TEIIVIOIIEPEJJAYA
Jlexkmusa NelO

Ilnan Jeknuu.

1. [Tpumenenue Teopun MoA00US B aHAIN3E KOHBEKTUBHOTO TEIIOOOMEHA
2. CBs13b MKy TEIJIOOTAAUEH U TepHUEM

3. Bonpocs! 1t TUCTaHIIMOHHOTO OCBOSHHUS JIEKLIUN

1. IPUMEHEHUE TEOPUU ITOJOBUS B AHAJIM3E KOHBEKTUBHOI'O
TEIIVNIOOBMEHA

BcromMuanM, 9TO Teopusi MOA00USA - 3TO YUCHUE O TIOJIOOHBIX SBICHUSAX. Teopus moaoous
II03BOJJIIET HA OCHOBAHUHMU OTACJIBHBIX OIIBITOB WIIN pe3yanaTOB YUCJICHHOI'O MOI[GJII/IpOBaHI/I}I
MOJIYYUTh OOOOIICHHYI0 3aBUCUMOCTh W OTKPBIBAET BO3MOXKHOCTh H3yYEHHUS PabodmMx
IIPOLIECCOB TEXHUYECKUX YCTPOMCTB HA MOJECIIAX.

[TonoOHbIe sIBIEHUS XapaKTEPU3YIOTCSI KOHCTAHTAMHU NOAOOMS, KOTOPHIE COXPAHSIOT
YHCIIOBOE 3HAUYEHUE TOJIBKO JJISl ABYX MOJOOHBIX SBJICHHM, HO OCTAIOTCS OJIMHAKOBBIMH JIJISI BCEX
CXOJICTBEHHBIX TOYEK PACCMATPUBAEMBIX CHCTEM, U YHCJIAMHM MOA00MSA, KOTOPHIE COXPAHSIOT
CBOC 3HAYCHHE B CXOJICTBEHHBIX TOYKAaX BCEX MOJTOOHBIX MEXKAY COOO0I CUCTEM, HO B Pa3IMUHbIX
TOYKaX OJIHOM U TOM K€ CUCTEMBI YHCJIa UMEIOT Pa3Hble 3HAYCHHUS.

Uucnamu mopobus yaoOHO TMOJIB30BaThCSl HpU OOpabOTKE OMBITHBIX JaHHBIX WU
YHUCIIEHHBIX PACYeTOB, KOT/Ia HAa OCHOBAHWMHM W3YYEHHs CIMHUYHBIX SBJICHUN HE0O0XOIMMO
HOJY4YUTh 000OIIEHHYIO 3aBUCUMOCTD, IPUTOIHYIO /Uil BCEX MOJOOHBIX SBJICHUU.

DopMyJibl CBSA3M MEHAY YMCJIAMHU MOA00MSI HA3bIBAIOTCS YPABHEHUSIMM M0100US.
BenomunM, uto ans iuddepeHnnanbHOro ypaBHEHHS TEIUIOOT/ a4
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MBI TIOJTYYHJTN CIIEAYIOMUM Ha0Op KOHCTAHT U YUCEN IMO00US:
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[IpuBenéHHOE COOTHOLIEHUE HOCUT Ha3BaHUe yucia Hyccenbra.

C ¢u3uYecKkoil TOYKM 3pEHHs] KOHCTAHTHI TMOAOOHWS MPEICTABISAIOT COOON OTHOIICHHE
MacimTaboB BenuuyuH. Hampumep, nmpu oO0TeKaHUM TUIOCKOW IUIACTHHBI 32 MaciuTad JIMHEHHBIX
pa3MepoB MOXKHO BBIOpATh UIMHY TUTACTHHBI, TOT/IA:
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OTcrozia KOHCTaHTa II0L00US Cy MOKET OBITh IIPE/ICTABIICHA, KAK:
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Yucno HyccenbTa B 3TOM cllydae MOKHO MPEICTaBUTh B BUJIE:
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Yucao HycceabTa xapakrepusyer ¢000il HHTEHCHBHOCTDH TEIJIOOOMeEHaA.

[To aHamoruu MOXKHO TOJIYYUTh YHCIA MONOOUS U IS APYrUX (U3UYECKUX MPOIECCOB:
TpEeHHE, UHTEHCUBHOCTHh AU(PY3UH, UHTEHCUBHOCTh BBIHYKJIEHHOTO M CBOOOJHOTO JBHMKEHUS
cpensl u T.0. Cucrema muddepeHInaTbHbIX YpaBHEHUN TEIIO0OOMEHA, MO3BOJIET BBISBUTH
CTPYKTYpy 3THX uucen. B cokpaménnoir gopMe cucreMy ypaBHEHHH TEIIOOOMEHAa MOXKHO
3anucarh CIeIyIoUM 00pa3oM:
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[Ipy TOCTOSHHBIX 3HAUYEHUAX BSI3KOCTH, TEIUIOMPOBOJHOCTH M TEIUIOEMKOCTH Trasa
HEO0OXOIMMO BBECTH CJIEIYIOIINE KOHCTAHTBI TOI00US
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Beipakass BenmuumHBl T" H T.J. 4epe3 KOHCTaHTHI Mojo0us ypaBHeHus (6), 3ammcaHHoOe IJist
YCIOBUHM " NMPUBOJATCS K BUAY:
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B pesynpTaTe MOXXHO MOJTYYUTH Psifi KOMIUIEKCOB, KOTOPBIE OMPEACISIOT Moa00ue TeueHud u
yCIIOBUH TEIJI00OMEHA B Pa3JIMYHbIX CUCTEMaX:
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Ecnu BbIpa3uTh KOHCTAHTHI TO100US Yepe3 XapaKTepHbIe MAaCIITa0bl CHCTEMBI:
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KoMIUTeKCHI (9) MOXHO peoOpa3oBaTh K BUIY:
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Yuca0 roMOXpPOHHOCTH XapaKTEpU3yeT HECTAlMOHAPHOCTb IIpoLlecca MABMXKCHHA M €ro
UCIIONIB3YIOT TIPH HM3YYEHHH TEIIO0OOMEHA B HECTAl[MOHAPHBIX (Hanmpumep, MYJIbCUPYOLIHX)
IIOTOKAX.
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Yucao PeiiHOIBACA OTPaKaET UHTEHCUBHOCTD BBIHYKJICHHOTO JIBU)KEHUS Ia3a WU KUIKOCTH.
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Yucao Jiinepa ompenenser noxobue moiei naBieHus. B 3agauax TerooOMeHa 3TO YHCIIO
SABJISICTCSl OFHO3HAYHOW (yHKIMEH uncna PeitHonblca, ¥ MOTOMY B ypaBHEHHUsS TOIOOHS HE
BBOJMTCS.
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BBons monsiTue koadduimenta o0bEMHOTO paciuperus 3 = (po - p) / (p(TO - T)) KOMILIEKC
(14) moxHO peoOpa3oBaTh K BULY:
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Ho
Yucao I'pacroda onpenenser MHTEHCUBHOCTh CBOOOJHOKOHBEKTHBHOTO JIBHYKCHHUSI.
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Yucao Ilekse oTpakaeT MHTEHCHBHOCTh KOHBEKTHBHOT'O IEpEHOCA TEIJIa MO CPaBHEHHUIO C
MEPEeHOCOM TeIjia TeIIoNnpoBoHOCThIO. He TpynHo 3ameruth, urto umcio Ilekie MOXKHO
MpeJCTaBUTh B BUJIE:
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Yucio Mpanaras oTpaxkaeT BIMSHUAE CBOMCTB ra3a WU )KUIAKOCTH Ha TETNIOOOMEH.
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ECJ'II/I paSI[CJII/ITB YHUCJI0 FOMOXpOHHOCTI/I Ha 4YUCJIO HGKJ'IC, TO MOXXHO HOJ'Iy‘-II/ITB KOMIIJICKC,
KOTOPBIN HOCUT Ha3BaHUE yHucaa Dypbe.
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Yuciao Pypbe xapakrepusyeT AMHAMUKY HECTALlHOHAPHOW TEILIOIIPOBOJHOCTH.

CymectByeT emeé psija KOMIUIEKCOB, KOTOPBIE YacTO WCIOJB3YIOTCS B TEOPUU
TeriooOMeHa.

UYucao CrantoHa — anajnor umcia Hyccenbra, CBA3BIBAIOIIMA HMHTEHCUBHOCTH
TEIJIOOTJAaYM C KOHBEKTUBHBIM IMEPEHOCOM TeIlIa!
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Koy puumneHT TpeHuss — oTpaxaeT JeUCTBHE BSI3KUX CUJI MPU 33JJaHHOM JTUHAMHYECKOM
Harope razoBoro rnoToka:
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Takum o00Opa3oMm, YTOOBI B pe3ylbTaTe OIBITHOTO HCCIEIOBaHMS Mpolecca TPEHUs H
TEIJIOOTAYM TONYYUTh (OPMYITy, TPUTOAHYIO ISl OIEHKH HE TOJBKO WCCIIeIOBAHHBIX
HBHCHHﬁ, HO U BCEX HBHGHHﬁ, HO,Z[O6HBIX HUCCICIOBAHHBIM, pesyanaTLI OIIBITOB H€O6XO,Z[I/IMO
MPEJCTaBUTh B BUJEC YPABHEHUH MOA00MSI:

%f =f(Ho,Re,Gr) u Nu=f(Ho,Re,Gr,Pr (22)

B crainmoHapHbIX YCIOBUAX ypaBHEHUS M000us OyAyT BBHITJISAETh, CIEAYIOIUM 00pa3oMm:



CEf:f(Re,Gr) u Nu=f(Re,Gr,Pr (23)
B 3amauax ¢ onpeaensitonumM 1eiMCTBUEM BbIHYKIECHHOW KOHBEKIUHU:
%f =f(Re) n Nu=f(Re,Pr) (24)
B 3amagax cB0O6OHON KOHBEKIIHH:
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st yno6ctBa 00pabOTKH OMBITHRIX JAHHBIX YPaBHEHUS MOA00MS IPUHSATO MPEICTABISATh B BUJIC
CTETIEHHOW (yHKIIMU:
C
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rae. C,K,m,n - onbITHBIE KO PHUIIHEHTHI.

2. CBSAA3b MEXJY TEILIOOTJIAYENA U TEPHUEM

PaccmoTpuMm  cranmoHapHoe — O€3HAamOpHOE JIAMUHApHOE TEYEHHE IKUAKOCTH C
(U3NYECKUMU CBOMCTBaMU, HE3aBUCSILUMH OT TEMIIEPATyphl, TP OTCYTCTBUM MAacCOBBIX CHJI B
cucreMe. Eciim ocb X COBMECTUTH C IOBEPXHOCTBIO, ¢ KOTOPOM B3aUMOJEHUCTBYET IIOTOK, TO
NPOCKIUHUI0 YPABHEHHUS JABUKEHHS HA 3Ty OCh M YPaBHEHHE JHEPIMH MOXXHO IIPUBECTH K
BUY:
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Kax BuaHO, ypaBHEHME IBUKEHUS U YPABHEHHUE DHEPTUU OYEHB ITOXO0XKH.

VYpaBuenus (27) MOXHO MPEICTaBUTh B Oe3pa3MepHOM BHJIE, BBEIS XapaKTEPHBIC MacIITaOHbIE
MHOXKHTEIH Wx =W, /W o7 Wy =W, /W, x=x/L; y=y/L; T=(T-T,)/(T,-T,):
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[Tpu MOCTOSHHO MIOTHOCTH, BSI3KOCTH U TEIUIONPOBOJAHOCTH raza 6e3pasmMepHble KOMITJIEKCHI
MO>KHO MPEACTaBUTh B BUJIE:
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B 6e3pa3MepHbIX KOOpAMHATAX YpaBHEHUS OyIyT UMETh OJHO pelIeHue, eciu yucio [lpanaris
rasza Oyner paBHo exuaHIEe Pr=1.

B sToM ciydae OyayT paBHBI U KOMIUIEKCHI ONPEACISIONINE TPEHHE U TEeII00OMeH Ha
MIOBEPXHOCTU CTEHKH.
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Bripakas HanpspkeHUE TpeHus yepe3 KodhpuimenT TpeHus, a KodPpUIUEHT TeII00TIaun
yepes unciio Hyccenbra noayyum:
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[Tpu 3nauenusx uucna [lpanarns B quanazone ot 0,6 1o 1 cBA3b TpeHUS U TEIIOOOMEHA
MOXKET GBITB HpeI[CTaB.HeHa B CJ'IGI[yIOH_IeM BU]IC.
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3aBUCHMOCTh MEX]Yy TEIJIOOTIA4e W TPEHUEM TIyOOKO BCKPBHIBACT (PU3MUECKHI CMBICI
SIBJICHUS TETUIOOTJAYH M MO3BOJISIET UCTIOIB30BATh BEIMYMHBI KOOPPUITUECHTOB COMPOTUBIICHUS,
OTIPENICTICHHBIC OMBITHBIM WJW TEOPETHYECKUM TyTeM, [JIsi OIEHKH Kod3(PPHUIIHEHTOB
TEIIOOTAAYH.

DKCIEpUMEHTAIbHOE  OmpefesieHne  KOA(P(UIIMEHTOB  CONMPOTHBJICHUS  OOBIYHO
S3HAYUTCIIBHO IIpoWIc, 4YeM KOB(bq)I/II_[I/IeHTOB TCILJIOOTAAa4uH. HOBTOMY OJ1s1 CUCTEM, SBJICHUC
TETUIOOTAaYM B KOTOPBIX OKCIIEPHUMEHTAIBHBIM IYTeM HE H3y4alloCh, IOJNyYCHHBIC BBIIIC
COOTHOILIEHUSI MOTYT CIYXHUTh CPEACTBOM HOJYUYECHHUS PACUETHBIX (GOPMYI A KOAPPHUIIMEHTOB
TETUIOOT/AAYH.



3. BOITPOCHI 1JIsA AMCTAHIIMOHHOI'O OCBOEHMUS JIEKIITUA

1. 3anumuTe hopMyIy A ONPEISIICHHs YUCIa TOMOXPOHHOCTH U uncia Oypbe. Onuimre ux
bu3HYECKUN CMBICT.

OrtBerT:

2. 3anumute Gopmyiy Ui onpenenenus yncina Peitnonsaca u yncna I'pacroda . Onummre ux
(U3HUYECKUN CMBICII.

OrtBerT:

3. [lepeuncnure KpaTKo OMpenesieMble U OMPeIesSIONIIe YUCIa O100Us.

OrtBerT:

4. 3anuimuTe CTeNeHHYI0 (OpPMY YpaBHEHUH MOA00US I TPEHHS U TETJIO0TJAuH C
IIOBEPXHOCTHU TBEPIOM CTEHKH.

OrtBerT:

5. 3anummuTe CBA3h MEXY TEIUIOOTAauel U TpeHUueM. UTo SBIsIETCS MaTeMaTHYECKOH OCHOBOM,
OIPEIEIAIOIIEH ITY CBSI3b.

OrtBer:

damvumug Uma OtuecTBO:

I'pynna:

IMonmuce:

Hara.




