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TpencrapneHa METOAKHKA POBEXEHHS OIBITOB [10 MHOTOKPATHOMY Manoyr-
7I0BOMY PacCesHHIO HEHTPOHOB C HOMOIIBIO JBYXKPHCTANLHOTO CMEKTPOMETpa C
COBEpIIEHHBIMH KpuCTaamMi. OBCYK AT 0COBEHHOCTA ITOIH METOAMKH, CBA-
3aHHBIE C HEOOXOMMMOCTHIO (PUKCHPOBATH OTK/IOHEHHS HEHTPOHOB Ha YINIOBBIE Ce-
KYHJ(bl, TpH HeOOXOMHMOCTH M3y4YaTbh PACCEsAHHE Ha HEOXHOPOMHOCTAX MHKPOH-
HBIX pasMepos. PaccMoTpeHB! crioco6hl M3BeyeHns HHOOPMALMH 0 pa3Mepax H
KOHUEHTPALMH 4aCTUL, HAXOAAIUXCS B OOHOPOLHOH MaTpHIiE, U3 YTJIOBBIX CIIeK-
TPOB MHOFOKPATHO PacCessHHBIX Ha HWX HEHTPOHOB.

Determination of inhomogeneities parameters of substance using multiple
small angle neutron scattering.

Yu.G. Abov, N.O. Elyutin, D.V. L’vov, Yu.l. Smirnov, A.N. Tyulyusov

A methodic of experiments on multiple small-angle neutron scattering is presented
for the case of two-crystal spectrometer with perfect crystals. Features of this
methodic connected with necessity to measure scattering angles of neutrons of the
order of angle seconds researching of inhomogeneties ~ | um are discussed. Dif-
ferent ways to obtain information about the size and the concentration of particles
placed in homogencous matrix from the angular spectra of multiply scattered neu-
trons are considered.

Criucok n4T. — 24 Haum.
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1. Beeoenue

[Tpu npoBeseHny ONBITOB NG MAIOYIIOBOMY PACCESHUIO TEMIOBBIX HEHTPO-
noB (MYPH) na otHocuTenbHo Gonbimx (Goniee 1 MKM) YacTHLAX, HAXOASILINXCS
B OZHOPONHOH MAaTpPHLE, CYLIECTBEHHEIM SBISETCS BOMPOC O BO3MOXHOCTH A0C-
THXKEHHSA BBICOKOrO YITIOBOTO paspellieHHs. 2Ta 3aJada He MOXEeT ObITb pelieHa
TPadHUHMOHHLIMA MeETOAaMH NyTéM (QOpMHpOBAaHUS YIAOBOH amepTypbi ¢ MOMO-
B0 KOJUTHMATOPOB, ONpPEeNSIOUIAX TOPHIOHTANBHYIO () W BEPTHKAIBHYIO ()
YTJOBBIE pACXONHUMOCTH ITy4Ka. Tak, ¢ y4éTOM NMOTEpH HHTEHCUBHOCTH, CUUTAETCS
npuemaemMsM [1] s#cnonb3oBaHie KOJUIHMATOPOB, ofecneyusaromwux o ~ 5 yrio-
BBIX MHHYT (l.:’>’~10“’3 pan), 1 HOMyCKalolMX PUMEHEHHE COBPEMEHHBIX MO3HLUM-
OHHO-YyBCTBHTENbHBIX AeTekTopoB ([TH/I) ¢ npocTpaHCTBEHHAIM paspeilleHUeM
~ 100 MrM. :

Jlns nonyuewus HHGOPMALMH O HEOAHOPOAHOCTAX C NHHEHHBIM pasMepoM
D [A] HeobXx0nMMO H3MEPATH HHTEHCHBHOCTE PACCEAHHBIX HEHTPOHOB B OBNACTH
BEKTOpOB paccesHus |q| < |/ D. 310 BaykHOE COOTHOIIEHHE CBA3BIBAET NUHEHRbIE
XapaKTEPUCTHKY NPSIMOro U 06PaTHOIO IIPOCTPAHCTBA U CNYXKHUT KPHTEPHEM ANd
TIPELETIOB pa3peIieHus Moboro AUGpakiHOHHOro onbiTa. BekTop paccesHus ¢
CBA3aH C JUIMHOW BOAHBI A, U YoM paccesHus 8, kak g = 4x /A, sin(6/2) wiy, npu
mansix 8, g ~ (2w/A,)-6. Jins rennosoit wactu cnektpa (A, = 1.5 A) yrnut paccestus
0 [pan] u pasmeps! uacTun (Heoaropoauocteit) D [A] ceszanel kax D < 1/ 48, uto
yCTaHaBAWBaCT HpEAcnbl TPUMCHUMOCTH Pas3sfUu4HbIX METOAMK. Ecnu yaaeTca
burcuporats OTKIOHEHUA yacTun Ha 6 < 1'(3-107 pan), To Ans Tennoswix HeHTpo-
HOB 3TO OMIpeleNseT AuanasoH Bextopos g < 107 A, wro Gnusko « mpeaeny no
paspeillieHHIO 115 MaoyriaoBoi MeToanky. JanasoH pasMepoB UCCHEAYEMBIX He-
OAHOPOLRHOCTEH TPH 3TOM HMeeT BepxHel rpanuuei D ~ 100 mxm (8 ~ "), » na-
nee, MpH YBENHYEHUH YIIIOR, YMEHBILAETCA N0 pa3MepaM NMPaKTHHECKH A0 MHUKpO-
pemaunH: D ~ 0,1 MM (6~ 5'). Tlpu yraax paccesHus 6 = 10’ cTaHOBHTCSH Uene-
coo0pasHbiM NpHUMEHEHHE TPaAMUMOHHbIX METONMK H3ydenua MYPH, ucnons-
syrowux [TY].

Hrak, eciid UMEETEA BOIMOXHOCTH YCTOWYHBO PErMCTPHPOBATh PacCesiHue
Ha yriast nopsnka 10" v MeHee, TO XapakTepHbIH paiMep 4aCTHL ero CO3atoLero
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6ynet ~ {1 — 10) MkM. D1y 061acTh B oCHeAHHE FObl HA3LIBAKOT [1PELIH3UOHHOE
WK y1bmpamanoyzineoe paccearue HeUTpoHoR [2].

OueBUHO, YTO TIPH CO3ARHMM CMEKTPOMETPHYECKOH YCTAaHOBKH C CEKYHI-
HBEIM Y[JIOBBIM pa3spelleHueM Heu3DexHbie MoTepH HHTEHCHBHOCTH OT NpHUMEHe-
HUA TPagHLMOHHBIX KOJJIMMATOPOB CTAHOBATCH HENpHEeM/EMbl, U HEeobXOmanMo
ucnonvzoeams opyue Gusudeckue npunyunsi. 30ech YHHKANbHYIO BO3MOX-
HOCTh IPEAOCTABASET NH(PaKUHA HeHTPOHOB Ha COBeplleHHbIX (‘HACANBHBIX”)
Kpuctaiax. Tak, HccienoBaHus B 00JacTH Masbix INepesad MMIYJIBCOB HEHTpo-
HOB TO3BOJIMET [POBOXWTL METOX JBYXKPUCTaJIbHOIO CIIEKTPOMETpa C rapaf-
JieNbHON YCTaHOBKOH COBEpLIEHHBIX KPHCTAlIOB, a U3y4aTh Jupdy3HOE pacces-
HHE HA CTATHYECKHX HEOAHOPOJHOCTAX pELUSTKH — METOA TPEXKPHUCTanbHOro
cniekrpomeTpa. (O6a 9TH HanpaBiieHHs CBS3AHBL ¢ HEOOXOAHMOCTBIO BbileNeHMA
paccesiHHBIX  HEHWTPOHOB Ha (POHE HHCTPYMEHTANBEHOH CTIeKTPaibHON JIMHHM,
nMerolledl IHPKHHY Ha MOJOBHMHE BLICOTH ~ 3" M IUTABHO CNajaloleild B 1Hanasote
HECKONBKUX NECATKOB yMIoBbIX cekyHA. [lpw 3atom obpasyrorcs "xBocTel" MM
"KpUTES", 2 (DOHOBHIE YCTIOBHS JOCTHIAKOTCS JHilik C YJAJeHHEM OT MaKCHMyMa
ual3' -5

2. Memoo 08yxKkpucmansHozo crexmpomempa

TIpomsuwerue B 06IacTh MaJIBIX Ti€pEat HMITYIIbCOB HEHTPOHOB NO3BOJIAET
OCYLIECTBUTE [IBYXKPUCTANBHBIH CHCKTPOMETp C NapaiiieNnbHOR yCTAHOBKOH co-
BEPLIEHHbIX KPHCTALIOB. C MOMOUIBIO 3TOH METOAUKH NOSABIAETCS BOSMOMKHOCTE
uccrenosats obnacty, rae | q | = 0, T.e. — npu cobmoneHun ycnaoBuit [umbe
(gD <1, D — 0) — CyIECTBYIOT MaKpOCKOMMYECKHE HEOAHOPOJHOCTH, HMEHOLME
pasmeps! HoJiee OJ{HOTO MHKPOHA.

CxemaTtuyeckd criekTpomerp u3obpaxeH Ha puc. la. Ilepeeiif kpucrann (M)
CAY>XHT OJHOBPEMEHHO MOHOXPOMAaTOpPOM H “‘KOIHMaTopoM™, a Bropo# (A) —
AHAJIK3aTOPOM Hy4ka HeHTpOHOB, npolenuiux u€epes npubop. [TogoGhas ycra-
HOBKa& KPHCTaNIOB Ha3blBaeTcH napajuiebHod U obo3navaetcs kak (1, —1) cxema.
CraTue wudopMaLmMy OCYILECTBASETCS MyTEM NOBOPOTA KPHCTaNNa A Ha yron B
nonu cekynn (f) ¢ nocnernyrorei 3KCHO3ULHMER B KOKAON TOYKE, B 3TO BpEMS
KPHCTa/I-MOHOXPOMAaTOp HOJDKeH ObiTe Hemoasuken. [To mepe BpalueHUs Kpu-
cranna A cuét.Ha fgeTeKTope (HHTCHCHBHOCTH OTDaWEHMA) CHAYyala BO3pacraet,
3aTeM, HPOXOAA Yepe3 MaKCHUMYyM, YMEHBIUAETCA NpaKThyecku Ao ¢oHa, obpazys
npH 3TOM 3aMeTHBIH “xpocT”. IlpHuMHbI MOABIEHMS XBOCTA, CIHAJAIOLIEro Kak '
(6 — By, ceasaHBl ¢ JHHAMHYECKHM XapakTepoM B3aUMOAEHCTBWS HEHTPOHOB ¢
ascambrieM Afiep, COCTaBMNSAICIMX coBepilieHHbIN Kpuctamt [4]. Crocob nonasite-
HHS — UCIIO/B30BaHKE B Ka4yeCTBe MOHOXPOMAaTOpa KpHcTallla ¢ IpONHiIoM, obec-
NEYUBAIOILENO MHONOKpaTHOE OTPAKEHHE Iy4Ka OT OJHOUMEHHAIX MNOCKOCTEH

(hkD) [5].
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MATEHCHBHOCTE MOHOXPOMATHYECKHX HEHTPOHOB, OTpPaXEHHBIX OT KpH-
cranna A (puc. 2a) onuceisaercs Gopmynoi [3,6]:

1(B)=k- [RE)-RE - B)dE = kR*R, 0

The k — TIOCTOSHHAA BETMYHHA, 3aBHCHILAS OT XapaKTEPUCTHK HEHTPOHHOTO Criek-
Tpa H PacXOLMMOCTH MEPBHYHOTO Nyuka (YrioB ¢ H @), R(&) ~ xoadduuueHt or-
paxenus oT “upeanbHoro” kpucramna, £=3-0,; § — yron naaeHus nyda Ha
nnockoctH hkl; Gz — yron bparra.

B¢3 obpasua

< o

Puc. |. Xon nyucil B NBYXKPHCTQIBHOM CIIEKTPOMETpPE: 8 — HEMOHOXPOMATHYECKHH
Ny4oK B OTCYTCTBHE OOpasla-pacceHBarens; 6 — IpH wanuase “pacceusareis”;
B — CXEMaTHUYECKHH BWI( KPHBOR OTPWKEHMS HEHTPOHOB OT KPHCTA/Ia-alaju3aTopa
{c ofpasiom k1 6e3 Hero); M — KpHCTAI-MOHOXpOMATOP; A — aHAH3ATOP; Af — HiMe-
HCHI;IC 5[)31'1‘030](01‘0 yria B 3aBHCHUMOCTH OT /1, Q — pacxoanMoCTs MEPBRYHOTO N1Y4Ka,
Y — yTon paccesnus B obpasue, [ — YIJIoBOe HOJIOKEHHE BTOPOTO KPHCTALNA.

Hlnpuna A "kpuBo#t kavanus" [(f) Win, JpYyTAMH CIIOBaMH, WHCTPYMEH-
TaNbHOW JIUHHMH ABYXKPHCTallbHOIO CIIEKTPOMETPa IIPH HCMONB30BAHHM COBEp-
wieHHbIX KpucTannos Si uan Ge v A, = 1.5 A (puc. 2 a) pasua

N : /1;:2 ’ |E‘ek1i _5
A=15-42-28, § g 023, )
re N — 4MCHO aTOMOB B D/IEMEHTapHOH s4yelike, YTo onpeAesseT YrnosoH auana-
30H: 3.8 <5, npurogHsit A8 onelToB 1o MYP HEeHTPOHOB ABYXKPUCTAILHBIM
mMeTonoM [4].
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Puc: 2. Kpussie n8oiH0ro orpaxeHus ot nnockocTr (111) coBepIeRHOro KpueTan-
na Ge: a) Ao = 1,65 A; b) 4=2,46 A (MeHbmas KpuBasg MONYUYEHa MOCIE IPOXONIE-
HHA HEHTPOHHOTO Myuka depes MoHOKpucTat Si0O,, TomumEo#i 100 MM); ¢) 3aBucH-
MOCTb WHTCHCHBHOCTH OT JJIMHBl BOIHBI [OCHC OIPAXEHHS OT KpHCTaNia-
MOHOXpoMaTopa {Ha Bbixoze H2 BIIM*).

¥} macurra® ipusendy ¢ yuétom uoroxa Helirtposos HPT MHOHU (2:10n./emc)

PaccmotpuM mponeccsi, npoucxoasmue B (1, —1) crnektpomerpe, ¢ He-
CKONIBKO WHBIX MO3HUMHA: T0, 9T0 wupHHa /o(f) Onska Kk WHpPHHE NApBHHOBCKOTO
npoduns oTpakeHHA oOBACHIETCS TeM, YTO B OTIAMHHUE OT "Genoro” mydka B OT-
pPaXxeHHOM OT MOHOXpOMaTOpa nyuke pa3fpoc HeHTPOHOB MO A, ¥ HaNpaBIEHUIO
HX DacTpOCTPRHEHHMS He AG/REMCA He3AGUCUMBIM: OH TIOIHHHAETCA COOTHOLLE-
uuio Bparra: 2dsing = n'A,. B 3ToM "KoppenuposaHHOM" Ny4Ke KaXIOMY 3Hate-
HHUIO 4, COOTBETCTBYET OHPENC/ACHHOE ¢ TOYHOCTHIO A0 AAPBHHOBCKOW WHPHHBI
HalpaBJieHHe paclpoCTpaHeHHs HEHTPOHOB, MO3TOMY KpHCTAlI-aHaIH3aTop OT-
pa¥aer OJAHOBPEMEHHO HEWTPOHBI Pa3HBIX JHEPTHH, GOPMHPYS Mapaic/bHbIe
NyuKH JMIlb B [Ipefesiax JapBHHOBCKON LuupuHpl ortpaxenus &%. Taxum obpa-
30M, KpUCTANN A, B CTPOTO NapajenkHOH Mo3uiuuH ¢ M, 0OHOBpeMEHHO OTpaKaeT
BCHO COBOKYMHOCTh Y3KHX AapBUHOBCKHX npoduiedl R;, BOLIEALINX B YIJOBbE
npefienbl, ONpeLeNeHHbIE TOPU3OHTANBHON pacxoauMoCThio ¢, Kaxasii U3 aTux
OTPaXEHHBIX KBasUNapajieNbHbIX Nyueld WMeeT CBOH CTATHCTHUECKHA BEC H OIl-
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peNenseTcs CBOUM 3HaYeHHeM A, BHYTpH MHTepBana AL = a-Ayctgd . [lpoctediwasn
OlLIEHKa MNOKA3bIBAET, UTO TAKHX NMApaNlenbHbIX "MYyYKOB-KAaHANOB" (PU HCIIOMb-
3yeMbIX 3HAYCHHSX YTNOBOH FOPH3OHTANBHOH pacXxoJHMOCTH ~ 107 (a ~30)wm
LIMPHHBT TUIaTO cTonKka JlappuHa S ~ 107° 8 IByxKpucTansHom (1, ~1) cnextpo-
Metpe peanusyercs a /25 =107/ 2:107° ~ 300 xaHanoB R,

ITpu moBopoTe KpucTania A BOKPYI' BEpPTHKaNbHOMA ocH ¢ warom ~ 0,1 yrom
cek. (~ 5-107 pam) U3 CTPOro napanenbHOMN MO3ULIMH, TIPOUCKOMUT OIHOBPEMEH-
Has paccTpodka Bcex R; (i = 300), n kak TosbKO yron f craHoBHTCH Oomnbiue S,
TIPOMCXONHUT Pe3KOe YMEHbLIEHHE UHTCHCHBHOCTH HEATPOHOB, TAK 4TO LIKMPHHA Ha
TNIONIOBHHE BBICOTEI KpuBO#H Ij(ff) octaeTtcs nnurs HeMAOTMM Gonbluei, uem 2.

Tpeun3HoHHas y30CTh KpUBOH KauaHus ABYXKPHCTANBHOTO CIEKTPOMETpa C
COBEPLIEHHBIMH KPHCTAMIAMH IT03BOJISEeT ¢ GONBIION TONL30H MPUMEHSTE (H, —#1)
cXeMy JJIS MPOBEOEHHS MaJOYITIOBBIX OIBITOB C BBHICOKMM paspeilieHHeM IO BeK-
Topy q. B Gonee mmpoKUX YIJIOBBIX MpeNeNax METOLHKa IIPOUTPhIBAET B CBETOCH-
Je, U CTaHOBUTCA Uenecoobpa3zpasHbIM NpPUMEHEHHE METOMOB, HCIMOJbL3YIOLNX
KOJUIUMATOPE], HEUTpoHOBOKLl vt [TU] [1]. BasTble B COBOKYNHOCTH BCE 3TH METO-
JMKY N03BONAIOT MccnenoraTs MYPH Bo Bcem AwariazoHe BEKTOPOB paccesiHus (.
Hnarason e BEKTOPOB DacCesHus q, AOCTYMHBIA A W3YyHYEHMA C NOMOLILIO
ABYXKPHCTANLHOTO cnekTpoMeTpa cocTabiser 2-107° A'< ¢ < 3-107° A™Y, uto u ne-
n2eT BO3MOXHBIM H3YUEHHE HEOAHOPOAHOCTEH ¢ pasmepom D 2 5-10° A.

Ecau Teneps B IPOCTPAHCTBO MEXIY KpHCTa/iaMd M U A NOMECTHTH pac-
cenpaTens (obpasel, ConepPXamuil HEOHOPOAHOCTH ¢ pasMepom ~ (1 — 10) Mxm),

do
XapakTepH3YIOHACS AUdPEepeHLMANIbHBIM CECUEHHEM ) (cm. puc. 1 6), To dop-
Ma KPHBOHl OTPAXEHUS M3MEHAETCA, W HAaX XBOCTAMH KPHBOH Kauanus [,(f) noss-
aseTcs "rano”, COOTBETCTBYIOLIEE HEHTPOHAM, HenblTaBiiuM MYP (pHc. 1 B).

Taxum oBpa3zoM, ABYXKpHCTabHbIH CIIEKTPOMETP HpeACTaBisfeT coboH HEH-
TPOHOOTITHHECKYHO CHCTEMY, DHKCHPYIOINYIO YIIOBOE OTKIOHEHHE B "KOppPEnHpo-
BAHHOM" NyuKe HeHTPOHOB MEXHY KpHCTalIaMH, H Jo6oe OTKJIOHEHHE MOMNeT
ObiTH OBHAPYIKEHO, £CIIM €TI0 BeNHYHHa nopaika ¥, ~ 2" nnu Goneute. CyuiecTBeH-
HBIM, OIHAKO, ABJIAIOTCA HEKOTOpPble 06CTOSTENLCTBA, KOTOPHE HEOOX0AUMO oLe-
HHTb, TIPEXNIE YeM IPHCTYNATh K aKTHBHOMY HCIIONB30BaHMIO MeTOAHKH. Tlpexe
BCETO 3TO KOPPEKTHBIH y4eT "XBOCTOB" pacrpe/eNeHHs HHCTPYMEHTANbHOH KpH-
BOH [o{ff), CO3AIOILNK TOANOXKKY NS HEHTPOHOB, PACCEAHHBIX HA MAMbIE yTIJbl.
Hasiee, 3T0 OLEHKA BIMSHHA HEYTIPYTHX NPOLECCOB, T.€. NOABACHHS HEKOPPETUPO-
BAHHOTO C YIJIOBLIM OTKJIOHEHHEM HEHTPOHOB pazBpoca No IHEprusM, U COOTBET-
CTBYIOLUETO BO3ZMOXHOIO H3MEHEHHS YIVIOBOTO paspellleHHsl [BYXKPHCTaibHOrO
cniekTpoMeTpa. OUEHKH [10Ka3bIBAIOT, YTO AONONHUTEAbHOE YILMPEHHE OT HEYIIpy-
THX npoueééds CTaHOBHTCS 3aMETHbBIM JHIWb [pH AL/ 4 = 107° — 3HepreTHYecKOM
paspelieHHy, JOCTHXKHMOM ¢ UCMONB30BaHWEM aHTHNapannensHow (1, +1) cxeMsbl
[7]. [Ipu s3ToM nedopManus npohuis KOKAOTO NyHKa-30HAa NPHBOANT K U3MeHe-
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HHIO QOPMBI MHCTPYMEHTANBHOH KPUBOA ABYXKPHCTANIBHOTO CIEKTPOMETpA, He-
CMOTpA Ha TO, YTO NIPH NMapaUle/IbBHOW YCTAaHOBKE KPWUCTAmIoB Al /4 = 107, O1-
CYTCTBHUE )Xe €€ B ONBITHBIX KPHBBIX oTpaxkeHus nipy (1, —1) cnexTpomeTpHueckoi
cxeMme, CBHAETENECTBYET O TOM, YTO C TakoH TOYHOCTHIO HeHTPOHOONTHYECKHE
[IPOUECCH] ABMAFOTCH YTIPYTHMH.

3. Ocobenrnocmu 08yxKpucmanbHoli Memoouxu

CyuiecTeeHHbIM 0GCTOSTENBLCTBOM SB/ASETCS TO, YTO B onbiTax no MYP Ha
OBYXKDHCTANILHOM CTIEKTPOMETPE BBICOKOE YFJIOBOE pa3pelleHHE A0CTHraetcs
TONBKO B MOPH3OHTANBHOM IVIOCKOCTH, T. €. TOUHO (PHKCHPYETCS JIMLIbL FOPH30H-
TaJibHas COCTaB/SIOLIAs YITIOBOrO OTKIOHEHHMS HeATpoHoB. [loaToMy ana onpene-
JleHUs TOHOTO OTKIOHEHHA TpebyeTcs yueT BAHAHHA BEpTHKaNILHOH pacxoAHMO-
CTH, T.C. BBEIEHMA "KOITHMMAIIMOHHBIX TIOTIPaBOK", CBA3AHHLIX C TEM, YTO H3me-
pfeMoe paclpeleNieHHe WHTEHCUBHOCTH npeacTtaeseT cobol MCTHHHOE pacripe-
JENCHHE, TIPOMHTEPUPOBAHHOE TI0 BePTHKaNbHbIM oTKiOHeHusM. OnHako B 00-
eM ciyyae, KaK NpaBuno, HeoGXOAWMO YYHTHIBATh CIENYIOLIHe OCHOBHBIC I10-
[IPaBKH Ha:

1) pasmeps! uccieayemoro obpasua;

2) HEMOHOXPOMAaTHYHOCTh HEHTPOHHOTO H3MTyUYeHHS;

3) KOmMMMALHOHHYKO PaCcXOIMMOCTb ITy4Ka, rafamero Ha obpazew;

4) pasMepbl OKOH JETEKTOPOB;

5) >¢pdexT 0bpbiBa, CBI3aHHBIH C TEM, YTO YIJIOBbIE pAcTIpefeNICHHS H3MEPAIOTCS
B KOHEYHOM YTJIOBOM JIHAIIa3oHe.

Jas MeTOAMKH ABYXKDHCTANBHOIO CIIEKTPOMETpa TEpBbIE TpH (paxropa
HOPaKTHYECKH HE HMEIOT 3HA4eHMA, T. K. 1IpM GHUKCHPOBAHHOM TMONOXKEHUH KpH-
CTa/UIA-aHAN3AaTOPA OHOBPEMEHHO PErHCTPUPYIOTCS BCEe JACTHLE! C ONMHAKOBOMH
NIpOEKUHER ¢, BEKTOpA PACCeAHHsA, HE3aBHCHMO OT 3HayeHHuH BexTOpoB ks u k,
(cM. puc. 3) Ky, IpYrHMH CIOBaMH, BCE JIy4H, paccesHHble 00pasLoM Ha OIUH H
TOT k¢ YTO/l B TOPH30HTANBHOM nitockocTH. [TosToMy, OCHOBHOR BKIAX B annapa-
TYPHBIE MCKaXKEHHUA BHOCAT KOHEYHAA BHICOTA BXOJHOTO OKHA JETEKTOpa H dPheKT
o6peiBa YrNOBBIX pacnpeneneHui.

M3-3a akcuansHol cummeTpun MYP pacrnpeneneHne MHTEHCHBHOCTH H3Ny-
yeHus nocne obpasua [ (y, €), rae y, £~ chepureckue KOOpAUHATH! BekTopa K,
ABASKETCA QyHKUMEH TONBKO a3UMYTANBHOrO YIIa p, Ha KOTOPHIH pacceuBaeT Heli-
TpoHs! obpasen (cM. puc. 3). Tak kak paccesHye [IPOHCXOAUT HA HeGONbILKE YIB!
{y~ 107 paz), To 6e3 ymepba Anst CTPOroCTH MOXKHO NepeHTd K IeKapTOBOH CHc-
TeME KOOPAWHAT M XapaKTEePU30BaTh YK/IOHEHHE Nly4ya OT [EPBOHAYANbHOrO Ha-
NpaB/ieHHs YTJIIAMH & H @, ONPEACTSIOLHMH OTKJIOHEHHE, coomeTcmeHHo B ro-
PH3OHTaIbHOH H BEPTHUKAIBHOH MIOCKOCTH, CYMTAas MpPHU ITOM, YTO v = a+ ol

Takum obpazoM, I(y,&) = [(y) = (o’ + 7).
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6.

Puc. 3. a) JQuarpamma MY P ¢ akcuanprodt cumMerpuedt, a kotopoit kg, ks — coot-
BETCTBEHHO, BOJIHOBBIC BEKTOPBI IIAfANOILETO U PACCEAHHONO H3NYYEHHS; 7. € — Che-
PHHECKHE KOOPMHATH BEKTOpa Ky, @ H @ — AeKAPTOBLI KOODUMHATLL, (%~ MAKCH-
MAa/bHBIH Yros paccesHus, MpH KOTOPOM NPOHCXORHT PETHCTPALHA M3IYUEHUA, § —
paccTosuue 0T o0pasna fo AeTexTopa; f — pasMep OkHa AETeKTopa;

6) paccesHue B JEKApTOROH CHCTEME KOOPAMHAT, IJ¢ 3alUTPHXOBAHHOH MONOCOH
w306pakena obacTh B HMITYJIbCHOM NPOCTPAHCTBE PACCESHHOTO HITYHECHHS, DETH-
CTPUPYEMOTO € MOMOIIBIO ABYXKPHCTANBHOIO CACKTPOMETPA B TOM CIyHae, KOria
YIA0BOE NONOKEHHE KPHCTAANA-AHATHIATOPA PABHO .

"YT0JI CKONIBXKEHHUS fTyded, MafafollliX Ha KPHCTATUI-aHANIW3ATOD, Ofpeaens-

eTcs Kak

3 =6 +a-1/2p"tgbs + f, 3)
rae f — 3HauyeHWe YIIOBOTO TMOBOPOTA AHANU3ATOPA OTHOCHTENLHO MOJOKEHMA,
napaiieNbHOro KpHCTa/uty-MoHOXpoMaropy (M. puc. 1). Tak xax ¢ MOMOLIbI
JBYXKPHCTAIbHOTO CIIEKTPOMETpa, KaK fpaBuno, waywarotT MYP, npoucxo/isillee
Ha yriel MeHee 107, To Tpetuii unen B (3) npeHeGpexumo Man. MmenHo 310 06-
CTOATENBCTBO O3HAYAET, YTO JaHHA% METOJHKAa B OCHOBHOM "4yBCTBHTE/BHA" K
YTJIOBBIM OTKJIOHEHHSAM PAcCesiHHOrO W3My4eHHs TOMBKO B FOPH3OHTANBHOH TIOC-
KOCTH AH(DPAKIAH.

M3 (3) BuaHO, 4TO ApH (HUKCHPOBAHHOH YIIOBOH KOOpAMHATE KpHCTana-
avanuzatopa (f), AETEKTOPOM pPETHCTPHPYETCs pacCesHHOe H3JyueHue, pacrpo-
CTpaHsoLleecs B AXaIIa3oHe, KOTOPEIA NpeacTaBieH rpaduyecky Ha pucyHke 36 B
BUJIC BEPTUKANLHOH 3amrpukopanton nonocel. HlvpuHa 5Tol nonocst onpejens-
eTCs YINOBOH LIWPHHONW KPHBOH OTpaKeHHS COBEPLUIEHHOIO KPHUCTaNna, Cocras-
nsowed B Haiem ciydae okosio 3". MoxHO noka3zatek [6], 4TO dKCTepUMeHTalb-
HOE pacnpegeneHye HHTeHcnsHocTH MYP onucriBaeTes cnemyrounM obpazoM:

@ Po
19y = [1o(B-eder [1(a? +p?)dp, @

~@y

1(B)= [R(@)Ra-B)da,
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L€ rpefesisl HHTETpHpOBanus (1go) ONpelensioTcs reoMeTpHeii onbiTa (pHe. 3a):
@, =arctg(H /2s)~ H/2s (5
3nece H — BbICOTA OKHA HETEKTOPa, § — paccTOsHWe oT obpasua [0 JeTexTopa.
B ob6punbix onbiTHeIX ycnoBusix [8], H = 40 mM, s = 1200 MM, npu sTOM
@ = 1°= 0,017 pan, yro TMOU4YHO 18 npubopos nogobuoro kiacca. Jns uccie-
JlyeMbIX 00pa3lioB yriioBo# JHAINa3oH, B KOTOPOM HHTEHCHBHOCTE MYP Grina oT-
SIHYHA OT HY S, He OPEBBILAET Uy < 7' << @y, UTO NO3BONSET B (4) nepefitu K uH-
TerpUpOBaHUIO B OGECKOHEYHBIX Mpe/ienax H Nepertcars ero B BUIe ’

1°7(f) = II‘,(ﬁ—a)da jl(\{azﬂoz)d(f): _[10(5“&)7(0!)‘1'@=f0*7 (6)

rae /() — MHTEHCHBHOCTE pacCesHHOro obpasLoM H3ydeHHs, AN KOTOPOro
o = const:

T)= [1(Ja* +9*)de. (7

W3 (7) nerko nokasats, uro eciu o) ~ o npu @ — w0, 10 {a) ~ &', r.e. npu
HCIONB30BAHUY IBYXKPHCTANBHOW METOJWKH CTENEeHb 3aBHCHMOCTH HHTEHCHBHO-
CTH OT MepelaHHOro MMITyIhca IOBblIAeTCs Ha equHuny. HanpuMep, mpy u3yue-
HUH MYP Ha CHNOHIHBIX, ONHOPOAHBIX MO IUIOTHOCTH, KOMIAKTHBIX HacTHiax C
pe3kof rpaHuued BMECTO H3BECTHON AaCHMIITOTHYECKOH 3aBHCHMOCTH Ilopona
Kq) =2m0'S/ q’“inpn HCTIONIB30BAHMN ABYXKPHCTANbLHOH MeToauky Habniofaercs
3aBHCUMOCTE (&) ~ ¢~ [9].

Victions3ys CBOMCTBA CBEPTOK MOXHO BBIpasHTh J{ a)uepes Mypbe-TpaHchoManTbl
KPHBBIX, JIONYHAEMBIX H3 OTIbITA: _

: expy .
Iy)= :}- j'i—@?exmim)dwy O (®)
2r Y Iy(w) )

rae /P (@) 1 Ij(@)= Oypbe-06pa3sl SKCIEPUMEHTANBHBIX KPHBBIX OTPAKEHUS C
obpasuom u 6e3 obpasua, COOTBETCTREHHO. ‘

4. Fxcnepumenmanbran 6aza

M3BECTHO HECKONBKO YCTAHOBOK, NPeAHA3HAaYEHHBIX IS HIMEPEHHA Ha ca-
MBIX MaJlbIX yriax ¢ BbICOKAM yTHOBbiM paspelieHueM [1]. OpmHa U3 HHX dyHK-
LHOHUPYeT Ha peaktope B Okpumxckoi nabopatopuu B CIIIA [10]. B kauectse
KPHCTA/IIHYECKOH Iapbl CAYXaT KpPeMHHEBBIE MOHOKPHCTAUIBIL, pa3HecEHHble Ha
pacctostue ~3 M. B npuBope ucronszosanack 4, = 2,6 A (Al /1 = 0,02), uto
ofecrieunBanoch "KecTKoH" reoMeTpueil KOHCTPYKLMH ¥ OJIHOKaHa/IbHbIM JETEK-
TOpOM,; IIEPBHYHLIE U PACCEAHHBIE MIyHYKH [PONYCKaNl{Ch Yepe3 HieneBble KOIIHMa-
Topbl. bbina obecreyena NAOTHOCTE [OTOKA 10* HeﬁTpoaoB-CM’2~c" npu pasmepax
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oBpasua 2 x 4 oM’ 1 obnacTs Mo BekTOpam paccesHus 4107 A< g < 107 A ¢
YTJIOBBIM pa3pelieHHeM 107 pax (~ 27"). B nocnennue rofist 3Ta yctanoska Gbiia
OCHAIIeHa KPHCTAJUIAMHM C TIPONMIIOM, TIOLOGHO TOMY, KaK 3TO Aefayock boHse
Xaptom [11] Ha peHTreHOBCKOM u3fyveHHH 1 PayxoM Ha HeHTpoHax [5].

B Hawe# crpaHe OBYXKDHCTaNbHBIH CIEKTPOMETp Ha HEHTPOHHOM MNydKe
peakrtopa Osin 3anyiued B 1970 rony 8 MAD [12], Ha Hem Obin BLITIONHEH paf pa-
6071, 0 ManOyrI0BOMY pacCESsHHI0 U HEHTPOHHOH KPUCTANIOONTHKE COBEpIIEH-
HBIX Kpuctaior. B otnwune ot yeragosku B CLUA npubop aornyckan usmeHenue
IUTHHBI BOJIHBI M3NYYEHHs B TIpeHenax BCEro TEMIOBOrO CEKTOpa peaktopa; AN
MOHOXPOMATH3AI[HH ¥ aHa/lu3a CICKTPa MCMOAL30BANIMCE MOHOKPHCTANNBI repMa-
nud. B nocnenyomem 310T npubop Gbli MONEPHU3UPOBAH B TpexocHsid [13], uto
I03BOJIMIIO PACIIHPHUTE 0OIACTD €ro IPHMEHEeHHUS.

Ha peaxrope MHU®H ¢ 1981 rona pabotaer criekrpomerp (YHWBEpPCATBHBINR
IMbPaKTOMETP) BLICOKOTO YPI0Boro paspettenus [14]; 8 1992 rogy npuGop Gbin
YCOBEPIIEHCTROBAH M npuobpén BuA, nokasaHHbid Ha puc. 4 [8]. B arom nipubope
LIS W3MEHEHHA JJTMHbI BOJHBI HEHTPOHOB WCMOJB3YETCH CABOEHHbBIH MOHOXpOMa-
top 6. OcobeHHOCTh NBOHHOA MOHOXPOMATH3ALMM 3AK/IIOYAETCS B TOM, 4TO U3Me-
HEHME [UTHHBI BOJHbL MPOU3BOJUTCS OJHOBPEMEHHLIM NiepeMellieHHeM KPUCTanion
BAOAb OCH [1y4Ka HEHTPOHOB ¥ MX NOBOPOTOM Ha yrojl, Onpede/siollHics H3 yc-
nopu# Bynea-Bparra (2d,;, sinf = n 4,). IIpu 9TOM MOHOSHEPreTHUECKHH TyUOK
He MEHSET CBOETO (10JI0XKEHHS B TIPOCTPAHCTBE W BBIBOLUTCS B 3aJl peaxkTopa yepes
30 (EXTUBHY IO CTALHOHAPHYIO DHONOrMYeCKyTO 3atwnTy 8.

Bbeicokoe yrnoBoe paspeluerne npubopa peanusyercs NpH NOBOPOTE KpH-
cTanna-aHanuzaTtopa Ha yriel ~ 0,1"; Takue rnoBopOTh BO3MOXHO OCYLUECTBUTDH
NHLL C [TOMOLIBIO CTIELIUANBHOIO CKaHWPYIOLLEro yeTpoicTsa 23, YCTaHOBAEHHO-
IO Ha KOHCONbHO-CBA3AHHBIX roHuoMetpax 13. benplii my4ok HEHTPOHOB C pacxo-
AAMOCTHIO 2° HOPMHPYETCS ABIPIaThiM KONMMATOPOM ITHHOK 0,9 M K OrpaHu-
4YUBAETCA NPH BXOAe B ONOK CIOBOEHHOrO MOHOXpOMAaropa [0 pa3Mepos
24 x 36 MM’; IIOTHOCTh TEIUIOBBIX HEWTPOHOB B 5TOM MECTE COCTABJIAET MOPSAAKa
10° HedrpoH-cM™”-¢” ripu MolHocTu anmapara 2,5 MBT. Otpaxascs cHayana oT
avcnokalorHoro xpyicranna Ge (/77), a 3aTeM OT BBICOKOCOBEPLUEHHOTO KpH-
CTayla-MOHOXpOMAaTopa, My40K HEWTPOHOB Yepe3 KaHal B 3alHTe BBIXOMMT B 3KC-
NepUMeHTABHBIH 341, [e Janee HCHBITBIBAET ManoyrjioBoe paccestHue Ha obpas-
ue, foMeLaeMoM Mocsie aBToHoMHOro wubepa 11, #, oTpaxasce OT KpHCTANlIa-
aHalIM3aTopa, PeTHCTPHPYETCs NPONOPLHOHAIBHEIM CUeTYHKOM 19,

Jna nposenenuns uamepenuit no merogy MYPH B kavuectBe cnexTpoMeTpH-
deckoi Tapbl MCITONTB3YIOTCH COBEpIIEHHBIe MOHOKpHCTannel (&' ¢ OTpaXeHHeM
(111ywui,=1,75 A, npx aTOM UMpHHA HMHCTPYMeHTanbHOH KpuBoi I,(f) coctas-
aset w, = (3,1" £ 0,2"). dunprpanus HEWTPOHOB, GTBEHAIOUIMX BBICIIAM IOPA-
KaM OTpPaKeHHs, OCY LIECTBASETCA C [TOMOLLUBK MOHOKPHCTAIIHYECKOTO KBAapLA.
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Puc. 4 Obuwuit BUA YyHUBEPCANBHOrO HEHTPOHHOTO IHQPAKTOMETpPA C /BYXKPHCTAIIS-
HbIM MOHOXPOMATOPOM, YCTaHOBJIEHHOTO Ha peaxTope UPT MHUOU: [ - konnmMmarop; 2 — -
OepHble cexnuH peakropa; 3 ~ samuta MPT; 3’ — craumonapas 3amura audpakromerpa; 4 —
BHYTpHIIWOEPHOE YCTPOHCTBO; 5 — IOCTHPOBOUHAS TONOBKA BHYTPHIIHGEPHOIO YCTPOHCTRa; 6 —
6ok nBYXKpHCTANBHOFO MOHOXpoMatopa (BL{M); 7 — ocxopanue andpaxtoMerpa; 8 ~ nobosas
sawmaTa (J13); 9 - nporusoBubpanuonnas salnuTa; /) — rioABKKHAA NAATGHOPMA, YCTAHOBIECHHAS
A2 PCRLCOBOM NyTH; // — ABTOHOMHBIE WIHGEPh MOHOXPOMATHUECKHX TIYYKOB; /2 — IPOTHBOBE-
Cbl TOHHOMETPOB HHppaKTOMeTpa; /3 — FOHHOMETpbl; /4 — OCHOBHAA KOHCOJNb C OfOPHOH Te-
Niexkoi; /5 - KOHCONB ne’rex’rbpa; 16 — nnvra; 17 — 3a1uMTa OCHOBHOFO HeTekTopa; /& — 3amuTa
AETEKTOpA NMPAMOFO MyuKa; /9 — OCHOBHOW nAerexkTop; 20 — feTekTop NpsAMoro nyuka; 2/ — rep-
MocTaT; .22 — JaT9HK nonoxennd BAM, 23 — mexaunsMbl MPEUM3HOHHBIX YITIOBLIX EpeMelte-
HUH; 24 — J0CTHPOBOUHBIE TONOBKH; 25 ~ (OTONATUUKH TOHHOMEIDOB; 26 — MOHHTODHbIH CueT-
gk CHM-20. :

O6pasen OMeLaeTcs B IIPOCTPAHCTBO Mex Ay Kpuctautamu Ge w orpadu-
4{BaeTCs MO pasMepy Tak, 4ToObi, C OHOH CTOPOHBI, OH NepeKphiBal Haubonee
TITOTHYIO U OAHOPOJHYIO YacTh IIONEPEYHOro ceveHns myuka (20x8 MM?), a ¢ apy-
roii obecrieynBanacs ero MOCTOSHHAS TOMLIMHA HA obnyuyaemo# mnomaax. danee,
NOCNEAOBATEILHBIM NOBOPOTOM KPHCTANTa-aHAIM3aTOpa H JKCIIOHHPOBAHHEM B
TOYKe u3MepsieTcs Kpusas paccesuus [“°(f) (6); npu HeoOXOHMMOCTH 3TH H3Me-
PEHUA MPOBOIATCA BIJIOTH 0 (DOHOBBIX 3HAUYECHHH HHTEHCHBHOCTH, 3HAYCHUE HH-
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CTpYMeHTANBHOH KpHBOH /,(f) npu 3TOM cumTaeTcd u3BecTHbIM. VI3 KpuBo#

I7%(B) nocne o6paboTKH MOXHO HOMYyUNTh AUGPEPEHUHANBHOE CEUeHHE fﬁ%
XapaxkTepu3yloLlee HEOTHOPOAHOCTH BHYTPH obpasia.

Kax yTBepXAanocek Bbillle, ABYXKPHUCTANIBHBIH METOL MO3BOJAET PETHCTPH-
pPOBATh YrIIOBbIE OTKIOHEHHA HEHTPOHOB ~ 1" (5-107° pan), Ans TEMNOBbIX HEHTPO-
HOB 3TO O3HAYAET JMAIa30H BEKTOPOB paccesuns ¢ ~ 107 A™', uto 6nusko K npe-
Heny TO pa3pelIeHHIo ANA MajoyrioBo¥ HeATPOHHOH meToauku. JlManasoH pas-
MEPOB HCCIENYEMbIX HEOBHOPOAHOCTEH MpH 3TOM UMEET HHXHEH rpaHulled Beiu-
yHHy ~ 0,1 MKM H YXOAHT BBEDX IIO pasMepaM NpPaKTHYECKH [0 MaKpOCKOIHYC-
ckix BelH4MH. OIHAKO INATOH 3a 3TO YHUKANBHOE YIJTIOBOE pa3pelleHHe ABIAeTCA
TMIOTEPs CBETOCHITBI, CB3AHHAS, BO-NIEPBBIX, ¢ HUCMOJb30BaHWEM c/1abo OTpaKaro-
LMX HEHTPOHBI COBEPLUEHHBIX KPUCTAIIOB M, BO-BTOPBIX, C "MHOTOYEYHOH" IKCIIO-
3ULHEH KapTHHEI pacCcesiHug, NONydaeMOoH NepeMelIEHHEM KpHCTallia-aHann3aTo-
pa ¢ mwarom ~ 0,1". Kpome sToro, Heo6xoauMa BUOPO3ALUMIIEHHOCTE YCTAHOBKH H
eé TepmocTabuitH3aUns ¢ TOMHOCTBIO ~ 0,1°, 4TO Cpasy MepeBOAMT METONMKY B
paspsaj NpeUuu3noHHBIX, [Jo3TOMy IIpHMEHEHHe MeTOla ABYXKDPHCTANBHOIO CIieK-
TpoMeTpa Ansa peillenus 3afad MYPH B nosno#i Mepe uenecoobpasHo UL Npu
HeCnenoBanuu HeomHoponHocTed ~10° — 10> A. Dto He o3mauaer ero HepaGoTo-
crioco6HocTH B obnactu D~ 10° A u MEHEE, T.K. BO3MOXHO HCIIONH30BAHHE B K-
YeCTBE KPHCTANMHUYECKOH Maphl KPHCTAJUIOB XYILIErO COBEPIUEHCTBA, JAOMINXK
YUIMPEHHE MHCTPYMEHTAIBHOM HHUH, HO B 3TOH 0ONAcTH pasMepoB OH B JIECATKH
pa3 MeHee CBETOCHIIEH, YeM HEHTPOHOBOAHBIM M, KpOME TOTO, CTAHOBUTCS COX-
Hee y4eT KOMANUMALHOHHBIX NTONPaBoK.

5. Muozokpamuoe Mmanoyznoeoe paccesHue HedMpoHos

Kak npaBuno, paccmorpenue MYPH npoBoguTcs B NPEANONOKEHUH, YTO
paccesiHHe ABJIACTCA OXHOKPATHBIM, T.€. UTO AfKHHa CBO60}1H01"0 npo6efa HBFITPOH&
MEXy aKTaMH B3aWMOJEHCTBHS BEHKa 110 CPABHEHUIO C TOJIIMHOM paccenBato-
mwero ofpa3ua, a BKIad OT MHOTOKDAaTHOTO pacCesHHs YHMTHIBAETCA KaK manas
fionpaska Mo rnapamerpy L /! ({ — navua csoBoanoro npobera, L — tojuiMHa ob-
pa:sua). an ITOM M3 SKCIICPUMEHTANBHBIX PE3YALTATOB NOIYHACTCA Hanbonee ae-
TanbHag HHGopMaLug o pacceuBarolied cucreme. OaHako B HONBIIMHCTBE CiTyua-
eB BBRIIOSIHUTH ycnoBHs L /[ < 1 HenpocTo, TaK KaK M3HA4aNbHO paccedBaoLlas
criocobHocTs ofpasua B oTHoleHuy MYPH HeusBecTHa M NPHXOAHUTCA YyMEHb-
1aTh €ro TOMMLHMHY A0 3HauYeHHH, xorna apdext MYPH cranosutcs BeCsMa ma-
JIBIM H 3THM PapaHTHPYETCH OfIHOKPATHOCTH paccesHus. BBITIONHUTE ke Ha OMbITE
obparHoe ycnopye {L// >> 1) cylIeCTBEHHO [IPOLLE — YALLE BCEIO OHO BBIMOJIHA-
eTCSl ABTOMATHYECKH, DTO W ONpeAennio HeoOXOLUMOCTh Hay4UTHCA H3BIEKATh
MH(OPMALIMIO U3 JAHHBIX 10 MHOTOKPaTHOMY PacCEaHUIO.
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K HacTodinemy. BpeMEHH 3TOT BOIPOC U3y4eH TEOPETHYECKH Kak JUif 3aps-
KEHHBIX 4YacTAL [15], Tax M Ans HeHTPOHOB W PEHTIEHOBCKUX KBaHTOB [16,17].
[lepsrie neneHanpasJeHHbBIE ONBITH 10 MHOTOKPAaTHOMY PACCEAHUIO NPOBOAHIHCH
Ha penrreHosckoM nyuke (A ~ 1 A) [18], rae 06sexkTOM Ciiy KT MOPOLIOK yTAepo-
na; Ha Ty4Ke TETUIOBbIX HEHTPOHOB MHOTOKpATHOE paccesHHe HCC/IeoBanoch Ha
o6pa3nax BHCMYTOBO# mynps! [19] 1 Ha aucnepcHbix GeppomarHerskax [20].

WnrepripeTatiys pe3y IbTaToB TPOBONMAACH C HCHONb3OBAHMEM Ouddysu-
OHHOG MOOH: HaCTHLIA MHOIOKPATHO PacCerBAETCs HA KPyIHOMacIuTaGHbIX He-
OLHOPOAHOCTSAX M KaXIBIA pa3 OTKIOHSAETCS HA CyYalHbIH Masblid yros nopsaka
XapakTepHOTO yria Oy (3aech H fajee yroNl PacCcestHust — CEHEHHEe IrOPHIOHTABHOM
IJIOCKOCTBIO TefiecHoro yria Q). Benwunna obiero yria oTKIOHeHHs 6 npu r1po-
xoxaeHun Gompworo nmytd L (L >> [) yBenuumBaeTcs Tak, YTO OH CTAHOBHTICH
muoro Gosislue Gy, HO BMeCTe € TeM paccesHUe OCTAeTCH MAOyINOBbIM, T.e. 8 <<
1. Torna wHTEHCHBHOCTH paccesHus Ha yron { onuchiBaercs AMddy3HonHOH dop-
MyJio#

81
I(0,L)=1(0,L)exp| — —— |, %)
6iL) |
rie yroi £ cBa3aH ¢ BEKTOpOM paccestius g ~ (2z/ )6, T.k. paccesHne ocTaloch
MaioyTJIOBBIM.

Hlnpura KpHBOH paccemnx B3Tas Ha MONOBHHE € BBICOTHI, NP ITOM
nporropuHOHaana KOPHIO KBaJ]paTHOMY H3 TOML{MHbLI 06pa3ua:

o(L)y=6,~L/1-In2 (10)
o Haxnony sTo# npAMoH (cM. puc. 5, A, 0) MOXHO onpeaesinTh Ko3pPUIHEHT

yrioBoit nubdy3uu 6, /] n nanee HCIONB30BATH 5Ty BENHUMHY MIA HOJIy4EHUA
KOJIMYECTBEHHBIX DE3yNILTATOB, ONpeJeauB MpeABapHTEILHO U3 (PUIHYECKUX CO-
obpaxernuH XapaKTep 3MEMEHTapHOTO aKTa pacces Husl.

Ha rpactukax puc. 5, 83s5ThbiX 13 npaﬁo'r [19], [20 a, 6], 3aBucHmMoOCTH (L'
BBITJILAUT JHHEHHOH NpH L"“ > 1 mm'”, ogHako, Npu MaIBIX TOMIHMHAX COOTBET-
CTBYIOIIME NIPAMBIE HE NONAJAIOT B HAYAIO KOOPAMHAT, @ OTCEKAIOT Ha OCHX HeKo-
TOPBIE OTPE3KH. ) '

.Bcé nopegenue 3aBucumocTd (L OCHOBBIBAACH Ha ANG(Y3HOHHON MO-
Jenn cilydadiHoro GnyIaHus Mo yrily pacCesHHOH HacTHLbl, MOXXHO OIHCATL
cnepyrouwnmM obpasom. Tlpn Maneix oTHowenuax L/ 1 (Apy Mansix TomunHax o6-
pa3la) oHa JOKHA HE 3aBHCETh OT TONUMHB! (CM. puc. 5 A, TeopeTHueckuil pac-
4€T); fanee DOMKEH CeNOBaTh THHEHHEIA yuacToK, corfacyowuiics ¢ (9); u no-
cile 3TOrO NpH GonblMX ToNumHax obpasua, koraa L/ / >> 1 paccesHue AOMKHO
CTaTh H30TPOITHBIM.

172
»
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Prc. 5. A) Cxemaruueckuil BU KpH-

7 : e BbIX PaccesiHus (3aBHCHMOCTBH MHTEH-
cuBgoctd [ oT yrna paccesnus 0):

a)  WHCTPYMEHTadbHad  KpHBas;

6), B) KpHBBIE paccesHus Ul OJHO-

KpatHOW jupakuuu (pedpakuuy);

r) JUIA MHOFOKpaTHOTO pPAcCesHHsL;

0) TEOPETHYECKAA 3aBHCHMOCTD Y1LiH-

peHust  Kf) 1npu  MHOrOKpaTHOH

mubpakugE 0T Tonuusl obpasua

[20,a]. B) 3aBHCHMOCTH IUMPHHBI

KPHBBIX OTP&XEHUS OT TOMLMHB d

pasnuuHbIX obpasuos kenesza [20,6]

00 o8 10 e B). Yurvpenne HEHTPOHHOTO MyuKa
VT, (goamsi) 1oCne  MPOXOMIAEHHS  pasJiMuHbIX
tommuy (L) obpasua BuCMyTOBOH

B nyzpst [19).

BwmecTte ¢ TEM, NPHBCICHHOC PacCMOTPCHHE MHOIOKPaTHOIO paccesiHus HE
BCEr/la MPAaBH/IBHO OMHCHIBACT poLece, T.K. haKTHYECKH OCHOBAHO HA Npearnono-
KEHUH O JOCTATOUHO OhicTpoM YObIBaHUHM NU(pDEPEHIHAIEHOIO CEYEHHA pacces-
HUs o(€)=do/d@npu yrnax @ >> Gy. [eACTBUTENBLHO, A1S TOTO, YTOOBI TTABHBIA
BKJaJ B MHTEHCUBHOCTD /(6,1) onpenensnca nuddyznonnsiv npubauxkenuem (9),
HeOOXONMMO CYLLIECTBOBAHHE CPe/IHEero KBaJpaTa YIia OMHOKPATHOTO pacCesHHs:

6* = [6d0-6°c(9)/ [6-d6-0(6), (12)
0 0

}
1.¢. Tpebyerca yGuiBanie o(f) Gonee GrIcTpoe, ueM § . )
B [16] 65110 noka3zano, 4to ybsiBanue ceyenns MYP Tuna 6 BefeT Kk rosis-
NEHMIO TIOTPaBKHU K @, U npaMas o(L"?) He NpOXoaUT 4epes Hauano KOOPAMHAT, a
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OTCEKAEeT HA KOODIMHATHBIX OCAX HEKOTOpbie OTpe3ku. Temeph, B oTiHYUe OT
Anddy3HOHHON MOIEIH, (L") onpenensercs IByMsl BEJIHYMHAMHK: HAK/IOHOM H
OTCEUKOH Ha ocH abClUCC, ¥ M3 ONMBITHBIX AAHHBIX MOXKHO U3B/IeYb JiBa NapaMerpa,
XapaKTepH3yIOUIHX pacceuBarolyro cucremy. Ho B [19] u [20] skcnepumentansb-
Has cUTyauMs ObiNa CIOWHEe W3-3a TOTO, YTO paccesiHiHe HEHTPOHOB TIPOHCXOAHAO
HA ROBOJILHO KPYTHBIX HEOJHOPOAHOCTAX (~ 1 MKM), HMEBLUHX PE3KYyIO rpaHuuy.
B ceuennn MYP npu 3TOM NpHCYTCTBYeT ciaraemoe, yOnisalotiee Kak &, OAHAKO
rnaeasii qien B o(f) y6biBaeT Kak 8. Ponb GONBIIMX yITIOB OJHOKPATHOTO pac-
CesAHMA CKa3sBIBAETCA B TOM, YTO HAKIOH KpHBo# (L") OKa3bIBAETCA MEIJIEHHO
metstoweics yukumed ot L. [lanee, Hannune B o(f) cnaraemoro ~ 6, Hapsay co
crnaraembiM ~ & NPUBOIUT K TNIOABIEHUIO B co(Lm) nobaBkH, cnabo 3aBucALLeH
oT L u npeacTaBAsIomwed OTCEUKY, O KOTOPO#H TOBOPHIIOCE Bbitlie (CM. puc. S A, 0).

KBantoBoMexaHHdeckui BeBox [16] dopmynst ana yriosoro pacipenene-
HHS YacTHL NPH MHOTOKPATHOM DacCeHMM OCHOBAH Ha TOM, HTO aMIUIHTYAa pac-
CesHHA Ha YaCTHLE 3aMHCLIBASTCA B BUAE PANa TEOPHH BO3MYILEHHU NpU yCIOBHH
HEKOTOPBIX MPUGHHKEHUH:
— CYHTANOCh, YTO 3HEprusa B3ammogeficreus U Mana 1o CPaBHEHHIO C KHHETHHE-
cKo#f sueprviedf £, HEATPOHOB B MafalOLIEM NyUKe;
— XapaKTepHbIi pAZHyC B3aUMOIEHCTBHA r, (XapaKTepHHIH pa3Mep YacTHLL) MHO-
r0 O0Mbllie JTHHB! BOJIHBI HEHTPOHOB A4, H,
— pasmepsl 00pa3LioB, KaK NPaBUIIo, L >> r,, YTO HaeT BOIMONHOCTH LIOJIb30BATHCS
BBHIPOXESHUAMH [T Ge3rpaHuuHOH Cpebl.

C yyeroM 3Tux npuSnuxeHn# GpUT0 NOTYyYeHO OBILEE BHIPAXEHHE MUl Pac-
npeeNieHNs. HHTEHCHBHOCTH paccesuud (T.H. hopmyna Monbep)

.S ‘
I6,L)= o fydy'Jo(y9)-eXp[—(l -0, /0,)- L1}, (12)
0
1 €Q
o, :5J9d9~Jo(y¢9)-o'(9), Oy =0 (13)

rae S — ngowans ny4ka, o, — NOJHOe ceyeHHe, B ciydae, Koria Ce4eHHE OHO-
KPAaTHOrO pacCesiHus JOCTATOUHO BBICTpo yOrIBaeT ¢ poctoM & (12) nerko cBoauT-
¢ x guddysuonHoH popmyiie (9). dns storo 8 (13) Tpebyercs pasnoxuts Jy(y0) B
pAI B NIPEACTABHTH 0, KaK:

)

2 «© 2
o =cro——)-'é-j'9d6-62-cr(9)=ao 1-(~X§i , (14)
0

1 «€
2 _ 4 0*
= o Ojada 8*c(8) .

B cBoto ovepens HCHIONBIOBAHHE DasNOXKEHHs OlnpaBfaHo, T. K. mpu L / [ >> 1
(roncteiit obpasen, cyrybo MuoOrokpaTHoe paccesHue) riaBabliA BKAaL B HHTETPa
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{(12) Bo3HukaeT B o6s1acTy Maibix y6, OOcynuM nanee CUTYyauHIo, KOrja CyLecT-
BYET TOABKO £°, a Gollee BHICOKHE MOMEHTbI He BBIGHCISIOTCH, T.e. KOTAa o(#)
ybiBaeT MeleHHee, yeM §°, Hanpumep, kak &7, Beipaxenue (13) MoxHO nepe-
[¥caTh B BHIE

o, =0, - ("i") jde 8- c(O)x[J,(y0)~ 1+~ (y9)] (15)

B unterparne (15) ocuoaﬁy}o poJib UrpaoT yrisl &> 6’0, MO3TOMY TIDH Ebi-
YHCHEHUAX o(f) MOXKHO 3aMEHUTH aCUMITOTHKOH. Y ecnn reneps o(f) ~ &%, o 8
(15) nosBsieTCs CraraeMoe, PONOPLUHOHANBHOE (y0,), & B BBIPAKEHHH MIA HIM-
pitbl (L) HAapAdy C 4IeHOM, TMHEWHO 3aBHCALLMM OT L', NIOSBMSETCA NOCTOSH-
Hoe cnaraemoe. Ha mpaktuke Haubonee yacTo BCTpeyaeTcs 3aiaqa, KorAa pacces-
HUE H3JIy4YeHHUs MpoucxoauT Ha obpasue, npeactapisiomem coboH OAHOPOAHYIO
MaTpHily, B KOTOPO# XaOTHHECKH PacroNoKeHbl HEOAHOPOAHOCTH, HMEIOWHE pe3-
KYIO PpaHHLY, TaK YTO CYLIECTBYET 3aMETHBIH HEATPOHOONTHYECKHH KOHTPACT Ap.
Toatomy ROrH4YHO GBINO CTPOTO PEIHTH 3afady O MHOTOKDATHOM pacCesiHUH Ha
cepudecKHx UYaCTHLAX paauyca r, 4 pacnpoCTpaHHTh €€ najee Ha 4acTHLUB! [po-
W3BONBHOW (DOpMBI, TIDHIAB COOTBETCTBYIOWHH CMBICH BENHYHHE 1o, OMpeAeso-
e XapaKTepHbIH pa3Mep HEOJHOPOAHOCTEH.

OHeprus B3aMMOJEHCTBUA M3NYYEHHS C HEOAHOPOMHOCTHIO 3aITHCHIBACTCH B
uae U= U, (npu r <ro ) u U = 0 (apu r > ry), rae Uy — cpenuee 3nayetue dep-
MHeBCKoOro ncepgonorenuuana. [lpu atoM mis Manbix 3HaueHud Ag (Haber asbl
TIp¥ IPOXOKIEHUH depe3 uacTHLy) 6aio nonydero [19] crneayrowee BulpaxceHue
1ist (G GepeHIHANBHOro ceyeHus:

o) =r, (AQ)’+ &'/ O-{m/2(6816) F3n(016) + (DpYJ(O1G)}.  (16)
3necs A@=U,r,/hv, rae v — ckopocTs HeHTpoHa. Kax M cnenoBano oxuiaTh
o(8)~1/6", a nepBoe cnaraemoe COOTBETCTBYET IEpPBOMY GOPHOBCKOMY IpH-

Oanxenuto U npu 8 >> g, yGnipaeT Kax 67, Bropoe cnaraemoe sener cebs kak & >,
Toncrasnss (16) B (13), nonyyaem

2 2 2
o, -, + B8P [(yl% 29 | (apy <y;9>} an
2 n

QGopmyaa (17), nony4ueHuas rpy A@ << 1, oKa3biBaeTCs ClpaBeJIHBOH B HIMPOKOH
obnactu namepenus Agp, Gonee toro 8 [16] 6uino nokasaxo, yto (17) cripasesnusa
maxe npu A >>1, b G5l BEITOTHATOCH yenosue (Ag)’ << &7, nipuuem

2 . _
Gy = rl[l N 2sm(qu) B 2c:os(A(o)2 IJ, (18)
2 Ap ) |
G0 = 1/8 r2(Ap) = 1/8 1 (U/EY (pro)® mpn Ap<<]1,
‘:)'0=l/2-r0Z npu Ag >> 1.

[MapameTp Ag ornpezenseT GUIMUECKH pasHble CIIyYaH MANOYT10BOTO PACCEAHH:
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— Tipud Ap << | HelTpoHsl “AUdparupytoT’ Ha HEOAHOPOLHOCTAX, &

— TpH Ag@>>1, MpoXoJs Hepes HUX, UCTIBITHIBAIOT NpenoMiieHHe (pedpaKumio).
[Ipu Ap>> | oaroKpaTHOE paccesHUe (pedpaKytia) TIPONCXOINT, B OCHOBHOM, Ha
KapakTepHsle yrisl npenomnerus Gy= Uy/ F = Ap- 6>> 6. B obnactu ougppax-
yun A@ << | cedyeHWe paccesHMS HEBeNMKO, M AnuHa cBoGopHoro npobera
I =1/ 4nnyop MHOTrO GOJIbLIE, YEM PACCTOSIHHE MEXIY PacCCHMBAIOLIMMH HEOLHO-
POOHOCTAMM ¥ pa3sMephbl 3THX YacTHLL. A

B pedpakunonHod obmactu A@ >> |, ecnM KOHUEHTpALUs HEOXHOPOIHO-
CTeH n, nopsaKa Fo~, TO IUTMHA CBOGOAHOTO npo6era [ ~ ro. Ho s MHOTOKpaTHOTO
paccesHus TpeGyeTcs BbInonHeHHe yenosus L /] >> 1, a sHaunuT npu A << | oHO
HUMeeT MECTO MpH CYLIECTBEHHO HONBIINX TOMIHHAX, YeM Tipu A@ >> 1. OHako u
B TOM, H B ADYrOM Cllyuae NPH MHOTOKPATHOM DaCCESHUH NpPOLIEILIHA MydoK
[OMIKEH OBITH MOJTHOCTBIO PA3MBIT, H MPO(HAL KPABLIX OTPAXKEHHUS AO/DKEH Npei-
CTaBMATH COOOH OIHOPONHYK, 3HAYUTENBHO YHIMPEHHYIO TIO CPABHEHHIO C MHCT-
PYMEHTANBHOMN, NUHMI0. KOHTPOMHPOBATE jX€ MHOTOKPATHOCTh MOXHO [0 3aBHCH-
mocti [0, L™ ', xoTopas nomxwxa 6srth nuHeliHol B o6nacty (L/ )7 >> 1.

Takkm 06pa3oM, €Cii YHAETCS rapaHTHPOBAHHO OCYLIECTBATH MHOIOKpAT-
Hoe paccesHue Heitponos (L /7 >> 1), To rosBiseTcs MepcrekInBa oy 4eHus
JOCTOBEPHBIX KOJIHUECTBEHHbIX PE3YIbTATOB O KOHUESHTPALHM U CPEIHEM pasMepe
HEOIHOPOJHOCTEH TIPH HANUYHA HEKOTOPOI anpHOpHOH MH(OpMalui 06 HCXO-
HoM obpasne. Yawe Bcero taxod uudopmMauuell apnsercs 3HaHHe HEHTPOHOOITH-
YECKOTO ‘KOHTPAcTa Ap WM CPeAHero TMOTeHLWala B3aUMOAeACTBUA HEHTPOHOB ¢
HEOZHOPOIHOCTBIO Uy 1 Gy — XapakrepHoro yria OJHOKPATHOTO OTKIOHEHHS, 3a-
BHUCALLEIO OT MOJENY, NPWHATOH NpH ONHCAHUHU NpoLlecca paccesHHs.

B sakmouenne cneayer eme pas HONUEPKHYTE, UTO “TONLIHHHYIO” 3aBHUCH-

MOCTBC!)(L” z) CITeIyeT CHUMATE B BO3MOXHO GOMbIUMX TpeAenax, T.K., KaK IpaBH-
710, 3apaHee He U3BECTHA KPATHOCTb PACCESHHS, a NPHOMIKEHHUS, IPHHATHIE B Ha-
crosweM naparpade CIpaBeniUBLI B TONHOH Mepe UL MPU MHOTOKPATHOCTH
aKTOB paccesHUsi HEHTPOHOB.

6. Cnocobet uzenevenun unghopmayuu uz dannsix no MMYPH

Ipu onpeneneHyy nNapaMeTPOB pacceHBaloIel CHCTeMbI U3 Teopan Manee-
Ba-Tonepeepra [16], 6e3ycnosro, Hanbonee HHGOPMATHBEH CpaBHHTESbHbIA aHa-
JIH3 DKCTIEpHMEHTANTBHBIX ¥ pacdyeTHbIx KpuBbix /{6, 1) B Bo3MOXHO Gonee mInMpo-
KoM NManasoHe yrinos 6 u tonuwH obpasuos L. OnHako Tako# myTek TpeGyeT npo-
[OIDKUTENBHBIX M3MEPEHHH W JOBOJBHO CNIIOXHBIX YHUCHEHHbIX pacueTos. B [21]
paccMOTpeHbl BO3MOXKHOCTH IIOJIyYEHHs KONUYECTBEHHOH HH(OpMaLHMH U3 dKCne-
PHMEHTAJIBHLIX JAHHBIX NPY HCCAEHOBAHMH 3aBHCHMOCTH LUMPHHBI Ha MOMAYBBICO-
Te YIJIOBBIX pacipefieNeHHi paccesHHEIX HeHTPOHOB w OT ToMUHUHEl obpasua. [lpu
ITOM LIHPHHA MOKET OBITh ONpE/ENEHa C XOPOLIeH TOYHOCThIO B CBA3H C BBICO-
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KOH  HHTEHCHBHOCTBIO  HEHWTPOHOB, pacCesHHBIX B  AMalasoH  yIioB
~w/2<0<w/2. Kak nokazano 8 [16], byukuus w(L'?) nveer nonoxurensHsle
NepByI0 H BTODYIO MPOM3BOLHEIE BO BOEM nuanasoHe TonluH obpasuos. Kaca-
tenpuas K (L"), IpoBeneHHas B MoBGOM TOUKE KPUBOH, OTCEKAET HA OCH OPMH-
HaT HeHyJIeBo# oTpe3ok (HeHynesas otceuka). Cornacso [16], no 3HaueHHAM TaH-
remca yria Hak/ioHa kacaTenbHoM K kpusor w(L'?) (cM. puc. 5A, 0) H BeNHUHHDI
OTCeYKH MOXHO OTIpeflelIUTh [Ba MapameTpa, XapakTepH3YIOINX pacCeHUBAIOLLyIO
CHCTEMY, HanpuMep, xapamepnbm pasMep M KOHUEHTPALHIO HEONHOPOAHOCTEH.
Ho, Tax xak 3aBucumocTb (L) nenuueiina, To npu onpeieNeHHH BENH4MHbL Ha-
KMOHA M OTCEUKH W3 3KCMEPUMEHTaNbHbIX NAaHHBIX HMEETCHA HeyCTpaHHMas Heoll-
PEAENEeHHOCTD.

®yukuus wy (L") MoxeT 6bITH paccuuTana w3 gopmyn (12,13) ans onpe-
JENEHHBIX 3HaUCHUH apaMeTpoB R (2R=D — xapaKTepHbIA pazMep HEOAHOPOUHO-
CTH) H ¢, [Jie ¢ — COBOKYNHBIH yIenbHbIH 06beM HeonHopoaHocTeH. Takum obpa-
30M, oOpaTHas 3afa4a OMPENENEHHs 3THX [apaMeTpPOB H3 3KCIIEPUMEHTABHBIX
JIAHHBIX CBOJAMTCS K pEUIEHHIO CUCTEMBI U3 m ypaBHEHHH cuR_L.(ij) = co,(Lj"Q), rae
@, — IKCTIEPUMEHTANBHOE 3HAYEHWE LIMPHHbI KPHBOH paccesiHHs, H3MEPEHHOE C
HEKOTOPOH MOTPELHOCTLIO NIPH TolllMHe L; o6pas3ua; j-HoMep 3KCreprMeHTanb-
HOM TOYKH; m — WX KONHYECTBO, B NpHHLKNE 114 BBIYMCAEHHS R ¥ ¢ AOCTATOYHO
NBYX JKCMEPHMEHTANBHBIX ToueK. ONHAKO JOCTHraeMas NpH 3TOM TOYHOCTH MO-
XET OKasaThCs HEyIOBJISTBOPHTEbHOH. Kpome Toro, Heo6X0QUMOCTh H3MEPEHHS
6OMBLIOrO YHC/A TOUEK CBA3AHA C MPOBEPKOH afeKBATHOCTH NPUMEHAEMON MoJie-
JIH pacceHBalonIeH CUCTEMB! ¥ peallbHON CTPYKTypHI o0pasia.

B Monesm MoHOAMCIEPCHBIX HeO[HOpOAHOCTed B pabote [21] 6but peann-
30BaH CAEHYIOIINH OTHOCHTENBHO fIPOCTOH M HAMMSNIHBIA aNTOPUTM OIpeNeNeHHs
R w ¢ u3 skcniepuMeHTanbHbIX HaHHbIX. Brauyane, neronmssys (17), a Takoke Bblpa-
*kasg HAHHy cBobGogHoro mpobera [ uepe3 pamMyc HEOLHOPOAHOCTEH R M MX
COBOKYTTHBIH ylienbHbill 06beM B 06pasue ¢, nepenuuieM (12,13) B sune

16,1)- ?iljxdx.lo(xﬁ)exp(% £(x8,,(Ap)’ )ﬁj , (19)
27 ;)
St (897 = EY 10 " (g T (20)

U3 (19,20) cnenyert, yto B pacnpeneneﬂnu 1(6,L) (’pam‘nqecmm apryMeHTOM 5iB-
asieTcs He ToJlMHa ofpasua, a komOuHauMs L'=cl, Takxe nWmerowas pasmep-
HOCTb InuHbl. Taxnm oOpa3oM, rpu HUKCUPOBAHHOM Pa3MeEpe HEOAHOPOIHOCTEH
yBEHUYEHHE HX YIEeNbHOro 00beMa B p pas MPUBOIHT K TOMY Xe IpeoOdpasoBaHHIO
3aKOHA pPacCesiHysA, Kak M [pH BO3PACTAHHH B p pa3 TOMIIMHBEI o6pa3ua. JTo ecTe-
CTBEHHOE OBCTOATENBCTBO, CYIIECTBEHHO YMEHbLIAMOLIee KOMMYecTBO Heobxoau-
MBIX PacyeToB U Aesaroiuee ux Gonee HarNALHBIMH, 0DyCNOBAEHO TEM, YTO BUA
YTIOBOIO PacfipeAeNieH!s OTPEeNAeTCs CPEAHHM KOIHYECTBOM pacCeHBatolMX
YacTHU Ha IIyTH HEHTPOHOB B 06pa3lie, KOTOPOE NPONOPLHOHAILHO L',
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Janee npu pacHeTax HeoOXOMUMO y4ecTb annapaTypHble UCKaXKeHHs, CBS-
3AHHbBIE C KOHEYHbIM paspellieHneM npubopa, a Takke ¢ TeM (HaKToM, 4TO ¢ 11oMO-
B0 JIBYXKPHCTANIBHOIO CMEKTPOMETPa (GUKCHPYIOTCS OTKIOHEHHS HEHTPOHOB OT
TNIepPBOHAYANILHOTO HATPABJIEHHS TOJIBKO B TOPH3OHTANIBLHOM mnockocTH (6,7).

Puc. 6 [21]. Yrnosbie pacripeseneHus HH-
TCHCMBHOCTH PACCEAHHBIX HEHTPOHORB, pac-
cynTaHHble A obpasua urrpHeso BTCII
Kepamuky rosHol L = 4,23 MM, couep-
JKAWEro MOPBl pagnycoM Ry = 3.5 MKM ¢ co-
BOKY[IHbIM Y.O€AbHLIM 06BEMOM ¢ = 6,86 %:

1 — Oes yuéTa annapaTypHbIX HCKaKEHHH,
BHOCHMBbIX CIEMH(PHKOR IBYXKPHCTAILHOTO
CHCKTPOMCTPA;

2 ~ ¢ y4ETOM aIlIIapATy PHEIX HCKaXeHHH.

1.0

as

@, YOI CeK.

" Ha puc. 6 s cpaBHeHHs NpencTapieHbl: OHO U3 YITIOBbIX pacnpeneneHmi,
paccuuTaHHOE cornacHo (19,20), ¥ aHanoruyHelit CHEKTp, BHIYHCICHHBIH C yUETOM
(7). PacueTsl moKasheBAlOT, YTO y4eT amfapaTypHBIX HCKaxeHu#, cornacuo (7),
Haubonee CyLIECTBEHEH AN OTHOCHTENBHO Manbix 3HaueHHi L/I. Tak, ans

L/1 <10 wmpusa 1(6,L") moxer npeBsillaThy WHPURY pacripenenenus [(G,L') wa
20 - 30 %. C yBenu4yeHHeM KPaTHOCTH PACcCESHHUs, OTHOCHTENBHOE YTIIOBOE yIilH-~

penue pacnpenenenns 1(@,L') no cpaBHeHHIO ¢ KpuBol J(6,L') yMmensmaercs u
npu L/! ~ 50 cocTaBnsieT MeHee OOHOrO MPOLEHTA.

[ Puc. 7 {21]. 3aBHCUMOCTh HHPHHR! @ YTTIORO-

4 ‘A ro pacnpemeNeHusA HHTEHCHBHOCTH pPacCesH-

40+ HBIX HEHTPOHOB OT KODHS H3 INPHBEAEHHOH

Tosuinl L' o6pasua ntrpuesoit BTCIT xepa-

L MHKH, paCCYHTaHHas% ¢ y4&TOM arpapaTypHbIX

é HCKaKESHHH [ pasiuyHbIX 3HAYCHHH pPajuy-

s cos iop R: 1) R = 1 MrMm, 2) R = 3 MM,
32or 3)R=5mkm, 4) R = 10 Mkm.

0 0.5 1.0 1.5

L ame
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10T hakT 0BYCNOBAEH TeM OBCTOATENIBCTBOM, UTO, kak Obino mokazaHo B
[22], ¢ yBenwuenmem otnowenus L/] pacnpemenenue [{BL') cTpeMuTcs K HOp-
MarsHOMY pacnipenenenuro. M3 (7) nerko noxazars, uto ecnu [(6,L') — rayccoso
pacmpejiesieHue, TO, ¢ TOYHOCTBIO NO HOpMHpYylowero Muoxurens, /(6L =
1(6,L"). _

Kax BuoHo u3 puc. 7, 3aBHcHMOCTH @(L"'’) o6phiBaoTcs B 061aCTH OTHO-

CUTENILHO Mankix 3HadeHu# L', uto cBazaHo ¢ o6CcyxIaeMoH Bbille notepei Toy-
HocTH popmy s (19,20) npu HeGonblunx TosmmmHax L.

PaccunTansble KpHEsle (u(L""z) HCTIONB30BAUCE TIPU TIOATOHKE [OJ JKC-
rlepHMEHTabHBIE TOYKH COrIacHO Npolenype, unmoctpupyemoi puc. 8. Ilepro-
HaYallbHO METONOM HAaUMEHBLIMX KBalpaTOB Uepe3 IKCIEPUMEHTANIBHBIE TOUKH
MpPOBOIUTCS IMOMMHOM BTOpo# cTeneHd. Ha sTodi kpuBoH ¢ukcupyeTcs TOYKa
P(Ls"” ws), abcumncea KOTOpOW HAaXOANTCH B CEpeIMHE HCCNEAOBAHHOIO AHANA30Ha
snauenndt L', lanee ans onpenenenus napaMeTpoB R, ¢; BbIYHCAAETCS CeMeHCT-
BO PACYETHBIX KPHBbIX () (L"*), mpoxonsuuix uepes Touky P. [pu 31oM 3HaueH#e
¢, oTipenenseTcs w3 cooTHowenus w; (L") = w; [(c,;L)“Z], a 3apucumocts @, (L'
HaxXOOUTCA TOCPEACTBOM COOTB@TCTB)’IOU.ICFO y3MeHenns Macwtaba Ha ocH 8.60—
uwce Kpueo# w, (L"),

[
v

Pruc. 8 [21]. MamocTpanuus npouenypel noi-
TOHKH pacHETHbLIX 3ABHCHMOCTE! m(L‘”z) oA
Habop | HKCNCPHMEHTAAbHAIX 3HUYEHHH
L"), P(Ls" ws) - Touka B cepennte aua-
nazoua amascurd L' 8 koropom POWIBO-
OMTCA  COBMEINEHHWE pPAcUYETHBIX  KPHBBIX
P w(l") ¢ afMpPOKCHMUPYIOUIHM ONBITHYIO 3a-
BHCHMOCTb noauHomoMm; 1 |3 —“kpaiuue”
KPHBbIE, PACCHHTAHHBIE COOTBETCTBEHHO Ans
napameTpoB Ry, ¢ ¥ Rz ¢, “ymemawomuecs”
B KOPWIOp OWMOOK OMbITA; 2 — KPUBas, pac-
CUUTAHHAA ANs TapameTpor Ro, ¢p, OTBEUAO-
WiaA HaMayyiuelt nojiroHke.

w 1

0 Iz

Kputepuem KauecTBa IOATOHKH @ (Lm) MO 3KCHEPHUMEHTANBHBIE TO4KH
MOXeET SBNAThCS CTAHOApTHas OCTATOYHas CyMMa KBaIpaTHYHBIX OTKSIOHEHHH,
pacCYHTaHHasA C YYeTOM 3KCNEepPHMEeHTallbHBIX MTOTPELIHOCTEN 3HAYCHHUH WHPHH ®
MaJIOyIOBLIX CHEKTPOB. B pe3ynbTaTe WTepauuii HaxoAsTCa TPH Napbl SHa4YeHHi
R;, ¢;; BO-niepBRIX, 3TO Ry, Cp—~ NMapameTpbl, OTBEUYAIOLIHE HaH/My ULLIEH NOArOHKe, H,
BO-BTODbIX, MapaMeTpsl Ry, ¢}, Rz, €z, onpelensiowme MOIPeIiHOCTH paadyca U
COBOKYIHOIO YJ€NbHOro 00beMa HEOAHOPOAHOCTEH ¥ OTBEYAIOUIKE ABYM “Kpai-
H¥M" KpUBBIM, "yMelaromMes” B Kopuaop ounbok oneita (puc. 8).
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B onucaHHpBIX BHIYUCNEHUAX YYET KOHEWHOTO pa3peileHHs CIeKTPOMeTpa
MOYCHO TIPOW3BECTH 3aMEHOH ONpelensemMblX B OfbITe 3HAYEHUH @, HA BETHYAHY
0= (wzg_ wza)lfz‘

Ornpasrbie dopmynel (12,13) Osinyu nonyyeHs! s cay4das chepHUECKHX
HeonHoponHocTel. OnHako, kak rokasaHo B [16], 3TH BeIpaxeHus OCTAIOTCA
CTIpaBE[NIMBLIMYE M B CIlyuae YacTull MpOM3BOJILHOH GOPMBL, XaOTHYECKH paciipe-
fienenHsix B o6bemMe o6pasiia, Ho mp 3ToM R = v, re v, — ofbem HeomHOpPON-
HocTH. Takum oOpasom, UINOXKEHHBIH METOX ONpeAeneHHs [IapaMeTpos ¢ U R ro-
LMTCS HE TOABKO 151 MOHOMIHCIIEPCHBIX CHCTEM:

OnHako CyileCTBEHHBIM HEJIOCTATKOM AaHHOH METONHKH ABISACTCH HeobXo-
[HMOCTb HCTIONIb30BAHHMS HECKOIBKMX TOXIECTBEHHbIX 00pasioB ¢ 3aBEOMO OAH-
HAKOBBIMH TlapamMeTpaMi HeOITHOpOoXHoCTel, pacceusarolux He#Tpors:l. Ilpu He-
cnenoBaHMM o0pa3nia, HMEIOIErocs B eAHHCTBEHHOM YKIEMIIAPe, CTAHOBUTCS He-
00XOOMMO#i ero paciiMiKa ¥ W3rOTOBIEGHHE HECKONBKHX Pa3HBIX IO TOJILIMHE, HO
cTporo orpaH€HHbIX 00pasnios. Kpome Toro, npoejieHue HCCIeNOBaHM Takoro
pona TpebyeT 3HAYMTENBHAIX BPEMEHHBIX 3aTpaT Ha [IPOBEJEHHE SKCIEPHUMEHTA.
Bwmecre ¢ TeM, eciny 3apaHee H3BECTHO, YTO YaCTHIIbI-PACCEMBATENH HE CAMLIKOM
pasHATCS MO pa3Mepam, T. €., UTo AR < R, BO3MOXHO NpUMEHEHHE MeTOAa BOCCTa-
Hoenerns w(L'”) u3 kpuBoOM paccesuus (), u3MEpeHHOW Nuilb MUK OOHOH TOJ-
iKHBl L, HO B BO3MOXKHO Oonbluem uHTepBaie yrnog. [Ipy sTom He obs3aTensHbim
ABJIAETCS BbIMOJIHEHHE yenopua L >> [,

Tpennonoxum, 4To Ha obpasel najaeT AYYOK HEHTPOHOB, XapaKTEPU3YIO-
wgics “abcomoTHOR” MOHOXPOMATHYHOCTHI) M HYJIEBOH PACXOAHMOCTBIO, H 060-
3HaYHM YIJIOBOE PACNpeleneHUe HHTEHCUBHOCTH U3AYUESHHS, MPOLLEILEro Yepes
obpazen tonuyno# L xak Ii{a, @) (cMm. puc. 3a). Hetpyno nokasars, 4TO yrioBoe
pacnpeneeHHe HHTEHCUBHOCTH M3JIyY€HHs Itociie ofpasiia NBOHHOW TOALUMHBI
ABJIAETCA CBEPTKOH [, ¢ TakoW ke yHxumeit: fry ~ I, * I;. Ana obpa3ua TOMLAHON
nl. yrnooe pacnipenenetue Gynet onucsiBaercs Gopmyiioi

]nL"'[/n-UL* 11,' (21)

C nomowpio gaHHOM GOpMYyIsl, 3Has pacnipepeniedue ) B [IHPOKOM Yrio-
BOM LMaIla30HE, MOXHO PacyeTHBIM TIyTeM BOCCTAHOBUThH KPHBHIC PACCESHUS A4S
obpasiioB ¢ TonumMHaMH #L. Jlerxko 1mokasaTe, YTO COOTHOLUCHHE, aHAJIOTHYHOE
(21), HOSDKHO BBIMONHATLCH W AN WHTErPANIBHBIX YIVIOBBIX pacnpezxeneuun e,
ornpenensgeMsix cornacuo (7). HeficteurensHo,

E IR

I/‘na(aﬂ) ap= [ [ [l B I(@-a',f~p)-da’-df'-df =

-

— fda [l (@ B)-dB - [1(a—at, B~ ) =
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= .[Tm—an 'TL(a -a')-da’ = Ti.n-w. *TL- (22)

OTMeTHM, 9TO COOTHOLLEHKE (22) BEpHO TONBKO B Cilyyae, KOTAa HHTerPHpOBaHHe

nposoaTcs B GeckoHeUHbIX npeaenax. Mcexonnas kpusas paccesuus [, (a) nonx-
Ha U3MEPATLCS B JOCTATOMHO GONBIIOM YFJOBOM JAWariasoHe, T. K. IPH pacveTax

I1,,(a) "xBoCTHI" MOTYT BHOCHTH CYIIECTBEHHBIH BKITaAl B 3HAYEHUSA HHTEHCHBHO-
cty. [IpakTHyecky, kpusyto /, HeoOXOOUMO M3MEPHTh B TAKOM JHara3oHe, YTOOb!

MOHO GBIIO NOCTATOYHO TOYHO ONpeieNuTh XapakTep €€ aCHMITOTHYECKOTO To-
BENEHHUS TIPH g —> co. 3aTeM HaJO ONpENEeNIUTH [1apaMeTpsl CTeNEeHHOH (GYHKUMH,

onuceiBarolied "xBocTh" pacnpenenenus [/, («). Jng Gonplimx 3HaueHUH @, Ha-
XOIAIUMKCA 32 MpefleNaMy HIMEPEHHH, MOXHO BOCIHONL30BATLCH DPE3YILTATAMH

skcTpanonsunu /, (@) cornacHo HaliieHHOMY CTEIIEeHHOMY 3aKOHY.

Fe-Ni

e L =2 MM

* - L=10MM

« MHCTPY MEHTAABHAL
TIRHHA.

08 4

0,86

1, OTHOCHTENLHBIE ERHHHLIBI

v, YT OBbi€ CeK.

Puc. 9. HopMupoBaHHBIE KpHBBIE MATOYIIOBOTO PACCESHHS, WIMEPEHHbBE Hns 06-
pasnos u3 ciasa Fe-Ni. Pacnpenenenuc ansg ofpazna ToMIMHON 2 MM HCIIONL30BA-
nock npu pacu€rax. B cnywae obpasua tomumHeA 10 MM crnnomHo#d nuAKER U30-

Gpaxkena pac4€THAA KPHBaf, @ KPYKKaMMu — U3MepeHHas.

Ha puc. 9 npencrasneHo sxcrnepumeHTalbHOE pacnpenenenne [2F(f), mns
obpasia Fe-Ni, TonuuHo#i L = 2 MM (TpeyronbHUKH, s HAMIAIHOCTH COEIUHEH-
HEIE CILIOLUHbIMY NPSMOHHEHHBIMH OTpE3KaMH). JTa 3aBHCUMOCTD Obla HCTIONb-
30BaHa NJ19 [ONy4eHHs pacnpefenenuii /., N0 BHILIEH3N0KEHHOR cxeme. BocceTa-
HOBJIEHHAs! KpUBAas L 7 = 5 WM, uTo TOXE camoe, st L = 10 MM, Taroke npuse-
[leHa Ha JaHHOM PHCYHKe {CTIOLIHAg KpuBad). 31ech e NaHbl IKCIIEPUMEHTAaIb-
Hbie ToukH pacripenenenus I7°(f), nonyyennsie nag obpasua Fe-Ni ¢ Tonwunoit L
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= 10 mmM (xpyxxu). Kak Bugno u3 pucyHka HabnmropaeTcs xopolliee COBNajeHHE
MEX Y BKCOCPUMEHTAIBHBIM M BOCCTAHOBCHHBIM pacTIpEACCHUAMU.

Wcnone3ys monydeHHEle pacrnipenesienus /,; MOXHO ONpeleNHTh 3HA4CHHA
NONYWIMPHH @ S KAKAOFO W3 HHX, T. €. BOCCTAHOBHTH 3aBHcHMocTh ® (L") B
Juana3oHe TOJIUMH MaTepHana oT L o nL. Ha puc. 10a npeacrasseHa Takas 3a-
BHCHMOCTS (CIiMOMIHas JSIMHMA) And obpasua Fe-Ni, a Ha puc. 106 3aBUCHMOCTD
a(m"?) (Taroke cruTOmIAAA TMHMA) AnA nopounka Al, rae m — macca obpasia. B xa-
4ecTBe HCXOAHBIX ObUTM HCMONB30BAHLI pacnpepeneHus I)°(B) U I2°(p), uaMme-
peHuble s o6pasuoB ¢ L = 2 mm ang Fe-Ni v ¢ m = 1000 mr ans Al. B Buge
KpY’KKOB Ha 0DOMX pHUCYHKAX NpUBEHEHb! 3HAYEHUA a;(L"Q) u w(m”?), TIoJ1yueH-
HBIE H3 JKCIIEpUMEHTOB ¢ obpaszuamu, umeBinumu L > 2 MM u m > 1000 mr, coor-
BETCTBEHHO.

1 @, yriosbie cex. 200~
70- @, yrJIOBbIE CEK.
° 180 b
0 160 4
140
50
120 4
40
100
30 80 4
20 504
. o]
10 .
20 L2
o T T v T J o T T ¥ T T ¥ T T T T T
20 30 40 50 60 0 80 a 1 F 3 Fl 5
a : 6

Puc. 10. 3aBHCHMOCTS WHPHHEBT @ Ha 10J1yBHICOTE YIIOBBIX PACTIPE/ENCHUH HHTEHCHE-
HOCTH paccesnlbix HeHTPoHOB [(y) &) oT TommmHel L obpasua Fe-Ni # 6) o1 Maccel m
nopoikoBoro obpasia Al (npu pacuérax HCHONL30BANACh KPHBAS PACCESHMA ang 06-
pasta maccodt m = 1000 mr). CrnotwHas nuAMA (1) ~ pacuéTHas 3aBHCHMOCTL; MYHK-
THPHAsA — SKCNICPHMERTAIbHAA 3aBHCHMOCTL (KPYXXKH) (2); TPEYroMbHHKH — KCHEpH-
MEHTANbHBIE SHAYEHHMA ¢ YUETOM NONPaBKH Ha HHCTPYMEHTANBHYIO AuHMI0 (3).

Ha ofonx pucyHKax BOCCTAHOBIEHHbIE 3HAYEHHA MOJYLIMPHH @ CHCTEMA-
THYECKH NPEBBILIAIOT OMBITHBIE, DTO ODBACHAETCA TEM, UTO cornacHo (6 — 8) akc-
nepuMenTansHas Kpubas [77(f) npencrasnser coboii ceepTky pacrnpenenenus /(y)
W HHCTpYMEHTanbHOH KpHBOH [, TO €CTh BOCCTAHOBJICHHAS KpuBas And obpasua ¢
TOJILMHOH, paBHOH 1L, ONUCHIBAETCA BBIPAXKEHHEM:

17 =T x[ % I». %I, a sxcniepuMenTanshas: 157 =1 . ¥ * [, (23)
{npaz} {npaz} {n pas}
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H03TOMy, Hnga toro, 4TOOBI UMETH BO3IMOXHOCTh COMOCTABIATH, 3KCICPHMEHTAIb-
HbIE paénpeaeneﬂnﬂ ObUIH DOMONHATENBHO (1 — 1) pas CBEpHYTBl C HHCTPYMEH-
TaabHOH xpidaoﬁ npuGopa. CoOTBETCTBYIOUIHE 3HA4YECHHA WIWPHH (v, B BHIE 3a-
WITPHXOBAHHbIX TPEYTOIBHUKOB, TAKKE npelncTapieHbl Ha pHC. 10. B arom cny4qae,
KaK BHIOHO M3 PHUCYHKOB, Ha6mozxaerc;1 XOopollece COFHQCHe BOCCTAHOBAEHHBIX H
IKCIIEPUMEHTANBHBIX AaHHBIX. '

B nipuHusne, BO3MOXKEH U APYTrofl NMOAXOM, OCHOBAHHLIA HA PELIEHHH HHTE-

exXp

rpafibHbIX ypaBHeHHH Tuna csepTok. [IpuMeruB k dyHkumK [,," npeobpazosanue
Dypbe MOXHO, cOracHo (23) ¥ U3BECTHOMY CBOMCTBY CBEPTOK, MOJLyUHTh MPOU3-
BeneHde Qypbe-oBpa3a IKCNEPUMEHTANBHON KPUBOH [, HA n Qypbe-0bpa3oB HH-

CTPYMEHTANLHOM KpuBoi nipubopa /,. [Topenus n pas dypre-obpaz dyskunu I,
Ha ¢ypre-o6pa3 UHCTPYMEHTANIBHOH KPUBOMH, Noty4uM typbe-o6pa3 GyHKUHH yr-
JIOBOTO pacupeneienus nis obpasua tonumHoi nl. IlpuMenyr k Hemy obparroe
¢bypoe-ripeobpaszoBaHie, MOXHO MONYHYHTh W CaMmO JAHHOE pacnpejeneHue s
Kaxnoro n. Takum 06pazoM, MOXHO MOCTPOUTS TPARUIHOHHYIO 3KCIEPHMEHTANb-
HYtO 3aBHCMMOCTh LIHPHHBI YIJIOBOIO pacipele/IeHus pacCesHHbIX HEHTPOHOB OT
tonmunsl ofpasua w,[(nL)"] u manbueiiuryio o6paGoOTKy NaHHBIX (POBOAHTH
NOMHOCTBIO B COOTBETCTBUM ¢ paGoro# [21]. Takoll BapHAaHT pacueToB KaxeTcs
Bosiee COXHBIM, TAK KaK PElICHHE YpaBHEHUH THMA CBEPTOK ¢ TOMOMmBIO 1peob-
pazoratus Dypbe ABIIETCA HEYCTOHUYMBBIM H TpebGyeT MCMONB30BAHNA MaTEMATH-
YECKUX METONOB, NPHMEHAEMbIX Ul PELIEHHUS HEKOPPEKTHBIX 3aia4y [1].

Jlerko nousts, yto dopmyns! (21-23) cnipaseanussl npu Moo KpaTHOCTH
paccesinust. Cliel0BaTeNbHO, HCTIONB30BAHHE IAHHOTO METONA [AET BO3IMOKHOCTH
paboTaTek ¢ obpasuamMi, And KOTOPBIX KPATHOCTD PACCESHES HOCHT IPOMEXYTOU-
HBIH XapaKTep, W pPacCesHHEe He SABIAeTCH HH ONHOKPATHBIM, HH MHOTOKPaTHBIM
(oTHOLIEHHE L /[ COCTABIisieT HECKONBKO €AUHMLY), YTO MO3BOJNHUT PACLUHPUTE IKC-
MEPHMEHTAIBHbIE BO3MOXHOCTH MeToa MYP. Ecnu, nipu 3TOM, Hecnenyemsiit of-
pasel uMeeTcda B €AHHCTBCHHOM 2K3EMIUNsSIpe, TO BBLILLUECH3JIOXEHHas cXema 06pa-
6OTKH JaHHBIX, B HACTOALIEE BPEMH, BSETCS SIHHCTBEHHO BO3MOXHOH,

7. 3axknrouenue u 8o18006I

MeTon ManOyrIOBOrO paccesHus NMPUMEHSAETCS A/ UCCIeROBaHNs o6bek-
TOB, HMetonux cybatoMHbie pasmepsl ~ 0,1 MukpoH u Gonee [1], npuyém HanGo-
nee xapaKTEPHOM MOJEINbIO paccerBaiolero ancambng ABAAOTCA NAOTHBIEC YacTH-
Ubl ¢ pe3Kod rpaHMUeH, Haxo#gLKecs B OgHOpoAnOH Matpuue. [Ipu 5T0M BaxkHo
HalH4He HeHTPOHOONTUHECKOrO KOHTPAcTa yacTHUA/MaTpHLa (ApP) U yMEPEHHBIN
pasbpoc 1o pasMepy 4actal (D ~ AD). HpopMaTHBHOCTE MaJIOYTIOBLIX JAHHBIX
(anddepeHiManbHOro ceYeHHs paccesHUd) 3aBHCHT, BooDILE rOBOps, OT COCTaBa,
(hopMEI, pa3MepoB U KOHIEHTPALHH PacCeHBarOILMX LeHTPOB B obpasiie, NpH 3ToM
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HauNy4Iune pe3yNbTaThl MOXHO MONYYHUTh IPU HCCAEHOBAHHH MOHOMNHCTIEPCHBIX
CHCTEM, COCTOALIHX M3 MOJHOCTBIO MACHTHYUHBIX TI0 BBILIE MEPEUHCIIEHHbIM [IPH-
3HakaM paccenBateneit. K coxaneHuio, ¢ TaKAMU CHCTEMAMH TIPUXOANRTCS CTANKH-
BaThCA TOJBKO NpU M3yUeHHH OHONOTHUECKHX OBBEKTOB, B OMBITAX K€ C TREPHO-
TeIbHBIMH O0pasliaMM paccesHHe TPOMCXOMHT Ha HEOAHOPOAHOCTAX Pa3THYHOM
NIPUPOB], HAMpUMED, MUKPOTPELIHHAK, JHCIOKAUNHAX, MAPHUTHBIX JXOMEHAX, BBI-
neneHusx as, knacTepax u T. 1. SICHO, 4T0 TaK1e CUCTEMBI MOTI'YT ObITH MOHOAMC-
MEPCHBIMU JIHIUb B HCIUTIOUHTENBHBIX Ciy4qasx. 1[03ToMY, Le/BI0 3KCHepHMEHTa
MOXET SBIATLCH JHiib OINpEHEICHHE HEKOTOPhIX YCPEAHEHHBIX XapaKTepUCTHK
HEeOIHOPOAHOCTEH, UMEIOWIHKCa B Marteprare. Ecau B Hccnenyemom obpastie co-
Iep*¥aTcs HEOJAHOPOOHOCTH TONbKO ONHOrC THIIA, HANPHMEP TOALKO [0pbl, TO H3
ManoyriIoBOTO OMNBITa MOYXKHO ONPEACNHTH UX CPEAHHH pasMep r, U KOHICHTPALHIO
Heo TO_. KaK 3TO0 MOWHO CICNaTh, UCTIONLIYH METON ABYXKPHCTANLHOIO CIEKTPO-
MeTpa H PErHCTPHPYS MHOTOKDATHOE paccesiHie, OBIIO MOKa3aHo BhILIE.

OpHako creflyeT NPH3HATEH OUEBHIHYIO CIOXKHOCTD U IPEHH3UOHHOCTE 3TOH
METONHKH: ocofas CHCTEMa KperyieHus COBEpIIeHHBIX KpHCTAJIOB, HeoGXOIM-
MOCTB [IEpPEMEILIATh WX HA YTJIbI B JOTH CEKYH/, H Jalee yAepKUBATh B HEMOLBUK-
HOM COCTOSHHH Ha BPEMS DKCIO3WLMH, BbIHYXKICHHas MOTOYeYHAs CbEMKA yTi0-
BBIX pacrpejefieHHH — Bc€ a10o TpebyeT onpenen&nHbIX yCUanH, TepIEHNA U Bpe-
menu. Kpome 1010 HeoGx0oauMO co3naBaTh dbGeKTHRHYIO PaAHaLHOHHYIO 3ailid-
Ty TIO3BONSAIOUIYIO CHH3HTh YPOBEHH (DOHOBOTrO H3iyUEHHS, HEOOXOIMMO HMMETH
MaOUyMSAINHE BEICOKO(PHEeKTHBHEIE TPAKTH! AETEKTHPOBAHUA IIOJE3HBIX HeH-
TPOHOB M COJMIHYIO 3aLUMTY BOKPYT JETEKTOPOB, IOMMIOILAIOILYIO anbOeHOe 13-
nyueHHe peakToproro 3ana. M Bcé 3To ABisieTcs M1aToH 32 BO3MOMXHOCTL (PHKCH-
poBaTh OTKNOHEHHsA HeHTpoHoB Ha 6 < 1’ (3-10™ pam), wiw, AN TEMAOBBIX HEH-
TPOHOB, paboTaTh B [HAMA30HE BEKTOPOB MEPeayd HMITYNbCOB g < 107 A

Pasmep HeoxHOpoaHocTel (D), s KOTOPHIX YKa3aHHas METONUKA SBAAETCS
ONTHMANBHOM JIEWNWT B AHanaszone oT 0,1 10 10 MUKPOH U 3aBHCHUT TAKXKE OT BeJIN-
YHHBI Ap, BBICTYNalOIUeH B 3TOM Cilyuae Kak frapamerp. UeM KoHTpactHee npef-
CTaB/eHa YacTHIA Ha (POHE MATPHIIBL, T.¢. ueM Gonsie Ap, Tem Gosblie BETHUKHA
XapaKTEPHOro yria pacCesHHA B eIMHHYHOM akTe 6h W, ceaoBaTebHO, Ha 6O/1b-
[iMe Yrnbl fPOUCXONHT MHOIOKpaTHOe paccesinude HeHTpOHOB. O4eBUEHO npH
3TOM, YTO aripHOPHOE 3HAHHUE BENUYHHBI AP ABAAETCA BAXKHEIM YCIOBHEM TIOJy4e-
HHsl HeuckaxEHHON HHbopMauuu o paccenpatoieit cucreme. IlosTomy HeobGxo-
IMMO OTMETHTH, YTO, KaK M BCAKasg OTAeNbHO B3sTag Meroauka, MYPH umeer
CBOO 06/aCTh MPUMEHEHHS H OIPaHKHUCHHMA, KOTOPbIE HEBO3MOXKHO 0G0HTH B pam-
KaX caMoro mMeroja:

* BO-nepshix, HpuMenenne MYPH uenecoobpasHo aulib NMpH HaTHYHH HEKOTO-
po# anpuopHoH uHbOpMauuK o6 obpaslie, HanpUMep, 0 XUMHIECKOM COCTaBe
MaTpHLbl 4 HEOJHOPOAHOCTEH, W (MNIM) O IIOTHOCTH HCCIEAYEMOro MaTepua-
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na(nostromy MYPH cnemyer HCronb30BaTh B COBOKYTTHOCTH C APYTHMH METO-
aar@m);

¢ BO-BTOPBIX, HEOOXOMWMO 0O0ecreuuTh 3aMeTHBHIH HEHTPOHOONTHHYECKHUH KOH-
Tpact (Ap) ¢ TeM, 4ToOb! HEOJHOPOIHOCTE Obina "BHAHA" HA (POHE MATPHIILI;

® B-TPETBHX, N0 CPABHEHHUIO C PEHTITEHOBCKHM H, TeM 0ojiee, CHHXPOTPOHHBIM
AHANIOrOM, 3TOT METO[ 3HAUUTEJILHO NPOUTPLIBACT B CBETOCUIIE U NTO JHEpPre-
THYECKOMY pa3pelleHHIO. .

Tocaentee oBCTOATENECTBO BbI3bIBaET HEOGXOAUMOCTEH NPUHHUMATE ClIELM-
afbHble MEPbl MO ONTHMH3ALKH YCTAHOBOK ([IpPHUMEHEHHE BBICOKOIDPEKTHBHBIX
KPHCTANIOB-MOHOXPOMATOPOB ¥ IETEKTOPOB, MUHHMH3ALMA (POHA), HA KOTOPHIX
pOBOAATCH UccnefoBaHus 1o MYP HefitpoHos.

Baxxno#t npoGnemoli sBnsercs onpelieneHde nuanasoHa 3Ha4eHUH KOHLEH-
TpaUuMH HacTHL 7., Bei3biBatouix MMYP Hefitponos. Huxxui npenen (Mmanas
KOHIEHTPALHUS pacceuBaTteniedt) onpenesseTcss BO3MOXHOCTAMM YCTAaHOBKH, T.e.
CIOCOBHOCTHIO HRAEWHO (PUKCHPOBATL PACCEHHYH) MHTEHCHBHOCTH Ha (OHE HH-
CTpyMeHTanbHOH uHUY. OUeBHIHO, YTO ¢ YMEHBIEHHEM 7, KPATHOCTH pacced-
uus Gynet nagarte, v Bun I°7(f) Beé Gonewe Gyier nMpHOAMKATLCS K HHCTPYMEH-
TanbHOH KpuBo#H /o( ).

Jpyroit npenen coOTBETCTBYET PACCESHHIO HA XAOTHUECKH, HO GNH3KO pac-
ronoxeHHbIX B o6pasle HeoaHopoaHocTIX. OH cBs3aH ¢ obpazoBanuemM B oGpaste
KOPpPENALUMHA B pacnioflOXKEHHM paccerBaTeNneH, IpUBOAALIMX B UTOTE K 3aMETHOMY
yMeHbLICHHIO i depeHunansHoro ceuenus MYP. Do sasnenue, HazsaHnoe "ag-
hexT MexdacTM4HOR wHTephepeHLmn” (MUU) [1], u3BecTHoe emé co sBpeméH
I'unpe u INopona, Noka He HOJYYHIIO HOHOTO TEOPETHYECKOro onucanud. Teope-
THYECKHH aHANU3 BIHSHUS [IPOCTPAHCTBEHHbBIX KOPpENALuMii paccerBaTesnel Ha yr-
JIOBOE pAacClpefe/ieHHe MHOTOKPAaTHO PpaCCesHHbIX HEHTPOHOB, NPOBEACHHBIH B
[17], naeT mib KayecTBEHHOE cornacue ¢ 3kciiepyMenToM. KommuecTBeHHBIE
KPHTEPHH, ONIPEAEASIOLIAE YCIOBUS €ro NOosgBIeHHS ObINK BrEpBble CHOPMYIHPO-
BaHbl B [23] KaK pe3ynsTar 3KCHEpUMMEHTOB Ha myuke. Tak GblIo 110KA3aHO, H4TO
yMeHbIIeHHEe AudQepeHUuansHOro CeUeH sl pacCesiHWs, T.e. BCTYIUIeHME B 00-
nacTs, rae npucytcTByet 3ddext MUY, HactynaeT co cpelHero paccTOAHUA MEX-
Ay 4acTHLAMH paBHOTO ~ 2D — yABOEGHHOIO XapaKTepHOro pa3Mepa YaCTHIL WK ¢
~ 5 — 7 %. Hanuuue storo sddexra cyxaer obiacts MpHMeHEHHS MeTOda
MMYVYPH, ocobeHHO 1is HCCRefoBaHEA COBPEMEHHBIX KOMIO3BHTHEIX MaTEpHANOB.
IlpuxoanTes orpaHHYHBATLCS Pa3pAKEHHBIMH aHcamOIIAMH pacceuBaTenel, npH-
4yeM B OTCYTCTBHE KDHTEPHEB «Pa3spsXKEHHOCTH», H TPHHHMATL BO BHUMaH#e an-
pHOPHYIO HHGOPMALHIO O CHCTEME pacCenBaTeNeH.

Bo3sHuKaeT ecTeCTBEHHbIH BOTIPOC: CTOMT JIH TIPEOLONEBATE BCE 3TH TPYAHO-
CTH, 9TOGEI W3yHaTh OOBEKTHI, UMEIOLHE [IPAKTHUECKH MAKPOCKOITHYECKHE pa3Me-
pbl M, B IPUHLIKIE, AOCTYITHbIE K HCCJACAOBAHHIO TIPAMBIMI MeToIaMu ~ Habioe-



http:aHaJl.H3

26

HueM UUH(OB 06pa3uoB Ha 3IEKTPOHHOM HIIH ONTHYECKOM MHKpockone. OnHako

ITY TPAAHIMOHHbIE METOAbIL:

® BO-MEPBbIX, HE ABNAIOTCA HEPA3PYUAIOLIMMH;

® BO-BTOPBIX, HMEIOT H3BECTHLIE OTPAaHWMEHWS TIO [IPOCTPAHCTBEHHOMY paspe-
LLIEHHIO H, YTO CaMOE [TIaBHOE,

® YacTO HEBO3MOXHO BIIOJIHE HAJIEXHO IO IOBEPXHOCTHOW KapTMHKE CYAHTH O
MaKpoCTpyKType B o0beme Bcero obpasua.

BmecTe ¢ Tem, MHOTHE K3 CBOMCTB BEILIECTB, HAXOAAMMXCS B KOHIAEHCHPO-
BaHHOM COCTOSHWH, OGYCIOBACHBI HX MaKpOCTPYKTYDOH: HANMYHEM WM OTCYTCT-
BHEM TEKCTYpBI, HEOJHOPONHOCTLIO COCTABA, HanpuMmep, BhijeneHHeM a3, npu-
cyTcTBHEM B oObEME IOp (MyCTOT), HaNMYHEM 3€PeH, KPHCTANTHTOR, K1acTepoB,
CKONNEHNH IHCIIOKALMH, TPEILH, MATOYIVIOBBIX IPAHHIL ¥ T. J. ITO MOXHO OTHE-
CTH TakKXe ¥ K OCTABLIMMCA [I0C/e OTXKHIa pajHalHOHHAIM JedeKTaM, BbI3BAHHBIM
neiicTeHeM ObICTPEIX HEHTPOHOB € (mocHCOM ~10%° u/eM® Ha HEOpraH{4ecKue
MaTepHallbl: KOHCTPYKUHOHHbIE METAIH, [0y NPOBOAHHKY W KepaMuKy. Pasme-
pbl BCex 3THX OOBEKTOB HaXOASTCA Kak pa3 B guanasoHe ot 0,1 < D < 10 mukpon,
a Y4€T OOBEMHBIX S((EKTOB CTAHOBUTCH CYLIECTBEHHBIM. W 3n1eCh CTaHOBHTCS
BEChMa I1OAIE3HbIM Herob30oBaHne MMYP ¢ ero HeHTpoHHbIM BapHAHTOM ABYX-
KPUCTANbLHOrO CIEKTPOMETPa, MO3BOJIAIOLIEIO HCHONL30BATH CHIILHBIE CTODOHbI
3TOr0 MeTOojia, ONHparoilkecs Ha (pyHnaMeHTalbHbIe CBOWCTBA TENNOBbIX HEHTPO-
HOB H 3KCIIepHMEHTaNbHbIE CPECTBA, KOTOPhIMY OCHAILIEHB! COBPEMEHHBIE HCTOYU-
HYKH HEHTDOHOB, a MMEHHO: GOJILLIYIO TIPOHHKAIOUIYIO CITOCOGHOCTL; Hepaspy-
WAKIIEE B3aHMOJEHCTBHE C BELIECTBOM; HEPETYIISIPHYIO 3aBHCHMOCTB aMIUTUTY R
pacCEsHUsA OT BEMEHTa K JIEMEHTY, M OT M30TOINd K W30TOMY; BO3MOXKHOCTH HC-
CiIe1oBaHUS GOMbILHX OOBEMOB C MOMyHEHHEM yCpeiHeHHOH MHGpOpMALHK, fpH
HEOGXOMMOCTH, JIOKAIH3alMK HCTOYHHKA PAcCesHUA (CKOMIEHUA HEONHOPOLHO-
CTeil B MaTpHILE) ¢ IPOCTPAHCTBEHHEIM pa3pellienuem nytme, yem 0,03 mm>.

Jina pernenus o6o3Ha4EHHBIX BBILIE 3aa4 HE CYLIECTBYET ATBTEPHATHBbI
METOMMKE [ABYXKPUCTabHOro cnektpomerpa. OLeHKH npoBenéuHble B [22] noka-
3BIBAIOT, YTO YIJIOBOE paspelieHue pasuoe 2 (~ 107 pazn), BO3MOXHOE NHIIB pY
HCITOIE30BaHNM CHCTEMBI Hiened wupuHoi C = 10 MM ¢ NOrioaniuuMH CTeHKa-
MU (CONNICPOBCKHH KOMIUMATOP), pasHECEHHBIX Ha paccTosHue Z ~ | kM (10° M),
WY MPUMEHHUTENBHO K peanbHeiM pasmepaM Z ~ 10 M u C = 0,1 MM, gaér npour-
pblill B MHTEHCUBHOCTH Mo cpaBHeHHeM ¢ JIKC Gonee yem B 12 pas. He cnacaer
[IpH 3TOM U HCHONb30BaHKHe coBpemeHHsix ITH/, mpocTpaHcTBeHHOE paspeuleHne
KOTOpBIX Takxke He jay4iue 0,1 mm. Bot noueMy, HECMOTPSA Ha U3BECTHbIE METOIH-
YECKHE TPYJHOCTH M HEeJOCTATKH (MeMIEHHOE, KaK a’z, craiaHde “XBOCTOB” WHCT-
PYMEHTAIBHOMN NHHHH, (UKCHPOBAHHAS FOPH3OHTANBHAS TUIOCKOCTH AHAJIN3A; He-
00X0AHMOCTb UCHOJIB30BAHMS MIOTOYEUHOTO PEXHMA CHATHI HHGOOPMALMU) ABYX-
KpHCTanbHOH (/, —/) ciekTpoMeTp — GecaucnepCHOHHBIH IpHOOp, MO3BONMIOILHA
BECTH MCCIIEHOBAHHA MaloyrjIoOBOI'0 pacCesHUA C paspeullcHreM [0 BEKTOPY
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q -~ 107 A™', o6si3aTenbHO MONYYAET MECTO CPEAH HEHTPOH-IHGhPAKLHOHHBIX YC-
TAHOBOK BO MHOI'MX ATOMHBIX LEHTPaX.

Apropsl biarogapat ©.C. xenaposa 3a rosnesHbie o6CYXIACHUS pe3yibTa-
T0B. Pabota nopnepxupanack I panToM HaydHO-HHHOBALHOHHOE COTPY AHHYECTRO
Muno6paszopanus-Munatom 2001, I'panramun Munobpazosanus (TOO-7.5-2769)
1 POOU (00-02-17837 u 00-15-96656).
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