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Mpencraeneqa metognka npoBeAeHst SKCNEPNMEHTOB MO MHOFOKPAaTHOMY MaJsiOyrjI0BOMY PACCEsiHWIO HEATPO-

HOB Ha yCTaHOBKax CTaHAAPTHOro paspelieHnsi Bo cbpakTanbHoli 1 HecdbpakTansHoli cpegax. ObcyxparoTcs

0COBEHHOCTU AAHHOW METOLMKU, CBSA3aHHbIE C OrPAHWHEHUSIMU MO Pa3peLleHnto, Npu N3yHeHun KpynHoOMac-

WTabHbIX HEOLHOPOAHOCTE!, Pa3MeEpP KOTOPbLIX MPEBbILIAET BENYIHY, 0bpaTHYO paspelleHnto yctaHosku. Mpo-

OEMOHCTPNPOBAH HOBbIT CNOCOb M3BneveHns MHOpMaun 0 pasMepHOCTU PPaKTanbHO! CUCTEMbI C UCMOMb-

30BaHNEM 33aBUCUMOCTU ocnabneHns un ywunpeHmsa npoweatiero nydka HeﬁTpOHOB OT TONLWMNHbI 06pa3|_|a.

PACS: 11.80.La, 61.12.Ex, 61.43.Hv, 81.05.Uw

1. BBEJEHUE

Mausoyrnosoe paccesnue ueifrponos (small-angle
neutron scattering, SANS) mupoko ucnonb3yercs: npu
U3YUEHUU ANEPHBIX U MATHUTHLIX HEOIHOPOJHOCTEH B
DPA3IUYHBIX MATEPUAJIAX, B TOM YHCIIE MPU UCCIEI0BA~
HUU MOPUCTHIX CPEJI, CILIABOB U T. II., B KOTOPBIX UMeeT
MECTO CHUJIbHAS JINCITEPCHOCTH KOHTPACTUPYIOIMINX HEO -
HOpPOJHOCTEH B MaciTabe OT JeCITKOB aHTCTPEM JI0 CO-
TeH MUKPOMETPOB HaPsiIy € UX BBICOKON KOHIIEHTPA-
nueii. B sxcnepuMenTax 1mo MasioyriIOBOMY PACCESTHIIO
HEHTPOHOB B 3TUX MaTepuajax OOBIYHO HAOIIOIAETCs
CTerneHHasi 3aBUCUMOCTb UHTEHCUBHOCTH PACCESAHUST OT
TePeIAHHOTO UMIYJIHCA BUIA

Iq)exqg =, A<A4
B OINPEJIETIEHHOM HANA30HE TEePeJAHHBIX HMILYIbCOB
g > 1/R, rme R — xapakTepHBIii MacmTad paccem-
BAIOIIEH CUCTEMBI. DTH IKCIEPUMEHTBI, KAK MPABUIIO,

*E-mail: kopitsa@mail.pnpi.spb.ru
**D. Bellmann.
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CTAPAIOTCsl BBIMONHITH B PEKUME OJHOKPATHOTO pac-
cesnusd, 1.e. npu yciopuu L < [ (rme L — tonmu-
Ha WCCIemyemMoro obpasmna, a | — mamuHa CBOOOIHOTO
npobera HEHTPOHA B CPEJIe), PACCMATPUBAS BO3ZMOKHOE
mHOrokparuoe paccesuue (multiple SANS, MSANS)
kak (paKTOp, YCIOKHAOMNN uHTeprnperanuto. 1o Be-
guunre A, BepHee, MO OTKJIOHEHWIO OT ACHMITOTUKN
IMopona (A = 4), cyasar o bpakTanibHOCTH CUCTEMbI U
0 KOPPEJIATOPE PACCEHBAIOIINX HEOTHOPOTHOCTE!H (Tmo-
npobree cM. [1-3]). Onmako W3 aHanM3a paccestHus B
9TOM ACUMIITOTHYECKOM TPEIee MPAKTHICCKH HEeTh3s
u3BJedb UHGOPMAIMIO O XaPAKTEPHOM MACIITade pac-
CeMBAOIIEH CUCTEMBI 32 WCKJIIOUEHNEM, KOHETHO, OIEH-
KU MaciTada u3 COOTHOIIeHus HeonpemaenennocTu. [lo-
JIy9UTh UCKOMYI0 WH(MOPMAIIUIO MOKHO IPU 3HAYCHUSX
q < 1/R, pn KOTODPBIX JOJKEH HAOMIOIATHCS BBIXOM B
pexknm T'mube [4]. OgHako, Kak MpaBHIIO, ACHMIITOTH-
ka npu ¢ < 1/R u pexkum [urbe TPYAHO AOCTUKUMBI
MpU PACCESTHUM B CUJIBHOIUCIIEPCHBIX Cpemax ¢ 00Jb-
Mo KOHIIeHTpalneit HeogHopoaHocTeit. Kpome Toro,
yeroBue L < [ 3a9acTyio OKA3bIBACTCS HEBBIMOTHIUMBIM
0 TIPUYMHE HEBO3MOYKHOCTH TTPUTOTOBJIEHUsT JOCTATOY-
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HO TOHKHMX OOPA3IOB, U B TAKOM CJIydae PACCesHUE siB-
JISIETCST MHOTOKPATHBIM.

B nmammoii pabore 06CyKIaeTcss MPUHIAMHAATHHAS
BO3MOIKHOCTE OIEHKM XapaKTepHOTo Macrirtaba pacce-
MUBAIOIIEH CHCTEMbBI TIO M3MEPEHUsIM KAK YITUPEHUs W
mydka Ha cTaHgapTtHeix SANS-ycraHOBKAaxX B peykumMe
yIPYroro MHOTOKPATHOTO paccesiuust (L > 1), Tak u
JTUHBI CBOOOTHOTO TIpohera HEHTPOHOB B HCCIETYEMOM
obpaste. JInuaa cBOOGOTHOTO TpoHEra MOKET OBITH OTe-
HEHA W3 0CJIA0JIeHNs MPSIMOTO MyYKA B 3aBUCHUMOCTHU OT
L 3a cuer paccesnus Ha yriabl £ > Qpin, T Qnin
ompesensgeTcs pasperierneM npudopa. Meromd omeHkn
Pa3MepoB M0 YITUPEHNTO My YKa B HEHTPOHHBIX IKCIIEPHU-
MEHTAX MIUPOKO UCTOTB3YETCS U PA3BUBAETCS KAK IKC-
MEePUMEHTATBHO, TAK U TEOPETUYECKH, HAYUHAS ¢ PabO-
T Beiica [5], (eMm., Hanpumep, paboThl [6-8] u cehikn
B HUX). B JaHHOM pPacCMOTPEHUH MbI XOTUM O0OPATUTH
BHUMAHWE HA OTHOCHTEIHHOCTH TAKOM OMEHKHU TPH OJ-
HOBpeMeHHOM u3Mepenun B SANS-skcnepumente yrim-
pPEHHUsI ¥ WHTErpajbHOTO CEUYEHUS DPACCESTHUSI B YTJIbI
Q > Quin. ApyruMu cinoBamu, pasperieHne Maaoyrio-
BOIl yCTAHOBKY OPPAHUYUBAET BOZMOYKHOCTH UCCIIEI0BA~
HUST KPYTHOMACIITAOHBIX HEOTHOPOJHOCTEH HE TOJIHKO
B CJIydae OJHOKPATHOTO PACCEsHUs, HO U TPU MHOTO-
KPATHOM pexKuMe paccesiius. HecMoTpst HA 31O orpa-
undenne, MSANS garjgercss MOIIHBIM METOIOM HCCIIe-
JIOBAHUS BEIECTBA U OMPEIEJEHNS CTPYKTYPHBIX Ma-
paMerpoB (ppaKTANTbHBIX 1 HePPAKTATLHBIX 00HEKTOB.
Crenmyer TONMBKO MOTYEPKHYTh, 9TO 3aa49eil U Pe3yiIb-
TATOM TAKOTO MCCIEIOBAHUSI SBSETCS HE aHAJN3 JINC-
MEePCHOCTH UCCIEAYeMbIX 00Pa3IoB, B KOTOPBIX MOLYT
OBITH HEOIHOPOJHOCTH TAKOTO Maciiraba, 9To pacces-
HU€ HA HUX HE OYIET PEeruCTPUPOBATHCS JTAHHBIM MPHU-
OOPOM ¥3-3a OTPAHUYECHHOCTH €r0 PA3PEIIeHHUsT, & IKCIIe-
pUMeHTAIbHAS OIEHKA XapaKTePHOTrO Maciirtaba Heom-
HOPOHOCTEH, TAIONINX OCHOBHOI BKJIaJ B paccesHue,
BUIMMOE B TIPEJIeSIaX pa3perieHus JaHHOTO mpudbopa. B
HAcTOsAIIeH paboTe MpeJjcTaBIeHa SKCIePUMEeHTATbHAS
peanu3anms Takoro MOAXO[A W Ha PsiIe MPUMEPOB T0-
kazanbl Bo3MokaocTn MSANS 1o onpenenennio cTpyk-
TYPHBIX MAPAMETPOB UCCICAYEMBIX CHCTEM.

MHuorokparHoe paccessiue MPUHIMMTHATBHO OTIAYA-
ercst 0T OIHOKpaTHOrO. Eciu npu mostyuennn wadopma-
MY U3 JAHHBIX O OHOKPATHOMY PACCESTHUIO MCTIOh-
3YIOTCHd KOT€PEHTHbIE CBOWCTBA M3JIy4eHUd, T.e. Hell-
TPOHHAST BOJIHA JI0 U MOCTIE PACCESTHUS PACCMATPUBAET-
Cs1 KAK KOT@PEHTHAsT, TO MHOTOKPATHOE PACCESTHUE SBJIs-
ercs nudy3nOHHBIM MPOIECCOM W CBSI3aHO € MOTepei
KOTE€PEHTHOCTUA PAaCCeAHHON HEHTPOHHON BOJIHBI, & IO-
TOMY B 9KCIIEPUMEHTE U3MEPSIETCST CTETIeHh KOTePEHTHO-
ctu. B 310#1 ¢BSI3U HHTEPECHO PACCMOTPETh MHOIOKPAT-
HOE paccesiiue, UCHOIb3Ysl KOHIEMIHI0 <«KOrepeHTHO-
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r0», WU KOPPEJSAIUOHHOTO, 00beMa HEHTPOHHOTO ITyd-
Ka [9].

Koppensmuonusrii 06beM MOZKET ObITh HHTYUTUBHO
ompeiesieH KaK Takas 00J1acThb, Ij1e KOTePEeHTHbIE CBOM-
CTBa HEUTPOHA SIBIISIOTCS CYNIECTBEHHBIMU. DTHU CBOW-
CTBA OMUCHIBAIOTCS KOPPEIANUOHHOM (DYHKIINEH KOJIIH-
MUPOBAHHOTO TyYKa, KOTOPAsi, B CBOIO OYEPEIb, SBJIs-
ercs pypbe-obpazom dpyukiuu paspemreausd. Orverum,
YTO KOPPENSIHOHHAS JINHA TaKOoro 00hemMa B Malo-
YTJIOBBIX 3KcnepuMenTax gocturaet 1000 A.

IIpu npoxoxk ey HEHTPOHHOTO MyYKa Yepe3 cpe-
JIy B XOJie MHOTOKPATHOIO DPACCETHUS 3Ta KOPPess-
[IMOHHAST [IJIMHA COKPAIIAETCs, JeMOHCTPUPYS TIOTEPIO
KOT€PEHTHOCTHU IYYKa, U9TO U MPUBOAUT K YIITUPEHUIO
npubopHo#t nuHWH. EcTecTBeHHO, YTO Takas MOTeps
KOTEPEHTHOCTH O0YCJIOBIEHA TOMHKO KOJTMYECTBOM aK-
TOB pAacCesiHUsT HA EIUHUILY IJUHBI IYTH TPOXOZKIe-
Hus (QyIMHA paccesiHus), WM, YTO TO ¥Ke camoe, 00-
IIIAM WHTErPAJbHBIM CEUYeHUEM DACCEsTHUS] HEHTPOHOB.
Ocnabnenre HEHTPOHHOTO MydYKa CBS3AHHO C 3aTyXa-
OIIeld aMIOJIUTYI0M HEATPOHHON BOJIHBI BHYTPH KOTe-
pPeHTHOro obbeMa. DTa aAMIIUTYIA CKJIAJBIBAETCS U3
JIByX COCTABJISIONINX: AMILIUTYIbI HEPACCESTHHON BOJI-
Hbl U AMIUIATYAbI PACCESHHON BOJHBI, & WMEHHO TOI
ee JacTu, KOTOopasd paccesnach Brepes. Takzxke moHAT-
HO, 9TO KAaK KOPPEJANUOHHAS IJINHA, TAK U AMILIUTY 1A
HEHTPOHHOI BOJHBI B €€ TIpeJieiax 3aBUCAT OT CBOICTB
CPebl PACIIPOCTPAHEHUS.

IlosTomy apyroit, He MeHee BaykKHOM, 3amadeil JaH-
HO# pabOoThI SABJISETCS U3yUeHNE BO3MOYKHOCTH U3BJIE-
qennsa wHGOpPMANNKA 0 GPAKTATLHOCTH PACCEeNBAOIIEH
Cpedbl W3 U3MEPEHWil YUIUPEHUus W OCHabIeHus Mmyd-
Ka HEWTPOHOB B PEKUME MHOTOKPATHOTO DACCEsTHUS.
TpyaHocTs MONyUEHUS] TOCTOBEPHOW OIEHKM (pak-
TAIBHONU PA3MEPHOCTH CPEIbI B PEZKUME OHOKPATHOTO
paccesinust 3aKJII0YaeTCs B HEOOXOINMOCTH MCCIIeI0BA-
HUS pachpeesenns nHTeHcuBHoCTH [ () pacceanus B
OYeHb MIUPOKOM Juana3one mno ¢ (bosee Tpex nopsiKos
BEJIMYMHbI), YTO NPAKTUYECKU HEBBINOJHUMO Ha GOJIb-
mHCTBe cymectByomnx SANS-ycranoBok. Bo3mox-
HOCTb TIOJIy9€HUsI TAKOU OIEHKW W3 JAHHBIX 10 MHOIO-
KPATHOMY PaccesiHuio ObLIa TEOPETUYIeCKH MOKA3aHA B
patore [3].

IIpennmaraemMoe  paccMOTpeHWe  OCHOBAHO — HA
MSANS-, SANS- u USANS-skcuepumenrtax (ysbr-
pamMaJsioyrjioBoe paccesHue HeHTPOHOB),
HUYKE, KOTOPBIE OBLIN BBITOTHEHBI HA MOIEIBHBIX

OIINCaHHBbIX

obpasnax kepamuku YBCO, nopormke Al;Oz, uzsecru
CaCO3 u caxe C B amanmazone tommuu L/I < 5.
Marepuaj cTaThu pacroyiokeH B CICAYIOMEM TOPsI-
ke. B pasm. 2 maorcs OCHOBHBIE TOMOKEHHS] TEOPHN
MHOTOKPATHOTO MAJIOYTJIOBOTO PACCESTHAsI, PA3BUTOMN
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B paborax [3,6,10,11], KoTOpble HCIOABL3YIOTCA OPU
WHTEPNPETAINNA SKCITEPUMEHTAIBHBIX JTAHHBIX. DKCITE-
pUMeHTa/IbHAsT YacTh onucaHa B pas3n. 3. Pasmen 4
TIOCBAIIEH pe3yabTaTaM, MOMTYIeHHBIM MPH 00paboTKe
9KCTIEPUMEHTAIBHBIX JAHHBIX, U UX 00CykKIeHnto. B
pasn. 5 MpeCcTaBJIeHBI OCHOBHBIE BBIBOILI PAOOTHI.

2. TEOPU4A

IIpuBemem pe3ynbTarbl TEOPETHIECKHX  PadOT
[3,6,10], KOTOpbIE WCTIOMB3YIOTCS TPU WHTEPTIPETAIINN
9KCIIEPUMEHTATBHO M3MEPEHHOW WHTEHCUBHOCTH MHO-
POKPATHOTO MAJOYTJIOBOIO DPACCESdHUsT B PA3TUIHBIX
pexkumax. B mutupyemnix paboTax paccMaTpUBAJIUCD
pexkumbl gudpakiuu [3] npu @ K 1 u pedpax-
uu [10] mpu a > 1, tae o = kR(U/E) — u3Menenue
da3wpl BOTHOBOW (DYHKIMM HEHTPOHA HA HEOIHOPOI-
noctu macmraba R, k = 27/)\ — BONHOBON BeKTOp
neiitponos ¢ sueprueit E; U = 2rh?A(bNg)/m,, — no-
TeHIIUAIbHAS JHEPTUS HEOJHOPOJHOCTH (ONTHYECKUi
norennman), m, — macca ueiirpona, A(bNg) — pas-
HUIA TJIOTHOCTEH JITUH PACCesiHUs HEOHOPOIHOCTH
U Cpeibl, b — AMILUIUTYZa KOTEPEHTHOrO PACCEsTHUS,
Ny — uncno GOPMYILHBIX eJUHUI B cM°. Peskmum
pedpaxiun aHATM3UPOBATICST B OpeJee HU3KOW KOH-
[EHTPAIUN  HEOJHOPOJHOCTEH B obpasme, T.e. Tpu
yenosun 6V/V < 1, rme V- — obwem obpasma, a §V —
0Nt 00bema, TPUXOAAMIASACA Ha HEOTHOPOIHOCTH
xapakrepuoro macimraba R. B pa6ore [3] nokasamo,
9TO B O0ImEM Ciiydae paccessaust (GppakTaabHON cpe-
Jo#t B pexkume IudpakInu XapaKTEePHBIA WMITYJIhC,
OTIPEJIETIATONIHIY YITUPEHNe TTyYKa MPH MHOTOKPATHOM
paccesiiuu L > [, MoykeT OBITH 3amucaH B BUE

a) _ 1 LH 1 1
i = (og) et W

rne A = Dy (Dy < 3 — pa3MepHOCTb 0ObEMHOrO
dpaxrana) uiu A =6 — Dg (2 < Dg < 3 — pa3mep-
HOCTh ToBepxHOCTHOTO dbparTana); i = f(A), ga ~ 1.
Takum obpazowm,

¢ o LMy = (Dy —2)71 > 1,

1/2<pus=(4—-Ds)"! < 1.

B uacraom ciaygae A =4 (acumnroruka ITopona) ume-
em it = 1/2 u unrencusuocrs I(q) onucbiBaercs aud-
dy3uonnoit popmyoit

2
q _ 1 JL
I(q)ocexp( Qq%)., w=gm1- @
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C yueroMm mnompaBKH HA HEJIOCTATOYHO OBICTPOE
yMeHBINeHNe CeYeHUsA OJHOKPATHOTO PACCESAHUA C BO3-
pacTaHWeM yryia paccestHus, HafimeHHo# B padore [6],
XapaKTepPHBI UMITYJIbC 3AMUIIETCS B BUIE

1 /L. L
—In—. (3)

Ww=5r\V T ™7

Jlmuaa cBOOOTHOTO mpobdera [ B 3TOM Cydae ompeaess-
€TCsl BHIPAYKEHUEM

k> Vv

S S AON R @

Cornacuo pabore [3], pacupenenenue I(q) unren-
CWBHOCTH PACCESHUSA B PEIKUME MHOTOKPATHOTO PAaCCes-
uus (L > ) menuTcs Ha IBE 9aCTH: ACUMITOTHUECKYIO
(pu ¢ > q(LA)), rje oHO To06HO pacnpenenenuto I(q)
B PEKHME OJHOKPATHOIO PACCEAHHS, U HEHTPATbHYTO
(mpu ¢ < q(LA)), IZIe IMeeT MECTO BBIXOJ B PEzKIM, OIn3-

knii K pexxnMy ['mane:

¢*RZ(L)

1) = 1(0) [1 1P 5)

rae Ry(L) — sddexTuBHbIil pasuyc rupalm,
3C(4u)
AN 2
AT (2p) (q(L ))

[(z) — ramma-gynkuus.
Nurencusnocts I(q = 0) paccesinust Briepen (ocaab-
JleHNe), KaK ToKa3aHo B pabore [3], onpemensiercss BbI-

Ry(L) = ; (6)

pazkeHnuem

pR’(2p)
o (q(LA))Q

- 2 (981) Y, g

I(qg=0)=

e 2u =2/(Dy—2)>2ul<2u=2/(4—D;) <2 co-
OTBETCTBEHHO 7151 00bEMHOTO U MMOBEPXHOCTHOTO (PpaK-
TAJIOB; K — BOJIHOBO# BeKTOp HelTpona. B obowux ciry-
yagx uareHcusHoctb I(g = 0) yObiBaer ¢ Tonmmuoil L
ouicTpee, yeM L1, kak B ciyuae qudpdy3uoHHOI Moie-
Jiu, ucnonb3yemoit mpu anananze MSANS na neogHOpoI-
HOCTSIX ¢ pe3Koii rpanuteil (2 = 1). Takoe nosenenue

Beqmaunbl (g = 0), Kak u q(LA)

, TP MHOTOKPATHOM
paccestHEM HEHTPOHOB BO (DPAKTATBHBIX CPEJAX SIBIIs-
eTcsl MPUMEPOM TaK HA3bIBAEMOI aHOMAJIBHON mudQy-
sun win cynepanddysun [12].

B pedpakumonnom pexume [10] npu ycnoBusax

MaJIo#fl KOHIEHTPAINN C(hepuIecKuX HEOIHOPOIHOCTEH

4*
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WIH TIOp B 00pa3sIe u He CAUIIKOM OOMBIMNX TOMIIWH 00-
pastos, Takux uto | < L <« Lo = la? In a, naTencus-
HOCTH MHOTOKDPATHOTO PACCESHUS TAKKe OMUCHIBAETCSI
audy3uoHHON HOPMYIIOi ¢ XapaKTePHBIM UMILYTHCOM
L
1

l

a?L @

"o e (8)

q1 =

IIpu L ~ Ly B moBeIeHNE WHTEHCUBHOCTH MHOTOKPAT-
HOTO paccesiHus HADIIOMAETC OTKJIOHeHwWe OT auddy-
3UOHHON Mozenn u ipu L 3> Lo ona onpesensiercs Ghop-
my.toit [10]

szz
2@ + @)

L

I(q) = Zm-

q2 9)
B acmMnroTmdeckoM mpemene MHTEHCHBHOCTHL MHOTO-
KPATHOTO PACCEsHNSA COBNAJACT ¢ NHTEHCUBHOCTBLIO OI-
HOKPATHOTO paccestHus W yMeHbimaercs kak ¢~ [10].

Hackonbko HaAM M3BECTHO, MHOTOKPATHOE pacced-
nue B pedppaKIMOHHOM PEKAME KAK B CJIydae BBICOKOM
KOHIIGHTPAIIU! HEOJHOpPOAHOCTEl, T.e. mpu 0V ~ V
(MyJibTHIOMEHHBIE (DEPPOMATHUTHBIE TOJIUKPUCTAILIBI,
rpaHy/APOBAHHBIE W KePAMHYCCKHE MAaTEePHABI
T.7.), TaK ¥ BO (hpaKTAJbHON Cpese B JUTEpAType 0
CHX TIOP HE PACCMATPHUBAJIOCD.

n

3. SKCIIEPUMEHT

B MSANS-skcnepuMenTe U3Mepsiuch ociabieHue
I(¢ = 0)/I, nagamomero my4Yka HEHTPOHOB, yIIUDe-
HUE W My4YKa W UHTEHCUBHOCTL paccesuus I(q) npm
5-1003A! < ¢ < 3.5-1072 A~! B 3aBucumocT or TON-
muHbl 00pa3nos Kepamukn YBCO, nopomika Al Oz, n3-
Bectn CaCO3 n caxxknm C.

IIpusenem cymecTBeHHBIE B IKCIEPUMEHTE T1apa-
MeTPBbI 00PA3IOB.

1. Kepammka YBasCu3Oris (YBCO): bNg
=4.75-10'0 cm~2, maorHOCTH p & 4.9 T/cM?, AManma3zonH
rommun L or 0.9 mm 10 20 mm, 6L/L < 1.5 %.

2. TTopommok AlyO3: bNy = 5.38 - 10'° em™2, cpen-
Huit pazmep 3epua 1820 MM, L or 2 MM 10 16 MM,
OL/L <2.5%.

3. MWMssecrnsx (nopomok) CaCOjz: bNy
= 51110 em™2 p ~ 293 r/em®, L or 0.1 mm
710 8.9 mm, 0L/L < 1.5%.

4. Caxa (mopomox) C: bNg = 6.5 - 1019 cm—2,
L=029wm, 0L/L<1.5%.

Namepenuss MSANS Obiin npoBeieHbI HA yCTAHOB-
ke «Bekrop-20» (peakrop BBP-M, IINA® PAH, Tar-
unna, Poccnst), n3mepsomnieil MaIoyrioBoe paccesiHue

MONAPU30BAHHBIX HEHTPOHOB W PAbOTAIONIEHl B Imese-
BOII TeOMEeTpHH ¢ ABAIUATEIO0 °He-IeTeKTopaMu B To-
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I;(q, L)/I(q¢ =0),orH.ex,
o783, o

1.0000
0.3679
0.1353
0.0498
0.0183
0.0067
0.0025
0.0009
0.0003 s
0.0001 £

10—5':

1078

0

0.01 0.02

—0.02 —0.01

Puc.1. ®opma nydka HeliTpoHoB ans obpasuos

CaCOs (kpueass 1, L = 0.67 mm) n C (kpueas 2,

L = 0.83 MM), U3MepeHHas B peXxnme OAHOKPATHO-

ro paccesitus (L < ). CnaoLHbie AnHum — pacyeT no

dopmyne (10), wrpuxosas nuHus — cdopma nyqka bes
obpasua

PHU3OHTANBHOM TI0CKOCTH [13] ¢ BO3MOMKHOCTBIO CKa-
HUPOBAHUS PACIPEIETEHUS MHTEHCUBHOCTH PACCEsTHUS
I,(q) Brmors 10 ¢ = 5- 107" A~ ¢ momompo MOBO-
pOTa CTpesbl JEeTeKTOPHOH cucTembl. B manHOM 3KC-
NEePUMEHTE TOMAPU3ANNOHHAS TEXHUKA MPUMEHSIACH
JIJIsT MOHOXPOMATH3AIINN TydKa. B 3KCTepUMEHTE WC-
O/IBb30BANACH JJIMHA BOJHBI HEATpoHOB A = 8A ¢
AN/ XA = 9%, uckimoyaiomas GPIrrOBCKOe paccesiHue.
BepTukampbHoe W TOPHU3OHTANLHOE DA3PEIeHUsT yCTa-
HOBKHM TO TIEPEJAHHOMY WMITYJIhCY, PACCUNTAHHBIE C
yudeTom miesieBoil reomerpun [14], cocrapisiu coorser-
ctBeHHO 0gy = 3-10 3 A Y u dg, = 8- 1074 AL,

st momydennsi HE3aBUCUMOMN OIEHKU (bpaKTash-
HOI pa3zmepHOcTH uccaeayemoii cayxku C ¢ 1meabio cpas-
HEHUs C OIEHKOM, morydernoit u3 ganapix mo MSANS,
HaMU OBLIO MPOBEJEHO AOMOJTHATENBHOE HCCIEIOBAHUE
JTAHHOMN CUCTEMBI C MCTIOH30BAHNEM METOIUK TPAJIUIIN-
ounoro masoyriaosoro (SANS) u yabTpaManoyrioBoro
(USANS) paccesinus HEHTPOHOB B IUPOKOM JIMalIa30He
npejanuex ummyabeos (1.5 -1076-1.5 107! A‘l).

W3mepennst SANS ObIIN BBITIOIHEHBI HA YCTAHOBKE
SANS-1 (peaktop FRGI1, GKSS Research Centre,
Geesthacht, Germany) [15], paGoratouieii B Oau3KOM
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Puc.2. ®opwma nyuyka HeliTpoHos st obpasuos caxu C (a) n nssectn CaCOz (6) B 3aBucumoctn ot ux TonwmHel L,
YKa3aHHON B MUNNMETPAxX OKONO Kpusbix. CrowHble nuHum — pacyet no cpopmyne (10)

K TOYEUHOH TEOMETPpUM C JIBYMEPHBIM TIO3UIMOH-
HO-UyBCTBUTENLHEIM °He-geTekTopoM. JITHHA BOTHBI
neiitporioB A = 8.1A ¢ AN/A = 10%. Uzmepenns
MPOBOAWIINCH TIPU  UETHIPEX PA3HBIX PACCTOSTHUAX
MexkIy obpasmom u gerekropom Rgg = 0.7, 1.8, 4.5,
9.7 M, 9TO MO3BOJIATO JOCTUTATH JUAMA30HA TEPeIaH-
HBEIX HMIOyabCOB 3 - 1073 AT <q<15-1001A° 1
DyHKIWA pa3pereHnss yCTAHOBKYU AMMPOKCUMUDPOBA-
nach dyuknmeit Taycca m paccuMThIBajIach OTAEIBLHO
JUTST  KayKJIOrO paccrosinus Rgy ¢ HCIOIb30BAHUEM
npoLeypbl, ONUCaHHON B pabore [16].

Cazka ObLIa TOMEIIEeHA B KBAPIEBYIO KIOBETY TOJI-
ol 1 Mm. VlexonHbie CieKTphl s KazK/I0r0 WHTep-
BaJIa O ¢ KOPPEKTUPOBAJINCH C YUETOM PACCESTHUST ap-
MATypOl YCTAHOBKYM M KIOBETOM, a Takyke (poHA 3ajia
¢ npumeHenueM craHzaprHoil npoueaypst [17]. Tomy-
UEHHBIE JBYMEPHBIE W30TPOMHBIE CTIEKTPLI OBLIN a3UMY-
TAJILHO YCPEIHEHBI U MTPUBEICHBI K aOCOTIOTHBIM 3HAYE-
HUSM IyTeM HOPMUPOBKH HA CEYEHHE HEKOIePEHTHOTO
paccestHust HEHTPOHOB OJHUM MUJLIUMETPOM BOABI [17].
IIpn Rgg > 1.8 M a7191 HOPMUPOBKHU MCTIOIH30BATIOCH CE-
qeHne paccesiHus BOAOH, nmomydennoe npu Ryg = 1.8 M,
¢ yueroMm haKTopa JUCTAHIUOHHOrO ocabienus [17].

Namepenuss USANS Obuin npoBemeHbl HA  JIBYX-
kpuctaabaom audpaxromerpe DCD (peakrop FRGI,
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GKSS Research Centre, Geesthacht, Germany) c
paGoueii 1ymHOi BOMHBL Hefitponos A = 4.43A u
AN/A 1 - 107" [18]. Hamnsiii nmpubop cHabzxenH
OJIOKOM JIBOWHOTO MOHOXPOMATOpA HAa OCHOBE CO-

BEPIIEHHBIX ~ KPUCTAJIIOB  KPEMHWs, BbIPE3AHHBIX
no miaockocru (1,1,1). Tlepsbiit u3 xpucramios —
dopmupoBaTes b HEHTPOHHOTO TydYKA, BTOPOH —
KPHUCTAJLI-MOHOXPOMATOP. [loce mpoxoxKaeHus mydKa
HETPOHOB depe3 y3el o0b0pa3sia, pacnoIararinero-
cg TO XOay Jiyda 3a JABOWHBIM MOHOXPOMATOPOM,
YyTJIOBOE  pachpeieienne  HeHTPOHOB — M3MEPSIOCh
MOCTIeIOBATEIbHBIM  TIOBOPOTOM  HJIEHTUYHOTO MOHO-
XpOMATOPY KpHCTAJIa-aHATIN3aToOpa C MHUHUMAJb-
HbIM yraoseiM mmarom 2 - 1077 pazx. HIwpuna wa
MOJIOBUHE BBICOTHI NPUOOPHON JIMHUEM — COCTABJISIIA
wo = 2.6-107° AL, JInanason mepeiaHHbIX MMITYIIb-

coB: 1.5-100A < g<5-1073A1,

Tunuanbie w3MeHeHHs POPMBI MyYKa HEHATPOHOB,
Is(q)/1(0), n ocnabnenns, I/Iy, rne In = I(L = 0), n3-
MepsieMOoro HeHTpasibibiM cuerdukoM [ (¢ = 0), B 3aBu-
CUMOCTH OT TOJIIKAH 0OPA3I0B NPUBEAEHBI HA puc. 1-3.
IKCMepuMeHTaIbHble JaHHbIE M0 OCJA0IeHNI0 TyYKa
(puc. 3) HOPMHMPOBAHBI HA MHTErPAJbHOE OCIadJIeHUe
3a CYeT MOJIOMIEHUs HeHTPOHOB B 0Opa3nax.
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Puc.3. OcnabneHne nHTEHCUBHOCTN HERTPOHOB, pe-

FUCTPNPYEMOE LIEHTPASIBHBIM CHETHUKOM, 0DYCNOBIEH-
HOe paccesiHnem HeliTPOHOB C NepeAaHHbIM UMMYA5COM
q > Qmin, TA€ min ONPEAENSIETCS pa3pelueHnem ycTa-
HOBKM, B 3aBMCUMOCTM OT TonwuHbl L Ans obpasuos
C (o), CaCOs3 (o), YBCO (4), Al;03 (¢). Cnnownble
AUHUM  cooTBeTCTBYOT 3aBucumoctn exp(—L/lezp);
WITPUXOBbIE NUHUN — pacyeT no dopmyne (14)

4. PE3YJIBTATHI OBPABOTKU
M3MEPEHU, OBCY K /IEHU 51

4.1. MSANS
4.1.1. ®opma TydKa

Kak oxkazamnocw, mist Bcex o0Opas3mnoB ¢Gopmy Heil-
TPOHHOTO IIy9Ka MOCTEe PACCEAHUA MOYKHO TIPEICTABATH
B BHJE CyMMBI JBYX CJIaraeMbIX: TayCCHaHa, OMHChIBA-
IOIEro MUPUHY HERTPOHHOTO TyYKa MOC/IE PACCEAHUS,
u nopennnana B crenenn n (rae n = f(A)), KoTopsrii
onpenender 3aBHCHMOCTb OT ¢ WHTEHCUBHOCTH Paccesd-
uus I(q, L) npu Gombmux ¢:

I(q) = Aexp {—%} +

sr2n

n
[(q — qo2)* + sr?]
rae A, B, C, s, n — cBODOAHBIE TAPAMETDPHI, (o1, (o2 —
LeHTpupyonue napamerpol. Bemuunna sr? = §g2 + s?
(s1 — 3HAYeHWE BEJUYMHBI §, HAWIEHHON MPU MOATOH-

+B

+C, (10)

Ke 9KCIIEPUMEHTAJIbHBIX JaHHbIX 10 (opmyne (10) npu
ycnoum, uto sr? = §¢2) mpexacrtaiser coboi cyM-
MY JUCTIEPCHii, OTPeIeIaIomnX UMITYIHCHY IO HEOTIpeIe-
JIEHHOCTDH B mydke. HeonpemeneHHOCTD ¢y, CBA3aHHASA

C T'OPU30HTAJIBHBIM pa3pelieHneM, KOTOpoe MOYTH Ha

MOPAIOK MEHbIIe BEPTUKATBLHOTO, COIEPIKUTCH B OCHOB-
HOM B S, TaK KakK

52 = Aw?(L) + sZ, (11)

rae Aw(L) — ymupenue my4ka o6pa3uoM ToIIuHbL L,
a sg — Aucnepcus nyvdka 6e3 obpasma. B mporecce moz-
TOHKW METOJOM HAMMEHBIMUX KBAIPATOB MO (POpMyIIe
(10) 6BLIO yCTAHOBJIEHO, YTO ONpPee/sdeMas BeTUIUHA
JIACTIEPCHAN § C1a00 MEHSETCs, HAXOASACh MPAKTUIECKH
B TIpeAeaax SKCTePUMEHTANBHBIX OMMUOOK BHE 3aBUCH-
MOCTH OT TOTO, yYATHIBAETCS OHA B NPOM3BEICHUU ST
WA HET, T.€. 8§ & $1. OJHAKO TOMBKO yYET BETHYNHBI
$ B TPOW3BEIECHUW ST TIO3BOJSAET yIOBIETBOPUTEILHO
OTIMCHIBATH «XBOCTBI» paccesHusa. B TO ke BpeMs 3a-
mena B ¢opmyse (10) B mpoussenenun sr cBobO-
HOTO TapamMeTrpa § Ha 3apanee ONpeJeJeHHYI0 BeJIw-
YUHY $1 CYMIECTBEHHO YMPOIIAET MPONEIyPy MOIATOH-
KU. 3HAYEHWS S B 3aBACHMOCTH OT TOJMIIUH 00pa3-
0B Jexar B mpegenax sr = (5-6.5) - 1073 A1 s
YBCO, sr = (5-8) - 1073 A~ qua CaCOs, sr =
= (5-8.5)-107* A~ qua AlbOz msr = (5-7)- 1073 A1
nns C. B nporecce moaroHKy 1mo METoy HAMMEHBITAX
KBAJIPATOR MOIYYEHBI CIeIyIONe 3HAYEHN TOKa3aTe-
as crenenu n: n = 2 ana CaCOs, Al,O3z, YBCO u
n & 1.3 gna C. Pacgernsie 3aBucumMoctu 1o Ghopmye
(10) ¢ HalieHHBIMY IO METO/LY HAMMEHDINHUX KBAIPATOB
napaMeTpamMu MpUBeICeHBI HA puc. 1, 2 CTIONTHBIMU JTH-
HUSMU.

4.1.2. larencuBHOCTb paccessius I;(q)

Ha puc. 4 npuBeIeHbl UMY JTHCHBIE 3ABUCUMOCTH WH-
TeHcuBHOCTH paccesuus [s(q) mpu g > sr niusa CaCOs
u C (aHajoruyHble 3aBUCUMOCTHU ObLIM T10JYYEHbI TaK-
xke g AloOz u YBCO). Veranosieno, uro paccesinue
B JAHHOM JMana3oHe Mo ¢ YIOBJIETBOPUTEIHLHO OMUCHI-
BAETCA 3aBUCHMOCTHIO

I,(q) = Ai/q®, (12)

rme A = 4 £+ 0.1 goa CaCOz, Al,O3, YBCO n
A =26=+0.1 gua C, a napamerp A; TpaKTHYECKH
nuHeiHO 3aBucuT or L. JlamHble IO paccesHuio oOpa-
6aTHIBAINCEH IO METOLY HAMMEHBITTNX KBAAPATOB C KOP-
pexIpeil Ha IEeJIEBYI0 NeOMETPUIO W aHAJIU3UPOBAIUCD
B muanasone 0.007A~! < ¢ < 0.03A~L. Honpaska na
LIEJIEBYIO TEOMETPHIO CyIecTBenHa npu ¢ < 1072 A1,
T 3KCTepUMEeHTAILHBIC JTAHHbIe, KOTOPBIE SBJISIOT-
Csl PE3YJBTATOM CBEPTKHM HMHTEHCHBHOCTH PACCEsHUS,
I,(q) o< ¢~ ¢ npubopmnoii dbyHKIUEH pa3pelenns, or-
KJIOHSIOTCST OT 3aBHCHMOCTH ¢~ 2, OmHAKO B MacmTade
puc. 4 3TM OTK/IOHEHHWs HE3aMeTHBI. Bu cTemennoii 3a-

BHCHMOCTH WHTEHCUBHOCTH paccesnns I (q, L) o< ¢~ 25,
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I;(q), orn. en.
5.78%

8.98
5.78
3.88

1.48

0.01 0.02

Puc. 4. ImnynbcHas 3aBUCMMOCTb paccesiHnst HeATpo-

HOB npu ¢ > sr oT TonwuHsl L (yka3aHa B Munaumer-

pax okono kpusbix) obpasuos nssectu CaCO; (o) n

caxu C (o). CnnowHbie 1 WTPUXOBbIE NMHUN — Pac-

veT ¢ pyHkumeli paccesHus I q_A. Haiigero, uto

ansa scex TonwuH A = 4 4+ 0.6 (n3sects) n 2.6 £ 0.1
(caxa)

nabsomaembrii g caxu C, momobeH BUILY 3aBUCHMO-
CTH B CJIyYae paccesiuust Ha 00LeMHOM (ppaxkTaje ¢ pas-
mepuoctbio D, = 2.6 £0.1.

4.1.3. Ocuabienue

IIpu manpix 3madenusx L < [ ocmabienue 1eH-
TPAJBHOrO MYYKA B 3aBUCHUMOCTH OT TOJIIMHBI 00pas-
OB /IS BCEX UCCIEIyeMbIX CUCTeM (PUC. 3) YIOBJIETBO-

).

OTKyZa W OIpeIensiach IIuHa CBOOOJHOTO Mpodera
legp. Tlomyvennnle 3HAUEHNS Loy, AT KayKIOTO M3 WIC-
clleIyeMbIX 0OHLEKTOB MpecTaBiensbl B Tabs. 1. Pacuer-

puTenbHO onmcbiBaeTcs byHKIHEH

L

(13)

exp

HbIE 3aBUCUMOCTH C TAPaMeTPaMu, HAMJIeHHBIMHA 110 Me-
TOAY HAUMEHBINNUX KBAJIPATOB, MOKA3AHBI CILIOITHBIMHI
JWHUSAMHU Ha pucC. 3.

Kak Bumno ma puc. 3, ¢ yBenuuenuem L HAOIIO-
JIAeTCs OTKJIOHEHWE OT SKCIOHEHIMAIBHON 3aBHUCHUMO-
ctu, 00yCIOBIEHHOE MHOTOKPATHBIM paccesnneM. Bbi-

503

Aw, 1073A71
7 T T T T T T T T T

4 5

L1/2, a2

Puc.5. Ywupenne nyska Aw = /w? — w? B 3a80-
cumocTu ot TonwmHbl L obpasuos CaCO3 (1), YBCO

(2), C(3), Al203 (4). CnnowHas nuHns — pacyeT no
dopmyne Aw = a + bL*

JIO Ha#IeHo, YTO IKCMEePUMEHTAJIBHBIC JAHHBIE OCIa0-
JIEHWsI TydYKa ¢ YBEJUYEHWEM TOJIIUH OOPA3IOB s
HeppaAKTATBHBIX O0BEKTOB XOPOIIO OMUCHIBAIOTCS C
yYEeTOM HEHTPOHOR, PACCESTHHBIX MHOTOKPATHO, COTJIAC-
HO BbIpazkeHuto (2) B npezenax BEPTUKAIBHOIO U TO-
PU3OHTATBEHOTO Pa3pelieHus IeHTPATBLHOTO JeTeKTOPA.
JBymepnas ceeprra auddysunonnoit popmynt (2) npu
q = 0 ¢ pyHKIUAME pa3perneHus Tpudbopa Mo IByM KO-
Op/IUHATAM, B3STBIMU B BUJIE TAyCCUAHOB C TUCIIEPCHUSI-
MU dqp, M 0q,, IO KOTOPOH 06pabaThiBaInCh JTaHHBIE TIO
ocmabnennio mywara mpn L > 0.5l¢zp, MMeeT BUI

I 2D6q,dq,
In  {[(20¢,)* + FL][(20gy)* + FL]}"’

rane D u F' — cBoboxubie napamerpol, a p = 1/2. Pe-
3ysabTaThl noAroaku no dopmyne (14) nas obpasuos
CaCO3, Al,O3, YBCO mnpusemensl Ha puc. 3 MITPHU-
xoBbIME JinHuAMU. Kak BuaHO u3 Bbipazkenus (14), B
npenene 0qg,0q, — 0 ormomenme [/l x 1/L, xak
n crexyer n3 teopunu [3]. Benmumna F' B BbIpaykeHun

(14)

(14) paccmarpuBasach Kak CBODOJHBIN mapamerp, Of-
HAKO eCJu OTKJIOHEHWe OciabieHns Mydka OT 3IKCIO-
HEHIIHAJILHOM (DYHKIMU B TIOJTHONW Mepe OIMUCHIBAETCSI
nuddysuonnoii hopmynoii (2) B npemenax ameprypbl
[IEHTPATBHOTO CYETYNKA, TO JOJIZKHO BBITOTHATHCS Pa-
pernctro F'L = Qq%. Pacuersr mokaszann, UTO 3TO pa-
BEHCTBO DPEANU3YeTCs C TOYHOCTHIO A0 3 % mpu m3me-
pennn ocnabieHus My9KA B YJIyYIIEHHON IeOMeTpuu
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Tabnuua 1.  OcHosHbie pe3ynbTaThl ananu3sa ganusix no MSANS (napameTpsl onpeaeneHs B TekcTe)
Oobpaser, leap, MM A I D R, A
Hedpakranpabrii
Al,O3 3.9+0.6 44+0.6 0.5 3 203 £ 11
YBCO 9.44+0.3 44+0.6 0.5 3 171+ 16
CaCOg3 1.7+ 0.1 4+0.1 0.5 3 216+ 6
O paKkTaabHbIH
D,=26+0.1*
¢ 25+0.1 2.6+0.1 0.8+0.1 Dy =275+0.15*" 351+ 12
Ipumevanue: * — U3 acCHMOTOTUKY MPHU GOMBIKX ¢, ** — W3 JaHHBIX 110 YIIMPEHUIO U 0C/IabIeHUI0 MyYKa.
(g, = 1.8 -1073 A=), rue 3uadenus gy B3ATHI U3 paccesinusi. AHAJIOrMYHbBIE OIEHKH IPOBOIMINACH B Pabo-

anasm3a ymupenus mydka (puc. 5). Ilpu ananuze nau-
HBEIX 10 ocnabmenwio myuka npn L > 0.5lq,, o719 ca-
ku C MBI TakKe BOCnogb3oBanuch dpopmynoii (14) ¢
TOI JIUIIb PA3HUIEH, YTO CTENEeHb [ ObLITa CAeTaHa CBO-
60IHBIM TapamMeTpoM. B pesyibraTe pacderos mo MeTo-
Jly HAUMEHBINUX KBAJIPATOB OBbLIO MOJYyYeHO 3HAYCHUE
p# = 0.8 £ 0.1, xoropoe B npenene d¢,,0q, — 0 naer
I/Iy oc 1/L2#=16 u cornacno pabore [3], coorBeTcTBY-
eT oCJabJIeHUI0 MYyYKa HEHTPOHOB MPU MHOTOKPATHOM
paccestHMM HA MOBEPXHOCTHOM (bpakTane ¢ pasMepHO-

croio Dy =4 — 1/ = 2.75.

4.1.4. YmupeHue mydka

DKCIEePUMEHTAIbHBIE JAHHBIE TI0 YIMTUPEHUIO TIYYUKa,
B 3aBHCUMOCTH OT TOJIIWHBI 00PA3IOB MPUBEIEHBI HA
puc. 5. Ymupenue mydxa 00pa3oM ONPEIeIsaoch u3
dbopmynnr (11) kax

Aw? = 5* — 3. (15)

Baberas Buepejs, OTMETHM, YTO XapaKTepPHbIE Mac-
mTabbl HEOIHOPOIHOCTEH, OMpeIeIeHHbIe B IKCIIepH-
MEHTEe, TIOPSIKA COTEH AHTCTPEM, MO3TOMY 3KCIEPH-
MEHTaJIbHbIE JAHHBIE YIAeTCsA OINUCATH, UCIOIb3Ys M-
dpaxmuonroe npubanKenre. OIEHKN TOKA3BIBAIOT,
YTO XapaKTepHbIil pasmep Ry (cOOTBETCTBYIOMNI 3HA-
HauMHasg C KOTOPOro pedpakipuoH-
HBIA PEXKUM CTAHOBUTCS CYIIECTBEHHBIM, COCTABJISET

qeHuio o & 1),

Ry ~ 21072 Mm. Beanunna XapakTepHOTO MMITYILCA
B 5TOM ciiyuae cocrasiser (cm. (8)) q1 < 2-107* AT,
T.e. pedpakInOHHOE PACCesHUe AT B JIUATA30H IIe-
DPeIAHHBIX UMITYIbCOB, KOTOPhIE MEHBITIE, UeM MPeIesTh-
HOe pas3perieHue npudopa, u STUM PACCETHUEM MOZKHO
npereOpedb B CpaBHEHNN ¢ AU pakinei mpu aHaTH3e

re [11], B KOTOPOil U3y4anoch MAJIOYIJIOBOE PACCesHUe
B kepamuke YBCO.

Kak Bugno wa puc. 5, ymmpeHnue MydKa, TpakTye-
moe kak Aw = ¢z, (em. (1)—(3)), yaosiaerBopurenbHO
OTIMCHIBACTCS 3aBUCAMOCTHIO

Aw =a+ bL* (16)

C «HEHYJIeBOI OTcedKOoii» Ha ocu abcruce npu L — 0,
JetanbHO obcyRaaemoii B paborax [6-8]. U3 ananmsa
sasucumoctu Aw(L) ObLIM MOTyYeHBI CIEAYIONINe 3HA-
4YeHus mokasarens crenenu i 1) = 1/2 agna CaCOs,
Al,O3, YBCO u 2) p ~ 0.8 mua C, 9410 1OJHOCTBIO
COTJIACYETCS CO 3HAUCHUSAMMU, TOJIYUYCHHBIMU paHee TpPu
ananmnse ocnabnenns I /Iy MeHTPATIHLHOTO MyYKa B 3aBH-
CHMOCTH OT TOJIAHBI L, 006pasIos.

B pamkax nudpaknnoHHOTO TPUOINIKEHUST, KAK 00-
CYZKJAJI0Ch BBIME, ¢ ucnoab3osanuem ¢dopmymst (1)
JUTST XapaKTePHOTO UMMOyJIbca B AudpPaKIMOHHOM MPHU-
O/IMKEHUH € IIOIYyYeHHBIMU IapaMeTpaMu ley, B (r
MOYKHO OIIEHUTH XapaKTEPHBIA pa3Mep pacCemBAIONINX
HEOJIHOPOJHOCTEN B CUCTEMe, JAIOIIUX OCHOBHOU BKJIA/T
B paccesiiue, BUIUMOE B TIpeJiesiaxX pa3pernenus TaHHO-
ro npubopa. COOTBETCTBYIOIINE OIEHKN BEIUYUHBI R
JI7Is BCex 00pasuos npu L > ., npuBeseHsr Ha puc. 6
u B 1abs1. 1. Criomabie u MITPUXOBBIE JTUHUN TOJTY 9€HbI
¢ moMmoIkio 3asucnvocth (16).

Paccesinme Ha HEOIHOPOMHOCTSIX TAKOTO MaciTaba
JIOJIZKHO BBI3BIBATH OTKJIOHEHHE B CTENEHHBIX 3aBUCH-
MOCTSIX WHTEHCUBHOCTH PACCEsIHUsI, MPUBEIEHHBIX HAa
puc. 4, mpn yciosnn sr < ¢ < 1/2R. B manuoM 3Kcrie-
DPUMEHTE 3TO yCIOBHE HE BBITOIHSAETCS, TIOCKOIbKY MU-
HUMAJBHOE 3HAYCHUE STymin & 3-1073 AL, [Insa naGmo-
JIEHUsT OTKJIOHEHUs B CTEMIEHHBIX 3aBUCUMOCTSIX PACCEs-
HUs TIPW MAJbIX ¢ HA JAHHBIX 00PA3Iax, T.e. JJs Bbl-
MOJTHEHUST ATOTO YCJIOBUS, IKCIIEPUMEHT 110 MaJIOYTTI0BO-
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R, A dx/dQ, cv!
400 — . . ; ; 100 -
350 | §’§’§’§§ ¢ —#‘ ‘% . 10 ]
300 - - . ]
250 R
0.1 i
200 éié‘%‘—§—‘%_%_%-
| 0.01 4
150 - B
1 2 3 4 5 0.001 0.01 0.1
L/leap ¢. A7

Puc. 6. 3asucumocTs xapaktepHoro macwTtaba R pac-
cenBatoweli cucremsl ot L/l ans obpasuos C (e),
CaCOs3 (o), YBCO (4), Al203 (¢). Cumeonsl — pac-
yet no cdopmyne (5), CNAOWHBIE N WITPUXOBbIE TUHUN
nonyYeHsl ¢ ncnonb3osaHnem 3asucumoctn (16)

MY PaACCESTHUIO JOJIYKEH MPOBOAUTHLCS HA TOHKUX 00pas3-
Iax W Ha YCTAHOBKE C Pa3perneHueM Mo TepeIaHHoOMy
aMmoyascy ¢ < 1073 A1,

5. SANS M USANS

Kak Bugno w3 tabdn. 1, mo mamasim MSANS, mo-
JIyYeHHBIM W3 U3MEDPEHWH VIMUpeHus W OCIabJIeHus
HEHTPOHHOrO MNy4Yka B 3aBucuMoctd or L (auama-
300 ¢ < qr), UCClepyeMas CazxKa sBJIAeTCs MOBepX-
HocTHbIM pakransom ¢ Dy 2.75 £ 0.15. B 1o
JKe BpeMs TOKa3aTesb cTernenu A, TOJyueHHBIH u3

aHAJIM3a WMITYJIbCHBIX 3aBUCUMOCTEH WHTEHCHUBHOCTH
paccesinus I;(¢) B acuMnTOTMYECKOM Npejese npu
g > qr > 7-1073A~' pasen 2.6 + 0.1, ut0 coOT-
BETCTBYET PACCESHUI0 HAa 00beMHOM pakTaie ¢ pas-
mepuoctbio D, = 2.6 £ 0.1. Jauubiii pe3yibraT MOXK-
HO OOBSICHUTH, TPEIIOJI0KUB, BO-EPBBIX, UTO HUCCJIE-
Jyemasi caxka COIepKUT aBa (dpaxrtana (MOBEPXHOCT-
HbIA U 00BEMHBII) U, BO-BTOPBIX, YTO OCHOBHOI BKJIA/I
KasKJI0r0 U3 HUX B MHTEHCUBHOCTH paccesnus [s(q) ne-
JKAT B PA3HBIX JUAMA30HAX ¢. DTO O3HAYAET, YTO HA
kpuBoii I;(q), nocrpoennoii B iorapudpMu9IecKOM Mac-
mrabe, MOMKEH HAOTIOJATHCS W3J0M, COOTBETCTBYIO-
U TOYKE TTepexosia OT OJHOTO 3aKOHA DACCesTHUs K
apyromy. [Iist mOATBEP:KICHWS JTAHHOTO MPEIOI0Ke-
Husg TpeOboBaIach He3aBHUCHMAasi OIMeHKa (PPaKTATbLHOM
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Puc.7. WNwmnynbcHas 3aBucumocts gudpdpepeHunanb-

HOrO CeYeHUns paccesHusl HeliTPOHOB Ha obpasue caxku

C Tonwuroii L = 1.5 mm. CnnowHas nuHus — pacyer
no dopmyne (17)

Pa3ZMEepPHOCTH UCCIEIYyeMO CazKu, KOTOPYIO MOYKHO ITO-
JIyIUTh U3 WU3MEPEHUs PACTIPEIEIeHNUs] WHTEHCUBHOCTH
MaJIOyTJIOBOTO paccesnus, I(q), ¢ HCMOIb30BAHUEM Me-
roguk SANS u USANS B pekume 0JHOKpPATHOTO pac-
CestHUSl B KAK MOYKHO 0OJI€e MMPOKOM JUAIA30HE Mepe-
JAHHBIX UMITYIHCOR (.

Ha puc. 7 npencraBnena uMITyIbCHAST 3aBUCAMOCTD
auddepeHnuanbHOTO CeUeHNsT PACCeIHNsT HeHTPOHOB,
dX(q)/dS), n3mepennasi Ha o0pasue CayKM TONIINHON
L = 1.5 wm B guanasore 0.003A~! < ¢ < 0.15A!
na ycranopke SANS-1. JIng ananusa JaHHBIX MBI HC-
MOJTH30BaJIA (POPMYJTY

dx A?
m(Q) = q_D + Iinm (17)
rae As — cBobomHbIil napamerp, a I, — HeKOToOpas

He 3aBHCAIIas OT ¢ KOHCTaHTa, 00yCIOBIEHHAsT paccesi-
HUEeM Ha HEOJHOPOJHOCTSAX MAcImTaba IIWHBI BOJHBI
A, B JAHHOM C/ly94ae OHA PaBHA JECSITH WIH HECKOIb-
KUM JIecITKaM aurctpeM. s momydennsi OKOHIaTe Th-
HBIX pe3ysabTaTroB Bhipazkenue (17) cBopaumsaioch ¢
npubopHo#t (pyHKIHeH pasperieHns. JKCIepUMEeHTATb-
HbIE 3aBUCUMOCTH Tu]HepeHnnaabHOr0 CeIeHN PACCe-
sans dX(q)/dS) obpabaThIBaNNCh IO METOLY HAWMEHb-
IIIUX KBAJIPATOB sl KAXKJIOTO U3 9eThIPEX WHTEPBAIOB
U3MEHEHUsI BeIMYUHBI ¢. Pe3yIbraTel JAHHOIO AHAIA3A
TpencTaBIeHsbl B Tabd. 2.

Kak Buamo m3 Tabma. 2, mMOTydeHHDbIE W3 AHAIA3A
SANS-anHbIX 3HAYEHUST pazMepHOCTH D JIeKaT B WH-
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Tabauna 2
TMuanazon ¢, A1 0.048-0.15 0.013-0.064 0.007-0.022 0.003-0.009
Pasmepuocts, D 2.544+0.1 2.75 +0.05 2.56 + 0.08 2.62 +0.02

2.10~*
g, A7

5-107% 1072 2.1072

Puc.8. VmnynbcHble 3aBUCMMOCTM yNbTpamManoyrio-

BOrO paccesiHns HeliTPOHOB, N3MepeHHble ansi obpas-

yos caxn Cnpn L =02 mm (1) u L = 1.5 mm (2).

CnnolwHble IMHNI COOTBETCTBYIOT pacyeTy € hyHKLu-
eii (18) npu ¢ > qr

Tepraje ot 2.54 10 2.75 B 3aBUCHMOCTH OT AUAMa30HA
¢, HA KOTOPOM MPOBOIUIICS AHATN3 PACCESTHUA.

B 10 ke BpeMsi ycpeIHEHHOe 110 HHTePBAJIAM ( 3HA-
4denne pazmMepHocTn D & 2.65 MpakTHYecKn COBMAIaeT
c onenkoit D, = 2.6 £ 0.1, mosryuenHoit panee Iy 3TOM
cazku B xozme MSANS-skcnepumenta.

Ha pwuc. 8 mpencraBieHbl pe3yIbTaThl U3MEpeHUi
USANS s o6pasnos caxu C ¢ Tonmuuamu L = 0.2,
1.5 MM, TOonydeHHBIE € HUCMOTB30BAHUEM METOIUKH
nByxkpucragbaoro audpakromerpa [18]. Ocnabnenne
MIPOTIIEIIIIETO Yepe3 o0pasel] Mmydka HeHTPOHOB OBLIO
o4eHb BequKo u cocraBisano 1 — I(g = 0)/Iy =~ 0.84,
0.97 coorsercrBenno mias L = 0.2, 1.5 mm. D10 03HAa-
Yaer, 4To JJIsi WHTEPTPETAIUH TOJIYUYEeHHBIX KCIePU-
MEHTAJIBHBIX PE3yIbTATOB HEOOXOIMMO UCHOTB30BAHUE
reopun MSANS [3]. B cranzapraoii npakruke anaju-
3a USANS-cnexTpoB nipu L > | njis mojydueHus: napa-
METPOB, XapaKTEPUYIOIUX PACCEUBAIOINLYIO CHCTEMY,
00bI9HO ncnonb3yior 3asucumocts Aw(L) [7,8]. Hac
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JKe B JJAHHOM CJIydae MHTePecoBania aCUMITOTHKA 3a-
Bucumoctu I(g) mpu GOMBIIUX ¢, KOTOpasi, KaK OTMe-
9aj0ch paHee W ToKa3aHo B paborax [3, 6,9, 18], nmeer
CXOJIHBIN XapaKTep ¢ aCUMOTOTUKON OJHOKPATHOT'O pac-
CestHus.

Hnga ananuza unarencusnoctu paccesnus I(q) npu
GOMBIIX ¢ MBI BOCIONB30BAMUCH NPOUEIYPOii, Onu-
caHHOW B pabore [19]. DKcrmeprMeHTATBHBIE JTaHHBIE
COBMECTHO € MPUOOPHON KPUBOH anmpOKCUMUPOBATNCD
dyuKIIHEH BHIA

e

(g =3 (15)
q
rJle IePBOe CJIATAeMOE OMUCHIBAET 3aBUCUMOCTH WHTEH-
CHBHOCTH HA KPBLTbAX MPUOOPHOIT KPWBOii, a BTOpOE
craraemMoe — acUMIMTOTHUKA TpU OOJBIMUX (¢, COOTBET-
CTBYIOIIAST UCCIETYEeMOMY 00pa3ily. 3HAYEHUs MOKa3a-
Tesis CTEMeHU §, NOTYyYeHHBbIE B MPOIECce MOATNOHKH IO
METOly HAMMEHBINUX KBAIPATOB, OKA3aJNCh CJIEIYIO-
mumn: § = 2.35+£0.03 u § = 2.38 £ 0.03 g1 06pas3os
¢ TonmmHamu coorsercrsenno L = 0.2 u L = 1.5 mm.
VBenunuenne § ¢ POCTOM TOJIIIUHBI 00pa3Ia CBI3aHO, CO-
riacHo pabore [19], ¢ BKIAIOM TPEIACHMIITOTHYECKUX
YJIeHOB pasJiozkenus Besudubbl I(g) npu Gonbiux .
Pacuernbie 3asucumoctu 1o dpopmyie (18) ¢ naiinentbi-
MU 0 METOAY HAMMEHBLIINX KBAAPATOB MapaMeTpaMn
NPUBEJEHBI HA PUC. 8 CIIOMIHBIMHA JIMHUSIMHE.

Hns cpasuenust pesyabrator USANS ¢ manub-
MU, TMOJYYEHHBIMH € TOMOIIBIO METOIUKHU TPAaHIIN-
ounoro SANS, HEOOXOIUMO yd9ecTb, 9TO MPU HUCMOJb-
30BAHUM JIBYXKPUCTAJIBHON METOIWKHU CTEMEeHbL 3aBU-
CUMOCTH WHTEHCUBHOCTH DACCESTHUS OT TMepPeIaHHOrO
UMIyIbca noBbimaercs Ha exmaniy [19]. Takum 00-
pa3’oM, MBI HAXOIUM, YTO ACUMITOTHYECKAS 3aBUCH-
mMocTh uHTeHcnBHOCTH [(q) mas caxku C B amnamasome
3-100%A! < ¢ < 3-10%A"! yrosnersopurens-
HO OmMChIBaeTCs 3aKoHOM paccesuns I(q) o ¢~ 2,
rme A = 6 + 1 = 3.35-3.38, KoTOpBIH TOL00EH pac-
CesTHUIO HA TOBEPXHOCTHOM (ppakTtage pa3MepHOCTH
Dg =6 — A = 2.62-2.65. 910T pe3yabTaT OYeHb OJu-
30K K pesynbrary Dg = 2.75 £ 0.15, nonydenHomy u3
MSANS.

Takum obpasom, ucroab3ys SANS- u USANS-me-
TOUKW, MBI CMODJIM U3MEDPUTH PACHpee/eHine WHTEH-
CUBHOCTH MaJioyrjaoBoro paccesuus Is(q) musa caxu C
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B auanasone 0.0003A~1 < ¢ < 0.15A°!. Tonyuen-
HbIe JAHHBIE IBHO CBUIETEILCTBYIOT O CYIIIECTBOBAHUN
JBYX DPa3HBIX JMATA30HOB ¢, B KOTOPHIX I,(q) o ¢~ 2
¢ pasubivu 3uadenusMu A. B amanasone ¢ < ¢. (rze
e ~ 0.003 A—1 — Touxa uzmoma na 3asucumoctu I (q))
nokasareh crenenn A O6amM30K K 3.35, a B AuanasoHe
q > ¢ Bemuaunna A npubnusurenbHo pasua 2.65. Takoii
BuJ 3aBUCUMOCTHU [4(¢) NeMOHCTPUPYET HAJIMYIHME JBYX
KOPPEIATOPOB, XapaKTePU3yIOMNuX TaHHYIO CUCTEMY U
JIOMUHUDYIOIMINX KAXKJIBbI B CBOEM JIHANIA30HE MepeIaH-
HBIX UMITY/IbCOB (. [TepBbIi COOTBETCTBYET MOBEPXHOCT-
Homy dpakrtanay ¢ pasmepHoctbio Dy & 2.65, a BTO-
poit — obbeMHOMY (hpaKTay € TOH K€ Pa3MEPHOCTHIO
D, ~ 2.65.

6. BBIBO/IbI

1. B pabore 5KCNepUMEHTAJIBHO MPOIEMOHCTPUPO-
BaHa BO3MOKHOCTH IPUMEHEHMs] MeTOJa MHOTOKPATHO-
ro paccestnusi HeiitpoHos [3,6,10] nmst ompenesnenus
CTPYKTYPHBIX HapamMerpoB (Mmacimraba R HeomHOpO-
Hocreil, quHbl [ cBOGOAHOrO mpobera) paccenBalomux
CUCTEM Ha YCTAHOBKAX, IJe OHU HE HAOJIOIAEMBI TIPU
MCIOJIH30BAHUNU CTaHIapTHON MeToguku SANS.

2. I[IpescraBiied HOBbBIM METO, OLIEHKH PA3MEPHOCTU
dpaxTanbHON CHCTEMBI IO JaHHBIM OCJIA0JICHUS U YIITH-
PeHus MPOIIEINIEro ny4ka HEATPOHOB B Pe:KUME MHO-
FOKPATHOI'O PACCESHUS.

3. Cpasnenne panabix 1o MSANS ¢ gannbiMn,
[OJIYYEeHHBIMU C KCIOJb30BAHUEM KJIACCUYECKHX Me-
romuk SANS m USANS B pexume OIHOKPATHOTO
paccesiHusI, TaeT XOpOIllee COrjacue pe3ysbTaTtoB. B
9aCTHOCTH, JJIsI CaKW OOBEMHBIN (ppakTams pasmep-
woct D, = 2.6 £ 0.15 B acCUMOTOTHYIECKOM TIpeIene
OOJBINUX ¢ U TMOBEPXHOCTHBIN (bparTajg pasMepHOCTH
Dy, = 2.7+ 0.15 gna ¢ < qr HAOTOOATNACH KAK TPH
MSANS-, rak u npu SANS- u USANS-usmepenusix.

Asroper 6narogapusr A. . OxopokoBy 3a mocTo-
SHHOEe BHUMAaHWE W TOoamepKKy paborsr, C. B. Maie-
eny, B. TI. Toneprepry u /I. H. ApucroBy 3a momes-
HbIE JUCKYCCHU U TIOMOIIb B MHTEPIPETAIIMU Pe3yIbTa-
toB, M. K. PyHonoit 3a momors B 06paboTKe JaHHBIX,
C. A. KniumMko 3a mOMOIIb B TPOBEICHUN U3MEPEHUH 1
A. . CubuneBy 3a moMoIIb B NMPUTOTOBICHUH 0Opa3-
10B.

Pabora oI IepKAHA, PoOOU (rpant
Ne04-02-16342), a takzke PepepanbHoil nporpammoii
«Uccmemopanne HyHIAMEHTAJBHBIX CBOWCTB BBICOKO-
KOPPETMPOBAHHBIX CHCTEM TIOCPEICTBOM HEATPOHHOTO
paccesiHdsl Ha PEAKTOPAX € TMOCTOSHHBIM TOTOKOM»
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(mpoext Ne40.012.1.1.1149) u Ilpesugenrckum rpas-
rom «Hayumsie mkoasr» (mpoekt Ne1671-2003.2).
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