Tpunaouyamas Mestcoynapoonas HayuHo-mexHuueckas Kongpepenyus
«Onmuueckue Memoowvl Uccie006anus NOMOK08»
Mockea, 29 urona— 03 urona 2015 2.

VK 681.3.07
A.E. bonpnapes, E.A. Hecrepenko

Hncmumym npuxnaonoti mamemamuxu um. M.B. Kenoviwa PAH, Poccus,
125047, Mockea, Muycckas na., 4, E-mail: bond@keldysh.ru

MPUBJIVMKEHHBIN MOJYIMIIMPUYECKUI MOIXO0] K OLIEHKE
COINPOTHUBJIEHUS TPEHUSA HA TEJAX BPAILIEHUS

AHHOTALUA

PaccmoTpen MeTon BepuHKAanWM YHCICHHBIX pAcyeTOB BS3KUX TEUEHHH HAa OCHOBE
OpUOIMKEHHOTO  MOJySMOUpudeckoro mozaxona. [IpuOmmkeHHbI MOAXOJ OCHOBaH Ha
OKCHEPUMEHTAIBHBIX pEe3yJbTaTax TEUYEHUs Ha IUIacTUHE W MeToje A(P(GEKTUBHOW JUIHHEI.
Mertoauka HCHOIB3YETCS AN OLUEHKH KO3((UIMEHTa CONPOTHBIEHHS TPEHUS U XapaKTEPHbIX
TOJILIMH HOTPAaHUYHOIO CJIOS B 3a7adax OOTEKaHHsS OCECUMMETPUYHBIX TEJl BSI3KMM IIOTOKOM.
OnMcanpl  MpakTMYECKHE  acCHeKThl  peanu3auuu  Metona. IIpencraBieHo  o0oOiieHue
MPUOIMKEHHOTO TIOTYIMITUPHYECKOTO TTOAX0/1a Ha ClTydail 00TeKaHHsl YIJIMHEHHBIX TEJ BPallCHUs
1oJi HeOoJNbIIMMHU yriiaMu aTakd. OINUCAHHBIM MOAXOJ] MOXET OBbITh HCIOJIB30BaH JJIS OTJIAJKU
MOJEJIEH U BBIYUCIIMTENIBHBIX KOJOB B CIIy4ae OTCYTCTBUS SKCIIEPUMEHTAIBHBIX TAHHBIX.

BA3KUE TEYEHU A, COITPOTUBJIIEHUE TPEHU S, BEPUOUKALINA

BBEJAEHUE

B mnacrosimeit pabore paccMmarpuBaeTcsi MPHOMMKEHHBINH MOTYIMIIMPUYECKUN TOAXO],
IpeJHa3sHauYeHHbIN U1 OLEHKU KO3((UIMEHTa CONPOTUBICHUS TPEHHS U XapaKTEPHBIX TOJILIMH
[IOTPAHUYHOTO CJI0S B 337a4axX 0OTEKaHUsI OCECUMMETPUYHBIX TeJ BI3KUM ITOTOKOM B JIJAMUHAPHOM
U TypOYJIEHTHOM peXHUMax.

B 3amayax 4uCIIEHHOrO MOJAEIMPOBAHUSA OOTEKAaHUs Tel IOTOKOM BS3KOTO rasa ocoboe
3HaYeHHe NMpHoOpeTaeT npobiemMa Bepu(pUKAINKI YUCICHHBIX PE3YJIbTaTOB. DTO CBA3aHO, B 00IIEM
U 1LIEeJIOM, C TE€M, YTO MOJCIMUPOBAHMUE BA3KUX TEUYECHUU C HCIOJIb30BaHHMEM ypaBHeHull Hasbe-
Crokca mpHUBOAMT K JOOABICHHUIO CXEMHOW BS3KOCTH K MOJCIHPYEeMOW (M3NYECKOH BSI3KOCTH
uccienyemMon 3anaud. MccienoBarenb TOJDKEH HMETh YETKOE IIPEJCTABICHHE O TOM, Kakas
BSI3KOCTb B UTOTE OIPE/ENAET YUCICHHOE pellIeHne: Moeaupyemas (puzndeckas win godasisemast
CXEMHas1, ABJIAIOLIASACA CBOMCTBOM TOM WJIM MHOM IIPUMEHSEMOM Pa3HOCTHOM cxeMbl. Eciom ais
Clly4yash JIAMHHAPHBIX TEYEHUH BO3MOXKHO CPABHEHUE C HW3BECTHBIMU PELICHUSMH UL
HOrpaHUYHOro cios [1-3], To A TypOyJaeHTHBIX TeYeHUH 3a7aya BepupUKaAILMU CTAHOBUTCS eIl
Oosee BaXHOM, TaKk KaK NPUMEHEHHWE TOW WM WHOW MOJAETH TYpOYJEHTHOCTH IOJIHOCTBIO
ornpenenser TypOyJeHTHYIO BA3KOCTh 3afaud. TypOyrneHTHasl BSI3KOCTb Ha IMOPSAAKH MpPEBBILIAET
JAMUHApHYK0O M OKa3bIBACT CYIIECTBEHHOE BIUSHHE HA HTOIOBBIE a3POJMHAMHYECKHE
XapaKTEpUCTHKU TeJla B IIOTOKE Tasa.

Br16op Mozenu TypOyJIE€HTHOCTM BO MHOI'OM OIpENENsieT 4YMCIEHHOE peuieHue. Mopenei
CyIIEeCTBYeT OOJIbIIOE KOJIMYECTBO, M TNPU BbIOOpE KOHKPETHOW MOJAEIM U €€ NIpUMEHEHHUs
HEO0XO0MMO TPOBEACHNE BEPUPHUKAIMOHHBIX Mporenyp. OcoOeHHYI0 BaXKHOCTh 3TO MPHOOpETaeT



IPU WCIOJB30BAHUU MOJeNel TypOyJIeHTHOCTH, OOBEOMHAIOMUX B cede CBOICTBa MOJENHN
MIPUCTEHOYHOI'O TUIIA U MOJAEIIU CJI0SI CMEILICHHUS.

Hawnyumeli mpouenypoit BepuUKaMK SBISIETCS CPaBHEHHE C HATYPHBIM (DU3HUYECKUM
skcriepuMeHToM. OAHAKO TPOBEACHHE MOJOOHOTO CpPaBHEHHUS HE BCErla BO3MOXHO BBUIY
OTCYTCTBHSI JKCIICPUMEHTAIBHON 0a3bl JJIT KOHKPETHOW HcciemyeMol 3amaun. J[ms momoOHBIX
ciydaeB OblIa pazpaboTaHa MpUOIMKEHHAs MOTYIMIUPUUYECKas METOAMKA OLEHKU KOod(pduirenTa
CONPOTHBIICHUSI TPEHMsI Tejla B IOTOKE M XapaKTEepHBIX TOJIIMH HorpaHuyHoro cios. Ilox
XapakTEepHbIMM TOJIIIMHAMU IOTPAHUYHOTO CJOSI HMMEETCs B BHJIY Kak camMa TOJIIMHA
MIOTPAaHUYHOTO CJIOSl, TaK M XapaKTEpHbIE HMHTErpajbHbIE TOJIIMHBL: TOJIIMHA BBITECHEHUS U
TOJILIMHA IOTEPU UMITYJIbCA.

[TpubnmxeHHas MOTy>MIMPUIECKas METOJMKa ocHOoBaHa Ha paborax JI.B. Kosnosa [1-3] u
B.C. Asnayesckoro [4,5]. B paborax KosnoBa ommcan u 0000II€H psll KCHEPUMEHTAIbHBIX
UCCIIEIOBaHUM Te4eHUs B TypOYJEHTHOM IMOIPaHUYHOM CJIO€ Ha IUIOCKOM IIacTHHe. B aTux
JKCIEPUMEHTAaX C IMOMOIIBIO IUIABAOIIEr0 JAaT4YWKa MPOBOJAMIMCH OJIHOBPEMEHHBIE W3MEPEHMUS
HANPSDKEHUS TOBEPXHOCTHOTO TPEHUS W TEIUIOBBIX MMOTOKOB B TYpOYJICHTHOM IOTPAHUYHOM CIIOE€
JUIS pa3iNyYHbIX 3HaYeHui yucen Maxa u PeliHonbpzaca u TemnepatypHoro ¢gakrtopa. B pesynbrare
ATHX WCCIEJIOBAaHUHA CTAJI0 BO3MOXKHBIM OO0OOIIEHHE HSKCIIEPHUMEHTAIBHBIX pPE3YJIbTaTOB IS
CONPOTHUBIICHUA TPEHUS U XaPAaKTEPHbIX TOJIILIUH IOTPAHUYHOIO CJOSI B BHJIE€ CTEHEHHBIX
3aBUCHMOCTEHN.

B pab6orax [4,5] BBoauTcs noHsATUe 3HEeKTUBHON TIHHBL. DPPEeKTUBHAS [UIMHA — 3TO JUIMHA
IUIOCKOM IJIaCTHHBI, HA KOTOPOW NpH BHEIIHEM TEYEHUM C TaKUMH XK€ NapaMeTpamH, Kak U B
paccMaTtpuBaeMoil TOYKe OOTEKaeMoro Tena, HapacTaeT TaKOW jKe IOrPaHUYHBIA CIOH C
aHAJIOTUYHBIMU CBOMcCTBaMU. BBeneHHEe 3TOro MOHATUS IO3BOJIWIO IPUMEHUTH CTEICHHbIE
3apucumoctH JI.B. Ko3noBa k Tenam BpalieHus ¢ KpUBOJIMHEWHOI 00pa3yroiei.

Otor moaxoxd Obul MOAMGUIMPOBAH M IMUPOKO MpUMEHsUIcs B Havaie 1990-x romoB uis
OLICHKH MMapaMeTPOB MOTPAHUYHOTO CIIOSI IPU MOJICTTUPOBAHUH BSI3KOT0 OOTEKaHMsSI TeJ BPAILCHUS B
IpakTU4eckux pacuerax. Cieqyer 3aMeTUTh, YTO B T€ I'OJIbl pacyeThl C UCIOJIb30BAHUEM IOJHOM
cucrembl ypaBHeHud HaBbe-CTokca W BBeleHHEM MOJAETM TYpOYJIEHTHOCTH ObUIM HE CTOJIb
pacmpocTpaHeHbl, Kak cedyac. Meroauka UCHOJb30Bajach JJisi OpraHU3allid  pacueToB
cienyomuM obpazom. MopaenupoBaHue OOTEKaHHs Tela MPOBOAMIOCH HEBSI3KHMM IOTOKOM C
HCII0JIb30BAHUEM CHCTEMbI ypaBHeHMM Oinepa. IloaydueHHoe pacripeneneHue ra3oiMHaMUYECKUX
GyHKIIMH HAa MOBEPXHOCTH OOTEKAaeMOro Tela HCIOJIb30BaJOCh Ui OIEHKH Kod(duimenrta
CONPOTHBIICHUSI TPEHHA MO MPHOMMKEHHON Mertoauke. J[lamee QopmupoBancs cyMMapHBIH
koa¢hdunreHT conpoTuBieHus Tena. [I[poBoaumbie TakuM 00pa3oM pacueThl O3BOJISIIN JOCTUTATh
MOTPEIIHOCTH NIPU CPAaBHEHUU C HATYPHBIM 3KCIIEPUMEHTOM, He npeBbliatoniei 3%.

B Hacrosiiee BpeMsi ONUCBHIBAEMBIM NPUOIMKEHHBIA MOIXOJ K OLIEHKE CONPOTHUBIICHUS
TPEHUSI MOXKET OKa3aThCs TAK)KE BEChMa IMOJIC3HBIM. Tak, HarpuMep, MpH pacueTax oOTEKaHUs Tea
BpalleHUsl BS3KUM IOTOKOM Ha OCHOBE MCIOJIb30BaHHSA IOJIHOM cHUCTeMbl ypaBHeHHil HaBbe-
Crokca nis MOJENIUPOBAHUS TYpOYJEHTHBIX PEXHMOB TEUEHHUs IEpe]l UCCIIEIOBATEIEM BCTAET
3a/1aya BeIOOpa MOJeNr TypOyJIeHTHOCTU. A Tocie BhIOOpa MOJeNIM BOSHUKAET CIeyrolIas 3aqada
— HaJI0 IPOBECTU «TOHKYIO HACTPOIHKY» BBIOpAaHHOW MOZENH K HUCCIeAyeMOMy Kiaccy 3aaad. [lpu
OTCYTCTBHM OKCIIEPUMEHTAIIbHBIX JaHHBIX MPUONMKEHHasT METOAMKA, TIO3BOJISIONIas 110
ra3o/IMHaMUYEeCKUM IapaMeTpaM Ha I'paHUIE MOIPaHUYHOIrO CJIO0S I0JIydaTh OLIEHOYHOE 3HAYEHHE
Kod(duUleHTa CONPOTUBICHHS TPEHUS, CTAaHOBUTCS () (PEKTUBHBIM CPEJICTBOM BepU(DUKAIIIH.

Ha ocHoBe 3TOro OBUIa MOCTPOEHA W MPOTPAMMHO pEATM30BaHA METOJHMKA, ITO3BOJISIOLIAS
M0JIy4aTh OLEHKY CONPOTUBIICHUS TPEHUS U paclpeieIEHUe XapaKTePHbIX TOJIUH OTPAaHUYHOTO
Clos I TeNl YUIMHEHHBIX Ten BpameHus [3]. B kauecTBe BXOJIHBIX Ta30IMHAMHYECKHUX
rapaMeTpoB METOJMKA MCIOJIb3YET pacupeneseHns ra30JuHaMUYECKUX BEJIMYUH MO MOBEPXHOCTH
0o0TeKaeMoro Teia, TMOJy4aeMble M3 PpEHICHUS 33Jad MaTeMaTU4eCKOro MOJCITUPOBAHHS C
nomoIbo ypaBHenuit Ditnepa win Hasbe-Ctokca. [lpu pemienun ypaBHeHui Diliepa B METOJIUKE
HCIOJIb3YIOTCSl paCHpeesICHNs ra30JUHAMUUECKHUX BEJIMYHUH HA MIOBEPXHOCTH 00TEKaeMoro Teia, a
npu peweHnn ypaBHeHU HaBbe-CTOKCa MCHOB3YIOTCS MapaMeTphl, B3AThIE C BHEIIHEN rpaHULbI



MOTPaHUYHOTO cJos. [IpuOmrkeHHass mMoMy> MOMpUYEecKas MeToauka o0oOmeHa Ha ciydan
o0TeKaHMs Y/UIMHEHHBIX TeJl BpaIleHUs MO0jA HeOOJNbIIMMHU YIiamMM aTaku. B 3ToMm ciydae
paccMaTpuBaeTCs pacipeeieHue MECTHOTO KOd((DUIIMEeHTa COPOTUBIICHUS TPEHUS BIIOJIb JIMHHIMA
TOKa. JINHUYU TOKa CTPOATCS IO MOBEPXHOCTHU TeJa TAKXKE I10 BHEIIHUM I1apaMeTpaM IOIPaHCIIOos.

[MpubnmxeHHass MOMySMIUpPUYECKass METOJUKA pealn30BaHa B  BHIAE  OTACIBHBIX
IIPOrPaMMHBIX MOXYJIEH, TOJKIOYAEMbIX K IPOrpaMMHBIM KOMIUIEKCAM MOJEIUPOBAHUS
o0TeKaHHs TeNl B ABYMEPHOM U TpexMepHOM ciydae. CieqyeT 3aMeTUTh, YTO IPYU BOSHUKHOBEHHU
OTPBIBHBIX 30H U IIPU CPbIBE IIOTOKA € 3a/lHEH 4acTH Teja JaHHas METOJAMKa HenpuMeHuma. TeM He
MEHee, BO MHOTMX NPAKTHUECKHUX CIydasX JIaHHBIM IOJIXOJ MO3BOJIAET IOJIy4aTh OLEHOYHBIE
BEJIMYMHBI, KOTOpPbIE B JalbHEHIIEM MOIyT ObITh HCIHOJB30BAaHbI NMPH BepUPUKAMH MOAETIeH u
YHCJICHHBIX METOJIOB. Takke 3Ta METOAMKA MOXET OBITh MCIOJB30BaHA U BBIOOPA, OTIAIKU U
TOHKOHN HACTPOHKHU MoJeleil TypOyIeHTHOCTH, UCIIOIb3yEeMbIX B pacueTax.

OIIMCAHMUE INTPUBJIN)KEHHOI'O ITIOAXOJA

PaccmaTpuBasi o0TekaHne OCECUMMETPUYHOTO Teja BSI3KMM IMOTOKOM CKUMAaeMOro rasa o
HYJICBBIM YTJIOM aTakH, 3a/iada OMpeCNICHUsS CYMMapHOro KO3 QUIIMEHTa TPEHUS CTaBUTCS, Kak
HAaXOXJCHUE B KaXIOM TOYKE OCECMMMETPHYHOTO Tella MECTHOro kod(dQuimeHta TpeHUs H
JaJIbHEHIIee HaXOKICHHE CYMMapHOTO KOA(PUIIMEHTa TPEHUS TyTeM UHTETPUPOBAHUS MECTHOTO
koa(dulreHTa o Bceil TOBEPXHOCTH TeNa.

JIisl TUIOCKOM IUTACTHHBI, IMOMEIICHHOM B BS3KUH IOTOK, O00JIaJaloIIuii aHaJIOTMYHBIMU
CBOMCTBaMHU, 3KCIIEpUMEHTalbHble ucciaenoBanus Koznmosa [1-3] u apyrux aBTOpPOB IMO3BOJISIOT
HAXO/UTh MECTHBIN KO3()(OUIIUEHT TPEHUS C TOMOIIBIO O0IIEH anmpOKCUMHUPYIOIIEH 3aBUCIMOCTH
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e r =~ 088 y=c, / ¢, — COOTHOLICHWE YIENbHBIX TeIoemkocrei; M, =u,/a, -
MecTHOe urciio Maxa Ha tere. 3xeck uncino Re, = p, u,, x/u, - 310 MectHOe uncio PeitHonb/ca,

BBIYMCIISIEMOE 110 JUIMHE ITACTUHBI X B KaXKOW TOUKE MJIAaCTHUHBI.

Jlist citydasi MOJTHOCTBIO JIAMUHAPHOTO TeYCHUsT KOAPPHUIMEHTHI B popMyIie I HaX 0K ICHHSI
MecTHOTro ko3 duiMenTa TpeHus BeIOuparoTces ciaenyromum oopazom: A1 = 0,646; A2 =-0,5; A3 =
-0,15. JIns rypOynentHoro cinydast - A1 =0,059; 42 =-0,2; A3 =-0,55.

Jlnig Toro, 4ToObl MPUMEHHUTH 3TH 3aBUCHUMOCTH I HAXOXKJIEHHUS MECTHOro koddduimenrta
TPEHHSI HA OCECUMMETPUYHOM TeJle ¢ KPUBOJIMHEHHON 00pa3yrolieil, cieayeT UCI0b30BaTh METO/
sbdextuBHoN uHBL [4,5]. CunraeMm, 4to B Touke (x*, R) Ha Tene cPoOpMHUpPOBAICS TEILIOBOM
HNOrpaHUYHBbIA CIIOH TOMMUHON &7 O((EeKTUBHOM AIMHOM X, HA3bIBAIOT JUIMHY ILIOCKOM
MJIACTUHBI HA KOTOPOM MPHU BHEIIIHEM TEUEHUHU C TAKMMH K€ IMapaMeTpaMu Kak B pacCMaTpUBaeMOi
TOYKE TeJla HapacTaeT TaKOW e MOTPaHWYHbIN CIION Kak U Ha JAJMHE [* paccMaTpuBaeMoro Tena.
JI1s OCECHMMETPHYHOIO Clly4as X, OyAeT IJIMHOM HEKOero LMIMHApA C PaJuyCcoOM paBHBIM
paauycy R. [lnsg Toro, 4toObl BOCHOJB30BAThCS MPUBEACHHBIM BBIIIE COOTHOIICHUEM JUIS
Kod((uIMeHTa TPEHUsI, BMECTO MECTHOro 4ucia PelHoib/ica UCTONB3YIOT 3P(PEKTUBHOE YHCIIO
Peitnonbca, T.€. unciio PeliHonbaca, paccuntanHoe 1o 3G(HEKTUBHOM JJIMHE:
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JUIS KOHKPETHOH TOYKH Ha Teie, a |y - 3Ha4eHHe Kod(pQuImMeHTa BA3KOCTH Ha Tele, KOTOpoe



BBIYKMCISIETCSA, HAPUMED, ¢ MOMOIIBI0 Gopmysisl Casepienaa. DPPEKTUBHYIO IUIUHY Xz COITIACHO
[4,5] MOXHO OIIPEeNENUTh C TOMOIIBIO COOTHOIICHHUS:
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rue ko durment 44 =2 nans naMuHApHOTO citydas u A4 = 1,25 nist TypOyneHTHOTO cirydasi.

Kpome onenku ko3dduimerra conpoTuBieHns TPEHUs Ha Tele B PaMKax MPUOIMKEHHOTO
MOJYIMIIUPUIECKOTO MOX0/1a, MIPEICTABICHHOTO BBIIIE, MOXXHO ONPEACIATh B KAKIOH KOHKPETHO
B3ATOI TOuke Ha OOpasyrolledl Tela XapaKTepHble NapaMeTpbl MOIPAHUYHOIO CIIOS, TaKHE Kak
TOJIIIMHA TOTPAHUYHOTO CJIOSI O W HWHTETPajbHBIE TOJIIWHBI MOTPAHUYHOTO CIIOS: TOJIIUHA
BBITECHEHUS OF UM TONIIMHA MOTEPU UMITyJIbca O**.

Cxema BBIYHCIICHHUS XapaKTEPHBIX TOJIIMH MMOTPAHUYHOTO CJIOS B TOYKE HA TEJe JJIS Cydast
TypOYJIEHTHOI'O MOTPAHUYHOI'O CJIOS BBIMVISIIUT CIEAYIOIIMM 00pa3oM: Ul KaXIOM TOYKM Teia
BbIUUCIIsICTCS AP exTuBHas anuHa U dddexTuBHOe uucio PeitHonbraca. Jlanee mpuMeHsIOTCS
CJIEAYIOIINE COOTHOIIECHUS:
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5**=(35-5)/(1+0.7z-r-7;1-M2)

Jlns naMHHApHOTO Citydast K03()(UIUEHTHI B BBIIICIIPUBEICHHBIX COOTHOLICHUSX 33JJar0TCS
kak Bl =0,37; B2 =-0,2; B3 = 0,85; B4 = 0,376; BS = 0,14, a st TypOysneHTHOTO Kak Bl = 4,64;
B2=-0,5; B3=0,34; B4=0,125; B5=0,097.

Takum 00pa3zom, uMes MOJNyYEHHBIE U3 YMCIEHHOTO pacuera ra3oJMHaMUYeCKUEe BEITUYUHBI
[0 TOBEPXHOCTH OOTEKAEMOTO TeJia, MOXKHO OIpeAeIuTh KOIDPHUIMEHT TpeHHs ISl Tela H
XapaKTepHbIC TOJIIMHBI TOTPAHUYHOTO CJIOSI B Kaxaod Touke. OJHAKO JaHHbIE NPSMO C
MMOBEPXHOCTH Mbl MOKEM HCIOJIb30BATH TOJIBKO B TOM CJIy4ae, €CJIM Mbl IPUMEHSIEM [IJIsI pacuera
oOTekaHus Tena ypaBHeHHs Oiiepa. B Tom ciywae, ecnmu MoJenHpoOBaHUE OOTEKaHUs Tena
MPOBOJUTCS C TOMOIIBIO TOJHOW cuctembl ypaBHeHHM HaBbe-CTokca, 3amada HECKOJIBKO
ycioxHsercs. i nonydeHus: pacrnpeneneHus ra3olMHaMHUYeCKUX MapaMeTpoB MO MOBEPXHOCTH
00TeKaeMoro TeJia Ha/Io UCIOIh30BaTh BHEIIHIOK TPAHUITy 00pa3yroIIerocsi Ha Teje MOrPaHuIHOTO
ciosi. [lyis Toro 4to0bl MONMY4YUTh TapaMeTphl Ha BHEIIHEW TpaHHIle HEOOXOJUMO CTPOUTH MOJYIb,
AQHATM3UPYIOIIMA PaCCYUTAHHBIA TPO(UITH CKOPOCTH B KOKJIOW TOYKE 00pa3yromiei Tema.
OnucaHHbIi TOAXO MO3BOJIAET MOTy4YaTh OLEHOYHBIC 3HAYCHHs IS Kod(hdULIMeHTa TPEHUS
M XapakTEPHBIX TOJIIMH TOTPAHUYHOTO CJIOS JIJIS TeJ, 00TEKaeMbIX TOJI HYJICBBIM YIJIOM aTaKH.
Jis Toro 4ToOBI pPAacCMOTPETh HEHYJEBBbIC YIVIbI aTakKu MPUOIMKEHHBIA TMOIXOH CieayeT
MPUMECHSITH CIEAYIOIIIM 00pa3oM:
- CHavaJia Ha MOBEPXHOCTH TeJIa OMPEACIISIETCS TUHUS PaCTEKaHUs.
- Jlamee OT JIMHUM pacTEKaHUs IO ra30AMHAMHYECKHAM IMapaMeTpaM pacdeTa CTPOATCS
JIMHUM TOKA HA MOBEPXHOCTH TEJIa C HEKOTOPBIM IIIarOM.
- Bonp kax10#l TMHUY TOKA IPUMEHSICTCS BBIIIICONTMCAHHBIA TPHOIMKEHHBIHA MOIXO/I.
B pesynbrare nomyuyaeTcs pacnpeneieHine MeCTHOTO KO3 duimeHTa TpeHus Mo MOBEPXHOCTH
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00TeKaemMoro TCJIa, JAJICC IPOBOJAUTCA HHTCIPHUPOBAHUC I10 ITIOBCPXHOCTH.

Pazymeercsi, BBIIICONMHMCAHHBIA TOAXOA pabOTaeT JHUIIb MpPH YCIOBHH OE€30TPBHIBHOTO
o0TeKkaHus. ITO O3HAYAET, YTO €r0 MPUMEHEHHE OTPAaHUYEHO, BO-TIEPBBIX, YCIOBUEM JIOCTATOYHON
NIaIKOCTHU IMMOBEPXHOCTHU, 4 BO-BTOPLBIX, YCIIOBUCM BI)I60pa HEOOIBIINX YIJIOB aTaKu, TO €CTh TaMm,
/i€ HET CphIBa MOTOKA C 00TEKaeMOoro Tea.

[lonoOHble pe3ynbTaThl INpEeAHA3HAUYEHbl CIYXUTh OPHUEHTUPOM B CIIy4ae OTCYTCTBHS
HAJEKHBIX SKCIIEPUMEHTAIIbHBIX JaHHBIX. Tak)ke OHU OKa3bIBAIOTCS BeChbMa IMOJIE3HBI TP BBIOODE,
peaiM3aliii M TOHKOW HACTPOHKE Mojeneil TypOyJIeHTHOCTH, UCIOJb3YeMBIX B TIpOIEcCe
MOJICTTUPOBAHUS OOTEKaHUSI.

ITPAKTUYECKAS PEAJIM3ALIUA

IIpencraBneHHas B NpeAbLAYIIUX pa3/ielax MeToJuKa Oblla pealu3oBaHa B BHJIE JBYX
CaMOCTOSITEJIbHBIX ~IPOrpaMMHBIX MojyJiel, HanucaHHbIX Ha s3bikax C  u Fortran90.
Peann3oBaHHble MPOrpaMMHbIE MOAYJIM MOTYT IPUMEHSTHCS I0JIb30BaTEIEM aBTOHOMHO, a TaKXke
MOTYT JIOCTaTOYHO IPOCTO MOJKJIIOYATHCSI K OCHOBHBIM IPOrpaMMaM MOJEIUPOBAHUS TEUCHHI.
Pesynprathl Bepupukauuum paboOThl MPOrpaMMHBIX MOJYyJEH, a Takke pe3yapTaTbhl HX
MPAKTUYECKOTO MPUMEHEHHUsI TpeACTaBIeHbl B padore [6]. B manHOW paboTe paccMaTpuUBaIHCh
pe3yabTaThl NPUMEHEHUS TOJX0Ja K TEYEHUI0 Ha IUIaCTHHE, TJe IPOBOAMIACH OTJajAKa
UCTIOJIB3yeMOU B pacueTax MOJENH TYpOYyJISHTHOCTH. Takke MporpaMMHas peaau3alis Moaxojaa
Obula NMPUMEHEHA K PA3JIMYHBIM 3aJadyaM OOTEKaHUs YAJIMHEHHBIX OCECHMMETPUYHBIX Tel IpU
pasnuuHbIX ynciaax Maxa. [Ipumep nonobHoro tena npeacrasieH Ha pucyHke 1. 3aech moka3zaHo
TEJIO BPALICHUS U W30JIMHUM CKOPOCTH MPH OOTEKaHWUHU Tesla TypOyJEHTHBIM IOTOKOM IpU YHCIe
Maxa, paBaom 2.08. BxonHble mapaMeTpsl IS peaid3aiuy MPUOIMKEHHOM METOJMKH OLEHKH
KO3 pHIMEHTa CONPOTUBIEHUS TPEHUS M XapaKTEPHBIX TOJIIMH MMOIPAaHUYHOIO CJIos Opayiuch ¢
BHEIIHEN rpaHullbl orpaHu4Horo ciuos (Puc.2).

Puc.1. Pacripenesnenue ckopocTu pu 0OTEKaHUM TeJa BpaICHUSI.
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Puc.2. Pacnipenenenuie CkopocTy B IOTPAaHUIHOM CJIOE.

Peanuzanust moaxoma Mmo3BOJMIIA MOJMYYHTh OICHOYHBIE 3HAYCHHS KOA(PQUIMEHTA TPEHUS,
KOTOpbIE B JajibHEHIIeM ObLIM MCHOJb30BaHBI I OTJIAJKU OpraHu3allMy pacdyeTa U HacTPOUKHU
[IapaMETPOB MOJIENH TypOyJIEHTHOCTH.

Cnenyer 3aMeTUTh, YTO ONMCAHHBIA IIOAXOX HE YYUTBHIBAET BO3MOJKHOCTH IIE€pexona
MOTPAaHUYHOTO CJIOS M3 JIAMHHAPHOTO peXuMa B TypOyneHTHbIH. [lorpaHudHbIi Cl10i M3HAYAIBHO
npearnosiaraeTcs JIMO00 NOJHOCTIO JJAMUHAPHBIM, MO0 MOJHOCTBIO TYpOYJIEHTHBIM. JTO SBISETCA
ellle OJHUM CephE3HBIM OTPAHUYCHUEM OMHCAHHOTO MPUOIMKEHHOTO TTOIX0/1a.

Tem He MeHee, AJA JOCTAaTOYHO OOJBLIOrO KOJIMYECTBA 3a/ad OH I103BOJIAET MOJYy4aThb
OLICHKH, KOTOpBIE MOTYT CIIY’)KUTb OIPEACIICHHBIMA OpPUEHTHpAaMHU Ui OTIAAKU MOJEIEH H
METOJIOB pacyeTa IIPU OTCYTCTBUU PE3YyJIbTAaTOB HATYPHBIX IKCIIEPUMEHTOB U TOUYHBIX PEILICHUN.

3AK/IIOYEHUE

PaccmoTpena mpakTudeckas peanu3anus MPHOIMKEHHOTO MOMYyIMIMPUYECKOTO IOAX0/1a
OLIEHKH KO3((UIIMEeHTa COTPOTUBICHUS TPEHHUS U MPH OOTEKAaHUH OCECUMMETPHUYHBIX TEJ BA3KUM
MMOTOKOM Ta3a. J[aHHBIN MOAXO0/ MO3BOJISIET MOTY4YaTh OIEHOYHbIE BETUYMHBI, KOTOPbIE MOT'YT OBIThH
MOJIE3HBl B 33Jayax BepudUKAIMK MOJeNed U YHUCIEeHHbIX MeToaoB. I[lpu orcyrcTBuM
SKCIEPUMEHTAIBHBIX JIaHHBIX [JI KOHKPETHBIX MPaKTUYECKHX 3aJlady JaHHBIA TOAXOJ MOXKET
WCIIONB30BaThCS JUIsl OTJIAJKM W HACTPOWKHM YHMCIEHHBIX METOJOB, OpraHU3alud pacyeTos,
UCTOJB3yeMBIX Mojeneil TypOynenTHoctu. [Togxon 0600meH Ha ciydaii 0€30TPBIBHOTO OOTEKaHMUS
OCECUMMETPHUYHBIX yUIMHEHHBIX TEJN MO/ HeOOIbIIUMHU YTIaMH aTaKH.
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APPROXIMATE SEMI-EMPIRICAL ESTIMATION OF FRICTION COEFFICIENT
FOR AXISYMMETRIC OBJECTS

The paper considers verification method for numerical modelling of bodies in viscous flow. The
verification is based on approximate semi-empirical approach. The approach uses experimental
data for flat plate and "effective length" method. One can apply approximate approach to estimate
friction coefficient and specific thicknesses of boundary layer for axisymmetric objects placed in
viscous flow. The approach is generalized for the flows with small angles of attack without
separation effect. Practical aspects of approximate approach are described. Described approach

can be used for verification and improving of numerical models in the case of lack of experimental
data.
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