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YUCJIEHHOE MOJEJIUPOBAHUE OCECUMMETPUYHOI'O OBTEKAHUA
TEJ ITPOCTOM ®OPMBI C UCTTOJIb30BAHUEM UEPAPXUYECKNX CETOK

PaccMoTpeHa pa3HOBHIHOCTh CTaTUCTUYECKOro MeTosa MoHTte-Kapiio B cTanoHapHOW OCTaHOBKE — Me-
Tox npobuex yactur (MIIY). Ilens pabotsr — passutre MITU myrem mepexoa K pacueTaM Ha HepapXHUECKHX
ceTkax. 3ameHa ucronb3yemoi B MITH juist IuckpeTHsanuy pacuyeTHOM o0JIacTH PaBHOMEPHO# CTPYKTyPUPOBaH-
HOH CeTKH Ha HepaBHOMEPHYIO HepapXHUUeCKyIo 03BoIMIa MoaepHu3upoBats MITU u onTuMU3HpoBaTh pecypc-
Hble 3aTpaThl. PaHee ObLIO ycTaHOBJIEHO, uTO Gosee Beero st MITY moaxoauT ABYyXypOBHEBasi HepapXuyuecKast
HecTpykTypupoBanHas cetka (JVIHC). Ouenuts npenmymectsa ucnonszoanus JMHC MoxHO myTeMm cpaBHe-
HHsI BPEMEHHBIX 3aTpaT, CETOYHBIX XapaKTePHCTUK U KauecTBa pacIpeeIeHHbIX ra30JHHAMHYECKHX apaMeTpoB
B OKPECTHOCTH 00TEKaeMbIX Iperpaj ¢ aHaJOTMYHBIMU JAHHBIMH, IIOTy9eHHBIMU PaHee Ha PABHOMEPHBIX CETKaX.

TectupoBanue paspadoranHoro anroputma MITYU nHa JAMHC ocymiecTBIIsUIOCH MOCPEICTBOM YHCIEHHOTO
MOJIENUPOBAHUS OCECHMMETPHYHOTO BHEIIHETO OOTEKAaHHs Tell MPOCTOH (OPMBI JUIS Pa3IUIHBIX PEXIMOB Tede-
Hus. CpaBHEHUE HMHTErpajbHBIX XapaKTePHUCTUK PACCMOTPEHHBIX TEJI U PAclpe/ielieHHBIX a30JAMHAMUYECKUX
[apaMeTpoB B HX OKPECTHOCTU C HMEIOIIMMUCS JKCIICPHMEHTAIBHBIMH JAHHBIMH, TaHHBIMH HHTETPATEHOTO
METO]1a, TEOPUH JIOKAIBHOTO B3aMMOJCHCTBUS M C aHAJIOTMYHBIMU pe3ynbTatamu MITY Ha paBHOMEpHOIt pacuér-
HOH CeTKe I0Ka3aJI0 UX IIOJIHOE COOTBETCTBHUE.

Po3risiHyTO Pi3HOBHI CTaTHCTUYHOrO MeToay MonTe-Kapiio B cTamioHapHil MOCTaHOBII — METO. IIPOOHUX
gactok (MITY). Mera po6otu — possutoxk MITY nuisixom mepexomy 10 po3paxyHKIiB Ha i€papXidyHHX CiTKax. 3a-
MiHa PiBHOMIPHOI CTPYKTYypOBaHOI CITKH, IO BHKOPHCTOBYETHCS IS JUCKPETH3aLil po3paxyHKoBoi obmacTi B
MITY, Ha HepiBHOMIpHY iepapXiuHy qo3BoimiIa MoaepHizyBatn MITY i ontumisyBaTu pecypcHi BUTpatu. Panimre
OyJI0 BCTaHOBJICHO, 10 HaiOinbuie At MITY migxoauts ABOpiBHEBa iepapxiuHa HecTpyKkTypoBaHa citka (JIHC).
Ouinutr nepeBaru Bukopuctanus JIHC MoxxHa HUIIXOM MOPIBHSHHS YaCOBUX BHTPAT, CITKOBHX XapaKTEPUCTHK
1 IKOCTI PO3MOJINICHHX ra30JHHAMIYHHX [TapaMeTPiB HaBKOJIO OOTIYHUX IEPENIKO] 3 aHAIOTIYHUMH JaHUMH, IO
OTpHMaHi paHile Ha PIBHOMIPHHX CITKaXx.

TectyBanus po3pobienoro anropurmy MITY na JITHC 3pailicHIOBanoCs 3a JOMOMOTOI0 YHCJIOBOTO MOJIEIIO-
BaHHS BiCECHMETPHYHOIO 30BHIIIHBOrO OOTIKAHHS TUT MPOCTOI (hOPMH TSI Pi3HHX PEXXUMIB Tedii. [1opiBHIHHS iHTerpa-
JIBHHAX XapaKTEPUCTUK PO3IJITHYTHX TN 1 PO3IOALICHUX HABKOJIO HHUX Ia30MHAMIYHHX [APAMETPIiB 3 HassBHUMH
eKCIIePUMEHTAIbHUMH JIaHUMH, JAHUMHU IHTETPaIbHOrO METOAY, TEOpii JIOKaJbHOI B3aEMOJIT Ta 3 aHAIOTIYHIMHI
pesynpraTamu MITY Ha piBHOMIpHIl po3paxyHKOBIH CITII OKa3a10 IXHIO IIOBHY BilIIOBiAHICTb.

A variation of the statistic Monte-Carlo method for the stationary statement, namely test particles method
(TPM), is considered. The study objective is to develop the TPM using computations on hierarchy grids. The
replacement of the uniform structured grid used for discretization of the computational domain with the non-
uniform hierarchy grid made possible the TPM updating and optimizing the computer resources. It was found that
a two-level hierarchy unstructured grid (TLIUG) is best suited to the TPM. The assessment of the advantages of
the TLIUG is made possible by comparing the time taken, the grid characteristics and qualities of the distributed
gas dynamic parameters in the vicinity of streamlined barriers with the similar data previously obtained on the
uniform grids.

The developed algorithm of the TPM on the TLIUG is tested using a numerical simulation of an axially
symmetric outer flow over bodies of simple configurations under different flow conditions. A comparison of the
integral characteristics of bodies under consideration and the distributed gas dynamic parameters in their vicinity with
the available experimental data, those of an integral method and a theory of local interactions and similar results of the
TPM on the uniform computational grid demonstrated their complete agreement.

Knioueevie cnosa: memoo Moume-Kapno, memoo npobnwvix yacmuy, uepap-
Xuueckue 08yXyposHesbie CemKu, YUCTeHHOe MOOeaUposanue.

s pemeHuss HHTErpajJbHOrO ypaBHEHHs boJIbLIMaHa B MOJIEKYJISIPHOM Ta3o-
BOM JMHAMUKE C YCIIEXOM IPUMEHSETCS METOJI CTAaTUCTUYECKUX UCIIBITAaHUM MoH-
Te-Kapio u, B 4acTHOCTH, 0JTHa U3 €ro pa3HOBUAHOCTEH — METOJ] TPOOHBIX YaCTHIL
(MITY) [1 - 3]. CymnuocTthto MITY siBiisieTcsi MOJICTUPOBAHHE XAOTHYECKOTO JBH-
JKEHUS TIOMIAJAf0IINX U3BHE B PACUETHYIO 00JIACTh IPOOHBIX MOJIEKYIN CPEIHN HAaXO-
JIAmmXcsl B Hell moneBbiX. Ilpu mpoBeneHMH GONBIIOrO KOJIWYECTBA WMCIBITAHUH
MPOUCXOAST MHOTOKpATHBIE B3aMMOJIEHCTBHS MPOOHBIX MOJIEKYJ KaK C ITOJIEBBIMHU
YacTUI[AMH, TaK M C OTPaHUYUBAIOIIUMH PACUETHYIO 00JIACTh HEMPOHHIIAEMBIMH
MOBEPXHOCTSAMHU. DTO MPUBOANUT K BO3MYIIEHUIO HAYAJILHOTO PACIpe/lelIeHNus ra-
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3oquHamudeckux mapamerpoB (I'II1) B okpecTHOCTH 00TEKaeMoil Iperpaibl, mo-
CTETICHHBIM €r0 M3MEHEHHSM U, B KOHEYHOM HUTOTe, K CTAOHITH3AIIHH.

AHaimi3 pa3HBIX THIIOB pacdeTHBIX ceToK (PC), mmpoKo UCTONB3yeMbIX IS YFC-
JICHHOT'O MOJIEJTUPOBAHNS Pa3IMUHBIX (PU3HMUECKUX TPOIIECCOB, TOPOOHO M3JI0KEH B [4,
5]. locne m3yvernst X 0COOEHHOCTEH, JOCTOMHCTB M HEIOCTATKOB OBUT CIIeNIaH BHIBOJ,
YTO JJIs1 PELICHHST COBPEMEHHBIX 3a]1au MOJIEKYJISIpHOM razoBoi nuHamuku MITY npen-
TIOYTHTETEHBIMH SBIBIFOTCSI CETKH MEePapXUYecKOro THIA, NMEOINE MUHIMAITBHOE KO-
JIYeCTBO BIOKeHWH. [Ipy 3TOM Ha BCeX MepapXHMUYeCcKHX YPOBHSIX CEeTKa JOJDKHA OBITh
CTPYKTYpHPOBaHA H paBHOMEpHA.

I[pu omHOM YpOBHE BIOKEHHUsI (JIByXypOBHEBasi CETKa) M (DMKCHPOBAHHOM UHCIIC
KOPHEBBIX SUeeK KOHEUHBIN pa3Mep pabourx sHIeeK perylrpyeTcs IIOTHOCTRIO pa3one-
Hus KopHeBbIX staeek PC. KpaTHOCT pa3OneHust KOpHEBBIX S4eeK yIo0Hee BCEro MmocTa-
BUTH B 3aBHCHMOCTh OT MECTHBIX JJTHH CBOOOIHOTO IMpoOera MOJIEKYI, OIpeesIsTEOIIX
JIOKJIbHBIN PEKUM TeueHws. B 3TOM citydae pa3mep BIOXKEHHBIX s4eeK OyeT CKauKoo0-
Pa3sHO M3MEHATHCS OT OJHOW KOPHEBOM SUEHKM K JIPYyrod B 3aBUCHUMOCTU OT MECTHBIX
TPaTUEeHTOB (PM3IUYECKUX ITapaMeTPOB oIk TCUCHHI.

Kax 6pu10 TIOKa3aHo paHee [4, 5], ceTka Takoro THIIA SIBISETCS CTPYKTYPHPOBaHHON
Y paBHOMEPHOM KaK Ha YPOBHE Pa3OMEHIs pacueTHOH 00NacT Ha KOPHEBBIE TICHKH, TaK
Y Ha JIOKATHHOM yPOBHE B TIpefenax Kaxmon kopreBoi sueiiku PC. Ha riobampHOM
YPOBHE 3TH CBOMCTBA HApyLIAIOTCSI U CETKA SIBJSIETCS HECTPYKTYPUpPOBAaHHOU. J[ByX-
YpOBHEBBIE Hepapxuueckne HecTpykrypupoBaHHble ceTku (JJMHC) coderaror B
ce0e KavdecTBa JIBYX IMPOTHUBOIIOIOXKHBIX THIIOB CETOK, YTO MO3BOJISIET KOMIIEHCHPOBATh
HEJIOCTaTKN KKIOW M3 HUX JOCTOMHCTBAMH APYTOM M MAaKCHMAJBHO YIIOBIETBOPUTH
OCHOBHOE TpeOOBaHHE — BO3MOXKHOCTB CTYIIIATh CETKY B HY)KHBIX 30HAX PacyeTHOH 00-
JIACTH, COXPAHSIS IIPU 3TOM BBICOKO3()(EKTHBHBIN TOCTYT K cocefHUM stueiikam PC.

OcuoBHoe TpeboBanre Kk PC 8 MIIY 3akmovaercst B TOM, YTOOBI IMHEHHBIE pa3Me-
PBI PacUeTHBIX S9eeK He TPEBOCXOAMIIM MECTHYIO JUTMHY cBOOOmHOTO mpobera A . He-
CMOTpPs Ha TO, YTO 30HLI TTOBBIIIICHHOM KOHIICHTpallMi B OCHOBHOM 3aHHMMAIOT HC6OHI>-
Iy YaCTh PAcCMaTpUBAeMOK 00JIaCTH (PM3HUYECKOTrO IMPOCTPAHCTBA (30HBI OOJBIINX
TPaJMEHTOB M CKAYKOB YIUIOTHEHHs), UCIIOJB30BaHNE paBHOMEpHBIX PC mpuBoauT K
OOJIBIIIOMY CYMMAapHOMY YHCJTy MEJIKHX pacueTHbIX sueek. Mcnons3oranue JJMMHC naer
BO3MOYKHOCTb COKPATUTh oOllee KomdecTBo sueek PC, coxpaHssi mpu 3TOM pa3Mepsbl
sTgeeK B 30HaX ¢ MajbIMU pasMepaMi A . [Ipu 3ToM ymeHbIaeTcs Bpemsi Oy»KIaHus
MPOOHBIX MOJIEKYJT Ha (POHE TIOJIEBBIX, KOTOPOE COCTABJISIET CYIIECTBEHHYIO YacTh OOIIIe-
ro pacuersoro BpemeHu. B urore, JIMHC mo3BoisiroT 53KOHOMUTH MAIIMHHBIE PECYPCHI
(mamMsATh ¥ cueTHOE BpeMs) 0e3 CHIDKEHHMS TOYHOCTH MOTy9aeMbIX Pe3yJIbTaTOB.

Armpobarust anroputma MITU npu ncmonb30BaHUM HECTPYKTYPHUPOBAaHHBIX
JIByXyPOBHEBBIX CETOK ObLJIa IPOBEACHA HA 3a/1a4e OCECUMMETPUIHOTO OOTEKaAHUS
cheppl enuHUYHOTO pamuyca. OCh CUMMETPHH COHANpaBIeHA CO CKOPOCTHIO

HabOeratouiero notoka V. . PasMepsl ocecMMMETpUYHOW pacuyeTHOH 00JacTH B

MIPOIOJIFHOM M PaJIabHOM HANpaBJICHUSIX COCTABILSUIM 5 paguycoB U 3 paiuyca
cdeps! (puc. 1). HaganpHoe mose mapaMeTpoB 3a1aBajoch MOHOCKOPOCTHBIM, CO-
OTBETCTBYIOIIUM IapaMeTpaM HaOerarouero notoka. PO3bIrpeI TpaeKTOpUid Mo-
JIEKYyJ1 OCYLIECTBIIIICS CO BCEX I'paHeld KOHTPOJIBHOTO 00beMa M COOTBETCTBOBAI
MaKCBEJUIOBCKOMY. UHCIIO pa3bIrpblBAEMBIX TPAEKTOPH (McTbITanmit) — 10°,

Ilpn pacuerax ceTodHas CXOAMMOCTH JIOCTUTalach B pE3yJbTaTe IPOBEICHUS He-
CKOJIBKMX HTEpaliii, KaXiasi U3 KOTOPBIX MCMOJb30BaNIa pe3ynbTupyromue noss /11T
npensiymeil. Pacuetnas oGmacte () pasOMBamach B HPOJOILHOM M PagvaIbHOM

HATIPABJICHHSX COOTBETCTBEeHHO Ha 10 1 6 6a30BbIxX sueek A . Ha 1-if ureparmm ocy-
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Puc. 1

LIECTBILUIOCH JOMOJTHUTEILHOE TPEXKPaTHOE ApoOsIeHre OA30BbIX SYEEK MO KAKAOMY U3
Hanpasiennii (HauanbHast PC umeer Beero 540 sueex). Ha mociemyronmx ureparsix
KOJTIYECTBO I1aroB IPOOJICHIS 0a30BbIX sYEEK KOPPEKTHPOBATOCH (YBEIIIMUUBAIIOCH).
JInst JaHHOM 3a/auu OBUTH TPOBE/ICHBI YHCIICHHBIE PACUYETHI PACTIpeIeICHHBIX
U MHTETPAJbHBIX T'a30AMHAMHYECKUX XapaKTEePUCTHK AJISl pa3HBIX PEKUMOB 00Te-
kanust. [11oTHOCTS HaberarIero NoToka BapbupoBanack ot p,, = 5-10° kr/m® 1o

P, = 2,5:10° kr/M3, 4TO COOTBETCTBOBANO PEKMMaM OOTEKAHHS OT CBOOOIHOMO-

JeKyJspHOTO TpH unciax Peitnonbaca Reg= 0,21 (Kn,= 7,9) mo 6mu3koro

KOHTHHYanbHOMY Tipu Reg= 104 (Kn, = 3,9-107%). B KauecTBe XapaKTepHOTo

pasmepa Opasicst quameTp chepbl. Pacuersr npoBoamikcs mpu grcie Maxa Ma =5 u
temnepaTtype Topmoxkenus Tg = 300 K as ycrnoBus TemnoBoro paBHoBecHs cde-

pot (T, /Ty =1, roe T, — Temmeparypa HOBEPXHOCTH Cepbr).
ITpu cBoboxHOMONEKYIsIpHOM pexume ( Rey= 0,21) pe3ynbraThl pacyeToB ycra-

HaBJIMBAIMCH ObICTPO (yxe Ha 2-i U 3-if urepanusx). JIMHEWHbIE pa3Mepbl sSUYEeK
HAYaJIbHOW CETKH HE MPEBBIIIAIN JIOKAIBHBIX JJIMH CBOOOHOTO Mpodera, mo3ToMy B
TMpOLIECCE CUETa CEeTKa He KOPPEKTUPOBAJIACh U COBIIA/IANIAa C MCXOJHOW paBHOMEPHOM
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cerkoit. Bpemst cuera mms TI9BM Intel Pentium-1V 2400 MHz (BUS 533 MHz)
1024 MB (SDRAM PC-2100) cocrasuio 1,5 munytel. Ha pucyske 2 a), 6) moka-
3aHBI H30JIMHUU PE3yNBTHPYIOLINX I0JIeH Oe3pa3MepHoOil IIOTHOCTH p/p,, H Oe3-

pasmepHoii ckopoct V /V_ , mOCTpoeHHBIE Ha 10CTATOYHO IPyGOii paBHOMEPHOI

HavaJIbHOM CETKE (BCpXHI/Ie HOJ'IYHJ'IOCKOCTI/I). I[aHHI)Ie oJI1 Ka4€CTBCHHO COOTBECT-

L

Puc. 3

r)

CTBYIOT IOJISIM, TIOJYYEHHBIM paHee C MOMOIIBIO YUCIEHHOTO MHTETPaJbHOTO Me-
tona [6] (pucyHok 2 a), 6) — HHKHHUE MTOTYIIIIOCKOCTH).

B nepexonnom pexxnme obtekanus (p,, = 107® xr/m3; Rey=41,7) popmupo-
BaHHE JIBYXYPOBHEBOW CETKH B MPOIIECCE MPOBEICHUS UTEPANUN TIOKa3aHO HA PH-
cynke 3. Ha pucynke 3, a) npuBesena ucxoanas PC, Ha pucyHkax 3, 0), B) I), 1) —
PC, momnydeHHsie B pe3ynbTaTe MOCIEN0BATEIHLHOTO MPOBEACHHS YEThIpEX UTepa-
nuit. CeTo4yHass CXOAMMOCTH JocTUTaercs Ha 3-ii — 4-it urepanusax. KomngectBo
pacYeTHBIX SYeeK IMPH 3TOM yBennduBaeTcs oT 540 sueek Uit Ha4allbHOM CETKH JI0
4,2-10% nns nBYXypoBHEBOM ceTkM. M3 pHCyHKa BHMIHO, Y4TO NOCTPOCHHAs JIBYX-
YPOBHEBAsI CETKa MMEET HEPaBHOMEPHOE pacIpelielieHne I'yCTOTHl pa30ouBKu Oa-
30BBIX siueek. Kak u oxunanoch, HAaHOONIbIIEMy APOOIICHUIO MTOJBEPTarOTCs Oa-
30BbIe SYEWKH, HAXOJAIIHUecs B 30He (DOPMHUPOBAHUS yAapHOW BOJIHBI, W SIYEHKH,
MpHUOIMKEHHBIE K TOYKE TOPMOXKECHHS. SI4eiiKi HA4abHOW CETKH ¢ HU3KOH IIOT-
HOCTBIO (p/p., £ 1), pacnonoxeHHsle 3a cdepoil u mepes CKauyKoM YIIOTHEHHS,

He koppektupytotcs. [lomsa Il Ha ynanenun ot nperpais! 1 2-it — 4-if urepa-
UMM TpaKkTUYECKU UACHTHUYHBI. YcTaHoBiaeHue ['JII1 mpoucxomut B mporuecce
IpoOJIeHNS siUYeeK CETKU TOJIBKO B 30HE OOJIBIINX TPaJHEeHTOB HETIOCPEACTBEHHO 3a
ckaukoM (miepent cepoii).
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PaboTocnocoGHOCTh pa3pabOTaHHOTO ANTOPUTMA TTOATBEPIKIAACTCSI COOTBET-
CTBHEM TIOJYYCHHBIX PE3YyJIbTATOB JAHHBIM allpOOMPOBAHHOTO PaHEE aIrOpUTMa
MIIY Ha CTpyKTypUpOBaHHOW paBHOMEpPHOU ceTke. Pe3ynbTupyromnue nos mioT-
HOCTH p/p,, U ckopoctn V/V_ , momydenHsie npu Rey = 41,7 MIIY, npuBeneHs!
COOTBETCTBEHHO Ha pHUCyHKe 4 a) u 0). Pe3ynmpTaTsl pacdeToB Ha ABYXYPOBHEBOI
CETKE MOKa3aHbl B BEPXHEU MOIYIJIOCKOCTH, HA PABHOMEPHON CETKE — B HHUYKHEU
TTOJTYTITIOCKOCTH.
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Bpems cuera kaxoii ntepamuu Ha 4,2-10° pacuernbix sueiikax JJUHC npu 10°
HCTIBITAHUH (PO3BITPHIIIEH) cocTaBmwio =~ 4,5 muH. Pa3OnueHne paBHOMEPHOU CeTKH
mo ocu OX cocraBmsumo 100 saeek, a mo pagmycy — 60 saeek (Bcero 6000 sraeex).
CXomuMOCTh pPe3yabTaToOB AOCTUrallach Ha 3 — 4 WTepanusx, pu STOM BpeMs cUeTa
Ka)KJI0H UTEepaLluK TIPH TOM e KOJMYECTBE UCITBITAHUI COCTABIISLIO ~ 6 MUHYT.

HocrosepHocTth pezynbratoB MIIY na JIMHC noatBep:kaeTcst XOPOIIMM CO-
OTBETCTBUEM HE TONBKO pacnupenencHHblx I'JIII, HO U MHTErpanbHBIX XapakTepU-
CTHK. 3ajjaya 10 OIpeAeIeHHI0 Ko duienTa 1060Boro conporusienus C, mo-

KOSIIIEHCs cephl B MEPEXOTHOM PEKUME O0TEKaHHS B METOIUYECKOM ILIAHE SB-
nsieTcst OJJHOM M3 Hamboliee OCBeIleHHBIX. B [7] omyOnMKoBaHBl pe3ysbTaThl dKC-
NEPUMEHTAILHBIX W3MEpeHHi Kod((UIMeHTa JTOOOBOTO COMPOTUBIECHUS CQephl
C, B IPOMEKyTOYHOH obmactu Teuenust 10 1 < Rey <10* (10° < Kn_, < 10) mns

HIMPOKOTO Jauana3oHa uncen Maxa (5 < Ma,, < 12,5) npu runep3BykoBoM o0Te-

KaHWU JIBYXaTOMHBIM ra3oM (Bo3ayX, a3oT). CpaBHEHHE pPe3yJbTaTOB pPacueToB
MIIY ¢ skcnepuMeHTaIbHBIMU JJaHHBIMU [I0Ka3aHO Ha pucyHke 5. 3HaueHus C,,

NOJTyYeHHBIE Ha ABYXYPOBHEBOH ceTke ¢ nmomonibio MITY, o6o3HaueHb! KBajpa-

Cx

26 ="
2,4
2,2

2 N
1,8
1,6

1,4 =
1,2 I
1 —————
0,8
0,6 T B T
1,E1 1,E+0 1,E+1 1,E+2 Re

0
Puc.5

99



THKaM¥, a 000OIIAOMMA dKCTICPUMEHTALHEIC NTaHHbBIE [/] MOBEpUTEIHHBIA WH-
TepBai [8] — yepHBIMU KpUBBIMH. PacueTHbIC JaHHBIC, COOTBETCTBYIOIIHE TCOPUU
JIOKaTbHOTO B3aMMOJICHCTBHS [9], MPUMEHSIEMO Il OLIEHKH ad3pOJMHAMUICCKHX
XapaKTePUCTUK Ha CTaJMH 3CKU3HOTO MPOCKTHPOBAHMS, MTOKA3aHBI YEPHBIM Map-
KEpoM; IITPUXIyHKTUPHOH JHMHHEH 0003HauyeHbl mpefenbHble 3HadyeHus C,. B

KauyecTBE XapaKTEpHOIo pa3sMmepa mpu pacuere yucen KHyncena u PeliHonbiaca B
(hopMynax TEOpUH JOKATBFHOCTH B3AT nuameTp cdepbl. Koaddumment modosoro
COTIPOTHBJICHHUSI OTHECEH K IUIOIIAIN MHJENEeBOTro cedeHus cdepbl. Kak BumHO 13
pucyHnka, pacyerHsle 3HadeHuss C, MIIY na JJMHC noxaTcs B 10BEpUTEIbHBIH

WHTEepBaJ JWana3oHa pa3dpoca 3KCIEPUMEHTAIbHBIX JAHHBIX U YIOBICTBOPHU-
TEJHHO COTJIACYIOTCS C JAHHBIMU TEOPHU JIOKATbHOCTH.

IIpouece cxomumoctu C, mpu Reqy= 0,21; 2,08; 41,7; 104 nokasan Ha pu-
cyHke 6 (kpuBble | — 4). JlaHHBIE pacdeTOB HAa PaBHOMEPHOHN CETKE yKa3aHbl Ha
pucynke 6 mapkepamu. 3HadeHus C, , momydennsie Ha JJIMHC u Ha paBHOMepHOI

PC, cxomarcs k omHOMY 3Hau€HUIO. AHAIM3 KPUBBIX Ha PUCYHKE 6 MOKa3bIBAET,
9TO C yBEIMYECHHEM 4nciia PeifHONbIca KOMMUECTBO NTEPALNid, HEOOXOIUMBIX IS
JTOCTH)KEHHS CXOAUMOCTH, YBEITHIHBACTCS.

Cx.
26 ‘\JT.
2,4 1
22 m
2 4
18 2
1,6 - 3 4
14
12
1 , , , ,

1 2 3 4 5  HOMEp
Puc. 6 uTepanun

IIpu npoBeneHnN UTEpaLMil HA ABYXYypPOBHEBOW CETKE YHCIIO siUeeK pa3OueHus
pacyeTHOM O0JIACTH MOCTENEHHO KOoppekTHpyercs. KonmuecTBO KOPHEBBIX S4YeeK
IIPU 3TOM OCTaeTCsl HEM3MEHHBIM. 1€ U3 HHUX, KOTOPble HAaXOIATCS B 30HAaX OOJb-
IIOW TUTOTHOCTH, MOCTENEHHO Apo0sATcs Ha Oonee menkue sueriku. Ha 1-if urepa-
U 0a3oBbIe SUEHKH pa3OMBAIMCH HA TPU YacTU B HPOJOJLHOM U pajdalbHOM
HanpaBieHUsX. B nanpHeiimeM marom apoOieHus 0a30BBIX sUEEK SIBISIOTCS MU-
HUMaJIbHbIE 3HAYEHMSI MECTHBIX JJIMH CBOOOTHOrO HpoOera, MOIyYeHHbIX B KaxK-
noii 0a30BOW siuelike Ha Mpenblaylned uTepanuu. MaKCHMallbHOE KOJIHUYECTBO
ApobieHnit 0a30BbIX sueek 1o ocsiM orpanuuuBanock (< 30). Ilpu Rey= 0,21 u

Reg= 2,8 6a3zoBble sueiiku He IpoOATCA, TaK KaK JIMHEHHbBIE pa3Mepbl sSUeeK He

NPEBOCXOJAT MECTHBIX JUIMH CBOOOJHOro mpobera Mojekys (oOIee 4ucio syeek
PC ocraerca nensmennueiM: N, =540). Ilpu yBenmnuenun uucna PeliHonbiaca ko-

JIMYECTBO sA4eeK pacdeTHOM ceTkd N, B XOJI€ NPOBEACHUS UTEpPALUU PacTeT U
nocteneHHo ycranasnuBaercs. Ilpu Reg= 104 B pesynbrate mposeaeHust 6-tu
utepanuidi N, CXOAWTCS K 3HaYEHUIO, IPEBBIIIAIONIEMY 1,5-10%
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Bpewms cuera kax0i uTepalMy 3aBUCUT OT paccMaTpUBAEMOI0 pexuma 00-
texanus. [lpu npuOnmxeHnn K KOHTUHYaJbHOMY PEXHMY BpEeMsl cueTa yBEeJIUYH-
BACTCSl KaK B CBSA3M C POCTOM YHCIa Pa3OMEHUs] pacyeTHOW o0yacTh, Tak M B pe-
3yJibTaTe yBETHUUEHHUs Yrcia cTonkHoBeHui Mosekyn. Ha IMHC pacderHoe Bpemst
Ka)JI0i urepanuu ypenndusaercs oT 1,5 munyt npu Reg= 0,21 (540 sueek PC)

no 11 munyr npu Rey= 104 (1,5:10%14eex). Ha onmcaHHON Bbile paBHOMEPHOM
cetke (6-10%1ueex) npu Rey= 104 BpeMeHHbIE 3aTPaThl UTEPALHIT COCTABISIA OT

8 1o 9 MuHyT.

PaccmoTrpennoe Bhimie obTekanue cephbl SBIIETCS HAUOOJIee MHTEPECHOW U
BCECTOPOHHE M3Y4eHHOW 3amadeii. Kpome cdepsl, kK ocecHMMeTpHIHOMY O0OTEKa-
HUIO TIPOCTHIX TE€Jl MOXKHO OTHECTH OOTeKaHWe KOHyca MO HyJeBbIM YTJIOM aTaKu
¥ KPYTJION IUTaCTHUHBI, TIEPIIEHANKYISIPHON K HaberaromeMy moToky. Ha atux Te-
Jax OBLJIO MPOBEICHO maibHEeHIee TecTupoBanme anroputma MITY, pa3paboTan-
HOTO ISl ABYXYPOBHEBOH HepaBHOMepHOH ceTku. [lomydeHnHble 3HaUeHUs KO3(h-
(ummenTa JI00OBOTO CONPOTHUBJICHUS W pacnupenencHasle 3HadeHus [JIII B
OKPECTHOCTH KOHYCa W TUIACTUHBI MPU CBOOOJHOMOIIEKYIISIPHOM PEXHME TOJTHO-
CTBIO COOTBETCTBYIOT JIAHHBIM TEOPUH JIOKATLHOCTH U MHTETPAILHOTO MeToa [6],
a B TIEPEXOJHOM pEXHME — PacCUYEeTHHIM JAaHHBIM, IOJTYYCHHBIM Ha PaBHOMEPHOI
cerke. CpaBHEHHE pE3yJbTHPYIOIIUX HoJel Oe3pa3MepHOH IUIOTHOCTH p/p,, B

OKPECTHOCTH KOHyCa Ha ABYXYPOBHEBOW M PaBHOMEPHOM CETKEe IIOKa3aHO Ha
BEpXHEH M HWKHEW IOIYIUIOCKOCTH pUCYHKA 7, a). KoHeuHBIi pe3ynbTaT cXoau-
moctu JJMHC u paBaomepras PC — Ha pucynke 7, 6). Y CIOBHUS pac4eTOB COOTBET-
CTBYIOT IPUBEJCHHBIM BBILIE ISl CEpHI.
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BeiBoabl. beimn npoBenieHB! YHCIEHHBIE pacueThl Ta30JMHAMUYECKUX Mapa-
METPOB U K03(D(PUIIMEHTOB TOOOBOTO COMPOTHBIIEHHSI METOJOM TPOOHBIX YaCTHI] C
WCTIOJIb30BaHUEM HECTPYKTYPHPOBAHHBIX CETOK IS 33Ja4 OCECHMMETPHYHOTO
o0TeKaHusl MPOCTHIX TN (Chephl eNUHUYHOTO pajyca, TMCKa U KOHyca) B IHPO-
KOM JIMalia30He HaYaJbHBIX apaMeTpoB MPH PEKUMaX TEUYECHHUS OT CBOOOTHOMO-
JEKYJISIPHOTO 10 OJIM3KOTO K KOHTHHYaJbHOMY. YCTaHOBICHO COOTBETCTBHE pe-
3ynbraroB pacuera MIIY na JJMHC ananornvHbIM pe3yiabTaTaM Ha paBHOMEPHOMH
CeTKe, NaHHBIM OJKCIEepUMEHTa W JPYrux MeToAuK. [loka3aHo mpenMyIecTBO
JAWHC B sxoHOMHUHM MammmHHBIX pecypcos. Mcmonp3oanne JJMHC B nepexoaHbix
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1 OJHM3KUX K KOHTHHYaJbHBIM PEXHMaX MO3BOJISET B MPOOIEMHBIX 30HaX ¢ 0O0Ib-
IIMMH TPaJIMEHTaMU TIapaMeTPOB MPU MEHBIIIUX BPEMEHHBIX 3aTparax CyIleCTBEH-
HO YBEJIMYHTH KOIH4YecTBO siueek PC U TeM caMbIM MOBBICUTH Ka4e€CTBO MPOBOJIU-
MbIX pacdeToB. OCOOEHHO 3TO BaXXHO MPH OOTEKaHUH B YKa3aHHBIX PEXKUMAaxX MPO-
TSOKCHHBIX TEN M TeJ CIIOKHOW KOH(HUTIYpaluH, Ui KOTOPBIX HCIOJNb30BaHUE BO
Bcel pacueTHON oOmactu ryctoi paBHOMepHO PC Tpebyer Gompmux 0O0beMOB
MAaIlIMHHOM MaMSITH U HENPUEMIIEMBIX BPEMEHHBIX 3aTpaT.
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