBYOT BpaLLEHUNIO matepuana
BMECTe CO LWHeKkoM. KoHTprnonactu umeroT
OTBEPCTUS, Yepe3 KOTopble MNPOXoauT nap, :
noaBoAnMbIv No Tpybonposoay. - o

A_H-_"""-_'j

B BEPXHEN yacTu npecca &
pacnosioXeHa BOpPOHKa OnNd  3arpysku i
mMaTepuana, a nog Hev No UUIMHOPUYECKOW g -—
obpaasytoLlen — UunuHgpudeckmne 8
pa3beMHble cuta c KOHMYECKNMHU
OTBEPCTUAMMW. BnaxHbIv XOM Ha o B
npeccoBaHue MnocTynaeT 4epe3 BOPOHKY U
BEPXHUMM nonacTamm LUHEeKa . .
HanpaBnsieTCsl BHN3, B 30HY C MEHbLUNM Puc.4.19. BepTukarbHbIN LLUHEKOBbIN
NOMepeyYHbIM ceyeHvem, rpe MPecc: 1 — npuBogHas wecTtepHs; 2
NpOMCXOOUT OTkaTue Bogbl. Yacts — 3arpy3oqHas BOPOHKA; 3 — LuHek; 4

OTNPECCOBaHHON BOAbI BLIXOAUT Yepes  — P@3bEMHOE CUTO; S—KOHTP
nonacTb; 6—KOHUYECKOe CUTO;

OTBEPCTUS LMMMHOPUYECKOro cuTa, a
opyras 4acTb — 4epes Mofbid  Ban 7 — 6onT; 8 — CcKpebok;
WHeKka. BblgeneHHas Boga no KaHany 9 —- wryuep; 10 — kaHan

10 n wTyuepy 9 yoanaeTtca u3 npecca.

B HWKHENW 4YacTH UMIMHAPUYECKOTO CHUTA PACIIONOKEHO TMOABUKHOE
KOHUYECKOE CHUTO, KOTOPOE MOXHO TMOJHUMATh U OMYCKaTh MPH MOMOIIX OOJTOB 7.
N3menenneM paszmepa II€IHM MEXAY OTUM CHTOM UM HHXXHEW 4YacTbiO
LWIMHIPUYECKOTO CUTA PETYJIIMPYETCS CTENEHb OTXKATHUSA )KOMA.

OTXaTbl XOM, BbIXOOAWMA 4Yepes3 wenb, 06pasoBaHHYD KOHUYECKUM WU
UUITMHAPUYECKNM CUTaMK, NPU NOMOLLM CKPeBKOB BbIrpy>KaeTcs U3 LHekKa

OByxwHekoBbIW npecc (puc.4.20.) obopygooBaH ABYyMS napanfnenbHO
YCTaHOBIIEHHbLIMU LLUHEKaMW, BpaLLaloLWNMNCA HaBCTpeYy apyr apyry. B kopnyce u
KpbIWKaXxX LWHeKa UMEeKTCA UnnHOpudeckne ounbTpyroLne cuta ¢ KOHUYECKUMU
OTBEPCTUAMMN, N3rOTOBIIEHHbIE U3 HEPXKaBEIOLLIEN CTanu.
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KoHCTpykuma  npecca  no3BonseT  ObICTPO  NpPoOBOAUTL  Mpouecc
006e3BOXMBaHMS.
UacTtoTa BpalleHUs LIHEKOB MOXeT perynuposaTtbcs rugpomydgTon ot 1,45

35155"*:‘ T il l' “u fee
_ﬂgg..f.'.g__!_!l i
Frpers ib#“-hidbﬁﬁini"

oo 3 MuHL. OT yvacToTbl BpalleHnA LWHeKa 3aBUCAT ero npoun3BoauUTESIbHOCTDb,
BNMaXXHOCTb OTNpeCcCOBaHHOIO >XOMa 1 pacxon 3Heprun.

Puc.4.20. [IByXLWHeKOBbIN Npecc:
1 — 3arpy304HbI BYHKep; 2 — LWHeK; 3--KpbllKa; 4—npusog

[Tokazarenu pabOTHI Mpecca 3aBUCIT OT PABHOMEPHOCTH MUTAHUS €r0 KOMOM.
[Ipu HegOCTAaTOUHOM 3arpy3Ke Ipecca >KOMOM BIIAKHOCTH KOMa yBennunBaercs Ha
CTEIICHb OTXKAaTHS YKOMa OKa3bIBAaIOT OCHOBHOE BJIMSHHE (hopMa MPOXOJTHOM YaCTH
IIPECCOB U BpeMs IIpeObIBaHUS )KOMa B Mpecce.

LUTemnenbHble N pOTALMOHHbIE NMPeCcChbl MPUMEHSTCS ANs OpUKeTUPOBaHUS
CyXoro xoma. PoTaLMoOHHbIE NPecChbl UMEIOT MAOCKYH UMW LUIIMHAPUYECKYHO
MaTpuuy. B wremnenbHbIX Nnpeccax MmaTpuua SBnseTcs HENOLBMXHOW, a MyaHCOH
(wTemnerne) coBeplUaeT BO3BpaTHO-NOCTynNaTenbHoOe ABMXeHne. B Taknx npeccax
HabnogatTcs 6onbLne MHEPLUUOHHbIE CUMbl MPU NPECCOBaHUN, NO3ITOMY OHU
OOSMKHbI YCTaHaABNUBATLCA HA MACCUBHbBIX PyHAAMEHTaX.

: OpHa n3 KOHCTPYKLNK
pPOTaLMOHHOIo npecca C ropu3oHTasNIbHOM
NOCKOM mMaTpuuen nokasaHa Ha
puc.4.21. OcCHOBHOM 4YacTblo npecca
ABMNAETCHA NMpPeccywmn y3en, COCTOALLNN
M3 MaTpuubl - NPECCYLWNX BarlKoB,
YCTpOWCTBa Af1 cpes3a rpaHyn v nosoro
Bana. Matpuua ycTtaHoBfieHa Ha Mnosfiom
Bany, W BpawaeTca BMeCTe C HUM.
KoHnyeckun  pacnpegenurtensb  CRYyXuT
OS5 HanpaBIieHNa Cyxoro MmaTepuana noj
Banku.

CnpeccoBaHHbIM MaTepuan Ha
BbIXOJe U3 OTBEPCTUS MaTpuLbl

6 — R R e T e el (A LRE A

7 — BbITPY>KHOW NOTOK; 8 — nonacTb
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cpes3aeTcsl HOXKOM U NIoNacTbio HanpaBnseTcA B BbIFPY>XHOW JIOTOK. 3a30p MeToay
MaTpuLlen n ne3BmemM Hoxa gormkeH obiTb He 6onee 0,5 mm. Heobxoanumo, 4Tobbl
HOX nepekpbiBan padoyyto WNPUHY MaTpuLbl; Ne3sBue ero AofmKHO pacnosiaraTbCs
napannenbHO HMKHEW NSTOCKOCTN MaTpULbl. YTon HaknoHa HoXa K ropu3oHTarnbHOM
nnockoctn coctasnset 30°.

[nsi cpe3aHnsa GpukeTa ycTaHaBNMBAKOTCA YeTbipe Hoxa. Ecnn Heobxogmmo
nony4nTb Gonee KpynHble OPUKETHI, KONMMYECTBO HOXEWN YMEHbLLAKOT.

AuckoBbIN npecc, NCNosb3yeMbll B MPON3BOLACTBE NPECCOBAHHOMO
caxapapaduHaga, COCTOUT M3 CrieayoLnX OCHOBHbIX Y3M0B: HabnBHOM KOPOOKM
Ans npyema padunHagHoOM Kallky; gucka ¢ maTpuuamMm n nyaHcoHamu; ynopa gns
npeccoBaHusi OpycKoB pahuHaga; MexaHmama ans HaTUpPKU cTona; MexaHm3ama
Ans nogaym caxapa B MaTpuubl; MexaHM3Ma NS BblTankTBaHUA OTNPECCOBAHHbIX
6pyckoB pacdmHaga; mexaHnama gngd nogbema nyaHCoHOB, MeXaHu3mMma gns
noBopoTa AUCKa, NpuBo4a U CTaHUHbI

Cron mpecca coBepliaeT BpallaTelib-
HOE JBW)XCHUE IPOTHUB YACOBOM CTPEJIKU B
ropu3oHTaIbHOM MmIockocTu (puc.4.22.). Bo
BpeMsi OJIHOTO 000pOTa CTOJI AENAET YEThIpE
OCTAaHOBKHM, MPHU KOTOPBIX COBEPIIAIOTCS
IIOCJIEAOBATENBHO  CIEAYIOIINE ONEPALUu:
1—s3anosHeHre MaTpuipl paduHATHON Kalll-
KOH; 2 — (opMOBaHUE MPU JABHKCHHUH ITyaH-
COHAa BBEpPX; 3 — BBITAIKMBAaHUE OPYCKOB
caxapa IyaHCOHOM W3 MaTpullbl, 4 — OYHCT-
Ka MyaHCOHa OT OCTaTKOB caxapa M HaTHpKa
MAaCTUKOU

MaTpuubl Npecca BbINOMHEHbI B BUAE
naTyHHbIX KOPOOOK, KOTOPbIE BCTaBIEHbI B
OTBEpPCTUS AnCKa.

Puc.4.22. Cxema paboTbl AMCKOBOrO npecca

U3 TabneTupyrowmx MawmH — Hambonbllee pacnpocTpaHeHMe B MULLLEBON
NPOMbBILLSIEHHOCTN  MNOMYyYUNM  poTauMOHHble. B  3Tux MawuHax maTepuan
npeccyeTcs nyaHCoOHaMn, BMOHTUPOBAHHbLIMU B POTOP MO €ro OKPYXHOCTU Ha ABYX
ypoBHSAX. Bo Bpems paboTbl MyaHCOHbI NepemeLlaTcs BAOSb BEPTUKANbHON OCU
Gnarogapsa konvpam M NPEecCyoLWnM poriMkaMm, KOTopble npegHasHadeHbl Ansa ux
BEPXHEro M HWkHero psgos. [Npu BpalleHMM poTopa MNyaHCOHbI, ABUrasicb B
MaTtpuue, 3anofIHEHHOW NpeaBapuTenbHO TabneTupyemMbiM MaTepmanom, CXumMaroT
ero ¢ NPOTUBOMOSIOXHbIX CTOPOH. TabneTka BbiTanknBaeTcst N3 MaTpuLlbl HUXHUM
NyaHCOHOM BblBEJEHHOM BEPXHEM.

PoTaumoHHble Tabnetupywwmne MawuHbl OEenaTcs Ha ABa knacca. B
MallMHax MNepBOro Kracca MyaHCOHbl KaTATCA Mo Konupam, B MallMHax BTOPOro
Kracca CKonb3aT. PasnuyaloT MallmHbl OOHOKPATHOMO M MHOMOKpaTHOro AencTBuS,
B KOTOpbIX Kaxdasi napa nyaHCOHOB 3a oauMH o6opoT poTopa dopmupyeT
COOTBETCTBEHHO OHY UITM HECKOSbKO TabreTok.
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paHynupoBaHMe MOXeT OCyLeCTBNATbCA Tpems  crnocobamu: Ha
creunarnbHbIX YCTPOUCTBAX — rpaHynsaTopax, ckatblBaHNEM U B NCEBAOOXMKEHHOM
crnoe.

[BYyXLWHEKOBbIN  POPMOBOYHbIN  npecc  (puc.4.23.) wucnonb3yetcs B
NpPOn3BOACTBE KOHJET, B YAaCTHOCTWU nparnvHe, MeTogoM hOpMOBaHUS KOHGETHOMN
Maccbl 4Yepe3 dwunbepy C kKanubpoBaHHbIMW OTBepcTusMU. [lpecc cospaet
AaBreHne B KOH(eTHOW mMacce W npoaaBnuBaeT ee 4yepes unbepy.
HenocpeactBeHHO Ha BbIXxOAe U3 unbepbl XryTbl KOHPETHON Macchl pybATcsa Ha
rpaHynbl 3KCLUEHTPUYHO YCTAHOBMEHHLIMU HOXamu rpaHynatopa (puc.4.24.),
pacnosioXXeHHbIMW C onpeaeneHHbIM 3a30POM Yy PUrbepsb!.

MeTannMyeckui AUCK ¢ OTBEPCTUSAMM, Yepes
KOTOpble NpoAaBnMBaeTCcsa npeccyemas macca.
$opma oTBepcTMA hunbepbl onpeaenseT Bug

F n3genus. Npy npogasnuBaHUn Yepes 0TBEPCTUSA
hunbepbl Macca NPMHUMAaET ONpeaereHHyo
dopmy. TeyeHne maccbl B OTBEPCTUSAX PUnbepbl
NoAoO6HO TEYEHMI0 OYEHb BA3KOWM XMAKOCTH.
[aBneHune, co3gaBaemoe LLIHEKOM, 3aBUCUT OT
rMapaBnNMyYecKoro CoONpoTUBIIEHNS B OTBEPCTUSAX

n
] =i (punbepbl CONPOTUBMEHNE ONpe-AenseTcs
C[l' 1 =M KOHCUCTEHUMEN TECTa, HOPMON N pasMepom

| | dunbepa npeacTaBnsieT coO0N NNOCKUIA

OTBEPCTUMN.
Puc.4.23. [IByXLWHEKOBbI POPMYIOLLMIA Pybsilue Hoxwn 3akpenneHbl Ha
npecc: 1 — NpUBOA; BpawaroeMes Bany, nmeroLem
2 — 3arpy304Hblit GYHKEP; COBCTBEHHbIN NpUBOA. OKCLEHTPUYHOE
3 — [JO3UPYIOLLMI LLIHEK; 4 — KOPMYC pacrnonoxeHue HOXXEBOro Kpbina
npecca; 5 — WwHek; 6 — dunbepa No3BOJSISET  3arofHUTbL MaTepuanom
BCE ceyeHune dounbepbl. ans

pPerynupoBku 3asopa Mexay dunbepoi
N pyoALLIMMM HOXaMM HOXEBOW Ban MOXET nepeMellatbCd B OCEBOM
HanpaBneHun. Ons 3TOro KOXyxX rpaHynstopa MoOXeT ObiTb OTBe4eH B CTOPOHY
BMecTe C npuBoaoMm [pu OeMoHTaxe LWHeKa rpaHynsiuMoHHas ronoBka MOXeT
ObITb OTBEEHA OT HarHeTalLEero LHekKa.

paHynnpoBaHue cKaTblBaHUEM NpUMeHsieTcs B KOHAUTEPCKOMN
NPOMbILLIIEHHOCTU NPU NPOU3BOACTBE KOHMET, COCToSAWMX U3 sapa U 06OMoYKN.
HacnoeHne 060n04kn Ha AP0 NPOU3BOAAT B APaAXKUPOBOYHbIX FpaHynsTopax

[paxnpoBoYHbIN rpaHynsaTop npeactaesngeT cobon valeobpasHbii KOpnyc C
BOrHYTbIM [AHOM, KOTOPbIN COBepLlaeT CrOXHOE [OBWXEHWE B TFOPU3OHTaNbHOW
nnockoctn Yawa Bpauiaetcs BOKpYyr cO6CTBEHHOW OCUM M BOKpPYr Barna npueoaa
(puc. 22.10). Takoe CrnoxHoe [ABWXKEHME YalwKn co3gaeT  BOCXOAsALWMN
BUHTOOOpAa3HbIN MOTOK Mopowka B pesynbTaTe npoucxoguTt oOKaTbiBaHME siapa
0060n04YKoN, YTO NPUBOLUT K POCTY rpaHyn. Agpom cnyxat ob6bl4HO KpucTansbl
caxapa, usiom n opexm, arogbl U 1. . OBonoyka COCTOUT U3 cCaxapHOW Leapsbl,
nopoLLKa Kakao, koe 1 T. 4.
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Puc.4.24. Cxema ABMKEHMA YacTul, B
APaXXMpOBOYHOM rpaHynaTope
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MPAKTUYECKHWM PA3JIEJ
TEMATUYECKUU ITJIAH JIABOPATOPHBIX 3AHATHIA

JUTSI CTYICHTOB CIIEIUATBHOCTH
6-05-0714-04 TexHONOTHYECKUE MAIITUHBI K 000pYI0BaHNE

Tema padoTbl

M3YUYEHUE TPEBFOBAHMU K IIOAT OTOBKE U ITPOBEJEHWIO
JJABOPATOPHbBIX PABOT; K BBIITOJIHEHMIO ITPABUJI TEXHUKU
BE3OITACHOCTH; OPOPMJIEHUIO OTYETOB I10 JIABOPATOPHBIM
PABOTAM.

MEXAHWYECKUE ITPOLIECCHI

JlaGopaTtopnast pabora No 1.
N3YUYEHUE IMTPOLUECCA U3MEJIBYEHUW S TBEP/IbIX MATEPUAJIOB.
OIMPEAEJIEHUE JNUCITEPCHOCTHU CBIITYUNX MATEPUAJIOB.

TTMAPOMEXAHNWYECKHUE ITPOLIECCHI

JlabopaTtopnas pabota Ne 2
NCCIEONOBAHUWE ' IPAPOANHAMUKU ITCEBAOOXIDKEHHOI'O CJIOA

JlaGopaTtopnas padora Ne 3 5
PA3AEJIEHUE HEOAHOPOAHBIX CUCTEM B I1OJIE JENUCTBUA
I'PABUTALIMOHHBIX N1 HEHTPOBEXHBIX CHUJI

JlabopaTtopHnast pabora Ne 4
HEPEMEINIMBAHMUE B XXUJIKMX CPEJAX. OIIPEJEJIEHUE PACXOJA
MOIMHOCTU ITPU MIEPEMEIIMBAHIWI B ATITIAPATE C MEIITAJIKOU

10

MACCOOBMEHHBIE ITPOIIECCHI

11

JlaGopatopHas pabota Ne 5
AJICOPBIIVS 3 PACTBOPOB. IIOCTPOEHUE U30TEPMbI AICOPBLIN
YKCYCHOMU KNCJIOTBI AKTUBUPOBAHHBIM VI'JIEM

12

JlaGopatopHas pabota Ne 6 .
W3VYEHUE KMHETHKH KOHBEKTMBHOU CYIIKU KAIWJUISIPHO-TIOPUCTBIX
MATEPHAJIOB B TYHHEJIbBHOU CYIIMJIKE

13

JlaGopaTtopHnas pabota Ne 7 5 5
M3VYEHME ITPOLUECCA PA3JIEJIEHNS BUHAPHOUN XKUJAKOU CMECU
JUCTUIJUIATMEN

14

JlaGopatopHas paborta Ne 8
NCCIEJOBAHUE KMHETUKHN SKCTPATPOBAHIM A BOJJOPACTBOPUMBbBIX
KOMITAHEHTOB KAITMJIAAPHO-TIOPUCTBIX MATEPUAJIOB

15

TETUIOBBIE TTPOLIECCHI

16

JlaGopatophas pabota Ne 9
KITACCUOUKALIMA TEIJIOBBIX [TPOLIECCOB ITUIIEBBIX ITPOU3BOACTB

17

XUMMNYECKHNE 1 BUOXUMUYECKHUE IMTPOLECCHI

18

JlaGopatopHnas pabora Ne 10 5
CUHTE3 IMMINEBBIX KPACUTEJIEY, APOMATHU3ATOPOB 1 KOHCEPBAHTOB

Jlaboparopuast padora Ne 11
N3YUEHME OCOBEHHOCTEUN ITPOLIECCOB BPOXXEHUW S U KBAINEHUW A

19

KonnokBuyM (pelieHne TUIOBBIX 3a/1a4).
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TEXHUKA NABOPATOPHbBIX PABOT

TEXHUKA BE3OITACHOCTH

[Tpu BBIMOHEHUH JTA0OPATOPHBIX PAOOT CTYACHTHI TOJHKHBI YMETh MPAaBUIBHO 00pamaTbes ¢
1abopaToOpHON TOCYAOH, 3JIEKTPOOOOPYIOBAaHHEM, Ta30BBIMH TOpeJIKaMu, cOOII0AaTh 0COO0YyIO
OCTOpPOXKHOCTh TpU PabdOTE C XMMHUYECKMMH BEIIECTBAMH, 3HATh IpaBWJIa OKa3aHHUS IEPBOM
MEIULUHCKOW TOMOIIIH.

Pabora co cTek/siHHOI JadopaTopHoii mocynoi. OCHOBHBIM TPaBMUPYIOIIUM (HaKTOPOM
npu paboTe cO CTEKISHHOM J1IabopaTOpHOW TOCYAOM SBISIIOTCS OCTpble OCKOJKH CTEKIa,
CrocoOHBIE BBI3BATh MOPE3bl Tena padoraromiero. [lo 3Toit mpuymHe crieayeT coOmoaaTe 0co0yro
AKKypaTHOCTb M OCTOPOXHOCTh IPU HCIIOJIB30BAHUM Takoil mocyabl. Ecnu ke BO BpeMs paboThbl
CTEKJISIHHAs I10CY/1a BCE )K€ Pa3OoMIIach, TO HEOOXOAUMO IPEIIPUHSTH CIEIYIOIINE MEPDI.

Ilepsas nomoww. 1lpu nopesax pyk WM APYrMX 4YacTel Tejla CTEKJIOM CIeAyeT YNAIHUTh U3
paHbl MEJIKHE OCKOJIKM, MOCJEe Yero MPOMBITh €€ 2 %-HbIM pacTBOPOM IepMaHraHaTa Kajlusl WM
STUJIOBBIM CHHUPTOM (MJIM APYTUM aHTUCENTHKOM), CMaszaTh Kpas paHbl MOAHOW HACTOWKOW H
3a0uHTOBaTh. HU B KOEM ciyyae He MpoMbIBaTh nope3 Bojoi! Ilpu nonajganuy OCKOJIKOB CTEKNIA B
rJla3a U B CIIy4asiX TSDKENbIX paHeHui (ocoOeHHO mpu mope3ax apTepuit( mocie okazaHus NMepBOn
MEAMIIMHCKON TOMOLIY HEME/UIEHHO BbI3BaTh Bpaya.

[Ipu ybGopke pabouero mecra OCKOJIKM Pa30OUTON MOCYAbl BO M30EKaHUE IMOPE30B HENb3S
coOuparhb rojiblIMU pyKaMmH, Hy’)KHO MCII0JIb30BaTh LLETKY U COBOK.

Padora ¢ aaexkrpooGopynoBanueM. IlocTosHHBII U, OCOOEHHO, IEPEMEHHBII
DIIEKTPUUYECKUI TOK CIIOCOOCH BBI3BIBATH PAa3sHOOOPA3HBIE IOPAXKECHUSA. OJIEKTPHUECKUH TOK,
IPOXOJs 4Yepe3 JKUBOW OpraHu3M, OKa3blBaeT TEPMHUYECKOe (0XKOTH), SICKTPOXUMHUECKOE
(pa3no)keHue KpOBH ¢ HApYIICHHEM €€ COCTaBa) U OMoIoTndeckoe Bo3eiicTerue. YenoBek omymaer
MOCTOSTHHBIA TOK, UMerouuii cuny 5-7 MA, nepemennbiii — 0.5-1.5 MA. [loatomy npu pabote ¢
AIIEKTPUYECKUM TOKOM HEOO0XOAMMO cOOJI0JaTh BCE MeEpbl MpenocTopokHocTU. Karteropumuecku
3alperlaeTcss KacaThCsl PyKaMH 4acTel 3JeKTPONpHUOOpOB, HAXOISIIUXCS MOJ HanmpsbkeHueM. J{is
IPEIOTBPALCHUS] 3JIEKTPOTPaBMAaTU3Ma IPUMEHSIETCA DJIEKTpUYECKas H30JSAUS  OTKPBITHIX
TOKOBEJYIIMX YacTed NpuOOpOB, 3allMTHOE 3a3eMJIEHUE, 3aHyJIEHHE, YCTPOWCTBA 3aIUTHOIO
OTKJIFOUEHHUS U T.JI.

Ilepsas nomows. 11pu nopaxeHUH IEKTPUIECKUM TOKOM CJIENAYET HEMEJIEHHO BBIKIIOYUTH
TOK pPYOWJIBHUKOM WJIM TepepyOUTh MpOBOJA. 3aTreM CleIyeT OTAEIUTh IOCTPaJaBLIEro OT
AJIEKTPUUYECKOT0 MpHOOpa WM NMPOBOJAA, YTO HYKHO JIeJIaTh B PE3MHOBBIX IepyaTKax WM NpHU
MOMOIIN CYXOH BepeBKM (Cyxoil miepcTsiHOW TkaHM). bpaTh mocrpanaBiiero HeoOXoIuMO HE 3a
TEJNO, a 3a OHEKIY.

Ecnu mocrpanaBimuii HaXOIUTCS B CO3HAHUU, MUMEET YCTOWYMBOE IbIXaHHE U IYJbC, €ro
CIIElyeT YJOXKHUTh, PACCTETHYTh OJEXKIY, CTECHSIOLIYIO IbIXaHUE, CO3JaThb IPUTOK CBEXKETO
BO3JlyXa, PaCTEPETh U COTPETh TEJIO H 00ECIIEYUTH TOJHBIN MOKOM.

Ecin noctpagaBmmii HoTepsul CO3HAHNUE U IBIIINT PEAKO, CYAOPOKHO, CO BCXIUIBIBAHUEM, A
JIBIXaHUE TOCTENEHHO YXYALIAeTCS WM IMpeKpamlaeTcsi, TO HeoOXOJUMO HEMEUIEHHO BBI3BaTh
Bpaya M JI0 €ro MpuOBITUS JeNaTh MCKYCCTBEHHOE JbIXaHHWE M HENpsMON Maccax cepaua. s
ATOr0 TMOCTPAJABLIEr0 OCBOOOKIAIOT OT CTECHSIONIEH JAbIXaHWE OEKIbl, YAANIAI0T H30 pTa
IIOCTOPOHHUE MPEIMETHI, €CIIU POT CTUCHYT, PACKPBIBAIOT €r0, BBIIBUHYB HIKHIOIO YENIOCTh WIIU
OCTOPOKHO pa3zkaB 3yObl JOMIEUKON, METAITHYECKUM MPEAMETOM H T.II.

Bo Bcex ciydasx moOpaxeHHs SJIEKTPUYECKHMM TOKOM HEOOXOJMMO 00s3aTeIbHO BBI3BATH
Bpayua — HE3aBUCHMO OT COCTOSIHUS ITOCTPAJAABILETO.

PaGora ¢ razoBpiMu ropejgkamu. ['a3 oOpa3yeT C BO3IyXOM B3pPBIBOOIACHBIE CMECH.
[TooToMy 1pH HCHONB30BAaHUM MPUPOAHOIO Ta3a HEOOXOAMMO COOII0AaTh MaKCHUMAalbHYIO
ocTtopoxkHOCTh. Ilepen HayamoMm paboOTHI ¢ ra30BBIMH TOpEIKaMH HEOOXOIUMO O3HAKOMMTBHCS C
MHCTPYKLHMEHN M0 UX 3KCIuTyaTauuu. Bo u3bexxanne TepMHUUECKOTO 05KOra Hellb3sl KacaThCs pyKaMu
HarpeThiX NpeAMETOB, YacTeil 000py1oBaHNs, BEpXHEH YaCTH ra30BON TOPEIIKH.

Ilepsas nomows. Ilpu oxorax JIETKOHM CTENEHU TAKECTH HEOOXOUMO Ha MOPaKEHHOE MECTO
HAJIOXKUTh NOBSI3KY, CMOUEHHYIO 2 %-HBIM pacTBOpPOM INepMaHraHarta kanus. [Ipu oxxorax cpennen
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CTETICHH TSDKECTH Ha TMOPaKEHHOE MECTO HAKJIaJbIBAaeTCsl CTEpPHIIbHAs MOBs3Ka. [locTpanmaBiiero
HY>KHO CPOYHO JTOCTaBUTh B MEJUIIMHCKOE YUPEKICHUE.

[Ipu maneimeM TOMO3PEHUM HA OTPABICHHWE Ta30M WJIH MNPOAYKTaMHU TOPEHUs
MOCTPa/IaBIIEMy HYKHO KaK MOXKHO ObICTpee 00eCeunTh CBEXKHM BO3IyX.

Padora C  JJIeKTpPOHArpeBaTeJIbHBIMH npudopamu. [Tpu WCIOJIb30BAaHUN
JJIEKTPOHATPEBATENIbHBIX MPUOOPOB HEOOXOIUMO COONIOATh MAaKCUMAJIbHYI) OCTOPOKHOCTD.
[lepen HayaoM pabOTHI C HUMHU CIIEyeT O3HAKOMUTCS C MHCTPYKIMEH 1O MX 3KCIuryaranuu. [lpu
paboTe ¢ BOASHOW OaHeW HY)XHO CJIEAWTh, YTOOBI B HEH MOCTOSHHO ObLIa Bojaa. Bo m3bexanue
TEPMHUYECKOTO OXKOTa HENb3s KacaTbCsl PyKaMH HarpeBaTelIbHBIX OSJEMEHTOB JIIEKTPUYCCKOU
TUTUTKH.

Ilepsas nomoww. I1pu 0xorax JETKON CTENEHH TSHKECTH HEOOXOAUMO Ha MOPaXKECHHOE MECTO
HAJIOXHUTh MOBSI3KY, CMOUEHHYIO 2 %-HBIM pacTBOpOM IepMmaHraHata kanus. [Ipu oxxorax cpenneit
CTETICHH TSDKECTH Ha TMOPAKEHHOE MECTO HAKJIAJbIBACTCs CTEPWIIbHAS MOBs3Ka. [locTpanaBiiero
HY>KHO CPOYHO JTOCTaBUTh B MEJUIIMHCKOE YUPEKJICHUE.

Pafora ¢ XuMHUYeCKUMHU BelecTBaMu. MUHEpalbHbIC H OPTaHUYECKUE KUCIIOTHI, & TAKKE
pPacTBOPBI LIEJIOUEH MPEACTABISAIOT BHICOKYIO OMACHOCTh, TAK KaK BBI3BIBAIOT CHUIIbHBIC XHMUUECKHE
O’KOTH, KaK IMPU BHEUTHEM BO3JCHCTBUH Ha KOXY HIIM CIU3UTHIC O0OJOYKH , TAK U MPH TOMAJaHUN
BOBHYTPh OpraHu3ma. MHOrHue XMMHYECKHE BellecTBa 0071a1at0T 0OMIETOKCHUECKUM JCHCTBUEM U
CIIOCOOHBI TIOPaXKaTh PA3IMYHBIC OPTaHbl YeJIOBEUECKOTO OPraHU3Ma.

Ilepsas nomoww. llpu momagaHUM KHUCIOTHl WJIM LIENIOYM HA KOXY MECTO MOPAKCHHUS
HEMEJJICHHO MPOMBITH OOJIBIIUM KOJIMYECTBOM BObI B TeueHue 10-15 munyt. 3arem nopaxeHHoe
MecTo 00paboTaTh 2 %-HBIM pacTBOPOM IMHUTHEBOM COMBI (IIPU MOPAKEHUU KUCIOTON) mau 2 %-
HBIM PAaCTBOPOM YKCYCHOM KHCJOTHI (TIpY TOpPaKEHUU IIenodaMmu). B ciydae mopakeHus ria3 —
00UJIbHOE MPOMBIBAHUE BOJION B TEUEHHUE JJIUTEIBHOIO BPEMEHH, 3aTe€M, B 0053aTEIHHOM MOPSJIKE,
00paTHTHCS 32 MOMOIIBIO0 B MEAUIIMHCKOE YUPEIKICHHE.
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1. MEXAHUYECKUE IPOIIECCHI

MexaHnyeckue Ipouecchl, ONUCHIBAEMbBIE 3aKOHAMU MEXAHWKHU TBEPIBIX TEJ, B TEXHOJIOTUU
IUIIEBBIX IPOU3BOJCTB, IPUMEHSIOTCS B OCHOBHOM JUISl IOATOTOBKM MCXOJHBIX TBEPABIX
MaTepHaJIoB U NepepaboTKH KOHEUHBIX MPOAYKTOB C LI€IbI0 IPUJAHU UM HEOOXOIUMBIX pa3MepoB
¥ TOBApHOTO BUAA. JIBMKyIIEH CHIION MEXaHUYECKHX MPOIECCOB SBIISCTCS pa3sHOCTh yeuinii (AF) B
pa3IMYHbIX TOYKAaX 00padaThIBAEMOT0 OOBEKTA.

K MexaHWYeckuM MpoleccaM OTHOCATCS: U3MelbueHue, nepemeuusanue (Cmeuusanue),
doszuposanue, npeccosauue (opmoobpazosanue), pasoenenie MHOTOKOMIIOHEHTHBIX CHCTEM C
HOJTyYEHHEM OJHOKOMIIOHCHTHBIX, Kraccugurayuss (pa3aeicHue) HEOAHOPOTHBIX CHCTEM IO
pasmMepaM KOMITIOHEHTOB, a TaKXKe MPAHCHOPMUPOBAHUe KYCKOBBIX, ChIITYYHUX M TOPOIIKOOOPa3HBIX
U JIPYTUX TBEPJBIX MaTEPHAJIOB.

JlabopaTopnasi padora Ne 1
MN3YYEHUE NPOLHECCA U3MEJIBYEHUS TBEPJABIX MATEPHUAJIOB.
ONPEAEJEHUE JUCIIEPCHOCTH ChIIIYUYUX MATEPHUAJIOB.

[{enb paOOTHI: U3METbUCHUE 3aJaHHON TOPLIUT
MarepHaia, ¢ MoCJIeAYIOUIMM IPOBEAECHUEM CUTOBOTIO
aHaJM3a M OTpeACTICHNUS CTETIEHU U3METIbUCHUS MaTepraa.
[TocTpoeHne KpUBBIX pacipeesieHus] U3MEIbUeHHOTIO
MaTepHaia 1o paMepam.

1.1 OcHoBHble onpeaeneHns 1 Teopus npoLecca

O} dexTuBHBIM CcHOCOOOM  H3MENbYCHHsS] TBEPIABIX MaTEpHalioB SBISETCS  yIapHOE
paspymienre. Cpeau MalldH yJIApHOTO JCHCTBUS HaAmOOJbIee pacHpoCTpaHEHHE MOTydnia
MOJIOTKOBBIE JAPOOUIIKK (MEJIbHUIIBI), MPUMEHSIEMbIE B TEX CIydyasX, KOrJa Ha OJHOW CTYHNEHH
M3MEJIbUYCHUSI HEOOXO0IMMO MOJYUYUTh BBICOKOIUCIIEPCHYIO CMECh M3MENIbUYEHHBIX MPOIYKTOB

MoJ10TKOBBIE IPOOMIKH TIPUMEHSIOTCS Ha MUIICBBIX MPOU3BOJACTBAX IS IPOOJICHUS 3epHA, COJIH,
caxapa, kaprodens, conojaa, KMbIXxa, 6ap/bl, IUTAKOB U JAPYTUX MaTepuaioB. B 3THX IpoOMIIKax MOJOTKH,
BpaIlalolrecst CO 3HAYNTENILHOW CKOPOCTHIO B KOXKYXE, YAapoM pa3ipoOIisitoT MaTeprual. B MecTte Bhimycka
MPOJYKTa KOKYX CHAO)XE€H CMEHHBIM CUTOM. MarepHuajl HaXOJUTCS B 30HE MU3MEJIBUCHUS JI0 TeX IMOp, IMOKa
YACTHIIBI €r0 He TPOHIYT Yepe3 CHUTO B HIDKHEH dYacTu ApoOWiku. V3MmeHss pa3sMmepsl OTBEpCTHH CHUTa,
PETYIHPYIOT KPYITHOCTh N3MEJIbUCHUS (TI0MOJIa) MaTepraia.

Ha pucyHke mpejicraBieHa cXemMa MOJIOTKOBOUM JpoOuiku. Ee paGourMu opraHamu SIBIISHOTCS
MOJIOTKH 2, CBOOOAHO cuiasmiue Ha cTepxkHsx 3. [Ipu BpailleHuH Bana JPOOWIKH MOJIOTKH MPUHUMAIOT
paananbHOE TIOJOXKEHHWE W YIapsroT 0 KyCKaM HCXOIHOTO MaTephalia, 3arpyKaeMoro 4epe3 BXOJHOU
natpyook 1. KoHeuHblii MaTepuan BhITpYKaeTcs yepe3 cuTo 4, BEIMYMHA OTBEPCTUH KOTOPOTO OMpe/elisieT
pa3Mep 4acTHII IPOIYKTa.

O¢}PexTHBHOCT,  M3MENBYEHUST MOIJIOTKOBBIX JPOOUIIOK OIEHUBACTCS CIMENneHbl0 U3MeNb4eHUs,
NPOU3800UMENILHOCIBIO, YOELbHbIM PACX000M dHepeuy TIPY TIPOBEISHUH IIPOIEcca.
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CreneHbl0 M3MeJbYeHUsl | HA3bIBACTCS OTHOIICHUE CPEIHEro pa3Mepa YacTHI[ UCXOTHOTO
nuamerpa D¢y K cpeiHeMy pa3mMepy 4acTHIl K3MEIbYCHHOTO TPOIYKTA Uep:

i =De¢p/dep (1.1)

IIpou3BOANTEIBHOCTh MOJIOTKOBBIX JIPOOHMIIOK 3aBUCUT OT BHJA U CBOMCTB M3MEIHYaEMOI0
Marepuala, a Takke OT Yrcia 000pOTOB Basia, HA KOTOPOM KPETISATCS MOJIOTKH, pa3MEpPOB IPOOHITKU
U pEIIeTKU Ha BBIXOJIE U3 arapara.

YaenabHbli pacxoa JHeprum (TOTpediisieMas MONTHOCTh AJICKTPOJBUTATEINST TPOOHIIKH)
3aBHCHUT OT JIMAMETpa poTopa APOOHMIIKH, YaCTOTHI BPAILICHHsI Bajla pOTOpA, CTENICHH N3MEIbUCHHS U
(U3NKO-MEXaHUYECKHUX CBOMCTB M3MEIhYAEMOT0 MaTepHaa.

Jnis ompeneneHus CpelHEro pasmepa YacTHIl A0 W IOCIE U3MENbYCHHS CPENHIOI Mpoly
MaTepHalia B3BEIIUBAIOT W IMPOCEUBAIOT Yepe3 Ha0Op CUT C OTBEPCTHSMHU PA3HBIX Pa3MEpOB U
MOJYyYal0T HECKOJIbKO (pakimid. it Kax 101 (ppakiuy HaXoaIT CPEAHUN pa3Mep YacTHIl (Ppakiuu
dep.(i-ppary.) KAK TIOIYCYMMY Pa3MEpOB OTBEPCTUH B CUTE, Yepe3 KOTopbie mponutd dactuipl  (di1) u
Ha KOTOPBIX YacTHUIIbI ocTanuch (di):

dcp.(i-d)paku.) = (di-l + dl) /2 (12)

Ha mpakTrke MakCHMaIbHBIN pasMep 4acTUI] ONPEACIISIOT Pa3MepOM OTBEPCTHH CUTa, Yepes
kotopoe npoxomut BECH marepuan naHHOW ¢pakiuuu, a MUHHMAJIbHBIM pa3Mep YacTHIl —
pa3MepoM OTBEPCTHIA CUTa, HA KOTOPOM JaHHast (hpaKIysi MaTepraia HaXOIUTCS.

Cpennuii pa3Mep 4acTHIl B CMECH BBIYUCISIOT 1O (hopMyIie:

n
ep.(erecny = 1/ [ 2 (Xi ] dep.(i-gppary) ] (1.3)
i=1

1€ Uep.(i-gppary) — CPEAHUI pasMep YaCTHIL KaXI0# (pakiuu;

Xi.... Xn - OTHOCHUTEIIFHOE MacCOBOE COACPIKaHNE KaKOU (PpaKIUU B CMECH:

n
xi=Gil Y Gi, (1.4
i=1

rae Gj— macca octaTka Ha CUTe |.

1.1 MNopsagok BbINONHEHUs paboTbl

1. TTo yka3zaHus mpenogaBaTeis B3BECUTH JIBE OJIMHAKOBBIEC MTOPIIUH 36PHICTOTO
MmatepHana (IIIeHo, PUc, rpeya, nieHuna uin ap.) Guau.

2. IIpoBecTu CUTOBBIN aHAU3 UCXOJHOTO MaTepuaina. [[jist 3Toro cura pacrnonokXuTh B
HOpsi/IKE YMEHBIICHUS pa3MEpOB UX OTBEPCTUH cBepXy BHU3. OJHY U3 JBYX B3BEIIEHHBIX
nopiuid Gue« 36pHECTOTO MaTepHalia IOMECTUTH Ha BEpXHee, Hanboee rpydoe, cuTo. 3ateM
HE00X0/IMMO BPYUHYIO BCTPSIXMBATh CUTA 10 MOMEHTA OKOHUAHUS pacceBa, IOCIe Yero
B3BECUTH OCTaTKM Ha KaxxjaoM cute (G1,G2,G3,...Gn), BKIII0Yast Tak)Ke MaTepual, MONaBIIni Ha
nHo coopuuka (d=0).

3.0npenenuTh CpeIHUN pa3Mep YacThIl Kaxaou ¢pakmuu mo Gopmyne 1.2.

4. Paccuntarh CpeIHMI pa3Mep 4YacTHII B HMCXOJHOM He wu3MenbueHHOH cmecu Dgp 1o
dbopmynam 1.3, 1.4.
5. BTOpy!o B3BELICHHYIO MOPLHMIO 3€PHUCTOrO MaTepHala 3achblnaTh B OyHKEp JpOOUIKH
(METBHUIBI).

6. BKJIIOUNTH 3JEKTPOABUTATENb JPOOMIIKHM HA YKa3aHHOE MPeroiaBaTesieM Bpems T, C.
7. Ilociie OKOHYaHUST H3METBYCHUS BBIKITIOYHUTH JIBUTATENb.
8. PaccunraTh mpon3BoAMTENLHOCTD ApoOoHiKH Q (kr/c) mo dpopmyne: Q = Guau / T.

9. HpOBeCTI/I CHTOBBII aHAJIN3 U3MEILUYEHHOTO Marcpurajia 1o aHaJlorum ¢ m.2.
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10. OnpenenuTh cpeHuil pa3mep 4acTHIl Kaxa0i (ppakiiuy n3MeIbueHHOro MaTepuaa mo
dbopmyne 1.2.

11. PaccunTath cpeHHii pa3Mep YacTUI] B U3MeNIbUYeHHOM cMecH g 1o popmyite 1.3,1.4.
12. PaccunTaTh cTeneHb U3MENBUYCHHS MaTepuaia mo ¢popmysne 1.1.

13. Ouenuts B mpoueHTax (%) noTepu MpoBEIEHHOTr0 MPOLIECCa U3MEIbUEHUS ITyTEM
cpaBHEHHUS Gpgy 1 CYMMBI Macc 0cTaTKOB Ha KakaoM cute (G1,G2,Gs3,...Gn).

14. Tlo pe3yabpTaTaM CUTOBOTO aHAIM3a U3MEIbUYEHHON CMECH IOCTPOUThH KPUBYIO
byukimu pacnpeneneaus R(d) u3MenbyeHHOro MaTepuraa mo AuaMeTpaM YacTHIl.

®ynkuus R(d) paBHa BbIpa)keHHOMY B IPOILIEHTAaX OTHOLICHUIO MAacChl BCEX YACTHIL,
JHaMeTp KOTophbIX Oombiie d k o01ieil Macce MpoObI U3MENbYEHHOro MaTeprana. Benuunna d
OIIPE/IeIIACTCS 110 AUAMETPY OTBEPCTHH CUTA.

I'paduk (kpusas) Gpyukmuu R(d) crpoutcs B koopaunarax R,% — d, mm, npu sToM
3HaueHuss R paccumThIBAOTCS 110 GOpMYyIaMm:

R(d1)=x1100; R(d2)=x1+x2100; R(d3)= x1+X2 + x3100; R(d4)= X1+ X2 + X3+ X4100 u T.71.
15. Chopmynupyiite u 3amuIIATE BHIBOJ IO padoTe.

Oruyer 110 J1200PATOPHON PA0OTe H0JIZKEH COACPKATD:
— Ha3BaHUE U LIeJb paboThI;
— CXeMY 3KCIEPHUMEHTAIIbHOM YCTaHOBKH €O clielu(pUKaen;
— rpaduk QyHkimu pactnpenencaus R(d) namensueHHOro MaTepuana o JuaMeTpam 4acTHil,
IIOCTPOSHHBII Ha MMJUIUMETPOBOM Oymare B COOTBETCTBYIOIIEM MaclITale;
— BCE MPOBE/ICHHBIE PACUETHI 110 ONPEACIECHUIO JUCIIEPCHOCTU MaTepuana;
— pacueT Npou3BOAUTEIBHOCTU APOOHIIKH;
— OLIEHKY IOTEPh MPOBEAECHHOT0 MPOLECCa U3MENbUCHHUS,
— BBIBOJI 1O paborTe.
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2. THAPOMEXAHUYECKUE ITPOILECCHI

['mppomexaHndecKkue nIpoLecCehl, UPOKO UCIOIb3YIOTCS B MUIIEBON MPOMBIIUIEHHOCTH JJIs
IIPUTOTOBJICHUSL PAaCTBOPOB, CYCIIEH3UW, 3MYJIbCUN, OYMCTKH M Pa3[EICHUSA ChIPbS U TOTOBBIX
MPOJYKTOB, a TaKXe JJi MHTEHCU(UKALMU IMPOLECCOB Temio- U mMaccooOMeHa. CKOpPOCTh 3TUX
MPOLECCOB MPEAOINPENEIAECTCS 3aKOHAMU TUAPO- M a’poJAMHAMUKHU. JIBHKylien Ccuiiou
THPOMEXaHUYECKHX MPOIIECCOB SABJIACTCS nepena aaiaeHuit (AP).

K ruapomMexaHMYeCKUM IMpOILEeccaM OTHOCATCS TPOIECChl OO0pa3OBaHUs W paslesICHUs
HEOJHOPOAHBIX JKHJIKOCTHBIX W Ta30BbIX CHCTEM: nepemewiusanue, OUCNepeUuposanue,
NeHo0Opasosanue, NCesO00dNCUdICeHUe,  paspyuleHue U  YOaleHue HeOOHOPOOHbIX  ClOE8,

omcmauganue, @uremposanue, yenmpughyeuposanue, YUKTIOHHOE ocadcoeHue,
NeKMpoocaxicoenue.

JlaGopaTopHasi padora Ne 2
NCCIEJOBAHUE TMAPAPOAUHAMUKU NICEBJOOXNKEHHOI'O CJIOS

QCJH) [!a6OTI)II OKCIICPUMCHTAJIIBHO OITPCACINTL CKOPOCTH
Ha4dajla IICCBAOOXKWKCHUA W YHOCA YAaCTHUILl B IIOTOKE BO3AYyX4, a
TAK¥XKEC YCIIOBHA MIEPEX0Ja 3CPHUCTOTrO CJIOA U3 HEIIOABHUIKHOT'O
COCTOsIHH BO B3BCHICHHOC.

2.1 OcHoBHbIE onpeaeneHns n Teopusa npotecca

Ecnu yepe3 HeNMOABUKHBIN CIIOM 3€pHUCTOrO MaTEpHalla Ha PEIIETKE IPOITYCKAaTh CHU3Y
BBEPX MOTOK 0’KMKAIOILETr0 areHTa (3KUAKOCTh MJIH ra3), HOCTEIIEHHO YBEJIMYMBAs €ro pacxo/,
TO COCTOSIHME CJI051 OyJIeT ONPEEISTC CKOPOCTHIO OXKMKAOIIET0 areHTa, OTHECEHHOH K
IIOJIHOMY TIOIIEPEYHOMY CE€YEHHUIO ITYCTOrO anmnapara:

o=V/f., (2.1)
e V — 00BeMHbIi PacXoj] 0KIKAIOIIET0 areHTa, M°/c;
fa = nd?/4 — nomaae MOTMEPEYHOTO CeUEeHNS anmapaTa, M2;
d— quamMeTp MomepeyHoro CEYCHHUS anmapara, M.

IIpy CKOPOCTAX MOTOKA HIKE HePBOil KPUTHUECKOH M’y (CKOPOCTH Hayama
NICEBIOOXKIDKEHMs) cioi octaetrcsa HenoABMKHBIM (HC). Oknxkaromuii areHT ABMKeTCs Yepe3
CJION B pexuMe pUIbTpaIuu.

HpI/I JOCTHXKCHHUU HCKOTOpOﬁ CKOPOCTH OXKUKAIOIICTO arcHTa, Ha3bIBaEMOU CKOPOCTBIO
IICCBJOOXMKCHUA (Dle, clIon NEPEXOAUT U3 HCTIOABHUIKHOT'O B B3BCIICHHOC (HOI[BI/I)KHOG)
COCTOSIHHEC (HC) B Takom cioe TBCPAbIC YaCTUIbI MHTCHCUBHO ABUXKYTCA, a CJION HAaOMHUHAET
KHUITAIYIO )KUJIKOCTh. Kak u KHUAKOCTh, OH MOXECT TCYb, O6J'IaI[aCT BA3KOCTBIO.

MHorue IMpONLECCChl, HAITPUMEDP CyuuKa, MPOTCKAOT Iropa3go HHTCHCUBHEC B
TMCEBAOOXKMKCHHBIX CJIOAX IO CPABHCHUIO C HCTIOABHUYKHBIMHU.

JlanbHeiiee yBenuueHUEe CKOPOCTH MIPUBOAMT K YBEIHMUSHHIO BHICOTHI CIIOS (CJIOM
pacumpsieTcsi, CTaHOBUTCS 0oJiee phIXJbiM). [Ipu JOCTHKEHNUN 0KMKAIOIIMM areHTOM BTOPOM
KPUTHYECKOH CKOPOCTH M (CKOPOCTH YHOCA) CIIOH Pa3pyIIaeTcs, a YaCTUIIBI B PEXKHME
MTHEBMOTPAHCIIOPTa YHOCSTCS U3 amnmnapara (puc 3a).

Pacmmpenue T1C xapaktepusyercss MOPO3HOCTHIO €, KOTOpasi MPEACTABISET COO0M OO
00BbeMa, 3aHATOr0 OXKIDKAIOIIUM areHTOM

Vo=V, _,_V.

=
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rae Ver — o6mmmii 06beM cinost, M°; Va — 00beM TBEPJIBIX YaCTHII, M”.

M3BeCcTHO, YTO ISl HEMOABIIKHOIO CJIoA 4acTull €o =~ 0,4; mis ncesnooxkmxennoro — 0,4
< ¢ < 1,0; nns mueBMoTpaHcnopra € < 1,0.

B IIpouecce NMCCBAOOKNIKCHU S 00BeM TBEPABIX YaCTHI] V4 ocTaeTcst BETHYMHOMN
HOCTOHHHOﬁ, CJICAOBATCIIbHO, €TI0 MOKHO OIIPCACIUTD IO IMapaMCTpaM HCIIOABUKHOTI'O CJIOA:

Vu=f.Ho (1- ), (2.3)
raec HO— BbICOTA HCIIOABHUXKHOI'O CJI0A 4YaCTHII, M.

[ToncraBuB ypaBHeHue (2.2) B (2.3), MOXXHO MOIYYUTh (OPMYITY IS pacuera MOpO3HOCTH
10 U3MEPEHHBIM 3HAUYCHUSM BBICOT CIIOS:

e=1-(1- &) (Ho/ H) (2.4)
Takum o6pazom, [1C moxeT cymiecTBoBatTh B npeaenax € = g =0,4 1o € = 1.

Croif TBepABIX YACTHIL SABIISETCS AJISL O’KMIKAIOIIETO areHTa FUAPaBINYEeCKUM
COIPOTHBIICHUEM CIIEJIOBATEIBHO, TU(PEpEeHIINATHHBIM MAaHOMETPOM MOKHO U3MEPHTh
nepenay napneHus AP, Bo3HUKarOuil pu ABMKEHUU OKUKAIOIIETO areHTa 4epe3 3TOT CIOH.

Korma Bce 9acTHIIBI CI0s HepefmyT B IICCBAOOXKMNKCHHOC COCTOAHUC MICPCIIaJl AaBJICHUSA
COCTaBHT:

APy = G/ fa, (2.5)
rae Gc — Bec yactuil ciost, H.

Baxxno nouumarts, uro s [1C 3nauenne APyc ecTh BeIMUMHA ITOCTOSHHAS, HE 3aBUCSIIAs
OT CKOPOCTH OKIDKAFOIIIETO areHTa. DTO MOCTOSHCTBO OOBSICHSACTCS TEM, YTO MPHU MOBBIIICHUH
pacxojia 0XKIKAIOIIETO areHTa MPOUCXOIUT OJTHOBPEMEHHOE YBEJIIMUECHUE TOPO3HOCTH CIIOS,
CJIEIOBATENbHO, IEHCTBUTENbHAS CKOPOCTH OXKIHKAIOIIEr0 areHTa MEeX 1y YaCTHI[AMH OCTaeTCs
BEITMYMHON MOCTOSTHHOM (puc. 3).

a 6
AP
8 €
Ap| G 2
N
YHoc nc
rnc . HC YHoc
0
A ol oL L o, lexp @

Kp Kp Kp

Puc. 3. 3aBucumoctr: a - AP =f(w); 6 - & =f(o)

Hanmune nuka qaBieHust Ha 3aBUCUMOCTH B MOMEHT Tiepexoja B [1C oOwsicHsaeTcs
3aTpaTaMHy JIOINOJIHUTEIBHOW SJHEPTUU HA MPEOI0JIEHUE CUJT CLETUICHUS MEK1y YaCTULIAMM.
Bennuuna 3TOro nmuka AaBICHHS 3aBUCHUT OT (DOPMBI U COCTOSIHHS TIOBEPXHOCTH YACTHII.

Peanrphas KpHuBas ICCBAOOKUNKCHUA 06Hapy>KI/IBaCT TUCTCPE3UC — TAK HA3bIBACMBIC IMHUU
mpsaMoOro u 06paTHOFO X0Ja, KOTOPBIC MOJYYarOT COOTBETCTBECHHO IIPH MOCTEIICHHOM
YBCIUMUYCHUHN U YMCHBIICHHUUN CKOPOCTHU IMOJAYH OKMIKAIOIICTO arcHTa. KpOMC TOr0, B pCAJIbHBIX
YCIIOBUAX IIE€PEIaa AaBJICHUA AP MoxeT He OBIThH CTpPOro NOCTOSAHHBIM. OH MOXEeT MOHOTOHHO
BO3pPacCTaThb, a TAKKC K0J1e0aThCsl OKOJIO HCKOTOPOIro CPpECAHECTO 3HAUCHUA.

OTtHomieHue pabodelt CKOPOCTH K CKOPOCTH Hayalla ICEeBI00KIKEHHsI HA3bIBAETCS YUCIOM
ncegooodcudicenus. ITO uucio xapakrepusyeT cocrosHue [1C 1 HHTEHCUBHOCTD
nepeMenInBaHus YacTHI] B CIIO€.
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Pacuer kpuTHYECKUX CKOPOCTEH ISl TICEBAOOKMIKEHHOTO CIIOS IPOBOUTCSI C
UCIIOIb30BaHUEM 3aBHCUMOCTH MeX 1y Kputepusmu Jlsmenko u Apxumena (puc.2.1) Ly = f(Ar,

g) [1].

Kpurepuii JIsmmenko u Apxume/ia onpeaesnstores mo Gpopmymnam:

Ly=Re¥Ar= ©*p?/ w(pa-pr)g (2.6)

g-p2-d® (p,—p,)
Ar=2 P

My Pr (2.7)

r7ie Pr — IMHAMHYECKUH KO PHUIMEHT BSI3KOCTU Cpeibl (0XkKIKaromiero rasa). Ila-c.

B nmrxeHepHO# IPaKTUKE BAXKHO OMPEICTUTh 00€ KPUTUUECKHE CKOPOCTH — CKOPOCTH
MICEBIO0KIDKEHUS U YHOCA. J[JIs 3TOr0 MOKHO, B YaCTHOCTH, BOCIIOJIb30BaThes (hopmynamu
Topneca:

Pacuer ckopocTu Hauana rceBnooxmxeHus (€ = go =0,4):

Ar
Re,, = 03
1400+ 5,22 Ar 7 (2.8)
raec Ren() = ((lep dq pl“) / !J«I*
Pacuer ckopoctu yHoca (g = 1):
Re, = o 0.5
18+0,614r (2.9)

rie Rey, = (0% du pr) / pir

3nauenue o' ¥ 0% HAXOIAT U3 KDMTHYECKHX 3HAYEHUH KpuTepus Peiinonbca.
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Puc.2.1. 3aBucumocts kputepus Ly ot kpurepust Ar u TOPO3HOCTH CIIOS €

2.2 OnucaHue ycmaHOo8KU

YcTtaHoBKa npeacTaBnsieT cobon npo3payvHyro KONOHKY aunametpom d, M ¢
YCTaHOBJIEHHOW B HUXKHEMN YaCTU CETKOW, Ha KOTOPOW NOMeELLEH 3€ePHUCTbIN
martepwman.

B HIWKHIOI YacTh KOJIOHKHM W3  KOMIIpEccopa TOCTYMAeT OXKIKAIOUIMA areHT
(BO3MyX), Pacxoji KOTOPOTO M3MepseTcs B M° 0OBEMHBIM CUETYMKOM. Pacxom Bosmyxa
perymupyercss TyTeM H3MEHEHHUS HalpsDKEHHs, IO0JaBaeMOTO0 K OJIEKTPOJBUTATEIIO
KOMIIpeccopa OT peryjsTopa HampsDKEHUs, IMOAKIIOYEHHOTO K JIIEKTPUYECKOH CETH.
[Mepenan naBnenust AP, BO3HUKAIOMINN TIPH JABIKSHUH BO3IyXa Yepe3 KOJOHKY, U3MEpsIeTCs
TuddepeHIaIbHBIM MAaHOMETPOM (MM BO/I.CT).

2.3 MNopsaaok BbINONHEHMsT paboThbl
1. I/I3MepI/ITB AUaMETP MONCPEYHOIr0o CEUYCHUA KOJIOHKH d, M U paCcCHUUTATh IJIOoHIaJb
TIOTIepEeYHOT0 cedenus anmapara, f, = nd%/4 , m2.

2. 3anmcaTh HayaJabHBIC TOKA3aHUS 00BEMHOI'0 CUETUYHKA VH, M3.I/I TCMIICPATYPbI

BBITTIOIHEHU o1bITa t,°C.
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3. I3MepuTh 1 3anucath HadalbHYIO BHICOTY Ho,M HEMOJIBUIKHOTO CII0S1 3€PHUCTOTO
MaTepuaia B KOJIOHKE allapara.

4. BKJIIOUUTH KOMIIPECCOP B AIEKTPUUECKYIO CETh UEPE3 PErYIISTOP HANPSIKEHUSI, KOTOPBIH
IPEBapUTEILHO YCTAHOBUTH B HYJIEBOE MOJIOKEHHUE.

5. [locTenenHo yBeIWYMBas pacxo/i BO3/aAyxa B KOJIOHKE (OJJHOBPEMEHHO BKJIFOUMUB OTCUYET
BPEMEHH T, C) HaOIt01aliTe 3a COCTOSIHUEM ci10s. DUKCUpPYs MoKa3zaHus AudmaHomeTpa

HaOMogaiTe 32 epexoAoM ciost u3 HenoABuxkHoro coctosiHus (HC) B nceBaookmKeHHOE
(IIC).

6. I3mepuTh BBICOTY H,M I1CEBAOOKMKEHHOTO CJIOS 36PHUCTOTO MaTepraia B KOJIOHKE
anrmapara.

7. I1o pa3HOCTH TIOKa3aHUH 0OBEMHOTO CUETUYHKA OTPENIEIUTh PACX0/ ra3a
COOTBETCTBYIOIINN CKOPOCTH Hayaa MCeBI00KIKEHUS

V=(Vc-Vult
8. YBenuumBas pacxo] BO3yxa, HaOJII0JaiiTe MOMEHT Havyaia yHoca.

9. Pexxumbl Hauasa 1ceBI00KMKEHHS U Hadyalla YHOCA YCTaHABIMBAIOT BU3YyaIbHO,
MIOBTOPSIS OTIBIT 3 pa3a v OJHOBPEMEHHO (PUKCHUPYS Tepenal 1aBJIeHHS B CIIOE€ U PacXo BO3IyXa.

10. OmnpenenuTh CKOPOCTh BO3/IyXa ®, M/C:
o=V/1,

11. PaccunTarh rupaBIndecKoe COMPOTHBICHHUE CII0S TBEpAbIX YacTHil AP mepeBens
nokazanus auddepeHnnanbHOro MaHoMeTpa u3 MM Boz. ctT. B I1a (1 M Boz. ct. = 9806,65 I1a).
C nenplo yIpoIeHus: pacueToB CONPOTUBICHNUE CETKU HE YUUTHIBAETCSL.

12. IToctpouTtsh rpaduk 3aBucumoctd AP = f(®), Ha KOTOPOM OTMETUTH JAHHBIE IS
kaxzoro u3 cioes (HC, TIC, ynoc). ITo rpaduky onpeneuts 3HaueHHE ® p.

13. Tlo ¢popmyie 2.4 paccuutarh NOPO3HOCTD € U MOCTPOUTH IPapUK 3aBUCUMOCTH € =
f(®), Ha KOTOPOM OTMETHTH TAaHHBIE € JJISl KayKI0TO U3 CIIOEB.

14. PaccunTaTh 3HaU€HUE TJIOTHOCTH U JUHAMUYECKOMN BA3KOCTH BO3yXa M0 hopMysiam:
p = po(273/T)
= po[(273+C)/(T+C)]-(T/273)*?,

e po=1,293 kr/m®> — maoTHOCTH Bo3myxa npu 0°C, po = 17,3-10°° TTa-c — nuHaMudeckwuit
koaurment Bsazkoctu npu 0°C; T =273 + t °C — abcomtoTHas temneparypa, K; C —
nocrosHHas Catepnenaa (Juist Bozayxa C=124).

15. Onpenenuth cpeaHuil AMaMeTp 4acTHIl B €10€ du.

JI1s1 5TOrO 3HAs 3HAYEHHE CKOPOCTH TICEBI00KMKEHHS 0 xp OMPEIETUTh 3HAUCHUE
kputepus Jlsmenko Ly no gpopmyse 2.6. (pu 3TOM T.K. po>>pr, TO B popmysie 2.6.MpHHIMAaEM
Pu—Pr= Pu). [IIOTHOCTH TBEPABIX YACTHII Py IPHHEMAEM paBHoit 1320 kr/m. 3ateM 10 rpaduky
(puc 2.1) HaliTH cOOTBETCTBYIOLIEE 3HaUeHUEe Kputepusi Apxumena npu € = 0,4 1 onpenenuThb
CPEIHUNA AMAMETP YacCTHIL B CJ10€ d.

16. PaccuuTath 1o u3BecTHOMY dy 3HAUEHUS ®'xp M 0y IPUMEHSA ISl PACYETOB
dbopmynsl Toneca (2.8, 2.9).

17. PaccunTaTh BeC TBEPBIX YACTHII, HAXOISAIIMXCS B KOXIOM ciioe 1o dhopmyre 2.5.

18. CpaBHI/ITe OKCHICPUMCHTAJILHO MMOJTYYCHHBIC PE3YJIbTATHI C TCOPECTUUCCKH
pacCunTaHHBIMU.

19. ChopmynupyiiTe M 3anuuinTe BbIBOJ MO padorTe.
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OT14eT 110 J1a00PATOPHOIH PadoTe J0J1KEH CONEPKATD:
— Ha3BaHUE U LIeIb padoThI;

— CXE€MY YCTaHOBKH CO creludpuKanuei;

— rpaduku 3aBucumocteit AP = f(o) u € = f(o);

— pacuet nopo3znoctu I1C;

— pacuer IIOTHOCTH U AMHAMUYECKOM BA3KOCTH BO3/yXa;
— pacyer cpeHero AuaMeTpa YacTHll;

— pacder Beca MaTepuaia B KaXJ10M CIIOE;

— pacueT ol 1 0o o popmymam Toxeca;

— BBIBOJI 110 paboTe.

JlaGopaTopHasi padora Ne 3 .
PA3JIEJIEHUE HEOJJHOPOJIHBIX CUCTEM B IOJIE JEUCTBUS
I'PABUTAIIMOHHBIX U HEHTPOBEKHBIX CHUJI

[{esib pabOTHI: M3yuyeHHE OCOOEHHOCTEH IMpoIEecCcoB
OCaXKJICHU, JIeKaHTall1H, GUIBTpOBAHUS u
LHEHTPUPYTUPOBAHUS.

3.1 OcHoBHbIE onpeaeneHns n Teopusa npoecca

Omcmausanue (Oca)KI[CHI/Ie B ITOJIC CHII TH)KGCTI/I) ABIICTCA CaMbIM JICHIEBBIM ITPOLECCOM, IO CPAaBHEHUIO C
IPYTHMH TIPOLIECCAaMH  pa3JelIeHUus] HEOJHOPOTHBIX CHCTeM, Hampumep (ribTpoBanueM. OTcranBaHue
UCTIONB3YIOT ISl IPEBAPUTENILHOTO pa3IeNIeHUsI CYCIIEH3HM, YTO TO3BOJISET YCKOPUTD (TIPH MPOUYMX PaBHBIX
YCIOBHSIX) VX JabHelIee (GUbTpoBaHwe WM IEHTPH(YTHPOBaHHE.

OTtcranBanne IpoOBOAAT B armaparax, Ha3bIBa€MbIX omcmounukamu. Pa3mmgaior arraparbl
MIEPUOJIUYECKOr0, HENPEPBIBHOIO M IONYHENPEPBIBHOIO JECUCTBHSA, IPUYEM HEIPEPHIBHO JIEHCTBYIOLIME
OTCTOf/iHI/IKI/I, B CBOIO O4YEPECb, ACIATCA Ha OAHOAPYCHBIC, IBYXBAPYCHBIC 1 MHOT'OSAPYCHBIC.

Qunbmposanue — TIPOLIECC Pa3JIEICHUs] HEOJHOPOIHBIX CHUCTEM MpPH TOMOIIM MOPHUCTHIX
(GWIBTPYIOIINUX MEPEeropoiioK, CIOCOOHBIX MPOMYCKATh JKUAKOCTh WM Ta3, HO 3a/ep>KUBaTh
B3BEIIEHHBIEC B CPEJIC TBEPBIC YACTHUIIHI (OCATOK).

JBkymeil cunoi mporecca (GUIbTPOBAHUS SABJISETCS PA3HOCTh JABJICHUH MO 00€ CTOPOHBI
¢unbTpyIOIIel NepPeropoiKu JM00 LEHTpoOekKHas! CHUa.

B kadectBe GMIBTPOB UCTIONB3YIOT (PUIBTPOBAIBHYIO OyMmary, pasin4Hble TKaHU, IOPUCTOE
CTEeKJO, acOecT, OOBIYHYIO M CTEKISHHYIO BaTy U JAp. Ha ckopocTb (QuIbTpOBaHMS BIUSIOT
pasnuyHble (akTopbl — pa3Mepsl mop (GuiabTpa, miomans (GUILTPYOLIeH MOBEPXHOCTH, BI3KOCTb
GuIbTpyeMol KHUAKOCTH, Pa3HOCTb JaBJIEHUH, TUI PACTBOPUTENS U OTHEISEMOrO BEIleCTBa
(ocamka) u Ap.

C yueroM 3TuX ()aKTOpPOB (PUIBTPOBAHHE MOXKET MPOBOAMUTCS PA3JIUYHBIMU CIIOCOOAMHU.
HauOonpiiee pacrnpocTpaHeHHe TOIYYMIM JBa OCHOBHBIX crocoba (WIBTPOBaHUS: MpHU
HOPMANbHOM U HOHUMCEHHOM J1aBIICHUU.

Qunvmposanue npu HOPMAIbLHOM Oaslenuy - Haubosiee MPOCTOM U YacTO NMPUMEHSEMBIH B
MIPOMBINIJIEHHOCTH U JAOOPaTOPHOM MPaKTHKE CTIOCO0, HE TPEOYIOUINI CII0KHBIX MPUCTIOCOOTEHHN.
Jl51st 5TOTO0 HEOOXOIMMBI CTEKIISTHHAS BOpOHKA U GuibTp (puc.3.1).
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Puc.3.1. Yemanosxa ons gpunomposarus uepes CmeKkusiHHyIo 60POHKY.

Qunbmposanue npu NOHUNCEHHOM OasleHuu (omcacviéauue, 8aKyymMHoe @OuibmposaHue)
OPUMEHSIOT A YCKOpPEeHHs Tpouecca (QuibTpoBaHusi. B maboparopHOil NpakTUKE OCHOBHBIM
npruOOpOM 3TOT0 METOJIa SIBISIETCS Hymy-gunbmp, cocTosmuid u3 gpapdopoBoit soponku broxnepa,
B KOTOPYIO TMOMeENIaeTcsi OyMaXHbI (DUIBTP, U TOJICTOCTEHHON k071061 ByH3ena, COCTMHEHHOU
4yepe3 MPeoXPaHUTEIbHYIO CKIISIHKY C BOJAOCTPYHHBIM (MM APYTMM) BakyyM-HacocoMm (puc.3.2).
[lpu sTomM nmamerp OymMaKHOTO (QUIBTPA, KOTOPBIM TEpex HCIOIb30BAHUEM CMAuMBaAIOT
TUCTHIIMPOBAHHOW BOAOW (WJIM JPYTMM pacTBOpPUTENEM), MOOJKEH OBbITh HEMHOTO MEHbBIIE
BHYTPEHHETO TMaMeTpa BOPOHKH, HO TAKUM, YTOOBI (PMIIBTP MOITHOCTHIO 3aKPHIBAII BCE OTBEPCTHSL.

Puc.3.2. Ilpubop ons gpunbmposanus npu ROHUIHCEHHOM 0deleHuu (Hymy-guibmp)
1- Boponka broxnepa; 2 -konba byH3eHa; 3 - KOJIbLIO BAKYYMHOM PE3UHBI;
4 - mpeoXpaHNUTENbHAS CKIISTHKA (CKIITHKA THIMEHKO AJIs1 )KUAKOCTEH); 5 - KpaH JJist BIIyCKa
BO3/yXa; 6 - OTBOJ] K BOJOCTPYHHOMY Hacocy.

Qunvmposanue 2opauux pacmeopos. HeodXomumMocTs B GUIBTPOBAHUH TOPSYUX PACTBOPOB
BO3HMKAeT MNpU paboTe C BABKUMH pacTBOpaMH, a TaKkKe B CllydasX, KOrja HeoOXOAMMO
NPEJOTBPATUTh OXJAKICHUE B TMpolecce  (QMIBTPOBAHHS W BO3MOXKHYIO B CBS3H C OTHM
KPUCTAJNTU3AIMI0 PAaCTBOPEHHOI'O BeIIeCTBA Ha MOBEepXHOCTU ¢uibTpa. [Ipucrnocobnenue ams
ropsiyero (QpUIbTPOBaHMUS BOIHBIX PacTBOPOB (purc.3.3) COCTOMT M3 TEPMOCTOMKOro CTakaHa, B
KOTOPBII BIUBAIOT HEMHOT'O BOJIbI, 1 YKOPOUEHHOI BOPOHKH C (PUIBTPOM.

Bony B crakane nmoBomAT 10
KUIIEHUS] HarpeBas CTakaH, M TIOCIe
TOTO, Kak Tapbl MPOTPEIOT BOPOHKY,
HaIMBalOT Ha  QWIBTP  TOPSYUN
pacTBop, OIS KA
(UIBTPOBAHUIO. Bo u30exaHue
OXJIX/ICHUSI PacTBOpa C TIOBEPXHOCTH
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BOPOHKY HAKpbIBAKOT qaCOBbBIM
CTEKJIOM.
B 3aKJII0YECHUE, clenyer

OTMETHTh, 4YTO Ui  pPa3JeCHUs
CYCHEH3UIl B psizie ciydaeB ynoOHee U
¢ exTUBHEE HCIOIB30BATh  HE

Puc.3.3. Ilpucnocobnenue o 2opaue2o (dbunpTpoBaHUE, a HEKOTOPHIC ApPYTHE
punbmposanis 600HLLY pacmeopos METO/Ibl, HAIIPUMED, OeKaHmayuro Uin
yenmpughy2upoeanue.

Jexanmayueli Ha3bIBaCTCA CIMBAHUE JKUJIKOCTH C OTCTOsIBIIErocs ocaaka. K Hel
1esiecoo0pa3Ho npuderaTh, B T€X ClIy4asx, KOTJa B CPaBHUTEIFHO OOJIBIIOM KOJIMYECTBE KUIKOCTH
HAaXOJHUTCSI HEMHOTO TBEPAOTO BEIIECTBA, KOTOPOE JIETKO OCENAeT Ha JTHO.

Llenmpugyeuposanuem Ha3pIBaeTCA pa3[eleHUE B IOJE LEHTPOOEKHBIX CHJI CHCTEM C
pazmepom vactull Oosiee 100 HM. OHO ObIBaeT IBYX THUIMOB: (PUIBTPYIOILIEE, NPEAHA3HAUEHHOE IS
UHTEHCU(UKAIIMK TIpoliecca (QUIBTPOBAHMS, M CTaKaHHOE (IPOOMPOYHOE), TMPHUMEHSEMOE IS
YCKOPEHUsI OCEAaHNs B3BEUICHHOTO B KHIKOH (pa3e BemecTna.

OnbIT Ne 1. Ocaxiaenue B moJie 1eiicTBUS TPABUTAIIMOHHBIX CHJI.
1. B xumuueckom crakane Ha 100 M NpUrOTOBHTE HEOAHOPOJHYIO CMECh M3 BOJABI U
KBapLEBOTI0 IECKa 110 3aJaHUI0 IIPENOAaBaTEIs.
2. TuatenpHO mepeMelIaiiTe CoAep)KUMOE CTakaHa U B TeueHHe 3-5 MUHYT HaOrojaiTe 3a
IIPOLIECCOM OCAKICHUS.
3. PaccuuraiiTe CpeHIOI0 CKOPOCTh OCAXACHHUS:
®'oc = 0,5(1)0c , Tae
Moc — TEOPETUYECKAS CKOPOCTh OCAXKIEHUs (M/C) OMMHOYHOM MIApOOOpa3HON YaCTHUIIBI MPU
JaMHUHAPHOM PEeXKUME OCaKICHUs, KoTopasi paccuuThiBaeTcs o popmyine Crokea [1, ¢.93]:
@oc = [(02(p - pc)-g] / 18 pe , TE
d — amamerp mapooOpa3HOi YaCTHIIBI, M;
p — TUIOTHOCTb YACTHIIBI, KI/M>; pc— TIOTHOCTH CPeJIbl, KI/M°,
Me— AMHAMUYECKUH KO3 (UIIMEHT BA3KOCTH cpeapl, [1a-c.
Jl1s pacueToB CKOPOCTH OCAXKIACHUS IPUHUMAEM:
d=0,9 MM ; p = 2650 kr/m®; pe= 1000 kr/v®; pe=1- 102 Ia-c.
5. Jlns onpenenenns CKOPOCTH OCaXAEHUS OJJMHOYHON I1apooOpa3HON YacTHIIbI P JIFOO0M
PEKUME OCAKIECHMS pacCUUTalTE KpUTEpU Apxumena:
Ar =[(d®-(p - po)pc -9l / pe?
6. ITo HalineHHOMY 3HaUYEHUIO KpUTEPUs AT OllpeenuTe Kpurepuil JIsmenko:
Ly = [@oc3pc?] / [ *(p - po)-0]
7. Ho HalineHHbIM 3HadeHMsIM KputepueB Ar u Ly onpenenute kpurepuil PeiiHonbaca us
COOTHOILIEHUS:
Ly = Re3/ Ar
8. PaccumTaiiTe CKOPOCTh OCakAeHHS 0 popmyIie:
®oc = [Re* pe]/ [pc-d]
9. CpaBHUTE MOTYYEHHBIN PE3yJIbTaT pacyeTa CKOPOCTH OCAXKICHUS C PE3yJbTaTOM pacuera
no ¢popmyie Crokca (1.3).

OnbiT Ne 2. PazgesieHne HEOHOPOAHOM CHCTEMBbI JeKAHTalUCH.
1. B xumuueckom crakane Ha 100 M mpUroToBETE HEOJHOPOJHYIO CMECH MO 3aJaHUIO
MPEerno/1aBaTels.
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2. B Teuenue 3-5 MuHyT HaOMIO1alTE 32 MPOIIECCOM OTCTAaUBaHMS U 0Opa30BaHMS OCAJIKA.

3. AKKypaTHO CJEWTE€ BEPXHIOID, OCBETJIIEHHYIO YacTh pacTBOpa B JPYrod XUMHYECKHM
CTakaH ¥ B TeueHHE 3-5 MUHYT TakKe HaOIIOJaiiTe 3a MPOIECCOM OTCTAaMBaHMUA M 0Opa3oBaHUs
0caJKa.

4. IloBTOpuTe nelcTBUS 1.3 e11e OJIUH pas.

5. Ouenure 3(h)(peKTUBHOCTD U MOTEPU B MCCIEIOBAHHOM IPOLIECCE Pa3/eiCHUs. YKaxkHTE,
YTO SIBJISIETCS €r0 JBHXKYILEH CUIIOM.

OnbiT Ne 3. Pa3neienne HeOHOPOAHOIN cuCTeMbl (PUJILTPOBAHMEM NPHU aTMOChepHOM
AaBJIEHUM W TP NOHU:KEHHOM /aBJIeHUM (BaKyyM-(UIbTPOBaHHE) € HCIOJIb30BaHHE
Pa3IuYHBIX (PUJIBTPOB.

I. B Tpex xummyeckux crakaHax Ha 100 mu mpuroroBpTe mo S50 M  OJMHAKOBBIX
HEOJHOPOJHBIX CMecei (110 3a/IaHUI0 MPEToJaBaTeNs ).

2. Cobepute YCTaHOBKHM IJIsl (PMIIBTPOBAHUS C HCIIOJIB30BAaHHEM OYMaXKHBIX M CTEKJISTHHBIX
GuIbTPOB Mpu aTMOCHEPHOM JABICHUU U TIPH MTOHM>KEHHOM JIaBJICHHH.

3. Paccuwnraiite mnomaap noBepxHocTH (F) dunbTpyromel meperopoikud UCHOIb3YEMbIX
dunsTpoB (F = 1 - R?).

4. Onpenenute Bpems (T, C) pa3ieleHUs HEOJAHOPOAHOW cCMecH MpU (QUIBTPOBAHUU Uepe3
OyMaXHBIW U CTCKJISTHHBIN (QYIIBTPBI IPH aTMOC(EPHOM U ITOHMKCHHOM JIaBJICHUH.

5. Paccunraiite npomssoauTtensHocTh (17, M/c) GUIBTPOB 110 hopmyie:

=@ F)l(p+trnpty) ,
e (| — Harpyska Ha GHIBTPYIONIYIO MOBEPXHOCTE, M/MZ;
F — mromans GuIbTpyromiel MOBEPXHOCTH, M2,
Tp » T np » Tp — COOTBETCTBEHHO MPOJIOJDKUTEIBHOCTh (DUIBTPALIMU, MTOMBIBKH OCAJIKa,
pasrpy3KH U MOJArOTOBKH (DUIBTPA K CIEIYIOMEMY IIUKITY paboThI , C.

6. Cnenaiite BbiBOA 00 3(h(PEeKTUBHOCTU U 11€JI€CO0OPA3HOCTH MPUMEHEHUS UCCIETOBAHHBIX

IIPOLIECCOB (PUIIBTPOBAHMUS B ITpOLIECCaX MULIEBBIX MPOU3BOICTB.

OnbiT Ne 4. Pazgesienne 3myabcuil neHTpugyrupoBanmueM.

1. [To 3amaHuio mnpenojaBaTells NPUTOTOBBTE 3aJaHHOE KOJIMYECTBO Ppa3IUYHBIX
AMYJIbCUU.

2. TlomecTHTe NPUTOTOBICHHBIE YMYJIbCUU B LIEHTPU(DYTY HA 2 MUHYTHI.

3. BusyanbHo oneHuTe 3P PEKTUBHOCTH MPOIIecca pa3aecHus.

4. Paccuuraiite nentpodexuyto cuiny C (B H), pazBuBaemyro npu HEeHTPUPYTHPOBAHUU IO
dopmyre [1, c.101]:

C=M- ®?-R=20M:n? D, rae

M — macca ocanka ¥ )KHUJIKOCTH, Haxosmelcs B 0apabaHe eHTpUuQyru, Kr;

® — yrnoBas ckopocTh, ¢l; D = 2R — nuamerp GapaGaHa, M; n — 4YacTOTa BpallCHUS
nenTpudyrH, ¢,

5. Onpenenute akrop pazaenenus f npu neHTpuyrupoBaHuH, T.€. OTHOIIECHHE YCKOPEHUS
HEHTPOOEKHOM CUJIBI K YCKOPEHUIO CHIIBI TSKECTH 110 hopMyIie:

f =20 Fry,
rie Fry=(D-n?) /g — BumonsmenennsIii kputepuii pyma.

ITo pe3ynbraTam onbIToB 1-4 chopmynupyiite BBIBOA 110 JabopaTopHOii padoTe.

OTueT 10 J1a00pATOPHOM PadOTE J0JKEH COAEPKATh:

— Ha3BaHUE U 1eTb PalboOTHI;

— CXEMBI IKCTIEPUMEHTAIBHBIX YCTAHOBOK JJISI KaXKJIOTO OIBITA CO CIIeM(PUKAIINECH;
— BCE MIPOBEICHHBIEC PACUETHI IO OMPEACICHUIO CKOPOCTH OCAXKICHHUS;

— pacdeT MPOU3BOUTEITHLHOCTH (PHUIHTPOB;

— pacyeT LeHTPOOEKHOM CHITBI U (DaKTOpa pa3aesieHus P HEHTPUPYTHPOBAHUH;

— BBIBOJI 110 paborTe.
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JlabopaTopHasi paGora Ne 4
INEPEMEIINBAHHUE B KUJAKUX CPEJIAX.
ONIPEAEJIEHUE PACXOJA MOIIHOCTH ITPU NIEPEMEININBAHWU B
AIIITAPATE C MEIIAJIKOM

[lenb pabOThI: SKCIIEPUMEHTAIIBHO ONPENEINUTh
3aTpaThl MOIHOCTH Ha MEPEMEIIMBAHNE B alllapare ¢
MEIIAJIKON. Y CTaHOBUTH 3aBUCUMOCTb KPUTEPHUS
MOIIIHOCTH OT KpuTepus PeliHonbaca.

4.1 OcHOBHbIE OnpeaeneHus u Teopus npouecca

Ilepemewusarue — 3TO NMPOLIECC MHOTOKPATHOTO IIEPEMELICHHS YaCTHL TEKY4YEH CpeIbl
OTHOCHUTEJBHO APYT Apyra BO BceM 00beMe armnapara, IpoTeKaroUuii 3a C4eT UMITYIIbCa,
IIEpPEeaBaeMoOro Cpeic MEXaHMUECKON MEIIAIKOM, CTpyeH )KUAKOCTH Uiy ra3a. [Iponeccsr
NepEeMENINBAaHUS IIUPOKO MPUMEHSIIOTCS B XUMUYECKOW U MUILEBON MPOMBIIUIEHHOCTH IS
IIPUTOTOBJICHUS CYCIIEH3UM, SMYJIbCUI U PaCTBOPOB, a TAK)KE AJIs1 yCKOPEHUS TEILIOBBIX,
MaccOOOMEHHBIX M XUMHUYECKHX TporieccoB. Ha mpakTuke Hanboee pacipocTpaHeHHBIM
CHoco0OM IepeMeIIuBaHUs SBIISETCS MEXaHUYECKUH, KOTOPBIA OCYILIECTBIISAETCS € IIOMOLIBIO
BpALAIOLIUXCS MEXAHUYECKUX MEIIAJIOK.

OCHOBHBIMH XApaKTCPpUCTUKAMU ITPOUCCCOB IICPCMCIHINBAHUA ABJIAIOTCA UHMEHCUBHOCHb
u SCpreKmuGHOCWIb NepeMCIIMBaHsA. Humencusnocms NepeMCIIMBaHUA OIPCACIIACTCSA
KOJIMYCCTBOM SHEPIUH, MOABOAUMOM K €TUHUILIC o0beMa UId K CAMHHNIC MAaCChl
nepeMemHBaeMoﬁ Cp€abl B €AMHUIY BPCMCHU.

[Tox a¢ppexmusrnocmoio nepemewiusansi TOHUMAIOT TEXHOJIOTHUSCKHUI 2P PEKT,
XapaKTEPU3YIOIUI KaueCTBO MPOBEICHUS MPOLecca.

Mormnocts N, 3aTpaunBaeMasi Ha nepeMeIlBaHUEe, 3aBUCUT OT LIEJIOT0 psja (pakTopoB:
KOHCTPYKIUHU MEIIAJKH, afapaTa U €ro BHyTPEHHUX YCTPOMUCTB, (PU3MUECKUX CBOMCTB Cpepbl,
yrciaa 000pOTOB Bajla MEIIAIKU U €€ THIIA.

MexaHndeckoe NEPpEMEIINBAIOIIECE YCTpoﬁCTBO COCTOUT U3 sajid, K KOTOPOMY KPEIHUTCA Mewuaika,
u npueoaa. HpI/IMerleMBIe B IMMIICBBIX MTPOMU3BOACTBAX MCIIAJIKU MOT'YT OBITH PasaCJICHBI HA
CJICAYIOUC OCHOBHBIC I'PYIIIIBI:

— THXOXOJIHBIC — JIonacmmuvle, pamuule, sikophvle. OHU UMEIOT OTHOCHTEIIBHO OOJIBIINE pa3Mepbl U
MaJTyto CKOPOCTb BpaleHus (06braHo He 6osee 80 06/ mun);

— OBICTPOXOJIHBIC — NpONeIepHble U MYyPOUHHDbLE.
st oncanus IpoIecCoB EPEMEITMBAHUS ITUPOKO UCTIONB3YIOTCS KPUTEpUATIbHBIC
3aBUCHUMOCTH. Tak, 00001IeHHOE YpaBHEHNE THIPOJUHAMUKY JJIsl IPOIIECCOB MEPEMEITUBAHUS
uMeet BUn [2]:

KN = f (Rem, FrM, Fl, FZ ...)

o Ky=ARelFrl IV Ty

(4.2)
rre Kn=N/(p-n® d°) — xpurepuit MommuoCTH;
Rey= (n- d?-p) /u — MoamdUUMpOBaHHKIA KpuTepHii PeiiHombaca ;

Fru = (n-d) /g — mogudunmpoBanuslii kpurepuit @pyna;

I'1, I'2 — cuMIUIEKCH TEOMETPUYECKOTO TTOA00MS;
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N — MOIIHOCT Ha Bally Memanku, BT;

N — 4KCcI0 060POTOB MEIIANKH B CEKYHAY, C )
d — auamerp MemanKku (JuaMeTp OKPY>KHOCTH, OITMCHIBAEMbII MEIIAIKO#), M.

Ecnu npu nepeMenmBanuy Ha TOBEPXHOCTH JKUAKOCTH HE 00pa3yeTcsi BOPOHKA, TO
BIIUSTHUE CHJIBI TSDKECTH Ha IPOTEKaHUE TMpoliecca OyeT HEBEIUKO U MPU yCIOBHH
reOMETPUUYECKOro 1moooust ypasuenue (4.1) npuHUMaET BUI:

Kn=C -Re,™ (4.2)
be3pasmepnbiii komruieke Kn Ha3bIBaeTCs TakyKe KpUTEpUeM Dujepa sl TepeMelnBaHus 1
obo3Hauaercs EuUy,.
Takum oOpa3omMm, ypaBHeHHE 4.2 SBISETCS OOIIMM BUIOM KPUTEPHAIBHON 3aBUCUMOCTH JJIS
pacxojia SHEPTrUu MpH NEepeMEeIIMBaHUI
3nauenns koddpdummentor A, C W mokazarened m, N, p, ( ompeaensercs
AKCIIEPUMEHTAJIbHO, a 3HAYCHUSI KPUTEpUs MOIIHOCTH, KaK MPaBUJIO MPUBOJATCS B BHUJIE
rpauIecKux 3aBUCUMOCTEH.

Ha puc.4.1 npencrasnensl rpaduxu 3aBucumMoctd EUy — Rey, cocraBiennele Ha
OCHOBaHUU IKCIEPUMEHTAIbHBIX JaHHBIX. BUI KpUBOI 3aBUCUT OT THUIIa MEIIATKH.

Ecnn memanka, amns KOTOpoH HEOOXOOMMO ONPENENUTh PAcXoj] MOIIHOCTH, MOJ00HA
OHOW M3 JNaHHbIX B Tabnuue 4.1, TO NpU NMOMOIIM COOTBETCTBYIOLIEH JIMHUM Ha rpaduke
3aBucuMocTd EU oT Re i pa3zinnunbix TunoB memanok (puc.4.1) MmoxxHo 3Hast Rey, HalTH EUy.
ITo HaiiieHHOMY 3Ha4YeHHUIO BenUuuHbI EUy HaxonsaT N.

['paduk, npencraBieHHbId Ha puc.4.]1 JaeT JOCTATOYHO TOYHBIE PE3YNbTATHI TOJIBKO B TOM
cilyyae, €ciaM pacdeT MPOU3BOAUTCS s MEIIAJKH, F€OMETPUYECKH IOAO0OHON  MelaikaM
npeCTaBICHHBIM B Ta0n.4.1 u n300pakeHHbIM Ha puc.4.2. Ecii UMeIoT MEeCcTo OTKJIOHEHHS OT
reOMETPUYECKOro Moao0Msl, TO JTOJKHBI ObITh BBeJIeHBI HomnpaBKu. [lonpaBka BBOAUTCA U IpU
CWJIBHO IIEPOXOBATHIX CTEHKAX amrapaTa, yCTAaHOBKE OTPa)KaTEeJIbHBIX NEPETOPOIOK, 3MEEBUKOB
U T.II

JUis XapaKTepUCTUKH MeIIANIoK B Tabnuie 4.1 NCronb30BaHbl CIEAYOMNE 0003HAUCHMS:
D — nuamerp cocyna (peakropa); d — quamerp meranku; h — BeicoTa ciios sKuaKocTH; b —
HIMPUHA JIONACTH MEIIAJIKK; S — IIar BUHTA; | — IUTMHHA JTomacTy.

Tabnmia 4.1
No THIT MEIIAIKHA OCHOBHBIE pa3Mepbl MEIIaIKU XapaKTepUCTHKA
D/d hid b/d s/d coeynd
1 JByxnmonacTtHas 3 1 0,25 - 0e3 meperopoIoK
2 JByxmonacTtHas 3 1 0,167 - c4
MeperopoKamMu
upusoit 0,1D
JByxmonacTtHas 2 1 0,885 - 0e3 eperopoIoK
4 JIByxmonacTHast 2 1 0,885 - CO 3MEEBUKOM
d3M: 119d;
d-=0,066d;
1=0,12d
5 lectunonactaas 1,11 1 0,066 - 0e3 TeperopoJIoK
6 [Tponennepuas 3 1 — 1 6e3 reperopook
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7 [TponennepnHas 3 1 — c4
MePEeropoIKaMH
mpuron 0,1D

8 [IponennepHast 3 1 — 0e3 rmeperopoaoK

9 [Tponennepnas 3 1 — c4
MeperopoaKamMu
mpuroun 0,1D

10 OTkpeITas TypOuHHAs ¢ 3 1 0,2 0e3 rmeperopoaoK

6 nonaTkaMu 1/d=0,25
11 OtkpsITast TypOMHHAS C 3 1 0,2 c4d
6 JomaTkamMu MepPEeropoiIKaMu
mmpuHoi 0,1D

12 OtkpsiTast TypOMHHAS C 3 1 0,125 c4

8 IIOCKUMHU IIEPErOpoIKaMu
HAKJIOHHBIMHA mmpurou 0,1D
JIOTIATKAMH

13 3akpbITasi TypOUHHAs C 3 1 — 0e3 neperopo1oK

6 nonaTkaMu
14 3akpeiTast TypOMHHAS C — — — 0e3 MeperopoIoK
6 nTonaTkamMu U
HATPABIISIOIIAM
arnmaparom ¢ 20
JIOTIATKAMH
15 Skopnas 1,11 1 0,066 0e3 meperopoIoK
16 HuckoBas ¢ 6 2,5 1 0,1 c4
JIOTIaTKaMH MEePEeropoIKaMH

mmpuHoi 0,1D
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Puc. 4.1. 3aBucumocts EU o1 Re aist pa3nuMyuHbIX TUIIOB MEIIAJIOK

Crenyer UMeTh BBUJLY, YTO OIpeJiesIeHHast TAKUM 00pa30M MOIIHOCTH sIBJIETCs paboueit
MOII[HOCTHIO (T.€. MOIIIHOCTBIO, TOTPEOIIIEMOM MOCIIE TOrO KaK peXUM padoThl ycTaHOBHIICS). B
Hepuo/Jl MycKa NPUBOJIa MELIATIKU (HallpUMep, JIEKTPOABUraTes) CONPOTUBIICHUE JIBUKECHUIO
JonacTel Melajki 3HaYUTENbHO MPEBBIIAeT pabouyro MOIIHOCTb. [loaTOMY nipu 1onacmuuvix
MeTlIaKax He0OXOIMMO YCTaHABIIMBATh AJIEKTPOABUTATENN, UMEIOIINE MOIITHOCTD,
IPEBBIIAIOIIYIO pacueTHYI0 Ha 50%, a U1 nponennepnuix 1 mypbunnsix Memanok — Ha 10-15%
BbIILIE pacyeTHON pabouell MOIIHOCTH.
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Puc. 4.2 PaznuuHble TUIBI MELIAIOK

4.2 Onucanue yCTaHOBKH

VYcraHoBKa I MCCNEOBaHUSI MPOIECCa MEPEMEIINBAHMS COCTOUT W3 MEMIAJIKU, KOTOopas
NPUBOAUTCS B JIEMCTBUE 3JIEKTPOJBUTATENEM, MOJBEMHOIO YCTPOMCTBA M KOpIIyca ammapara C
HCCIIETYEMOM KUJKOCTBIO.

M3MeHeHne YacTOThl BpPALEHUS BajJa MEIIAJKM OCYHIECTBISAECTCS IIyTeM HW3MEHEHUs
HaNpsDKEHUsT MHTAHHUA C TOMOIIBI0 JIMHEeWHOro aBToTpaHchopmaropa (JIATP). MomrHocTs,
notpebisgeMast JIeKTPOJBUTATENEM, M3MepseTcs Mapu MOMOIIM BaTTMeTpa. YacToTy BpalleHus
BaJIa MEIIAJIKH M3MEPSIOT C MOMOUIbI0 TaxoMeTpa. C MOMOIIbI0 NOJBEMHOIO YCTPOHCTBA KOPITYC
amnmapaTra MOKET OBIThb YCTAaHOBJIEH Ha PAa3JIMYHOM YPOBHE IO BBICOTE OTHOCUTENIBHO pabouero
JJIeMEHTa MeIlajKu. YPOBeHb KUIKOCTH B Kopiyce amnmnapara H, a Takxke paccTosHue OT HIKHEH
KPOMKH JIONACTH J0 JHA KOpIyca OMpPEIesaioT MO IIKalle, HAHECEHHOW Ha OOKOBOW MOBEPXHOCTH
koprmyca. CMmeHHbIe paOoure AJIEMEHThl MEHIAJIKH KpemsTcs K Bally, KOTOpbIM uepes My(dry

COCAHUHCH C 3JICKTPOABUIATCIICM.



299

4.3 lNopsiAoK BbINOMHEHNSA paboThI
1. B cooTBeTcTBHH C 3a1aHUEM 3allOJIHUTEC Ta6J'II/ILIy HCXOOHBbIX JAaHHBIX:

Hccnenyemas cpena:

IToka3arens Tun memajiku
Junamerp memanku d, m
HuameTp xopmyca D, m
Bricora cios cpenbl H,™m
Hlupuna sonactu b, M
[leperoponaku Kopiryca Z, IT
['my6una norpysxeHus pabodero
opraHa h, m
Temmeparypa cpenbl t,°C
[TnoTHOCTH Cpe/bl p, Kr/m®
KoaddurmenT nuaamudeckon
BSI3KOCTH CPEJIbI u, He/m?

2. YCTaHOBUTE Ha HOJIb PETYJIATOP HAMPSKEHUS AIEKTPOIUTAHHUS.

3. B coOTBETCTBUU C 3a/laHUEM 3aKpenuTe pabouyuil 3JIEMEHT MELIAJIKH 3a/IaHHOTO TUIA U
pa3Mepa Ha Baiy.

5. BkimtounTe 3JIeKTpONUTaHuE ABUTATENS M POU3BEIUTE 3aMEPhl  MOTPEOIIEMOM MOIITHOCTH
Ha xonocmom xo0y (0e3 Morpy>XKeHUs B UCCIIEAYEeMYIO Cpe/ly) MPHU Pa3INYHbIX YacTOTaX BPALCHUS
MelIajgky (10 yKa3zaHuIo mpernopaasarens). M3Mepenus: nmpoBeauTe HE MEHEe TpeX pa3, NpUHUMAs
pe3ynbTaT Kak CpeHee 3HAYEHUE U3 TPEX U3MEPEHUM.

6. YcraHOBUTE Ha HOJb PETYJIATOP HAIPSOHKEHUS DJIEKTPONMUTAHUS M TPH TTOMOIIH
MOJIBEMHOTO YCTPOMCTBA YCTAaHOBHUTE 3a/JIaHHYIO0 TJIYOMHY TMOTPY>KEHHUs pabodyero sieMeHTa
MEIIAJIKU B UCCIIETYEMYIO CPELLy.

7. BrirounTte 37eKTpONUTaHNUE IBUTATENS U TPOU3BEANUTE 3aMEPhl MOTPEOIsIeMO MOIIIHOCTH
6 nepuood nycka TMPUBOJIA MEIIAIKU TPU Pa3IMYHBIX YacTOTaxX BpallleHUs MEIIAIKH (M0 yKa3aHHIO
npenofaBarens). M3mMepeHus MpoBeauTe HE MEHee TpeX pa3, MpUHUMas pe3ylabTaT Kak CpelHee
3HA4YECHUE U3 TPEX U3MEPEHHUM.

8. Bkitounte 3JIEKTPONUTAHHME MABUTATENSI W 4YEpe3 YKA3aHHOE NPernoJiaBaTesieM Bpems
MIPOU3BEINTE 3aMephbl MOTpedasieMol paboueti MowHOCmMY TPU PA3IUYHBIX YacTOTAaX BpAaIleHUS
Memrankd (T.. MOIIHOCTH, MOTpeONIIeMOil TociIe TOro Kak pexuM padOThl YCTaHOBHUIICH).
W3mepeHuss mpoBeuTe HE MEHEE TpeX pa3, MpUHUMAs pe3yJbTaT KaK CpeJHee 3HAUeHHE U3 TPex
U3MEPEHUM.

9. IloBTOpUTE HMCCNENOBAaHUSI B COOTBETCTBUU C I.2-8 C APYrUM THUIIOM pabouero 3JieMEeHTa
MEUIAJIKH.

10. Pe3ynbTaThl 3aNTUIITUTE B UTOTOBYIO TAOJIHILY.

11. [nsa kaxdo2o0 muna mMewasnku Onsi uccredoeaHHbIX Yacmom epauwjeHusi
paccyumaiime Rew.

12. 3nas 3HaueHus Rey, mpu momonm 3aBUCHMOCTH EU oT Re /1 pa3imuHbIX THITOB
meranok (puc. 4.1) onpenenure Euy.

13. Tlo ompeneneHHBIM 3HAUYEHUSM BEIMUMHBI EUy, paccunTaiite N mms Kaxaoro Tumna
MEIIaIKH.

14. CpaBnute paccuutanHbie B 11.13. BenuunHbl N ¢ SKCIIEpUMEHTAILHO ONPEIeTICHHBIMU
3HAYCHUSAMU.
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19. ChopmynupyiiTe H 3anuuinTe BBIBOJ MO padore.

Tun Menranku:

JaCToTa BpallCHUs Bajia ni, Cc

1

qacCToTa BpalllCHUA Bajia ni, Cc

1

N xonoctoro

xoxa, Bt

N nycka,Bt

N ycraHos.
pexuma, Bt

N xo1ocToro

xona, Bt

N nycka, Bt

N ycraHoB.
Pexuma, BT

REM: (nlszp) /IJ, =

ReM: (nlszp) /l.l =

qacToTa BpallCHHUA Bajia n2, Cc

1

qacToTa BpallCHHUA Bajia n2, Cc

1

N xosoctoro

xoxa, Bt

N nycka, Bt

N ycranos.
pexuma, Bt

N xomocTtoro

xona, Bt

N nycka

N ycraHos.
Pexuma, BT

REM: (nZszp) /IJ, =

ReM: (nZszp) /l.l =

yacmoma epaujerHus eald n3, c

1 —

uacmoma epaujernusl eald ns, c

1 —

N xonocmoco

xooa, Bm

N nycka, Bm

N ycmanos.
pedicuma, Bm

N xonocmoeco

xooa, Bm

N nycka

N ycmanos.
Peorcuma, Bm

ReM: (n3du2p) /,LL =

Re,= (N5,%p) /=

OT4eT M0 Ja00PATOPHOM PadoTe JOKEH CONEPKATD:

— Ha3BaHUE U 1eTb PalboOTHI;

— CXEeMY YCTaHOBKH CO CHCIH(PHKAIUCH;

— 3aIlOJIHEHHYIO Ta0JIUIlY UCXOHBIX JAHHBIX U UTOTOBYIO TAOIUILY;
— BCE MPOBEJICHHBIC pacueThl Rey s pa3HBIX YacTOT BPANISHHUS BaJia U THIIOB MEIIAJIOK;
— 3HaueHus Euy, HeoOxoaumele ams pacyera N;

— pacdet N JuIst KaXKJIOTO THITA METITAJIKH.

— BBIBOJI TIO padoTe.

MaccooOMeHHbBIE

3. MACCOOBMEHHBIE NPOHECCBHI

TPOIIECCHI,

KOTOpBIE

qacTo

Ha3bIBAKOT

1 G y3nOHHBIMU
XapaKTepU3YIOTCS MEPEHOCOM (IIEPEeXO0Z0M) OJHOTO WM HECKOJbKHX KOMIOHEHTOB HCXOJHOTO
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BEIIEeCTBAa U3 OAHOM (pa3bl B apyryro. Hampumep, npu cylike MaTepualioB Boja MEPEXOIUT B Tap,
KOTOpPBIN, B CBOIO OY€pEelb, MMOCTYNAET B CYIIMJIBHBIA areHT M OKPYXKalollylo cpeny. JBuxymien
CHJIOM MacCOOOMEHHBIX MPOIIECCOB MPEICTABIAET cO00# pazHocTh KoHIeHTparwmid (AC).

K maccooOMeHHBIM TpolieccaM OTHOCSITCSI TIPOIIECCH COPOIMOHHBIC MPOIECCH (abcopbyus,
aocopoyus), oucmunisayus (TIEPETOHKA) U peKkmuurkayus, IKCMpakyus (IKcmpazuposanue),
pacmeopenue, KpUCmaiiuzayus, CyuKd.

JlaGopaTopHasi padora Ne 5
ACOPBIIUA U3 PACTBOPOB.
INOCTPOEHUE U30TEPMbI AJICOPEIIMYA YKCYCHOM KUCJIOTHI
AKTUBUPOBAHHBIM YI'JIEM

Llenv  pabomer - W3ydeHUE 3aBUCHUMOCTH  BEIUYHHBI
aZIcopOIIMy OT paBHOBECHOW KOHIICHTpAIlUU ajcopoara.

5.1 OcHoBHbIE OnpeaeneHnsa n Teopusa npolecca

[Iporiecc MOTJIOMICHHUST OJHOTO BEIIECTBA MOBEPXHOCTHIO JPYroro Ha3bIBAIOT adcopoyuell.
BermiecTtBo, yacTHIlbI KOTOPOTO TMOTJIOMIAOTCS (Ta3, JKUAKOCTh, PACTBOPEHHBIA KOMIIOHEHT),
Ha3bIBAIOT A0COpOAMOM, a IOTIIOTUTENb — A0COPOEHMOM.

B IMUIICBBIX ITPOU3BOACTBAX HNPHUMCHACTCA MHOI'0O BHUIOB aIICOP6eHTOBI AKTUBUPOBAHHLIC
,I[peBeCHHﬁ M KOCTSIHOH yroJib, OCJUIIOJIO3HAA MacCa, CUJIIMKArejiib U ap.

Haubonbiiee pacrpocTpaHeHre MOMYyYUIN aKTUBHPOBAHHBIC JPEBECHBIC YIJIH, KOTOpHIC, B
pe3yabTaTre crenuaabHOd 00paboTKH, NMPUOOPETAIOT MOPUCTYIO CTPYKTYPY C OYEHb OOJIBIION
yIeIbHON Momaapo moepxuoctu (ot 600 mo 1700 M2 Ha 1 ), 4TO OIpEAeNsieT UX BBICOKYIO
MOTJIOTUTENIBHYIO CTIOCOOHOCTb.

AKTHBUPOBAaHHBIA YroJib IIUPOKO IPUMEHSETCS B JUKEPO-BOAOYHON MPOMBIIIIEHHOCTH JAJIs
OYUCTKH BOJIHO-CIIUPTOBBIX PAacTBOPOB, CBEKJIOCAXOPHOM U padUHAIHOM NPOM3BOJICTBE IS
o0OecBEUMBaHUS CaXapHbIX CUPOIIOB U T.1.

Llemtroio3Hast Macca MIMPOKO YIOTPEOISETCS A1l OCBETIICHUS ITHBA, HECMOTPS Ha TO, UTO €ro
aJcopOIIMOHHAs  CHOCOOHOCTh B JECATKM pa3 MEHblLIe aJCOpOLMOHHON  crnocoOHOCTH
AKTUBUPOBAHHBIX YTIIEH.

B3aumoneiictBus MexIy yacTHLaMHu ajacopbara M aJcopOeHTa MOTYT MMETh pPa3IHuHBIN
Xapaktep. B 3aBHCHMOCTH OT TPUPOABI OSTOTO B3aUMOJCHCTBUS Pa3IMYaAIOT  aJCOPOLHUI0
bU3NUECKyI0 U XUMUYECKYIO (XeMOCOpOLIHIO).

[Tpu ¢pusnyeckoit agcopOIMM YacTHUIIBI aicopdarta 1 aacopOeHTa CBSI3BIBAIOTCS OTHOCUTEIEHO
HEMPOYHBIMU ~ MEXMOJIEKYJSIPHBIMA ~CHJIaMH  B3auMojeiictBus (cunamu  Ban-nep-Baanbca).
[Tpumepom ¢usmueckoit ancopOuuu sBisieTcs aAcopOLus Ta30B WM PACTBOPEHHBIX BELIECTB
AKTUBUPOBAHHBIM YTJIEM.

[Tpu xemocopOuuu YacTulbl ajgcopdaTta U ajgcopOeHTa cBA3aHbl 0OJee MPOUYHBIMH CHUIIAMU
CIIETIJICHHS 33 CYET BO3HHMKAIOIEr0 XMMHUYECKOTO B3aUMOJCHCTBUS, IPUBOISIIETO K 00pa30BaHUIO
HOBOTO BemecTBa. [[ppuMepoM XxeMoCcopOIInu MOKET CITY)KUTh afcoOpOITHs KHCIOPOIa METaJIJIAMH.

[Tpomecc oTpbiBa yacTuil agcopbaTa OT MOBEPXHOCTU aJIcOPOEHTa, T.€. sIBIEHUE, 00paTHOE
aZIcopOIMu, HA3bIBAIOT decopbOyueti. ITOMY TPOIECCY TMOABEPTaOT aacOpOCHTHI MO0 OKOHYAHHUH
npoliecca ajacopOIuy, Kak MpaBWIO, C LEJIbI0 UX pereHepalid ¥ MHOTOKPAaTHOTO IOBTOPHOTO
WCITOJTH30BaHUS (€CITM 3TO IKOHOMHYECKH IE€JIECO00pa3HO).

Ecnu B cucreme «aocopbam — adcopboenmy» TIpH 3alaHHBIX YCIOBUSAX CKOPOCTH aACOPOINH
paBHA CKOPOCTH JIECOPOIINH, COCTOSTHIE CUCTEMBI HA3bIBAIOT AOCOPOYUOHHBIM PABHOBECUEM.

KonnyecTBeHHO ancopOLMI0 BBIpaXalOT B MOJSAX azfcopbara Ha €IUHMILY IUIOLIaIu
MMOBEPXHOCTU aJICOPOCHTA (MOJ‘IB/MZ) WM B MOJIb ajcopOaTa Ha €IUMHHUILY MacChl ajcopOeHTa
(MOMB/T).
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Bennuuna agcopOumu 3aBUCHT OT MPHUPOABI ajacopOeHTa U aacopbaTa, TEMIIEpaTypbl H
KOHIIEHTpanuu (Wi JaBieHus) ajacopbara. KpuByro 3aBUCHMOCTH BEIWYHHBI ajcopOimu /' OT
PABHOBECHBIX KOHIIGHTPAIMl ¢ WJIM PAaBHOBECHOTO MAapLUAIBHOTO IaBIICHHH p ancopbaTta mpu
IIOCTOSIHHOM Temreparype 1 HasbIBarOT u3oTepmoit aacopouuu: I = f(c) wim I' = f(p) npu T =
const.

Cy1iecTByeT HECKOJIBKO YpaBHEHUI M30TEPM a1copOIuu, HO HanboJiee 4acTo UCIOIb3YIOTCS
ypaBHeHnus JIanrmropa u OpeiHumxa.

3aBUCHMOCTD BEJIMYHMHBI aJCOPOIMU OT KOHIIeHTparuu aacopoenta (T = const) BeipakaeTcs
ypaBHeHueM JIsHrmropa:

F = Fmax[KC /(1+ KC)],

rae I — BenuunHa agopOunu; [ max - MaKCUMaJIbHAsI BEJIMYMHA a/ICOPOLINHU, 00YCIOBICHHAS
MOBEPXHOCThIO ancopOenta; K — KOHCTaHTa aJCOpOIMOHHOIO PAaBHOBECUS, ¢ — PaBHOBECHas
KOHIIEHTpalus aacopOeHTa.

[Ipu BbIBOAE ypaBHeHHs JIHTMIOpa OBUIO CAETAHO MPEAINOJIOKEHHE, YTO IOBEPXHOCTh
ajicopOeHTa OHOPOAHA U IPH MAaKCUMAJIBHOM 3aIIOJTHEHUH 00pa3yeTcss MOHOMOJIEKYIISPHBIN CIIOM.
OtHotenue I/ I'max = @ HaA3BIBACTCS CMeEneHbio 3an0HeHUs No8epXHOoCmuU aicopOaToOM.

Bripaszus ypaBHeHue JIsHrMIOpa B BUJE:

]/F: ]/Fmax + ]/(FmaxKC)

HOJIy4atoT JIMHEHHYI0 3aBUCUMOCTh [/1 ot 1/c.

I'paduueckoe n3o0paxkeHue U30TEPMbI ancopOimu JISHrMIOpa B IBYX (hopMax MmpeacTaBIeHO
Ha puc 5.1. Ha ocu opauHat otcekaeTcst oTpe3ok, paBHbIN 1/ Imax , a tg oo = 1/ (I'max K)

I r

Fmax ]/Fmax [04

c 1/c
Puc. 5.1 U3orepma JIrarmiopa B 1ByX opmax.

W3 rpaduka, mocTpoeHHOro B KoopauHatax [/I"- I/c, MOXHO pacCUMTaTh MaKCHUMAIbHYIO
BeNMYMHY ancopOoumu (Imax) M 3aTeM IO ypaBHEHHIO JISHIMIOpa KOHCTaHTY aJCOPOIIMOHHOTO
paBHOBecus (K).

N3otepma JIsHrMiopa peko coOaroaaeTcsi B pealbHOCTH, T.K. YCIOBHS, 3aI0)KEHHBIE TPU €
BbIBOJIE, coOmonatorca penko. IlosTomy mnpemsiokeHbl Jpyrue YpaBHEHMs, B KOTOPBIX
MCIIOJIb3YIOTCSl HECKOJIBKO MHBIe nomymieHud. I'.dpeiinmx B 1906 r. npennokun sMIupruIecKoe
ypaBHEHUE U30TepMbI (ypaBHeHHE DpelHIXa):

I'=Kyc",
rae Ky ¥ N - DOCTOSHHBIE.

VYpaBuenne OpeitHanuxa coOMromaeTcs TpH afACcOpPOIMHM HEKOTOPBIX BEMIECTB B 00JACTH
cpeanux 3anonaenuit (0 = 0,2 - 0,8).

5.2 MNopsaok BbINOSIHEHUST paboThl

B nannoit pabore BenuuuHy ajacopobunu (/) pacCUMTBHIBAIOT KaK PAa3HOCTb MEXAY YHCIOM
MOJIb YKCYCHOW KHCIIOTBI B 00beMe KOJIObI 710 aacopOimu (No) 1 mociie aacoporimu (N):

F:no'n.

KOHL[CHTpaI_II/IIO chyCHOﬁ KHCJIOTBI B paCTBOPC paCCYUTHIBAIOT 110 3aKOHY 3KBUBAJICHTOB!
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c3K8(K)VK = Coxes(y) Vm y

IZI€ Coxs(i)y Coxe(w) - MOJIAPHBIE KOHLIEHTPALMU SKBUBAJIEHTOB (HOPMAJIBHOCTH) PacTBOPOB
KHCJIOTHI M LIeNI0YH, MOJIB/TT;, Vi , Vi - 00beM pacTBOPOB KHCIIOTHI M LIIEJIOYH, MII.

KoHcTanTy a/1copOLIMOHHOTO paBHOBECHS PACCUUTHIBAIOT 110 YpaBHEHUIO JISHTMIOpa.

1. Ha TexHOXMMHMUYECKHX Becax BO3bMHUTE ISATh HaBeCOK MO 1,0 I' akTUBMPOBAHHOIO yIUIi U
BHECHUTE UX B YUCThIE CyXue KoJ0bl. MepHBIM MIMHIPOM BIIETE B KOJIOBI (KOJIOBI IPOHYMEPYITE)
no 50 mia (3apaHee MPUTrOTOBIEHHOTO B XMMHMUYeCKOM cTakaHe Ha 100 mu1) pacTBopa yKCyCHOH
KHCJIOTBl Pa3JIMYHON KOHLIEHTpaluuy (10 YKA3aHUIO NpenojaBaress) B IEPBYI0 KOJIOY - pacTBOp
1, BO BTOpYIO - pacTBOp 2, B TPETHIO - PacTBOpP 3, B UETBEPTYIO - pacTBOp 4, B IATYIO - pacTBoOp 5.
Jliis yckopeHus npoluecca afacopOLuy epuoAndecky B30anThIBaiiTe Coaep>KUMoe Kouio.

2. lns omnpeneneHusl UICXOAHON KOHLIEHTpAlMKM PacTBOPAa YKCYCHOM KHCJIOTHI B KOHUYECKYIO
K00y oTOepute nunetkord 10 M pactBopa 1, nobasere 1-2 xammm geHondranernna u OTTUTPYHTE.
s atoro Oroperky 3anonaute 0,1 H. pactBopom NaOH no HyneBoro neneHus u npuiuBaiiTe u3
Hee 110 KaIuIAM pacTBOpP LIEJIOYHM B KUCIOTY O Te€X IOp, MOKa OT OJHOM Karuld M30bITKa pacTBOpa
IEJ0YH AHAIM3UPYEMBIA PACTBOP HE OKPACUTCS B PO3OBBIM 1BET, HE HCUE3AIONIMN IpHU
nepeMeIuBaHUH.

IloBropure THUTpOBaHME eme JABa pa3a. Pe3ynprarbl ABYX TUTPOBAaHUM HE JOJIKHBI
oTIMYaThes APYr OT apyra 6onee ueM Ha 0,1 mir.

3. AHaNOTrMYHO NpOaHAIM3UPYHTE UCXO/IHBIE PacTBOPHI 2, 3, 4 u 5. Pe3ynbTaTel TUTPOBAHUS
(Vo) BHECHTE B TabmHILY.

4. Yepes 2025 MuHYT mociie Havyana aJacopOIuy OTUIBTPYITE pacTBOPHI Yepe3 OyMakKHbIH
GUIbTp B KOHUYECKHE KOJIOBI U OIIpeJeNuTe B (pUIbTpaTax PaBHOBECHbIE KOHIIEHTPALUU YKCYCHON
KHCJIOTHI TakK K€, KaK ObUIM OIpPEAEICHbI UCXOHbIC KOHLEHTpauuu. Pesynbrarsl TuTpoBanus (V)
BHECHTE B TaONIHULLy.

5. Ilo pe3ynpraraMm OmbITa pacCYUTAUTE: MOJSPHYIO KOHIIEHTPALMIO PAaCTBOPOB YKCYCHOM
KHCIIOTHI JI0 aJicopOIuu (co) U Tmocie aacopouuu (c), MOJb/T; YUCIO MOJIb YKCYCHOU KHCIIOTHI B
obBemMe KoJOBl 70 aacopoumu (N,) U mocie ancopomuu (N); BenuduHy aacopouuu (I7), MONbB/T;
3Havenue I/c, Mosb 1n; 3Hauenue 1/, Momb .

6. Pe3ynbTarhl pacueToB CBEAUTE B TAOIUILY:

Ne O6wem Konuentpanusa | Ywucno monb
ombiTa | pactBopa NaOH | p-pa CH3COOH, | CH3COOH B r e Ur
MOJIB/1 50 mu p-pa
Vo \Y Co c No n

1

2

3

4

5

7. Ha wmunnumerpoBoil Oymare mocTpoiite rpaduku 3aBUCHUMOCTH  aJCOpPOLUH  OT
xonneHtpanun CH3COOH B pactBope B koopaunarax: 1) I—c; 2) 1/I"— 1/c.

8. U3 Broporo rpaduxa omnpenenutre [/Imax W paccuuTaiTe MaKCHUMAJIbHOE 3HAUYECHUE
agcopoumu (I max).

9. PaccumTaiiTe KOHCTaHTY aacOpOLEOHHOro paBHOBecus (K).

10. Cpopmymupyiite 1 3anuImMTE BHIBOJBI IO PAGOTE.

OT4YeT 1o JIA00PATOPHOIi padoTe JOKEH CONePKaATh:
— Ha3BaHUE U LIeJb paboThI;
— CXeMY YCTaHOBKH CO CHeIH(pHUKAIUEH;
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— 3aIl0JIHEHHYIO HTOTOBYIO TaOIUILY;
— pacueTsl KOHIIEHTPAIIUH YKCYCHOW KHUCIIOTHI B paCTBOpPE A0 M MOCIE aacopOnuy;
— rpaduku 3aBucumoctH aacopOiun ot konnentpauun CH3COOH B pactBope B
koopauHatax: 1) I—c; 2) 1/I"— 1/c;
— pacyetsl 1/ max , MAKCUMAJIBHOTO 3HaUCHHS acOoPOIHH (/ max) 1 KOHCTAHTBI
agcopOImonHoro paBHoBecus (K);
— BBIBOJI 110 padoTe.

JlabGoparopHnasi padora Ne 6
N3YYEHUE KWHETUKH KOHBEKTUBHOM CYIIIKH
KAIMWIJIAPHO-TIOPUCTBIX MATEPHUAJIOB
B TYHHEJBHOM CYIINJIKE

Llenv pabomvr — 3KCIEPUMEHTANIbHOE HU3Y4YEHHE
KUHETUKA  KOHBEKTHMBHOM  CYIIKM  KalWUIIPHO—
MIOPUCTBIX MaTEpPUAJIOB.

6.1 OcHOBHble onpeaeneHus n Teopusi npouecca

Cywxa — mpolecc yIaleHHs BIard U3 MaTepualloB. Biiary MOXHO yIanuTh MexaHuuecKum
croco0oM (OT)KUMOM, (UIBTPOBAHUEM, NEHTPUDYTUPOBAHHEM) WIH MENI08biM T.€. IIyTEM
UCIApEeHMs BIard U 0TBOAA 00Pa3yIOLIMXCs 1apoB.

B nuieBoii pOMBIIIIEHHOCTH CYILIKA SIBJISIETCS OJJHUM W3 OCHOBHBIX IPOLIECCOB U IPUMEHSIETCS
NPaKTUYECKN BO BCEX IPOU3BOACTBAaX. B CBeKocaxapHOM IPOM3BOACTBE CYLIKE IOJBEpPracrcs caxap-
IIECOK, caxap-paduHa], a TaKKe OTXOAbl MPOM3BOJACTBA — >KOM. BOJIBIIYIO pONb CyIIKa WIpaeT B
CIIUPTOBOM U ITMBOBAPEHHOM INPOU3BOACTBE, NP MOJYYEHUH CIYLIEHHOIO MOJIOKA, CyXUX (PpyKTOB U
OBOIICH, XJIEOHBIX Ccyxaped W T.JO. B psne MpoW3BOICTB CyIIKa SIBISCTCS 3aKITFOYUTEIIBHBIM ITArloM
TEXHOJIOTMYECKOT0 MPOLIECcCa, ONMPEALIISIONIEM KaueCTBO TOTOBOIO MPOAYKTa (IPOM3BOJCTBO MaKapoH,
MACTHIIBL, CyXO(PYKTOB U JIp.).

ITo cBoell ¢u3Myeckoi CYyIIHOCTH CyIIKa SIBISETCS COYETAHMEM CBSA3aHHBIX IPYr C JPYromMm
NPOLIECCOB Macco- U meniooomena. Y JajleHue BJIard Mpu CYIIKEe CBOAWUTCSA K MEPEMELICHHIO Terja U
BJIar¥ BHYTPU MaTeprajia U UX NEPEHOCY € MOBEPXHOCTH MaTeprasia B OKPY>KarOIILYIO CPELy.

AHHapaTLI UL TIPOBECACHHA TIPOLCCCa CYHIKW HA3BIBAKOTCA CYUUUIKAMU. OCHOBHBIM KOHCTPYKTHBHBIM
OTIIMYUEM CYIIUIIOK SIBJIACTCA cIIoco0 noaBoAa TCIJIa B YCTAHOBKY.

Ilo cnocoby noosoda menniomsi X BBICYIIMBAEMOMY MAaTE€pUaly pasiIMyarOT CIEAYIOLME BHIBI
CYIIKU: KOHBEKMUBHAS, KOHMAKMHAS, PAOUAYUOHHASL, OUDTEKMPUYECKAs, CYOTUMAYUOHHAS.

Haubonee pacnpocTpaHeHbl B MHUILEBOW MPOMBIIIIIEHHOCTH KOHGekmusHbvle cyuwiunku. [lporecce
CYILIKU B KOHBEKTHBHBIX CYIIMJIKAX OCYILECTBIISIETCS ITyTEM HEMOCPEICTBEHHOIO KOHTAKTa CYIIMILHOTO
areHra ¢ BI@XHBIM MaTepuayioM. [IpuHymuTenbHas Mojaya CyIIMJIBHOTO areHTa OCYLIECTBIIETCS
BeHTWIATOpaMu. C I1eJIbI0 YBEMYEHUS CYIIMJIBHOM CIHOCOOHOCTH CYIIMJIBHBIA areHT IOJIBEPraroT
TeMIIepaTypHOMY BO3ZICHCTBUIO (HarpeBaHHIO B Kanmopudepe). B kauecTBe CyIIMIBHOrO areHTa yarie
BCEr0 HCIONB3YIOT BO3yX HJIM TOMOYHBIE ra3bl. B ciydae HEOOXOIMMOCTH YIIAaBIMBAHUS YaCTHII
BBICYIIMBAEMOI0 MaTEpHajla Ha BBIXOJE U3 CYIIMJIBHON YCTAHOBKH YCTaHABJIMBAIOT LIUKJIOH.

C nenbio COXpaHEHMsI KauecTBa MPOAYKIMHU NPU CYLIKE MUIIEBOTO ChIphsl TeMIeparypa s
MIOZIABJISIIOIIET0 KOJIMYECTBA MAaTEPUANIOB HE JOJDKHA mpeBbimars 60°C, 4To cKa3bIBaeTCs Ha KUHETHKE
nporecca CyIIKH.

OnHUM 13 caMbIX PaclpOCTPAHEHHBIX THIIOB KOHBEKTHBHBIX CYIIWIOK SBJISIFOTCSI TYHHEIIBHBIE
CYIIWIKY, TIPUMEHsIEMbIe JJI CYIIKH OBOIIEH, (PYKTOB, SAroj, rpuO0B, OPEXOB U JIEKAPCTBEHHBIX
pacTeHuu u ap.

OOmmii BUA TakoW CYIIMIIKK TIpefcTaBieH Ha pucyHKe 6.1. OCHOBHBIM JIEMEHTOM CYIIHJIKA
SBJISIETCS KOpIYC 1 B KOTOPOM I10 HANPABIISAIOUIMM 2 TIEpEMEIAI0TCsl BATOHETKU 3 C BBICYIIIMBAEMbIM
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MareprasioM. C LEnblo JIydIIMX YCJIOBUM OMBIBaHHMSI MaTepuaja BO3AYXOM WM TONOYHBIMU Ta3amMH
CTEJUIAKU B BarOHETKAX JIENIAI0TCS U3 CETOK.

0s {t7
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/ 1 -
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OO0 00 000 (ol

Pucynok 6.1. TyHHenbHas cymmika:
1 — xopmyc; 2 — HanpaBIAOIINE; 3 — BAaTOHETKH; 4 — BXOT
BJI&KHOT'O MaTtepuaia; 5 — BXOJ CyIIMIBLHOTO areHTa; 6 —

KaHaﬂ RRIXOTT RRICVITTEHHOTO MATENUATIA® 7 — RRIXOTT CVITTUTTRHOTO TyHHeJ'[LHOI\/JI
CYIIMJIKH UMEET TPU OCHOBHBIC 30HBIL: 30HY NOO20MOGKU, 30HY 002CUcA U 30HY OXIANCOCHUS.
CriepBa B CyIIHIIKE TPOUCXOIUT TOCYIIKA U TIOAOTPEB MPOILYKIIMH, 3aTEM TEIEKKH MPOXOIAT Yepes3
30HY 00XMra, TJe MOABEPTraloTCsl BO3JCHCTBUIO BRICOKUX TEMIIEPATYP, MOCIIE YETO BHIXOIST B 30HY
OXJIAKJICHUS. BEHTHIIATOp HArHETAeT BO3AYX B CYIIMIKY B 30HE OXJIKICHUS, a TOPSIHIA BO3IYX OT
OCTBIBAIOIICH MPOAYKIIUU BHIBOJUTCS B 30HY O0KHTa.

Brnaxxneie Marepuaibl, KOTOpBIE IIOJBEPTAIOTCS CYIIKE, PAa3ACIAIOTCS  HA  JHCUOKOCHU,
coJepkaiiie Biary (UCTUHHBIC W KOJUIOMIHBIE PACTBOPBI) U meepovle meid, COIACPKAIIUe BIIary
(caxap, coJb, KOJUTOMTHO-AUCIIEPCHBIE CHCTEMBI — T'€JH, KalMJUISIPHO-TIOPUCTHIE MaTepUAIIBI U JIP.).

OCOOEHHOCTH CTPOEHHSI KANWJISIPHO-TIOPUCTBIX MaTepuasioB (3epHO, XJied, Koka u Jp.)
00yCIaBIMBAIOT SIBJICHUS YCAOKY W YBEITHMUCHHS XPYNKOCMU MaTepHalia IPU CYIIKE, YTO TO3BOJISIET
npeBpamaTh UX B MOPOIIOK (HAPUMED, B MYKY).

[Mox ernascnocmovio matepuana W, moHIMaeTCsi BRIPAKEHHOE B MIPOIICHTAX COAEPIKaHUE BOJIBI
B 0011l Macce MaTepuana:

W = (Gex/ G)- 100% , (6.1)
rae Ggy— Macca Boabl (Braru), kr; G — o0mrast Macca MaTepuana, Kr.

CootBeTcTBeHHO, 00mas macca Matepuana G = Ge + Gy, peacTaBiisier coboil cymMmy Macc
cyxoro BeiectBa (Ges, Kr) ¥ BOIbI (Ggy, KT).

B mporecce cymkm macca Cyxoro BEIIECTBA HE MEHSETCS, YTO 3HAYUTENFHO YIPOIIaeT
pacueThl.

B psine cmyuaeB ynoOHee pacCUMTBIBATh HE BIAXKHOCTB, a 671d20Co0epiicaniie MaTeprana, U:

u = Gen/ (G - GBn) nnum u=w/ (100 - W)
(6.2)

6.2 Nopsaok BbINONHEHNSA paboThl

1. TTo yka3aHus peroaaBarelis B3BECHTD MOPIIHIO CYXOTO KaWLIIPHO-TTIOPHUCTOTO
MaTepuana (MIIeHUIIa, MaKapOHHBIE U3AeTHs, KpyIbl WK 1p.) Ges, KT ¥ IOMECTHTH €€ B
XUMHYECKUN cTakaH 00bemoM 200 mut.

2. o yxazaHuio npenojaBaTesis J00aBUTh K B3BEIICHHOH MOPIIMH CYXOT0o MaTepHuaa
HE00XO0IUMOE TS YBIIAKHEHUS KOJINIECTBO BOJIBI Gyy, KT.

3. Paccunrats o0mIyro Maccy yBiakHeHHOTO Martepuaiia: G = Geg + Gg.

4. TiaTenbHO M aKKypaTHO MepeMeIIaTh CyXoil MaTepual ¢ BoJOH, 100MBasCh
PaBHOMEPHOCTH YBIJIAKHEHHUSI.

5. B3BecuTh NMycTyr0 BAaroHETKY TYHHEJIBHOM CYIIMIIKH, C 3aKPETJICHHBIM K HEi
TEPMOMETPOM Mgar, KT.
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6. IlepeHecTn yBIAXXHEHHBI MaTepual B BAroHETKy TyHHEIbHOW cymmiku. llpu stom
U3MEpUTENIbHAs YacTh TEPMOMETpA JI0JKHA OBITh IOTPYKEeHA B 00beM MaTepHalia Ha MOJOBUHY €ro
BBICOTHI.

7. B3BecUTb 3aII0JTHEHHYIO YBJIQKHEHHBIM MAaT€pPUAIOM BaroHETKY TYHHEIbHON CYIIUIIKHU: Mo
=G + Mgar, KT

8. OueHutsb B % moTepu MaTepuaia MpH nepeHoce U3 XMMHUUECKOro CTakaHa B BarOHETKY.

9. Paccumrars BiaxHocTh (Wo) u Biarocogepkanue (Up), HAXOJAIIEIOCS B BaroHETKE
Marepuana.

10. BkiIio4uuTh BEHTHJISATOP W Kajopudep TYHHENbHOW CYIIWIKH M TIOCIE IporpeBa
YCTaHOBKH JI0 33JJaHHOU TeMIepaTypbl IOMECTUTh B HEE€ BArOHETKY C YBIIAXXHEHHBIM MaTEPHAJIOM.

11. BKJIIOYUTH OTCUET BPEMEHHU.

12. B TeyeHne yka3aHHOrO MPENOIaBaTesieM BPEMEHH CYIIKU C UHTEPBAJIOM 1 MUH IIPOBECTH
cepuro u3 i-usmepenuii Temneparypsl ti°C, ¥ Macchl BATOHETKH C BBICYIIMBAEMBIM MaTEpPUAIOM Mi,
KT.

13. BeixiitounTh Kanmopudep, a 3atem, yepe3 1 MUHYTY, BeHTUIISTOP CYLIHIIKH.

14. Tlo pa3HOCTH Macc BaroHeTKH Mo, KI' M Mj ONpPeAeIuTh MacCy yAalleHHOW Ha i-3Tame
cymik BoAbl Ggyi, KT.

15. Paccuutats Biaaxuocts (Wi) u Biaarocojepkanue (Ui) MaTepuana JUis Kakaoro i-rama
9KCIIepUMeHTa 1o Gopmynam 6.1 u 6.2.

16. IlocTtpouth TEpMOrpamMMmy CYIIKHM — TEMIEPATYPHYIO KPHUBYI, XapaKTEPU3YIOIIYIO
CpeIHEOOBEMHYIO TeMIeparypy oOpaslia MaTepuaja B TEUYEHHE BCEro OKCIEpPUMEHTa B
koopauHarax t°C — t, mum.

17. TTocTpouTh KHHETUYECKYIO KPUBYIO CYILLIKH B KOOPIUHATAX U— T, MUH.

18. Ha moctpoeHHBbIX rpadukax yka3zaTh XapaKTEpHBIE YYaCTKH, COOTBETCTBYIOIIME MPOTPEBY
Marepuasia, HEpHo1y OCTOSHHON CKOPOCTH CYILIKU U MIEPUOAY MaJICHUsI CKOPOCTH IpoLiecca.

19. ChopmynupoBath U 3anucaTh BEIBOA IO padoTe.

OTueT 110 J1a00PATOPHOIi PadOTE J0KEH COAEPKATD:
— Ha3BaHUE U L1eJb paboThI;
— CXE€MY YCTaHOBKH CO CHeIH(pHUKAIUEH;
— pacueThl BIQXHOCTH W BIAroCoAepKaHus MaTepuaia JJisd KaXI0ro dTana dKCIePUMEHTa;
— TepMOrpamMMy CYHIKU B koopauHaTax t°C — ¢, mun,
— KMUHETUYECKYIO KPUBYIO CYIIIKA B KOOpAWHATAX U— T, MUH.
— OIIEHKY B % MOTEph MaTepuaia Ipu MNepeHoce U3 XUMUYECKOI0 CTaKaHa B BarOHETKY
CYLIUJIKY,
— BBIBOJI 110 padoTe.

JlaGopaTopHasi padora Ne 7
N3YUYEHUE MTPOIIECCA PA3JIEJEHUS
BUHAPHOM ’KUJIKOH CMECHU JUCTUJLISIIIUENA

Llenv pabomel — dKCHEPUMEHTANIBHOE HU3YYCHHE
OCOOEHHOCTEl  mporecca  pasfelieHuss OMHapHBIX
JKUIIKUX CMECEN TUCTHILIAIAEH.

7.1 OcHOBHble onpeaeneHuns n Teopusi npouecca

HepeZOHKa - CImocoo pasaciiCHuA MWK OYUCTKU BCHICCTB, OCHOBaHHBIII Ha Pa3JINYHBIX
TEMIICpATypPaAX KUIICHUA COCTABJIAIOIINX XKUJKOCTD JICTYYHX KOMIIOHCHTOB.

HCpCFOHKa MMPEACTaBJIAACT coboit mnmponece, Ipu KOTOPOM BCHICCTBA, BXOAAINHME B COCTAaB
CMECHU, NIYTEM HArp€BaHUA IIOCJICAOBATCIbHO IEPEBOAATCA B Hap006pa3H0e COCTOsIHUE, IIapbl
OTBOJAATCA B XOJIOAUWJIBHUK, TAC OHHU KOHIACHCHPYIOTCA B KHAKOCTb, INOCTYHNAKOUIYHO 3aTEM B
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npueMHUK. HeoOXoauMbIM ycloBHEM il HPOBEIEHHs 3TOr0 Mpolecca SBISAETCS pas3iudHas
JETY4eCTh pa3feisieMbIX KOMIIOHEHTOB IIPU OAHOM U TOM ke TeMIlepaTrype.

3a X0J0M Tmpolecca MEPeroHKH HaOIIOJAI0T MO IOKa3aHUSM TEPMOMETpa, BXOJSIIETO B
COCTaB IMEPEroHHbIX ycTaHOBOK. OmpeneneHue TeMIeparypbl KUIEHHS  KaXJIOro W3
NEPErOHSIOMINXCS BEIIECTB CIY)KUT OCHOBHBIM CIOCOOOM HICHTHU(HUKAIIMHM BEIIECTBA MPHU €ro
BBIJICJICHUU U OYUCTKE MEPErOHKOM.

Ha npakTike mupoKko MpUMEHSIOTCS TPH OCHOBHBIX CITOC00a MePErOHKH:

— [IeperoHKa IIPU HOPMAJILHOM JIaBJI€HUH (TIpocTast U (paKLUOHHAsA);
— IIeperoHKa Mpy MOHMKEHHOM J1aBJICHUH (IIEPErOHKa B BaKyyMe);
— IeperoHKa ¢ BOJSHBIM IIAPOM.

CymiecTByeT J1Ba BUa IEPETOHKU: npocmas nepeconka (Oucmuniayus) i pekmugurxayusi.

Ilpocmas nepezonka — TPOLECC OJHOKPATHOI'O YACTUYHOIO HCIAPEHUS JKUAKOW CMECH U
KOH/IeHcanuu oOpasyroniuxcs napoB. OHa MpUMEHUMA TOJIBKO JUIS pa3/iesIeHUus] CMeCeH, JIETy4ecTr
KOMIIOHEHTOB KOTOPBIX CYIIECTBEHHO OTJIMYAIOTCS, WM KOIJa TpeOyercs OTAEICHUE LEIEBOro
OPOAYKTa OT MPAKTUYECKU HEJIETy4yuX IpUMeced (Hampumep, MpU OYHUCTKE >KUIKOCTEH OT
MEXaHUYECKUX MTPUMEceil, HeJIeTydrX COJlel U T.I1.).

Pexmugpuxayua — mnponecc 0Oosee MNOIHOrO, MHOTOKPAaTHO IOBTOPSEMOIO pa3felieHus
TOMOTEHHBIX CMECEH JIETY4HX XKHUJIKOCTeH MyTeM ABYXCTOPOHHEIO Macco- U meniooomeHa MexXIy
KHUJIKOH ¥ TMapoBOil (a3amMu, HUMEIOIMMH pa3IHYHyl0 TeMIepaTypy M JABHKYIIMMHUCS
OTHOCUTEJIbHO ApYr Apyra. Pa3zneneHue cMecu Ha KOMIOHEHTHI B 3TOM Cilydae MPOMCXOAUT IpU
KOHTakTe (a3 W TO3BOJISIET TMOJIydaTh Napbl, MPEICTABISAIONINE COOOH TMOYTH YHCTHIN
HU3KOKUIISAIINN KOMIIOHEHT CMECH.

Cxema mnpocreiimeil 1abopaTOpHON yCTaHOBKHU IS NIPOCTOM NMEPEroHKH IpEeCTaBI€Ha Ha
puc.7.5.

llepeconka  npu  NOHUdNCEHHOM
OasneHuu  (TIEPErOHKa B  BaKyyMme)
NpPUMEHSIETCd  KOrja  IEeperoHsieMble
BEIIECTBA IOJHOCTHIO MJIM YaCTUYHO
pasziararoTcs Mpu TEMIIEpAType KUICHUS
(mpu arMmocdepHoM JnaBieHuu). Ecnu

MIEPETOHKY MIPOBOTUTH pH
MOHIKEHHOM JaBJICHUU, TO
TeMIIepaTypa KUIICHUS
Puc.7.5. Vcmanoexka Ons nepeconku npu BEIIECTB  IOHMXKAETCA, a 3HAYMT,
ammocgeprom Oasnenuu:  1- mieperoHHas YMEHBIIIAETCS WM BOBCE YCTpaHsETCA
kos0a (konba Bropia); BO3MOKHOCTb UX Pa3JIOKEHUSI.

2 - XOJIOAWIBLHUK; 3 - aJIOHXK; 4 - MPUEMHUK.

Ilepeconka ¢ 600sHbIM napom. DTUM CIIOCOOOM TOJIB3YIOTCS Ui BBIJENEHHUS U3 cMecei
BEIIIECTB, KOTOPBIE KHUIAT IPHU JOBOJBHO BBICOKOM TEMIIepaType, a IO3TOMY HE MCKIIOUYEHa
BO3MOYKHOCTB UX pa3jiokeHusd. [IeperoHsaTs ¢ BOASHBIM IIaPOM MOYKHO TOJIBKO TAKUE OPTaHUYECKUE
BEIIECTBA, KOTOpPHIE HEPACTBOPUMBI WM TPYAHOPACTBOPUMBI B BOJE, a TaKXKe HE
B3aUMOJeHcTBytoIue ¢ Hed. KpoMe 3Toro, 3TorT MeETOA NpPUMEHSETCS A pa3fesIeHus TaKUX
CMecel BEIIECTB, U3 KOTOPBIX TOJIBKO OJTHO YJIETYYMBAETCS C ITAPOM.

[IpeumymiecTBO 3TOr0 MeTOJA Mepe] OOBIYHON MEeperoHKOH 0COOEHHO SPKO MPOSBISAETCS B
TE€X CiydasX, KOrjJa OYMIIAeMbId NPOAYKT 3arpsi3HEH OOJBLIIMM KOJMYECTBOM CMOJIMCTBIX
IIpUMeECEH UM Pas3iaraeTcs MpU TEMIEPATYPE KUMICHUS 1a)Ke IO/ BAKYYMOM.

[Ipouecc mEperoHKH IMIMPOKO MCIONB3YETCs B MHILEBON HPOMBIIUIEHHOCTH, OCOOEHHO B
CIHMPTOBOM U JIMKEPO-BOJIOYHON TEXHOJIOTHH, B BUHOAETHH, B IPOU3BOJICTBE AIPUPHBIX MACEI U JIp.

B OCHOBY COBpEMEHHOH TEOPUM IUCTHWUIALMHM TOJIOKEHBI 3aKOHOMEPHOCTH NEPETOHKH
OunHapHbix cmecedt, ycranosieHHble J[.II.LKonoBamoBeiMm u M.C. BpeBckum, mo3BoOJSIONINE
KJIaCCU(UIIMPOBATh BCE BCTPEUAIOIINECS B IPUPO/Ie OMHAPHBIE CMECH JIETYUYHNX KOMIIOHEHTOB.
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3akoHbl KoHOBanOBa yCTaHABIMBAIOT CBSI3b MEXIY M3MEHEHUSIMU COCTaBa, JIaBJICHUS WU
TEeMIIepaTypbl B cucteMax JKuokocmo-Ilap.

Ilepswiii 3axon Komoeanosa: map o0orameH TeEM KOMIIOHEHTOM, J100aBJIEHHE KOTOPOIO K
JKUJKOCTU TOBBILIAET JaBJICHHUE Mapa HaJ HEW WIM MOHW)XXAET €€ TeMIepaTypy KWUIICHHUS; map
Bcerga oOoramieH HU3KOKHIISIIAM KOMIIOHGHTOM, Ye€M COOTBETCTBYIOIIAs €My paBHOBECHAs
Kugkas dasa.

Bmopou 3axon Konosanoea: eciy 3aBUCUMOCTb JIaBJIEHHUS W TEMIIEpaTypbl CMECH OT €€
COCTaBa MMEET JKCTpeMyM (MakCUMyM HJIM MUHUMYM), TO B 3TOM CJy4ae CMECh Ha3bIBAeTCS
a3eo0mponHoll, A1l KOTOPOH COCTaB JKUIKON (ha3bl U paBHOBECHOTO C HE Mapa OJJMHAKOBBI.

A3eoTporHasi CMechb He MOKET ObITh pa3jielieHa Ha KOMIIOHEHTHI MPOCTOM MeperoHkKoil, Tak
KaK JKHJIKas CMECh W Iapbl HAJ HEW UMEIOT OJUHAKOBBINA COCTAB.

Takum obOpazom, mnsg Ounapuoi cmecu (T.e. CMECH COCTOSIIEH M3 JIBYX KOMIIOHEHTOB),
NOJy4aeMblii TpPU TIEPEroHKe TMap COAEPKUT OoJbIIee KOJUYECTBO JIETKOJETYYero, WU
Huskokumsmero komnonenta (HK), a HeucnapuBmiasics KHIKOCTh — TPYIHOJETYYEro, HIU
BbIcOKOKHUTIIsIero komroHeHta (BK). Drta »xuumkocth Ha3bIBaeTCs ocmamkom, a KUIKOCTb,
MOJTyuYeHHasl B pe3y/ibTaTe KOHJICHCAIIMU MapoB, B 3aBUCMMOCTU OT BHJIAa MEPETOHKHU, HA3BIBACTCS
OUCMUAIAMOM VITA PeKMUDUKAMOM.

Jlna noBbieHus 3(QpQPEeKTUBHOCTH Mpollecca pas3leieHuss CMECH Ha KOMIIOHEHTHI IIHPOKO
MPUMEHSICTCS deghiecmayuss — MPOIECC YaCTUIHONW KOHJICHCAIMH MapOBOH CMECH B CICIIHALHBIX
ycTpoiicTBax — JnediermMaropax, MPUBOASIIMK K oOoramieHuio ocrtaBmuuiics dactu mapa HK.
OO0pa3yromasicst mpu dTOM KuKast pa3a Ha3bIBACTCS hreeMoll.

Ammapar Juisi IPOCTOi MeperoHKy Mo TPaJAuLIuU Ha3bIBaeTCs nepe2onHulil Kyo. [Ipocras
NeperoHKa B TakoM armapare 6e3 aedaermanmm 3¢ (eKTuBHA TOIBKO B TOM CIIy4ae, KOraa
MPUHSTHI MEPBI, TPEIOTBPALIAIOIINE BO3MOKHOCTE Ae(ierMaiuy — TIlaTelbHas
TEIUIOU30JISIMSL, PABHOMEPHBIA 000TpEB CTEHOK MEPETOHHOI0 Ky0a U TpyO MEXIy KyOOM U
KOHJEHCATOPOM (XOJIOJAWIBHUKOM), UTO TPEOYET NONMOTHUTENbHBIX 3aTpat. [loaTtomy Ha
MPaKTHKE KyOOBBIC ammaparbl CHa0XKaroT AedierMaropaMu, IPOCTSHIINM BAPHAHTOM KOTOPOTO
SBIISIETCS IILJIEM, YCTAaHOBIICHHBIN HaJ KyOOM, OXJIaKJaeMblii BO3ayxoM. boree coBepiiieHHbIE
KOHCTPYKITMH arlliapaToB JJIsl MPOCTON MEPErOHKH CHAOKEHHI iedierMaTopamMu Tapeab4aToro
TUTIA, WU CTIIEIIMATbHBIMUA EMKOCTSIMHU — CyXOTIApPHUKAMU.

B npouecce neperonku npouentHoe coaepxanre HK B kyOe HenpepsiBHO u3MeHsieTcs. B
HauaJe npoliecca oOpa3yromuecs napsl coaepxar oTHocuTensHo 6onbie HK, yem xunkas
¢a3za. [To Mepe nmeperoHku nmocreneHHo yMmenbiaercs coaepkanue HK B sxuakocTw,
ocTaBIIeics B Ky0e. OTo MPUBOJUT K TOMY, YTO IO MEpe MEePErOHKN YMEHbIIAETCs COepKaHNe
HK u B mape. [loaTomy nocnenoBareiabHO 0TOMpaeMble MOPIUH IUCTHILISATAa HEPABHOLICHHBI B
oTtHoueHuHu conepkanus HK. Tonpko nepBble MOpUUK JUCTHIUIATA CONEPKAT 3HAYUTENbHBIN
npoueHt HK. [To Mepe yBenrnueHns KoanyecTBa JUCTUIUIATA MTpolieHTHOE coaepkanue HK B
HEM MpHUOIMKAETCs K €r0 CO/Iep’KaHHIO B IEPBOHAYAIBHOM CMeCH.

D¢ heKTUBHOCTH TPOCTOM MEPETOHKNA OMHAPHOM CMECH 2MUN0BbIU CHUPM—B00Ad MOKET
OBITh OLICHEHA CpeTHUM cofepxkanueM (B %,00) cniupTa B TUCTHILIATE.

7.2 MNopsiaoK BbINOMHEHMS paboThbI

1. Ormeputs 100 M1 mepBoHauaIbLHONW OMHAPHOM CMECH 3MUI08bILL CNUPM—B00d,
conepxkarieit ~ 10 %, O6 criupTa.

2. IIpu momonm apeomMeTpa, IpeaHa3HaYeHHOTO TS OTIPE/ICTICHHUST COCTaBa BOIHO-
CIIUPTOBBIX CMECEH, TOUHO OIPEIEIUTD IPOLEHTHOE COJEPKAHUE ITUIIOBOIO CIIUPTA.

3. 1o rpaduxy 3aBUCUMOCTH MOKa3aTels MPETOMIICHUSI CMECH 2MMULOBbIU CHUPM—600d OT
COJIEp/KaHus CIUPTA IIPU JaHHOW TEMIIEPAType MPOBEPUTH NIPaBUIIBHOCTD ONPEAEICHHUS.

4. IlepenuTh BCIO HCXOTHYIO CMECh B IEPETOHHYIO KOOy armapara, ycTaHOBUTh
npocreinmii gedaermarop u repmomerp. [logcoeMHUTE KOJIOY K KOHJIEHCATOPY
(XOOIUIBHUKY), TIOJKIFOYEHHOMY K CHCTEME XOJIOHOTO BOJIOCHAOKEHHSI.
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5. IlpoBepuThb MPABUIBHOCTH MOJKIIOYEHHUS XOJIOAMIBHUKA, €r0 pab0oTOCTIOCOOHOCTD U
TFepMETUYHOCTb BCEX COEIMHEHUN YCTAaHOBKH.

6. IIpucoeAMHUTH K XOJOJWIBHUKY aJTOHX U YCTAHOBUTH MIPUEMHUK AUCTUILIATA.

7. Cobmrofiast mpaBujia TEXHUKH O€30IIaCHOCTH BKIIIOUUTH 000TpeB Kyoda.

8. HaGmroiaTh 3a MpOMCXOISAIIMMU BO BPEMEHU U3MEHEHUSIMU B CUCTEME U (PUKCHPOBATH
TeMIeparypy nporecca.

9. B MOMEHT Hayana KATIEHHUsI CMECH 3a(pUKCUPOBATh TEMIIEPATYPY M 3aIHUCHIBATH €€
HOCJIEIYyOIe 3HAYEHNs B TEUEHHE BCETO SKCIIEPUMEHTA.

10. [Ipu nmosiBIIEHUH MIEPBBIX KaIleslb CKOHACHCUPOBABIIMXCS B XOJIOIMIIBHUKE ITAPOB —
JUCTUIIIATA MUIETKON 0TOOpaTh Npoly U MpH MOMOLIM pedpakToOMeTpa ONpeaesuTh eé
[0Ka3aTeb MPEJIOMIICHUS.

11. Io rpa¢uky 3aBUCHMOCTH MOKAa3aTeNs MPEIOMIIEHUS CMECH dMULO08bIL CRUPM—800d OT
COJIepKaHuUs CIIUPTA MPH JAHHOM TeMIIepaType ONpeaesIuTh COAepIKaHue CIUPTa B TOJIOBHOM
(bpakuuu IUCTUILIATA.

12. Ilocne Toro, Kak B MpUEeMHHUKE cOOpaIOCh MPUMEPHO 2 MJI TUCTHIUIATA, 3aMEHUTh
MPUEMHUK Ha HOBBIN (IIycTOM) 11 0TOOpa cienyroen hpakiuu.

13. Iocne Toro, Kak B HOBOM ITPHEMHHUKE COOPAIOCHh MPUMEPHO 2 MII AUCTHILIATA
IUNETKON 0TOOpaTh Npo0y U NMPH MOMOIIHU pedpakToMeTpa ONpeaeTuTh €€ MoKa3aTellb
IIPETOMIICHUS.

14. o rpa¢uky 3aBUCHMOCTH MOKAa3aTes MPEIOMIEHUS CMECH dMUL08bIL CRUPM—800d OT
COJIepKaHUs CIIUPTA MPH JAHHOM TeMIIepaType ONPEIeNIUTh COACPKaHUe CITUPTa B TAHHON
(bpakuuu AUCTUILIATA.

15. CHoBa 3aMEHUTH IPUEMHUK Ha HOBBIH (ITycTOI) U MOBTOPUTH 11.13-14.

16. Ilponomxarh NOBTOPEHHE FIKCIIEPUMEHTA /10 TOT'O MOMEHTA, [T0Ka COCTaB AUCTUILIATA,
OIpE/ECNICHHBIN 10 0KA3aTeNI0 IPEJIOMIICHUS, HE CTAHET PaBHBIM COCTaBY UCXOJHOW CMECH.

17. Cobnrofast mpaBuiia TEXHUKU O€30IIaCHOCTH OTKJIFOUMTH 000rpeB Ky0a, U, yepe3 BpeMs
yKa3aHHOE MPETNoAaBaTesIeM, IIEPEKPHITh M0Ia4y BOABI B XOJIOMIBHUK YCTAHOBKH.

18. IIpoananuzupoBaTh 3¢ (HEKTUBHOCTh MEPETOHKH KaX 101 (ppakium.

19. ChopmymupoBats U 3ammcaTh BEIBOJL 110 paboTe.

OTueT 10 J1a00PATOPHOI PadoTe J10JIKEH CONEPKATD:
— Ha3BaHUE U 1eTb PaboTHI;
— CXeMY YCTaHOBKH CO CHEIH(pUKAIUEH;
— rpaduK 3aBUCUMOCTH TOKa3aTelsl MPETOMIICHUSI CMECH 9MULO8bIU CHUPIM—600d OT
COJIEpKaHUs CIUPTA IPH JaHHOU TEeMIIepaType;
— OLEHKY 3P PEKTUBHOCTH NMEPETOHKU Kax10H (ppaxium;
— BBIBOJI 110 paboTe.

JladopaTopuasi padora Ne 8
HNCCIEJOBAHUE KUHETUKHU SKCTPAT'NPOBAHUSA BOAOPACTBOPUMBIX
KOMITAHEHTOB KAIIWJIAPHO-IIOPUCTBIX MATEPUAJIOB

Llenv pabomsr — >KCHEPUMEHTANIbHOE H3Y4YEHHE
0coOEHHOCTE  mpolecca  AKCTparupoBaHUsl B
3aBHCHUMOCTH OT pa3jUYHbIX YCJIOBHM MpOBEIEHUS
nporecca.

8.1 OcHOBHble onpeaeneHus n Teopus npouecca

OxkcmpazupoéaHuem  Ha3bIBa€TCS  TMPOILECC HM3BICUEHUS OJHOTO HIIM  HECKOJIBKUX
KOMITOHEHTOB M3 CMECH BEIIECTB IyTeM OOpa0OTKU €€ KUIKUM PACTBOPUTEIEM, 00JIaJaloIuM
CIIOCOOHOCTBIO N30MPATEIHHO PACTBOPSATH TOIBKO U3BJIEKAEMbIE KOMIIOHEHTHI.
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@usnueckass CYHIIHOCTb O3KCTParupoBaHMs —3aKIIOYAeTCs B IEPEXo/ie  M3BIEKAEMOI0
(3KCTparupyemMoro) KOMIOHEHTA U3 OJHOM (a3bl ((KUIKOW WM TBEPIIOH) B a3y IKCTpareHra mnpu
UX B3aMMHOM COIPHKOCHOBEHUH. [Iporecc MOKET IpOBOIUTHCSA NEPUOTUUECKU HITH HETPEPHIBHO.

B nuieBoi npoMbIIIIEHHOCTH 3KCTPArupOBaHUE UCIOIB3YETCS B Pa3IMYHBIX OTPACIISIX: IS
NOJy4eHUsI U OUYUCTKH (padMHHPOBAHUS) caxapa, PACTHUTEIbHBIX Macell, PacTBOPUMOro Kode,
COKOB, BUTAMHUHOB, HACTOCK, MM1BA, KpaxMmaia, JIMKEPOBOIOUHBIX W31, OTBAPOB U T.J.

B 3aBucumoctH OT THma B3aMMOIEHCTBYIOIMX (ha3 MPOIECCHl SKCTPArMpOBAHUS HMEET JBE
Pa3HOBUAHOCTH:

Oxcmpazuposanue — nipoliecc B cucteme 16epdoe meno—Kuokocmo,

JKuokocmmuas sxempaxyus — ipouecc B cucteMe JKuoxkocmov—Kuokocme.

PacTBopuTens [y KMAKOCTHOM — SKCTpakuuMW  (9Kcmpazcenm)  JTOIDKEH — OTBEYaTh
orpezesIeHHBIM TPeOOBaHUSM:

— HE PaCTBOPSATCA B APYTrOM PACTBOPHUTENE, KOTOPBIN COAEPIKUT U3BJIEKAEMOE BEIIECTBO;
— CYILIECTBEHHO JIyYllle PacTBOPSTH SKCTParupyeMoe BEILIECTBO, YEM PACTBOPHUTENb, U3

KOTOPOTO 3TO BEILIECTBO U3BJIEKAETCS;

— HE JOJDKeH XMMHYECKH B3aMMOJCHCTBOBATH HU C HU3BIIEKAEMBIM BEILIECTBOM, HU C

PacTBOPUTEINIEM €T0 COAECPIKAIINM;

— JIETKO YAAJNSATHCS MPU BBICTICHUH U3 HETO U3BJIEKAEMOI0 BEIIECTBA,
— OBITH CPaBHUTENILHO OE30IIACHBIM B OOpaIllCHHUH.

B numeBod NPOMBINUIEHHOCTH IIHPOKOE PACHPOCTPAHEHHE TMONYYHIM pas3IdnyHbIe
OKCTPAreHTHl — BOJIA, STHIIOBBIM COHUPT, OCH3UH U Ap. [ sKCTparupoBaHusi pacTUTENBHBIX Macel
HIMPOKO HUCIIONIBb3YIOTCA PA3IMUHbIE CMECH OPTaHUYECKUX PACTBOPUTEIICH.

Yarmie Bcero KUAKOCTHON SKCTPAKIMH MPUXOAMUTCS MOABEPTraTh BOAHBIE pacTBOpPhL. OnuH U3
71a00paTOPHBIX METOJIOB COCTOMT B IMPOBEJIEHUU Mpollecca B ACTUTEIBHONH BOPOHKE, B KOTOPYIO
HAJIMBAIOT PACTBOP, IMOMJISKANUN DKCTPAKIUH, W SKCTPATHPYIOIIYI0 XUAKOCTH (He Oomee 2/3
o0bemMa BOPOHKH). [lenuTenbHy0 BOPOHKY 3aKPBIBAIOT MPOOKON U OCTOPOKHO BCTPSIXUBAIOT, TIOCTIE
YEro 3aKpeIuUIsIOT Ha IITaTUBE M OCTaBJSIOT B IOKOE IO MOJHOIO Pa3/esIeHUsl CIOEB JKUJIKOCTEH.
3areM OTKpBIBAIOT MPOOKY W KpPaH M MEJIEHHO CIMBAIOT HUXKHHUM cioil B cTakaH. OcraBmuiics
BEPXHUH CIIOH (9Kcmpaxm) BBUIMBAIOT Yepe3 BEpXHEE OTBEPCTHE BOPOHKU B JIPYTYIO TOCYAY.
[Toce 3TOro pacTBOpUTEIb OTTOHSIOT U MOJIYYaOT U3BJIEKAEMOE BEIIECTBO.

Jiss m3BIEUEHHsST HYXKHOTO TPOAYKTa W3 CMECH TBEPIBIX BENIECTB HWHOTZA JOCTaTOYHO
pa3Meriath 3Ty CMECh C MOAXOMSAIIUM pacTBOpPUTENEM, OTGUIBTPOBaTh (WM JEKAHTHUPOBATH)
MOJyYCHHBI pacTBOp ¥ BBIACIUTH W3 HEro HCKOMOE BemecTBo. llpm »3TOM cTemneHb
DKCTPArUpOBaHUs TIOBBIIIAETCS TMPU  TIIATEIILHOM  pa3MelIbU€HHWH TBEPAOrOo  BEIIECTBA.
O} PexTuBHOCTh Tpollecca YBEIWYUBACTCS TAKXK€ IMpPU NPUMEHEHUH H30BbITKAa PacTBOPHUTENS,
NepeMeNINBaHUH U MPU TIIATEIILHOM OTAETICHUH YKCTPAKTa OT OCTABIIETOCs Mocie GUIbTPOBAHUS
nopomika. [loBropeHne mporecca HECKOJIBKUMH MEHBIIMMHU TOPIUSMH CBEKETO PacTBOPUTEIS
JlaeT JIydllee U3BJIeUeHHEe, YeM MPOBEJICHHE €ro B OJWH MPUEM BCEM KOJIMYECTBOM PACTBOPHUTEISL.
Takoil BUA SKCTpAKLIHMH, TPOBOAUMBINA MPU KOMHATHOM TeMIEepaType, Ha3bIBaeTCA Mayepayuet, a
MIPU HarPEBAHUU - 0e2epupo8aHue.

CHOXHOCTh DKCTparupoBaHHs 3aKIFOYAETCSI B TOM, YTO CKOPOCTH IIPOIIECCa M3BJICUCHHS
IEJIEBBIX MPOAYKTOB OIpeNeNseTcss OOJbIIUM YHCIOM MapaMeTpoB, KOTOPhIE TPYIHO MOJIAI0TCS
0000mIeHn 0 1 aHanmu3y. Ha MexaHW3M W KHHETHKY MpoIlecca CYIIECTBEHHOE BIIMSHUE OKA3bIBAIOT
(bU3UKO-XMMHYECKHUE CBOMCTBA PACTBOPHUTENS U LIEJIEBOTO KOMIIOHEHTa, TeMIlepaTypa, JaBICHUE U
T.JI., @ TAK)KE BPeMsI IPOTEKAHUS TIPOIIecca U MTPOU3BOIUTENIEHOCTE O0OPY/IOBAHMS.

IIpomiecc akcTparupoBanusi Oazupyercs Ha 3aKkoHax JupQy3Md U PaBHOBECHOTO
pactpeneneHus TMepexoaIInX KOMIIOHEHTOB MEXay IByMs (azamu (oxcudkocmov—oicuoKocms,
meepooe  meno—icuokocmy). Ero nBWKymeH cuiod sABISETCS PAa3sHOCTh KOHIEHTpaluin
KOMITOHEHTOB B 9TUX (hazax.

B cooTBeTcTBUM C MEXaHU3MOM MpOIEcca CYIECTBEHHO OTIMYAIOTCS METObl MX MH)KEHEPHOTO
pacuera, W Kak CJEACTBUE, alllapaThbl Ui MPOBEICHHUS SKCTPAKIIMOHHBIX MPOIECCOB KOHCTPYKTUBHO
OTJIMYAIOTCS IPYT OT JIpyTa.
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MexaHu3M JKCTparupoBaHUs TBEPIOTO BEIIECTBA OTIMYACTCS OOJBIIEH CII0XHOCTBIO W
BKITIOYAET B ce0s TPH CTafuu: 1) MPOHUKAaHUE IKCTPAreHTa B MOPUCTYIO CTPYKTYPY TBEPAOTO Tela;
2) pacTBOpPEHHE IEIEBOTO KOMIIOHEHTA B IKCTpareHTe; 3) aud@y3usi pacCTBOPEHHOTO KOMIIOHEHTA B
OCHOBHYIO MacCy JKUJIKOCTH.

KonkpeTHble 00CTOSITENLCTBA MPHUBOIAT K TOMY, UYTO KaXJas M3 ITHX CTaAWd MOXKET
OIpeNeNiaTh CKOPOCTh Bcero mporecca. OMHAKO dYalle BCErO0 CKOPOCTh Ipolecca B IIEJIOM
JUMUTHUPYETCS TPEThel cTanuel, Kak Haubosee MeJICHHOM.

[TosTOMYy KMHETHKA TIepeHOca EJIEBOr0 KOMIIOHEHTa U3 YaCTHIl TBEpAOH (a3bl B CIIONIHYIO
Cpefdy dKCTpareHTa, B 00IleM ciiy4yae, ONMChIBACTCS ypaBHEHHEM KOHBEKTUBHON AU dy3HUH.

Ecnu u3BiiekaeMblii KOMIIOHEHT COJICPXKHUTCS B TIOPaxX TBEPAOTO BEIIECTBA B TBEPJIOM BUJIE, TO
OH TIOCJIEIOBATEIHHO PACTBOPSIETCS B M30MPATEIBHOM PacTBOPUTEIIE (IKCTPAreHTe), MPOHUKAIOIIEM
B TIOPBl MCXOJHOTO CIIOKHOTO TI0 COCTaBy TBEPAOTO BemiecTBa, MUGGOYHIUPYET K HAPYKHOH
MOBEPXHOCTU TIOCJIEIHET0 W 3aTeM IUPQPYHAUPYET OT ITOH MOBEPXHOCTH B OCHOBHYIO Maccy
KHUIKOCTH. Ecim W3BIEKaeMblii KOMIIOHEHT COJACPXKUTCS B TOpax TBEPJOrO BeEIIECTBA B
PacTBOPEHHOM COCTOSIHMH, TO MPOIECC SKCTPArHPOBAHUS CBOAMTCS K W3BJICUCHUIO PACTBOPEHHOTO
BEIIECTBA, KOTOPoe MUPPYHAUPYET U3 MOp TBEPJOrO BEIICCTBA B OCHOBHYIO MACCY KHJIKOCTH.
Takum 006pa3om, IpU IKCTParupoBaHUH PACIIPEICIIIEMOMY BEIIECTBY HEOOXOAUMO MPEOI0JIETh KaK
BHYTPCHHEE, TaK U BHeIIHee MU y3HOHHOE COMTPOTHBIICHUE.

[Tpu sKCcTparupoBaHNM M3 KAMWUIAPHO-TIOPHCTOTO MaTepHrajia MUTPAIHs PaclpeaessieMoro
BEIIECTBA B TBEpAOH (haze OOBIYHO OCYILIECTBIISCTCS TOCPEICTBOM MOJICKYISIpHOW TU(Py3HH.
[TnotHOCTE MM((Y3HOHHOTO MOTOKAa B MaTepuale, OTHECEHHYIO K €JUHHIIE €ro MOBEPXHOCTH,
onuchBalOT ypaBHeHHeM Duka c¢ wucnonb3zoBanueMm 3¢ dexkTuBHOro kodpdunuenta nupdysun
(koappuyuenma macconposoonocmir) De:

=—DeAc, (8.1)
rne | — Bexkrtop moTHOCTH UQQPY3MOHHOTO TOTOKA B pacueTe Ha MOJHOE CEYeHHUE
matepuana;, De — »addexktuHblii koddpdumment nuddys3un, 3aBUCAIMI OT CTPYKTYpPHBIX

apaMeTpoB MaTepuala; C — KOHLIEHTpalHs U3BIEKaeMOIro MaTepuania.

[TockonbKy 3KCTparupoBaHHe BELIECTBA B KaMWUIAPHO-MOPUCTOM MaTepuasie MPOUCXOJUT B
OCHOBHOM 32 CYET MOJIEKYJISIpHON Auddy3un B 00bemMe Mop, TO MOBEPXHOCTHOU qudy3ueil B cioe
3a4acTyI0 MOXKHO NPeHeOpeyb.

3aBucumocTh 3¢¢ekTuBHoro kodpduuuenta auddysun De or mapamerpoB mnopucToit
CTPYKTYpBI XapaKTepHU3yeTCsl COOTHOIIEHUEM:

De=D-e:Il1=D'm, (8.2)

rie D —koapduuuent nuddy3un B roMoreHHoM cpexne (uuctoit skuakoct); I —

kodpunmenT nuddy3Hoil nmpoHunaemMoctu; M = g/l — mapameTp, 3aBUCALIMI OT MOPUCTOCTU

CTPYKTYpBHI.
[Tponecc nepeHoca BelecTBa ONMUCHIBAETCS YPABHEHUEM MACCOIIPOBOIHOCTH:

M = -DF (dx/dl)r, (8.3)
riae M — Macca TIepeHeCeHHOTO BEIecTBa, KT; D — K03 DHUIMEHT MacCOMpOBOIHOCTH, M2/c; F
— MIOMmAAb TOBEPXHOCTH uacTul, M2, dx/dl — rpajMeHT KOHUEHTpAalMM BIOTL HAMPABICHHS
nuddysun, (Kr/M°)/M; T — BpeMs, C.
KoadduimeHT MacconpoBOIHOCTH ONPEENSETCS ONBITHBIM ITyTEM.
KommdecTBo BemiecTBa, OTBOAMMOTO C IMOBEPXHOCTH TBEPAOTO TelNa B KPYKAIOIIYIO
XKHUJIKOCTb, OIIPEJIENISETCS 110 YPaBHEHHIO!
M=pFX,-CO)r, (8.4)
rzae f — ko3 duumeHT MaccooTnaun B KHUIKOH (aze, M/c; X, — KOHLIEHTpAIHsI U3BIEKAeMOTro
BEIIECTBA Ha IOBEPXHOCTH TBEPAOTO Teja (Ha TPAHMIIE «TBEPIOE TEJIO — XKHUIKOCTHY), Kr/m3; C
— KOHLIEHTpAIHsI )KUJIKOCTH B JAHHBI MOMEHT BpeMEHH, KI/M3.
Benmnunna koddduinrenta maccooTmaud [ 3aBUCHT OT  THUAPOJWHAMHUYECKOW OOCTaHOBKH
(ycioBuii 00TEKaHUS YaCTHUIL KHUIKOCTHIO) M TEMITEPATYPhI KHIKOCTH.
[TpupaBHuBas npaBbie YacTu ypaBHeHui (8.3) u (8.4), HaxoanM:

_DF (dx/dl)t = BF(X, — C) © (8.5)
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[TpeoOpasys ypaBHeHue (8.5) pa3menuB mpaBylO 4acThb €ro Ha JIEBYIO M, OTOPOCHB 3HAaKH
MaTeMaTUYECKHX OINEepaTopoB, MoJlydaeM Oe3pa3MEepHBIM KOMIUIEKC — AU(PGY3UNOHHBIN KPUTEPHA
buo (Bi):

Bi = pI/D, (8.6)

rae | — ompenensirommii pasMep: sl TUIACTHHBI TIOJIOBHHA €€ TOJIIWHBI, Ul [HJIMHApPA U
chepsl — paauyc R.

Kputepuii buo otpaxaer momoOue mepeHOca paclpelelieHUI0 BeIIeCTBA Ha TPaHUIE
TBEPAOH W KUAKOW (a3 U MMeeT BaKHOE 3HAYCHHE JJIsl aHAJIM3a IPOIECCOB Maccomepeayuu ¢
y4acTueM TBepoi (asbl.

Kunernyeckuii pexxuM nud@dy3noHHOrO Mpolecca OMpPENesseTcs YUCICHHBIM 3HAYE€HUEM
kputepust buo Bi. YcmoBue Bi <<l (t.e. — 0) , o3Hayaer, YTO MpPOLECC MPOTEKACT BO
BHemHe U Py3nonHoir  obnmactu. Kunermka mporecca auMutupyercss — aud@y3nOHHBIM
COIIPOTHBIIEHUEM MOTPAHUYHOTO Ciosi. B 3TOM ciiydae mpouecc MOXKHO HHTEHCH(HUIIMPOBATH
aKTHUBM3AIMEH THIPOJUHAMHYECKOTO pexkrmMa (yBeIMYeHHEM OTHOCUTENIbHON CKOPOCTH JIBUXKEHUS
(a3, npuMeHeHne B3BEIIEHHOTO CIIOS U T.11.).

W3 »sTorO crenyer, 4TO yBEelIWYEHHE BHEUIHEH MAacCOOTAAuu SIBISETCS TJIABHBIM CPEICTBOM
MHTEHCU(UKAINH MTPOLIECCa SKCTPArHPOBAHNUS, YTO TIO3BOJISIET COKPATUTh €T0 MPOJOIKUTEILHOCTh
B JICCSITKU M COTHH pa3. OHAKO MOBBILIEHUE CKOPOCTH MPEMEIINBAHUS YBETUYUBAET KO OUIIUEHT
MacCOOTJaud U CIIOCOOCTBYET MHTECHCH(HKAIMKA SKCTParupoBaHMs TOJBKO MpU Maibix Bi, a B
YCIOBUSAX BHYTPUAN(PDY3UOHHOTO pEXHMMA YyXkKe HE OKa3blBaeT BIUSHUS Ha CKOPOCThH Ipoliecca
IKCTPArupoOBaHUsL.

YcnoBue Bi >>1 (T.e. — o0) CBHUAETENLCTBYET O BHYTPUAU(DGY3MOHHOM KHHETHUECKOM
pEeXUME, T.€. IKCTparupoBaHue orpeaeseTcss BHyTpeHHei nuddysueit n3sinekaeMoro BemecTna, u
KMHETHKA Tpolecca JUMUTHPYeTCs AU PY3HOHHBIM COMPOTUBIIEHHEM CaMOro marepuaia. B stom
ciydae Uil MHTEHCH(HUKALUU MPOIecca MOXKHO TOBBICHTH TEMIEPATypy, YTO MPUBOAUT K POCTY
kodp¢unmenta aud@y3un; MONKHO YMEHBIIUTH pa3Mepbl YacTUIl, U3MEHUTh UX (GopMy HUIU
HAJIO)KUTh BHEIIHUE MO (JIEKTPHUECKOE, HIEKTPOMArHUTHOE U Jp.), YCKOPSIOIINE BHYTPEHHUH
MacconepeHoc M T.J.

[Tpu meproanYecKOM MPOBEACHUH TPOIECCa CBSI3b MEXIY COACPKaHUEM DKCTParupyemMoro
BEIIIECTBA B TBEPJOM TeJl€ U OKPY)KAIOIIIEM €ro PacTBOPE BhIpaXKaeTcsl ypaBHEHHEM MaTepHAIbLHOTO
OanaHca:

Gi(Xu— X) = Gp(C — Cy), (8.7)

rae Gr — Macca TBepAoro BeuecTna, Kr; Gp — macca pactBoputens, Kr; Xy, Cy — HauaIbHbIE
KOHIIEHTPAIlMU HM3BJIEKAEMOTO BEIECTBA B PacTBOpE, HaXOMSIIEMCs B Mopax TBEPAOro Tela U B
sKcTparupyrome xxkunkoctu (dkctparente) (1=0); X, C — cpeaHre KOHIEHTPAIMUA H3BIEKAEMOTO
BEIIIECTBA B TBEPAOM TeJIe U pacTBOpPE B TeKyIIUii MOMEHT BpeMeHH T (X = C npu 1 — o).

YpaBuenue (8.7) MOXKHO PEACTABUTH B CIECTYIONIEM BH/IE:

C—Cu=b(Xu — X), (8.8)

rae b = G./Gp — k03hGUIHEHT, 3aBUCSIIHI OT KOHIICHTPAIIUU CYCIICH3HH.

Kunetuky mporiecca mepeHoca BelIeCTBa U3 TBEPAOTO Tela B KUIKOCTh MOXKHO OMHCATh
0000IIIeHHON 3aBUCUMOCTEIO !

(Xu —=X) I (Xa —Cy) = f (Fo,Bi,I',b) (8.9)

rae Fo = Dt/l — muddy3nonnsiit kpurepuii @ypoe; ' — cumruiekc reoMeTpruuecKoro
no100us, XapakTepu3yiuii Gopmy u pazMep dacTUIlbl (s iactuHel [ = 0).

3HaueHus kpurepueB Bi, U kospduumenta auddyuun D ompenenstoT MO  ONBITHBIM
JaHHBIM. 3Has OTH BEIWYMHBI U TpeacTaBuB ypaBHeHue (8.9) B ymoOHOM BuHIE, MOMKHO
paccynTaTh KOHIICHTpPAIMI0 X M3BJIEKAEMOT0 KOMITOHEHTa B TBEpPAOM Tele B JIFOOOW MOMEHT
BPEMEHH WM ONPEICNIUTh JIUTENBHOCTh Mpollecca OKCTPAKIUU TpU 3aJaHHON CTENeHU
W3BIICUCHMUS:

e=(Xu—-X)/Xu (8.10)
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8.2 MNopsiaok BbINONHEHMSA paboTbl

1. Ilo ykxa3anus mpenogaBaTesns B3BECUTh 4 OJJUHAKOBBIE OPIIUU CYXOTr0 KalUJUISIPHO-
MOPHUCTOr0 MaTepuaiia (4aii, HaTypaibHbIi Ko(e B 3epHaX WIH Jp.) U IOMECTUTH €€ B
MIpOHYMepoBaHHbIe XUMHuUeckue ctakanbl (Nel - No4) oobemom 100 mut.

2. JIse mopuuu (crakansl Nel u Ne2) mpu momoru 1abopaTopHON METbHUIIBI TOABEPTHYTH
THIATETLHOMY U3MEJIbUYEHHUIO.

3. Jlo6aBuTH KO BCeM MOPLUSAM Cyxoro Marepuaia o 50 mi BoJbl IpU HaYaJIbHON
temnepatype 20°C.

4. BxJtoudTh OTCYET BPEMEHH MpOIecca.

5. B Tedenue yka3zaHHOTO Mpeno/iaBaTesieM HHTEpBajia BpeMEeHH Ha0Jt01aTh 3a
IPOUCXOSAIIMMH U3MEHEHUSIMU B CUCTEME TP PA3JIUYHbBIX THAPOJIMHAMUYECKUX PEKUMAX:

— B crakaHe Ne 1 Bectu HaOII0IeHHE 32 U3MENIbUYEHHBIM 00Pa31OM MPU MOCTOSTHHOM

MHTEHCUBHOM I1€PEMEILIMBAHUN;

— B crakaHe Ne 2 BecTH HaOIIOACHHE 32 U3MENbYSHHBIM 00pa3I[oM 0e3 mepeMeIIBaHus;

— B ctakane Ne 3 BecTu HaOIrOIeHUE 32 HEU3MEIIBYSHHBIM 00pa3I[0M IPH MOCTOSHHOM

WHTEHCUBHOM IE€pPEMEIINBaHUU;

— B crakaHe Ne4 Bectu HaOmIOJCHHWE 3a HEW3MEIbYCHHBIM oOOpasioMm 0e3

MepeMenInBaHusl.

6. Db dexkTHBHOCTH Mpoliecca OLIEHUBATh BU3YAJIbHO, TyTEM CPAaBHEHUS ONITHYECKOM
IUIOTHOCTHU MOJTy4aeMBIX KCTPAKTOB B OJIMHAKOBBII HHTEPBAJI BPEMEHHU.

7. [loBTOpUTH 1.1-6 MOBBICUB HAYAIBHYIO TEMIIEpATypy 3KcTparenta (Boasi) 10 5S0°C.

8. [ToBTOpUTH 11.1-6 MOBHICKB HauaIbHYIO TEMIEPATypy dKcTparenta (Boasl) 1o 100°C.

9. Cnenaiite BBIBOJ O XapaKTepe KHHETUKHU HCCIIEA0BaHHOTO MPOIiecca B 3aBUCUMOCTH OT
HAYaJIbHOM TEMIEPaTyphl, CTENIEHU U3MENbUCHUS U TUAPOAUHAMUYECKOTO PEXKUMA.

10. CdhopmymupoBath U 3amMcaTh BEIBOJL 110 paboTe.

OTt4eT 1o J1a60PATOPHOIi PaGoTe T0JKEH CONEPKATH:
— Ha3BaHHE U LIEJTb PabOTHI;
— CXEMY YCTaHOBKH CO crienuduKaiueii;
— OIIEHKY XapaKTepa KHHETUKH UCCIIEIOBAHHOTO MPOIECCca B 3aBUCUMOCTH OT Ha4aIbHOMH
TEMIICPATYPHbI, CTCICHU U3MECJIIBYCHHUA U THAPOANHAMHNYCCKOTO pemHMa;
— BBIBOJI 110 padoTe.

4. TEIIVIOBBIE ITPOLIECCHI

K TemnoBsIM IpolieccaM OTHOCATCS NPOLIECCHI, CKOPOCTh KOTOPBIX NOJUYHMHSIETCS 3aKOHAM
Terionepenad. [IBmKyIas cuia TeIIOBBIX MPOIIECCOB — pa3HOCTh TeMmeparyp (AT).

TennoBble mpoluecchl MOTYT MPOXOAWTh Kak ©0€3 HM3MEHEHHUs arperaTHOro COCTOSIHUS
KOMIIOHEHTOB CUCTEMBI (Hacpes, oxaajcoeHue), TaKk U C U3MEHEHHWEM arperarHoro COCTOSHUS
(konOencayus, napoobpaszosanue (Kuneumue, 6vlnapuéaHue, CcyujeHue), 3AMOPANCUBAHUEC—
pasmopascusanue, niagneHue-omseepoeHue).

JlaGopaTopHbIii MpakTUKYM IO TEIJIOBBIM IpolieccaM B bpecTckom rocynapcTBEHHOM
TEXHUYECKOM YHHMBEPCUTETE BKIIIOUEH B IporpaMMmy Kypca «TeroTexHuka», IpelycCMOTPEHHOTO
pabounM y4eOHBIM IUIaHOM crernuanbHocTH 1-36 09 01 Mammebpl W anmapaThl THIIEBBIX
IIPOU3BO/CTB.
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PA3JIEJI KOHTPO.JISI 3SHAHUN

KoHTposibHBIE BOIIPOCH! U1 TEKYLIEH aTTeCTaluu

1. Kakum 001IMM 3aKOHOM ONUCHIBAIOTCA MPOIECChl muieBoil TexHonorun? Kak ero
MOYHO 3aIrucaTh?

2. CopeprkaHue U NOCIIEI0BATENBHOCTh PACUETOB alllapaToOB MUIIEBBIX TPOU3BO/ICTB.

Kaknmu mnokazarenssMu XapakTEepU3YIOTCS TMEPUOJUYECKUHA W HENPEPBHIBHBIN

nporeccel? X mpenmyIiiecTBa U HEJOCTATKH.

4. Kak paccuuThIBaloTCs 0O0BEMBI amnmapaTtoB MEPHOJUYECKOTO M HEMPEPHIBHOIO
IEUCTBUS?

5. YUem oOycrnaBnuBaeTcs HEOOXOJUMOCTh HCIOJIB30BAaHUS METO/AAa MOJEIHUPOBAHUS
IIPU MCCIIEJOBAHUU U pacyeTe anmnapaTroB?

6. Kax momyuator kputepun momoOusi? Kakue KpUTepuu THUIPOJUHAMHUECKOTO
nono6ust Bel 3Haere?

7. YTo Takoe yCIOBUS OJTHO3HAYHOCTH?

8.Uto Takoe KUAKOCTh, KAKUMH CBOMCTBAMHU OHA XapaKTEPHU3yeTCs?

9. Yem oTnmuaercs uaeaabHas KUAKOCTh OT PeaIbHON?

10.YTo Ha3bIBAIOT THIPOCTATHUECKUM JABICHHEM, KAKOBBI €0 OCHOBHbBIE CBOMCTBA?

11. KakoBO OCHOBHOE ypaBHEHHE IMIPOCTaTUKU?

12. YUto Ha3bIBatOT aOCOIIOTHBIM JIaBJICHUEM, U30BITOUHBIM JaBICHUEM, BAKYyMOM?

13. Chopmynupyiite 3akoH [lackas.

14. Kak onpenenuTs CUITY JaBJICHUS KUIAKOCTH HA TUIOCKYIO CTEHKY?

15. Kak omnpenensroTcss BEpTHKalIbHAsi M TOPU30HTAJIbHAS COCTABIIAIOIIME IMOJHOU

CHJIBI THIPOCTATHYECKOTO JIaBJIEHUS Ha KPUBOJMHEHHYIO TOBEPXHOCTh?

16. ChopmynupyiiTe 3aKk0H ApXuMesa.

17. Tlepeuncnere BUAbI U OCHOBHbBIE XapPAKTEPUCTUKH JIBMKEHUS )KUJIKOCTH.

18. Kak paccunrarts kputepuii Peitnonbaca?

19. ChopmynupyiiTe ypaBHEHHE HEPA3PHIBHOCTH MOTOKA KUAKOCTH.

20. Yem oTnnuarotcs ypaBHeHus: bepHyun 1t peaabHOM U peabHOM KUJKOCTH?

21. Kakuwe BuAbl THIPABIUYECKUX COMPOTUBJICHUM pa3NUYyarOT TpPH JBWKEHUU

HKUJKOCTH?

22. Kak paccuuTaTh MOTEPU HANIOPa B MECTHBIX COMPOTUBIICHUSAX ?

23. OT KakuX BEJIUYUH 3aBUCUT KOAD(PHUIIMEHT TUAPABINYECKOTO COMPOTHUBICHUS

pu TypOYJICHTHOM PEKUME ABUKECHUS KUIKOCTH?

24. Kak paccunTaTh CKOPOCTb M PACXO]l )KUIKOCTH IIPU UCTEUEHUU Yepe3 OTBEPCTHUS

¥ Hacaaku?

25. Kak knaccuuuupyroTcsi HaCOChl O MPUHILIUITY ASHCTBUSA?

26. IlepeurcnuTe OCHOBHbBIE TapaMeTPbl padOThl HACOCOB.

27. Kak onpeaenutsb Harop Hacoca?

28. [TpuHIMNO 1eUCTBUS M KOHCTPYKILIMS LIEHTPOOEKHOIO Hacoca.

29. Yrto Takoe paboyne XapakTepUCTUKH Hacoca?

30. Pabora 11eHTpoOSKHOTO Hacoca Ha CETh.

31. ITpuHIMNO KeWCTBHUS M KOHCTPYKIIHS OCEBOTO HAacoca.

32. IlpuHIMNI 1eWCTBUS M KOHCTPYKIUS SpiudTa.

33. Kak paccuuraTh TEOPETUIECKYIO TPOU3BOAUTEIHHOCTD MOPITHEBOTO Hacoca?

34. ITpuHIMI 1eWCTBUS U KOHCTPYKIIUSI MOHTEXKIO.

W
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35. IlpuHiun 1efdcTBUS M KOHCTPYKIIHS IUTyH>KEPHOTO Hacoca.

36. [IpuHIMI 1eWCTBUS U KOHCTPYKIHUS IIECTEPEHYATOr0 HAcoca.

37. IlpuHIMN 1eUCTBUS U KOHCTPYKIUS IIMOEPHOTO Hacoca

38. Kakue Brbl 3HaeTe HEOTHOPOAHBIC (TE€TEPOTCHHBIC) CHUCTEMBI?

39. HazoBute MeTo/bl pa3esieHusl HEOJHOPOAHBIX CUCTEM.

40. Kakue kpuTepuu TUAPOAMHAMUYECKOTO MOJ00US UCIOJIB3YIOTCS JJIsl ONMUCAHUS

mpoliecca OCaxaCHUs?

4]1. Kakue ypaBHEHHUS OIMCHIBAIOT TMPOIECC OCAKICHHUS TPH JIAMUHAPHOM U

TypOYJICHTHOM peKnuMax?

42. Metoapl THTEHCU(DUKAIINH MTPOLIECCa OCAXKICHHUS.

43. Kakue HeoTHOPOIHbBIE CUCTEMBI Pa3IeNaIOT METOAOM OTCTauBaHUA?

44, B uem 3akiroyaercsl pacdyeT OTCTOMHUKOB? Kakoi pasmep yacTull SIBIsS€TCS

ONpPEAECISIOIIUM?

45. OTCTOMHUKY KaKUX KOHCTPYKIIMM UCTIONB3YIOTCS JIsl pa3iesiCHUs

46. Kakue tunsl QriibTpaniuoOHHBIX TpolieccoB Bl 3HaeTe?

47. 3anuimuTe OCHOBHOE YpaBHEHUE JJI OIPEACIICHUsS CKOPOCTH (PUIIHTPOBAHMUS.

48. Yo siBnsieTCs ABUKYILEH CUIION Tpoiiecca PrIbTpOBaHUS?

49. Kakue nmapameTphl BIUSIOT Ha CKOPOCTh (PHIIBTpOBaHUSA?

50. Kakue ocHOBHbIE KOHCTPYKIMH (HiIbTpoB Bl 3HaeTe?

51. MeTo/1bl HHTEHCU(PUKAIIMKA CKOPOCTH mpoliecca GuiabTPOBaHHUS.

52. Kakumu MeTOAaMH MOXHO TMOBBICUTH 3((EKTHBHOCTH  pa3iesieHUs

HEOJTHOPOJIHBIX CMECEH 10 CPaBHEHUIO C OTCTaUBAHUEM?

53. Kakoii pakTop XxapakTepu3yeT pa3Iesionryto CToCOOHOCTh IIEHTPUQYT?

54. Yto sBisieTcs IBWXKYIIEW cuiaoi mporecca ueHTpudyrupoanus? KakoBo

COOTHOIIICHHE JIBIKYIIMX CHUJI B OTCTOWHUKAX U IIEHTpU(yTrax?

55. Uem oTiMuaroTCs KOHCTPYKIIMU CEMapaTOpOB [JIsl pa3leieHHs] SMYJIbCUUA U

CYCIICH3U?

56. Pacuer oTCTONHHBIX LIEHTPUQYT.

57. PacueT puibTpyronmx neHTpudyr HEMpepbIBHOTO JIEHCTBHS.

58. Jlaiite cpaBHUTENBHYIO OIEHKY 3(h(EKTUBHOCTH (UIBTPOBaHUS B (DUIbTpax u

neHTpudyrax.

59. IlpuHIMNI 1EWCTBUS U pacyeT TUIPOIUKIOHOB.

60. KakoBa 3dekTHBHOCTh PabOTHI PA3TMUHBIX MBUICYIABIUBAIONIUX YCTPONUCTB U
CTOMMOCTH OYHCTKH TI0 OTHOIIICHUIO K ITUKIIOHAM?

61. Kakum mokasareneM OICHUBAIOT pad0Ty MBLICYIABIUBAIOIIETO 000PYI0BAHUS?

62. YacTuupl Kakux pa3sMEpPOB MOTYT ObITh OCAXKIEHbI U3 Ta30BbIX MOTOKOB O]
JEHCTBUEM IPaBUTAITMOHHBIX CHIT?

63. B xakux ammapaTax MPOUCXOIHUT pa3feICHHE T'a30BBIX HEOJHOPOIHBIX CHCTEM
MOJT ICHCTBUEM MHEPITMOHHBIX U IICHTPOOCIKHBIX CHII?

64. JlocTomHCTBA ¥ HEJAOCTATKH ITMKJIOHA.

65. Kakue pakTopsl BIUAIOT Ha CTENIEHb OYMCTKH B ITUKJIOHAX ?

66. B yem 3akimrouaeTcs MOKpas O4ncTKa ra3oB? Ee HepocTaTky.

67. IlpuHIMT OCaXACHUS YaCTUII B JIEKTPUIECKOM TIOJIE.

68. Kakum 00pa3oM MOXHO JOCTUTHYTh CTENEHHM OYHMCTKH Ia30BOro MOTOKa OoJiee
99%.
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69. C kaxoil 1eNbl0 UCTIONB3YIOT MEePEMEIINBAHUE MPU MPOBEICHUN TOMOTEHHBIX U
reTepOreHHBIX MPOIECCOB B MUIIEBOIN MPOMBIILIIEHHOCTH?
70. Kakue cnocoObl nepemeninBanusi Bam n3BectHb?
71. C moMompblO0 KaKuX XapaKTePUCTUK CPABHUBAIOT MEXAY COOOW paziuyHbIC
nepeMennBarolme ycrpoicraa’?
72. Kakue  KOHCTPpYKIMHM  MEXaHMYECKMX  MEIIAJOK  MPUMEHSAIOTCS B
MIPOMBIIIUIEHHOCTH U YeM 00yCIIaBIUBaeTCA UX BIOOD?
73. Kakme KOHCTPYKTHMBHBIE TIPHEMbl HCIOJB3YIOT ISl  MPEAOTBPAILCHUS
00pa30BaHMsI BOPOHKH MPH MEPEMEIIUBAHUN?
74. C noMOIIbI0 KAKOTO KPUTEPUAIBHOTO YPABHEHUS OLIEHUBAKOTCS 3aTPaThl SHEPTHH
Ha TMIepeMEIINBaHNe KUAKUX cpen’?
75. I'padux 3aBUCUMOCTH KpUTEPUS MOIIHOCTH OT Rey,
76. Kakum 00pa3om ¢ MOMOIIBIO 3TOTO TpaduKa MOXKHO OMPEIEIUTh MOIHOCTB,
NOTPEOIIEMYIO MEIITATKOMN?
/7. B ueM CyIIHOCTb IPOLIECCOB 0OPAaTHOTO OCMOca U yabTpaduiapTpanun?
78. KakoBbl OOIIHOCTh M pa3Inuue ITUX MPOIIECCOB?
79. Jlnsg xakux Lened NPUMEHSIOTCS OOpaTHBI OCcMOC W yibTpaduibTpanus B
MUIIEBON TEXHOJIOTUN?
80. Kakoil mporecc JeKUT B 0OCHOBE 00paTHOro ocMmoca? UTo siBisieTcs IBUXKYILEH
CHJIOH Mpo1ieccoB 0OpPaTHOTO OCMOca U yIIbTpapuIbTpaiuun?
8l. UeM mNpUHIMIHATBGHO OTJIMYACTCS  yAbTpauiabTpanmus OT OOBIYHOTO
(bunbTpOBaHUS?
82. Kakme wmemOpaHBI WCHOJB3YIOTCSI B TMpoIeccaXx OOpaTHOTO ocMoca U
ynbTpaduibTpanun? KakuMu cBONCTBaMH JOJKHBI 001a1aTh MeMOpaHbI?
83. Kakue KOHCTpYKIIMH ammapaToB Ui MTPOBEAEHUS MPOIECCOB 0OPATHOIO OCMOca
U yIbTpaduIbTpaluy IPUMEHSIOTCS B MUIIEBBIX MPOU3BOICTBAX?
84. Kakue TeXHOJIOTHYEeCKUE TTPOIIECCHl MOYKHO OTHECTHU K TETIOOOMEHHBIM?
85. HazoBute crocoObl pacripocTpaHeHUs Teria.
86. Uto Takoe Terootaava, Tersonepenada? Ecth mu Mexay HUMU pazHuia?
87. HazoBuTe OCHOBHBIC ATaIlbl pacyeTa TEIUIOOOMEHHOM armapaTyphl.
88. C kakoil 1espIo COCTaBIISIIOT TEIJIOBOM OanaHc anmapara’?
89. 3anuirTe OCHOBHOE ypaBHEHUE TEIUIONEPEIAUH.
90. Kakoii pusnyeckuii CMbICT UMEET KOI(PPUITMEHT Teruionepeaaun’?
91. B yem 3aKiII09aeTcsi CMBIC 3aKOHA TEIIONMPOBOTHOCTH Dyphe?
92. dusnueckuii CMbICT KOYPPHUITMEHTA TETUIONPOBOAHOCTH?
93. Kakme mapaMeTpsl XapakTepu3yIOT TEIJIOOTAAadyy TIPU ECTECTBEHHOH U
BBIHYKJICHHON KOHBEKITUH?
94. Yo Ha3pIBacTCI KOHBEKTUBHOM TEIJIOOTIAUEH?
95. ChopmynupyiiTe 3akoH TeriooTnauu HerotoHa 1 00bACHUTE (PU3UUECKUI CMBICIT
kod(dureHTa TemIooTIaun.
96. 3amumute quddepeHImaIbHOe ypaBHEHNE KOHBEKTUBHOTO TEIII000MEHA.
97. TIlouemy mnpu pacyeTax KOHBEKTHBHOTO  TEIUIOOOMEHa  HUCHOJb3YIOT
KpUTEpHUATbHBIC YpaBHEHUS?
98. Kakue kpuTepuu TEIJIOBOTO U THUAPOIMHAMUYECKOTO TOJOOWS HCIONB3YIOTCS
IpU OMMCAHUKA KOHBEKTUBHOTO TeruiooOMeHa? Mx ¢puznyeckuit cMbICI.
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99. Kakume KpuTepuu WUCHOJB3YIOT IS OIMUCAHUA TEIUIOOTIAYM B YCIOBHSX
MEXaHUYECKOTO NIepeMelIuBaHus?

100. B yem 3axiro4aroTcsi 0COOCHHOCTH TEIUIOOT/AAUM MPU W3MEHEHUH arperaTHOro
coctostHusA? Kakoii kputepuit ux yuutbiBaetr? Ero ¢husudeckuii CMbICI.

101. 3anumure BbIpaKEHHUE, CBS3BIBAIONIEE MEXIy co0oil  KodduimeHt
TerIonepeaayr U Kod(PPUIUEHTh TeTIO0TIauH.

102. M3 kakux BeNMYMH CKJIQJbIBAETCS OOlIee TEPMHUUYECKOE COMPOTUBIICHUE
Terionepeaayn?

103. Yo siBnsieTCst ABMXKYILEH CHIION TETJI00OMEHHBIX MPOIECCOB?

104. Kakue cxeMbl OTHOCHUTEIHHOTO IBIKCHUS PabO4YuX cpea MPUMEHUTETHHO K
npolieccy Teronepenaun Bol 3Haere?

105. Ipu kakux ycIOBHUSX MPOMCXOAUT KOHACHCAlUs mapoB U ra3oB? Kakue BHIBI

KoHIeHcanuu BrI 3HaeTe?

106. Yrto Takoe TMOBEPXHOCTHAs KOHJACHCAIMS M B KakUX anmaparax oOHa

OCYIIIECTBIISIETCS?

107. B ueM oTiinuue Mexay MOKPBIMHU M CYXHUMH KOHAEHCAaTOpaMu?

108. Kakue TuIibl TEMJI000MEHHUKOB HanOoJiee MUPOKO MPUMEHSIOTCS B MHUIIEBON

MPOMBITIUIEHHOCTH ?

109. [Tpuniun paboThl OAHOXOIOBOTO KOXKYXOTPYOHOTO TETNIOOOMEHHHKA.

110. C xakoil I1ETBIO  HUCIOJB3YIOTCS  MHOTOXOJIOBBIE  KOXYXOTpPYOHBIC

TEMJI000MEHHUKH ?

111. B kakux ciayyasx UCIOJb3YIOT TEIJI000OMEHHUKH THUMa "Tpyda B TpyOe"?

112.  VcrpoiilcTBO W TOPUHIUI  palbOTHl  COMPAIbHBIX W I[JIACTHHYATHIX

TEMI000MEHHUKOB. VX TOCTOMHCTBA U HETOCTATKH.

113. HasHadyeHme W CYIIHOCTh TIpollecca BBIIApUBaHUA. ETro mpakTHdecKoe

WCITOJIb30BAaHUE B TTUIIICBOM MPOMBIIIJICHHOCTH.

114. Kak u3MEHSIIOTCSI CBOMCTBA PAaCTBOPA MPU BhINTApUBAHUU?

115. Kakue meronbl Beinapuanusi Bel 3Haete? Ux npeumyiiiecTBa u HEJOCTATKHY.

116. Yrto Takoe Tmosie3Has PA3HOCTh TEMIEpAaTyp M KaK OHA pacmlpeienseTcs B

MPOIIECCE BhIITAPUBAHUSA?

117. VI3 yero cKJIaIbIBAIOTCS TEMIIEPATypHbIE TOTEPU TIPHU BHIMTAPUBAHUN?

118. Crioco6bl PKOHOMUH TPEIOIIETO Tapa NPy BbITTAPUBAHUN?

119. B ueM 3akiro4aeTcsi pacueT BhIMAPHBIX YCTAHOBOK U MOPSAIOK €ro MPOBEACHUS?

120. KoHCTpyKITMHU BBITIAPHBIX YCTAaHOBOK. VX mpenmMyIiecTBa U HEAOCTATKH.

122. Kakue mporiecchl Ha3bIBAOTCS MacCoOOMeHHBIMU? [IpuBenTe MpUMEpHI.

123. B kakoM HampaBi€HUU M JO KAKOTO TMpejesia MPOTEKalT MacCOOOMEHHbIC

MPOLIECCHI?

124. TllpuBenute mnpuMepbl aHAJIOTMH Maccomepenayu, Terionepeaadn. Yem

OTJIMYAIOTCS 3T MPOLIECCHI?

125. CocraBbTe ypaBHEHHE MaTe€pUAIBLHOrO OajaHca MO BCEMY BEIIECTBY M IO

pacnpenensieMoMy KOMIIOHEHTY.

126. YUto xapakrepusyeT pabodast 1 paBHOBECHas TUHUU Tporiecca? Kak onpenenuth

HaIpaBJIeHUE Maccorepeaaan?

127. Kakoil 3aKOH OMKCHIBAET MEPEHOC BEMIECTBA M3 SApa MOTOKA K MOBEPXHOCTHU

pasnena da3?
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128. Tlouemy B pacyeTHON MpakTUKe TMOJB3YIOTCS He IuddepeHInaIbHBIMU
yYpaBHEHUSIMU MacCONEPEHOCa, a KPUTEPUATIbHBIMU ?

129. HazoBute kputepuu 1ud@py3noHHOTO MO00us U JaiTe ux (U3NIECKUI CMBICI.
130. B ueM ornuume B (opmMe 3aldCh OCHOBHOI'O YpaBHEHHUS Maccomepenadyu OT
OCHOBHOI'O YpaBHEHUS Teruionepeaadn?

131. Oxapakrtepusyiite nmOHATUA KOdPuuueHT auddy3uu, KodhPuUIMeHT
MaccooTnayu, kodpuureHt Macconepenayu. [lokaxuTe X B3aUMOCBSA3b.

132. KakoBa cyuHocTh abcopouuu ?

133. Yto siBnsieTcs ABMXKYIIEH cHIloi abcopOruu ?

134. Kak BrusieT pacxoa abcopOeHTa Ha pa3mepsl abcopdepa ? Moxet i abcopbep
paboTaTh TP MUHUMAJIBHOM pacxoje abcopOeHTta?

135. Kakue koHCTpyKIHU a6copOEepOB MPUMEHSIIOTCS B IPOMBILIUIEHHOCTH ?

136. Kakue mpumensitorcss Hacagku B abcopbepax ? Kakum TpeGOBaHHSIM JOJKHBI
YIOBIIETBOPSITH HACAIKHU ?

137. B yem 3akiarouaeTcs CYIIHOCTD Mpoliecca aicoporuu?

138. Kakue aacopOeHThl NPUMEHSIOTCA B MUIIEBOM MPOMBIIIIEHHOCTU. KakoBbl nx
o0nacTu NpUMEHEHus?

139. Kakue tpeOoBaHus MPeAbSIBISAIOTCA K ajicopOeHTam?

140. Kakue  KOHCTPYKUMU  aJCOPOCHTOB  MPUMEHSIOTCS B MHUIIEBON
POMBITIUIEHHOCTH ?

141. Ha yTo pacxoayercs TemioTa Npyu KOHBEKTUBHOM CYIIIKE?

142. Yem oTnmgaeTcs uaeaabHas CymIKa OT PeaIbHOM?

143. Kak mocTpouTh peanbHbIi MPOIECC CYIIKU B I-X nuarpamme?

144. Kakue u3BeCTHbI KOHCTPYKIIMN KOHBEKTUBHBIX CYIIMIIOK?

145. Kakue cnenuanbHble BUbI CYIIKH U3BECTHBI?

146. Yemy paBHsETCS pacXo]] TEIUIOTHI HA yIaJeHNue CBOOOIHOM Biaru?

147. Yemy paBHsieTCs 00U PacX0]] TETUIOTHI HA CYIIKY?

148. [Toyemy mpoiiecc CyIIKy pa3aessieTcsl Ha TIEPBBIA U BTOPOU TTEPUOIbI?

149. Kakue (hakTopsl OMpenestoT CKOPOCTh CYIIIKH B TIEPBOM Tepuoe?

150. Kakue (hakTopsl OnpenesnstoT CKOPOCTh CYIITIKH BO BTOPOM Tepuoje?

151. Ha uT0 pacxomyercs TerioTa npyu KOHBEKTUBHOM CyIITKe?

152. Yem oTinuaeTcs uaeaabHas CyIiKa OT peaibHON?

153. Kak mocTpouTh peaibHbIi MPOIECC CYIIKU B I-X quarpamMme?

154. Kakue n3BeCTHbl KOHCTPYKIIMM KOHBEKTUBHBIX CYIIMIIOK?

155. Kakue cnenuanbHble BUIbI CYIIKH U3BECTHBI?

156. Ha3znaueHue u CyIIHOCTD Mpoliecca dKCTpakiuu. KakoBo oTinuue npoiecca
HKCTPAKIIMK OT IKCTPArupoBaHus ?

157. Kakue BbI 3Ha€Te METOAbI IKCTPAKIIUU?

158. Knaccudukanus anmnapaToB A5l SKCTPaKLIUU.

159. Kakue ctaanu sBISIOTCS Han00JIee BAXKHBIMU TP SKCTPArUPOBAHUU ?

160. Kakue dhakTopsl BIUAIOT Ha BeuunuHy Koddduimrenta nuddy3un u
koadurmenTa maccootnaun?

161. Metoap! nHTEHCU(UKAITIN YKCTPAKITMOHHOTO MPOIIecca.

162. Kakue BbI 3HaeTe anmapaThl JJIsl S9KCTPparupoBaHus?

163. Kakme cBOICTBa XKHUJKOCTEH JieKaT B OCHOBE TMPOIIECCOB pa3eieHUs
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OJIHOPOJIHBIX CUCTEM?

164. Yto Takoe mpocTas meperonka’?

165. Kakue pa3HOBUIHOCTH TMPOCTOM TEPErOHKH MPUMEHSIOTCS B MHUIIEBON
POMBIIIUIEHHOCTH ?

166. B uyem 3akirouaercs CYIIHOCTh M MPEUMYILECTBA MPOCTOM MEPErOHKHU C
nediermarnmeii?

167. Kakue 3agauud pemaroTcs ¢ nomomibio 3akoHOB Konosamosa JI.II. u
Bpesckoro M.C. npu aHanu3e NpoueccoB MEPErOHKU KUAKOCTEH?

168. Uto Takoe pexktuduxarms?

Kakwue npoiiecchl MpoTeKaroT Ha TapelKax peKTU(PUKAITIOHHON KOJTOHHBI?

169. Uto Takoe ¢uierma, KyOOBbIi 0cTaTOK, TUCTIILIIAT? Kakoil cocTaB OHU UMEIOT?
170. Kakue KOHCTPYKIIMH PEKTH(PHUKAIIMOHHBIX alapaToB MPUMEHSIOTCS B MUIIIEBOM
IIPOMBILLJIEHHOCTH?

171. C kaxoil 11e/1bt0 TPUMEHSIOTCS I3METbYEHHE U KITacCU(DUKALMS TBEPBIX MATEPHUAIIOB?
172. Ha xakue BuAbl HOJAPA3ACIAETCS U3MENbUECHUE B 3aBUCUMOCTH OT HaYaJlbHbBIX U
KOHEYHBIX pa3MepOoB HauOOJIbIINX KyCKOB MaTepraiia’?

173. Yem xapakTepu3yeTcs Mpolecc u3MelIbueHus?

174. KakumMu MeToJ1JaMu IPOU3BOAUTCS U3MENIbYEHHE TBEPABIX MaTEpHAIOB?

175. Kakue cxembl U3MeNbUEHUS IPUMEHSIOTCS B MULIEBON MTPOMBIIIJIEHHOCTH ?

176. Ot kakux XapaKTepUCTHK U3MEIbUaEMbIX MaTepUaIoOB 3aBUCUT padoTa,
3aTpadynBaeMas Ha U3MeJIbUYCHHE?

177. Kakue TUIbI U3MENbYAIOIINX MAIIUH IPUMEHSIOTCS B IPOMBIIIJIEHHOCTH?

178. XapakTepuCTHKHU IPOOUIOK U MEJBbHHUIL.

179. Kakue TpeOoBaHMsI MPEABABIAIOTCS K U3MEIBYAIOIINM MallTnHaM?

180. KakoB mpuHIIUIT AEHCTBUSI MIOKOBBIX, THPAIMOHHBIX U MOJIOTKOBBIX IPOOUIOK?
181. Kakne MeabHUIIBI PUMEHSFOTCS TSI IPOOJICHUS ¥ TIOMOJIa 3epHa?

182. KakoB npHuHIIUM IEHCTBUS CBEKJIOPE3KU?

183. Kakue BubI Ki1acCu(pUKAIMKA UCTIONB3YIOTCS B IPOMBIIILIEHHOCTH?

184. Ha yem ocHOBaHa KJ1acCU(PUKAIIUS MAaTEPUATIOB TPOXOUCHUEM?

185. Ha yem ocHOBaHa ruipaBiIiyecKasi U BO3AyITHAs Kiaccuduxaius’?

186. B xakux anmaparax mpou3BOAUTCS BO3AYIITHAS KilacCUPUKALUs?

187. Jlyist yero npuMeEHsAETCsl IPECCOBAHHUE B MUIIEBOM MTPOMBIILIEHHOCTH

188. Yem paznuuarorcs 06€3BOKUBAHNE U OPUKETUPOBAHKUE MMPOTYKTOB?

189. M3 kakuX COCTABJISIOIINX CKJIAILIBACTCS JaBJICHUE MIPECCOBAHUS?

200. OT KakuX BEJIUYUH 3aBUCUT CPEAHMIA KOA(DOUIIUEHT YIIIIOTHEHUS?

201. Ot Kakux-BeJIMYHMH 3aBUCUT CPEIHSIS MIIOTHOCTh OpuKkeTa?

202. Kakoe o6opy1oBaHrE TPUMEHSETCS 1151 00paOOTKH MPOAYKTOB ITPECCOBAHUEM ?
203. KakoB npuHIumn paboThl 00€3BOKUBAIOIINUX [ITHEKOBBIX TPECCOB?

204. PoTaliiOHHBIX OpUKETUPYIONTUX TTPECCOB?

205. KakoBbI yCTPOMCTBO U MPUHITUTT PAaOOTHI TPAHYIUPYIONIETO YCTPOUCTBA?

MNPUMEPHBIN MNEPEYEHb BOITPOCOB, BBIHOCUMBIX HA DK3AMEH
1. BO3HMKHOBEHHE U pa3BUTHE HAYKU O MPOLECCAX U armapaTax.
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2. Knmaccudukamnmsi OCHOBHBIX MPOIIECCOB MUIIEBBIX MPOU3BOACTB. OCHOBHBIC

MOJIOKEHUST HAyKH O Mpolleccax U amnmaparax.

[TpuHIIMTIBI aHATTM3a U pacyeTa MPOIIECCOB U aIapaToB.

Kunernueckue  3aKOHOMEPHOCTH  OCHOBHBIX  MPOIIECCOB  MHUILEBON

TEXHOJIOTHH.

5. Tlonstue o momobuu ¢usnyeckux spiacHUU. Teopembl mogodus. MeToabl
MozenupoBaHusi. OCHOBHBIE MPaBUIIa MOJIETUPOBAHUSI.

6. 'mapomexanmdeckue mporiecchl. HEOMHOPOTHBIE CHUCTEMBI:  METOBI

TIOJTYICHUS ¥ pa3/IeTICHUS.

Bubl HEOTHOPOIHBIX CUCTEM U UX XapaKTEPUCTHUKA.

8. YpaBHeHHe MaTepuaibHOTO OajlaHca MPOIECCOB MOMYUYCHUS W pas3IeieHUs
HEOTHOPOJIHBIX CHCTEM.

9. IlepememmBanue. CriocoObl BeACHUS MpoIiecca.

Mexanuveckoe nepeMenivBanue. TUIIbl IepeMennBaronmx ycTpoicTs. Pacuer

3aTpaT MOIIHOCTH Ha NIEpeMEIIBaHUE.

11.MeTonuka pacuera anmnaparoB JJIsl MEXaHHYECKOTO MePEeMEIINBAHMS.

12.Pa3nenenre HEOJHOPOIHBIX CUCTEM B I0JI€ IEUCTBUS CHII TSXKECTH.

13.0TcTanBanue U JeKaHTAIIMSL.

14.0OcHOBBI TEOPUH OCAXKICHUS U paCUeT CKOPOCTH OTCTAUBAHUSI.

15. Otcroiinuku. PacyeT miomaam ocax/1eHus.

16.ITsute0canuTeNbHBIC KaMephl. PacdeT pacCTOSTHHS MEXTy TIOJKAMH KaMEepBhI.

17.®unprpoBanne. HazHaueHnue, crnocoObl U BUABI Ipollecca (UIbTPOBAHMUS.
JIBWKyIIasi cuijia 1 CKOPOCTh Tporiecca (PrIbTPOBaHUA.

18.0OcHoBHOE ypaBHEHHUE Tporiecca (PUIbTpOBaHUA. Y ICTLHOE COTPOTUBIICHUE
ocazika ¥ (PUIBTPOBATIBLHON ITEPETOPOIKH.

19.VYpaBuenue nporecca GUIBTPOBAHUS TIPH MOCTOSHHON pa3HOCTH JaBJICHUN U
IIPU TOCTOSTHHOW CKOPOCTH TpoIiecca.

20.Tunier  ¢unbTpoB.  bapabanubiii  Bakyym-QuibTp.  LleHTpoOexHoe
dbunpTpoBanue. Pacuer mpon3BOAUTENEHOCTH QUIBTPYIOMIEH HEHTPUPYTH.

21.YapTpadunbTpanus 1 00OpaTHBIN 0OCMOC.

22.PaznenieHre HEOTHOPOIHBIX CUCTEM B TI0JIC ICUCTBUS IIEHTPOOCKHBIX CHJT

23.0OcHoBbl Teopuu 1neHtpudyrupoBanus. daxtop pazgeneHus. OTCTOHBIC
HEHTPUYTH.

24 .PacyeT nMpou3BOIUTEIBHOCTH LIEHTPUPYT.

25.Cenapartopsl. PacueT mpon3BoIuTEILHOCTH CemapaTopa.

26.0unctka razoB. CriocoObl OYMCTKHU Ta30B OT MBUIH.

27 KoHCTpYKIIMM ¥ TPUHIUN  JCHCTBUSA  IMKJIOHOB M BHXPEBBIX
IBLICYJIOBUATEIIEH.

28.Pacuer BpeMeHM mnpeObIBaHUS B3BeCHM B LUKJIOHE. [ HapaBinueckoe
conmpoTuBieHUE U 3(PPEKTUBHOCTH YIABIMBAHUS IUKIOHOB M BUXPEBBIX
IIBUICYJIOBUTEIICH.

29. Posb TEmIOBBIX MPOIIECCOB B MUIIEBOM TEXHOJOTHUU U UX KIACCU(PUKAIIHS.

30.CniocoOnr mepeHoca Teruta. JIBuKyIas Cuiia MPOIECCOB TEIUIONEpPEHOca.
TermmonpoBoIHOCTS.

B~ w
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31.YpaBuenne dypne. KoHBeKkTUBHBIN TemIooOMeH. TeruioBoit morpaHUYHBINA
CJIOM.

32.3akon  Hsiorona. uddepenuuanbHoe ypaBHEHHME  KOHBEKTHBHOIO
TEII000MeHa.

33.Kpurepun temnoBoro nojaodus. OCHOBHOE ypaBHEHHE TEIUJIONEpPEIauH.
Pacuet k03¢ (HUIIMEHTOB TEIJIOOTIAYH U TEILIONepeIauH.

34.Knaccudukarus Termao000MEHHBIX aImapaToB.

35.Termi000MEeHHUKY THIA «Tpyda B TpyOe».

36.3MeeBUKOBBIC TEIUIOOOMEHHBIE aNapaThl.

37.KoxyxoTpyOHBIE TETNIOOOMEHHHUKH.

38.CnupanbHble TEMJI000OMEHHBIE anmapaThl.

39.[TnacTuHYaTHIC TETITIOOOMEHHUKH.

40.TermooOMeH NpU HEMOCPEACTBEHHOM KOHTAaKTe cCpell. TermiooOMEeHHHUKH
CMEIICHHUS.

41.MeToauka pacueToB TEINIOOOMEHHHUKOB.

42. I'perorie U OXJAXKJAIONIME areHThl, MCIOJIb3yeMble B  IHUIICBOM
MIPOMBIIIIEHHOCTH.

43.TernnoBble OanaHchl. PacdyeT pacxoma TEMIOHOCHUTENS, KaK C U3MEHEHHEM,
Tak 1 0e3 M3MEHEHHUs €ro arperaTHoro coctosHus. BwriOop HampaBieHus
JIBUKEHUS TETJIOHOCUTENICH.

44 . TennoobMmen nipu (azoBoM nepexojne. Kunenue xuakocreit. Konaencanus

HapoB.
45.CylHOCTh  IPOLECCOB  MAcTepU3alMd M CTepWIM3aluU. PeXuMbl
nacTepHu3alyy.

46.AnmaparypHoe oopmiieHHe TPOIECCOB MACTEPU3ANU U CTEPUITH3AIIH.

47.Ha3znaueHue 1 cnocoObl Ipoliecca BbIMAPUBAHHUS.

48.BpimapuBaHne B OJUHOYHOM  BBIIAPDHOM  ammapare.  YpaBHEHHE
MaTepuaJbHOrO M TEIUIOBOTO OalaHCoOB TIpoliecca BbIIApUBAHHUS B
OJIHOKOPITYCHOM animapare.

49.V nenpHBIN pacxo/l TPEIOIIero mapa, METO/Ibl €r0 CHUKCHHUS.

50. BrinmapuBaHue ¢ TEIUIOBBIM HACOCOM (TEPMOKOMIIEHCATOPOM).

51. MHuorokopnycHoe BbimapuBanue. CXeMbl MHOTOKOPITYCHBIX BBIMTAPHBIX
yctanoBok (MBY). YpaBHeHus maTepuanbHbIX U TEIJIOBBIX OanancoB MBY.

52.Tlone3nas pazHocth Temmepatyp MBY u ee pacmpeneneHue mo Kopirycam.
Pacuer ontumanbHOro uncia kopimycos MBY.

53.KoHCTpyKIIMY MJIEHOYHBIX U POTOPHO-TIJIEHOYHBIX BBIITAPHBIX allapaTosB.

54. Mexanudeckue mpoiiecchl. M3menpuenue TBepAbix MaTepuanoB. CylHOCTb,
HA3HAYEHUE U CIOCOOBI Mpoliecca U3MEIbYCHHUS.

55./Ipobnenne u mnomon. DuU3HUECKHE OCHOBBI TpOLEcCa HU3MENIbYEHUS.
VYpasuenue PeOunnepa, runoresst Kuka-Kupnuuesa u Pertunrepa.

56.AnmnaparypHoe odopmieHue mnpouecca udmenpueHus. lllaposas menpHUIA.
Pacuet wactoTs! Bpamenus 6apabdaHa.

57. Knaccudukanus MaccooOOMEHHBIX TIPOIIECCOB.

58.MexaHu3M MacconepeHocaB MOABUKHOM M HETIOJIBU)KHOM Cpelie, B CUCTeMax
c TBepaoit dazou. [Ipasuino da3. JIunus paBHOBecHs 1 paboyast TUHUS.
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59.Hanpasnenune u ckopocTh Maccomnepenaun. MonekymsipHas aupdysus. |
3akoH Duka.

60./IuddbepennmnansHoe ypaBHeHHE KOHBEKTUBHON quddy3uu. Il 3akon duka.

61.Kpurepuu nogobusi u KpuTepralibHble YpaBHEHUSI MAaCCOOOMEHa. Y paBHEHUS
MacCOOT/Iayu U Maccorepeadm.

62.CyiHocTh nporecca abcopOIuu U 001aCTH €ro MPUMEHEHHUS.

63.MartepuanbHblii 6ananc abcopOuuu. YpaBHeHue padbodeil TuHUMU. Y AenbHbINA
pacxon abcopOeHTa.

64.AnmapatrypHoe odopmiieHHe mporecca abcopoumu. [uapogmHamMudeckue
pPEXUMBI paOOTHI HACAIOYHBIX U TapeIbYaThix aOCOpOEpPOB.

65. [loBepxHocTHble siBieHHs. lloBepxHOCTHOe HaTskeHue. (CMayuBaHUE.
CyuiHocTsb mpoliecca aacopOoruu.

66. AncopOumonHoe  paBHOBecHe, u30oTepMa  aacopOruu.  Koncranrta
a71cOpOLIMOHHOTO PABHOBECHS.

67.Tunbl  ancopOeHTOB U ajcopOepoB. AmmapaTel €  HEMNOABUKHBIM,
MICEB/IO0KMYKEHHBIM U TUIOTHOABMKYIIIUMCS CIIO€M 3€pHHUCTOTO MaTepuania.

68. O6mue cBefeHUsT 0 METOJAX pa3/elieHuss MHOTOKOMIIOHEHTHBIX >KUJKHX
CMeceil, IEPErOHKe U PEeKTU(UKALINH.

69.PaBnoBecue B cucreme <« Kuakocte-Ilap». 3axonst KoHoBasoga.
AzeorponHbie cMecu. [Ipoctas neperonka.

70.ITpocTass meperonka c paediermanueii. MaTepuanbHBI OalaHC TPOCTOM
MIEPETOHKH.

71.Pextudukanusa. CxeMbl YCTaHOBOK IEPUOJAMYECKOM M  HENPEPBhIBHOU
peKTU(PHUKALINU.

72 .MatepuaipHblii OamaHC HEMPEPHIBHOW peKTU(UKAIMKU OMHAPHBIX CMECEH.
VYpaBHeHue pabouyux JHMHUN YKPEIUISIOMIEM M HCUepIbIBAIOIIEH dYacTei
PEKTU(OUKAIIMOHHOU KOJIOHBI.

73.MunumanbHoe u pabouee (QuermoBoe umcimo. TemmoBoit  OGanaHc
PEKTU(PUKAIIMOHHOMN KOJIOHHBI. THITBI peKTHU(UKAIIMOHHBIX aIapaToB.

74. TeopeTuueckne OCHOBBI, (U3MUECKasi CYITHOCTh U HAa3HAUYCHUE IPOIIECCOB
OKCTPAKIIMK W DJKCTparupoBaHusi. PaBHoBecue B cucteme «Kuakoctsb-
Kunkocte». MaTepuanbHbIi O6altaHc.

75.AnmaparypHoe 0GOpMIIEHHE MPOIECCOB JKCTPAKIIMU W IKCTPArUPOBAHMS,
MyTH UX WHTEHCU(UKAITUH.

76. O6mme cBemeHus O mporecce Kpuctamm3anuu. OO0JacTH MPaKTUYECKOTO
npuMmeHenus. PaBHoBecue B cucteme <« Kuakoctb-TBepmoe BemECTBOY.
MatepuanbHblii U TETUIOBOM OaJIaHCHI.

77.Tunbl kpuctasu3atopoB. Ilytu mnoBbimeHUs 3(PQPEeKTUBHOCTH Tpolecca
KPUCTAITH3AIIH.

78. O0me cBeACHUS O TIPOIECCE CYIIKM M O0JacTsIX €€ MPaKTUYECKOTo
MIPUMEHEHUS.

79. KoHBeKTHBHAS ¥ KOHTAKTHAs CYIIIKa.

80. ®opmbl CBSI3W BIArd C BEIIECTBOM (MaTepuanioM, chipbeM). OCHOBHBIC
napameTpbl BIAXKHOTO BO3AyXa.
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81./luarpaMma COCTOSIHUSI BJIQKHOTO BO3/AyXa W €€ aHanu3. PaBHOBecue B
cucteme «TBepmoe BemectBo-Ilap» 1ipu cymke. MarepuanbHblii U
TEIJIOBOM OanaHc.

82. BapuaHTbl opraHuzalud TPOBEACHUS TMpollecca KOHBEKTUBHOM CYIIKH.
Kuneruka nmporiecca CyIiku.

83.MeTopl HHTEHCU(UKAITUN TTPOIIECCOB CYIIKH.

84. Tunsl cymuinok. X ycTpoHCcTBO, IPUHIIUITBI PAOOTHI.

BAPUAHTDBI 3AI[AHI/II71 HA KYPCOBOU TPOEKT
Bapuant Ne 1
3AJTAHUME
HA KYPCOBOW MPOEKT
no aucuuiuinie «Ilpouecchl M annmapaTbl NUIEBBLIX MPOU3BOACTBY
Ut cTyAeHTOB cneruanbHocTr 1-36 09 01 MamuHs! 1 anmapaThl MTUATIEBBIX
MIPOMU3BOJICTB

Crynenry(xe) rpynnst MAIIII-

1. Tema kypcoBoro mpoekTa: «Cnpoekmuposams mpyouamolii mena000MeHHUK
HenpepwvleH020 Oelicmeus 011 nAcmepu3auyuu MoJ104HbIX npodykmoe» Bapuant No 1

2. Cpok cauu CTyJI€HTOM 3aKOHYEHHON pabOThI
3. Ucxonnbie nanHbie K pabore:

Tun npoxykra MOJIOKO
Tun anmnapara: BEpTUKaIbHBIN WJIM ropu30HTaNbHBIN (B,17) I
[TpousBonurTenbHOCTD, G (T/4) 3)
HauvanbHas temnepatypa cpenpl, t1 (°C) 12
Koneunas temneparypa cpensl, t2 (°C) 85
JaBnenue rperoriero napa, pn (MIla) 0,140
BHyTpennuii qtuametp TpyOoku, ds (Mm) 28
TonmmHaa CTEHOK TPYOKH, & (MM) 2,5
JlnuuHa TpyOoKkw, |, (m) 2,0
[IpenBapuTenbHOE YUCIIO XOJI0B, Zn 2
Uwcno yacoB paboTHI anmapara B CyTKH, 0 9 14
Yucno paboyux JHEH B TOAY, Zo 260

4. Conep:kaHre MOSCHUTEIBHOM 3aMKUCKH (TIepeYeHb MOUIeKAIINX pa3paboTKe BOIIPOCOB):
[TosicHuTeNnbHAsA 3aMMcKa K KypcOBOMY ITPOEKTY BKJIFOUAET BCE UCXOJHBIE, pACUETHBIE U
rpaduyeckre MaTeprasibl 1 0QopMIIseTCs B ONpeIeJICHHON MOCIeJ0BAaTeIbHOCTH:

4.1. TuTyNbHBIN JUCT.
4.2. 3aganue Ha KypCOBOM MPOEKT.
4.3. Pedepar.
4.4. ConepxxaHue.
4.5. Beenenue.
4.6. TexHosornueckasi cxeMa yCTaHOBKH U €€ ONMCAHHME.
4.7. OcHoBHbIE pacueThl. PacueT uim moi6op BCIOMOraTeIbHOIO 000py10BaHUS
4.7.1. T'unpoauHaMUYecKui pacuer
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4.7.2. TennoBo# pacuer

4.7.3. KOHCTpYKTUBHBIN pacyer

4.7.4. N301IUMOHHBIN pacyeT

4.7.5. Pacuer Temuionorepn

4.7.6. Pacuet Hacoca

4.7.7. DKOHOMHYECKHI pacyeT

4.8. 3akimroueHue
4.9. Cnucok MCTHOIb30BaHHBIX HCTOYHUKOB

O0beM MOSICHUTENBHON 3alUCKH HE JAOJDKEH MPEBBINIATh 25 CTpaHUIl MAIIMHOIIMCHOTO
TEKCTa.

5. T'paduueckas 4acTh KypCOBOTO IPOEKTa COCTOUT U3 TEXHOJOTMUYECKOM CXEMBI
yCTaHOBKHM (0JMH JUCT ¢dopmaTta A2) u COOpPOYHOTO yepTeka OOIIEro BHIAa OCHOBHOTO
anmapaTta co crenudukanueii cOOpoUHbIX €IUHUIl U aeTanel (oauH aucT Gopmara Al).
Crnenudukariis BITIOIHICTCS HA OTAEIbHOM JiucTe hopmarta A-4.

Macmrabbl  yepTexed cieayeT BbIOMpaTh TakK, YTOObI B  JIUCTHI
YCTaHOBIIEHHOTO (opMaTra MOXKHO ObUTO ObI BMECTUTH YEPTEXK TEXHOJIOTHUYECKOU
CXEMBI U alapara B MaKCUMaJIbHO BO3MOKHOM MaciiTabe, B HEOOXOIUMOM CITydyae
C IPUMEHEHUEM pa3pbiBa amnmapara.

Ha cb6opounom uepTeske JOKHBI TPOCTABISATHCS CIENYIONINE pa3Mephl:

a) MEKIIEHTPOBBIE;

0) rabapuTHbIE;

B) OIpe/IeIIsieMbIE PaCUETOM.

Ueprexu pomwkHble ObITh odopmiensl cormacHo ECK/[. Haamucu Ha
YepTeKax BBHIMOIHAIOTCS HOPMAJIbHBIM MIPU(TOM.

B na3zBanuu KypcoBOTO MpPOEKTa JIOJKHA OBITh YKa3aHa MPOU3BOIUTEIBHOCTD
YCTaHOBKH (CM. UCXOJIHBIE TAHHBIE K padoTe).
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Bapuant Ne 2
3AJJAHUE

HAa KYPCOBO# MPOEKT
no qucuuiuinge «Ilpoumecchyl M annmapaTsbl NMIEBBLIX POU3BOACTBY
U1t cTyAeHTOB creruanbHocTr 1-36 09 01 MamuHs! 1 anmapaThl MTUTIEBBIX
MIPOU3BOJICTB

Crynenty(ke) rpynmnsl MATIIT-

1. Tema xypcoBoro npoekra: «Cnpoekmupogamo 0apadaHHyl0 CyWUIbHYIO YCHIAHOGKY
0n1a cywku caxapa-necka» Bapuant Ne 13

2. Cpok cauu CTyJIEHTOM 3aKOHYEHHON paboThI
3. Ucxonnbie nanHbie K paboTe:

Tun npoxykra Caxap
MaccoBasi mpOU3BOIUTENEHOCT YCTAHOBKH TI0 2500
NOCTYMAaoEMy BiIakHOMY caxapy, G1 (kr/4)

HauanpHOe cojepxanue Biaaru B caxape, u1 (%) 3,5
Koneunoe comeprxanune Biaru B caxape, uz (%) 0,2
TemnepaTtypa Hapy)HOTO Bo31nyxa, to (°C) 11
Temneparypa Bo3nyxa nocie kanopudepa, t1 (°C) 100
Temmeparypa Bo3ayxa Ha Bbixone u3 cynikd, t2 (°C) 60
OTHOCHUTENBbHAS BIAXXHOCTh HAPYIKHOTO BO3yXa, @o (%) 75
Hamnpsioxkenre 00beMa CYNIMIKM 110 Biare, A (kr/m>4) 8

4. CopxeprkaHue MOSICHUTEIHHON 3aNTUCKH (TIEPEeUEHb MOUICKAIINUX Pa3padOTKE BOMPOCOB):
[TosicHuTeNnbHAA 3aMMcKa K KypCOBOMY ITPOEKTY BKJIFOUAET BCE UCXOJHBIE, PACUETHBIE U
rpadudeckre MaTepuabl 1 0popMIIIETCS B ONPEIeTICHHOM MOCIe0BaTEIbHOCTH:

4.1. TUTyNbHBIN JIUCT.
4.2. 3aanue Ha KypCOBOM MPOEKT.
4.3. Pedepar.
4.4. ConepxaHue.
4.5. Beenenue.
4.6. TexHosoruueckas cxeMa yCTaHOBKH U €€ ONHUCAHUE.
4.7. OcHoBHble pacyeTsl. Pacyer nnm moxbop BCoMoraTeabHOro 000pya0BaHuUs
4.7.1. MaTepuasbHblil pacyeT
4.7.2. TerioBoii pacuet
4.7.3. KOHCTpYKTUBHBIN pacyeT
4.7.4. lnHaMu4ecKuil pacuet
4.7.5. Pacuet xanopudepa
4.7.6. N30111MOHHBIN pacyeT
4.7.7. Pacuet TemionoTepb
4.7.8. DKOHOMHUYECKUI pacyeT
4.8. 3akimoueHue
4.9. Cnucok ucnoJib30BaHHBIX UICTOUHUKOB
O0beM MOSICHUTENBHON 3alUCKU HE JAOJDKEH MPEBBIMATh 25 CTpaHULl MAIIMHOIKUCHOTO

TEKCTa.

5. I'paduueckass dacTb KypcOBOTO MPOEKTa COCTOUT W3 TEXHOJOTHYECKOW CXEMBI
ycTaHOBKU (onuH JHCT Gopmara A2) m cOOpoyHOro ueprexa oOHIEro BHAA OCHOBHOTO
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anmapara co crenuduKanueil cOOpOYHBIX eAWHHI] U neTanei (oauH muct Gopmarta Al).
Crnenudukarys BHIIOIHSAETCS Ha OTJAENIBHOM JucTe hopmata A-4.

MacmraObl  yepTexedl ciaeayeT BbIOMpaTh TakK, 4YTOObI B  JIMCTHI
YCTaHOBJIEHHOr0 (opMaTra MOKHO ObLIO ObI BMECTUTH YEPTEXK TEXHOJIOTHUECKOU
CXEMBI U amnmnapara B MAaKCUMaJbHO BO3MOXKHOM MaciuTabe, B HEOOXOAMMOM cllydyae
C IPUMEHEHHUEM Pa3phiBa armapara.

Ha c6opouHoM uepTeke JOKHBI TPOCTABIATHCS CIEYIOLINE pa3MephI:

a) MEXIICHTPOBBIE;

0) rabapuTHBIC;

B) OMpeJieNisieMble PACUETOM.

Yeprexxu nomkHble ObITh odopmiensl cormacHo ECKJl. Haanuen Ha
YepTekax BBIIOIHAIOTCS HOPMAIBHBIM HIPU(PTOM.

B Ha3zBaHMM KypcOBOro MpOEKTa JOHKHA OBITh yKa3zaHa MPOU3BOIUTEIBHOCTD
YCTAaHOBKH (CM. UCXOJIHBIE JaHHBIE K padoTe).
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BCIIOMOTI'ATEJIbHBIN PA3JIEJ

Y4yeOHasi nporpaMmMa I CHUNIMHBI
[TosicHuTenbHAs 3anucKa

Jucuumiuna «IIporiecchl U anmaparthl MUIIEBBIX MPOU3BOJICTBY SIBISETCS OJTHUM
U3 OMPENEIAIONIMX KypPCOB OOIMIETEXHUYECKUX U CIEIUAIbHBIX JUCIUILIMH B IUIaHE
MOATOTOBKHU CTYJIEHTOB creruaabHocTy 1-36 09 01 MamuHsl 1 anmapatsl TUIIEBBIX
MPOU3BOJICTB M creruaibHocTh  6-05-0714-02 TexHonorus MamMHOCTPOCHUS,
METALTOPESXKYIIIME CTAaHKKM W HMHCTPYMEHTHI (mpodunusaius — TexHoloruyeckoe
o0opy/IoBaHNE MAITMHOCTPOUTEILHOTO MTPOU3BOJICTBA)

[lenpr0 JEKIIMOHHOTO Kypca SBISETCS  HM3Y4YCHHE COBPEMEHHOW TEOpUU H
(U3UYECKOM CYITHOCTH OCHOBHBIX ITPOIIECCOB, a TaKXKe YCTPOHCTB M METOJ/OB
pacuerTa arnrnaparoB, MPeIHa3HAYEHHBIX JJI POBEICHUS ATUX MPOILIECCOB B MUILIEBBIX
MIPOU3BOJICTBAX.

[lenb mabopaTOpHBIX, MPAKTUUECKUX 3aHATUM U KypCOBOI'O MPOCKTUPOBAHUS —
3aKpeIyieHne U yIIyOJIeHHWEe JIEKIIMOHHOTO  MaTepuana, TEOpEeTHYEeCKoe U
AKCIEPUMEHTAILHOE  H3YUYCHHE BOKHEUIINX  XapaKTePUCTUK  OCHOBHBIX
TEXHOJIOTUYECKUX MPOIECCOB U anmnapaToB MUIIEBOM MPOMBIIIJIECHHOCTH, a TaKXKe
aHaiau3 (aKTOpPOB, BIMSIOIMMX HA IPOM3BOJUTEIBHOCTh W AKOHOMHYHOCTH
amrmaparoB M YCTAaHOBOK,  INPUOOPETEHHWE  HABBIKOB  CaMOCTOSTEIHHOM
HCCIIeIOBATENIbCKOM pabOThl M1 0OPA0OTKU PE3YIbTATOB AKCIIEPUMEHTA.

3agaun y4eOHOM AUCITUTIINHBIL:

— IpUOOpPETeHUE CTYyACHTAMU CYMMbI 3HaHMH W YMEHHM, HEOOXOAUMBIX IS
yCHenrHon paboThl B KaUeCTBE HH)KCHEPa-MeXaHHKa;

— HW3Yy4YEHHUE OCHOBHBIX TEOPETHYECKUX U TMPAKTUUYECKUX JTOCTHKECHUU H
npo0JieM COBPEMEHHON HayKH O MpoIlieccax W anmnapaTax MUIIEBBIX MTPOU3BOJICTB;

— (hopMHpOBaHKE HABBIKOB CAMOCTOSITEILHOTO MHKEHEPHOT'O MBIIILICHHUS;

— OBJIQZICHUE OCHOBHBIMU METOJIAMU U CPEICTBAMU CaMOCTOSITEILHON pabOThI
B JJabopaTopuu.

OcBoenune yuyeOHOM aucuuIiuiiHbl «lIpomeccel M ammaparhl  IHIIEBBIX
MIPOM3BOJICTBY oOecreunBaeT (GOPMUPOBAHKE CIICTYIOMINX KOMIICTEHITUN:

— 1o crienranibHOCTH 1-36 09 01 MamwuHbl 1 anmapaThl MUIIEBBIX TPOU3BOJICTB —
BIIK 13: 3HaTh TEOpETHMYECKHE OCHOBBI TEXHOJOTUUYECKUX IPOIECCOB MHUIIEBBIX
MPOM3BOJICTB, BapHWaHTBl HMX  anmapaTypHoro oQOpPMIICHHUS HM  METOIBI
WHTEHCU(UKAIIMUA, COCTAaBIATh YypPaBHEHUS MATEPUAIBHOTO U DHEPreTUYECKOro
OaJlaHCOB; HaXOAUTh PabOUyI0 HArpy3Ky amnmapaToB W pacCUUTHIBATh BEIUYUHY
JIBUKYILIEN CHJIBI IIPOLIECCOB;

— mno cneunanbHocTH  6-05-0714-02  TexHonoruss  MalIMHOCTPOEHUS,
METALTOPEXKYIIUE CTAaHKUM W HUHCTPYMEHTHI (mpodunusainus — TexHoloruyeckoe
o0opy/noBaHUE MaITMHOCTPOUTEILHOTO Tpou3BoacTBa) — YK 1. Brnagets ocHoBamu
HCCIIEIOBATENIbCKON  IESITEIbHOCTH, OCYIICCTBISATh IOUCK, aHaIW3 H CHUHTE3
unpopmaruu; YK 5: BeITh CIOCOOHBIM K CaMOpPa3BUTHIO W COBEPIICHCTBOBAHUIO B
npodeccuonansuoit  gesrtenbHocTH; YK 6:  IlposiBAsSTR MHUIMATUBY W
aIanTHPOBATHCA K M3MEHEHHIM B Tipodeccronansuoit aestenbHocty; BIIK 10: 3nath
TEOPETUYECKUE OCHOBBI TEXHOJIOTMYECKUX IMPOILIECCOB MHUIIEBBIX ITPOU3BOICTB,
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BapUAHTHI UX anmapaTtypHoro opopMIICHUS U METO/IbI MHTEHCU(DHUKAIINN; COCTABIIATh
YpaBHEHUS MATEpUAIBLHOTO W DSHEPreTHUYeCKOro OalaHCOB; HAXOAUTHh PadOUyIo
Harpy3Ky arrapaToB ¥ pacCUYUTHIBATh BETUUUHY JBUXKYIIEH CUITBI POIIECCOB
B pesynbTaTte u3ydyeHust ydaeOHOU JUCIUTUIMHBI CTYICHT JOJKEH
3HATh:
— Ha3HAYEHUE U TEOPETUUYECKHE OCHOBBI TEXHOJIOTHYECKUX MPOIECCOB MUIIEBOM
MPOMBIIIUIEHHOCTH, UX anmnaparypHoe oGopMIIeHHE, METOIbl MOJICTUPOBAHUS U
pacueTa MpOIECCOB M ammaparoB, MyTH COBEPIICHCTBOBAHUSI TEXHOJIOTHU U
TEXHUKU;
— IBWKYIIUE CUJIBI 1 OCHOBHBIE METO bl MHTCHCU(DMKAIIUH MTPOIIECCOB MEPEHOCA
TEIUIOThI U MACChI, MPUHITUIIBI COCTABJICHUS] MAaTEPUAIBHOTO U SHEPTETUYECKOTO

0aJaHCoB;

— BapUaHTHI aIapaTypHOTO O(OPMIICHUS OCHOBHBIX IPOIIECCOB IHIIEBHIX
IIPOU3BO/ICTB

[To okOHYaHWY U3YUYCHHS UCIUTIIMHBI OYIYIIUN HHKEHEP JOJDKCH

YMETb:

— OIpEJIeNIATh OCHOBHBIC MapaMeTPbl MPOTEKAHUS MTPOIECCOB;

— COCTaBIATh W pEllaTh YPAaBHEHUS MAaTECPUAIBHOTO U DHEPreTUUYECKOTO

OaTaHCOB, HAXOJUTh PaObOUYI0 HArpy3Ky almaparoB U PACCUYUTHIBATH BEIIMUUHY

CpEIIHEN JIBUKYILIEH CHJIBI IPOLIECCOB;

— pemaTh KOHKPETHBIE TEXHOJOTUYECKHE 3aJayd IOCPEJCTBOM aHaJu3a,

MOJICJIMPOBAHUsI M pacuera MPOIIECCOB M alapaTtoB, a TakkKe IPOBOAUTH

CaMOCTOATENLHO UCCIIEIOBAaHUS U 00pa0OTKY SKCIIEPUMEHTAIBHBIX TaHHBIX.

Bnaners:

— COBpPEMEHHBIMU TEOPETHYECKUMH TOJIOKEHUSIMA HAayKu O TIpoleccax u

amnmaparax IMHUILIEBBIX MPOU3BOACTB XHUMHH, TEOPUU MOA00MS, OCHOBHBIMHU

METOJaMHU PACUYE€TOB MAaTCPUAIIbHBIX M DJHEPreTHYECKUX OajaHCcoB,  OBITH

CIIOCOOHBIM TIPOTHO3MPOBATh CBOMCTBA IMOJYyYaeMOM MPOAYKIIMH B TOM WJIH

WHOM IIPOIIECCE;

— YMEHHMEM IIOJb30BaTbCi HOPMATHUBHOW U CIELHUAJIBbHOW CIPABOYHOU

JIATEPATYPOHU.

CBsi3M C IpyrUMU  y4eOHBIMU TUCIUTLUTHHAMMU.

N3yuenue kypca «lIporecchl U anmaparbl MUIIEBBIX TPOU3BOACTBY, KaK OJTHOTO
U3 OMPENEAIONIMX KypPCOB OOIIETEXHUUYECKUX U CIEIUATbHBIX NUCIUIUIMH B TJIaHE
MOATOTOBKHU CTYJEeHTOB creruanbHocTh 1-36 09 01 MammHb! 1 ammapaThl MUAIIEBBIX
MPOU3BOJICTB M creruaibHocTh  6-05-0714-02 TexHonorus MamMHOCTPOCHUS,
METALTIOPEXKYIME CTAaHKM W HWHCTPYMEHTHI (mpodunuzaius — TexHoloruyeckoe
o00opy/IoBaHUE MalTUHOCTPOUTEIBLHOIO MPOU3BOJCTBA) TECHO CBSI3aHO C KypCaMM:
BBICIIIAsE MaTeMaTuka, (u3uKa, XUMUS, TEOPETHYECKash MEXaHMKa, TEIUIOTEXHUKA,
COIIPOTHUBIICHUE MaTEepUAJIOB, HaUepTaTEIbHAs T€OMETPHS, MH)KEHEPHAs U MalllMHHAs
rpaduka, JeTaNM MaIlllWH, MaTePUAJOBEACHHE M TEXHOJOTHS KOHCTPYKIIMOHHBIX
MaTepHuajaoB, TUIPaBIIMKA.
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1. COJEP’)XAHUE YYEBHOI'O MATEPHAIJIA
1.1 JJEKIIMOHHBIE 3AHATUA U UX COAEP)KAHUE

1.1.1 Benenue. Coneprkanue, 3aqauu u Mecto Kypca “Ilpoueccsl u annaparsl
MUIIEBBIX MPOU3BOJCTB” B PAAY APYTUX TUCHHUTLINH

Bo3HukHOBeHHE W pa3BUTHE Hayku O TIpolieccax M anmaparax.
Knaccudukanys OCHOBHBIX TMPOIECCOB MHINEBBIX MNPOU3BOACTB. (OCHOBHBIC
MOJIO’KEHUS] HAYKU O TIPoIieccax W anmaparax.

1.2 IIprHIMIBI aHAJIM3A U pacyeTa IPOLIECCOB U AIllIapaToB

Kunernueckue 3aKOHOMEPHOCTA OCHOBHBIX MTPOILIECCOB MUIIEBON TEXHOJIOTHH.
[Tonsitue o momobum ¢u3mveckux sBIeHUNA. Teopembl moA00MsA. MeTomas
MojenupoBaHusi. OCHOBHBIC MPaBUiIa MOJACIUPOBAHUSI.

1.3 l'mapoMexaHUvecKue MpoIrecchl. HEoMHOPOTHBIE CHUCTEMBI: METOIBI
MOJTYUYEHHUS U pa3aeIeHuUs

Buasl HEOOHOPOIHBIX CHCTEM W UX XapaKTEPUCTUKA. Y paBHEHUE
MaTepHaJIbHOrO0 OajlaHca MPOIECCOB MOJIYYCHHUS W pa3[eieHUs HEOIHOPOJIHBIX
cucteM. IlepememmBanne. CnocoObl BeleHUS Tpoliecca. MexaHU4ecKoe
nepeMenBanye. TUnbl nepeMenmnBaronMX yCTpoucTB. Pacuer 3arpat MOUTHOCTH
Ha T[epeMelrBaHue. MeTolMKa pacyera anmaparoB I MEXaHUYECKOTo
MepEeMEIINBAHUS.

1.3.1 Pa3znenienne HEOTHOPOAHBIX CUCTEM B IOJIE ICUCTBUS CUJT TKECTU

OtcrauBanue u nekanTanus. OCHOBBI TEOPUU OCAXKACHUS U PAaCUeT CKOPOCTHU
orctauBanus. OtrcroHukH. Pacuer mmomanu ocaxaeHus. lleuieocamurenbHbie
Kamephbl. PacueT paccTossHUS MEXKy MOJIKaMU KaMephl.

1.3.2 ®unbrpoBaHue

Hasnauenue, ciocoObl U BUABI Mpolecca GpuiibTpoBaHus. JBrokymias cuia u
CKOpocTh  mporecca  ¢uiabTpoBanusi. OCHOBHOE  ypaBHEHHE  Ipoliecca
bunbTpoBaHMsA.  YAENbHOE  CONPOTUBIEHHE Ocagka MW (QUIBTPOBAIBHOU
MEePEropoJIKh. YpaBHEHUE Mpolecca (QMIBTPOBAHUS TPHU TOCTOSIHHOW PAa3HOCTH
JIABJICHUW U TPU MOCTOSIHHOM CKOpOCTH Tporiecca. Tumbl GuibTpoB. bapabanHbrit
BakyyM-¢uneTp. lLlentpobexxnoe ¢unbTpoBanue. PacueT mNpou3BOAUTETHLHOCTH
bunpTpytomei neHTpudyru. YiabrpapuiabTpaius U 00paTHBIN 0OCMOC.

1.3.3 Pa3znenenue HEOAHOPOJHBIX CHUCTEM B TIOJIE JEUCTBHS IEHTPOOEIKHBIX
cui

OcHoBbl Teopuu nueHTpuyrupoBanus. Daxrop pazgeneHusi. OTCTOWHBIC
nentpudyru. Pacuer mnpousBoguTensHocTH HeHTpudyr. Cemapatopsl. Pacuer
MIPOU3BOJIUTEIIBHOCTH cemnapaTopa.

1.3.4 Ouncrka ra3os

CnocoObl OYMCTKM Ta30B OT MbUIM. KOHCTPYKIIMM W TNPUHIMI JIEUCTBUS
IIMKJIOHOB U BUXPEBBIX MbLICYJTOBUTENCH. Pacuer BpemeHn npeObIBaHUS B3BECH B
MUKIIOHE. [ 'WMapaBiandeckoe COMpOTHBICHHE U A(PGEKTUBHOCTH YJIaBIUBAHUS
[UKJIOHOB M BUXPEBBIX MbLICYJIOBUTENCH.

1.4 TennoBble NpoOLIECCHI U ANIMAPATHI

1.4.1 OcHOBBI TpoOIIECCOB IE€peHOCa TeIja B anmnaparax MHUIIEBbIX
MIPOU3BO/JICTB
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Ponp TemmoBeIX MPOIIECCOB B MUIIEBON TEXHOJOTUU U WX KiIaccH(pUKaIus.
CnocoObl  mepeHoca Teruta. JIBWKyias cujla TPOLECCOB  TEIUIONEpeHoca.
TenmonpoBoaHocTh. YpaBHeHue Dypre. KoHBeKkTHBHBIN TeruiooOMeH. TemiaoBoit
norpaHuyHelii  cioil.  3akoH  Herootona. JluddepeHunansHoe  ypaBHEHHE
KOHBEKTUBHOTO TemooOMeHa. Kputepuun temnoBoro mnoaodus. OcHOBHOE
ypaBHeHue  Teruionepeaaud. Pacuer  koadUIMEHTOB  TEIIOOTHAYM U
TEIUIONEpEAAUH.

1.4.2 TemooOMeHHbIE anmapaThl

Knaccudukanus TermiooOMeHHBIX anmapaToB. TermiooOMEeHHUKH TUTA «TpyOa
B TpyOe». 3MEEeBUKOBbIE TeIOOOMEHHble anmapatbl. KoxyxoTpyOHbIe
TeriooOMeHHuKH.  CrhupaibHBIE TEIJIOOOMEHHBIE ammapaThl. [lmacTuHUYaThIe
TEIUI0O0OMEHHUKHU. TemiooOMeH Tpu  HEMOCPEICTBEHHOM KOHTaKTE  Cpell.
TennooOMEHHUKH CMEIICHUS.

1.4.3 Metoauka pacueToB TEII00OMEHHUKOB

['peromme W OXJAXJAKOIIME  AareHThl, HCHOJIB3YyEMBIE B  NHUIIEBOU
npoMbIIUIEHHOCTU. TeruioBbie OanaHchl. Pacder pacxoja TEIUIOHOCHUTENS, KaK C
U3MEHEHHEM, TaKk U 0e3 HU3MEHEHHs €ro arperaTHoro cocrosiHusi. Brioop
HaIlpaBJICHUS ABUKECHHS TEMJIOHOCUTEIIEH.

1.4.4 TenmooOMeH npu (pa3zoBOM Iepexojie

Kunenue xunkocreit. Konaencanus napos.

1.4.5 IlacTepusanus u crepuan3anus

CymHOCTP  IPOLIECCOB  MACTEPU3ALMM W CTEpUIM3aluu.  Pexumbl
nactepusauuu. AmnmaparypHoe o(OpMIIEHHE MPOLECCOB MNacTepU3alUd U
CTEPUIIN3ALINH.

1.4.6 BrimapuBanue

Hasnauenue u crnocoOsl mpoliecca BbillapuBaHus. BellapuBaHue B OIMHOYHOM
BBITIAPHOM anmapare. YpaBHEHHE MAaTepUaIbHOTO U TEIIOBOTO 0ajJaHCOB Ipoliecca
BBI[IAPYBAHUS B OJAHOKOPIYCHOM ammapare. YJIeNbHbIA Pacxo]l TPEroLIero mnapa,
METObI ero CHUKEHUS. BrimapuBanue c TEIJIOBBIM HacoOCOM
(TEpMOKOMITEHCATOPOM).

1.4.7 MHOrOKOpIyCHOE BbIITAPUBAHUE

CxeMbl MHOTOKOPITYCHBIX BBITIApHBIX ycTaHoBOK (MBY). VYpaBuenus
MaTepUalibHBIX W TeIIoBbIX OamancoB MBY. Ilome3nas pa3HOCTh Temmeparyp
MBY wu ee pacnpenenenue no kopmycaM. Pacyer onTrManbHOro 4mciia KOpIycoB
MBY. KoHCTpyKIIMH IIIEHOYHBIX U POTOPHO-TUIEHOYHBIX BBIAPHBIX aIlllapaToB.

1.5 Mexanuueckue nporecchl. I3MenbueHrne TBEpAbIX MaTepUAIOB

CymHocTh, Ha3HauY€HHE U CIOCOOBI Mpolecca u3MelbueHus. Jpobienue u
nomMosi. Pu3MUecKue OCHOBBI Ipollecca HM3MeENbUueHHUs. YpaBHeHUe PeOuHepa,
runote3bl Kuka-KupnuueBa u Pertunrepa. AnnapatypHoe odopmiieHre mporecca
u3menbuenus. [llapoas MmenpHuia. PacueT yactoThl Bpamenus 6apabdaHa.

1.6 MaccooOMEeHHBIE ITPOIECChI

Knaccudukaims maccooOMEHHBIX TpoIeccoB. MexaHW3M MacCONepeHOCcaB
MOABIKHOM M HETIOJABIKHOM Cpejie, B cCUCTeMax ¢ TBepaoi (a3zoii. IlpaBuio ¢as.
Jlunus paBHOBecHs W pabouas nuHHSA. HampaBineHue u CKOpOCTh Maccomepenayu.
Monexynspuas auddysus. | 3akon duka. [uddepennmanbHoe ypaBHEHHE
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koHBeKTUBHON nuddy3uu. Il 3akon duka. Kputepuu mnogodbus u KpurepraabHbIe
ypaBHEHHsI MaccooOMeHa. Y paBHEHUSI MacCOOTAaYN U Macconepeaay.

1.6.1 AGcopOrus

CymHocTh mporecca abcopOiuu U 00JIacTH ero mpuMeHeHusl. MarepuaabHbIi
Oananc abcopOuuu. YpaBHeHue pabodeil JTUHUU. YIeNbHBIA pacxoj abcopOeHTa.
AnmapatypHoe odopMiieHre Mpoiecca abcopouuu. ['uapoguHaMuyecKkue pexuMbl
pabOThI HACAIOYHBIX U TapEIhYATHIX a0cOpOEpOB.

1.6.2 AncopOuus

[loBepxHocTHbIE —siBiieHHs. lloBepxHOocTHOEe HaTshkeHue. (CmadunBaHUE.
CymHocTh mporecca aacopOuuu. AJICOpOIMOHHOE paBHOBECHE, H30TEpMa
ancopOuu. Koncranra ajgcopbunoHHoro paBHoBecus. PaBHoBecre Mexay ¢a3zaMu
U Jauarpammbl coctosiHus. IIpakThdeckoe mnpumeHeHwe mnpaBuwia (a3 ['mbbca u
npuniuna Jle-lllatenbe. Tumbl amcopOeHTOB U ajmcopOepoB. Ammaparsl ¢
HEIOJIBM)KHBIM, IICEBJIOOKW)KCHHBIM W IUIOTHOJABMKYIIMMCSI CJIOEM 3€PHHUCTOIO
Marepuara.

1.6.3 [leperonka u pekTHu(pUKaINS

OOuue cBeleHHUS O METOJAax pasleleHUss MHOTOKOMIIOHEHTHBIX >KHIKHUX
cMmeceil, neperonke U pexkruduxanuu. PaBHoBecue B cucteme «OKuakocth-Ilapy.
3akonel KonoBanoBa. AseorponHble cMecH. IIpocras mneperonka. IIpocras
neperonka c¢ Jgeduermamued. MatepuaibHBI  0ajaHC MPOCTOM MEPETOHKH.
Pektudpukamus.  CxeMbl  yCTAaHOBOK  NEPUOJUYECKOM W HENpPEpbIBHOU
pextudukanuu. MatepuanbHblid 0ajgaHC HENPEpPBIBHON pEeKTU(UKAIMU OMHAPHBIX
cMeceil. YpaBHeHHE pabouMX JUHHUM YKPEIUISIOMIE M MCYEpHBIBAIOIICH YacTeu
pEKTU(PHUKAIMOHHON KOJOHBL. MuHUManbHOE U pabodee (HIErMOBOE YHCIIO.
TennoBoii 0OanaHC pPEKTUPUKATMOHHOW KOJOHHBI. THUIBI PEKTU(PUKALMOHHBIX
anmnaparos.

1.6.4 DKCTpaKIus U IKCTparupoBaHUE

TeopeTnueckue OCHOBBI, (pU3MYECKass CYIIHOCTh M Ha3HAUY€HUE IPOLIECCOB
DKCTpaKUMU U 3KcTparupoBaHus. PaBHoBecue B cucreme «Kuakocte-KuakocToy.
Marepuanbublii Oananc. AnmapatypHoe O(opmiIeHHE HPOLECCOB 3KCTPAKLUUU U
AKCTPArupoOBaHuUs, MMyTH UX WHTEHCU(DUKAIIUH.

1.6.5 Kpucrammmzaius u3 pacTBOPOB U PacilyiaBOB

OO6mue cBegeHuss o0 mpouecce Kpuctauzauuu. OO0JacTH MPaKTUYECKOTrO
npumeHeHusi. PaBHoBecue B cucteme <« Kunkoctb-TBepaoe — BEIIECTBOY.
MatepuanbHblii U TeMI0BOM OanaHckl. Tumnbl kpuctamn3aTopoB. [IyTu moBbIIeHMs
3 PEeKTUBHOCTH TIpoIlecCa KPUCTALTHU3AIUH.

1.6.6 Cymika

OOmue cBefeHUs O TIpolecce CYHMIKM W OO0JacTAX €€ IMPaKTHYECKOTo
npuMeHeHusi. KOHBEKTHBHass M KOHTakTHas cymka. DopMbel CBA3M BIaru c
BEILIECTBOM (MaTepualioM, ChipbeM). OCHOBHBIE NapaMeTphbl BIAXKHOTO BO3IyXa.
JlnarpaMMa COCTOSIHHSI BJIQXXKHOTO BO3JlyXa M €€ aHain3. PaBHOBeECHE B CHCTEME
«TBepmoe BemiecTBo-Ilap» mpum cymke. MarepuanbHblii ¥ TETUIOBOM OajaHc.
BapuaHTsl opraHuzanny IpoOBEICHUS MpOLecCa KOHBEKTUBHOM Cymiku. KuHernka
nporecca Cymku. Meroabl HHTEHCU(PUKAIIUU MPOLECCOB CYIIKH. THUIBI CYIINIOK.
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Wx ycTpoiicTBO, mpuHUHUIBI paboThl. JIleHTOuHbIE, BUXpeBble. DOHTAHUPYIOIIHE.
Kumsimero  ciios, NHEBMOTPaHCHOPTHBIE, PACHBUIMTEIBHBIE, KOHIYKTHBHBIC
(BaJIbIIEBBIC), BAKYYM-CyOJIMMAIMOHHBIE.

1.2 TIEPEYEHb TEM ITPAKTUYECKUX 3AHATUN, X HABBAHUE
1. Pacuer OCHOBHBIX (PU3MUYECKUX CBOMCTB MKHUIKOCTEH U ra30B.
2.Pacyer 3aTpar MOIIHOCTH HA IEPEMEIINBAHHUE.

3. Pacuer ckopocTu nporecca OTCTanBaHKUS U OTCTOMHUKOB.

4. Pacuer XxapakTEpPUCTHK B3BELIEHHOT'O CJIOSI.

5. LlenTpobexxHoe oTcTanBaHue U GUIHTPOBAHHE.

6. PacueT nporieccoB IEHTPOOEIKHOTO pa3eieHuUs ra30B.

7. PacdeT TemoBbIX MpoiieccoB. Pelienre 0anaHncoBbIX 3a/1au.

8. PacueT kuHeTHyecKkux K03 (GUIIMEHTOB TEIJIOBBIX MPOIIECCOB.

9. PacueT BakyyM-BBIITAPHOW YCTAHOBKH.

10. Pacuer nporteccoB abcopOIuu.

11. Pacuer mporieccoB aicopOIuu.

12. PacyeT nponeccoB NeperoHKy U peKTUUKAIUU

13. Pacuer npoueccoB KUJIKOCTHON SKCTPAKIIUH.

14. Pacuer nponeccoB KpUCTaUIM3alluK U3 PACTBOPOB U PaCIIaBOB
15. Pacuer mapameTpoB BIaKHOTO BO31yXa.

16. PacueT KOHBEKTUBHOW CYLIUJIKH

1.3 TIEPEYEHb TEM JIABOPATOPHBIX 3AHSATUI, X HASBAHUE

1. 'mppomexanndeckue npoueccsl. M3ydeHne npoueccoB NOJIy4eHUs U
paszzeneHus

HEOJJHOPOJIHBIX CHCTEM.

2. 3ydyeHne MeTo10B pa3/ieJeHHs] HEOAHOPOIHBIX CUCTEM B IOJIE IEUCTBUS CUIT
TSKECTH.

3. Uzyuyenue nporieccoB GUIBTPOBAHUS U OTCTAUBAHMUSI.

4. VIzyueHue mpoUecCcOB pa3/ieleHHs] HEOJHOPOIHBIX CUCTEM B IOJIe JEHCTBUS

IIEHTPOOCIKHBIX CHIL.

. I3yuenue paboThI TEII00OMEHHBIX alapaToB.
. I3yuenue npoiieccoB TermiooOMeHa npu (pa3zoBoM mepexoe.
. I3ydeHne KMHETUKNA U 0COOCHHOCTEH MPOIIECCOB BHITTAPUBAHHSL.

8. MexaHnueckue rnpoueccol. MzydueHnne npoueccoB n3MeIbUYeHUE TBEPABIX
MaTepUasoB.

9. 3ydeHre KNHETUKU U ABIKYIIUX CHII MAaCCOOOMEHHBIX MPOIIECCOB.

10. Nzyuenue nporiecca aacopOoIuu.

11. V3y4yeHue mporieccoB NEPETOHKU U PEKTU(DUKAITNN OMHAPHBIX KUKAX
CMECEH.

12. N3yueHue npoieccoB SKCTPAKIIMU U IKCTPArupoBaHMUsI.

13. N3yueHnue nporeccoB KpUCTAUIM3ALMKI U3 PACTBOPOB.

14. N3yueHue nporeccoB CYIIKH.

~ O\ D
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1.4 KYPCOBOE ITPOEKTUPOBAHUE

KypcoBoe TmpoeKkTHpOBaHHWE SBIAETCS 3aBEPIIAIOIIMM DBJEMEHTOM Kypca
«IIpoueccel ¥ ammaparbl MHUIIEBBIX MPOU3BOACTB», HMTOTOM M 0000IIEeHHEM
Pa3HOCTOPOHHEW MOATOTOBKH, IMOJTYYEHHOW CTYAEHTAMH MIPU U3YYEHUU LIEI0T0 pPsaa
0011e00pa30BaTENbHBIX U CIIEUUATBHBIX JUCIUTUIMH.

PaGotass Hax KypcOBBIM MPOEKTOM, CTYIAEHT H3y4daeT JECUCTBYIOIIME
MEKIYHAPOJHbIE W HAIMOHAJIBHBIE CTAHAAPTHI, HOPMATHUBHYIO H CIPABOYHYIO
JUTEepaTypy, MNpHOOpeTaeT HaBbIKM OOOCHOBAHHOTO BBIOOpa ammaparypbl H
COCTABJICHHSI TEXHUKO-DKOHOMHYECKMX OOOCHOBaHUN, O(OPMIIEHHS TEKCTOBOW,
rpauIECKON U JIp. TEXHUISCKON TOKYMECHTAIIHH.

TemaTuka KypcoOBOro MpOEKTa OXBAThIBAET OCHOBHBIE MUIIEBBIE MPOU3BOICTBA
Y HampaBlIeHa Ha pa3pabOTKy TEXHOJOIMYECKOTO MPOLECcCa M pacyeT alrapaTos,
BXOJISIIIIMX B COCTaB TEXHOJIOTUYECKON CXEMBI.

KypcoBoif IPOEKT COCTOMT M3 PAaCUYETHO-NIOSICHUTEIBHOW 3allMCKU U
rpaduyeckoil yactu. PacdyeTHo-moscHuTeNnbHAs 3anucka oobemoMm 40-60 crpaHull
oopmiiieTcs Ha CTaHAAPTHBIX JMcTax gopmata A4 ¢ cobmoaeHueM TpeOoBaHUM
CTII CMK 4.2.3-01-2011. I'padmyeckas 4acth MpoeKTa BKIIOYAECT B ceOs J1Ba JIMCTA
dopmara Al (unm, B 3aBUCUMOCTH OT 3aJlaHus, OAWH JIUCT — hopmaTta Al, BTOpoOii
¢dopmata A2). Ha nepBoM jucTe U300pa)kaeTcsl TEXHOJOTUYECKAs: CXeMa Ipoliecca.
Ha BTOpoM nucte nzoOpakaercss 0OIMN BUI MPOSKTUPYEMOIO amnmapaTa B IByX WU
TpeX MPOEKIHUSX.

[NEPEYEHb TEM KYPCOBBIX ITPOEKTOB:

1. PacueT ycTaHOBKM JI1 BOCCTAHOBJIEHUS TOPOIIKOOOPAa3HbIX MAaTEPUATIOB.

2. Pacuer ycTaHOBKH JJIsl PUTOTOBJIEHUSI MOIOLIIUX PACTBOPOB.

3. PacueT nacTepu3alimOHHO-OXIaAUTENBHON YCTAHOBKH.

4. Pacuer OIHOKOPITYCHOTO BAKYYM-BBIIIAPHOTO arrapara Cc
TEPMOKOMIIPECCOPOM ISl CTYLIEHUS KUAKUX IMUILEBBIX MPOAYKTOB.

5. Pacduer MHOrOKOpPIYCHOM BaKyyM-BBIIIAPHOW YCTAaHOBKH IS CrYyLICHUS
KUJKUX MMUIIEBBIX MPOIYKTOB.

6. PacueT BOog000OOpOTHOTO IMKJIA JJIi KOHJAEHCAIIMM COKOBBIX MapOB BAKyyM-
BBIIIAPHBIX alapaToB IIPU MPOU3BOJICTBE KOHIIEHTPUPOBAHHBIX IPOLYKTOB.

7. Pacuer 6apabaHHOM CYIIMIBHONM YCTAaHOBKH.

8. Pacuer ycTaHOBKM Ui CYIIKM >KUIKUX THIIEBBIX NPOAYKTOB (Ha Oaze
pPaCHbUIMTEILHON CYIIMIIKH).

9. Pacuer yCTaHOBKM JIs CYIIKH B YCIOBUSAX MCEBIO0KUKEHHOTO CIIOA.

10. Pacuer ycTaHOBKH JUIsl CYIIKH MUIIEBBIX MOPOIIKOOOPa3HbIX MPOAYKTOB B
YCJIOBUSIX THEBMOTPAHCIIOPTUPOBAHUSI.

11. Pacyer tpyOuaToro TemioOOMEHHHKAa HENPEPHIBHOTO JNEUCTBUS IS
nacTepu3alruy MOJIOYHBIX TPOTYKTOB

12. PacyeT yCTaHOBKH JIJIs1 OXJIAXKICHUS U KPUCTAJUIU3aLUN.

13. PacueTr aOCOpOIIMOHHOI YCTaHOBKH.

14. PacyeT aficopOIIMOHHON YCTaHOBKH.

15. Pacuet pekTu(PUKAIIMOHHON YCTaHOBKH.

16. PacyeT 3KCTpallMOHHON YCTaHOBKH.
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2.1 YYEBHO-METOJJMYECKA S KAPTA YYEBHOU JTUCIATIJIMHEI

JUTsl THEBHOU (DOPMBI MOTyUYEHHUs BHICIIETO 00pa30BaHMUS

JJIA CIICTIHMAaJIbBHOCTHU

1-36-09-01 MaruHbl 1 anmapathbl MUIIEBBIX TPOU3BOJICTB

= X
é KoiuectBo g 3
o ayAUTOPHBIX YacCOB 8 'S §“
2 o BN
. S
< D) ) g o S
= 3 S o 2
2! Haspanue paszeina, TeMbl - ol = £ 3
o g = =
2 =12 E| |2 &g
o, < 5 = Sl T =
o 5, S T = = 3 SRR
Q< < = S
5) SRR R R = =
= e g S S 5
S s = = S =
T = 5 SIS
1 2 3 4 5 6 7
1 | Beenenue. Coneprkanue, 3a1a9u U 3ammura
Mecto Kypca “IIpouecchl n 2 2 2 8 OTYETa 10
anmnapathl MUIIEBBIX POU3BOJICTB” B na6.pabote
POy APYTUX TUCHUTUIHH.
2 | llpuHuunel aHaiu3a U pacyera 4 4 8 Penienue
MIPOIIECCOB M aImapaTroB 3aj1a4.
YCTHBIN
OI1pOC
3 I'mppomexannyeckue mpoLecesl. 2 4 2 8 3ammra
HeoHOpOAHBIE CHCTEMBI: METOIBI oT4eTa I10
MIOJTYYEHUS U pa3/IeJICHHUS. na6.pabote
4 | PaznmeneHnue HEOTHOPOJHBIX CUCTEM 4 4 4 8 3amura
B T0JIC JCUCTBHSI CHJI TSDKECTH oT4eTa I10
na6.padoTe
5 | ®unkTpoBaHue 2 4 4 8 3ammra
OTUeTa I10
na6.padoTe
6 | Pa3znenenue HEOJHOPOIHBIX CUCTEM 2 4 2 8 3amura
B TT0JIC JICUCTBHSI IIEHTPOOCSIKHBIX oT4UeTa I0
cui na6.padoTe
7 | Ouucrka razos 4 4 8 Pemienue
3a]1a4.
YCTHBIN
Onpoc
8 | TennoBele mpoleccsl W anmaparsl. 4 4 12 Pemenne
OCHOBBI TIPOIIECCOB TIEPEHOCA TETlIa 3ajad4.
B amnmaparax MHIIEBbIX TPOU3BOJICTB YCTHBIH
Ornpoc
9 TennooOMeHHBIE anmapaThl 4 4 10 Pemenue
3a]1ad4.
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YCTHBIN
onpoc

10

Mertonuka
TEII000OMEHHUKOB

pac4eroB

Pemenue
3a/1a4.
YCTHBIN
onpoc

11

TerutooOMeH mpu pa3zoBoM Hepexo/ie

Pemenne
3azay.
YCTHBIN
onpoc

12

HaCTCpI/I3aHI/IH " CTCpHUIIN3ala

12

Pemnienue
3aja4.
YCTHBIN
Ompoc

13

BrimapuBanue

Penienne
3ajJad.
YCTHBIN
Ompoc

14

MHOroKOopITyCHOE BBIITAPUBAHKE

Pemenue
3a/1a4.
YCTHBIN
onpoc

15

MexaHn4ecKHe MpoLECCHI.
N3menbueHne TBepIbIX MaTepUaioB

Pemenue
3a/1au.
YCTHBIN
onpoc

16

MaccooOMeHHbIC IIPOLECChI

12

12

3amura
OTYeTa 1Mo
na6.padoTe

17

Abcopbuus

Pemenue
3azay.
YCTHBIN
Onpoc

18

Ancopbuus

3amura
oTYeTa 10
na6.padoTe

19

[leperonka u pekTuduKanus

10

3amura
oTYeTa 1Mo
na6.paboTe

20

3KCTpaKI_[I/I$I H OKCTpAarupoBaHuC

3ammra
OTYeTa 10
na6.paboTe

21

Kpucrammuzanuss w3 pacTBOPOB U
pacIuiaBoB

3ammra
OTYEeTa 10
na6.padote

22

Cymika

10

3amura
OTYEeTa 10
na6.paboTe
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2.2 YYEBHO-METOJIMYECKAS KAPTA YUEEHOM JUCLIUTIIMHBI

JUTSI THEBHOU (DOPMBI MTOTYyUYEHUS BBICIIIETO 00pa30BaHUS

JJIA CIICIMaJIbHOCTHU

6-05-0714-04 Texnonornyeckue MaliMHbI 1 000PYI0BaHHE

E KonuuectBo % §
o ayJUTOPHBIX YaCOB § % =
o < I
< D) ) = S
§ HazBanue pa3aciia, TEMbI - E - E g E
S [ EE||2E||8:
ANEE REEUER: S °3
) g &< 2 3|5 & S 3
= O 0 < <z 8 Q=
2 3 8, 2 S 8
T = = 8 'S %)
1 2 3 4 5 6 7
1 | Beenenue. Conepkanue, 3a1a9u U 3ammra
MecTo Kypca “IIpoueccel u 2 2 4 OT4Y€eTA 110
anmnapaThl MUIIEBHIX MPOU3BOJICTB” B na6.pabote
Py IPYTUX TUCIMILIVH.
2 | llpuHnumne! aHanu3a v pacuera 4 4 6 Pemenne
IIPOLIECCOB M aIllapaToB 3aj1ad.
YCTHBIN
OIpocC
3 | ['uapomMexaHHUECKUE MTPOIECCHI. 2 4 2 8 3amura
HeoaHOpoaHbIE CHCTEMBI: METOTBI OTYEeTAa IO
MOJIYYCHHUS U Pa3/ICIICHUSL. na6.pabore
4 | PasznmeneHue HEOTHOPOIHBIX CHCTEM 4 4 4 8 3ammra
B I10JIE JICHCTBHSI CHJI TSDKECTH OTYETA 10
na6.paboTe
5 | ®unsTpoBanue 2 2 4 6 3ammra
OTYETA MO
na6.paboTe
6 | Pa3nenenne HEOTHOPOIHBIX CHCTEM 2 4 2 8 3ammra
B TI0JIC ICHCTBUS IICHTPOOCIKHBIX OTYETAa IO
cu na6.paboTe
7 | Ounctka ra3os 4 4 8 Pemenue
3aj1ad.
YCTHBIN
Ormpoc
8 | TemoBeIe TpoOIIECCHl W amIaparthl. 4 4 8 Pemenue
OCHOBBI MPOIIECCOB MEPEHOCA TeIia 3a/1au.
B armaparax MUIIeBbIX TPOU3BOJICTB YCTHBIH
Onpoc
9 | TemmooOMeHHbIE anmapaTsl 4 4 8 Pemenne
3ajad.
YCTHBIN
onpoc
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10

Metoauka pacyueToB
TEIIOOOMEHHUKOB

Penienue
3aja4.
YCTHBIN
onpoc

11

TenmnooOomen npu pazoBom mepexoae

Pemnienue
3aja4.
YCTHBIN
Onpoc

12

[Tacrepuzanus u crepuam3anys

Pemenue
3a/1a4.
YCTHBIN
onpoc

13

BeinapuBanue

Pemenue
3a/1au.
YCTHBIN
onpoc

14

MHOroKOpITyCHOE BBIITAPUBAHKE

Pemenne
3azay.
YCTHBIN
onpoc

15

MexaHu4yeckue IMpOHCCCHhI.
H3menpueHue TBCPAbIX MaTCPpHUAIIOB

Penienue
3ajJa4.
YCTHBIN
Onpoc

16

MaccooOMeHHBIE IIpoUeCChI

ammra
0T4YeTA 110
na6.paboTe

17

Abcopbuus

Pemenne
3a7a4.
YCTHBIN
Ormnpoc

18

AncopOrus

3ammra
oT4eTa I1o
na6.paboTe

19

[leperonka u pextuduxanus

3ammra
oT4eTa I1o
na6.paboTe

20

OKCTpaKIUs U SKCTPAarupOBAHKE

3ammra
oTYeTa 1o
1a6.pabote

21

Kpucrammuzanuss U3 pacTBOPOB U
pacIuiaBoB

3ammra
oTYeTa 1o
1a6.pabote

22

Cymika

3ammra
oTYeTa 1Mo
na6.pabdoTe
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3. THOOPMAIIMOHHO-METOANYECKAA YACTDH

3.1 Ilepeyens qutepaTypbl

OcHoBHas

1. Ilpoueccel u amnmapaTsl nuieBbix npousBoAcTB/ [lox pea. A. H. Octpukosa.
C.-IletepOypr, 2012.-616 c.

2. KaBeukwuit, [I'.J[. Ilpomeccel u ammapaThl MHIICBBIX IPOU3BOACTB /
I'. JI. KaBeukuii, A. B. Kopones.—M.: Arponpomusaar, 1991. — 432 c.

3. CrabuukoB , B.H. Ilpomeccel W ammaparhl NHUIICBBIX TPOU3BOACTB [/
B. H. CraGuuxoB.— M.: [TummeBas npoMbInuIeHHOCTh, 1976. — 663 c.

JlonoaHUTENbHAS

4. Hertaepckuii, FO. W. Ilpouecchl u anmapatbl XUMHUYECKOW TEXHOJIOTHH.
['mapoMexannueckue M TerjoBble mporecchl U ammapatsl / FO.M. JIpiTHepckuit.—
M.: Xumus, 1992.-T.1.- 416 c.

5. Kacarkun, A.T. OcHoBHBIE TIpollecChl M amnmapatbhl XUMHUYECKOU
texnonoruu / A. I'. Kacarkun.— M., «Anesguacy, 2005 — 750c.

6. IlaBnos, K. ®. [Ilpumepsl u 3aauu Mo Kypcy NpPOILIECCOB M ammapaTroB
xumudeckor texHoaornu / K. @. Ilasmos, II.I'. PomankoB, A. A. Hockos.— C.-
[TeTrepOypr: «Xumus», 2005.

7. Ilpomeccyl U anmapaTtel XUMHYECKOW TexHojoruu. Ilocobue 1o
npoektupoBanuto noA pen. FO. W. JIeitHepckoro.: M., «Xumus», 1991 — 496c.

8. CraxeeB, U.B. Ilocobme mo KypcOBOMY IPOCKTHPOBAHHWIO IPOIIECCOB U
annaparoB nuuieBbix npousBoacts/ M. B. CraxeeB.— Munck: Beicmias mkona, 1975.
287 c.

9. IlpoexkTrpoBaHKE MPOIECCOB U AINIMAPATOB MUIIEBBIX MTPOU3BOACTB / MOJ PEA.
B. H. Crabnnkosa.— Kues: Buma mkoma, 1982.-199 c.

10. EpenrammeB, A. E. IlpoekTupoBaHue TpOIECCOB W aIlapaTOB MHUIIEBBIX
Ipou3BOACTB/ A. E. Epenranues, C. JI. MaclICHHUKOB, A. K. Kakumos,
H. O. Tycunos. Yue6Hoe nocodue. — Cemeit, CI'Y um. Illakapuma, 2008. — 208 c.

11. Cokoios, B. 1. OcHOBBI pacuéTa U KOHCTPYHUPOBAHUSI MAIllMH U allapaToB
nunieBbix mpou3BoAcTB/ B. U. CokonoB.- M.: Mamunoctpoenue, 1983.— 447c.

YyebHo-MeToAnueCcKre pa3padboTKu

1. YaeOHO-MeTOIMYEeCKU KOMIUIEKC Mo yueOHou mucruruinae «lIporecch u
amnmapaTrhl THINEBBIX MPOW3BOACTBY I crnenuainbHoct 1-36 09 01 Mamusbel u
ammapars! numeBbix mpousoacTs / C.B. bacos; bpI TY — bpecr, 2023. — 336 c.

2. MeTtomnueckue ykazaHus K jJabopaTopHbIM paboTaMm 1o kypcey «lIporecchl u
annapatsl nuieBbix npou3BoAcTB» / C. B. bacos, 3. A. Typ; H. Il Huxonuyk;
bpI'TY — bpecr, 2016. — 42 c.

3.2. JInst AMarHOCTUKU Pe3ybTaTOB YUYEOHOU AEATETbHOCTH UCTIOIb3YIOTCA:

— YCTHBIM ¥ MUCBMEHHBII OMPOC BO BpeMs TaOOpaTOPHBIX padoT;

— MMCHhMEHHBIE OTUYETHI U 3aIIUTa JTA00PATOPHBIX PadOT;

— TEKylllas aTTecTalus;

— cobOeceroBaHUE TIPH MMPOBEJCHUU KOHCYJIBTAIIHIH;

— KOJUIOKBUYMBI;

— BBICTYILJICHUE CTYyJ/IEHTa Ha KOH(EPEHIINH 10 TIOATOTOBJICHHOMY pedepary;
— cJaya 3K3aMeHa.


http://www.twirpx.com/file/594075/
http://www.twirpx.com/file/594075/
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3.3 XapakrepucTuka peKOMEHAYEMBIX METOJOB U TEXHOJIOTUNA 00yUEeHHUSI

JInst TOCTHOKEHMsI TOCTABJIEHHBIX IIesieid OoOydeHHs, a TakkKe ISl YCBOCHUS
CTYJIEHTaMU COJIEpKaHUsSI MPOrpaMMbl IPUMEHSIOTCSA Pa3IMYHbIE METO/bl O0yUEHHUS.
B navasne u3ydeHuss Kypca OCHOBHAas pPOJb MPUHAJICKUT aJITOPUTMU3UPOBAHHBIM
MeToaM 00y4eHHsI, KOTOPbIE UCIIONB3YIOTCA TIPU PEIICHUH TUIIOBBIX 3aJ1ay, a TaKKe
B JJabopaTopHOM IpakTUKyMe. [10 BO3MOXKHOCTH aIrOpUTMU3UPOBAHHOMY 00YUYEHHUIO
HEOOXOJMMO TMpHUJABAaTh TBOPUYECKHM XapakTep, Hampumep, Mpu (popmyIupoBke
MPAKTUKO-OPUEHTUPOBAHHBIX THUIOBBIX 33/a4. B JIEKIIMOHHOM Kypce MOTYT OBITh
UCIIOJIb30BaHbI MPOOIEMHBIE METOIbI O0YUEHUS.

PekoMenayeMpiMi MeTOAaMU OOYYEHHS, OTBEUAIOIIUMHU IIENIAM H3YUCHHUS
JTUCIUIUTAHBI, SIBISIOTCS:

— DJIEMEHTBI TPOOJIEeMHOTO OOydeHwms (MpoOJEeMHOE H3JI0KEHHUE, BapUATUBHOE
U3JI0’)KEHUE, YACTUYHO-TIOMCKOBBIM METO/T), pean3yeMble Ha JIEKIMOHHBIX 3aHATUAX;

— DJIEMEHTHl  y4eOHO-UCCIIEOBATENbCKOM  JESATENIbHOCTH, pealu3yeMble Ha
71a00paTOPHBIX 3aHATHUSX, IPU CAMOCTOATEIBHOMN padoTe.

3.4. MeTonuyeckue peKOMEHIAINN TT0 OPraHU3aIllii CaMOCTOSITETFHOM PaboThI
CTYJEHTOB

[Ipu u3ydeHUH TUCUUIUIMHBI PEKOMEHAYETCA MCIONb30BaTh cieayromue Gopmbl
CaMOCTOATEIBbHON pabOTHI:

— MpopaboTKa JEKIUOHHOTO MaTepuana;

—  KOHTpOJUpyeMasi caMoCTosITeNbHas padoTa B BHJE pELICHUS 3adad B
ayJUTOPUU BO BpeMsl NIPOBEIACHUS MPAKTUYECKUX U JaOOPATOPHBIX 3aHATUNA MOJ
KOHTPOJIEM ITPENO1aBaATENS;

— MOJrOTOBKA pedepaToB 10 UHIMBUYaIbHBIM TEMaM.

Buo camocmosimenvrou pabomuol Dopma konmpous
PaboTa HaJ1 JEKIMOHHBIM MaTepUaIoM YcTHBIN onpoc
[ToarotoBka K NpakTHYECKUM 3aHATUSIM Pemenne 3amau
IToaroroBka K J1abOpaTOPHBIM 3aHSTUSIM 3amuTa 1a00paTOpHBIX PadbOT
[ToaroroBka K cjiade sK3aMeHa DK3aMeH
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NHOOPMALIMOHHAA YACTb
IIpumepHbBIH MepevyeHb TeM JIA00PATOPHBIX 3aAHATHI

1. M'mppomexannydeckue npouecchl. M3yueHnre mpoieccoB MoxydeHus u

pazneneHus
HEOJTHOPOJIHBIX CUCTEM.

2. 3yueHre MeTOA0B pa3/ieJieHUs] HEOJHOPOIHBIX CUCTEM B I0JI€ IEUCTBUS CHUII
TSXKECTH.

3. Uzyuyenue nporieccoB GUIBTPOBAHUS U OTCTAUBAHMUS.

4. V3ydyeHune npoLeccoB pa3iesieHus: HEOJHOPOJHBIX CUCTEM B IOJIE JEHCTBHUS

LEHTPOOEKHBIX CHIL.

. 3ydenune paboThl TEIIIOOOMEHHBIX anmapaToB.
. I3ydenue npoiieccoB TermaooOMeHa npu pa3zoBoM Mepexoe.
. I3yueHune KMHETUKU U 0COOEHHOCTEMH MPOIIECCOB BBITAPUBAHUS.

8. Mexanunueckue npoueccel. M3ydyeHne mpoueccoB U3MENbUYeHUE TBEPABIX
MaTepuaoB.

9. N3yyeHne KMHETUKU U IBIXKYIIUX CHII MACCOOOMEHHBIX MPOIIECCOB.

10. N3yuenue nporecca aacopOoIuu.

11. M3y4yeHue nporeccoB NEPErOHKU U PEKTUPUKAIIUNA OMHAPHBIX SKUJIKIX
CMECEH.

12. 3yueHne npoueccoB IKCTPAKIMU U SKCTPArUPOBAHUSL.

13. M3yueHne npoueccoB KpUCTAIUIM3AIUU U3 PACTBOPOB.

14. N3ydeHne nponeccoB CyIIKH.

15. CunTe3 NUIIEeBbIX KpacUTENEN, apOMAaTU3aTOPOB U KOHCEPBAHTOB.

16. N3yuenne ocOOEHHOCTEM MPOLIECCOB OPOKEHUS U KBAIIICHHUS.

~ O\ D

IIpumepHBIN NepeYyeHb TeM NPAKTHYECKUX 3AHATUI
1. Pacuer 0CHOBHBIX (PU3MUYECKUX CBOMCTB MKHUIKOCTEH U ra30B.
2.Pacuer 3aTpar MOIIHOCTH Ha NIEPEMEIIMBAHUE.
3. Pacuer ckopocTtu nmpolrecca OTCTauBaHNUs U OTCTOWHHUKOB.
4. Pacuer XxapakTEpUCTHK B3BELIEHHOTO CJIOSI.
5. llenTpoOexxHOE OTCTauBaHKE U (PUILTPOBAHUE.
6. Pacuer nmporeccoB IEHTPOOESKHOTO pa3ieiIeHUs ra30B.
7. PacyeT TernoBbIX mporieccoB. Pelienre 0anaHnCcoBbIX 3a/1ad.
8. PacueT knuHeTnyeckux Ko3((PUIIMEHTOB TEIJIOBBIX MPOLIECCOB.
9. Pacuer BakyyM-BbIIapHOW YCTAaHOBKHU.
10. PacueT nponeccoB abcopOLmu.
11. Pacuer nporieccoB aicopOoIumu.
12. PacyeT nponeccoB NeperoHky U peKTuuKauu
13. Pacuert npoueccoB KUJIKOCTHOM SKCTPAKIINH.
14. PacyeT nponeccoB KpUCTAILIM3ALMH U3 PACTBOPOB U PacCIlJIaBOB
15. Pacuet mapaMeTpoOB BIAXKHOTO BO3/1yXa.
16. PacueT KOHBEKTHUBHOM CYLIMIIKA
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