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TEIJIOHOCUTEJISI B TPOMHUKOBBIX COEJMHEHUAX
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Buvinonnenst pabomur no nacmpotixe pacuemmuoii mooenu 0iisi onpeoeneHus 10Kalb-
HbIX RAPAMempo8 MenioHOCUmMeNs 6 MPOUHUKOBBIX COCOUHEHUAX YCMAHOBOK C 8000~
BOOAHBIM IHEP2EMUUECKUM PEaKIMOpoM C UCHONb3068aHUeM MoOerell mypoyIeHmHo-
cmu muna LES. IIpoeeden ananus enusHus Ha pe3yrbmamovl maxkux pakmopos, Kax
cybcemounas mMooenb, paspeulenue paciemnolu cemxku U widae UHmezpuposanusl no
8peMeHuU, 0anvl peKomMeHOayuu no 8vl00py Napamempos pacuemuoun mooenu. Bovi-
NONHEHA OYeHKA BO3MONCHOCIU MACUMADUPOBAHUSL pACHEMHbIX MOOeLell No 2eome-
MPULECKUM U pedrCUMHbIM napamempanm. Tlokasana donycmumocms ucnonb3068anus
2eomMempuiecKu yMeHbUIEHHbIX PACYEMHbIX CEMOK OJis OnpedeneHus 3Ha4eHUll 0Cpeo-
HEHHbIX NO 8peMeHU MeMNepamypsl U CKOPOCMU 05l CIMPYUHO20 pedcuma meyeHus
6 MPOUHUKOBLIX COCOUHEHUAX npu coxpanenuu 3Havenus yucia Cmpyxans. Taxoce
npoeedeHbl paciemvl meyeHul 6 MPOUHUKOEbIX COEOUHEHUSAX C PACNONIOJICEHUEM 30-
Hbl nepemewiusanus 6 6okogom mpyboonpogoode. /[ 0aHHO20 mMuna medenus NOKd-
3aHA BO3MONCHOCHb CYWECMBOBAHUA HUSKOUACMOMHBIX KOLeOaHUl memnepamypol
ACUOKOCIU, a paciem OO0NHCEH BLINOTHAMBCA HA HAMYPHLIX DEHCUMHBIX U 2eoMe-
MPULECKUX NAPAMEMPAX.

Knioueevie cnoea: TpOWHUKOBOE COEAMHEHHE, PacyeTHas MOJAENb, YUCICHHOE MO-
nemupoBanue, CFD, LES, cyGcerounsle Mopenu, MacmiTaOMpOBaHHE pacdeTHBIX
MoJ€eIIE.

OPTIMIZATION AND APPLICATION OF ANALYTICAL MODEL
TO DEFINE HEAT CARRIER PARAMETERS IN T-JOINTS
OF PIPELINES
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Setting of the analytical model is executed to define the heat carrier local parameters
in T-joints of the light-water reactor plants. The LES-type (large eddy simulation)
turbulence model is used. Influence of such factors as sub-grid models, mesh
resolution and in-time integration steps on the results is analyzed. Recommendations
for parameters selection of computational model are specified. The estimation of
possibility to scale computational models on geometric and operating parameters is
carried out. Possibility to use the reduced analysis grids for defining time-averaged
temperature and velocity of the jet flow in T-joints at constant Strouchal number,
with mixing zone situated in branch pipe, is considered, too. Possibility of existence
of low-frequency temperature variations in the liquid is shown. Calculations are
performed on full-scale modes and geometric parameters.

Keywords: T-joint, analytical model, numerical simulation, computational fluid
dynamics (CFD), LES, sub-grid model, analytical model scaling.

TpoitHukoBoe coenuHeHure TpyodonpoBoaoB (TCT) — mmpoko pacmpo-
CTPaHEHHBIN y3€ll, C MOMOILBIO KOTOPOTO BBIMOJIHAIOTCS COSAUHEHUS TPY-
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Puc. 1. Cxema TeyeHusi B TPOHHUKOBOM COeMHEHHHU TPYOONIPOBOIOB:
a — CTpyiiHO€E TeueHHe (BapHaHT, pacCMOTpeHHbIH B MC3); 6 — TedeHue ¢ OTPBIBOM (TIpH
MaJioil OTHOCUTENIBHOI CKOPOCTH)

OOMPOBOMIOB B Pa3IMUHBIX CUCTEMAaX PEaKTOPHBIX ycTaHOBOK (PY) ¢ Bogo-
BOJSIHBIM dHepreTuueckuM peakropom (BBOP). [lns TCT co cmemenuem
MMOTOKOB XapaKTEPHBI MPOIECCH TypOYIEHTHOTO MEPEeMEIINBAHMS, COTPO-
BOXK/IAIOIIHECS MYJIbCAIIUSIMU TEMIIEPATYPbI, CKOPOCTH U JABJICHUS; MYib-
Calliy TeMIEPaTyphl MPEUMYIIECTBEHHO ONPEICISIOTCS MyIbCAIIUSIMU CKO-
poctH (repeHocoM 00beMOB kuakocTH). OOmas kaptuna teuenust B TCT
MOXKET OBITh YIIPOILIEHHO MTOKa3aHa CIeAyomuM oopasomM. B 30He nepeme-
muBanus (3[1) MOTOKOB 3a CYET WX B3aUMOACHCTBUS MPOUCXOIUT 00pa3o-
BaHHUE KPYITHBIX BUXPEH, KOTOPHIE TIOCTETICHHO PAaCIaaloTCs BCICICTBHE
auccunanuu sHeprur. B 3aBucumocTtu ot pacnosnoxkenusi 311 teueHue B
coOuparoIeM TPOHHUKE MOXKET OBITh MPEICTABICHO CIEAYIOUIIM 00pa3oM
(puc. 1):

— Kak CcTpyiHoe (B cily4ae CMelIeHHs IOTOKOB B OCHOBHOM TpyOompo-
BOJIE TPH OOJIBIIONH OTHOCHTENIBHOH CKOPOCTH Ugry (Vorn = Usok. / Vnpam.);

— Kak TE€YeHHE C OTPBHIBOM MOTOKa (B CIyyae CMEIIEHHUS MOTOKOB B
OOKOBOM TPYOOIPOBOJIE MPH OTHOCUTEIHHO MAJION CKOPOCTHU Vgyry)-

Jis cTpyHHOTO Te4eHUs pa3Mepbl 00pa3yroIUXCs BUXpel OrpaHUYeHbI
WX B3aUMOJICHCTBHEM CO CTEHKaMU OCHOBHOTO TPyOOIpOBO/A, a BPeMsI X
CYILLIECTBOBAHUS M TPOXOXKICHUS Yepe3 KOHKPETHOE CEUEHHUsl HAIPSMYIO
3aBUCHUT OT oOmel (cymmapHoit) ckopoctd B 3II, 4TO MOXHO HaIJISITHO
MPOCJIEIUTh, CPAaBHUBASI KAPTUHBI TEUEHUS B Pa3JIMYHBIE MOMEHTHI BpeMe-
HU. [Ipu TedeHUM ¢ OTPHIBOM MPOUCXOIUT OTPBHIB MOTOKA M3 OCHOBHOTO
TpyOOIIpoBO/ia U 00pa30BaHUE BUXPEil, KOTOPbIE PACONaraloTCsl B IPUMBI-
KaromieM TpyOoomnpoBoie, pa3Mep BUXPEH OrpaHHYEH CTEHKaMH TPyOompo-
BO/Ia ¥ B3aUMOJICHCTBUEM C MOTOKOM M3 NMPUMBIKAIONIETO TPyOOIpOBO/a;
CKOPOCTb MPOABIKEHUS BUXpell mana (Mx oOpa3oBaHHE U pacmaj Mpouc-
XOJIAT MPAKTHUYECKH Ha MECTE).

B paborax [1, 2] npuBeneHsl onucaHue pacyeTHOW MOJIETH JIJIsl OTpe-
JieNieHus JIOKaJIbHBIX mapameTpoB Temnonocutens B TCT, paspaboranHon
JUIsi 000CHOBaHMSI IUKJIMYECKON MpodHocTH y3i10B PY ¢ BBOP, u pe3ynb-
TaThl BepU(UKAIMU yKa3aHHOW MOJETH MO TeMIleparype, KOMIIOHEHTaM

28 ISSN 0236-3941. Bectauxk MI'TY um. H.O. Baymana. Cep. “Mammunoctpoenue”. 2015. Ne 2



CKOPOCTH M HampspKeHHsM PeilHoibzca, BBIIIOJIHEHHOM B paMKax ‘‘cie-
IOro” MPEeATECTOBOIO pacueTa M0 MEXIYyHapOAHON CTaHIApTHOM 3anade
(MC3) [3, 4]. B skcniepumente MC3 vy, COCTaBIsUIA MOPSIKA SIUHUIIBI
1 HaOmomanock pacnonoxkenue 311 B ocHoBHOM TpyOompoBone (puc. 1, a).
B HacTosmieit pabote mpuBeneHbl Pe3yNbTaThl HCCISI0BAaHUM 10 ONTHUMHU-
3allMM pacyeTHOM MOJENM M HEKOTOPHIE BONPOCH! €€ NPUMEHEHHS B pac-
yeTHOM oOocHoBaHuu PY ¢ BBOP (panee uacTuuHO paccMaTpuBajuCh B
pabore [5]).

Jannsie [3, 4] MOKa3bIBalOT, YTO MoOAENH TypOyiaeHTHocTH Tuna LES
(MozenupoBaHUE KPYIHBIX BHXpPEH), KaK MPaBHIIO, 00ECIIEUUBAIOT OoJiee
BBICOKYIO TOYHOCTB pacyera xapakrepHoro ans TCT teuenus:, odbecrneun-
BaeTcsl HauboJjiee BbICOKAsi TOYHOCTDH OINpEAETICHHs KaK TeMIIepaTyphl, TaK
U OCEBOM KOMIIOHEHTBI CKOPOCTH MO cpaBHEHHIO ¢ Mmozensimu URANS,
SAS u DES, Ha aHaJIOTMYHBIX MO Pa3MEPHOCTH PAaCYETHBIX ceTKax. OTMme-
THUM, 4TO pa3paboTaHHbIC 3a TocieaHue roapl BapuanTtel LES — Zonal LES
U Apyrue noJo0HbIe MOJIENH, MOTEHLIUAIbHO COKpPAIIAIOIINE allllapaTHbIe
TpeOOoBaHUS MPU XOPOIIel TOYHOCTH MOJENIUpOBanus, As TedeHust B TCT
HE BCerja MOryT 00ecleunuTh CyleCTBEHHOE CHUKEHHE Pa3MEPHOCTH pac-
YEeTHOI CEeTKU BCIIEACTBHE KaKk HEOOXOAUMOCTH MOKpbIBaTh LES-30H0i1 BCIO
o0JsiacTp 3amucu pe3yasraroB, Tak U BeIHOCUTH LES-RANS nnrtepdeiicot
BBEPX IO MOTOKY 3a npenenst 311 [6].

Heo6xoauMo OTMETHUTB, YTO TOYHOCTh TOJYYCHHBIX B [1, 2] pe3ynbra-
TOB I10 TEMIIEPATYPE U CKOPOCTH AOCTATOUHA JUIsl IPUMEHEHUS B pACUETHOM
o6ocHoBanun PY BBOP, onHako, HaOm0Ma10Ch 3aHMKCHHUE MTYJIbCAIIMOH-
HOM COCTaBJIAIOIIEH TEMIIEPATYPBhl, YTO HE KOHCEPBATUBHO C TOUKH 3PEHUS
TEIJIOBOTO Harpy>keHus o0opynoBaHus. [0Bops 0 “m0OCTAaTOYHON” TOYHO-
CTH UMEETCA B BUJY, UTO MOTPEIIHOCTh pacyeTa JOKAJIbHBIX MapaMeTpoOB
HUKE, YeM MOTPEIIHOCTh PE3YyJIbTaToOB pacyeTa 10 CUCTEMHOMY TEIUIOIH-
npasnuyeckomy koxy. Ilapamerpsl PY ompenenstorcss oOIIEKOHTYPHBIMU
TemioruapaBinyeckumu kogamu, Takumu kak TPAIIL, KOPCAP, ATHLET.
PesynbraThl pacyeToB SBISIOTCA MCXOAHBIMHU JAHHBIMU NPU BBIOJIHEHUU
pacyeToB JIOKaJIbHBIX MapaMeTpoB. CUCTEMHBIE KOJIbI OPUEHTHPOBAHbI Ha
oTpeneieHne MapaMeTpoB, HAMPSAMYIO BIUSIONIMX Ha OezomacHOCTh PY
U, KaK MpaBWJIO, HE BepU(ULMPOBAaHbl Ha 3a/adyax IO OMNPEAEIECHUIO JIO-
KaJIbHBIX IIapaMeTpoB B AieMeHTa PY, 3a uckinroueHueM peakropa. MoxHO
MPUHSATH, YTO OTHOCHUTEIbHAS MOTPEIIHOCTh ONPEICIJICHUS TapaMeTPOB B
eMeHTax PY BiBoe mpeBbIlIaeT NOTrPeMIHOCTD ISl LIEJIEBbIX [TapaMeTPOB,
BIUSIIOIIMX Ha 0€30MaCHOCTD, T.€. cocTaBisieT nopsiaka 20 %.

BoinonHuM paboTs! 110 BeIOOpY napamerpoB pacueTHoi monenu TCT,
UCXOA U3 CIIEAYIOIIMX OCHOBHBIX MPEANOCHUIOK:

— JUIA 3aJlaHds TEIJIOBOTO HArpy>KE€HHs KOHCTPYKLUHU OMPEIEISIFOTCS
CKOPOCTb TEIJIOHOCHUTENISI B PaCUETHOM 00JacTU U TeMIleparypa B IpHUCTe-
HOYHOM CJIO€, B IEJIAX 3a/laHUs TPaHUYHBIX YCIOBHI TPETHETo poa (3aaada
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HEIMOCPEICTBEHHOIO ONPEAEICHHS TEMIIEPATYPbl CTEHKH, KOTOpasi B HACTO-
AIee BpeMsl HE MOXKET OBITh pelleHa C JOCTAaTOYHOW TOYHOCTHIO [2], He
CTaBUTCA);

— IpU HacTpolike mapamerpoB pacueTHoi moxpenu TCT tpebOyercs
OMPEAEIUTh JOIYCTUMBIE TPAHUIIBl IO MUHUMAJIBHOMY Pa3pelieHUI0 pac-
YETHBIX CETOK M MPOAHAIM3UPOBATH PabOTy pa3iIHUHBIX CyOCETOYHBIX MO-
Jiesiei Ha MOJI00HBIX CeTKax.

Takxe HE0OXOIUMO PACCMOTPETH M IPYTUe BOMPOCH], UMEIOIIHE CyIe-
CTBEHHOE€ 3HAu€HHE IS MPAKTHUYECKOTO MCIOJIb30BAaHUS, — MACIITaOHPO-
BaHUE MO0 TEOMETPUUYECKUM U PEKUMHBIM MMapaMeTpaM, U MOJIECITUPOBAHKE
TedeHui ¢ pacnonoxenueM 3I1 B 60koBoM TpyOompoBoIE.

BapuanTHblii pacyer mo BbIOOPY MapaMeTpPOB pacueTHONH Moaean
TCT. OObIYHO NPUHUMAEMBIM YCIOBHEM JUIsl MCIIOJIb30BAaHUS Moenei
tuna LES sBnsercs paspeuieHue ceTku

Ur
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Y

rae A — XapakTepHBIH pa3Mep SYCHKH CEeTKH; I — KHHEMaThdecKas Bs3-
KOCTb; %, — CKOpOCTh TpeHus nopsaka 100 m/c unu Hibke (XapaKTepHbIM
pa3MepoM ISl TOCTPOEHUSI CETKH MOTYT TaKXKe CIYXHUTb TOJIIMUHBI CABH-
TOBOT0 WJIM MOrpaHUYHOro cioeB). HeoOxomumoe cpenHee pasperieHue
CETKH, OYEBHJIHO, SIBISETCS (QyHKUMEH 3ama4yu. BolmogHeHHBIE B paboTe
[7] pacdeThl Ha ceTKax pa3IMYHOTO Pa3pEUICHHsI TOKA3bIBAIOT, YTO BEICOKOE
paszpelieHue ceTk Hanbosee CyIeCTBEHHO ¢ TOUKH 3pEHHs BOCIIPOU3BEIe-
HUSI BBICOKOYAaCTOTHOTO CrieKTpa konebanuil. [To nanueiM [3], eqUHCTBEH-
HBIM TapaMeTPOM, 1O KOTOPOMY OJHO3HAYHO HAOIIOMAETCs KOppENslus
MEXJly Pa3MEpHOCTBIO CETKHM M TOYHOCTBIO (J1ak€ Ha CETKax A0CTaTo4-
HO OOJBINON pa3MepHOCThIO — Oosee S... 10 MIH 3IeMEHTOB), SIBISETCS
BOCIIPOM3BEJICHHE CIIEKTpa KojaeOaHuil Ha yacrtorax Beime 15. .. 2011, ko-
TOPBI HE MMEET MPAKTHUECKOTO 3HA4YeHHUs Uil 00OCHOBaHMS MPOYHOCTHU
PV.

[TapameTpsl ceTOK, Ha KOTOPBIX BBINOJHSINCH PacyeThl, IPUBEACHbBI B
Tabnuue. Bee ceTkn — rekcaroHajibHble, COOTHOLLIEHHE CTOPOH AJIEMEHTOB
B 30HE 3aMEPOB COCTABIIsLIO He Oosee 1,5 B IEeHTpabHOM YacTu U He Oolee
10 B mpUCTEHOYHOM 00JACTH, COOTHOIIEHUE Pa3MEPOB COCEIHUX AIIEMEH-
TOB IO MEpe yJajJeHus oT cTeHKH — He Oosee 1,2. PaccrosHue mepBoro
y3i1a ot creHKkH s cetok A0, A—, A u B npuHATO MPUMEPHO PaBHBIM
3anyOneHuto Tepmornap B akcriepumenTe. Cetka A0 (¢ 04eHb HU3KUM JJae
o kputepusMm mozenerd tTuna RANS paspemieHneM) B 4HCICHHOM JKCIIe-
PHUMEHTE BBICTYIIAET “BHE KOHKypca’.

Taxke K OCHOBHBIM IapaMeTpaM CETKH OTHOCHUTCS Oe3pa3MepHoe pac-
CTOSIHAE Yy OT CTEHKH, XapaKTEepU3YIOIEee paspelicHue MPUCTEHOYHOTO
crnos. JlaHHBIN mapaMeTp MpH pacueTe ¢ UCMOIb30BaHHEM MPUCTEHOUHBIX
(GyHKIUMH OODKEH HaxoauThes B amara3one ot 20 mo 150 emunun. s
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ITapameTpbl HCNOJIL30BAHHBIX CETOK

MakcumanbHbIi pas-
3nauenne A Mep sciin B sowe | ep-
Cerxa | THCTIO Y3108, 2 = 020D, mu BOTO y3ma OT
MJIH Hanpasnenue Hanpasienue CTEHKH, MM
Ocesoe | Pannanbraoe | OceBoe | PagnansHoe
A0 0,135 260 260 10,0 10,0 1,0
A- 0,29 210 180 8,01 6,67 1,0
A 0,5 190 150 7,5 5,7 1,0
B 1,2 130 120 4,9 4,4 0,86
B+ 1,65 130 120 49 44 0,21
C 2,57 90 90 3,33 3,33 0,4

3a/1a4 CO 3HAYUTEIbHBIM BIUSHUEM MOTpaHuuHOTO ciost it LES pekomen-
JyeTCs UMETh 3HAUYEHUE PACCTOSHUS y ' MOpsaAKa eqMHUIBI [8], 4TO IpHBO-
JUT K OY€HBb BHICOKUM aIaparHbeiM TpeboBanusiM. [Ipeanonaranock, 4To B
YCJIOBHSIX pacCMaTpruBaeMOM 3a71auu ONPEACIISIONIYI0 POJIb UTPAET B3aUMO-
NENCTBUE MPAKTHYECKU CBOOOMHBIX TYpOYJIEHTHBIX CTPYH H MepeMeInBa-
HUE U BUXPEOOpa30oBaHUE, OMPEACIAIONINE CTPYKTYPY MOTOKA, TPOUCXOIST
B neHtrpanbHoi yactu TCT Ha 3HaUMTENbHOM yhajdeHuu oT cTeHOK. [lo-
3TOMY OBLIO MPHHATO MCIOJIB30BaTh 3HaueHue yo mopsuaka 70. .. 80, 4ro
YIOBIETBOPSIET TPeOOBAHUSAM 10 PABHOMEPHOCTH M COOTHOIIEHUIO CTOPOH
AIIEMEHTOB MPH HEOOJIBILION Pa3MEPHOCTU CETKH. Takke ObLIN BBHITOTHEHBI
pacueTsl Ha CeTKax C YBEJIMUEHHBIM pa3pelieHrneM MPUCTEHOUHOM 001acTu
— B (BT u By")u A (Ay™). Pasmepsl D1eMEHTOB BLIOHpAIIU, UCXOS W3
Oe3pasmepHOro pacctosuus y*: s cetku BT — ~20, wisg cetok Byt u
Ayt — ~5,

Ha ocHoBaHuM aHann3a NpUBEIEHHBIX PE3YIbTaTOB [3, 4] OBUIO MPUHS-
TO pPELICHNE PAaCCMOTPETh TPH CyOceTouHble Mojenu — CmaropuHckoro [9]
(ucnonp30Banack B MpeATecToBoM pacuere [1, 2]), “nmuHaMuyueckyro” mo-
nenb CmaropuHckoro (monens ['epmano —Jlummm [10, 11]) u monens LES —
WALE [12].

[Ilar HecTaMOHAPHOTO pacueTa IO BPEMEHU OMPEICIUIA, HCXO-
Il U3 CpeIHEKBaaparhyeckoro 3HaueHus uyucia Kypanra (Kypanra-—
Opunpuxca—Jlesn) CFL:

e [; — XapaKTepHBI pa3Mep ¢-To KOHTPOJIBHOTO pa3Mmepa (K.0.);  — HOMEP
K.0.; U; — MOZAyIb JIOKaJIBHOM CKOPOCTHU MOTOKA B -M K.O.

[To pe3ynpraram pacyeToB IPU YMEHbIIEHUH CPEAHEKBAIPATUYECKOTO
sHayenust CFL nmo 0,15...0,1 HaGmromaercs yaydiieHUue COriiacoBaHMs pe-
3yJABTAaTOB pacdeTa C SKCIEePHUMEHTAIbHBIMU JTAHHBIMU, MIPH JalbHEHIIeM
ymenbleHnn 3HaueHusi CFL BbIpaKeHHOU 3aBUCHMOCTH HE BBISBICHO.
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Puc. 2. Cxema pacnosio:keHusi TepMONIap U JMHUI M3MepPeHUsI CKOPOCTH Ha MOJeJH
TCT

HauanbHble W TpaHUYHBIE YCJIOBUS, a TaK)Ke€ HACTPOWKU YMCIECHHBIX
CXEM COOTBETCTBYIOT HCIIOJIb30BaHHBIM B IpeNTecTOBOM pacuere [1, 2];
ucnosb3oBasics nporpaMmmubiid koMiieke ANSYS CFX [8].

PesyabTarbl BapuaHTHOro pacdyera. (Cxema pacnojioXKEeHHUsS TEpMO-
nap M JIMHUN U3MepeHus ckopoctu B 3kcniepumente MC3 [3, 4] npuseneHa
Ha puc.2. B MC3 BBINOIHINCH U3MEPEHHUS TEMIEpPaTyphbl (MaJIOUHEPIIH-
OHHBIMH TE€pPMOIIapaMH), a TaKKe KOMIIOHEHTOB CKOPOCTH M HAIPsKEHUN
Peiinonbaca (J1a3epHO-IOIIIEPOBCKUM METONIOM). TepMomapsl pacrosara-
JUCh Ha yJAJIeHUH ~1MM OT CETKM OCHOBHOTO TpyOOmpoBoJa, Ha pac-
crossausax 2D, 4D, 6D, 8D, 10D, 15D u 20D 0T TOYKH TEpeCceUCHUS
oceii TpyborpoBoaoB 1o ocu O X (D — auameTp OCHOBHOTO TPYOOIIPOBO-
na). B o6o3HaueHHsIX pacroyiokeHusl TepMoIap IpUBEICHBI PacCTOSIHUE (B
nuamerpax TpybompoBoaa) mo ocu O X u ob6pasyromas (Yroy pacroioxe-
HUS TepMonapsl). JINHUM H3MepeHHsI CKOPOCTH paciojarajiuch B OCHOBHOM
TpyOOMpOBO/IE IO BEPTUKAIN U TOPHU3OHTAIIH, MTEPIEHANKYIsIpHO ocu O X,
Ha paccrostausix 1,6 D, 2,6 D, 3,6D u 4,6D.

B skcniepumeHTe NOrpenrHoCcTh U3MEPEHUsI MTHOBEHHBIX 3HAYEHHH CKO-
poctu coctaBwia *+2...3%, cpenHekBaaparnyeckux — +3...4 %; no-
IPELIHOCTh ONpezesieHus] 6e3pa3MepHOl TeMnepaTypsl (WM OTHOCUTEINb-
HOTO TOJIOTPEBA)

T T-T.,

Th - Tc
(T — temmeparypa B AaHHOH Touke; T. — TeMmmeparypa XOJOAHOH BO-
nwl; Ty, — Temreparypa ropsiuei Bojbl) coctaBuia He 6onee 3. .. 5 %. Ilo-
TPELIHOCTh OMpEeAeNCHUs] CPEeIHEKBAAPAaTHUECKOr0 3HAYCHHsI TeMIlepary-
pbl Toms/T = Toms/(Th — T.) cocraBmia e Goiee 6. .. 8 %. Tlockonbky
SKCHEPUMEHTANIbHbIE JaHHbIE 0 THMAPOAMHAMUYECKHUM ITyJIbCALlUsM He-
JOCTYNHBI, TO JJI OLEHKH PEe3yJbTaTOB pacyeTOB MOXHO HCIOJIb30BaTh
TOJIBKO JTJAaHHBIE 10 TEMIIepaType U KOMIIOHEHTaM ckopocTH. Kak nmokazaHo
B pabore [1, 2], 3HaueHHEe OCEBOM KOMIIOHEHTBI CKOPOCTH U IpEBBILIA-
eT 1o abCONIOTHOMY 3HAYEHUIO KOMIIOHEHTHl v U w MpHUMEpHO B 25-50
pa3. Takum oOpaszom, ol1iee 3Ha4YeHUE CKOPOCTH (M, CIIEI0BATENIBHO, KOA)-
(buIMeHTa TemI00TAa4N) MOJHOCTHIO OMPEENAeTCsS 0CEBON KOMIIOHEHTOMN
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Puc.3. PacyerHasi kapTHHa TedyeHus. be3spadmepHasi Temmeparypa B ILIOCKOCTH
cummetpun TCT

CKOpOCTHU (CpeiHsAs OTHOCUTENIbHAs MOIPELIHOCTh pacyeTa KOTOpOil HeBe-
JUKa ¥ cocTaBiseT ~5 % [2]). Ilpu 3ToM noiydeHHast pa3HOCTh MO OCEBOM
COCTABJIAIOLIEH CKOPOCTHU CYILIECTBEHHO MEHBIIIE, YeM Pa3HOCTb B OIpeie-
JICHUH TeMIIepaTypbl, CIel0BaTeIbHO, OCHOBHBIM KPUTEPUEM BHIOOpA MpU
HAaCTPOMKE pacueTHOM MOJENH SBISETCS NMPABUIBHOE BOCHPOU3BEICHHE
Temneparypsl. PacueTHas kapTuHa TeUeHHs Uil paccMaTpuBaeMoOi 3a1a4u
npuBeeHa Ha puc. 3. HekoTopble pe3ynasraThl pacdeTa OCPEIHEHHBIX IO
BpeMeHU Oe3pa3MEpHBIX TEMIIEpaTyp U CPEIHEKBAIPATUYECKUX OTKIIOHE-
HUM Oe3pa3MepHOI TeMIepaTyphl MPUBEIEHbI Ha puc. 4 (OoJee moapoOHbIe
pe3ynbTaThl MpuBeAeHbI B padbote [5]). Obo3HaueHus: Ha puc. 4—6 cienyro-
mme: T /dT — cpennsis 6e3pa3mepHast Temmeparypa; 1.,s — CpeIHEeKBa-
JpaTHYecKoe OTKIOHEHHE TeMIIepaTyphl.

CormacHo MOMyYeHHBIM pe3ylbTaraM, KOTOPbhIE MOATBEPKIAIOTCS JIaH-
ueiMu MC3 [3, 4] u npuBEeICHHBIMU B [ 5], JOCTAaTOYHYTO JIJISl MPAKTUYECKUX
pacyeToB TOUHOCTh MOYKHO TMOJYYHUTh NP YMEPEHHOM pa3pelieHuu CeTKU
(npu yBesmuennu AT o 150. . . 160 equHUIL MaJEHHs TOYHOCTH TIPAKTHYE-
CKH HE HaOIIOIAeTCs), HECMOTPS Ha TO, YTO MPHU MCIIOIH30BAHUH MTOA00HBIX
cetok mozaenb LES Oyner 4acTH4HO NMPUMEHATHCS 3a TpeenaMu 00bIYHOM
oOnacTy mpuMeHEeHUs — OOoJIbIlIasi 9acTh MHEPIIMOHHON OOJACTH CIIEKTpa
OKa3bIBAaETCS HE B pa3peliaeMoii, a B MOACTUPYEMOH YacTH (T.€. pAaCCUUTHI-
BAETCs C UCIIOJIb30BAaHUEM CyOCETOUHBIX MOJIENEH). DTO MOKHO OOBSICHUTh
TEM, YTO KpyIHOMAcCIITaOHasi aHU30TPONHAas TypOyJIEeHTHOCTh, 3aBHUCSILAs
OT T€OMETPUYECKUX U PEKUMHBIX MMAPAMETPOB TEUCHUS, MOJHOCTHIO OKa-
3BIBAETCS B pa3pelIaeMoil 4acTu CreKTpa.

Otmetum, yTo Mojieb CMaroprHCKOrO MOKa3bIBaeT Ha CKOJIBKO 3Haye-
HUE TEMIEPaTyPHBIX MyJIbCAlMi MEHBIIE, YeM SKCIEPUMEHTAIbHBIC 3HA-
yeHus1, a mojenu ['epmano —Jlumm u WALE — Gonbine (4To Takxke moj-
TBEpXKAaeTcs U JaHHbIMU [3, 4]. Pa3znuuusa pacueTHbIX mMyJabcaluid Temie-
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Puc. 4. Pe3ynbTaThl BapuaHTHOro pacdera. CpexHue TeMIepaTypbl M CpeIHEKBa-
ApaTHYeCKUe OTKJIOHEHHS TeMIepaTypbl:

a, 0 — Ty (cetka B) u Ty (cetka C), obpasyromme 0°; 6, 2 — T¢, (cetka B) n Ty
(cetka B), obpasyrommue 90°; 6, e — T¢, (cetka C) u Ty (cetka C), oOpasyromue 180°;
A — skcnepument; B — mopens Cmaropunckoro; C' — mozens epmano —Jlunu;, D —
moneiis WALE

paTypsl IO pa3HbIM CyOCETOYHBIM MOJEIISIM B HEKOTOPBIX TOUKAX TOCTUTa-
10T 40...50% (ananoruyHble JaHHbIE NIPUBEJEHBI B [3]), CylllecTBEHHbIE
pasnnuusg HaOMIONAIOTCA TaKXKe MEXIy pa3HbIMH PAaCUeTHBIMH CETKaMH.
Takum 00pa3oM, pacueT TOJIbKO Ha OJHOM CETKE MO OJHOW cyOCeTOYHOM
MOJIEJIA HE MOXKET CUHUTAThCS JOCTATOYHBIM Ul IOJIYYEHHs JOCTOBEPHBIX
pe3yJIbTaToB.

Ha cerkax Huskoro paspemenus moznenu I'epmano—Jlnwumm u WALE
MTOKa3bIBAIOT JIYUILIHE PE3yNbTaThl, 4eM Mozenb CmaropuHckoro. IIpu yBe-
JMYEHUU PA3PELIEHUs] CETKH MOIPEeIIHOCTh Mojenu CMaropuHCKOro CHHM-
kaercs; npu 3HaueHussx AT < 100 qaHHAs MOJENb MOKAa3bIBAET XOPOIIUE
pesynbrarsl. [Ipn pacyeTax Ha ceTKaX OTHOCUTEIBHO HU3KOTO pa3peIIeHUs
HECKOJIBKO JIyUllIe pe3yJbTarhl oKa3biBaeT Mojenb WALE.

[Io pe3ynbraraM pacdyeToB Ha CETKaX C YBEJIWYEHHBIM pa3pelICHUEM
HPHUCTEHOYHOTO CJIOS MOXHO OTMETUTh, uTO ceTka BT (yT = ~20) mus
BCEX CYOCETOYHBIX MOJIENIEH NTOKAa3bIBAET COMOCTABUMBIE 110 TOYHOCTH WIN
Xy/IIAE pe3yibTarhl, 4eM ceTka B. Pesymbrarsl pacuetoB Ha cetke Ay™
C TIOBBIIICHHBIM JI0 §y T = 5 pa3pelieHueM MPUCTEHOYHOTO CIIOS HAXOMST-
Csl HAa TOM JK€ YpOBHE II0 TOYHOCTH (1O cpenHel TeMmepaType TOYHOCTh
HECKOJIBKO XYK€, [10 CPEJHEKBAAPAaTUUECKUM OTKJIOHEHUSM — HECKOJBKO
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JIydlIlie) O CPaBHEHHUIO ¢ UCXOIHOM ceTkoi. Jliist cetok B u By ™ (y* = 5)
TOYHOCTb pacuera TEMIIEPATYPhl TAKKE B LIEJIOM OKa3bIBaeTCs BbILIE (B 0CO-
OCHHOCTH TIO CpeAHEN TemIieparype) y CEeTKU ¢ OOBIYHBIM pa3pelieHueM
IIpUCTEHOYHOTO ciod. Cle10BaTeNIbHO, YBEINYEHUE Pa3peIIeHUs TOJIBKO B
MPUCTEHOYHOU 00JIaCTH HE OKAa3bIBACT IOJIOKUTEILHOTO BIUSHUS HA TOY-
HOCTb OIpEJeNIeHUsl Temreparypbl Ha pacctossHuM 0,8. .. 1 MM OT CTEHKH.
[IpennonoxuTensHo, MOJOKUTEILHOE BIMSHUE Ha Mpoliece PUIBTpaluu B
LES npu yBenuueHuu paspeiieHns KOMIEHCUPYETCs OTpULATEIbHbIM BIIH-
SIHUEM, BO3HHMKAIOIIMM 3a CYET HEPAaBHOMEPHOCTH CETKH U MPUMEHEHUs
3NIEMEHTOB C OOJIBIINM COOTHOIIEHHEM CTOPOH.

B paMkax 4MCIEHHOTO SKCIEpUMEHTa ObLIM MPOBEJCHbI BapUAHTHbBIE
pacueTsl 0 W3YYEHHUIO BIUSHUS Kodduipenta moaenun CMaropuHCKOro.
Pe3ynbTarel aHaJOrMYHBIX pacyeToB MpUBEAEHBI B padote [13], B koTopoit
YHUCJICHHO MOJEJIMPOBAJICS OTJIMYAIOIIUNCS MO YCIOBHIM SKCIIEpUMEHT. B
[13] 6bL1 cenan BBIBOJ O TOM, 4TO HanOolee ONM3K1e K SKCIIEPUMEHTAb-
HBIM pe3ynbrathl qaet 3HaueHue Cs = (0,14. CoracHo pesynbratam [5],
s ceTku A (C HU3KUM pa3pelieHueM) HaWTydllee COIIACOBAaHUE Ao
ob1 3Hauenne C's mexay 0,065 u 0,1. Ha puc. 5 nmpencraBieHbl HEKOTOpBIE
pe3ynbTaThl PacyeToOB Ul CETKH [, Haniydlllee CONIACOBAHUE IOIyYEHO
s 3Hadenus Cs = 0,1. B menmom ke BIUsSHUE KOAPQPUIIMCHTa MOJICIN
CMaropuHCKOTo MOKHO OXapaKTepU30BaTh KaK HEJIMHEHHOE.

MoryT ObITb JaHBI CJIEAYIOLINE PEKOMEHIALIMY 10 TApaMETPaM pacdeT-
HOU MOJIEJIH:

1) 1o paspelieHnio ceTKu: 3HaueHuss AT B 30He MMOJyYEHUS Pe3yibTa-
TOB JIOJKHBI ObITH He Oosiee 150, mpu 3ToM HE0OXonMMO 0becrieunTs boee
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Puc. 5. Cpennne TeMnepaTypbl H CpeTHEKBAAPAaTHYECKHEe OTKJIOHEHHUS TeMIIepPaTyphl
NPH Pa3JIMYHBIX 3HAYeHUAX Kod(punuenta moxen CMaropuHCKoro:

a — T¢p, obpasyromas 0°; 6 — T¢p, obpasyromas 270°; 6 — T, 0Opasyromas 180°;
2 — Texo, 00pazyromas 90°; A — sxcnepument; B — Cs = 0,1; C — Cg = 0,065; D —
Cs =0,18
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BBICOKOE paspemieHue cetku (He Gomee AT = 120) B 30He cCOemUHCHUS
TpyOonpoBonoB u Onmusnexamieit yactu 311, roe npoucxoaut GopMupoBa-
HUE CTPYKTYpbI TeUeHHUs (IPUBEACHHbIE 3HAYEHUS OTHOCSTCS K MIOJIHOCTBIO
reKCaroHaJbHbIM ceTKaM). PazpelieHne B IPUCTEHOYHOM CJI0€ CETKU MOX-
HO BBIOMpPATh, UCXOJ U3 UCIOJIB3YEMOTo THUIA MPUCTEHOYHBIX (DYHKIMI;
3pagenue y = 50...70 MOXKET CYMTATHECS JOCTATOUHBIM;

2) o cyOceToOYHON MOJEINN: TP UCIIOJIb30BaHUM PACUETHBIX CETOK J0-
CTaTtoyHo BbICOKOTO paspenieHus (AT menee 100) MOKET UCHIOIB30BATHCS
mozenb CmaropuHckoro (mipu 3agannu Cs = 0,1). [lns cetok ¢ 6onee HU3-
KMM paszpelieHuemM pekoMenayercss mogeinbs WALE, kotopas Takke npen-
CTaBJIAETCS TMPEANOYTUTEILHON B TEX CilydasX, KOrzna HET JOCTaTOYHOMN
MH(pOPMaIUK TI0 NTapaMeTpaM TeUCHHUS;

3) 3Ha4yeHus 1Iara Mo BPEMEHH PEKOMEHIYeTCsl BbIOMpaTh, UCXOIS U3
CpeIHEKBaJpaTHYeCcKoro 3HadeHus yncia Kypanra ~0,1.

MacmradupoBaHue pac4eTHbIX MoJe/ell M PeKMMHBIX Iapame-
TPOB. /)1 MOJNHOLIEHHOTO NMPUMEHEHHs pa3pabOoTaHHON pacyeTHOM Mo-
JeT HEOOXOAMMO PEIIUTh BONPOC MACIITAOMPOBAHMS — U3MEHEHHS T'e0-
METPUUYECKUX Pa3MEPOB PacUETHBIX MOJeNeH U (MJIM) PEKUMHBIX Mapame-
TPOB, YTOOBI UCKIFOYMTH HEOOXOIUMOCTh BBINOJIHATh pacyeTsl y310B PY B
HaTypaJibHYI0 BeIMunHy. OTMETHUM, UTO B IIOCJIEIHUE IO/l AKTUBHO Pa3BU-
BAaIOTCS pacyeThl C MPUMEHEHUEM KJIACTEPHBIX YCTAHOBOK, ITPH 3TOM 3aJa-
4a ONTHUMM3ALIUY allapaTHIX TPEOOBaHUI HE TepseT CBOEH aKTyalbHOCTH,
TaK Kak “B OTIMYHE OT BEpU(PUKAIIMOHHBIX PACUETOB” B XO/I€ PACUETHO-
ro 000CHOBaHUSI BO3MOXHO PACCMOTPEHHUE 3HAUUTENILHOTO YHUCJIa COYeTa-
HUN PEKUMHBIX TapaMeTPOB WUJIM BapUaHTOB KOHCTPYKIMH. J[1s ucmonb-
30BaHMsl MacIITaOUPOBaHMS HY>KHO, YTOOBI COXPAHSUIOCHh Mojxo0ue mosei
OCpEIHEHOM TeMIiepaTrypbl, (0CEBOM) CKOPOCTH M aMILTUTYIbI MyJbCallUi
TEMIIEPATYpPhl, U COXPAHSUIUCh YACTOTHBIE XapaKTEPUCTUKH IYJIbCALIUH.

JUis HecTallMOHApHOIO UM HEU30TEPMUYECKOIO TEUEHHS HEBO3MOXKHO
00EeCreunuTh COOTBETCTBUE BCEX KPUTEPUEB MOAOOMS, MOCKOJIBKY YHCIO
HE3aBHCHUMBIX [IEPEMEHHBIX, BXOIAILINX B ONMCHIBAIOLIHUE MPOLIECC YpaBHE-
HUS, OYeHb Benuko. PaccMoTpum kputepuu nopobust ans ycinosuit MC3.
[Tockonbky uncno PeliHonbica HAXOAUTCS B AUANa30HE ABTOMOJEIBHOCTH,
MOXHO CUHTATh, YTO €r0 3HAYEHUE BIUAET JOCTATOYHO cJ1abo (110 JaHHBIM
[14], xax Re™). Jlna crpyitnoro Bapuanta Teuenus B TCT u BbICOKHX
3HAYEHUH JIOKAJIBHBIX CKOPOCTEW pOJIb MAaCCOBBIX CHJI HE3HAYMTEIbHA IO
CPaBHEHHUIO C MHEPLMOHHBIMH, TaKkke B ycnoBusAX MC3 He3HaYUTEIbHO U
BIIMSHUE TEIJI000MEHa CO CTEHKOM Ha TeMIIEpaTypHOE I0JIe B JKUIKOCTU
(moxTBeprKIaeTCs pe3ynbTraTaMy CpaBHUTENbHBIX pacyeToB [1]). Ha ocHoBe
BBITNIOJIHEHHOTO aHAJIM3a MOXKHO IPEANONI0KHAT, YTO IIPU pacueTe OCpe-
HEHHBIX 110 BpEMEHH ITapaMeTpoB J0JDKHA HaOMI0AaThCs “NONHAs” aBTOMO-
JIEJIBHOCTb (XOTs €€ YCIIOBHSI peaiu3yeMbl JHILb YaCTUYHO). JlocTarouHbIM
YCIIOBUEM IS 3TOTO SIBJISETCS 101001€ TeOMETPUU U COXpaHEHHE MPoQu-
Jeil CKOpoCTei, mapamMeTpoB TypOyJEHTHOCTU M COOTHOILIEHHS CKOPOCTEH

36 ISSN 0236-3941. Bectuk MI'TY um. H.O. baymana. Cep. “Mammnnoctpoenue”. 2015. Ne2



T/dT 14
é I A mB AC xD xE 12»0A mB AC xD xE L!L ‘L
0,8 f A L— k ‘ |
¥ 1
0,6 é ﬁ Lé 0,8 i . n .
0.4 éi T Sos R "
02 Lﬁ 0,4
’ 0,2
0 i Q T 0 £
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Homep TOUKr TaHHBIX Homep Touku 1aHHbIX
a
0,25 T
T/dT \ : ' . | +A =B |
03 é ’ sC D
! + g 0,15 b f
0,2 7 £ i
; 3 =
0,1 *A =B _| o "
: : AC oD 0,05 i
0 o— — 0 |
2 4 6 8 10 12 14 16 18 x/D 2 4 6 8 x/D
8 e
soee,] rees o s
‘6& LBT4 ﬁn M‘ A‘s‘ BT
2) gﬁ 4 _— ) o =
E . E A
CQ4\. E) ‘G Y no? A
Aa eA mB_| ¢ 0e 0 -
0,0 AC oD AC oD 0,0 3
na | | n4
-70 -35 0 35 70 -70 -35 0 35 70
Koopmunara, Mmm Koopnunara, Mm
e

0

Puc. 6. be3pazmepHas Temneparypa u ckopocTh U npu MaclITa0HpOBaHUHU pacyeT-
HBIX MoOJeJIeii:

a — Tep, 10 Touex; 6 — U, 10 touek; 6 — Tp, oOpasyromas 180° (MC3); e — T,
obpasyromas 270° (MC3); 0 — U, ropusontansHas och, x = 1,60 (MC3); e — U,
BepTHKanbHast och, £ = 2,60 (MC3); a, 6 — RANS: macmrab 1:1 (A,B,C) u 1:2
(D, E); ckopocts 1:1 (A,D), 1:2 (B,E)u 1:4 (C); 6 — e — LES, Sh=const: A —
skcriepuMenT; B — macmrad 1:1; ¢ — macmirab 1:2; D — macmrrab 1,5: 1

Ha Bxogax B TCT. [lanHoe mpeanoyiokeHue MOATBEPIKAAeTCs pe3yibTaTa-
MU MHOT'OUYHMCIIEHHBIX pacdeToB II0 pa3HbIM MozensaM Thuna RANS. Paznu-
YHe pe3ysbTaToB PacyeTOB OCPEIHEHHBIX MapaMeTpoB Mo (k—e&)-Mopenu
(puc. 6,a u 6) B Macmrade 1 : 1 mis ckopocreid Ha Bxogax B TCT, pas-
Heix 1, 0,5 u 0,25 oT ucxomHelX, © B macmTadbe 1 : 2 miIs CKOpocCTeid,
paBHBIX 1 U 0,5 OT UCXOAHBIX, COCTABISIET 1O OE3pa3MEPHOIl TemImeparype
2...4% (nns ckopoctu 0,25 ot ucxonnoit — 10 8 %), MO0 0CEBOM CKOPOCTU
— He 6oiee 4 % (CKOpOCTb MepecyrTana il HCXOJHbBIX pa3Mepa pacyeTHOU
MOJIEJIM U 3HAYEHUsI CKOPOCTH). J{JIs1 OLIEHKH pe3ysbTaToB pacueTa UCIOJb-
30Bas 10 ciaydaiiHbIM 00pa3oM BBHIOPAHHBIX TOUEK, PACTIONIOKEHHBIX Kak
B IIPUCTEHOYHOM CJIOE, TaK U B LIeHTpasibHOM vactu 311

B ommune ot pacueros o mogenu tuna RANS pacueTsl o Mozpensm
tuna LES 1moka3bIBaloT BBIpa)KEHHYI0 3aBUCUMOCTb KaK OCPEIHEHHOH IO
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BPEMEHH TEMIIepaTypbl, TAK U UHTEHCUBHOCTH MyJIbCALIUI TEMIIEPATyPhI OT
abcomoTHOTO 3HaYeHMs cKopocTH [S]. Takum oOpa3oM, i HecTaluoHap-
HBIX MPOLECCOB (MJIM METOOB pacueTa, HE HCIOJIb3YIOLUIUX OCPEIHEHHE)
Jake B 00JacTH aBTOMOAENBFHOCTH 110 PeiiHONBICY COXpaHeHUe HEKOTOPBIX
KpUTEPUEB M0100MsI UMEET CYIIECTBEHHOE 3HAYCHHUE.

CornacHo pesyabsraram [5], yAOBIETBOPUTEIbHAS TOYHOCTh OIpeese-
HUS TeMIEpaTyphl Mpu ucnonb3oBanuu LES moxeT ObITh monydeHa mpu
pacuete MozaenpHOro W HatypHoro uucia Crpyxans Sh (6e3pa3mepHoOro
BPEMEHH), XapaKTePU3YIOILEro CKOPOCTh MPOTEKAHUS Mpoliecca:

Vitu  ViTa
L, L’

T.€. IPH OJTHOBPEMEHHOM M3MEHEHHH KaK T€OMETPUYECKUX Pa3MEpOB, TaK
U PEXKUMHBIX MMapaMeTpoB. B Hacrosiiei paOoTe BBIMOIHEH pACIIUPEH-
HBII aHaJIN3 BO3MOXKHOCTH MacIITaOUpOBaHUS pacyeTHBIX Moziesielt Ha 6aze
MC3. Hcnonb3oBanach Mmoka3aBiias Jydllle pe3ylbTaTbl Py MacIITaOu-
poBanuu B [5] monens WALE. Ha puc. 6, s,. . . ,e IpuBeZiecHbl HEKOTOPHIE
pe3yabTaThl pacyeTa (¢ coxpaHeHHEM umciia Sh) Temrieparypsl U Ocpe-
HEHHOW TI0 BPEMEHH OCEBOW KOMIIOHEHTHI ckOpocTH U (mepecuuTaHHOM
JUTsl HOMHHAQJIBHOTO pa3Mepa pacueTHOW MOENU MyTeM JIeNICHUs] 3HAUCHUS
CKOpPOCTH Ha MaciTad) A1 pacdeTHBIX Mojesielt B macirade 1 (cetka A),
0,5(1:2)u1,5(1,5:1) mo cpaBrenuro ¢ nanuapiMu MC3. TlorpeniHocts
MIOJIyYEHHBIX IPU MaclITaOMPOBAHUU PE3YJIBTATOB COCTABISAET MO OCPE-
HeHHoi Temnepatype 10. .. 15 % (mpu 3ToM MOrpemHOCTb sl MacITaboB
1:2wu1,5: 1 okazanach HUXKE, 4YeM JIsl UCXOAHOM pacueTHOM MOJIENH);
M0 CPEITHEKBAAPATHIECKOMY OTKIIOHEHHUIO TeMmrmepatypsl — ~15 % (mpak-
TUYECKHU OJMHAKOBasl ISl BCEX pacueToB); IO OCEBOM ckopocTH — 5. . . 8 %.
[IpencraBnenHbie pe3yabTaTbl MOATBEPKIAIOT BO3MOXHOCTh HCIOJIb30Ba-
HUS MacIITaOMPOBAHMS PACUETHBIX MOJEINEH sl OTPECIICHHUs] 3HAYCHUMA
OCPEIHEHHBIX 110 BpEMEHH TeMIepaTypbl U CKOPOCTH.

Craructudeckass OLEHKa KOPPEKTHOCTH MacIITaOUpPOBaHUS C TOUYKH
3peHUs] aMIUIUTYIHO-YAaCTOTHBIX XapakTepucTuk (AUX) konebaHuii TeM-
neparypbl 3aTpy/IHEHa BCIEACTBUE TOTO, YTO MUCCIIETYEMbIN MPOLIECC HOCUT
ciydaiHbIi Xapakrep. Tak, naxe npu NpoBepKe JIBYX BHIOOPOK, B3SATHIX U3
OTHOM TeHEepaJIbHOI COBOKYIMHOCTH, — MTHOBEHHBIX 3HAYCHUN TEMIIEpaTy-
pBI ISl OMHOW W TOM ke TepMmorapsl ((pparMeHTOB, 3alKUCAHHBIX TOCTe-
JIOBaTEJIbHO JPYT 3a JAPYroM), HMOJY4YEHHBIX B Xoje skcnepumenta MC3,
3HaYeHUe KoduireHTa Koppeusuun [15]

B %gmi%_@

528y

q

(T,y — cpenHue 3HA4YEHHUS MO BHIOOPOUHBIM pACHpEeNICHUsIM T;,%; B OT-
JEIbHOCTH; Sy, Sy — COOTBETCTBYIOIIUE CPEIHEKBAIPATHUECKUE OTKIIOHE-
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HUSI) MOXKET cocTaBUTh okosio 0,05, 4To yka3pIBaeT Ha TO, YTO BBIOOPKHU
IIPAKTHYECKH HEKOPPEJINPOBAHBI.

Taxum 006pa3oM, MOXKET OBITH BHITIOJIHEHA TOJIFKO Kaue€CTBEHHAs OIICHKA
cTenenu cooTBeTcTBUsI AUX Kak NpHU SKCIIEPUMEHTAIbHBIX UCCIIETOBAHUAX
Y YHCJIEHHOM MOJICIMPOBAHUH B 1I€JIOM, TaK U IPU MacIITAOMPOBaHUM pac-
yeTHbIX Mozeneil. KauectBenHoe cxoactBo AUX mpu MacutabupoBaHUU BO
MHOTHX Cllydasx HaOmomaerca. TeM He MeHee, ATOT BOIPOC JOJIKEH pe-
1IaThCsl C YYETOM KOHCEPBATUBHOTO MOAXOAA K pacueTHOMY 00OCHOBaHUIO
00opy/noBaHus, IPU KOTOPOM K OOJIBIIMM TETJIOBBIM HArpy3KaM MPUBOJISAT
Koje0aHMus TemIeparypbl ¢ Oojee HU3KOM dacToToil. Bompoc o HeobOxo-
JMMOM CTENEeHU KOHCEpPBaTU3Ma JI0CTAaTOYHO CJIOKEH, OJJHAKO HE0OXOJUMO
YUYUTBIBATh, YTO B HACTOSILEE BPEMs pacyeTsl [0 TEPMOIYJIbCALUU, KaK
npaBujio, He npoBoasaTcs. [Ipencrasisiercs, 4To BOIPOC O CHUKEHUH KOH-
cepBaTu3Ma B JHOOOM Cllyyae MOXKET MOJAHUMAThCS TOJIBKO IOCIE MoIyyde-
HUS OTPULIATEIIFHBIX PE3YJIBTAaTOB NP 000CHOBAHUHU NMPOYHOCTH.

Teyenusi B TCT ¢ GobmmMu nepuogaMm KoJieGaHuil Temnepary-
pbl. DKcliepUMEHTaJbHbIE JaHHbIE MOKA3bIBAIOT, YTO MEPUOJ KoJeOaHU
Temnepatypsl B yciaoBusx MC3 coctasnser He 6onee 0,3...0,5 c u xone-
0aHUs TeMIlepaTyphl )KUJKOCTH HE MOTYT IPOHUKHYTh B METaJlI Ha Cyllle-
CTBEHHYIO NNIyOHHY. DTO, O/IHAKO, HE O3Ha4aeT 0e30MacHOCTH TaKUX KoJie-
O0aHUN AN KOHCTPYKIUHU. DKCIEPUMEHTAIBHBIM MOATBEPKACHUEM OIlac-
HOCTH KOJIeOaHUI TemImeparypbl, XOTsS M MOJIYYEHHBIM B OTIMYAIOIIUXCS
YCIOBHSIX, MOXKHO CUYHTATh pPe3yiabTarbl paboThl [16]: mocie uchbITaHMiA
CYMMapHOH JJTUTENbHOCTHIO Beero 81 4 B MeTaie uccieayemMoro oopasma
cpeacTBamMu Y 3-KOHTPOIIs ObLTH 00HApYKEHbI MHIMKAIIMH, CBUIICTEIbCTBY-
romue 006 oopazoBanuu AedekToB. [Ipu 7 TOM MOXKHO OTMETHTh Kaue€CTBEH-
HOE CXOJICTBO YaCTOTHBIX XapaKTepUCTHK, MPUBEACHHBIX B [16] rpadukos
M3MEHEHUs TEMIEPATypbl BOAbI ¢ 3kcriepuMenToM MC3.

XapakTepHO€e BpeMsl TEMIIEPaTypPHBIX MyJIbCAllUi CBA3aHO C pa3MEPOM
U CKOPOCTBIO IBUKEHUS KPYNHBIX TypOyJIeHTHbIX oOpa3zoBaHuil. OnHUM U3
BapHaHTOB, NPU KOTOPOM MPOM3OWUJET YBEIMUEHHUE Mepuoja KoJieOaHUH,
OyleT CHIKEHHE CKOPOCTEH IBMKEHHUS TEIJIOHOCUTENs (Hampumep, Mpu-
MenutensHO K I'LIT PY BBOP — npu nepexone Ha €CTECTBEHHYIO LIUPKY-
nsinuio). Hapsimy ¢ aGComOTHRIME 3HAYEHUSIMU CKOPOCTEHN CYIIeCTBEHHBIM
SBJISIETCSl TAK)KE€ COOTHOILIEHUE CKOPOCTEH B OOKOBOM M OCHOBHOM (IIpsi-
MOM) TpyOONpoBOAax (OTHOCUTENBHAS CKOPOCThH) Uyry, OTIpenesitomnias [ 14]
xapakrep TeueHus u pacnonoxenue 3I1 (cm. puc. 1). BosmoxubsiM Bapu-
aHTOM TEYEHUU C OONBIIMMM MEpHOAaMU KoieOaHUil SIBISIOTCS TEUEHUS
C MaJIOil OTHOCHUTEJIbHOM CKOPOCTbIO, Npu KoTopeix 3l pacmonaraercs B
60okoBOM TpyOoIIpoBone (cM. puc. 1, 6). B PY ¢ BBOP nannslit Bapuant Mo-
KET Pean30BbIBATHCA B Y3JIaX BPE30K TPYOOIIPOBOIOB PA3IIUYHBIX CHCTEM
B 'LIT mpu moxave yepe3 3T TPyOOIPOBOJIBI C MATBIMU PACXOAAMHU.

CornacHo sKcriepuMeHTaabHbIM 1aHHbIM [ 14], 311 nepememaercs B 60-
KOBOH TpyOOTIpPOBOJ MPU CHIKEHUH OTHOCUTENBHOI ckopocT menee 0,05.
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ITo pacueTHBIM JaHHBIM (ITOJYYEHHBIM C MCHOJIb30BAaHHEM Mojelneil Typ-
oynentHoct RANS u LES) nonywaemsrii Bapuant teuenust B TCT npak-
TUYECKHU HE 3aBUCUT OT aOCOJIIOTHBIX 3HAUCHMH THAMETPOB TPyOONpOBO-
noB; 3I1 nepemeniaercss B 00KOBOI TpyOOIPOBOJ MPU CHUKEHUH OTHOCH-
TenbHOU ckopoctr Menee 0,04. .. 0,05 11 BceX COOTHOUIEHUN TUaMETPOB
TpyOOIIpoBO10B. OTMETUM, YTO IO BCEM PACUETHBIM JAHHBIM OTHOLICHHE
IMaMeTpPOB CKa3bIBaeTcs Ha IyOuHe npoHukanus 31 B mpumbikarommit
TpyOOMIpOBOJ (TAKXkKe CKa3bIBAIOTCS U a0CONIOTHBIE pa3Mepbl — 4eM 00JIb-
e JuaMeTp, TeM OOoJIbIlle OTHOCUTENIbHAS ITyOnHa npoHukanus 311).

bbutn BBINOIIHEHB! BapUaHTHBIE PACcCUeThl JUIsl OTHOCUTEIBHBIX CKOPO-
creir 0,1; 0,05; 0,03 u 0,02 (an1a oGoux TPyOONPOBOJOB HCIIOIH30BAI-
csi copMHUPOBABIIMNCSA TypOyleHTHBIH NMpo¢uib ckopoctu). Mcnomnab3o-
Banacb moaenb LES WALE. Hekoropele pe3ynabraThl mpeacTaBieHbl Ha
puc. 7 — pacnpezeneHus 6e3pa3MepHOi Temneparypsl B IJIOCKOCTH CHUM-
Merpuu TCT ans vory = 0,05 1 0,03 u rpaduku u3MeHEeHus: TeMnepaTypbl
IUIsL IByX TOUEK B IPUCTEHOYHOM CJI0€ JJIS Vo = 0,03 (TOuKmM pacrosnosxe-
HBI B OOKOBOM TpyOOIpoBojie Ha paccrosHun 2 (Touka A) u 2,5 (Touka B)
auaMeTpa O0KOBOTO TPyOOIIPOBOAA OT MECTA BPE3KH).

B xoze pacdeToB MOITY4YEHO XOpOIIEE COOTBETCTBUE IKCIIEPUMEHTAIIb-
HBIM JaHHBIM [ 14] 1 moka3aHa BO3MOKHOCTb CYIIIECTBOBAHHS HU3KOYACTOT-
HBIX KOJIeOaHMH TemmepaTrypsl KUAKOCTH MPU MaJIbIX 3HAYEHUSX OTHOCH-

b
Contour 1
1.000e+000)
' 9.167e-001
8.333-001
7.500e-001
6.667¢-001
5.833e-001
‘ 5.000e-001
4.167e-001
3.333e-001
2.500e-001
1.667¢-001
8.333-002
0.000e+000
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0,8 .
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0,6 ¢ i :
05 |\ | i 4
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Puc. 7. Be3pa3zmepHasi TeMueparypa B IUIOCKOCTH (a, ) U B HEKOTOPBIX TOUKaX (8)
TCT npu mMaoii 0OTHOCUTEJILHOH CKOPOCTH:
a, 6, 6 — IpH Vo, = 0, 05; 0,03; 0,03 cOOTBETCTBEHHO
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TEIbHON CKOPOCTH (MOTyUYEHHBIE MEPHUOAbI KoNeOaHU Al Vo = 0,03 u
0,02...2c u 6omee).

Taxoke ObUTM BBIIOJIHEHBI pacyeThl ¢ MACIITAaOUPOBAHHWEM PACUETHBIX
MOJENIE 10 ONUCAaHHOW paHee METONUKE, KOTOpPbIE IMOKa3alH, 4To IJIs
TEUYEHHUsl TaHHOIO THUIA HApyIIAETCs aBTOMOJENBHOCTD 10 OCPEIHEHHBIM
10 BPEMEHU 3HAUEHUSIM TEMIIEpaTypbl U CKOPOCTH, HAOIIONAOLIAsACS TIpU
CTPYHHOM XapakTepe TEUeHHUs, U MMEeeTCs 3aBUCHMOCTh pa3mepa 3II or
aOCOJIIOTHBIX pa3MepoB y3i1a. MOXXHO OTMETUTh, YTO IPU IMOHUKEHUU JIO-
KaJIbHBIX CKOpOcTed U mepexone B 4acT 3l k cMeaHHON KOHBEKLIHU
HEBO3MOXHO OZTHOBPEMEHHOE COXPAHEHNE 3HAUYEHUH ONPENETAIONIET0 KpU-
Tepus NONOOHs I CMENIAHHOM KouBekuuu (uncino ®pyna Fr = v?/gd) u
MIPUHATOTO Ha OCHOBaHHUM paHee MPUBEICHHBIX PE3yJbTaTOB KPUTEPHS IO-
100Ms HeCTallMOHAPHOIO Ipolecca, MPU KOTOPOM COXPAHSAETCsl 3HaYeHUe
yuciaa Crpyxana. COOTBETCTBEHHO, AJI TEUEHHUs JAHHOIO THUIIA MacuUITa-
OMpOBaHME pacUETHBIX MOJEJEH B IIEJIOM HENIPUMEHMMO Aa)ke AJIs Ompe-
JIeJIEHUS] OCPETHEHHBIX 110 BPEMEHHU I1apaMeTpOB.

3akmrouenne. IIpoBeneHbl BapuaHTHBIE pacueThl IO HACTPOMKE pac-
yetHoil Mojenu TCT. Jlanbl pekomMeHaanuu 1o BbIOOPY OCHOBHBIX Iapa-
METPOB PACYETHON MOJIETIN — Pa3pELICHHs pacueTHON CETKH, CyOCeTOUHON
MOJIEJIX U 1lIara 10 BPEMEHHU.

HccnenoBana BO3MOXKHOCTb UCIIOIb30BaHMSI MacIITAOMPOBAHUS 110 T€0-
METPUYECKUM U PEKMMHBIM IIapaMeTpaM B LENAX CHU)KEHUS armapaTHbIX
TpeOoBaHMil U 3aTpaT MalIMHHOTO BpeMeHH. [loka3aHa BO3MOXXHOCTH HC-
II0JIb30BaHMs TEOMETPUYECKN YMEHBIICHHBIX PACYE€THBIX CETOK ISl OIIpe-
JIEJICHUs] 3HAYEHUH OCPEIHEHHBIX 110 BPEMEHU TEMIIEPATYpPbl U CKOPOCTHU
g paccmorpeHHoro B MC3 crpyitHoro pexxuma cmemenust B TCT npu
COXpaHEHUH PABEHCTBA MOJIEIBHOIO U HAaTypHOro yucia Ctpyxais.

Brinonnens! BapuanTHble pacueTsl TeueHuil B TCT ¢ pacnonoxeHuem
30HBI NIEpEeMeIIMBaHusI B O0KOBOM TpyOomnpoBoze. B xome pacyeroB moka-
3aHa BO3MOYKHOCTb CYyII€CTBOBaHMSI HU3KOUYACTOTHBIX KosleOaHUil TeMiiepa-
TYpBI JKUAKOCTH. [[J1s1 Te4eHNsT JaHHOTO THIIA pacyeT JNOJDKEH IPOBOAUTHCS
Ha HaTYPHBIX PEXUMHBIX U FEOMETPUYECKUX ITapaMeTpax.
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