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OBIIAA XAPAKTEPUCTUKA PABOTHI
AKTYaJIbHOCTb TeMbI HCCJIEJOBAHUSA.

AKTYyanbHOCTh W BaXXHOCTh TEMbI palbOThl O0O0YCIOBJIEHA Ype3BbIUYANHOMN
pPacnpoCTPaHEHHOCTBI0O MU Pa3HOOOpPAa3UEM HAMOPHBIX TPYOONPOBOIAHBIX CHUCTEM.
BononpoBoaHbie M TEIIOBBIE CETH, MarucTpajbHble TPYyOONPOBOJBI PA3IUYHOTO
HA3HAYEHHUsSI, THAPONPUBOJLI MAIlMH M MEXaHW3MOB, CHUCTEMbI MOJa4yHd TOIUIMBA,
HEe(DTEPOBOABI U TPOAYKTONPOBOABI, M JaXKe KPOBEHOCHYI) CHCTEMY MOXHO
OTHECTU K 00BEKTaM TaKOro po/ia.

Hamopasie TpyOOmpOBOAHBIC CUCTEMBI SIBIISIOTCS BAKHOM YacThlO MHOTHX
TUJPOTEXHUYECKUX COOPY>KEHUM, CTPOUTENIbHBIX MAIIUH U MEXAHU3MOB, U JIPYTUX
00BEKTOB B MAIIMHOCTPOCHUH M TEXHHUKE. B cocTaB TpyOONPOBOIHBIX CHCTEM, KaK
MPaBUJIO, BXOJAT HACOCHl M HCIOJHUTENbHbIC YCTPOWCTBA, KJIaNaHbl Pa3TUYHBIX
BUJIOB, GUIIBTPBHI, KOMIIEHCATOPHI U JIpyras rupoanmaparypa.

OTBETCTBEHHOCTh 3afla4, CBS3aHHBIX C TPYOONMPOBOJHBIMU CHCTEMAMH,
IPEABIBISIIOT 0COObIE TPeOOBAHUA K UX HaACKHOCTU. OT MPaBUILHOTO U HAJIEAKHOTO
(GyHKIMOHUPOBaHUS TPYOOIIPOBOIHON CHCTEMbl BO MHOI'OM 3aBUCUT 0€30MaCHOCTH
00beKTa, HA KOTOPOM OHHM YCTAHOBJICHBI. [[JIs1 MpaBUIBLHOTO MPOEKTUPOBAHUS U
OLICHKM NapaMeTpOB THAPABIMYECKONM CHUCTEMbl HEOOXOAMMO 3HAHUE HE TOJIBKO
CTaTUYECKUX, HO U JUHAMUYECKUX XapAKTEPUCTHK MPOIECcca NIl BCEro Auamna3zoHa
IITATHBIX U HEIITATHBIX (B TOM YUCJIE U aBAPUUHBIX ) CUTYyaIUH.

HccnenoBanus EpexoHBIX MPOIIECCOB B TPYOOIPOBOJHBIX CHCTEMAaX WMEIOT
OOJBITYI0 BaXHOCTh M AaKTyaJIbHOCTh, IOCKOJIBKY OHH CBSI3aHBI C BONPOCAMU
obecreueHurs 3auThl TPYOOIIPOBOIOB CETH M THAPOOOOPYAOBAHUS OT MOBBIIICHHBIX
JABJICHUI >KUAKOCTU (THAPABIMYECKUX ynapoB). HecMoTps Ha TO, 4TO U3ydYEHUEM
MEPEXO/IHBIX MPOIECCOB U B YACTHOCTH, THAPABIMYECKHUX YAApPOB, 3aHUMAIOTCS
JABHO, HEJIb3sl B HACTOSIIEE BPEMsl HEJNIb3sl CUMUTATh ATy MNPOOJIeMy MOJHOCTBHIO
peuieHHoM. J[o cux mop B MPaKTUKE IKCIUTyaTallud TPYOONPOBOAHBIX CUCTEM HUMEIOT
MECTO pPa3JM4YHOro BUJA OTKa3bl MW aBapuUWHbIE CUTyallud, BbI3BAHHBIC
TUIPABIMYECKUMHU YAapaMU, YTO CHUXKAET B LIEJIOM HaJIEKHOCTh pabOTHI.

Hanuure B Hacrosimiee BpeMsi HEPEHICHHBIX BOIPOCOB, CBSI3aHHBIX C
NepPeXOAHBIMU MPOIIECCAMU, MOKET OBITh OOBSICHEHO PSAIOM MPUYUH.

Bo-niepBbiX, 3TO CBS3aHO C YHUKAJIBHOCTBIO OOBEKTOB M CIOKHOCTBIO HX
CTpyKkTypbl. Takue coopyxkeHHUs, KaK, HANPUMEP, CUCTEMbl TEXHOJOTMYECKHUX
TpyOOTIPOBOZIOB aTOMHBIX JJICKTPOCTAHIIUN, WM THUIPONPHUBOA KPaCHOSIPCKOTO
CYJIOTIOTbEMHHKA SIBIITIOTCSI YHUKAJIBbHBIMH W BEChbMa CJIOXKHBIMU OOBEKTaMH,
KOTOpbIe TpeOyIOT CIENUaTbHOTO PACCMOTPEHUS C YYEeTOM BCe crnenuduku
00BeKTa.

Bo-BTOphIX, U3yue€HHE 3aKOHOMEPHOCTEH MEpPEeXOAHBIX MPOILIECCOB B
JNEUCTBYIOUIMX TPYOOIIPOBOJIHBIX CHUCTEMaX HaTajJKUBaeTCs Ha OOJbIIMe TPYIHOCTH,
CBSI3aHHBIE C OTCYTCTBHEM BCEW HEOOXOAMMOM Il MPOBENCHUS] TAKUX PACUETOB
uHpopmarnmu. HecmoTpss Ha 3HAYMTENbHOE KOJIMYECTBO PAOOT, MMOCBSIIEHHBIX
UCCJIEIOBAHUIO HEYCTAHOBUBILIMXCS TEUEHUH IKUIKOCTU B TPYOOIPOBOJHBIX
CHUCTEMax, NPAKTUKA SKCIUTyaTalluhd TPYOOIPOBOJHBIX CHCTEM B COBPEMEHHBIX



YCIOBUSIX CTAaBUT HOBBIE THIPOJMHAMHYECKHE 3a/adyH, MPHU3BAaHHBIE 00ECIECYUTDH
HAJICKHYIO SKCIUTyaTalMi0 CUCTEMBI IIPU IEPEMEHHBIX THIPABINYECKUX PEKUMAX.

Hear um 3amaun. OCHOBHOM LIENBIO JAHMCCEPTALMU SBISIETCS pa3paboTka
JOCTAaTOYHO OOIIEro M YHUBEPCAIBHOTO MOAXOAAa K MAaTeMAaTHUYECKOMY OIMCaHUIO
TpyOOIIPOBOJHBIX CUCTEM M HECTAI[MOHAPHBIX PEXKUMOB UX PabOThI, U CO3/IaHHE Ha
9TOM OCHOBE J((PEKTUBHBIX YHUCICHHBIX METOJOB U QJITOPUTMOB PEIICHUS
JIOCTATOYHO OOJIBILIOTO KJIacca MPAKTUYECKUX 3a]1ay.

st moCcTHXKEHMs OCTABJICHHOM LIEJIH PEIIAIOTCS CIAEAYIOIINE 3a0aUu:

1. Onupasicb Ha anmapat TeopuH rpapoB U OOBEKTHO-OPHUEHTUPOBAHHBIN
NOJXOJl,  MOCTPOUTH  JOCTAaTOYHO  OOIIee  MaTeMaTH4YeCKOE  OMHCAHHE
TPyOONIPOBOHON CUCTEMBI;

2. B pamkax uCmosibp3yeMoi mapaaurmMbl pa3padoTaTh: a) JOCTATOYHO MPOCTYIO
VHXEHEPHYIO MOJENb TMAPABIMYECKOrO yaapa, CONPOBOXKIAOLIErOCs KaBUTALUEN
MOTOKa XUAKOCTH; 0) MOJENb TUJPaBIMYECKOrO yAapa B CUCTEME KOAKCHAJbHBIX
TpyO;

3. Pa3zpabGotath 5>(Q¢eKTUBHBIE YHUCIEHHBIE JTOCTATOYHO YHHUBEpCAJIbHBIC
METO/bl ISl pacyeTa: a) OBICTPONPOTEKAIOUIUX MPOILIECCOB CO 3HAYUTEIbHBIMU
rpagueHTaMu; 0) MIaBHO MPOTEKAIOUIUX MPOIECCOB; B) TEUCHU C KaBUTAIIUEH.

4. Ha ocHOBe Mojeneil ¢ COCpPelOTOUYEHHBIMU MapamMeTpamu pa3padoTaTh
YOPOILLIEHHBIM WHKXEHEPHBIN MOAXOJ Uil OMMCAaHWS HECTAMOHAPHBIX IPOLIECCOB B
TpyOOTIPOBOJHBIX CHCTEMax M CO37aTh «OBICTPHIE» MOJEIN M aJrOPUTMBI pacueTa
JTUX MPOLIECCOB.

5. Pa3paboTarh TEXHOJIOTUM 3KBUBAJICHTUPOBAHUS U YIPOIICHUS OONBIINX U
CIIOXKHBIX TpPYOONPOBOAHBIX CHUCTEM, HMMHUTALMOHHBIE MOENH, [O3BOJISIONINE
UCCIIEI0BaTh (PYHKIIMOHUPOBAHUE OTACIBHBIX YacTel TPyOOIPOBOAHON CUCTEMBI.

Obaactb ucciaenoBanus. CoaepxaHue JUCCEPTAUN COOTBETCTBYET 00JIACTH
uccienosanus 1.1 «HayyHele OCHOBBI paBHOBECHs, ABUKEHHUSA M B3aMMOJCHCTBHSI
KHUJKOCTEH M Ta30B, 3aKOHOMEPHOCTH JBM)KEHUS OOBIYHBIX, B3BECEHECYILUX,
adpUPOBAHHBIX M  CTPAaTU(PULIMUPOBAHHBIX IOTOKOB, IPOTHO3UPOBAHUSA  MX
XAPAaKTEPUCTUK M KUHEMAaTU4YECKOM CTPYKType» M 1.2 «CTauuoHapHbIE W
HECTAllMOHAPHBIE TEYEHUs JKUAKOCTU B TpyOax, KaHalax, €CTECTBEHHbIX U
VCKYCCTBEHHBIX PYCJIaX, TUAPOTEXHUUECKUX COOPYKEHUH Pa3IMYHOTO HA3HAYCHMUS,
B3aMMOJEMCTBHUSI MOTOKOB C OOTEKAEMBIMH HUMHU TPaHUYHBIMH I1OBEPXHOCTSIMH,
T€JaMU WU COOPYKEHHMSIMH, THAPABINYECKHE  CONPOTUBIEHHUS»  Macmopra
cnenuanbHocTH 05.23.16 — «['uapaBarka U MHKEHEPHAs THIPOJIOTHSI.

Mertoabl  uccaenoBaHus.  J[nd  pemieHMs  NOCTAaBIEHHBIX  3a4ad
UCIIOJIb30BAIMCh ~ METOJBl  MAaTeMaTU4YeCKOr0  MOJEIUPOBAHUS,  YUCIEHHBIN
JKCIIEPUMEHT. TeopeTHnYecKod M METOAOJIOTMYECKOM OCHOBOW JMCCEPTALMOHHOIO
UCCJIEIOBaHMSI TIOCTY>KUJIH TPYAbl OTEUECTBEHHBIX U 3apyOeKHBIX UCCIIe0oBaTeNeH B
00J1acTH rMIPaBIMYECKOT0 yapa U TpyOHOH THIPABIUKH.

HayuHast HOBHU3Ha JUCCEPTAMOHHON paOOThI 3aKIF0YAETCA B CIIETYIOIIEM:

BrnepBele eTanbHO aHAIUTUYECKH MCCIIEOBAH IIPOLIECC Pa3pbiBa CIIOMIHOCTH
[OTOKa Ha MpUMeEpE TMAPABINYECKOTO yIapa B IPOCTOM HAKIOHHOM TPyOOIIPOBOAE,



0e3 yuera TpeHus (UaeaabHas KUAKOCTh) U C YIETOM TPEHHUSI.

BrisiBiieHa BO3MOKHOCTh 00pa30BaHMs KABEPHBI HE TOJBKO Y 3aJBUKKHU, HO U B
CpelHeH 4acTu MOTOKA, MPU Pa3BUTUM BTOPUYHON KaBUTAIMH; BhIBEACHBI (DOPMYJIbI
IUIS. ONPEAEJICHUST BPEMEHU 3apOXKICHHS W MECTOMOJIOKEHUS JTOW KaBEPHBI,
onpenesieHa NPOJOJKUTENBHOCTh €€ CYIIECTBOBAHMS.

VYcTaHOBNEHO, 4YTO I OINMCAaHMS TMpoLecca KAaBUTAlMM B HAKJIOHHOM
TpyOONpoBOE O€3 TPEHUS U C YUETOM TPEHHUS, HEIOCTATOUYHO MCIOJIb30BATh MOJIENb
W30JMPOBAHHONW KaBEpPHBI, TaK KaK TIOMHMO «KDPYITHBIX» KaBepH o0Opasyercs
oOmupHasi 30HAa MEJIKOMY3bIPbKOBOW KABHUTAIMH, IyJIbCUPYIOMIAS BMECTE C
MIPOXOXKJACHUEM BOJH THAPABIMYECKOTO yaapa. Moaenp M30JMPOBAaHHBIX KaBEpPH
MPUMEHUMA TOJBKO IS CIIydasi TOPH30HTAIBHOTO TPyOOTpoBoaa 0e3 yuera TpeHus,
T.€. ABJSECTCS BBIPOXKICHHBIM HEYCTOMYHUBBIM CIIy4aeM.

[Tomyyena mnpubmmwkeHHas ¢GopMyiaa IS ONpPENeTIeHUS MaKCUMaIbHOTO
JABJIEHUSI B TPYOOIIPOBOJIE C YYETOM TpeHus, 00oOiaroas U3BeCTHy0 (Gopmyiy
H.E.’KykoBckoro Ha ciiy4aii BO3BHUKHOBEHHUS KaBUTAIWU.

B  pamkax  monoxenuét  teopuum  H.E.KykoBckoro  pazpaborana
MaTeMaTU4yecKasl MOJIeJb THAPABIMYECKOTO yAapa B KOAKCUAIBLHOM TPYOONpPOBOE
(Hapy>XHasi ¥ BHYTPEHHsIsl TpyOa), yUHTHIBAarOIash B3aMMOJICUCTBHE 4YEpe3 CTEHKY
BHYTpEHHEW TpyObl (0OMEH MMIyJbCOM).  YCTaHOBJIEHO, 4YTO  IPOIECC
pacrpocTpaHeHusl BO3MYILIEHHM B TaKOW CHCTEME MPEJCTABISIET COOOM €IUHBIN
CBS3HBIM TUINEPOOIMYECKUNH TPOLECC, HMEIOIMN JABE pa3IUYHbIE CKOPOCTHU
pacIpoOCTPAHEHUS] BO3MYILICHUHN B MPSIMOM HAIPABJICHUU U JBE PA3JIMYHbIE CKOPOCTH
B 00paTHOM HampaBlICHUHU.

[IpennmokeHa yHUBepcalbHas SBHO-HESBHAsT CXema Oerymiero cdyera,
MO3BOJISIONIAs THOKO TMPHUCIIOCAOIMBATHCS K TEOMETPUU CUCTEMBI («IJTUHHBIC» H
«KOPOTKHE» TPYOBI).

[Ipennoxen OpUTMHAJIBHBIN MOAXO/, MO3BOJISIFOLIU I OTIMCHIBATH
TpyOONPOBOJHYIO CUCTEMY KaK CHUCTEMY C COCPEIOTOYEHHBIMHU MapaMeTpaMu. ITO
MO3BOJISIET CO3/1aBaTh «OBICTphIE» MPHUOJIMKEHHbIE METOIbl pacuera. [Ipeanokena
METO/IMKA YKBUBAJICHTUPOBAHUS TPYOOIIPOBOTHON cHCTEMBI (WM €€ YacTH).

[IpenioxxeH OpUTHMHANBHBIM MOAX0A («MAaTEeMAaTHYECKUNA HCIBITATEeIbHBIN
CTEH/»), MO3BOJISIONIMN JOCTaTOYHO JOCTOBEPHO MOJIETUPOBATH U PACCUUTHIBATDH
OTJIENIbHBIE YacTU TPYOONPOBOJHON cHCTEMbl 0€3 MPUBJICUYECHHS] MOJETUPOBAHUS U
pacdeTa OCTaJIbHOU YacCTH TPYOOIIPOBOTHON CUCTEMBI.

IHoJ10:keHus1, BHBIHOCUMBbIE HA 3a1UTy. Ha 3amuTty BeIHOCATCS:

1. Metoauka MOCTPOCHHUSI MATEMAaTHYECKON MOMENIN CIOKHOW TPyOOTpPOBOTHON
CHUCTEMBI B OOIIIEM BUJIE C HCTIOIB30BAHHEM O0BEKTHO-OPUEHTUPOBAHHOTO TTOIX0/1a
2. Marematuyeckass MOJeNb THAPABIMYECKOTO yJlapa B  KOAKCHAJIbLHOM
TpyOOTIPOBOJIE;

3. Pe3ynbraThl HCCIEIOBaHUN THUAPABIMYECKOTO YAApa, COMPOBOXKIAKOLIETOCS
Pa3pbIBOM CIUIOIIHOCTH MTOTOKA;

4. CeMeiicTBO METOJOB pacueTa Ha OCHOBE cXxeM Oeryiiero cuera Jyis
OBICTPONIPOTEKAIOIIMX U TJIABHOMPOTEKAOIINX MPOLECCOB, BKIIIOUAsl IBHO-HESIBHYIO
CXEMY.



5. IlpuMeHeHne MoJeneil ¢ cocpeoTOYEHHBIMU MapaMeTpaMu 1-ro u 2-ro nopsiaka
JUTSL ONIUCAaHUSI TPYOOITPOBOIHBIX CUCTEM.

6. DKBUBAJICHTUPOBAHUE OOJBIINX TPYOOIPOBOIHBIX CUCTEM.

7. TexHoJIOTHsI UMUTAMOHHOTO MOJIEIMPOBAHUS «MATEMATUYECKUN UCTIBITATEIbHBIN
CTEH.

JJocToBepHOCTL M 000CHOBAHHOCTH HAYYHBIX MOJIOKEHUI, PEKOMEH AN
U BBIBOJIOB 00€CTIEUHUBAETCS KOPPEKTHBIM UCIIOJIb30BAHUEM METOJ/IOB MCCIEAOBAHMUS,
COTJIACOBAaHHOCTHIO BBIBOJIOB C H3BECTHBIMU TEOPETUUYECKUMH pe3yjbTaTaMu, a
TaK)Ke MOATBEPKIACTCS COMOCTABICHUEM PENICHUSI TECTOBBIX 3a/1ad C W3BECTHBIMU
AHATUTUYECKUMHU  PCIICHUSMH, COIMOCTaBJICHUEM  PE3yJbTaTOB  PacyeToB ¢
HKCIIEPUMEHTATLHBIMH HCCIICTIOBAHUSMH.

IIpakTHyeckass 1EeHHOCTbL W  BHeJAPeHHE Pe3yJbTaTOB  PadoThI.
[TomydeHnnsie B pe3yabTaTe pabOThl METOIWKH, aITOPUTMBI M IPOTPAMMHOE
o0ecrieueHrne MOTYT TNPUMEHSATHCS BO BCEX NPUKIAAHBIX cdepax, CBSI3aHHBIX C
pacyeTaMu HECTAIlMOHAPHBIX PEXUMOB TPYOONPOBOJHBIX CHUCTEM, KaK Ha CTaauu
MPOEKTUPOBAHMUS, TAK U HA CTAJIUU HKCILTyaTaINH.

Pesynbrathl pabotel BHeApeHbl BoO OI'YII « CuOHUA um. C.A. Yansirunay, a
taxke B HTII «TpyGompoBoa» (r. MockBa) U, TOCPEACTBOM 3TOTO MPEANPUATHS, B
OAO «HHUUK», AO Anrapckuedrexummpoekr, OOO "Jlenrunponedrexum" u ap.,
BCcero 34 HaMMEHOBAHMS.

AnpobGanus pe3yiabTaroB. Pe3ynbTaTel MCCIEAOBaHHMN JOKIAAbIBAJUCh HA
MHOTOYHMCJICHHBIX KOH(PEPEHIHIX, CEMUHApaX, KaK BCECOIO3HBIX U BCEPOCCHMCKUX,
TaK ¥ MEKTyHAPOIHBIX.

Ha XX, XXVIII, XXIX, XXX, XXXI, XXXIV Konrpeccax MAI'U (IAHR).

15-th (IMACS) World Congress on Scientific Computation, Modelling and
Applied Mathematics. Berlin, August 1997.

16th IMACS WORLD CONGRESS on Scientific Computation, Applied
Mathematics and Simulation, Lausanne, Switzerland, August 21-25, 2000.

International Symposium «Water Industry Systems: modelling and
optimization applicationsy», Exeter, UK, 1999.

International Symposium “Water Industry Systems: modelling and
optimization applications” (Eds. D.Savic, G.Walters), vol.2, Research Studies Press
Itd., Baldock, Hertfordshire, England, 1999.

International Symposium “Water Network Modelling for Optimal Design and
Management”, Eds. G.Walters and D.Savic, Exeter, UK, 11-12 September 2000,

4th International Conference on Hydroscience & Engineering - ICHE 2000,
Seoul, Korea, September 26-29, 2000.

13th TAHR-APD Congress (6-8 August 2002, Singapore).

3rd International Conference on Heat Transfer, Fluid Mechanics and
Thermodynamics (HEFAT 2004), 21 — 24 June 2004, Cape Town, South Africa.

Bcecoro3nas koHdepeHIs 1no mnpobiieMaM TUAPABIMYECKOW YCTONYMBOCTH
(Tounucu, 19-21 centsiops, 1975) - Towmmcu: I'py3. noautexH. uH-T, 1975.

Bcecoro3nbiii cumnosuym «UuciaeHHble MeTonbl B ruapaBiukey»  (TenaBw,
I'py3. CCP, 14-18 anpens 1980) - Jleaunrpan: BHUUI, 1980.



I Bcepoccuiickuii ceMMHap II0 JWHAMHMKE IPOCTPAHCTBEHHBIX U
HEPABHOBECHBIX TCUCHMM XKMAKOCTH U Ta3za (Muacc, 5 - 7 okts16pst 1993 r.).

AMCA-95. Advanced Mathematics, Computations and Applications
(Novosibirsk, June 20-24, 1995).

MaremaTuyeckue MOJEIU U YHCICHHBIE METOJIBI MEXAHUKH CIUIOLIHBIX CPEN
(Poccusi, HoBocubupck, Akanemroponok, 27 mas - 2 uwoHsa 1996r.)//Martepuaisl
MexnynapoaHoit koHdepennuu - Hopocudbupck, 1996.

HNHITPUM-96. 11 Cubupckuii Konrpecc mo npukiagHod U MHIYCTPUATBHON
matematuke (HoBocubupck, 1996)

Jnnamuka cucteM, MexaHu3moB W MamuH. [I MexnyHaponHas Hay4HO-
TexHuueckas KoHpeperuus (OMck, HOsIOpb, 1997)

V Cemunap CHI' "Akyctuka HeogHopoausix cpen” HoBocubupcek, 26 -30 mas
1998.

NHIIPUM-98. Tperuii Cubupckuit KoHrpecc 1mo mnpukiIagHod U
WHIyCTpUaIbHON MaTeMartuke, rnocssieHHoro namsatu C.JI. Co6onera (1908-1989).
HoBocubupck, Axamemroponiok, 22 - 27 utonsa 1998 r.

[IpoOnembl ympaBieHHs] U MOJACIUPOBAHUS B CIOXKHBIX CHUCTeMax: [pyJibl
MexayHaponHo koHpepenuumu. /Ilog pen. akaa. B.Il.MschukoBa, akaj.
H.A Ky3nenosa, npod. B.A.Buttuxa. - Camapa: Cam. Hayunslii nentp PAH, 1999,
2000, 2001, 2002, 2003, 2004 rr.

«MaremMaTu4yecKMe MOJEIM W METOJAbl aHajiu3a U ONTUMAaJIbHOIO CHHTE3a
pa3BUBAIOIIMXCS TPYOONPOBOIHBIX M THAPABIMYECKHX CHCTeM», Bcepoccuiickuii
HAy4YHBIM CEMHUHAp C MEXIyHapoaHeM yudactueMm // Upkytck, 1998, 2000, 2002,
2004, 2006, 2008, 2010, 2012, 2016.

UYerBepThlii CHUOMPCKHII KOHTpecca MO MPUKIAJAHON M HUHAYCTpUAIbHOU
marematuke (MHIIPUM-2000), nocesiiennoro namatu M. A. JlaBpentbeBa (1900-
1980), HoBocubupck, AkaaeMropoaok, 26 utons - 1 uromns 2000 ©

Iyoaukanmu. OCHOBHBIE pe3yJbTaThl UCCIECIOBAHUN MO TEME AUCCEpPTALUU
onyOsvkoBaHbl B Oosiee ueMm 40 meuyaTHbIX paboTax, B TOM uucie B 13 craThsix B
peLIeH3UPYEeMbIX M3JaHusAX, pekoMeHaoBaHHbIX BAK P®, B 27 nyOnukanusx B
cOOpHHUKAaX HAy4YHBIX padoT, TpyJlax U MaTepuanax HayYHbIX KOH(EpEHIUH.

B onyOnukoBaHHBIX paboTax aBTOPY MPUHAIJIEKAT PE3YJIbTATHI, U3J0KEHHbIE
B TEKCTE JUCCEPTALIUH.

Crpykrypa padorsl. /lucceprauusi COCTOUT U3 BBEACHHUS, 7 IJIaB OCHOBHOIO
COIEepXaHUs, 3aKIIOYEHHs, CIucKa JuTeparypbl. (OCHOBHOE  COJEp)KaHHE
npencraBieHo Ha 213 crtpanmmax, Bmodas 1 Tabmuiy, 97 pUCYHKOB M CIHCOK
JUTEPATYPHI U3 229 UCTOYHUKOB.

KPATKOE COAEP’)KXAHUE PABOTHI
Bo BBenenum 000CHOBaHa aKTyaJdbHOCTh TEMBI JUCCEPTALUU, CHOPMYITUPOBAHBI
LHeJdb U 3a7a4d MCCIEAOBaHWs, OINpPEIECICHbl HaydyHas HOBH3HA W INPAKTUYECKas
HEHHOCTh pab0Thl. POPMYITHPYIOTCS MPOOJIEMBI, CTOAIME NIEPEN UCCIEIOBATEIEM B
00J1acTu pacuera ruAPaBINYECKOro yiapa 1 HaMe4aroTCsl MyTH UX PEIICHHUS.



B I'nase 1 «O0630p u aHanu3 padoT MO TeME AUCCEPTALUN» TPUBOAUTCS 0030p
paboT MO HECTAIMOHAPHBIM MPOLECCaM B CIOXKHBIX HAMOPHBIX TPYOONPOBOIHBIX
(TMUIpaBIMYECKUX) CUCTEMAX.

Haubonee ecrecTBeHHOM mpencTaBisieTcs Kiaccuukauus padboT 1o
UCTOPUYECKH CIIOXKUBLIUMCS OTpacisiM NPUMEHEHUsT TPYyOOIPOBOJHBIX CHUCTEM.
Hcxona U3 Takoro moaxojaa, MOXHO BBIIECTUTH CJEAYIOLIMe 00JIaCTh MCCIeA0BaHUMI
rUapaBInyeckux cucreM. Haubonee KpymHBIMH — OTpaciasiMU  NPUMEHEHUS
TpyOOTIPOBOJHBIX CHCTEM OYIyT:

® BOJOCHAOKEHHE,

® TeIIocHaOKeHue,

® aTOMHAas YHEPreTHKA,

® TpyOONPOBOAHBIN TPAHCIIOPT,

® THUIPONPHUBO/.

B kaxxnoii ux 3TUX oTpacieil, UICXOsd U3 UX CeLU(PUKU, CIOXKUICI CBOM KPYT 3aj1ad,
CBOU METO/IbI UCCIEAOBAHUS U CBOM MOJXOAbI K PEIICHUIO 3a7a4.

BnepBrie ynoOHYIO HWHXKEHEpPHYIO TEOpPHIO [Jisi pacyera I[apaMeTpoB
HeCTallMOHapHOro Tmpolrecca B TpybompoBogae aan H.E.KykoBckuit B cBoelt
3HAMEHUTOM paboTe 0 THIPaBIMYECKOM yJape B TpyoOax.

Ota pabora H.E.)KykoBcKkoro siBisieTcsl KJIaCCHUYECKON M HE ycTapena 1o cei
neHb. UM copMyiupoBaHbl OCHOBHBIE MOJIOKEHHUSI TEOPUH THIPABIMYECKOTO yaapa,
npuBeneHbl nuddepeHanbable YpaBHEHHs] THUAPABIMYECKOTO yAapa, H3JI0KEeHA
METO/IMKA AHAJIMTUYECKOIO pacyeTa M JaHbl PEIIEHUs 3aJaud ISl HEKOTOPBIX
NPAKTHUYECKH BAXKHBIX CIIy4aeB; IOJy4Y€HAa JOCTATOYHO TMpocTtas (opMmyna s
OLICHKH yAapHOTo naBieHus (T.H. «popmyna H.E. X KykoBckoroy).

Knaccuueckas teopus H.E.JKykoBckoro crama OCHOBOM MHOTOYHMCIICHHBIX
NOCJIEYIONIMX HUCCIEAOBAaHUI THIPABIMYECKOr0 yJaapa. JTa TEOpHUs ONMHUPAETCS Ha
CJHEAYIOIIUE MTOTO0KEHHUS.

® KuakocTs U CTEHKU TPYObI MOJUUHSIOTCA 3aKOHY ['yKa, T.e. JIMHEIHO 3aBUCST

OT U3MEHEHUI 1aBJICHUS;

® Majble ce4YeHHs TpyOoIpoBojia IePOPMUPYIOTCS HE3aBUCHUMO OT COCEAHHX;

MHEPIMEN 3TUX «KOJIEUEK» MpeHeOperaercs;

® TEYEHHUE KUJIKOCTH OJTHOMEPHOE;

® TpEHHE O CTEHKHU HE YUYUTHIBAETCSI.

BO3HUKHOBEHHE HECTAMOHAPHBIX PEXHMOB TEYEHUS OINACHO HE TOJIBKO
BBICOKMMH JAaBJIEHUSMU, HO U HU3KHMMH, BBI3bIBAIOIIMMH B IOTOKE MOSIBICHUE 30H
nByX(}a3HOro TeueHus: (pa3pblB CIUIOMIHOCTH IOTOKA, KaBUTAIUs), TaK Kak MpH
CXJIONIBIBAHUM OOpPa30BaBIIMXCS MAPOBBIX MOJIOCTEH (KaBEpH) MOTYT BO3HHUKATh
3HAYNTEIbHBIE BCIUIECKH JABICHMUS.

KaBuranus B MOTOKE BO3HMKAeT B pa3IW4YHBIX (opMax: HampuMmep, B BHIE
OONBIIMX TOJIOCTEN (KaBEpH), 3aHUMAIOIIUX BCE IMOMEPEYHOE CEUYEHHE MOTOKA HIIU
TOJIBKO €T0 BEPXHIOIO YacCTh, B BUJIE MEJIKMX Iy3bIPbKOB, PACIPENCICHHBIX 10 BCEMY
CEUYEHUIO NIOTOKA, TaK U IO €ro IJINHE.

Bo3MOXHOCTh  TOSIBIICHWS KAaBUTAUMM B TMOTOKE TNPH  SKCIUTyaTaluuu
TpyOONPOBOJHBIX CHUCTEM, B YAaCTHOCTH, CETEH TEeIIOCHAOXKEHUs, OCOOEHHO B



HECTAIIMOHAPHBIX  pEXKHUMaX, JOCTaTOYHO BBICOKA, T.K. TNPH TEMIEpaAType
tertoHocutenst oT 100° qo 150° C naBiieHre HACHIIIEHHBIX TapoB Kojeonetcs ot 0,1
no 0,476 Mlla, yTo COOTBETCTBYET MABIEHHUIO HAa MHOTMX Yy4YacTKaX CETU NpH
HECTAllMOHAPHBIX PEKUMAX JIBUKCHHUS.

OO0OCHOBAaHO MPUMEHEHUE THUMOTEe3bl KBA3MCTAIIMOHAPHOCTH, COTJIACHO
KOTOPOH MOTEpU HAa TPEHUE MPHU HECTAMOHAPHOM PEXHUME TMOMYUHSIOTCS TEM XKe
3aBUCUMOCTSIM, 4YTO U MPU HECTALIUOHAPHOM.

Cnenan 0030p METOIBI pacdeTa THAPABIMYECKOTO yaapa; OTMEUEHO, YTO SIBHBIE
METOJIBI MO3BOJISIIOT XOPOIIO OTCIIEKUBATH KPyThie (DPOHTHI naBieHus. OTMedaercs
HEJIOCTATOK IIMPOKO MPUMEHSIEMOIO0 METOJa XapaKTEePUCTUK, BO3HUKAIONIUN B
CIydae €ro MCIOJIb30BaHUS IS pacdyeTa CHCTeM TPyOompoBoaoB. B aToM cmpbIcie
pEeAnoYTUTENbHEE OyIeT MPUMEHEHHE SBHBIX CXEM OeryIero cuera, o0jJagarorniux
OobIIel THOKOCTBIO.

[TocTaBien Bompoc O pa3pabOTKe YIPOILIEHHBIX MOJENed HeCTallMOHAPHBIX
TEYEHUN U METOJIaX I€KOMIMO3UIIUS OOJBIINX CUCTEM.

B TI'naBe 2 «llocraHoBka 3amayd O HECTAIMOHAPHBIX MpoIEccax B
TpyOOIPOBOAHBIX CUCTEMAX) MPUBOAUTCS ONMUCAHKUE 00JIACTU ONPEIENICHUS Ha S3bIKE
Teopun TpadoB, BHIBOASITCS OCHOBHBIE YpaBHEHHUsS, OIUCHIBAIOIINE TEUYCHHE
KUIKOCTH B TpyOax, HA OCHOBE OJIHOMEPHBIX 3aKOHOB COXPAHEHHS] MACChI, UMITYJIbCa
Y DHEPTUU.

TpyOompoBogHas cUCTeMa TPENCTABIACTCS KaK COBOKYIMHOCTh «TPyO» W
«y3JIOBY», COCAMHEHHBIX MEXITY CO0O0U Mpom3BOIBHBIM 00pazoM. IlepBrie M3 HUX —
3TO TIPOCTHIE TPYOONPOBOBI, BXOSIINE B COCTAB CUCTEMBI, KOTOPHIE OMUCKHIBAIOTCS
MOJIESIMA € pacIpeleieHHBIMU TapaMeTpaMu. «Y3Jbl» MPEACTaBISIOT COOOH
«TOYEYHBIE» OOBEKTHI W  OMUCHIBAIOTCS MOJECISIMH C  COCPEIOTOYCHHBIMU
napametpamu. K 00BbeKTaM Takoro poaa OTHOCSTCS TOYKH COCJAWHECHHS TpPyO
(TpOMHUKH, KPECTOBMHBI M  T.M.), pa3jMyHble YCTpPOIICTBA U  apmarypa,
pacrnoJyioKeHHbIe Ha ceTH (KJIanaHbl, 3aBMKKH, HACOCHI U T.I1.).

CrpykTypa TpyOONpPOBOJHON CHUCTEMBI OIKCHIBAETCS OPUEHTUPOBAHHBIM
rpadoM, y KOTOPOro Iyr' COOTBETCTBYIOT TpyOaM CUCTEMBI, a BEPIIMHBI — y3J1aM.
[Ipennonaraercsi, 4Yro TpyObl CHCTEMbl (JAYrd COOTBETCTBYIOIIETO Tpada)
npoHyMepoBaHbl 0T 1 10 N u y3nbl (BepmunHbl rpada) npoHymepoBanbsl oT 1 10 J.
Homep TpyObl i MCHONb3yeTcs B KaueCTBE HIXKHETO MHJIEKCA, a HOMEp y3Jia j — B
kKadectBe BepxHero. OpwueHTtanus ayr Trpada OmpenessieT MOJ0KUTEIHLHOE
HAIPaBJICHUE OCH X BJIOJIb COOTBETCTBYIOIIEH TPYOBI.

Broautcst GyHKIMS MHIIMAEGHTHOCTH: 7/ = +1, €cii TpyOa i BXOIUT B y3e1 j, U
n/ =-1, eciu TpyOa i BBIXOJUT U3 y3Ja j.

Tedenune KUAKOCTH MO KaXJAOW TPyOe CHUCTEMBI B OOIIEM BHUE OIMHMCHIBACTCS
OJIHOMEPHBIMM 3aKOHAMHU COXPAHEHUsI MACChl, UMIyJibca W 3Hepruu. B kaudectBe
3aMBIKaOIIMX COOTHOMEHNH, cornacHo H.E.JKykoBckomy ucnons3yroTcst ypaBHEHUS
COCTOSIHMSI KHJKOCTH W ypaBHEHHS TMOBeleHUs o0omouku. [lokazanHo, 4to s
«OOBIYHBIX» MAIOCKHUMAEMBIX («KAMEIbHBIX») JKUIKOCTEH, B CIlydae OTCYTCTBUS
TEIJI000MEHa Yepe3 CTEHKU TPyObl, BIUSHUE TUAPOAMHAMUYECKUX MapaMeTpoB Ha
TEIJIOBBIE XAPAKTEPUCTHKM MOTOKAa HHUYTOXKHO (st Boabl— He Oomsee 0,06%).



Teyenne TakuMxX KUAKOCTEHW  MOXHO  OIMCHIBATH  CHCTEMOM  ypPaBHEHUH
TMIPABIMYECKOTO y1apa
Op Op , OV ov v 1op AV

Y+ V — =0, —+V —+ —— —_, 1
ot ox pa ox ot ox  p Ox 2d & dx (1

riae p — JaBileHue, V' — CKOpOCTh, P — IUIOTHOCTh YKHAKOCTH, d — CKOPOCTb
pacnpoctpaHeHuss Maibix Bo3MmylieHuit mo H.E.JKykoBckomy, A — ko3dduimeHt
TUAPABIAYECKOTO TPEHUs, d — MTUaMeTp TPyObl, g — YCKOPEHHE CHUJIIbI TSDKECTH, Z —
BEpPTUKAJIbHAS OTMETKA.

BBugy Toro, d4rto paccMaTpuBaeMble TEUEHHUS SIBISIOTCA CYIIECTBEHHO
n03BYKOBBIMU (|V] <<a), BKJIaJ KOHBEKTHBHBIX ClIaraeMbIX V dp/ck m VoV /ox mal, u
UMU 4acTo MpeHeOperaror.

WNuorna ypaBHEHUS! THAPABIMYECKOTO yaapa (popMyIupyroTcsi B ePEMEHHBIX
Vwuh,tne h=z+ p/pg — ruapocTaTUYECKHUI HATIOP.

C yd4eroM 3aMBIKAIONIUX COOTHOIICHWA W CHPaBEIJIMBOCTH OIEHOK Ha
nmapamMeTphl IOTOKA, CHUCTEMY YypaBHEHUW THUApaBIMdYecKoro yaapa (0e3 ydera
KOHBEPKTHBHBIX YJICHOB) MOXXHO 3allMcaTh B MHBAapHaHTaX PumaHa B ciemyromiem
BU/IC

or or

ar ., o _ 5 s _ 05 _ _p. D)

§t+a§x B (r+s), = aﬁx B (r+s) (2)
TS MHBAPHAHTBI Pumana

r=0+gh/a)2,s=0—-gh/a)2. 3)

3neck B=2-V|/2d = A-|r+s|/2d .

D
Pucynoxk 1.

Ha mpakTrvke BO3HUKAIOT 3aJlayd, KOT/la BO3MYIIEHUE PacHpOCTpaHseTCs MO
cUCTEeME KOaKCUalbHBIX TPYO (pucyHok 1). IIpuMeHsisi oOCHOBHbBIE MMOJIOKEHUS TEOPUU
H.E.)KykoBckoro, ypaBHEHHs THAPABIMYECKOrO0 yaapa B JIaHHOM cllydae
OMHCHIBAETCS CUCTEMOM

8p+V8l_e_£%+V%j+pagﬁl:O

5

ot 0x ot 0x ox

F oy, wm o dE

ot ox  p Ox PO dx

—ap”+VK—apK—eK a—p+VKa—p +p,.a, i =0, (4)
ot Oox ot ox ox

v oV \ op, T, X _dz

~+ Vzc ~ + = g >
ot ox p. Ox PO, dx
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IJIe UHACKC «A» TOKa3bIBACT MPUHAJICKHOCTh K KOJIBIIEBOMY 3a30py, d — CKOPOCTb
pacipoCTpaHeHUs] MaJlbIX BO3MYIICHHWH, 7 — HANpsHKCHHE TPEHHS HAa CTEHKaX, e —
0e3pazMepHbIi KOAhGUIIMEHT, XapaKTePU3YIONUK B3aWMOJCHCTBHE YEpPe3 CTEHKY
BHYTpPEHHEU TPYOBI.

XapakTepuCcTUIECKOE YpaBHEHHE CUCTEMBI (4) TpeacTaBisieT co00il MOIMHOM
4-if creneHu. Jloka3pIBaeTCs, YTO KOPHHU 3TOTO YpaBHEHUS JCWCTBUTEIBHBI, TPUIEM
7IBA U3 HUX TOJIOKUTEIIBHBI, & JIBA — OTPUIIATEbHBI. DTH KOPHU €CTh HE YTO MHOE KaK
CKOPOCTH BOJIH THIIPaBIMYECKOTO ynapa. B ciydae npeHeOpekeHnss KOHBEKTUBHBIMU
CJIaraeMbIMH 3TO XapaKTEPUCTUYECKOE YpaBHEHHE MpEeBpaIlaeTcs B OMKBaApaTHOE
ypaBHEHUE
_ aé-i—c?j 24 agalf

l-e-e, l-e-e,

/14

=0,

KOPpHH KOTOPOI'0 MO’KHO BbIPA3HUTH B IBHOM BUJIC

\/ag +c7,f +\/(a§ —E,f)z +4e-eKa§c7K2
= =—A, "
ﬂll '\/2(1—6'@,() ’ //{2 /1”

_ o) _
\/ag +a; —\/<a§ —a,f) +de-eala:
A= > Ay =—4. (5 )
2l-e-e,)
MoxHo onpeaenuTh WHBapuaHThl Pumana ms cuctemsl (4) 0e3 ydera
KOHBCKTHBHBIX CJIaracMbIX KakK

yl :r:h'*'&V_nx(hx‘*'ﬁija yz :SZ_h+a—0V_77K(_hK +a—0VKJ3
g g g g

yy=r. =-— (h+a—"VJ+hK +a—"VK, YV =5, :—n(—h+a—"Vj—hK +a—"VK, (6)
g g g g

rne 7 u 7, — Oe3pazMepHbie KOAIDPUIMEHTHI, YUYUTHIBAIOIIME B3aHUMOBIHSIHHUE

napaMeTpoB TEUEHUS BO BHYTPEHHEH TpyOe M KosblieBOM 3a3ope. [Ipu orcyrcTBun

B3aUMOBIMSHUSA 77 = 77,= 0.

B TaaBe 3 «MaremaTtuueckue Mojenu pabOThl  THUIAPABIMYECKOTO
000pyI0BaHUs» MPUBOAITCS OMNKMCAHUS MaTeMAaTUYECKUX MoJeneil mns Haubosee
pacnpoCTpaHEHHBIX THUIIOB Y3JIOB TPyOONpPOBOJHOHN cucTembl. PaccmarpuBaroTcs:
coenquHeHne TpyO Oe3 yTeyeKk M C yTeuKamMH, KOMIIEHCATOp (aKKyMyJsiTop),
ypPaBHUTEJIBHBIN pe3epByap, MECTHbIE COIPOTUBIICHUS, HACOCHI U JIp.

MartemaTtnueckue Moaenu (yHKIIMOHUPOBAHUS Y3JI0OB BBICTYNAIOT B KaueCTBE
TPaHUYHBIX yCIOBUH (YCIOBHI compsikeHus) A auddepeHuanbHbIX ypaBHEHUH,
OTMHCHIBAIOLIUX TEUYECHHE >KUIKOCTH B TpyOax (cM. Bhime). Ilpu paspaboTke 3THX
MOJIeNIeH IPUMEHSIETCS CASAYIOMNN OO METO0JIOTUYECKHM MOX01. Bo-niepBhIX,
BBIICJISIFOTCSL YCJIOBUSI TIOJIX0/1a, OMKCHIBAIOIINE B3aUMOJCHCTBUE MOTOKAa HA KOHIIE
TpyObl, MPUMBIKAIOIIEM K Y3y, C CaMUM y3J0M. BO-BTOpBIX, BBIAENISIETCS Tpymmna
COOCTBEHHBIX MAPAMETPOB Y371, KOTOPHIE OMHUCHIBAIOT COCTOSIHUE y3J1a «B IIEJOM).
Takumu mapameTpaMyd MOTYT ObITh, HAIIPUMEP, X0/ KJIallaHa WU 3aJIBHXKKHU, YHCIIO
000opoToB Hacoca W T.N. [ KOPPEKTHOCTH TPaHUYHBIX YCJIOBUH HEOOXOIUMO,
4yTOOBI 00Ill€€ KOJUYECTBO YpaBHEHUH, OMUCHIBAIOIIMUX Y3€l, ObLJIO PaBHO CyMMeE
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KOJMYeCcTBa TPYO, COCAMHEHHBIX C JIaHHBIM Y3JIOM, W KOJIMYECTBA COOCTBEHHBIX
napameTpoB.

Coenunenne TpyO (pucyHok 2) B o00meM Bujae OyIeT OIUCHIBATHCS
CIIEIYIOIIEN CUCTEMOM YPaBHEHUM

R’ R’
Pucynok 2. CoenuHeHnue Tpyo

B kauecTBe COOCTBEHHBIX IMapaMeTPOB y3ja OyAeT BBICTyIaTh HAmop B y3ie //
U yTeuka (MaccoBasi) KHIKOCTH U3 y31a nr.

Venosusamu monxona Gymyr p//p/g+zl-h'=¢/n/v/|V/|[2¢, THe ¢ -
CONPOTHBIEHUE COCIUHEHHUS i-TOM TPyObl M j-TOTO y371a, KOTOpOE, BOOOIE TOBOPS,

3aBHCHUT OT HAIIPaBJICHUS MMOTOKA.
YpaBHeHue Oanmanca macc B y3ne » n/M/ =m’ OyneT cIykKuTb ypaBHEHHEM,
ieR’
OTMCHIBAIOIIUM COOCTBEHHBIE TTapaMeTpPhl y3Ja.

B 3aBucMMOCTH OT KOHKpETHM3allMH YyTEYeK W3 y3la m’, TIOoJydaeTcs
CEeMEWCTBO TpaHWYHBIX ycnoBwil. Ecmu m’ =0, To mMeem coeamHeHue Tpyo O€3
yTeuek; eciu 3anana QyHKuus m’ =m’(t), ToO UMEEM y3€J ¢ 3aJaHHBIM OTOOPOM TI0
BPEMEHH; €CIT COeTUHEHUE TPYO NPUCOEANHEHO K YPaBHUTEIBHOMY PE3EpBYapy HIIH
KOMITEHCATOPY, TO m’ HaXOIUTCA M3 ypaBHEHHUS ypaBHHUTEIBHOTO pe3epByapa HIIH
KOMITEHCATOpa, COOTBETCTBEHHO, U T.1I.

Cxema MECTHOTO COIIPOTHBIICHHUS MPEICTABIICHA Ha PUCYHKE 3.

- > VR - >
Q { ] D
N

i Jj k
Pucynok 3. CxeMa MeCTHOIO CONPOTUBJICHHS

B kadectBe cOOCTBEHHOTO mTapaMeTpa Yy3jJa B JaHHOM CIlydae MOJXKeT
BEICTYIATh PACXO 717, IPOXOISIIHI depes y3e /.

B o0mem ciydae, morepu Hamopa B MECTHOM CONPOTHBICHUU OYIyT
3a1aBaTbCs B BUAE h/ —h/ =pu-A’ -m’ + B’ -‘mj‘-mj/p, rne A, B - ko3durmeHTsI,

XapaKTEpPU3yIOIllee MECTHOE COIPOTUBIEHHUE, (1 — KOIPPUIUEHT IUHAMUYECKOU
BA3KOCTH. DTa opMyJia HOCUT JOCTATOYHO YHHUBEPCAIbHBIN XapaKTep U OXBATHIBACT
3HAYUTEIbHBIN KJIACC CONMPOTUBIEHUIN: CONPOTHUBIICHHS C JAMUHAPHBIM XapaKTEpOM
teuenus (B=0), Hanpumep, (UIBTPHI, COMPOTHBICHUS C OCTPHIMH KPOMKAaMHU C
KBaJIpaTUYHBIM 3aKOHOM moTepb (4=0, Hampumep, 3aJBHMXKKHU, KJIalaHbl U Mpoyas
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apMarypa); COpOTUBIIEHUS B MepexoaHoi obnactu. Konkperusupys napameTpsl 4 u
B, oONHUCBHIBAIOTCA pEryJIupyeMble MECTHBIE€ COINpPOTHUBIICHUS, OOpAaTHBIA U
NPEIOXPAHUTENBHBIN KIaraHbl.

[{enTpoOexHbI Hacoc U300paxeH Ha PUCYHKe 3, rae TpyOa i COOTBETCTBYET
BCACBIBAIOIIIEMY MAaTPyOKy, a TpyOa k - HAIIOpHOMY.

B  oOmem Buae  paboTa  HACOCOB  OINHUCHIBAETCA  YpaBHEHHEM
AP/AP,; = f110(Oy /Orions s W/ Wyow )» THE frp — TONHass (4-X KBaJpaHTHAs) HAMOPHO-

acxoagHas XxXapakKTe€pHCTHKa Hacoca, AP = J_pJ g — pacxod Hacoca HOM —
s Pi. —P;>» ) 0.

HOMMHAJIbHBIA pacxol Hacoca, APy — HOMUHAIIBHBIN TIepenaj AaBJICHUS Ha Hacoce,
COOTBETCTBYIOIMHA QOyon, Wroy — HOMUHAJIbHAS 4acTOTA BpallleHUs Hacoca.

3nech w - 4acToTa BpallleHHsI HAacoca, KOTopasi ONpeaeNsieTcsl U3 ypaBHEHHUS

de/dl‘:Mgﬁ—MH, (7)
rae J — MOMEHT MHEpPLUMM Ha Bally arperara HacocC-dJIeKTpoABurarenb, My; —
MOMEHT, Pa3BUBAEMBIN AJIEKTPOJBUTATEIIEM.

3necb My - MOMEHT CONpPOTHMBIIEHMS Ha Baly HAacoca, KOTOpPBIA B 0OILIEM
cmydae 3amaercst GyHKumed M, = f,,(0y /Ouow s W/ Whon )» THE fio — momHas (4-x
KBaJIpaHTHas1) MOMEHTHO - pacXOAHAasl XapaKTepUCTUKA HAcOca.

Curyanusi OTKJIIOYEHUS Hacoca (moTeps MPUBOAA) 3aJaeTCsi YCIOBHUEM
M, =0.

XapakTepUCTUKH  HACOCOB  foy M fjo  ABIAIOTCA  OMIMPUYECKUMH
3aBUCUMOCTSIMH, MOJy4a€MbIMU Ha OCHOBAHUH CTEHJIOBBIX UCIIBITAHUH.

OOBEMHBIN HACOC CXEMATHYECKH TakK K€ MOXKET ObITh MPE/ICTABICH PUCYHKOM
3, re Tpy0a i COOTBETCTBYET BCACHIBAIOIIEMY KOJUIEKTOPY, TpyOa k - HAamopHOMY.

VY3em MOXKET ONHChIBaTh KakK OAWMH HACOC, TaK M TPYMNIY U3 A MapauieIbHO
COCIMHEHHBIX HACOCOB C OJMHAKOBBIMU XapaKTEPUCTHKaMH M pabOTaIOUIMX B
OJINHAKOBOM pEXKUME.

PaGora TaKoMu IPYIIIbI HacoCOB OIUCHIBACTCS YpPaBHECHUEM:
O, =nWw-nk, ~(PH —PBC)/ 4, rae Qg - mojadya Hacoca B HAMOPHBIA KOJJIEKTOp, Py -
JaBJICHNUE B HArHETATeNIbHOM NaTpyOKe, Ppc - TaBJeHHE BO BCACHIBAIOIIEM MATPyOKe,
n - 9UCJIO TMapajuiebHO paboTarmux HacocoB, Ky — KO3 (GUIIMEHT yTeueKk Hacoca
(3 HarHETATEeIHLHOMN TMOJIOCTH BO BCACHIBAKOIIYI0), W — pabounii 00beM Hacoca, w —
4acTOTa BPAILLEHUSI.

YacTtora BpamieHuss w Takxke onpexaensierca w3 ypaBHeHus (7), rae My
Haxomutca kak M, =(P, — P, Wn,/n, . 31€ech 175 - >QPEKTUBHBIA K.ILA. Hacoca, 7 -

00BEMHBIHN K.II.JI. HAacoca.

Jlnst  perynmupyemMoro  Hacoca  3alaeTcs  3aKOH HM3MEHEHHUs  IOJadd
dw/de= f(P,).

[ToTpeOuTens ABIAETCS TUITMYHBIM 00BEKTOM, HAIIPUMED, JIJIS TETUIOBBIX CETCH
U N300pakEH HA PUCYHKE 4.

DOyHKIMOHMPOBAHHME TIOTPEOMTENS ONUCHIBAETCA YPABHEHUAMM: p, = p, = P, »

Py, =Py, =Py 9, =09, *qn> O, =0, —4du> 4n :fl_l(pnag_psl)’ rae ¢gn — Pacxon,
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noTpeOIsieMblil moTpedutenem, f,= f, (f) — IPOBOAUMOCTh MOTpeduTens (M3BECTHAS
(byHKIUS BpeMEHH ).

- - >
l %)

qn

O
“— —

Pucynok 4. Cxema norpeouresis

31ech COOCTBEHHBIE APAMETPBI Y3712 Pyag, Psis -

['paHnyHBIE YCIOBHUS MOXKHO IepenucaTh B MHBapuaHtax Pumana (3), Torga ux
MO>KHO MHTEPIPETUPOBATH KAK 3aKOHBI OTPAXKEHUS BOJIH OT Y3JIOB.

I'maBe 4 «Pa3pplB CIUIOIIHOCTH NOTOKAa NpPU THIPABIMYECKOM yIape»
NOCBSILIEH BONPOCAM BO3HUKHOBEHHS KABUTALUU, WU Pa3pblBa CILUIOMIHOCTH MOTOKA,
BO BpeMs TMAPABIMYECKOr0 yaapa. Pa3ppiB CIUIOIIHOCTH NOTOKA MNPOSBISETCA B
NOSIBJIEHUM B TMOTOKE MOJIOCTEH (KAaBEpH), MEJIKHX Iy3bIPbKOB M 3HAYMTEJbHBIX
ny3bIpedl IpU 3HAYUTEIBHOM IMOHMW)XEHMM JaBieHus. KaBuranus omacHa TeM, 4YTO
IPU CXJIONBIBAHUU 3TUX HEOJHOPOJHOCTEM BO3HMKAET 3HAYMTEIBHOE IOBBILICHHE
JaBJIEHUS, KOTOPOE MOXKET MIPUBECTH K pa3pyLIEHUIO TPyOOIIpoBOaa U 000PYy10BaHUS
TUJIPaBIMYECKON CUCTEMBI.

B kadectBe MoOJAEnbHOW 3a7auuM B IMeEpBbIX maparpadgax pasgena 4
paccMaTpuBaeTcsi BOZHUKHOBEHHE OJMHOYHON KaBEpHBI B MPOCTOM TPYyOOIIPOBOE
OpU BHE3aIIHOM OTCEYEHUM NOTOoKa (puUcyHOK 5). llenbro uccnenoBaHust ObLIO
YCTAaHOBUTh KPUTEPUU BOZHHUKHOBEHHUS KaBUTALMK U ONPEIEIUTh apaMeTPhl MOTOKA
[IOCJIE CXJIONBIBAHUS KAaBEPH, B IEPBYKD OYEPEAb OLEHUTh BO3HHUKAIOLIEE IPH
CXJIONIBIBAHUM MAaKCHUMaJIbHOE JaBJICHUE.

Pucynok 5. IIpocToii HAKJIOHHBI TPYOONPOBO

Ecoun npeneOpeub TpeHHEM, TO yKa3aHHas 3ajadya MMEET aHaJUTHYECKOe
peuieHue. IloaydeHbl KpUTEpUM BO3HUKHOBEHMS KaBUTAIMM B 3aBUCUMOCTH OT
HAaYaAJIbHBIX apaMETPOB MOTOKA — HAYAJIIBHOM CKOPOCTH V) 1 Haropa H;+z;.

Ecnmm He yuduThIBaTh BO3MOXXHOE€  BO3HHKHOBEHHWE  KaBUTAllMU, TO
MaKCUMaJIbHbIC ¥ MHUHHMAaJbHBIC HANOPHl B TPyOONpoBOJe OyAyT COOTBETCTBOBATH
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uzBectHoit Qgopmyne H.E.Xykxosckoro 4, =h, +aV,/g, h,,=h, —aV,/g, TIOE

h,=H,+z,+p,, /pg — Hamop Ha NpaBOM KOHIE TpyOompoBoaa (p., — laBICHUE
BHEIIIHEH Cpeibl).

[Tpu cobmroaeHnn ycnoBus

hlx,t)2 by, (x) (8)
NOTOK OyJIeT CIUIONIHBIM, MpH HapylmleHuu YyciaoBus (8) BO3HUKAET pa3phiB
CIUIOIIHOCTH TI0TOKA. 31ech h,,(x)=z(x)+ p,/pg, BemMuuHa p, — HaBIeHUE, NPH

KOTOPOM BO3HHKACT KaBUTAIIHA (,HaBJICHI/Ie HACBIIICHHLBIX ITapOB }KI/II[KOCTI/I).

Pv
Vi Vr
RN N S _)._. ). _______________ —--
nap HCUOKOCMb
X
XL XR

Pucynok 6. ExnHu4ynasi kaBepHa

PaccmaTpuBanace MOZ€ENb U30JIMPOBAHHOM KaBEpHbI (CM. PUCYHOK 6). DTa MOJenb
IpeaIoJiaraeT: ¢) KaBepHa 3aHUMAET BCE IMOINEPEYHOE CEYEHHME MOTOKA; 6) CTEHKU
KaBepHbl MEPHNEHAUKYJISAPHblL OCH IOTOKA M MEPEMELIAIOTCS CO CKOPOCTBIO
NPUJIETAIOIIUX CJIOEB JKUIKOCTH; 6) KaBepHa 3allOJIHEHA IapaMu XUAKOCTU 0]
TABJICHUEM D), .

Y cTaHOBNIEHO, YTO NPU OTPULIATEILHOM YKIJIOHE TpyOOIpOBO/a KaBUTALUs HE
OMMCBIBAETCS MOJIEJIBI0O HM30JIMPOBAHHOM KaBEPHBI; B 3TOM Clydyae o0Opasyercs
oOIIMpHas 30Ha MEJIKOITY3bIPbKOBOM KaBUTAIIUH (CM. PUCYHOK 7).

[Ipn HeoTpuUATENFHOM YKJIOHE TPyOOMpOBOJa KAaBUTAIUIO MOXHO OIHKCATh
BO3HMKHOBEHUEM M30JMPOBAHHON KaBEPHBI y 3aABMKKH (Touka x = 0).

O6osnauum K = paV, /(pgh, — p,)= N + ¢, rae N — nenas yacth uncia K, a g

— npobuas uyacte K. Torma mepasenctBo K > 1 Oymer yciaoBHEM BO3HMKHOBEHHS
KaBUTALIUH Y 33 {BUKKH.

HaiieHO BpeMs JKHU3HH [EPBUYHOM KABEPHBI Y 3aIBMKKHM: MOMEHT
cxynoneiBanus Oyner ¢, =T-N-(N+1)/(N+1-¢q), rne T=2L/a — ynBoeHHOE BpeMs

npoOera BOJIHBI THAPABIMYECKOTO yaapa o TpyoornpoBoy (Mepuoj] KojeOaHui).
Omnpenenena B (ha30Boi MIIOCKOCTH KapTUHA TTOBEICHUS JaBJICHHUS U CKOPOCTH.
YcTaHOBIIEHO, YTO MaKCUMAJIbHBIN HATIOP MOCIE CXJIOTIBIBAHUS KaBepHBI OyIeT paBeH
e =y +a -V, g +2(1-q) (h, — ,,,(0)). ©)
3nmech mepBbIX nBa ciaraeMbix — ¢dopmyna H.E.JKykoBckoro, a mocnenHee
ciaraeMoe — J00aBKa BCIIEJCTBUE CXJIOMBIBAHUS KaBEPHBI, KOTOpas MpPEICTaBISICT
coboii BemmuuHy, koneGmomyrocs or 0 mo 2(h, —h,(0)), B 3aBHCMMOCTH OT

Ha4aJIbHOU CKOpPOCTH V).
Taxum 0OpazoM, 3aBUCUMOCTb /. OT V) IpeACcTaBiIseT coO0M MUI000pa3HyIo
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JUHUIO (CM. pHUCYHOK §); T.€. B OTJIMYME OT Clydyas CIUIOUIHOTO TEYECHUS
MaKCHMaJbHOE JaBICHUE MOXKET MaJjaTh C pOCTOM HadajibHOU ckopoctu V! JlobaBka
BCJIE/ICTBUE HACTYIUIEHUS KAaBUTAL[MM MOXKET JOCTUTaTh 3HAUYNTEIbHON BEJIMYUHBI, HO
ne npesocxomur 2(h, —h_, (0)).

3 arL

0 0.5 1 XL
PucyHox 7. Bo3HNKHOBeHHe MeJIKONMY3bIPbKOBOI KaBUTALIMH NPH OTPULATEILHOM YKJIOHE TPy0ONpPoOBoOAA.
1 — TUHNHU XapPaKTePHCTUK; 2 — 30HA MeJIKONMY3bIPbKOBOI KABHTAIINH.

I/ISY‘ICHO pa3BUTHE BTOpPI‘IHOﬁ KaBHUTallUH. OHpeIlCJIeH MOMCHT BPCMCHU,
Korga y 3aJBHXKKH BHOBb 06pa3yeTC}1 KaBC€pHa. ITomumo 3TOTO, YCTAHOBJICHO, 4YTO
06pa3yeTc;1 eme oaHa KaB€pHa BO BHYTpeHHeﬁ 4YaCTH IIOTOKA; OINpeaACIICHO MCCTO U
BpCMs BOBHUKHOBCHM ITOU KaBCPHBLI.

5 Prax: WVPa

o 1 2 3

Pucynok 8. 3aBucumocts Pmax ot Vj:
1 — 3xkcnepuMeHTaNbHbIe JaHHbIe CMuUpHOBa U 3y6oBa; 2 — mo gopmy.e (6); 3 — no popmysie H.E.2KykoBckoro;
4 — pacuyer Ha DBM c yuerom Tpennusi (A£0 ); 5 — o ¢popmy.e 10).
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W3yden mporecc pa3BUTHS KaBUTAIMU TPU HAIWYAKA TpeHUs (peayibHas
KHUJKOCTh). YCTaHOBIEHO, 4YTO B OTOM Cllyda€ HEJOCTaTOYHO MOJICIH
W30JIMPOBAHHON KaBEPHBI JJIs JIOKAIU3allMd KaBUTAllMH, T.K B 3TOM CIy4dae MOMHUMO
KaBEepHBI y 3aJBMKKH 00paszyeTcsl OOImMpHAst 30Ha MEJIKOIY3bIPhKOBOW KaBUTAIUH,
MyJBCUPYIOIIAs C MPOXOXKIESHUEM BOJH JIaBIICHUSI.

[Tomydyena mpubmwkeHHas (opmysia s OIEHKHM MaKCUMAIBHOTO Harmopa
(maBnenus), ooobmaromas popmyny H.E. X KykoBckoro

a 1 th(2¢) h, —h,, 0)
h,. =h +—V, + . Lo , (10)
“g " le (kY € 14 (k) + K -th(26) A1+ (K )

rac ¢ = \/i£ g (hL _ZhCav(O))
2d »

— 0e3pa3MepHOe TPEHHUE.

B TI'naBe 5 «PacueTsl ruipaBiIMuecKkoro yjnapa B TpyOOIIPOBOAHBIX CHCTEMax Ha
OCHOBE CX€M OEryllero cuera) ONMCBIBAETCS METOJIMKA BBIYMCICHUN U MPUBOASITCS
IIPUMEPBI pacueTa.

JIns mpoBeneHus BBIYMCICHUN HCIIOIB3YETCsS IPSAMOYTOJIbHAS PAa3HOCTHAS
CEeTKa C IIaroM 7 10 BPEMEHH U mmaramu Ax; o AJIMHe KaXaou i—toi TpyOslL. [lycts &k
— HOMEP Pac4yeTHON TOYKH 110 OCH BPEMEHU U 71 — HOMEP pACUETHOM TOYKH I10 OCH X.

Jlia  pacuera  BBICOKOMHTEHCHUBHBIX  OBICTPOIIPOTEKAIOIIUX  IPOLIECCOB
OpUMEHSAETCS SIBHas pa3HOCTHasg cxema Oerymero cueta. CxeMa HCHOJb3YET
IIPEICTABIICHUE YPABHEHHUI U I'PAaHUYHBIX YCIOBUHM B MHBapuaHTax PruMana. 3aMeHss
IPOU3BOJHBIE B YpaBHEHUHU (2) KOHEUYHBIMU Pa3HOCTSAMH, IOIY4YaeM pacyeTHBIE
COOTHOUICHUS
rit = [(1 — )t +prt — Bt ]/(1 + TB,f), npun =1,..,.N;un

k+1

k k ko k k
Sn :[(l_ﬂ)sn-i_wn-#l_TBnrn ]/(1+an)91_11314”:Ni']:---:O- (11)
rae i = a; v/ Ax; xoapounuent Kypanra.
OTH COOTHOILIEHHS MO3BOJISIOT JIETKO PACCUMTHIBATh 3HAYCHHUS HEU3BECTHBIX
7' 1 55 HAa HOBOM k+/-OM 11are mo BpeMEHHU MO U3BECTHBIM 3HAYEHUSIM 7' U s' Ha

npcAbIAYHIEM k-ToM mare, 3a HCKIHYCHUCM TI'PaHUYHBIX 3HAYCHUM BBIXOJAIITNX

UHBapUaHTtoB 7, u sy, I HaxoXAeHWsT JTUX TIPaHUYHBIX 3HAYCHUU

UCIIONB3YIOTCS. ypaBHEHHUs TPAaHUYHBIX YCJIOBMI, 3alHMCaHHble B HWHBapHUaHTaX
Pumana.

SBHas cxema (9) ycroituusa npu cobntoaenuu ycinous Kypanra

H; = a7 [Ax; <1, (12)

OTa cxema XOpOoIlo OTCIEKUBAET (DPOHTHI TUAPABIMYECKOTO yAapa U ApyrHe
pe3Kkue TPaJAMeHThl TEUEHHUs, OOecreuuBas XOPOIIYI0 TOYHOCTh pPE3YJIbTATOB,
AITOPUTMHUYECKH JIOCTATOYHO NPOCTa M JIETKa B MPOrPaMMHOM peaau3aluu, T.K.
TPaHUYHbBIC YCIOBHS PELIAIOTCS [Tl KQXKIOTO Y3J1a OTJEIBHO.

Henocrtatkom sIBHOM CXEMBI SIBJIIETCSI OTpaHUYEHHE Ha 1Iar cueTa Mo BpeMEHH
(12), 9yTO MOXET BbI3BaTh, MPU HAIWYMU B CHUCTEME «PA3HOMACIITAOHBIX» (Kak
«ITUHHBIX», TaK u «KOPOTKHX)) TpyOOTIPOBOIOB, 3HAUUTEIIbHBIC
HEIMPOU3BOAUTENIbHBIE 3aTPaThl BHIYMCIUTEIBHBIX PECYpPCOB, T.K. ycioBue (12) s
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CaMOT0 KOPOTKOTO TpyOompoBoma OyAeT OrpaHWYMBATh CHU3Y YHCIIO PACUETHBIX
TOYEK M IIar cueTa.

Pucynok 9. PacueTHas cxemMa MeXaHH3MAa PECCOBAHMSI.
1 — aKkKyMyJaSTOp; 2 — HANIOPHBII TPYOONPOBOI; 3 — MOPIIHEBas MOJIOCTh HUJIHH/IPA NMpeccoBaHusi; 4 — mpecc-
NnopieHb; 5 — npecc-popma; 6 — MecTHbIE COMPOTHBJICHMS.

[To BeIIICONMCAHHOM CXEME PaCCUUTBIBAJICA TUAPOIPHUBOA MAIIMHBI JINTHA 11O
naBiaeHueM. CxeMa ruIponpuBoja npeacrasiieHa Ha pucyHke 10. HecrauuroHapHslit
IIponIeCCC BO3SHUKAI BCJICACTBUE yapa IIPECC-IIOPIIHA 4 0 XUJIKAM MEeTaI S.

Ha PUCYHKE 10 IPpE€ACTABJIICHBI PE3YJIbTaTbl pacdy€Ta MW ISKCICPUMCHTA.
CormocTaBjieHue ¢ pacu€Tta HaTypHBIM OJKCICPUMCHTOM IIOKa3bIBAKOT XOPOIIYIO
CTCIICHb COrjlaCOBaHHA KaK KOJIHMYCCTBCHHBIX, TaK M KaYCCTBCHHBIX XapaKTCPHUCTHUK

HCCTAlMOHAPHOTO IMpoHccca.
0,01¢
| e %

/ SRCRERMMERIN

pacuem

11 Mfla

Pucynok 10. /laByienue B M0JOCTH HUJIUHAPA NPECCOBAHUS

Jlyisa pacuera MIaBHOM3MEHSIOIIUXCS, HU3KOMHTEHCUBHBIX MPOIIECCOB MOXKET
oka3atbcs AP(GEKTUBHBIM MPUMEHEHUE HESIBHOW CXEMbI OETYIIET0 cueTa.

Annpokcumupys ypaBHeHHs (2) 1O HESBHOW Pa3HOCTHOM cxeme Oerymiero
cdeta (MHIEKC [ M TPOCTOTHI OIyIIEH), MOJy4YaeM CJEIyIOIIUe pacyeTHbIE
3aBHCUMOCTH

! =(ﬂ'”k+l+'€f—TBfo)/(1+ﬂ+1Bf), upu n = 1,...,N;

n—1

1 = (st 4 sF — B )1+ u+BY), wpun = Ni-1,...,0. (13)

n n+l
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[lepBast ¢opmyna MO3BOJSAIOT MOCIEAOBATENbHO (ABUTasch OoT 1 g0 N))
paccuntaTh Ha HOBOM k+1-oM miare 3Ha4yeHMs] HEU3BECTHBIX r'*', €CIM U3BECTHO

k+1

3HAa4Y€HHE BBIXOJAIIETO IPaHUYHOIO MHBapuaHTa r,"'. Bropas gopmyna mo3BoJSIOT

noceA0BaTeIbHO (IBUTasich B 00paTHOM Harpasienud, oT N; — 1 no 0) paccuutarthb

HAa HOBOM k+1-oM miare 3HauyeHHs] HEM3BECTHBIX s:*', €CIM M3BECTHO TPAHUYHOE
3HAUCHWE BBIXOMSIIETO WHBapuaHta si'. Jlmd HaXoXIeHHWS  BBIXOSAIIUX

WHBApPUAHTOB UCTOJIb3YIOTCS UTEPALIMU WM POTroHKa (17151 Tpada THIIA «IEpEBO»).

N oo s

’ ®
’ - ®

She

,, S @ BOXAEBANGHLIE YCTAHOBKM
@ 16 @ 3 \‘1 z . 93 =

@ /
e Oy

~®

Pucynok 11. Cxema HANIOPHO# OPOCUTEJILHOMN CHCTEMBI

HesBHast cxema o0OmamaeT aOCOMIOTHOM YCTOMYMBOCTBIO, TO3BOJISISI BECTU
YCTOMYMBBINA CUET MPH JIIOOBIX 3HAYCHUSIX MPOCTPAHCTBEHHBIX U BPEMEHHBIX IIaros.
DTO AaeT BO3MOXXHOCTb MEHSTh IIar cueTa B IMPOILIECCE BBIUMCICHUM, YBEIUYUBAs
niar cyeTa Ha MEeIJIEHHO MEHSIOIIEN s CTaiuu Ipolecca.

OpHako HEJAOCTaTKOM HESIBHOM CXEMbl, IMOMHUMO €€ aJIrOpUTMHYECKOU
CJIO’KHOCTH, SIBJISIETCS €€ CBOMCTBO «Pa3Ma3bIBaThy», CrIaKUBATh PEIIECHUSI, 0COOEHHO
Ha ydacTKax ¢ OOJbIIMMU IpaaueHTaMmu. [1o3ToMy HEsIBHYIO CXeMy LEJIeCO00pa3HO
MPUMEHSTH JUIsl PACYETOB JIOCTATOYHO MJIABHO M3MEHSIOIIUXCS TEUSHH.

B xauecTBe nmpumepa pacuera NpUBOJUTCS pacyeT HECTAMOHAPHOTO Ipolecca
B HAIlOPHBI OPOCHUTEJIBHON CETH, BO3HHUKAIOLIErO BCJIEACTBUE IMOIKIIOYEHUS WIH
OTKJIKOYEHUS JI0XKJECBAJbHBIX YCTAaHOBOK. (CXema HaloOpHOW OpOCHUTENIBHOW CETH
n3o0paxena Ha pucyHke 11. TpyOsl u y371bl cucTeMbl poHymMepoBanbl. Homepa B
KpY)KKax — HOMepa y3JI0B, HOMepa 0e3 Kpy>KKOB — HoMepa Tpyo.

PaccmaTtpuBaeTcs mnepexoaHOW MPOLECC, BO3HUKAIOMIMK NPU OTKIOYEHUH
rupaHTa B KoHie 27-i1 TpyObl. DTOT mpouecc 3aaaércs rpaduKoM CHHKEHUS
pacxoza B y3i1e 27 ot 0,1 M’/cex 10 0 B TeueHue mepsbix 40 cexynn (kpuBas 1 Ha
pucyHke 12); najgee TMIpaHT 3aKpbIT. OTOT TpaduK CHUXKEHHUS pacxoia, SIBISSACH
MCTOYHUK BO3MYIIEHHUS MapaMeTpoB IOTOKAa BO BCEH CETH, HOCUT JOCTATOYHO
IUTaBHBIN Xapakrep.
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Pucynok 12. Pe3yabTarhl pacuera

Ha pucynke 12 mnpexacraBieHsl pe3ynapTaThl pacueTa. Hambosiee HMHTEHCUBHBIN
BCIUIECK JaBJeHUs (TUIpaBINYECKUil yaap) OyaeT HaOMo1aThCs Y 3aKPhIBAIOIIETOCS
ruapanTa (kpuBas 2); a Haubosee CUiIbHbIE U MPOJAODKUTENbHBIE KOJIeOaH sl pacxoa
OyayT HaOII0JaThCS HA BBIXOJIE U3 HACOCHOM CTaHIINK (KpuBas 3).

HaubGonee »¢dexkTuBHON Ui pacyeToB HECTALMOHAPHBIX MPOLECCOB B
TpyOONIPOBOJHOW CHCTEME NPEJCTaBIsIeTCS CIENyIoliasl SBHO-HEsIBHAs CXeMa,
KoTopas sBsieTcss komOuHanuen cxeM (9) u (11) (uHaexc i 1y TPOCTOTHI OMYIIIEH)

PP e B )=rH ()b 4+ ()1 o B S
s 1 pr-per B ) =si (1= 4 s - B 1, (14)

[Tapametp 77 BbIOMpaeTCs CAEAYIOMIUM 00pa3oM
7; :min(la /ui)-

Ota cxema TMO3BOJSIET THOKO MPUCHOCA0NIMBATHCS K WHAUBHAYAIbHBIM
0COOCHHOCTSIM CUCTEMBI U HECTAIIMOHAPHOTO MPOIECca, OCYIIECTBIISIS CUET Ha OJHUX
(bonee «BaXXHBIX») YyyacTKax CETH MO SBHOW CXeMme, a Ha Jpyrux (MeHee
«3HAYUTENIbHBIX») — N0 HesaBHOW. Kpome Toro, yka3zaHHas cxema [O3BOJISET
MIPEO0JI0JIETh TaK HA3bIBAEMYIO «IIPOOJIEMY KOPOTKHUX TPYO».

[Ipy nomMomM yKa3aHHOM CXeMbl MPOBOJAUJICA PACUET PACIPOCTPAHECHHUS
BO3MYIIIEHUH B CUCTEME TEXHOJIOTHYeCKUX TpyoorpoBooB ADC (pucyHok 13).

Pabouast skuIKOCTh (BOJIa) OT YETHIPEX IJIABHBIX HUPKYJSIMOHHBIX HACOCOB
(I'H) moctymaer B HanopHbii kosuiektop (HK), oTkyma mo 22 paspgatouyHbiM
kouiektopam (PK) momaercs yepe3 cucreMy BOASHBIX TpyOOmpoBoaoB (mo 45
TpyOOIIPOBOJOB OT KaXKI0TO Pa3aTOUHOTO KOJUIEKTOpa) B pabouyro 30HY.
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Hecranmmonapuseiii pexuM pabOTBI B CHCTEME BO3HHUKACT BCJICACTBHE
HEeCTallMOHapHOU paboThl apoccenei-perynsaropoB JIP1 — JIP4, pacnonokeHHbIX Ha
HanopHbeix natpyokax I'IIH (mampumep, xkpuBas 1 Ha pucynke 14). Bosmymienue
HOCUT JOCTaTOYHO XAOTHYECKUH XapakTep, W PaCHpOCTPAHSIETCA IO BCEM
TpyOOIIPOBOJAMU CUCTEMBI.

FRT
FHRE
3
FRE
= at=)
faat=)

T
= at=1

B 7 FRTT
S

1iiiiirsrifaiiiiiirsrifiiiiisriiiiiiiiiEiiiiii oo
I PHEG
I EHET
| EHEE

PucyHnok 13. YnpoieHHasi cxeMa CHCTeMbI TeXHoJIoruyeckux TpydonposoaoB ADC. I'lIH1 - 4 — rinaBHbIe
IUPKYJIsAnnoHHbIe Hacockl; JIP1 - 4 — npoccesn-peryasitopel; HK - HanmopHBIi KoJLIeKTOP;
PK1 - 22 - pa3aarounble Ko/u1eKTOpbI; BT - BoasiHble TPyOONIPOBOABI.

Ha pucynke 14 mnpeacraBiieHbl pe3ylbTaThl pacyeTa HECTALMOHAPHOTO
mpoliecca B CUCTEME BCIIEJCTBUE CIIyYalHbIX KoJiebaHuil npoccens-perynstopa JIP1.
3nech KpuBasi | ONUCHIBAET NaBJICHHE B HMCTOYHHMKE BO3MYIIEHHUS (3a JpoOcceriem
JIP1), xpuBas 2 — naBnenue B cpenneit vactu HK (Touka “A”) u kpuBas 3 — B TyInuke
HK (Touka “B”). Pe3ynbTarhl pacyeToB MCMHOJIb30BAIUCH MPU OLIEHKAX HAJICKHOCTHU
paboter ADC.

['uppaBnuuecknil yaap, CONPOBOXKAAIOIIMNCS Pa3pbIBOM CILIOIIHOCTH ITOTOKA,
OTHOCHUTCSI, HECOMHEHHO, K BBICOKOMHTEHCHBHBIM Ipoueccam. Jlns ero pacuera
MIPUMEHSAETCS MOAXOM, KOrJa pa3pbiB CIUIOMIHOCTH MOTOKAa KOHTPOJIMPYETCS HE IO
BCEMY MOTOKY, a HEKOTOPBIX («KOHTPOJIbHBIX») TOUYKAaX, OMNUCHIBAEMBIX MOJIEIIbIO
M30JUPOBAHHBIX KaBepHa. Ha mpakTuke anropuTMudeckd yJoOHO MOMENIaTh TaKue
«MPOOHBIE» KABEPHBI B pACUETHBIE TOYKU PA3HOCTHOM CETKHU.

Ha yuacTtkax MeXay KOHTPOJBHBIMM TOYKAMHU TEYEHHUE CUUTACTCSA
OJTHOPOAHBIM (kHKas (aza) U pacCUUTHIBACTCS IO SIBHOW pa3HOCTHOM cxeme (9).
Jnsg  y3m0B cO34a€TCsl  JONOJHUTENIBHBIA KOMIUIEKT TI'PAaHUYHBIX YCIOBUM JUIA
clly4aeB, Korja TaM oOpasyercs KaBUTallMOHHas 1mojocTb. Hampumep, oOpa3oBaHue
II0JIOCTE HAa MECTHOM COIPOTUBJICHUH, IOSBJICHUE IOJIOCTU B MECTE COCIUHEHUS
TpyO, KaBUTAIIMK BO BCACHIBAIOIIEM MATpyOKe HAcOca, U T.I1.

21



NaeaeHue , HMla
10.6 _

10.4

10.2

10.0 1 | | | | |

0.0 0.1 0.2 0.3 0.4 0.5 0.6
BpeHA, Ccek

Pucynok 14. JlaBjieHne B pa3IH4YHbIX TOUYKAX CHCTEMbI TEXHOJOTH4eCKUX TPyGonpoBoaoB AIJC.
1 — naBieHHe B HCTOYHUKeE BO3MYILIeHHs (3a Apoccesaem [IP1),
2 — naBJjienue B cpeaneii yacru HK;
3 — naBiaenue B tynuke HK (Touka “B”).

Jis  TecTHpoBaHMA ~ YKa3aHHOM  METOAMKM  MPOBOAWICA  OOcuer
HKCIIEPUMEHTAIBHBIX JAHHBIX JUJIsI POCTOTO TPYOONMpPOBO/a, MPUBEACHHBIX B padoTe
CmupHoBa u 3y0OoBa. B Hauane TpyOonpoBoja 3alaHO IOCTOSIHHOE JaBJICHUE; B
KOHIIE TpyOONpoBOJa pacrnojokeHa ObICTpoJeHCTBYOIas 3aiBukKa. HauanbHas
CKOPOCTbh TEYEHUs JKUIKOCTH B TpyOorpoBoje V), 3amaHa. ['mapaBnuueckuil yaap B
TpyOOIIPOBOJIE CO3/1aBAJICs MPAKTUYECKH MTHOBEHHBIM 3aKPBITHEM 3a/IBHIKKH.

ITocne HauyanbHOrO BCIUIECKA AABJICHUS (TUAPABIMYECKUM ynap) B MOCIEIyHOLIEH
(aze MOHMKEHMS JaBICHUS NpU OOJbIIMX 3HAYEHUSX V) HaOIIOAAIOCH MOSBICHHE
pa3pbiBa CIUVIOLIHOCTY OTOKA (KaBUTALUH).

PMla

0,8
0,61
Ok -
0,1

|

o) 1 2 5 4 5 61,c
Pucynok 15. /laBjenne y 3aaBuxku npu VH = 0,48 m/cek.
1 — 3xcniepumenT CmupHoBa u 3y60Ba; 2 — pacyeT 10 MeTO/ly KOHTPOJILHBIX TOYEK.

Ha pucynkax 15 u 16 mpuBeeHO COMOCTaBICHUE AKCIEPUMEHTATIBHBIX JaHHBIX C
pe3yabTaTaMu pacuera i pa3uyHbIX HadaldbHBIX CKOpocTed. ComocTaBieHUE
MMOCYUTAHHBIX MAKCUMAJIbHBIX JABJICHHUM C OSKCIEPUMEHTAJIbHBIMH JIAHHBIMU
MPUBEJICHO TAKKE HA PUCYHKE 8.
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PucyHnok 16. /laBjenue y 3aaBukku npu VH = 0,6 m/cex
1 — 3xcniepumenT CmupHoBa u 3y60Ba; 2 — pacyeT 110 MeTO/ly KOHTPOJILHBIX TOYEK.
['uapaBnuyeckuid yjaapa B CHUCTEME KOAKCHAJIbHBIX TPYO CYIIECTBEHHO
OTIIMYAETCA OT THIPABIMYECKOTO yaapa B MPOCTOM TpPyOOMpoOBOAE HAIUYHEM
B3aUMOJICUCTBUS Yepe3 CTEHKY BHYTPEHHEN TPYOBI.

[IpuMepoM HeCTalMOHAPHOTO TMPOIECCa TAaKOTO POJA MOMKET CIIYXKHUTb

TUIPABINYECKUN yap, BOSHUKAIOUINI BO BpeMsl TAMIIOHAYXKa CKBAXXUHBI MIPH MOCAIKE
pa3aenuTenbHON MPOOKH Ha THO 00CaTHOM TPYOHI.

Pucynok 17. Cxema 3ano/iHeHHs] MeKTPYOHOI0 MPOCTPAHCTBA U MOCAAKH Pa3JeuTeJbHO Npo0KH
3nech 1- cTeHKa CKBasKUHbI; 2 — o0cagHasi TpyOa; 3 — OypoBoii pacTBop;
4 — TAMNOHAKHBII (IIeMEHTHBII) pacTBOP; 5 — MPOJABOYHBII pacTBoOp;
6 — pa3nenuTeabHAs MPOOKA.
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[Tpouiecc TammoHaxa CKBaKMHBI n300pakeH Ha pucyHke 17. [lo BHyTpeHHeln
TpyO€ B CKBaXXMHY 3aKauMBa€TCs MMPOJABOUHBIN pacTBOp 5, rpaduk nogaduu KOTOPOro
0,(f) cuuraercs wu3BecTHbIM. [log  nmaBIeHMEM  IPOAABOYHOTO  pacTBOpa
pazaenurenbHas MpoOka 6 mepemMeIaeTcss BHU3 U BBITECHSET LIEMEHTHBIM pacTBoOp 4
B 3aTpyOHOE npocTpaHcTBO. [locie npoxoxkaeHns Bcel MPOTAKEHHOCTU CKBAKUHBI L
(T.e. KOrga BeChb ILIEMEHTHBI pacTBOp BBITECHEH B 3aTpyOHOE IPOCTPAHCTBO)
paznenurenbHas —OpoOKa  ymupaeTcss B CHELMAJbHbIE  OIPAHUYUTENN U
OCTaHABJINBACTCA.

Bo3Hukaommi npu 3TOM TUAPABIMYECKUNA YyIap SIBISETCS CYLIECTBEHHBIM
(dakTOpoM, BIHSAIOIIUM Ha TUAPOPA3PHIB U MOTIIOIIEHUE TJIACTOB.

JIBukeHne >KHIKOCTH B JaHHOW TpyOOMpPOBOAHON CHUCTEME OMHCHIBAETCS
cuctemoil ypaBHenuit (4). Jlns Bepxa CKBa)KUHbI (JHEBHAsI MOBEPXHOCTh) 3aJAE€TCS
nojaya JJs TpyObl M PaBEHCTBO AarMOC(EpHOMY [aBICHUIO Ha BBIXOJE U3
3aTpyOHOro npocrpancTBa. YuuthiBas uTo z(0)=0 (HyseBas OoTMETKa pacrojo)KeHa
Ha JHEBHOM mosepxHocth), V(0,)=0,(t)/w, h =h_,, = P /P g - Ha 1HE CKBaOXKHUHBI

3aJJal0TCSl YCIIOBUSL HEMPOTEKaHWs Kak [JJsi TpyObl, Tak W JUIsl 3aTpyOHOrO
IPOCTPAHCTBA.

JI1st pacd4eToB HCHOJB3YETCS NPAMOYTOJIbHAS PA3HOCTHAs CeTKa (PUCYHOK 18).
Mertoauka pacyeTa UCIOIb3YET 3alUCh 33J]a4u B UHBapuaHTax Pumana (6), npu 3ToM
BBIIICONNUCAHHbIE TPAHUYHBIE YCIOBHS TNepedOpMyIUpPYIOTCS B MHBapHaHTaX Kak
yCIOBUS OTpakeHusi BOIH. Ha pucyHke 18 nuHuM, oTMeYeHHBIE HOMepamu 1, ..., 4,
MPEACTABISIOT COO0I OTPE3KU XapaKTEPUCTUK, COOTBETCTBYIOLIUE BOJHAM (5).

k+1

At

Pucynoxk 18. Pa3HocTHasn ceTka.

PesynbraThl pacueToB npeacTaBieHbl Ha pucyHkax 19 u 20. Ha nepBoM u3 HuUX
noka3aHbl TpaduKU TOBEACHUS MAABJICHUS Y pa3leIUTeNbHOM NpoOKM (Ha [aHE
00caHON KOJOHHBI) KaKk B caMoi TpyOe (uHus 1), Tak U B 3aTpyOHOM MPOCTPAHCTBE
(muuus 2). Ha momydeHHBIX rpadukax OTYETIMBO BUAHBI JBa BCIUIECKA JaBJICHMUA,
BBI3BaHHbBIE IBYMSI BOSMYILUEHUSMHU C PA3IMYHBIMH CKOPOCTSIMU PACHPOCTPAHECHHUS.

Ha pucynke 20 mpezactaBieHbl MTHOBEHHBbIE MPOQWIA NABICHUN MO JJIMHE
CKBKMHBI JIs1 PUKCUPOBAHHOTO MOMEHTa BpeMeHU. Ha pucyHke Taxke OTYETIMBO
BUJIHO, YTO 32 MEPBBIM (PPOHTOM BO3MYIIEHUSI PACIPOCTPAHAETCS BTOPOU (POHT C
MEHbIIIEH CKOpOCThO. JlJIi CpaBHEHHS HA PUCYHKE IMPEACTABICHBI PE3YyJbTaTh
pacuera 0e3 B3auMmoBiuAHMS, T.e. npu &=0 u &=0 (kKorma BO3MYyUICHUS
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pacIpoCTpaHSIOTCS TI0 TPyOaM «HE3aBHCHMO» IPYT OT Apyra). B stom ciydae, Bo-
NEPBBIX, OTCYTCTBYET BTOPOW BCILIECK BO3MYIIEHHUs (BTOpas BOJHA), @ BO-BTOPBIX,
3HAYUTENILHO OTIUYAETCS aMIUIUTY/A.

h, m

500

Pucynok 19. JlaBjienns y pa3feJiMTeIbHOI NPOOKH.
3nech: 1 — naBieHune B 006caaHoii TpyOe; 2 — JaBeHNe B 3aTPYOHOM NPOCTPaHCTBe.

500

O o 200 400 600 \ 800 X, M

Pucynoxk 20. IIpo¢niau naBiaenust B MoMeHT Bpemenn 0,35 cek.
3nech: 1 — naBienne B 00caaHoil TPyOe; 2 — faBaeHUE B 3aTPYOHOM NPOCTPAHCTBE; 3 — JaBJICHHE
THAPABJIHYECKOro yaapa B 00cagHoii Tpy0e IpH OTCYTCTBUM B3aHMOBJIUSIHNASA; 4 — TO Ke U1 3aTPyOHOT O
NMPOCTPAHCTBA.
Orcroma BHUAHO, 4YTO I‘I/I,Z[paBJII/I‘ECKI/Iﬁ yaap B CUCTEMC KOaKCHaJIbHBIX pr6
HMECT CBOIO CIICI_II/I(I)I/IKy, N HaJIMYUC B3aWMOBJIIMAHHA YCPC3 CTCHKY OKa3bIBACTCA
BE€ChbMa CYIICCTBCHHBIM.

B I'maBe 6 «YmpolueHHbIe METOABI pacdeTa HEeCTAI[MOHAPHBIX MPOIECCOB B
T'HIpOCHCTEMaxX Ha OCHOBE MOJIeNIel € COCPEOTOUECHHBIMH ITapaMeTpaMm»

TpyOompoBoAHbIE CHUCTEMBI MOTYT HMETh OONBIION O0BEM U CIOXKHYIO
cTpyKTypy. Hampumep, cucrema texnonornueckux tpyoonpoogoB ADC cocTouT u3
oonee yem 2000 TpyO m OIM3KOro KoJM4ecTBa y3J0B. PacueT HecTannoHapHBIX
IPOLIECCOB B TAKUX CUCTEMAax TPeOYyeT 3HAUMTENIbHBIX BBIYUCIUTEIBHBIX PECYpPCOB.
[TosTomMy 3amava CHIDKEHHS 3aTpaT BBIYMCIUTENBHBIX PECYPCOB SIBISIETCS BECbMa
AKTyaJIbHOMU.
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C npyroii CTOpOHbBI, MHOTME BO3HUKAIOIIME HAa MPAKTUKE 3aJ1a4d, HalpuMep,
3aJla4a ONepaTUBHOIO YIPABIIECHUS, TPEOYIOT OBICTPHIX BHIYMCIEHUIN U MIPEICKA3aHUs
COCTOSSHMII CHCTEMBl B PEXHME pEAJIbHOTO BpPEMEHHM. XOTS YBEIUYECHUE
IPOU3BOAUTEIBHOCTH  BBIYUCIUTENIBHOM  TEXHUKM M YCOBEPLICHCTBOBAHUE
BBIUHCIIUTENBHBIX AJITOPUTMOB MIPUBOJIUT K YMEHBIICHUIO BPEMEHHU CUeTa, HO Oolee
NEPCIIEKTUBHBIM NPEJCTABISIETCS pa3paboTKa «ObICTPBIX» (YIPOILLEHHBIX) MOAEIIEH.

OnuH u3 nyTeil peneHyst 3Toi 3a1a4u OCHOBAH Ha 3aMEHE UCXOJIHBIX CUCTEM C
pactipeneneHubiMu  napamerpamu  (CPII) Ha cucteMbl € cOCpenOTOYEHHBIMU
napametrpamu (CCII). IIpu stom Tpebyercs momoOpaTh XapaKTEPUCTUKA HOBOMU
CHUCTEMBl TaK, YTOOBI HapaMeTpbl Mpolecca B HEW OBLIM KaKk MOXHO OJIKe K
napameTpam Mpouecca B ICXOJHON CHCTEME.

Ocpenusis mo anuHe TpyObl ypaBHeHusA (1), MOXKHO TOIYYUTh CHUCTEMY
YpPaBHEHUM

D W/Ke =0,-0,, Q* pL/a)* =pPo—P; _pg(ZL _Zo)_pL/1|Q|Q/2d*a)*2 5 (15)
r1e p — CpelHee Mo JUIMHE TpyOonpoBojAa AaBieHHe, p, =dp,/dt, O; — pacxoa B
KoHIIe TpyOompoBoaa (x=L), O, — pacxoa B Havase Tpyoomnposoaa (x=0), W — oobem
KUIKOCTH B Tpybomposone, K, = pu” — NPUBEICHHBIH MOIYIh 0OBEMHOTO CHKATHS
JAHHOTO y4YacTKa TPyOOIpOBOJA, YUUTHIBAIOIIMA YHPYTOCTh JKUIKOCTH U CTEHOK
TpyGonpoBoaa; O«— CpeaHuii 1o JUIMHE TPYOOnpoBoaa pacxod, O, =dQ,/dt, py v z; —
JlaBJICHUE U OTMETKA B KOHLE TpyOonpoBona (x=L), py U zy - JaBI€HUE U OTMETKA B
Hayaine TpyOompoBoga (x=0), ws d+ — cpeaHue MO JJIMHE 3HAYEHUS IUIOLIAIU
MOTEPEYHOT0 CEUYEeHHsST M JuaMeTpa TpyOOompoBoOJa, COOTBETCTBEHHO; A‘Q‘Q —

CpeaHee Mo AJIMHE 3HAUeHHE COCTABIIAIONIUX YICHA TPEHUS.

Koapdbumuent C, =W/K, MOXHO TpakToBaThb KakK '"TUIPABINYECKYIO
€MKOCTh" JJAHHOTO y4acTKa TUAPOCUCTEMBI (aHAJIOTUYHO AJICKTPUIECKON €MKOCTH), a
KoopduimenT L, =pL/@  MOXHO  TpPakToBaTh  Kak  "THIPABINYECKYIO
WHYKTUBHOCTB".

Jlyis 3aMBIKaHUSI MOJIETIM C COCPEIOTOYEHHBIMH TapameTpamu (15) cpennue
BEJIMUMHBI HEOOXOAMMO BBIPA3UTh Yepe3 «KOHIIEBHIC» 3HAYCHHUsS, HAIMPUMEp, TaK
p.=a,p,+a,p,, O.=p,0,+p,0,,r0e oy ai, [y P — BecoBble KOIDDUIMECHTHI.
[pu o= "%, o= "> umeem dopmyny Tpaneuuil. B aTom ciydae cpeiHre BEIUYUHBI
P+ 1 O, HE COBMAJAIOT C TOYHBIM PEIICHWEM HH 0 aMIUTUTYJE, HA M0 4acToTe (CM.
Pucynoxk 21).

Wcnone3yst Ui anmpoOKCUMAIUU CPETHUX BEIUYUH p. U (O, Ooliee TOUYHYIO
bopmyny  Jlammoma:  p,~(p,+p.)2+L-(p-pi)12,  tAe  pj=ap/ex(0.1),
p.=dp/ox(L,y), m T Q,=30/ax(0,t), Q,=060/ox(L,t), mnomydaeM MOAENb C
COCPEAOTOUYECHHBIMU MTApAMETPaMH 2-TO MOPSAKA TOYHOCTH:

CH (po + pL )/2 o CHLH (Qo - QL )/12 o CHLH (RoQo o RLQL )/24da) = Qo - QL ’
Ly (Qo + QL )/2 —CyLy (po ) )/12 =P~ P _pg(ZL _Zo)_pL@/Zda)z ) (16)
rae R=(24+QdA/dQ) Q.
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ConocTaBieHre 3TUX MOJENEN Uil pacyeTa TUAPABIMYECKOrO yaapa IpH
3aKPBITUU 33/IBMXKKU B TPOCTOM TPYOONPOBOE MPEACTABICHO Ha pUCYHKE 21.

p/p, 2

at /L
Pucynok 21. /laBiaenne y 3aaBuxku npu t3 /T = 1,5 (inHeliHOe 3aKpbITHE).
1 — TouHOe pemreHne; 2 — pacuer Mo moaeau 1-ro mopsiaka (15); 3 — pacuer mo moaenu 2-ro nopsiaka (16).

Orcroma BUOHO, YTO MOACIH C COCPCOOTOYCHHBIMH IIapaMETpaMH BIIOJIHEC
noaxondaT i OIMMCaHUA JOCTATOYHO IUIABHO IMPOTCKAOIIUX IMPOICCCOB, HAIIPUMED,
HCTIPAMBIX THAPABINYCCKUX YIaPOB.

HCHOJ’IBBY}I 3aMCHY MOJICJICH C pacupeaciICHHbIMU IIapaMeTpaMu MOACIIAMU Ha
MOACIN C COCPCAOTOYCHHBIMU IIapaMETpaMH, MOXHO CTPOHUTh OTACIBHBIC Y3JIbI,
OIIMCHIBAKOIIINEC q)paFMeHTBI pr60HpOBO,Z[HOI>'I CHUCTEMBbI MOACIISIMUA C
COCPCAOTOYCHHBIMU ITapaMETpaMHu. Hpouez[ypa SKBHUBAJICHTUPOBAHUA IIPCACTABIICHA
Ha pUCYHKax 22 — 23.

OO =) A—— O
a) 6)

PucyHnoxk 22.

[Ipy »TOoM mnpu TOCIEOOBATENIHLHOM COEIMHEHHH TpyO (puUCyHOK 24)
CKJIAJBIBAIOTCA W YIPYrWe, U HMHEpPLHMOHHBbIE Xapakrepuctuku: C;° =C, +C,,,

LY =Ly, +L,,,aTaKkKe conpotusienus S =S5, +5,.

O oS S0l OSS
a) 6)

Pucynoxk 23.

[Ipu napamnensHOM coeauHeHUH TpyO (pucyHOK 23), aHAJOTHYHO
IpEeabIAYIIEMY, CKIAIbIBAIOTCS YOPYIHE XapaKTEPUCTHKH, a I WHEPLMOHHBIX

XapaKTEPUCTHK CKJIQJABIBAIOTCS OOpaTHBIC BEIWYMHBL: L) =(1/LH’1 +1/LH’2)‘1; T

COHpOTI/IBJIeHI/Iﬁ CKJIAABIBAIOTCS MPOBOAUMOCTH S = §, - Sz/(\/S_1 + \/S_z)Z .
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PucyHnok 24. JlaBjieHre B CHCTEMbI T€XHOJIOTHYeCKUX TPpydonpoBoaoB ADC.

ComnocraBjieHne pacyeToB Mo MOJHOM (kpuBasi 1) M ynpoueHHo#i MoaeasaM (KpuBasi 2).

Hcnone3yss 3Ty METOAUKY SKBHBAJICHTUPOBAaHHWSA, OblIa 3HAUYUTEIBHO
yIOpOIEHAa pacyeTHas CXeMa CHCTEMbl TEXHOJOrM4ecKux TpyobompoBoaoB ADC
(pucyHok 13) — kaxkgas BETBb C HAMOPHBIM KOJUIEKTOPOM U 45 OTXOASIIUMH
BOJASIHBIMU TPYOOIPOBOJAMH 3aMEHAJACh OJHUM Y3JIOM C COCPEAOTOYEHHBIMU
napamMeTpaMH C 3KBUBAJICHTHBIMU XapakTepucThukaMu. Ha pucynke 24 npeacraBieHo
COIIOCTaBJICHUE PacyeTOB IO MOJHOW M YIPOLIEHHONM MOJAENSAM, OTKYJa BUJIHO, YTO
IPUMEHEHNE 3KBUBAJICHTUPOBAHMS MOPOKIAET HE3HAYUTENIbHYIO IOIPEUIHOCTh U
BIIOJIHE OIIPaB/JAHO.

B 3axmountensHOM mnaparpage pasznena 6 paccMOTpeHa CHelualibHas
TUJIpaBINYECKasl CUCTEMA, TEUEHUE KUAKOCTH B KOTOPON MOXHO AOCTATOYHO TOYHO
PacCUUTHIBATh 110 MOJENSIM C COCPEAOTOUEHHBIMH ITapaMeTPaMHu.

P20

Pucynok 25. CrnenuajabHasi THAPABJIMYECKasi CHCTEMA.

|

|

i
A
T

¢,

PucyHok 26. CxemaTu3anusi ClieliuajabHON TUIPaBJIHYeCKON CHCTEMBbI
B BHJIE NOCJIEIOBATEILHO COeIMHEHHBIX TPYO.
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Pucynok 27. Ilepexoanblii mpoiecc B cucTeMe.
1- JAaBJICHHE B HAYAJI€ BHCINHEI0 MUJIMHAPA; 2- AaBJICHHE B KOHII¢ BHCHTHET0 MUJINH/IPA; 3- OaBJEHHUE B
HaYaJjie BHYTPEHHEr0 WUINHAPA; 4 - CKOPOCTh B KOHIIE NMIepeX0AHoro narpyoka (3-s1 tpyoa).

B I'nage 7 «IMuTallmOHHOE MOJIETMPOBAHUEY ONMMUCAH OPUTHHAIIBHBINA TTOIXO0/]
«MATEMATUYECKUM  WCIBITATEIIbHBIA  CTEH», IMO3BOJISIIOIIAN  OCYIIECTBIISTh
JIEKOMIIO3UIINIO TPYOOIPOBOHON CUCTEMBI M TTPOBOJAUTH «aBTOHOMHBIN» pacyeT e
oT/eNbHBIX YacTel. CyTh METO/Ia COCTOUT B BBIJEIECHUU UHTEPECYIOUIEH HAC YacTH
CUCTEMBl W 3aMEHE OCTaBIIMXCS («BHEIIHHUX)») YaCTeM CHUCTEMBbI «CHUTHaJaMm»,
MOCTYIMAIOMIMMA OT BHEIIHEW YaCTH CHUCTEMbl. B KadecTBE TaKuX CHUTHAJIOB
BBICTYNAIOT NPUXOASIIME HHBAPUAHTHI PrumaHa.

Hcnons3ys TAKYIO TEXHOJIOTHIO, OBLIH HUCCIIEIOBAHbBI CHUCTEMA
aBTOMATHUYECKOI0 PETryJIMPOBAaHUS J1aBJICHUS TEIUIOBOM CeTH (PUCYHOK 28) U cucTeMa
NOJIOIPEBa CHIPOM BOJBI y3J1a BOAONIOATrOoTOBKH Ha TOLI (pucyHok 29).

6 ammocgepy

Pucynox 28.
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Pucynok 29. Cxema y3;1a nogorpesa cbIpoii BoJbI.

Ha pucynke 30 mnpexacraBieHbl pe3yJbTaTbl pacyeTa peardupoBaHUS CUCTEMBI
MOJIOrPeBa Ha Pa3IMYHbIE BUIbI BOZMYIICHUS] TEMIIEPATYPHI Ha BXOJI€ B CUCTEMY.

X00 T/Tpee
] 1

0.5

g e e e e e e e

0.210.9995 4

o 1 2 3 cex

Pucynok 30. Peakuus cucremMbl peryJIMpoBaHus HA CTylleHYAaTOe BO3MYILICHHE.
1 — Bo3myIeHne; 2 — X0/ KJIallaHA PeryJIdpoBKH; 3 — TeMIepaTypa Ha BbIX0Je;
4 —«aeaJbHBIN» X0/ KJIANaHA PeryJIHPOBKH; 5 — YCTAHOBOYHAs TeMIepaTypa.

OCHOBHBIE PE3VJIbTATBI UCCJIIEJJOBAHUA
[ToaBOIS UTOTH, MOXKHO CII€TIaTh CJIEIYIOIIUE BIBOIbI.
1. MareMatryeckasi mocTaHOBKA 3aja4a (OpMyJIupyeTcs B JOCTATOYHO OOIIeM
BU/JIC KaK CMEIIaHHAas 3a/iaya JJisd runepooandeckux auddepeHaibHbIX ypaBHEHHUH
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TUAPABINYECKOTO yJapa, OmpelnelieHHbIX Ha Tpade. Mcmomp3ys ammapaT Teopuu
rpadoB, JErKO OMUCHIBAIOTCS TPYOOIIPOBOIHBIE CETH MPOU3BOJIBLHON CTPYKTYPHI.

2. TpyOonpoBoaHas cucTeMa CTPYKTYpUpYeTCsi Ha TpyObl U y37bl. [loToku
B TpyOax XapakTepusylTcsi ABYyMs (Hampumep, JaBJICHUE U CKOPOCTb) WU TpeMms
(maBleHHME, CKOPOCTb, Temmeparypa) ¢usmyeckumMu napameTpamu. s y3710B,
MOMHUMO 3TUX (PU3NYECKHUX MApPAMETPOB, MOTYT OBITh OINpPEAEIICHbI IONOJIHUTEIbHBIC
coOCTBEHHbBIE MapaMeTpbl y3ia (Hampumep, YUciao o00OpOTOB Hacoca, X0/ KianaHa U
1p.). B y3max 3agarorcst kpaeBble (TpaHUYHbIE) YCIOBUS, KOTOPBIE MOAPa3IeIsIOTCs
Ha ycioBHS moaxona (TpyObl K y3iIy) W YpaBHEHHs Yy3ja, TJ€, B YacCTHOCTH,
3a/IeiCTBOBaHBl M COOCTBEHHBIC TapaMeTphl y3ia. Takas METOAOJOTHS TO3BOJISIET
3a/1aBaTh TPAHUYHBIC YCIOBUS B IOCTATOYHO OOIEM BHUJIE.

3. Hcnonb3oBaHne MaTeMaTUYECKOW IMOCTAHOBKU 3a/laud B JOCTATOYHO
obmelt popme moamepKUBAET PACIPOCTPAHEHHYIO C HACTOSIIEE BpeMs OOBEKTHO-
OPHEHTUPOBAHHYIO MApagurMy M IMO3BOJSET JIETKO BBICTPAUBATH TEXHOJIOTHYECKYIO
LEMOYKY «OOBEKT MCCIEeI0OBaHUS — MaTeMaThudecKasi MoJiellb — METOJIMKA pacuera —
pa3paboTka MOpoOrpaMMHOro obOecredeHus», objerdas pa3pabOTKy COBPEMEHHBIX
BBICOKO3((hEKTUBHBIX MTPOTPAMMHBIX MTPOTYKTOB.

4. PaccmoTpennas 3amada O THApPABIMYECKOM YIape B KOAKCHAJIbHBIX
TpyOOINpPOBOJaX OMUCHIBAECTCS CBSI3HOM CHUCTEMOM 4YeThIpéx ypaBHeHui. [lokazaHo,
YTO JaHHAas CUCTEMa OTHOCUTCA K TUNEPOOIUYECKOMY THITY; JJIi YIPOIIEHHOM
CHUCTEMbI ypaBHEHUU (0€3 KOHBEKTHBHBIX YJICHOB) YJaJOCh BBIPA3UTh CKOPOCTH
pacnpocTpaHEHUsI BOSMYIIICHUH B SBHOM BHjIe. B maHHOM ciydae Bo3MyIiieHuE OyaeT
pacipoCTpaHsAThCA HE C ABYMS CKOPOCTAMH (TpsiMas U OOpaTHas BOJHBI), a C
YETBIPHMSI, T.€. OyAYyT CYIIECTBOBATHh YETHIPE PA3IMYHBIX BOJHBI THIPABINYECCKOTO
ynapa. [Ipudyem aBe m3 HUX OyAyT pacmpoOCTPaHSATHCA BAOJIbL IO MOTOKY (MPSMBIC
BOJIHBI), ¥ JIB€ — IPOTUB MOTOKA (OOpaTHBIC BOIHBI).

5. B pabote mmpoko npuMeHst0TCs HHBapHaHThl PuMana, KOTOpbIe MOYKHO
TpPaKkTOBaTh Kak «o0Opas» BOJH, WIH, B JIPYroil MHTEPIpPETAlMd — KaK «CUTHAJIbD».
Takum 00pa3zoM, HapAly C «HATYPAJTbHBIMUY» MEPEMEHHBIMU (HAIIPUMED, AaBICHUE p
U CKOpPOCTh V), UCHONB3yeTCs] «BOJHOBOM MOIXOM» (BOJHBI — MHBapHAThl 7 U S).
['pannyHbIe ycnoBus, nepeopMyIupoBaHHbIE B TEPMHUHAX 7 U S, MOKHO TPAKTOBATh
KaK yCJIOBUS OTPaKEHUS BOJIH.

6. B pamkax o6mieil MaTeMaThyecKod MOCTAHOBKH 3a/laud MPEJIOKEHBI
MaTEMaTUYECKUe MOJIEIN PAOOThI PA3IMYHOTO THAPABINYECKOTO OOOPYIOBAHUS:
COCMMHECHHE  TPyO, KOMIIEHCATOpP, YPAaBHUTEIBHBIA  pe3epByap, MECTHOE
COTPOTUBJICHUE, OOpaTHBII W  TPEAOXPAHUTENBHBIA  KJIAMaHbl,  HACOCHI
(meHTpoOCXKHBIE W OOBEMHBIN), TMOTpPEOUTENh TETUIOBOM ceTh, W  T..
Marematuueckne  OmMCaHUsT  pabOThl  3TUX  Y3JIOB CAENAHBI B  paMKax
BBIIICYTTOMSHYTOW 00BEKTHO-OPUEHTUPOBAHHOM MMAPATUTMBI; T.€. JIETKO BBIICIISIOTCS
«0a30BbIE», «POAUTENILCKUE» KIACCHl (HampUMep, MECTHOE COIpPOTHUBIICHHUE), Ha
OCHOBE KOTOPBIX CTPOSITCS  «JIOYEPHHUE» THUIBl  (PEryIupyeMoe MeECTHOE
COMPOTHUBIIEHUE, PUIBTP, MPEJOXPAHUTENbHBIA KIanaH U T.1.). Takoil moaxon, Bo-
NEPBBIX, MO3BOJSET JIETKO HapalMBaTh «OWOIMOTEKY T'pPaHUYHBIX YCJIOBHiI» B
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3aBUCHMOCTH OT KOHKPETHBIX 3a/1a4 U IOSBJICHUS HOBBIX THIIOB YCTPOMCTB, a BO-
BTOPBIX, MOJJIEPKUBAET U 00JIEr4aeT MPOrpaMMHYIO PeaU3aluIo.

7. JlanpHeWmee  pa3sBUTHE  MOJYYWIa  TEOPUS  KABUTHUPYIOLIETO
TUAPABIMYECKOTO yaapa. SIBjaeHue paspblBa CIUIOIIHOCTH MOTOKA PaCCMOTPEHO Ha
MOJIENId MPOCTOI0  HAKJIOHHOTO TpyOompoBoja. Kpurepuem BO3HUKHOBEHHMS
noJIoCTel (KaBepH) B MOTOKE CIIY>KUT MaJEHUE JIABJICHUS /10 JIaBJICHUS HACBIIIEHHBIX
napoB KUAKOCTH. OLEHUBAIIOCH BIUSHUE HAKIIOHA TPYyOONPOBOJA, TPEHUSI O CTEHKH,
Ha4yaJbHOM CKOPOCTH Ha BO3HMKHOBEHHME U PA3BUTHE KABUTALMU. Y CTAHOBIICHO, YTO
pacrpocTpaHEHHasE MOJETb «OTPbIBa» CTOJ0a >XKUAKOCTH («column separationy)
SBJISIETCSl HE cCOBCeM TO4YHOW. [ToMHMO OHO¥ «OOJBIIONY» KaBEpPHBI, 3aHUMAIOIIEH
BCE TMONEPEYHOE CeueHUWe TMOTOKa, oOpa3yercs eme€ 30Ha  OOMIMPHOM
(MEIKOMy3bIpbKOBOM WJIM  TJIEHOYHOM) KaBUTALMM, PACIPOCTPAHSAIONICHCA IO
OTOKY. EAMHNYHAsA KaBEpHA TEOPETUYECKU BO3MOXKHA TOJIBKO IIPU HYJIEBOM YKJIOHE,
U TOJNBKO ISl WJealnbHOM KUAKOCTH. Hanuuume TpeHus Takke CHoCOOCTBYET
BO3HUKHOBEHHUIO OOIIUPHOI 30HBI METKOITY3bIPbKOBOI KaBUTAIIMH.

8. OueHenbl napaMeTpbl BO3HUKAIOLIEW KaBUTAUMU — BpeMs U
MECTOPACIIOJOKEHUE KABEPH, MOMEHT CXJIONBIBAHUS KAaBEPH, pPacHpeAcsicHUue
JABJICHHS B MOTOKE MOCJIE CXJIONBIBAHUS KABEPH M 30HA MAKCUMAJbHOIO JIABJICHUSI.
OmnpeneneHsbl mapaMeTpbl HE TOJBKO NMEPBUYHOM, HO MU BTOPUYHOM KaBUTAIUH (B
nocienyronieil, BTopoi ¢daze mnoHmxkeHus aasieHus). OUeHEeHbl MaKCUMaJbHbIE
JABJICHMS, BPEMS CYLIECTBOBAaHMs KAaBEPH, MOMEHT M TOYKa BO3HHKHOBEHHS U
MOMEHT CXJIOTIBIBAHUS B 3TOM CIIy4ac.

9. OueHeHO BIMSHUE TPEHHS HA TUAPABIMYECKHA yZap € pa3pblBOM
CIUIOIIHOCTH TOTOKa. TpeHue crnabo BIMSET Ha MAKCUMAJbHYIO BEJIUYUHY
TUAPABIMYECKOTO yAapa TMpH CIUIOIIHOM TedyeHuu (cmpaBennuBa (opmyna
H.E.’KykoBckoro), HO ¢ BO3HMKHOBEHHEM pa3pbiBa CIUIOIIHOCTH TOTOKa (HaKTop
TpeHusi cTaHoBHUTCS Oosiee BecoMbIM. I[lonyuena ¢dopmyra, oneHuBaroIas BechMa
TOYHO MAaKCUMAJIbHOE JIaBJICHUE MPU TMIPABINYECKOM yAape, COMPOBOKIAOIIMMCS
Pa3pbIBOM CIUIOLIHOCTH MOTOKA, W SBJISIONIAsACS 0000IIEHHEM H3BECTHON (POPMYIIbI
H.E.’KykoBckoro.

10. Pa3pabGoTaHHble METOABI pacuera, B OTJIMYME OT BeChbMa MOIYJSIPHOTO
JI0 CHX TOp METOJ]a XapaKTePUCTUK, UCTIONB3YIOT SIBHBIE U HESIBHBIE CXEMBI OETYILETOo
cyeTa. SIBHbIE CXeMbI OEryIlero cuera XOpOIIO OTCIEKUBAIOT KPYThi€ BOJHOBBIC
(GpOHTBI W XOpOLIO MOAXOMAT JJs pacueTra BBICOKOMHTEHCHUBHBIX MPOIECCOB.
[IppuMeHeHne SBHOW CXEMBI NMOPOXKIAAET AOCTATOYHO NPOCTOM M SICHBIM alIrOPUTM
pacuera. K HegocTaTkam 3TOM CXEMBI CIEAYET OTHECTH OTPAHUYCHME HA IIAarv CYETa.
B kawectBe mnpummepa pacyera MMEHHO TaKOro TIpoLecca IIPUBENEH pacyer
TUAPABINYECKOTO yhapa B THAPONPHUBOAE MAIIMHBI JUIS JUThA IIOJ JABJICHUEM,
BO3HHUKAIOLIET0 B CUCTEME IIPH yAAPE NPECC-MOPIIHS O KUIAKONU METAILI.

Jns  pacdera MEMJIGHHO TMPOTEKAIOIMIUX CIA0OMHTEHCUBHBIX IPOIECCOB
MPEeIJIoKeHa METOJIMKA pacyeTa Mo HEesIBHOM cXxeme Oeryliero cuera, mo3BOJISIOIIast
CUMTaTh C JIOOBIMM TPHUEMIIEMBIMH [0 TOYHOCTM Iuaramu cyera. llpumenenue
HESABHOM CXEMbl IIOPOXKIAET BECbMa CIIOXKHBIM aNropuTt™M pacuera. Jlpyrum
HEJIOCTATKOM 3TOM CXEMBI SIBJIIETCS TO, YTO OHA MPHU pacyeTax CUJIbHO CIIIaKMBAET
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pe3kne (PPOHTHI BO3MYIIECHUN, MO3TOMY XOPOIIYID TOYHOCTh JAAa€T TOJBKO MpH
pacuyerax HHU3KOMHTEHCHBHBIX, JIOCTATOYHO IUIaBHBIX IpoleccoB. B kauecTse
npUMepa NpUBEIEH pacyeT HECTALMOHAPHOTO MPOLECCa B HAIIOPHOM OPOCUTEIBHOU
CETH, BOZHUKAIOIIMN ITPU MEJJIEHHOM 3aKpBITUU THJIPAHTA.

11. 3nauurenbHOU MpOOIIEMOH NpHU pacueTax o SIBHOW cXeMe (a TaKXke U 110
METOJy XapaKTEpUCTUK) SBISETCS «ImpoldjemMa KOpPOTKMX TpyO», Korga B
TPyOOIIPOBOJHONW CHUCTEME HAJIMYECTBYIOT KaK <(UIMHHBIE», TaK M «KOPOTKHE»
TpyObl. Hannume «xopoTKuX» TpyO IUMUTHPYET AOMYCTUMBIM IIar cuyera, 4YTo
MOPOKJAET HEOMpPaBIaHHO OOJIBIIOE YHCIO IMIAroB Ui UIMHHBIX TpyO. HesBHas
cxema cBOOOHA OT 3TOTO HEJIOCTATKA.

ABTOpOM TMpeanokeHa KOMOMHHpOBaHHasl SIBHO-HEsIBHAS cxema Oeryiero
cdera, KOTOpas Ha <«IJUHHBIX» TpyOdax CcuHMTaeT BBICOKOA((EKTUBHBIM SBHBIM
METOJIOM, a Ha «KOPOTKHX» — aBTOMAaTHYECKH MEePEeXOJUT Ha HEsBHBIM cueT. B
KayecTBe IpUMepa NIPHUBOJUTCS pacueT paclpocTpaHEeHHss U TpaHchopmauui
BO3MYILEHUH B CUCTEME TEXHOJIOIMUECKUX TpyOonpoBosoB ADC.

12.  [Jns pacueta TEeUEHUH, CONPOBOXKAAIOIIMXCS IMOSIBICHUEM pa3pblBa
CIUIOIIHOCTH IOTOKA, IPUMEHSETCS aJIFOPUTM, KOIJa B KaKIyH0 Pacu€THYIO TOUKY
IIOMEILAETCS] «BBIPOXKACHHASD KaBEpHA, KOTOpas HAaYMHAET PAaCTU MPHU JOCTHKEHUU
JIaBJICHUS HACBIIICHHBIX MapoB >KUAKOCTH. [Iporecc pocTa M CXJIONBIBAaHUS TaKOi
KaBEpHbl OINpEEIIAeTC MapaMeTpaMy OKpYKalollled KaBepHY >XUIAKocTH. Kpome
TOT0, 33JAI0TCs €€ JOMOIHUTEIbHbIE KOMILJIEKThl TPAHUYHBIX YCIOBUHM Ha CiIydaii
BO3HUKHOBEHUS KaBUTALIUHU B y3II€.

13.  Ha ocHOBe NpHUMEHEHHS] MOJEJEH C COCPEAOTOUEHHBIMU MapaMeTpaMu
OPEIJIOKEH OpPUTHHAIBHBIM  MOAXOA K  YOPOUICHMIO METOJIMKH  pacyera
HECTAIIMOHAPHBIX MPOLIECCOB B TPYOONPOBOAHBIX cucTemax. PazpaboTana mMeronuka
NOCTPOCHHUSI «OBICTPBIX» MOJENEH TMEepBOro M BTOPOTO TMOPSAAKA TOYHOCTH,
NO3BOJIAIOIMX CUUTATh B COTHU U OoJsiee pa3 ObICTpee, UeM «OOBIYHbBIE)» YMCIICHHBIE
METOJbl UIsl YpaBHEHMM TruapaBiaudeckoro ypaapa. OlieHeHa TOYHOCTh U cdepa
IPUMEHUMOCTH Takux Mojesneil. OnucaHbl Npoleaypbl SKBUBAJICHTU3ALNUN OOIbIINX
TpyOONIpOBOAHBIX cHucTeM. Mcmonb3yss 3Ty METOAMKY, Obula IpoBeicHa
DKBUBAJICHTH3alUsl 4acTH TpyoOomnpoBoAgHoi cucreMbl ADC, 4YTO MO3BOJNIIO
3HAYUTEJIIBHO YMEHBUIUTh OOBEM BBIYMCICHUN IPU COXPAHEHUU IPUEMIIEMOM
TouHOCTH. Ha nmpumepe cnenunanbHOro UCHbITaTEILHOTO CTEHAA ObUIO MTOKA3aHO, YTO
MOJIENIb THUAPABIMYECKOTO ylaapa B JaHHOM cliydae, 0e3 ocoboro ymepOa s
TOYHOCTH  BIIOJIHE  MOXET OBITh  3aMEHEHAa CHCTEeMOH  OOBIKHOBEHHBIX
nuddepeHIanbHbIX ypaBHEHUH Ha OCHOBE MOJEIM C COCPEJOTOUYECHHBIMU
napaMeTpami.

14.  Ilpenno>xeHHBII OPUTMHAJIBHBIN MOJIXOJT («mMaTemMaTuyeCcKuit
UCHIBITATENbHBI  CTEHA») ABISAETCS OYEHb TOJE3HbIM U 3(PPEeKTUBHBIM
UHCTPYMEHTOM  INPEABApPUTEIBHBIX  MCCIENOBAHUM, YTOUHEHUS MOAENIEH W
UCIOJIb3YEMBIX APaMETPOB, U T.II. DTOT MOAXO0]] ONIUPAETCSI HA TPAKTOBKY BXOJSIILIUX
U BBIXOJSIMX MHBAapUaHTOB PuMaHa Kak BXOJSAIIMX U BBIXOJSIIMX CUTHAJIOB; OH
IO3BOJIIET TECTUPOBATH CJIOKHYIO TPYOONPOBOJHYIO CHUCTEMY «IO YacTsim». B
KayecTBE  MPUMEPOB  NPHUBOJATCS  pacyeTbl  CUCTEMbl  ABTOMAaTHYECKOIO
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peryJIMpoBaHUs N1aBJIE€HUS B OOpAaTHOW MarucTpajid CETH TEIUIOCHAOXKEHHUS U y3ja
aBTOMAaTUYECKOIO pPEryJMpOBaHUS TEMIIEpATypbl B CUCTEMAaX BOJIOIOATOTOBKHU.
IIpuMeHsieMbIN MOAXO IMO3BOJIAET JIETKO OLEHUTHh BPEMs PEAKLHUHU YCTPOMCTBA Ha
pas3IMYHbIE BO3MYILICHUS.
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