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VIK 519.6

YN CJIEHHBIE NCCJIEJJOBAHN A
TOYHOCTHU 1 CUMMETPHUN VI'JIOBBIX KBAJ/IPATYP
AJId AIIITIPOKCYMAIIIN TPEXMEPHOI'O YPABHEHUS ITEPEHOCA
METOA0M JMNCKPETHDBIX OPAMHAT HA 3AJAYAX KOBALIIN

M. II. ITemresigen
(OTVII "POAI-BHUUID", r. Capo Huzkeropockoit obmactn)

[Tpennoxena kBanparypa CB,,, ucrosb3yemas I alIPOKCAMAINN YPABHEHHS IEPEHOCA
IO YIJIOBBIM MEPEMEHHBIM [IPU IUCJIEHHOM PENIEHUU METOIOM AUCKPETHBIX OpAauHaTr. JlanHas
KBaIpaTypa 00J1a1aeT CBORCTBOM CHMMETPUU OTHOCHTEIHHO BCEX KOOPAMHATHBIX OCEeH B OT-
snuune ot ES,,-kBagparypsl, KOTOpas 06eCIednBaeT CHMMETPHUIO TOJIBKO B mwiockoctu X OY .
Ha npumepe pemrenus TpexmepHbix TecToBBIX 3amad K. Kobasgmm paccMoTpeHBI OCHOBHBIE
cpoiicrBa kBagparyp ES, u CB,,.

Karouesvie caosa: ypaBHEHHE IepeHOCA HEHTPOHOB, KBAPATyPa, AMMPOKCUMAIAS IO yT-
JIOBBIM II€PEMEHHbBIM, IIOCTAHOBKA 33,124 Kobasiiin, srajoHHbIE PE3yIbTaThl, PACIETHL HA CXO-
JUMOCTb, aCHMMETPHS, HHTErPaJIbHAS IJIOTHOCTD TIOTOKA HEHTPOHOB, HHANKATOPHBIE TOYKH.

Beenenune

YrI0BBIE KBAApPATyPhl ABIAIOTCA HEOTHEMIEMONW YaCTHIO ANIPOKCHMAIAN YPAaBHEHUd MEepeHoCca MIph
YUCJIEHHOM DpPEUI€eHUN METOJO0OM AUCKPETHBIX OPpAWHAT. AJIH YUCJICHHOT'O MOZJE/JIMPOBAHUA JIBYMEPDHBIX N
TPEXMEepHBIX 3324 [ePeHoCca MIHUPOKO ucmoib3yerca FS,-kBagparypa tuna B. I'. Kapacona [1, 2], koro-
pas yCIEITHO MPUMEHSIeTCS B IUJINHIPUIECKO u cpepruaeckoii reomerpusax. OIHAKO CYIIECTBYIOT KJIACCHI
3a/ad, HAPUMEDP MOJEINPOBAHUS HEHTPOHHBIX MIPOIECCOB B A€PHBIX PEAKTOPAaX, I/le CYIIeCTBEeHHOEe 3Ha~
JeHue mMeeT ODecIedeHre CHMMETPHUH PEeIIeHnsd OTHOCUTETHHO KOOPAUHATHBIX IJIOCKOCTEH B JIeKapTOBOI
cucTeMe KOODAWHAT, B TO BpeMs KaK OCOOEHHOCTHIO NMPUMEHEHHUs YTJIOBOH KBajpaTypbl .S, sBisgercs
acHMMeTpHUd paclpeeieHnd HeHTPOHHOrO IIOTOKA IO IOJSIPHOMY YIJIy B TPEXMEpPHBIX 3a/adax Ha IIpd-
MOYTOJIBHBIX CeTKaX HpU OOEeCledYeHudu CAMMETPUU [0 a3UMyTaJbHOMY YIVIy. UTOOBI pEelIuTh JAHHYIO
npobyiemy, ObljIa TpeJIOXKeHa CUMMeTpUuYHas yrioBasd keagparypa C By.

Jl7Is OTleHKYM TOYHOCTH W CHMMETPHUH pPelleHusd ¢ IpUMeHeHneM yTriaoBbiX kBagparyp ES, u CB, Obuia
BbIOpaHa Cepus IIMPOKO U3BECTHBIX TECTOB, CO3MAHHBIX moj pykoBozcrBoM K. Kobagammu [3], koTopsie mo-
CBAIICHBI MOAECJINPOBAHUIO PACIPOCTPaHEHUA HeﬁTpOHOB OT UCTOYHHUKA B ONTUYIECCKH IIPO3PATHBIX CpEeaax
npu pa3dMepax MomenupyeMbix cucreM g0 100 cm. Bribop mamHBIX 3a/7ad, ¢ OZHON CTOPOHBI, CBI3aH C Ha-
JMYneM aHAJUTHYIECKUX pelrenuii (1ubo BHICOKOTOYHBIX pPElleHui, IoIyYeHHbIX MeTogoM MorTe-Kapio).
C zapyroit CTOPOHBI, UX IIOCTAHOBKA B JOCTATOYHOW CTEMEHU MO3BOJISET ONEHUTHh KA4eCTBO PAa3HOCTHOM
ANMpPOKCAMAIINYN YPABHEHUS IIEPEHOCA.

B crarpe npuBenena mogpobHas MOCTAHOBKA TPEX TECTOBBIX 3amad Kobadinum u COOTBETCTBYIOIITE WM
pe3ysbTaThl pacdeTroB. PaccMaTpUBAIOTCA PE3YJIbTATHI UUCJIEHHOTO MOIEJIMPOBAHUA PACHPOCTPAHEHUS
HEATPOHOB Kak 6e3 peakmuii pacceannd, Tak u ¢ 50 %-HBIM paccedHHeM Cpemoii.

CJIeILyeT OTMETHUTDH, YTO IIPDUBEACHHBIC B pa60Te IIOCTAHOBKU U PE3YJIbTAaThbl TECTOBBIX 3aJa9 UMEIOT
OTAEJ/IBHYIO IIEHHOCTh U MOIr'yT 6I)ITI) IIOJIE3HbI OJId I/ICCJIeIZLOBa,HHﬁ CBOICTB Pa3HOCTHBIX CXEM IJId aIlIIPOK-
CHMAlliy ypaBHEHHUd MEPEHOCA KaK IO YIJIOBBIM, TaK U IO IPOCTPAHCTBEHHBIM IT€PEMEHHBIM.
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Bce pacuerst 6bu1n Boinosinens: 1o meroguke CATYPH [4] ¢ ucnosnb3oBaEreM mpocTpaHCTBEHHBIX CETOK,
COCTOANMX W3 MPAMOYTOJNBHBIX IAPAJIEJIENUIEN0B (B JAaHHOM Cilydae KyOOB), B JE€KapTOBOH CHCTEME
koopauHar [5].

Annpokcumanus ypaBHEHUS [EPEHOCA HEUTPOHOB II0 YIJIOBBIM [EPEMEHHBIM

TpexmepHoe cTanmoOHAPHOE OJHOTPYIIIIOBOE YPABHEHUE IIEPEHOCA HEHTPOHOB B JEKAPTOBOW CUCTEME KO-
OPAWHAT 3aMUCHIBAETCA B CJIEAYIOIIEM BUIE:

ON 1

ON ON
2 2 o _ (0)
V1—pscose - + v 1—p?sing ” +u . +alN = 1 Bn'™. (1)

Bmecy p = cosf (p € [—1,1]), rme § — mongpHSBIH yroJ HAIpaBJIEHHUs [OJETa HEATPOHOB; ¢ — a3UMY-
TaJIbHBIA yros HampasieHus moJera Helirponos, ¢ € [0,27]; N = N (z,y,z,4,p) — ILIOTHOCTH OTO-

Ka HEHTpPOHOB B TOYKe (Z,Yy,Zz), JIETAIUX B HANPABICHHH eAuHWIHOro BekTopa () = 2 (6,¢) (puc. 1);

1 2w
n® = f dp f Ndy — wnTerpajbpHasg IIOTHOCTH HOTOKA HEATPOHOB B KOOPAWHATHOW TOUKe (z,y,z);
-1 0

a = a(z,y,z) — xkoaddunment mormomenns weiirponos; f = S (z,y,2) — kodddunuent paccesHus
HEUTPOHOB.

VYraosbeie kBaaparypsl Tuna Kapscona. g gucienHoro pemrenns ypasrenus (1) HeobGxommmo
ONNMCAHWE JAMCKPETHOW yTryIoBOi 3aBumcumocTu Hefirponnoit dbyukmmm N = N (z,y,z,pu,¢). g sroro

BEOJMTCA KBaJAPATyPHAA CETKA {wm, Y, (lm}, m=1,...,n(n+2), roe n — nopamok kBagparypsl, w (0)

u v (¢) — Beca. Paccmorpum pasuyio yriosyio ES,-kBagparypy u3 Kiaacca S,-kBagparyp Kapicona [6].
Ha puc. 2 npexacrasien okrant equanyaaoii cdepsr p € [0,1]; ¢ € [0,7/2].

n(n+2) . . 47
——— 9acreil ¢ OMUHAKOBOH IIOMAIBI0 Sy =

Pazobrem okTaHT Ha IIpu sTom 1mmpu-

n(n+2)
4(n—2L+2)
Ha KaXKJOro CJIod 1o f OymeT COCTaBAATb Ury1/2 — HL-1/2 = W, el =1...,n/2 —
4(n—2L+2
HOMED CJIOd, OTKYyZa BECOBOE 3HAUEHWE W = % Torma Bca mmomans L-ro ciog Oymer
n(n
VA
f‘_’\
7 A m(n2+172)=1

236,09

v

v

X X “ s

Puc. 1. Hanpasiienue nosera HeRTpOHOB m3 TO4YKH Pwuc. 2. PacmosnoxkeHnue y30B yrioBOR CETKH IJd S,-
(z,y,2) KBaJ[paTyp
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pasHa S = g (u L+1/2 — HML-1 /2). ['panuiel Kax/[0r0 HHTEPBAIa 1O jt OUPEAENTIOTCH KaK i1/ =
— 2L+ 2 —1+1
=1- (n +2)[n E n 2)( )], IeHTpaIbHbIe 3HAYeHnd 110 opMyie 1id KBaapaTypsl ES, ur =
n
) (n—2L+2) n(n+2) g 6 . .
=1- . Yro xacaerca pa3bueHnms MO yTJIOBOH MEPEMEHHOH ¢, TO =
n(n+2) n(n+2)—2 P y b 4 vL,m
T 2M —1 u 1 n—2L+2 I
= - 1€ =1,...,———— — HOMep cexTOpa B cjoe L. U 3TOM pPaBHBIE BECOBBIE
2n—2L+2 2 P p2 P P
T
L -
3HAYeHUd /g caod L ompenendiorcs 1o dhopMmyne yr = Py

Cy1iecTByOT Tak:Ke U ApPyrue paBHbIE KBAIpATyphl Kap/icoHa ¢ HE3HAYUTETHLHBIMA MOIU(DUKAIUIMHA.
Tak, Haupumep, EQ,, [7] — 1o anamnor ES,,, HO ¢ paBHBIME BECOBBIMU 3HAIEHUSIMA JJIs BCEX HAIIPABJICHUIA:

wr, = B cayuae ¢ LQ,, [8] uerTpasnbHble 3HAUEHUS B cI0e L NI mEepeMEHHOM ft BHIYUCIIAIOTCS

2(L—1)(1—3u3) n(n+2)

C YCJIOBUEM Il BECOB  » | Wy = L.

n(n+2)

o dhopmyite u% =u?+ 9

m=

OpHuM U3 BaXKHBIX TPeOOBaHMIA JJIsd BCEX KBAAPATYP ABJSETCd JocTu)ReHue 1ud@y3n0HHOr0 Ipejea,
a UMEHHO IPU BBIYUCIIEHUU CJIEAYIONNX HHTErPAJIOB C YyIeTOM BeCOBBIX 3HadeHmii w (0), v (p) momxHO
HOJIy9uThCs 3Hadenue 1/3:

n/2 2(n—2L+2)

1
wdp=23% > (p)wryr= 3
L=1 M=1

n/2 2(n—2L+2)

1 2T
]
1 1 2m 1
yp /d,u/ (1 — ,u2) cos® pdp = 2 Z Z (1 - H%) cos? (pr,m)wryr = 3 (2)
T % L=1
1 2T
]

3

n/2 2(n—2L+2)

1 _ _ 2 w2 _1
(1 )sm pdp = ZLZI Z (1 ,LLL) sin” (pr,m)wryr = 3

N
3

['maBHOE TOCTOMHCTBO BCEX IPEICTABIEHHBIX KBAJAPATYP — 9TO PABHOMEPHOE pacIpesesieHre HaIpaBJie-
HU MOoJIeTa HEHTPOHOB, ITO MO3BOJIAET 00ECIeYnBaTh 3aJAHHYI0 TOYHOCTh HA OTHOCHTEIBHO HEDOJIBIIOM
KOJINYECTBe HAIIPAaBJIEHNN, NPpUXOAAIUXCA Ha moaHyo chepy. Ho mpu sTom He pemaerca mpobiema moJi-
HOIl CHMMEeTPHUHU OTHOCUTEIbHO BpalleHus cucrembl HAa 90 ° Bokpyr oceit OX u OY.

KBagparypusbie dopmynsl Tuna aycca. Ipyrum Ki1accoMm yrioBBIX KBAaJpPaTyp ABIAIOTCA KBal-
parypst Tuna [aycca. [lag Hux 3aBucuMOCTh (PYHKIIMHU PEIIEHUA OT yIVIOBBIX IIEPEMEHHBIX OIPEIEIaeTCs
gepe3 pasJioxkeHue 1o moauHoMmaM Jlexannpa mubo YebwimeBa. Takue KBaapaTyphbl UMEIOT Pl IPEUMY-
IIECTB [0 TOYHOCTH OTHOCHUTEJIBHO CTAHIAPTHBIX KBajparyp KapscoHa, HO y HUX €CThb W P HEJOCTAT-
KOB — OPpPAaHUYEHUd [0 IPUMEHUMOCTH HA PA3JIUIHBIX ITPOCTPAHCTBEHHBIX CETKAX W3-33 HEPETYIIPHOIO
PACIOJIOXKEHHS Y3JI0B YIJIOBOM CeTKU Ha €IWHWIHON cdepe.

Cy1iecTByOT TOAXOIbI, KOTJA CTPOUTCH CTAHIAPTHAA YIVIOBad KBAaJAPAaTypa TUMA Sy, HO CpeJHIe 3HATe-
HU KOCHHYCA IOJIAPHOIO YIJIA (i, © COOTBETCTBYIOIINE UM BECA W, BBIYUCIAIOTCA d€PE3 PA3JIOKEHUE IO
nonuHoMaM. [Ipumep — xBazparypa P,-EW [9], ais KoTOpOit HCHOIB3yeTcs Pa3okKeHne MO MOTHHOMAM
Jlexannpa. Bo3aMoKHBI KOMOWHAIINN: [1JId HAIIPABJIEHUH IO f4], — Pa3JIOXKeHNe [0 moauHoMaM Jlexanapa,
ISt HAIIPABJIEHUI 10 @r, pr — 1o mojmeoMaM debbimesa, Kak, Hanpumep, B kBagparype Pn-Ty [9]. TIpn
9TOM MOCJIeJHAS KBAaIpaTypa, 10 MHEHHUIO aBTOPOB [9], HaciexyeT npenMyiiecTsa S,-KBaJpaTyp: C OIHOMI
CTOPOHBI, PABHOMEPHOE DACIpE/IeNeHNe y3JI0B CETKH, C IPYrOff — CHMMETPHUIO OTHOCHATEIHHO BPAIEHUST
cucremsl Ha 90 ° Bokpyr oceit OX u OY.

AnbpTepHATUBHBIE CHMMETPUYHBIE YIJIOBbIe KBaApaTypbl. CyLIIECTBYIOT aJbTEPHATUBHBIE CIIO-
co0OBI 3a/IaHNd YIVIOBBIX KBajaparyp. Hampumep, onua u3 uneit 3akiaogdaercd He B pa3bueHuu (parmenta
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cdepsl (OKTaHTa) HA YACTH, KaK B S,-KBaJApaTypax, a B pa3bueHUN IpaHell CHMMETPUIHON OOBLEMHOM
dburyper — rerpasapa mmm xyba (puc. 3). Vcxogs 3 cnocoboB MOCTPOEHUS, TaKWE KBAAPATyPhI CIIOCOD-
HbI 06eCHe‘-II/ITI) CHMMETPUIO PaCIIpeacIeHuA HeI';ITpOHHOI‘O IIOTOKa OJHOBPEMEHHO IIO0 a3UMYTAaJIBHOMY Hu
MOJIAPHOMY yTJIaM HA TPEXMEPHBIX MPOCTPAHCTBEHHBIX CETKAX.

IlocTpoeHue cuMMETPUYHON YTJIOBOM KBAJApaTyphbl

N3-3a mpocToThl peamu3anuu paccCMOTpuM Oojiee TOIpOOHO BAPUAHT MOCTPOEHUA CUMMETPUIHON yTIiTo-
BOU KBaapaTyphl Ha Oaze kyOa. PazobObem Ha gacTum KaxKAyI0 W3 TPEX rpaHeil, He JIEXKAIUX HA KOOP.IW-
HATHBIX IJIOCKOCTaX. l[lpm sTOM npobsreHme KaxKaoil rpanu Kyba MpPOMCXOAWT COIVIACOBAHHO HA PaBHbBIE
KBaJpaThl IO mpuHOAIY 2 X 2, 3 X 3 u T. 1. Ecam mpoBecTu OTpe3KH W3 IEHTPAa KOOPAWHAT K CepeIuHaAM
00pa30BaHHBIX KBAIPATOB, HAXOMAIIAXCA HA KAXKJIOH m3 Tpex rpaHeil kyba, W HA ITUX OTPE3KAX OTJIO-
JKUATH €JUHUIHBIE BEKTOPHI, TO OHU U OYIyT COCTABIATH YIJIOBYIO KBaApaTypy. B manbHeiinieMm yrioBbie
KBaIPaTypPhl, COOTBETCTBYIOINE pa3dbueHuio rpaneit kyba Ha kBagparsl 1 X 1, 2 X 2, 3 X 3 u . 1., Oy-
nem oboznagarh kak C By, CBy, CBjg .... 3HaYeHne Beca JId KaXKI0r0 y3J/1a CeTKU (HaIpaBIeHUs MOJIeTa,
HEHTPOHOB) ONPEIENIAETCS Yepe3 MPOEKINIO ILIOMIAIN COOTBETCTBYIONIEr0 KBaIpaTa Ha BIUCAHHYIO chepy
(okranT) (puc. 4).

Jannubrit crocob mocrpoerus yriosoii cerku tuna C' By, 06001aercs Ha BCIO cepPy € JIIOOBIM TOPSIIKOM
MaHHOU KBaapaTypbl. B tabm. 1 npuBegena kpaTkad wHMOpPMAIUd IO TOCTPOEHUIO KBAIPATYPHI.

a o

Puc. 4. Oxno u3 Hanpasienuii monera neiirporos B C By
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Tabaruuya 1
Kparkag nadopmManus o moctpoenun KBaaparypsl CB,,
XapakTepucTuKa CB; CB> CBs; - CB,
Yucsio HanpasieHnit Ha BCO cdepy 24 96 216 e n-n-3-8
Jlpobierune 1x1 2 X2 3x3 nxn
Pa3buenne rpann kKyba Ha KBaIpaThI o
AR dks =
+ |+ y
4 <+ 4| <+ ::;;?’
7‘
B +|+|+
1 2w
Kak u mus Bceit eguauanoit cdepsr, gus CB, norpebyeM BBINOJHEHUS YCJIOBUS f du f dp = 4.
~1 0
Torma obmias mons HampasieHuil, "npuasaHHbiXx" K KBaJpaTaM KaXKjoil rpaHu Kyba B OKTaHTe, Oyaer
cocraBaarh /6. Exuamansiii Bekrop O, m =1,...,(n-n-3-8), HanpaBieHus 10T HEHTPOHOB, IIPO-

XOIAIIAil Yepe3 Ha9aJI0 KOOPAUHAT 0 MEHTPa KayKJOro KBal-
para, Olpeaensercd TeOMETPUIECKIMU 3HAYCHUAMHA O U Q.
[Tpm sTOM Bec KaxKaOro HampaBjeHWs Wy, (y=1) ompenemnser-
cd 9epes3 ILIOMAb MPOEKINH COOTBETCTBYIONIEr0 KBaJpara Ha
BIUCAHHYIO €JIMHUIHYIO cepy.

Jig moomaeif, COOTBETCTBYIOIUX MPOEKIUAM KBaJIpaTOB
omHol rpanu Kyba, B obmem caydae S;+ Sy +S3+ ...+ S, +
+ ... + Saxn) = Soom (puc. 5). Orcioma Bec m-ro mampasie-
TSm
6So6m
JaHHOU peasm3anuu yciaoBud auddys3uonnoro mpeperna (2) me
BBIMOJIHAKOTCS U3-32 MPUOJINKEHHOTO (FeOMETPUYIECKOrO CIOCO-
6a) BBIYUC/IEHUS OPOEKNuUil MIOmAell KBaJpPaTOB HA BIUCAH-
HyI0 cepy, COOTBETCTBYIOIIUX BECOBBHIM 3HaYeHHUAM. [lo 3Toi
Puc. 5. Orobpazkenue rpanu Kyba Ha pum- 7K€ IpU4MHe yriuosas cerka tuna CB), He sBIIdeTcCs paBHOMED-

Hud OyZeT paBeH Wy, Hyxn0 oT™MeTHTH, 9TO IpH

caHHYyIO0 cepy HOIA.

Tpexmepusbie TecToBbie 3agaun Kobasgmm

YucjaeHHbIE HCCIENOBAHAA, PACCMATPUBAEMbIE B HACTOLINEH paboTe, MPOBOAUINCH HA IPUMEpPE TPEX-
MEPHBIX MOJEJBHBIX 3aJ1a4, MPEIJIOKEHHBIX aBTOPCKUM KOJUIEKTHBOM mon pykroogcreom K. Kobasmiu.
B zagagax momenupyercsa pacnpocTpaHeHHe HEHTPOHOB OT MCTOYHUKA B ONTHYECKH IPO3PATHBIX CPEIaX.
Pacdaersr npoBoguanch HA IPOCTPAHCTBEHHBIX CETKAX, COCTOSINUX U3 IPSIMOYTOJIbHBIX IapaJLIe/IeUIIeI0B
(B marEOM Cirygae KybGOB) B IeKapTOBOi cucreme KoopamHAT. [1pu 3TOM HEOGXOAMMO OTMETHTH CJIOKHOCTH
Ka4eCTBEHHOI'O YUCIEHHOTO MOIEINPOBAHASI METOAOM IUCKPETHBIX OPAMHAT IIPOIECCOB PACIPOCTPAHEHUS
HEATPOHOB B ONTHYECKU IIPO3PAYHON CpPEe W3-3a BIUSIHUS AYUEBHLIT IPPHEKMOos.

ITocranoBka 3ama4. PaccmarpuBaercsa cucreMa, cOCTOAAsA U3 TpeX BemiecTs (obmacreit). B Tabi. 2
mpuBegeHa WHMOPMANKs O CBOWCTBAX Cpebl JIjIs BCeX Tpex BemecTB. B BemecTse 1 3agaH MOCTOSHHBIN
ICTOYHUK HEHTPOHOB, PABHOMEpHLIH, ¢ mHTeHcEBHOCTHIO 1000c™!. MomeaupoBaaoch pacmpocTpaHeHne
HeATPOHOB Kak 6e3 peaknuii pacceanud, Tak u ¢ 50 %-HbIM paccedHHeM Cpejoii.

3adaua 1 (cummempuunoti mecm). PaccmaTpuBaercd cucremMa u3 BIOKEHHBIX IPYT B IPYTa TPeX KyOoB
pasmepamu 10cm X 10cm X 10cem, 50cm X 50cm X 50cm m 100 cm x 100 cm x 100 cm, cocTodIux u3 Be-
mects (obmmacreii) 1, 2 u 3 COOTBETCTBEHHO, KOTOPBIE O0IANAIOT PA3INIHBIME (DU3MIECKIMHA CBONCTBAMA.
Tpu rpanu Bceil reoMeTpuu, PacIOJOXKEHHbIE B KOOPAUHATHBIX miockocTax X O0Y, XOZ u Y OZ, nmeror
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Tabruya 2
CsBolicTBa BellleCcTB
Homep a,cm B,em
obracTu 6e3 paccesHUs ¢ paccearuem 50 %
1 0,1 0 0,05
2 0,0001 0 0,00005
3 0,1 0 0,05

3ePKaAAbHYIE TPAHUIHBIE YCIIOBUS, HA OCTAJbHBIX TPeX IPAHAX 3aJ[aHO yCJIOBUE C80000HOUT NOBEPTHOCTMU.
leomerpuga 3amaun 1 npusensera na puc. 6.

3adaua 2. Hannaga 3amada npegcrapisger coboit mogudukanuio 3agaqdu 1. CoiicTBa BCeX TPex BEIIECTB
COXPaHdIOTCAd, HO UX IreOMeTpud nMeeT ,I[pyI’OI';I BUI. CI/ICTeMa, COCTOUT U3 BJIOZKCHHBIX IIaPAJIJICJICIINIICI0B
pasmepamu 10 cm x 10 cm x 10 em, 10 em x 100 ¢ X 10 e m 60 cm x 100 cm X 60 cm. [logpobras uudopmanus
0 pacmosiokennu BermecTs (0OJacTeil) mpeacTaBIeHa HA PHUC. 7.

3adava 3. 3amada uaeHTUYHA 3a7ade 2, HO BHECEHbI M3MEHEHHHA B I'€OMETPHUIO BTOPOTO BEIIECTBA.
TpexmepHada reoMeTpud 3aa90 IPEeICTABICHA HA puc. 8.

HucjeHHbIE pe3yabTaThl. B mepByio odepess Ha TPEX IPOCTPAHCTBEHHBIX CETKAX BBIMTOJHEHBI PAcde-
THI HA CXOAUMOCTD IO IPOCTPAHCTBEHHBIM IIEPEMEHHBIM ¢ ucnouab3oBanueM cxem DD [10] u LB [11, 12] gna
3agaun 1 6e3 paccesHusa. IDTO OBLIO CIAEJIAHO JJjis BHIOOPA ONTUMAJIBHONW IPOCTPAHCTBEHHOW CETKU W WC-
KJIIOYEHNS BIUSHUA ANMTPOKCUMAINY 10 MPOCTPAHCTBEHHBIM MTEPEMEHHBIM HA, Pe3YIbTATHI UCCIEIOBAHMIM
CXOJIMMOCTH TI0 YTJIOBBIM MEPEMEHHBIM.

Ha BTOpOoM 3Tame ¢ BHIOpAaHHBIME TAapaMeTPAMU, OTHOCAIIUMUCT K IIPOCTPAHCTBEHHBIM MEPEMEHHBIM,
BBIMIOJIHEHBI PACUETH HA CTYIIAIONUXCA YIVIOBBIX CETKAX JJId OMEHKH TOYHOCTH W CUMMETPHUH PEIeHui,
moJiydeHHbIX ¢ npumenenuem FES,- uw CBp-kBajgparyp. PaccMarpuBajiuch YHCIEHHbIE 3HAYEHUS WHTE-
rpasbHOl mIoTHOCTH HefirporHOro motoka n'®) B oTmenbHO 3amaHHBIX TOUKaX (%, z) (KOODAMHATEI 3a-
JABAJKNCh B CAHTHMETpPaX) KaxKzoil pemaemoii cucremsbl. Jlajee Ha BBIOPAHHBIX HPOCTPAHCTBEHHOW U
yrioBoii (coorsercrBytomeit qis ES,- u CBy-kBagparyp) cerkax ObLIa BBIIOJHEHA BCA CEPUS PACIETOB
3amau Kobasrmm.
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M. II. IlenensaeB
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B Tabus. 3 mpeacraBieHsl OTAEIbHBIE PE3YIbTATHI IUCIEHHBIX UCCIEIOBAHUI IO BHIOOPY ONTHMAJIbHBIX
MPOCTPAHCTBEHHBIX CETOK, B TaDJI. 4 — pe3yJIbTaThl UCCJIEIOBAHUN Ha aCUMMETPUIO id F.S,-KBajapaTyphl.

Hccaedosanue npocmpanemsennoe U yeao6ux crem. Onpemaensaanch OTKJIOHEHU IUCIEHHBIX PElleHni
n(®) 3azaqu 1 6e3 paccesHnsd, TOJYyIeHHBIX HA IPOoCcTpaHcTBeHHBIX ceTkax 110 x 110 x 110, 330 x 330 x 330
u 550 x 550 x 550 mo cxemam DD u LB, ot Tounoro 3nauenus [3| 8 Touke (5,5,95).

PeByJII)Ta,TI)I, opeacTaBJICHHBIE B Ta,6JI. 3, IOKa3aJik, 9TO C TOYKH 3PEHUA TOIYHOCTU HOAAJIBHAA CXEMa
LB mpeanoururenbHee mo cpaBHeHnio ¢ DD g perenns mogo0HBIX 3a0a9 W3-3a CIa00# 1yBCTBUTEIBHO-
CTH K pa3Mepy HHTEPBAJOB OMHOPOMHON TPEXMEPHON mpOoCTpaHCTBEHHOH ceTku. [Ipwm sTOM m3mesnbieHue
HpOCTpaHCTBeHHOfI CETKHN Ha OAHUX U TEX 2K€ YIVIOBBIX KBaJApaTypaX NPUBOAUT K HE3HAYUTEJIIBHOMY YyXYyI-
IIEHWIO TOYHOCTU IUCJIEHHBIX PE3YJIbTATOB. TeM caMbIM MOATBEPKIAAETCH, ITO B CiIydae Oojee CHIBHOIO
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YuciienHbIE HCCJI€I0OBaHuA TOYHOCTH U CHMMETPHH YIJIOBBIX KBaApaTyp AJid alllIPDOKCHMAITUH. . .

Tabruya 3
Orkionenud (B %) 4YUCIEHHBIX PEIIeHUI OT TOYHOrO B 3azade 1
Cxewma, ESis, ESss, ESe4, ESi2s, ESss56,
ceTKa 288 1088 4224 16 640 66 048
HaIIpaBJIEHAI HaIIpaBJIEHAI HAIIpaBJIEHAI HAIIpaBJIEHAI HAIIpaBJIEHAI
DD, 110 x 110 x 110 -39,80 —20,89 15,56 —8,12 1,71
DD, 330 x 330 x 330 —10,97 1,05 4,26 2,23 —
DD, 550 x 550 x 550 -7,33 6,20 3,22 — —
LB, 110 x 110 x 110 -9,16 5,82 4,98 3,32 0,60
LB, 330 x 330 x 330 -9,13 13,57 5,29 3,59 —
LB, 550 x 550 x 550 -9,14 14,52 5,54 — —
CB:s, C B, CBis, C Bso, C Bsa,
600 2400 5400 21600 64 896
HAIIpaBJIEHAI HaIIpaBJIEHAI HaIIpaBJIEHAI HaIIpaBJIEHAI HaIIpaBJIEHAI
LB, 110 x 110 x 110 —24.87 33,03 4,81 4,24 0,11
Tabauya 4
OrkiioHenns or cumMmerpun (B %) pemennii 3amaun 1 gna ES,-kBagparypsl
Cxewma, ESs, ES3,, ESgq, ES) s, ESos6,
ceTkKa 288 1088 4224 16 640 66 048
HAIlpaBJIEHUH HAIIpaBJIEHUH HAIlpaBJIEHUH HAIIpaBJIEHUH HAIIpaBJIEHUH
LB, 110 x 110 x 110 0,3 13,9 2,7 0,8 0,6
LB, 330 x 330 x 330 0,3 29,4 44 1,9 —
LB, 550 x 550 x 550 0,3 34,2 4,6 — —

U3MeIbUeHns IPOCTPAHCTBEHHOM ceTKU HeOOXOIMMO MpUMeHEeHne COOTBETCTBYIONIEH BHICOKOTOYHON yTIT0-
BOI CETKU AJId COXpaHEHUud TOYHOCTH.

B urore amg mocieayiommx mCCieIOBaHWU ObLIM BBIOpAHBI ONTHMAJIbHBIE HMAapaMETPhI CYeTa 3a/ad:
cxema LB ¢ gpobsenunem kaxaprx 10 cm Ha 11 WHTEPBAJIOB CETKY IPU YCJIOBUY MPUMEHEHU YTIIOBOU CXEMBI
E Ss56 (66048 manpasnennii) wan C Bsy (64 896 manpasienwmit), Tak Kax JaHHbIE KOMOWHAIWA TO3BOJILIN
[OJYYUTh OTKJOHEHUs OT TOYHOTO pesynbrara Menbiie 1 %.

Heceaedosanue cummempuu u mowrnocmu pewenud. Pemenns n(®) 3azaun 1 6e3 paccestHus, momyden-
HBIE HA mpocTpancTBerHOl cerke 110 x 110 x 110 mo cxeme LB B Touxax (95,5,5), (5,95,5), (5,5,95),
AHAJIM3UPOBAJINCH C TOYKH 3pEHUs OTKJIOHEHHUil orT cumMerpun (cMm. Tabi. 4).

W3 rabuibl BUIHO, 9YTO C U3MEJIbYEHUEM TPOCTPAHCTBEHHOM CETKU MTPOUCXOIUT YXYAIIEHUE CHMMETDUN
HA TeX JKe YIVIOBBIX KBajgparypax. [Ipu sTom mpuememas rounocts (Menbine 1 %) mocruraercs Ha ceTKax
110 x 110 x 110 ¢ mopaxkoM KBaapaTypsl 128 u BhIIIe.

ES,-xBanparype mo tounoctu He ycrymaer CBj,-KBaapaTypa € KOJIXIECTBOM HAIPABJIEHUI TOIeTa
ueiirporos ~ 5000 (4,81 % uporus 4,98 % — cm. Tabu. 3). C npyroii CTOPOHBI, IYTO KACAETCA ACHMMETPUI
¢ npumenenuem E S, -kBagpaTypsl Ha TOM Ke 9HCJIE HAIPABIEHNH, TO OHA cocTaBigeT ~ 3 % (cm. Tabu. 4).

B Tabn. 5—10 nig BeIOpaHHBIX paHee MApaMETpPOB MPOCTPAHCTBEHHOW W YIJIOBBIX CETOK IIPUBEIEHBI
Pe3yJIbTaThl 3HAYEHNH HHTEerpaIbHoil mIoTHOCTH HefirporHoro moroka n'?) B ornenpHO 3a0aHHBIX TOUKAX
(z,y,z) mna kaxmoii u3 Tpex 3aga4d 6e3 paccegnud u ¢ 50 %-HbIM paccesHEEM.

B cummerpuunom Tecte 6Ge3 paccesHus (3amada 1) TOYHOCTH pe3yabTaToB ¢ npuMenermeMm FSosg-
KBaJpaTypsl Beiure mo cpaBHeruio ¢ C'Bsy. CpeanHue OTKIOHEHWS B pacdeTax € KBaaparypamu FSssg
u CBss cocrasngaor coorBercreento 0,24 u 0,88 %, makcumanbabie — 1,64 m 2,42 %. C apyroii cTopoHsH!,
s C Bsa-kBagparypsl B Toukax (95,5,5), (5,95,5), (5,5,95), yJaleHHBIX OT HCTOYHUKA, BBIIEPKUBACTCS
cUMMeTpHd B oTuune oT FSa56-KBaApaTyphl, I KOTOPOi acuMMeTpuda B 3Tux Toukax gocruraet 0,6 %.
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M. II. IlenensaeB

Tabauuya 5

Pesynprarsl 3amaun 1 6e3 paccesnunsa (mpocrpascrBeHHas cerka 110 X 110 x 110; cxema LBj; kBazn-
parypsl ESz56, CBs2)

[L10THOCTH HeATPOHHOTO TOTOKA, 1/(cM? -

c)

Orkmonenne, %

Merop, Koneuno- Koneuno- Koneuno- Koneuno-
(z,y,2) Ananurnyeckoe MomnTe- Pa3HOCTHBII Pa3HOCTHBIN Pa3HOCTHBINI  pPa3HOCTHBIN
peleHue Kapio MeTOos, MeTOos, MEeTOz, MEeTOz,
(KobGasmmn) (CATYPH), (CATYPH), (CATYPH), (CATYPH),
ESas56 CBsa ESas56 CBs2
(5,5,5) 5,95659 - 10° 5,95332 - 10° 5,95066 - 10° 5,95049 - 10° -0,10 -0,10
(95,5,5) 3,46846 - 104 3,46829-10~*  3,46912-10~*  3,48956-10* 0,02 0,60
(5,95,5) 3,46846 - 104 3,46829-10~*  3,46912-10~*  3,48956-10* 0,02 0,60
(5,5,95) 3,46846 - 104 3,46829-10"*  3,48042-10~*  3,48956-10~* 0,60 0,60
(5,15,5) 1,37185 - 10° 1,37116 - 10° 1,37242 - 10° 1,37239 - 10° 0,04 0,04
(5,25,5) 5,00871-10"* 5,00789-10"% 5,01253-10"'  4,98871-10! 0,08 —0,40
(5,35,5) 2,52429 - 101 2,52407-10"Y  2,52668-10"'  2,50242-10! 0,09 —-0,87
(5,45,5) 1,50260- 10! 1,50251-10"1  1,50209-10"%  1,48802-10*! —0,03 —0,98
(5,55,5) 5,95286 - 1072 5,95254-10"2  5,95165-10"2  5,91792-1072 —0,02 -0,,59
(5,65,5) 1,53283 - 1072 1,53274-1072  1,53604-10"2 1,51872-102 0,21 —0,93
(5,75,5) 4,17689 - 103 4,17666-1073  4,19247-1073  4,12177-1073 0,37 —-1,34
(5,85,5) 1,18533-10°3 1,18527-107%  1,18604-10"3  1,18328-103 0,06 -0,17
(15,15, 15) 4,70754- 101 4,70489-10"1  4,70798-10"!  4,70284-10"! 0,01 -0,10
(25, 25, 25) 1,69968 - 1071 1,69911-1071  1,69925-1071  1,69207 107! —0,03 -0,45
(35,35, 35) 8,68334-102 8,68104-10"2  8,68163-10"2  8,62968- 1072 —0,02 —0,62
(45,45, 45) 5,25132- 1072 5,25011-1072  5,25052-10"2  5,21365- 1072 —0,02 —0,72
(55,55, 55) 1,33378 - 102 1,33346-1072  1,31223-10"2  1,30223-10 2 —1,64 —2,42
(65,65, 65) 1,45867- 1073 1,45829-10"%  1,45450-10~3  1,44302-103 -0,29 —1,08
(75,75, 75) 1,75364 - 10~* 1,75316-10~*  1,75098-10~*  1,73658-10"* -0,15 —0,98
(85,85, 85) 2,24607 - 10~° 2,24543-10°  2,24346-107°  2,22563-107° -0,12 —0,92
(95,95, 95) 3,01032-1076 3,00945-10"6%  3,00735-107%  2,98327-107¢ -0,10 —-0,91
(5,55,5) 5,95286 - 102 5,95254-10"2 595165-10"2  5,91792-10 2 —0,02 —0,59
(15,55,5) 5,50247 - 102 5,50191-10"2 5,51028-10"2  5,46888-10 2 0,14 —0,61
(25,55,5) 4,80754 - 102 4,80669-10"2  4,81628-10"2  4,79715-1072 0,18 —-0,22
(35,55,5) 3,96765 - 102 3,96686-1072  3,97821-10"2  4,00067 - 1072 0,27 0,83
(45,55,5) 3,16366 - 102 3,16291-10"2  3,17136-10"2  3,23712-1072 0,24 2,27
(55,55,5) 2,35303 - 102 2,35249-102  2,33287-10"2  2,40408- 102 —0,86 2,12
(65,55, 5) 5,83721-10°3 5,83626-10"% 5,82340-10"3  5,97061-10"3 —0,24 2,23
(75,55,5) 1,56731-1073 1,56708-10%  1,56602-1073  1,58641-1073 —0,08 1,20
(85,55,5) 4,53113-10~* 4,53048-10~*  4,55330-10~*  4,58040-10~* 0,49 1,08
(95,55,5) 1,37079 - 10~* 1,37060-10~*  1,38414-10"* 1,38029-10* 0,96 0,69

Jna obenmx KBaJpaTyp 3aMeTHO YXy/IIeHWe TOYHOCTH PEe3yJIbTATOB IPU ABUKEHUH OT IEHTPA CHCTEMBI
KOODAUHAT K mepudepun.

B 3amage 1 ¢ 50 %-HbIM paccesHEEM MO CPABHEHUIO C MPEABIAYIIMM BAPUAHTOM TOIHOCTH PE3yIbTATOB,
MOJIyYEHHBIX ¢ mpuMeHeHneM Kak FSosg, Tak u C'Bse, B meaoM coxpanmiack. CpejHue OTKJIOHEHUs B
pacuerax ¢ kBagparypamu ESsse u CBsy cocrapasior coorsercTserno 0,22 u 0,82 %, MakcuMaibable —
1,02 u 1,92 %. Acummerpusa gy ESase cocrasaser 0,2 %.

B 3amade 2 6e3 paccegHua cpemHme OTKJIOHEHHUS B pacdeTax ¢ KBagparypamu FSosg u C' Bsy COCTABIIIOT
coorsercrsenno 0,3 u 0,55 %, makcumanbaeie — 1,1 u 1,22 %. B zamaue 2 ¢ 50 %-HbpIM paccesHmeM TOY-
HOCTb YJIydIIaeTcd Ha (DOHE MPeAbIAYIIUX Pe3yIbTaTOB: CpeJHue OTKJOHEHUS B PACIeTax ¢ KBaApaTypamu

ESs56 u C Bsy cocrapagior coorsercrsenno 0,15 u 0,56 %, makcumanbasie — 0,7 u 1,09 %.
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Tabruya 6

Pesynprarsr 3agaun 1 ¢ 50 %-abIM paccesHmeMm (mpocrpancTBeHHas cerka 110 X 110 X 110; cxema
LB; kBagparypst ESa256, CBj2)

[L1oTHOCTH HefATPORHOTO MOTOKA, 1/(cM? - C)

Otxmonernne, %

Merop, Koneuno- Koneuno- Koneuno- Koneuno-
(z,y,2) Momnre- Pa3HOCTHBIA Pa3HOCTHBII Pa3HOCTHBIA Pa3HOCTHBII
Kapuo METOZ, METOJ, METOZ, METOJ,
(Ko6a,snnp1) (CATYPH), E5256 (CATYPH), CB52 (CATYPH), E5256 (CATYPH), CB52
(5,5,5) 8,29260 - 10° 8,28518 - 10° 8,28473 - 10° —0,09 —0,09
(95,5,5)  1,85082-103 1,83211-103 1,82417-1073 —1,02 —1,46
(5,95,5)  1,85082-10"3 1,83209- 103 1,82415-10°3 —1,02 —1,46
(5,5,95)  1,85082-103 1,83562- 103 1,82420- 1073 —0,83 —1,46
(5,15,5) 1,87028 - 10° 1,87099 - 10° 1,87088 - 10° 0,04 0,03
(5,25,5)  7,13986-107! 7,14352 - 107! 7,10958 - 10~ ¢ 0,05 —0,43
(5,35,5)  3,84685-10! 3,84896 - 101 3,81554-10 1 0,05 —0,82
(5,45,5)  2,53984-10! 2,53890 - 101 2,51880- 101 —0,04 —0,84
(5,55,5)  1,37220-10°! 1,37179-101 1,36288 - 10! —0,03 —0,68
(5,65,5)  4,65913-1072 4,66894 - 102 4,62510- 102 0,21 —0,74
(5,75,5)  1,58766- 1072 1,59053 - 102 1,57445 - 1072 0,18 —0,84
(5,85,5)  5,47036- 1073 5,46434 - 1073 5,43790 - 1073 —0,11 —0,60
(15,15,15) 6,63233-10! 6,63477 - 101 6,62736- 101 0,04 —0,08
(25,25,25) 2,68828-10! 2,68793 - 101 2,67796-10* —0,01 —0,39
(35,35,35) 1,56683-10~! 1,56668 - 1071 1,55944 - 1071 —0,01 —0,47
(45,45,45) 1,04405-107! 1,04410- 101 1,03840- 10! 0,00 —0,54
(55,55,55) 3,02145- 1072 2,99267 - 1072 2,97267 - 1072 —0,96 —1,64
(65,65,65) 4,06555- 103 4,06358 - 1073 4,03694 - 103 —0,05 —0,71
(75,75,75) 5,86124-10~* 5,85381 - 10 5,81692-10~* —0,13 —0,76
(85,85,85) 8,66059-10° 8,65625-10° 8,60352-10° —0,05 —0,66
(95,95,95) 1,12892-10~° 1,12954 - 10—° 1,12263-107° 0,06 —0,56
(5,55,5)  1,37220-10! 1,37179-101 1,36288 - 10! —0,03 —0,68
(15,55,5) 1,27890-10"* 1,27973-101 1,27047-101 0,07 —0,66
(25,55,5) 1,13582-10"! 1,13529- 101 1,13112-10t —0,05 —0,42
(35,55,5) 9,59578 - 102 9,61577 - 1072 9,66017 - 102 0,21 0,67
(45,55,5)  7,82701-1072 7,84943 - 1072 7,98023 - 1072 0,29 1,92
(55,55,5) 5,67030- 1072 5,63175- 1072 5,77008 - 1072 —0,68 1,73
(65,55,5) 1,88631-102 1,88400 - 102 1,92005 - 102 —0,12 1,76
(75,55,5) 6,46624-103 6,46451 - 103 6,53955- 103 —0,03 1,12
(85,55,5)  2,28099-1073 2,28990 - 103 2,30493 - 1073 0,39 1,04
(95,55,5) 7,93924-10~* 7,94137- 10~ 7,95676 - 10~* 0,03 0,22

B samade 3 6e3 paccedHma 3aMeTHO YXYAIIEHHWE [0 TOYHOCTH KaK Jasd FSosg-, Tak um miua CBso-
KBaJIpaTypbl: CpPeJHME OTKJOHEHus B pacuerax ¢ FSosg u C'Bss cocraBisior coorsercrBeHHO 0,32 m
1%, makcumanbable — 2,5 u 4 %. Bo3aMoxkHO, yXyalleHrne TOYHOCTH B JAHHOM pacdeTe CBA3aHO ¢ Hojee
CJIOJKHOI mpocTpaHCTBeHHON reomerpueii. B zamage 3 ¢ 50 %-HbIM paccesHmEM TOYHOCTH YIIydIIAETCS
Ha (OHE MPEIbIAYIINX PE3yJbTATOB: CPEIHUE OTKJIOHEHHUs B pacuerax ¢ kBajparypamu FSoss u C'Bso
cocrapngior coorsercrBerHo 0,16 u 0,54 %, makcumamnbubie — 0,67 u 1,17 %.

3aKJr0o4YeHne

'HJIH AIMIPDOKCUMAIINN YPAaBHEHUA IIEPEHOCA IO YIVIOBBIM IIEPEMEHHBLIM IIDEJIaracTCdAd UCIOJIb30BaTh yTI'-
soByIo kBagparypy C By, koropas 00/IaJaeT CBOCTBOM CUMMETPUU OTHOCUTEIHFHO KOOPJAUHATHBIX OCell B
oriudne oT ES,-KBagparypbl, 00eCIeInBaloIieii CaMMeTpuio ToJbKO B miaockoctu X QY. Unpea mocTpoe-
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Tabruua 7
PesynpraTsl 3amaun 2 6e3 paccesiHus (IpocTpaHcTBeHHas ceTka 66 X 110 X 66; cxema LB; kBagpa-
Typbl ES256, CBs2)

[LnoTHOCTH HefiTpORHOTO TIOTOKA, 1/(cM? - C) Orknonenne, %
Merop, Koneuno- Koneuno- Koneuno- Koneuno-
(z,y,2) Ananurnyeckoe Mosnre- Pa3HOCTHBII Pa3HOCTHBII Pa3HOCTHBINT  pa3HOCTHBIN
pelenue Kapno MeTO[I MeTos, MeTOoJ, MeTO/I
(KobGasrmumn) (CATYPH), (CATYPH), (CATYPH), (CATVYPH),

ESa56 C Bsa ESas56 CBs2

(5,5,5) 5,95659 - 10° 5,94806 - 10° 5,95066 - 10° 5,95049 - 10° 0,10 -0,10
(5,15,5) 1,37185 - 10° 1,37199 - 10° 1,37242 - 10° 1,37241 - 10° —0,04 0,04
(5,25,5) 5,00871-10"! 5,00853-10"1  5,01253-10"!  4,98858- 10! —0,08 —0,40
(5,35,5) 2,52429 - 1071 2,52419-10"Y  2,52668-10"'  2,50167- 10! —0,09 —0,90
(5,45,5) 1,50260 - 101 1,50256- 107! 1,50209-10~!  1,48912-10"! 0,03 —-0,91
(5,55,5) 9,91726 - 102 9,91698-10"2  9,90970-10"2  9,84916-10 2 0,08 —0,69
(5,65,5) 7,01791- 102 7,01774-10"2  7,02980-10"2  6,93305- 102 -0,17 —-1,22
(5,75,5) 5,22062 - 102 5,22050-10"2  5,23332-1072  5,17792- 102 —0,24 -0,82
(5,85,5) 4,03188 - 1072 4,03179-1072  4,03031-1072  4,04406- 102 0,04 0,30
(5,95,5) 3,20574 - 1072 3,20568-1072  3,20425-1072  3,17984- 102 0,05 -0,81
(15,95,5) 1,70541- 1073 1,70547-107%  1,71919-10~%  1,70604- 1073 -0,81 0,04
(25,95, 5) 1,40557 - 10—* 1,40555-10~%  1,41087-10~*  1,40349-10—* -0,38 -0,15
(35,95, 5) 3,27058 - 10~° 3,27057-107°  3,28832-107°  3,27448-10° —0,54 0,12
(45,95, 5) 1,08505 - 10— 1,08505-107°  1,09368-10=°  1,09100-10=° —0,80 0,55
(55,95,5) 4,14132-1076 4,14131-107%  4,18708-107%  4,19143-10° -1,10 1,20

Tabruuya 8

Pesynprarsl 3amaun 2 ¢ 50 %-ubIM paccesiHueM (mpocTpaHcTBeHHad ceTrka 66 X 110 X 66; cxema LB;
kBagparypsl ES256, CBs2)

[L10THOCTH HeATPOHHOTO TOTOKA, 1/(cM? - C) Orknonenne, %
Metroz Koneuno- Koneuno- Koneuno- Koneuno-
(z,y,2) Momnre- Pa3HOCTHBII Pa3HOCTHBIA Pa3HOCTHBIA Pa3HOCTHBII
Kapmo MeTOJ, METOT, METOS, MeTOJ,
(Ko6as{nm) (CATYPH), E5256 (CATYPH), CB52 (CATYPH), E5256 (CATYPH), CB52

(5,5,5) 8,61696 - 10° 8,60667 - 10° 8,60645 - 10° -0,12 -0,12

(5,15,5)  2,16123- 10° 2,16213 - 10° 2,16242 - 10° 0,04 0,05
(5,25,5) 8,93437-101 8,93479-101 8,90393 - 101 0,00 —0,34
(5,35,5) 4,77452-1071 4,77454 - 1071 4,74056 - 10~ ¢ 0,00 -0,72
(5,45,5) 2,88719-1071 2,88490- 107! 2,86386 - 107! —0,08 -0,81
(5,55,5) 1,88959- 1071 1,88762- 10! 1,87558 - 107! -0,10 -0,75
(5,65,5) 1,31026- 101 1,31074- 101 1,29617-10! 0,04 —1,09
(5,75,5)  9,49890- 102 9,50875- 102 9,41127-102 0,10 —0,93
(5,85,5)  7,12403-1072 7,11865 - 1072 7,11074 - 1072 —0,08 -0,19
(5,95,5) 5,44807-1072 5,44272 - 1072 5,39721 - 1072 -0,10 —0,94
(15,95,5) 6,58233- 1073 6,60868 - 103 6,55426 - 103 0,40 —0,43
(25,95,5) 1,28002- 103 1,27916 - 103 1,27075- 1073 —0,07 —0,73
(35,95,5) 4,13414-10~* 4,14562 - 104 4,12388 - 104 0,28 —0,25
(45,95,5) 1,55548 - 10~* 1,55659 - 10~* 1,55120- 10~* 0,07 —0,28
(55,95,5) 6,02771-10~° 5,98595 - 10~° 5,98199 - 10~° —0,70 —0,76
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Tabruya 9
Pesynprarsl 3azmaun 3 6e3 paccesiHusi (pocrpaHcTBeHHas ceTka 66 X 110 X 66; cxema LB; kBagpa-
Typbl ES256, CBs2)

[110THOCTH HeATPOHHOTO TOTOKA, 1/(cM? - C) Orknonenne, %
Merop, Koneuno- Koneuno- Koneuno- Koneuno-
(z,y,2) Ananurnyeckoe MomnTe- Pa3HOCTHBII Pa3HOCTHBIN Pa3HOCTHBINI  pPa3HOCTHBIN
pelenue Kapno MeTOos, MeTOos, MeTO/I MeTO[I
(KobGasmmn) (CATYPH), (CATYPH), (CATYPH), (CATVYPH),

ESas56 C Bsa ESas56 CBs2

(5,5,5) 5,95659 - 10° 5,93798 - 10° 5,95066 - 10° 5,95049 - 10° -0,10 -0,10
(5,15,5) 1,37185 - 10° 1,37272-10° 1,37242-10° 1,37241-10° 0,04 0,04
(5,25,5) 5,00871-10"* 5,01097-10"Y 5,01253-10"'  4,98858-10! 0,08 —0,40
(5,35,5) 2,52429 - 107! 2,52517-10~Y  2,52668-10"'  2,50167-10"! 0,09 —0,90
(5,45,5) 1,50260 - 10! 1,50305-10~'  1,50209-10"%  1,48912-10"! —0,03 -0,91
(5,55,5) 9,91726- 102 9,91991-10"2  9,90970-10"2  9,84916-10 2 —0,08 —0,69
(5,65,5) 4,22623 - 102 422728 -1072  4,23542-10"2  4,17744-102 0,22 —-1,17
(5,75,5) 1,14703 - 102 1,14730-1072  1,15075-10"2  1,13768-10 2 0,32 -0,82
(5,85,5) 3,24662 - 103 3,24736-1073  3,24763-1073  3,25788-1073 0,03 0,35
(5,95,5) 9,48324 - 10~ 9,48534-10"* 9,48801-10—* 9,47389.10~* 0,05 -0,10
(15,55,5) 2,45041 - 1072 2,45184-102  2,45785-1072  2,44146-1072 0,30 -0,37
(25,55, 5) 4,54477-103 4,54737-1073  4,55364-10"3  4,55472-10"3 0,19 0,22
(35,55,5) 1,42960 - 103 1,43035-107%  1,43324-10%  1,45362-103 0,25 1,65
(45,55, 5) 2,64846 - 10~* 2,64959-10~*  2,68215-10~* 2,75873-10~* 1,26 4,00
(55,55,5) 9,14210-10~° 9,14525-107°  9,14978-107°  9,40921-107° 0,08 2,84
(15,95, 35) 2,68415-107° 2,68518-107°  2,68828-107° 2,67048-107° 0,15 —0,51
(25,95, 35) 1,70019-10°° 1,70104-10-% 1,70167-10"° 1,68737-10° 0,09 —0,76
(35,95, 35) 3,37981-10° 3,38219-10°  3,29745-10°°  3,26675-10"° —2,50 —3,46
(45,95, 35) 6,04893 - 106 6,05329-10°6  6,07439-10°%  6,02634-10° 0,42 -0,37
(55,95, 35) 3,36460 - 106 3,36587-1076  3,37135-107°%  3,35404-10¢ 0,20 -0,31

Hug kBagparypsl C' B, 3aKkI09aeTcd B pa3bueHnn rpaneil Kyba, BOHCAHHOTO B OKTAHT €IUHUIHON Chepsl,
Ha PpaBHBIEC KBaJApPaTHhI. yBJII)I yI‘JIOBOﬁ CETKH OIIPEeaeIdrTCd I€pe3 KOOPAWHATHI BEKTOPOB, IPOBEAECHHBIX K
cepeuHaM IOJIy9eHHBIX KBAJIPATOB, & BeCa — Uepe3 ILIOMA U IPOEKIINi STUX KBAIPATOB HA BIUCAHHYIO
cepy.

Jlig OmeHK:W TOYHOCTH W CAMMETPHWHU PENIeHWi, IMOJYIeHHBIX C MPUMEHEHHEM YyTJIOBOH KBaAPaTyPbl
ES,, u upennoxennoit CB,-KBagpaTypbl, ObLIN IPOBEIEHBI YUCICHHBIE HCCIEIOBAHUS HA CEPUU TECTOB,
co3manubix mog pykosogcTBoMm K. Kobagmmu. [Ipezacrasiennbie B paboTe MOCTAHOBKY W PE3YJIBTATHI YTUX
3aga4 MOFyT UMETHh HEHHOCTDb IJId l{a,JIbHeﬁIHPIX HCCJIeILOBa,HI/Iﬁ TOYHOCTH U CHMMETPUU PA3HOCTHBIX CXEM
KaK II0 YIVIOBBIM, TaK H IIO MPOCTPAHCTBEHHBIM ITepEMEHHBIM. JlaHHBIE 3a1a9H MO3BOJILIOT MOy IUTE IEP-
BbI€ OIEHKU TOYHOCTHU M CUMMETPUHN YUCJIIEHHOT'O PEIIECHUA BBIXOJda HeﬁTpOHHOI‘O I/I3JIy‘-IeHI/IH Ha OTAECJ/IbHbIC
9JIEMEHTHI MOZeIupyeMoil cucrembl. V3ydenne coiictB C B,-KBaapaTypbl OyIeT IPOmOJIZKEHO.

Jlnga monydenusa ¢ mpuMmeHeHumeM kKpauaparyp ES, u CB, YHCIEHHBIX Pe3yJbTATOB C MAKCHMAJIbLHBIM
OTKJIOHEHWEM OT TOIHOTO pemrenus Meree 1 % B 3aja9ax pacCMOTPEHHOTO KJIACCA, UCIOIb3YIOTCA YTJIOBBIE
CeTKH C KOJTMIeCTBOM HalpasieHuil mosera HefTporoB ~ 60 000, 9T0 0COGEHHO aKTyaIbHO [IJId PEIIeHnil B
TOYKAX, 3HAYUTEJBHO yIaJeHHBIX OT ucrounuka. Ksagparypa Kapicona E S, B 1ej0oM nokasaJja Jryqmai
pesynbrar no cpasaernio ¢ C By,-kBagpaTypoil ¢ paBHBIM (9KBUBAJEHTHBIM) KOJMYECTBOM HANPABJICHUI
nosera gactun. OrcraBanne mo Touroctu CBj,-KBaJpaTypbl 3aMEeTHO HA IPYOBIX YIVIOBBIX CeTKax (OT
600 mo 5000 mampassenwii moseTa HEHTPOHOB) B pacderax 3aja9u | Ha CTyIIAIONMXCA CETKAX, HO IIPU
qucJie HApaBJeHuil mosera HeiTpoHos 6ombire 5000 mia ES, u mna C'B, mocTuraeTcda IpUMEPHO OIM-
HaKOBag TOYHOCTh. CpemHme W MAaKCHMAaJbHBbIE OTKJIOHEHHS B PAacdeTax II0 TPEM TECTOBBIX 3aJadaM C
kBajgparypamu FSose u CBsy cocTaBmiin COOTBETCTBEHHO:

— B 3amade 1 6e3 paccegnma 0,24 u 0,88 %, 1,64 u 2,42 %;
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Tabruua 10
Pesynprarsr 3amaun 3 ¢ 50 %-ubIM paccesiHueM (mpocTpaHcTBeHHasd cetrka 66 X 110 X 66; cxema LB;
kBagparypsl ESa56, CBss)

[L1oTHOCTH HefATPORHOTO MOTOKA, 1/(cM? - C) Orknonenne, %
Merop, Koneuno- Koneuno- Koneuno- Koneuno-
(z,y,2) Momnre- Pa3HOCTHBIA Pa3HOCTHBII Pa3HOCTHBIA Pa3HOCTHBII
Kapuo METOZ, METOJ, METOZ, METOJ,
(Ko6a,snnp1) (CATYPH), E5256 (CATYPH), CB52 (CATYPH), E5256 (CATYPH), CB52
(5,5,5) 8,61578 - 10° 8,60697 - 10° 8,60674 - 10° —-0,10 -0,10
(5,15,5) 2,16130 - 10° 2,16255 - 10° 2,16283 - 10° 0,06 0,07
(5,25,5)  8,93784-10°! 8,94022 - 101 8,90923 - 101 0,03 —0,32
(5,35,5)  4,78052-10°! 4,78168 - 101 4,74748 - 101 0,02 —0,70
(5,45,5)  2,89424-107! 2,89284 - 1071 2,87160- 1071 —0,05 —0,79
(5,55,5)  1,92698-107! 1,92555- 101 1,91323- 10! —-0,07 —0,72
(5,65,5)  1,04982-10°! 1,05078 - 101 1,03951-10! 0,09 —0,99
(5,75,5)  3,37544 - 102 3,37774- 1072 3,34281-102 0,07 —0,98
(5,85,5)  1,08158-10 2 1,07940 - 102 1,07407 - 102 —0,20 —0,70
(5,95,5)  3,39632-10~3 3,39622 - 1073 3,36904 - 103 0,00 -0,81
(15,55,5) 6,72147-1072 6,72999 - 1072 6,69584 - 102 0,13 —0,38
(25,55,5) 2,21799-10~2  2,21845.10~2 2,21546 - 102 0,02 —0,11
(35,55,5)  9,90646 - 103 9,90863 - 103 9,92419-103 0,02 0,18
(45,55,5)  3,39066 - 103 3,39364 - 103 3,39999 - 103 0,09 0,27
(55,55,5) 1,05629-1073 1,05854 - 1073 1,06347- 1073 0,21 0,68
(15,95,35) 2,91825-10~* 2,89880 - 10~* 2,88549 - 10~* —0,67 -1,14
(25,95,35) 2,05793-10~* 2,05957 - 10~ 2,04828 - 10~* 0,08 —0,47
(35,95,35) 2,62086-10~* 2,60736 - 10— 2,59053 - 10~* —0,52 —1,17
(45,95,35) 1,05367-10~* 1,05914 - 104 1,05510-10~* 0,52 0,14
(55,95,35) 4,44962-10° 4,45995 - 105 4,44959 - 10~° 0,23 0,00

— B 3ajgade 1 ¢ 50 %-mem paccesauem 0,22 u 0,82 %, 1,02 n 1,92 %;
— B 3ajade 2 6e3 paccesuns 0,3 u 0,55 %, 1,1 u 1,22 %;

— B 3agade 2 ¢ 50 %-upm paccearuem 0,15 u 0,56 %, 0,7 n 1,09 %;
— B 3amade 3 6e3 paccegnna 0,32 u 1%, 2,5 u 4 %;

— B 3amage 3 ¢ 50 %-mpiM paccegrumem 0,16 u 0,54 %, 0,67 u 1,17 %.

B zamage 1 (cuMMeTpudHBIH TECT) IpU OIEHKE CHMMETDUU 3HAUEHWH, [MOIYYEHHBIX B MHIUKATODHBIX
TOYKAX, yIAJE€HHBIX OT HCTOYHUKA, OJUHAKOBOE PellleHre HaDJII0aeTCd TOJBKO /I IUCAEHHBIX PE3yJIbTa-
TOB, MOJy4eHHbIX ¢ npuMenenueM C B,-KBaapaTypsl, Aad KOTOpoil 3D-cumMerpus — KiadueBas 0COOeH-
HOCTB B oriuume oT ES,-kBagpaTypbl. B Tecte 6e3 paccegnusa acuMmMerpusa cocraBuiaa g FSase 0,6 %,
B Tecre ¢ 50 %-mbim paccearmem — 0,2 %. Ina ESp,-kBaapaTypbl CHUKEHHE aCHMMETPHUH HaOIIOZAETCS
Ha YHCJIe HalpaieHuil mosera HeiiTpoHoB Gosbine 10000 (orkionenme ~ 1%), 9TO CBHAETENBCTBYET O
HEeOOXOAMMOCTH 3HAYUTEHHOTO YBEJUIeHU MOPIAKA KBAAPATYPHI /I JAHHOTO KJIACCa 3a/1ad.

Yro kacaerca npumerumoctu cummerpuanoii C By-KBagpaTypbl B PEAJbHBIX 3aadax (C Momemupye-
MbIMu pa3mepamu ~ 100 cMm), To ¢ unciom HampasieHuil mosera dactur ~ 5000 ganHAs KBagpaTypa HE
YCTYIaeT 1Mo TOYHOCTU FSy-KBajparype, y KOTOPOil Mpu TaKOM YHCJIe HANPABIECHUN aCUMMETPUS COCTAB-
aget ~ 3 %.
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Crarpg mocrynuna B pegakiuio 27.06.16.

NUMERICAL STUDY OF ACCURACY AND SYMMETRY OF ANGULAR
QUADRATURES USED TO APPROXIMATE THE 3D TRANSPORT EQUATION
WITH THE METHOD OF DISCRETE ORDINATES FOR KOBAYASHI PROBLEMS /
M. P. Pepelyaev (FSUE "RFNC-VNIIEF", Sarov, Nizhny Novgorod region).

The paper offers the C'B,, quadrature to approximate the transport equation in angular
variables for the numerical solution with the method of discrete ordinates. This quadrature
has the property of symmetry relative to all coordinate axes in contract to the ES,,
quadrature, which provides symmetry in the XOY plane alone. The principal features
of the ES,, and C' B, quadratures are considered by the example of solving 3D K. Kobayashi
benchmarks.

Keywords: neutron transport equations, quadrature, approximation in angular variables,
formulation of Kobayashi problems, benchmark results, simulations for convergence,
asymmetry, integral density of neutron flux, indicating points.




