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HeATpOHHblA .aHijlpaKTOMeTp no BP8M8HH nponeTa JlllH 11ccne.aoaaHHSI 

MOHOKpHCT8llll0B 

.Uaao onHCSHH8 HeATpOHHoro .a11ijlpaKTOMeTpa no apeMeHH nponeTa Ha 

HMfiYllbCHOM HCTO'IHHK8 HeATpOHOB, .UHijlpaKTOMeTp npe.aHa3H8'18H JlllSI npoae.ae

HHSI CTpyKTyPHblX HCCll8Jl0B8HHA MOHOKp11CT8llll0B, YcTaHOBK8 BKlllO'laeT B ce-. 

OSI M8X8HH'18CKYIO '18CTb, n03B0llSIIOIIIYIO H3MeHSITb yron pacceSIHHSI, H Sll8K

Tp0HHbl8 CHCT8Mbl ynpaaneHHSI H perHCTp8lllfH, H3M8HeHHe yrna paCC8SIHHSI 

B03M0lKHO B npe.aenax -30 .+ 210 ° . T0'IH0CTb 0TC'18T8 yrna - 0K0II0 2 yrno

Bb!X MHHyT, B K8'18CTB8 r0HH0MeTpH'leCK0ro ycTpol!CTB8 HCn0llb3yeTCSI GKS-10( 
C npHCTSBKOA rn-3. YnpaBllSIIOIIIBSI '18CTb Sll8KTJ)OHHOA annapaTypbl C0CT0IIT 

H3 nyllbTa r0HHOMeTpa H 0llOKa ynpaaneHHSI noaop0THOA nnaTijlopMoA .anijlpaKTO

MeTpa, PerHCTPHPYIOIIISSI annapaTypa C0CTOHT H3 CTaH.aapTHbIX cneKTP0M8TpH

'18CKHX 0llOKOB, BpeM8HH0ro K0JJHPOBIIIHKB H MH0r0K8H8llbH0ro 8H8llH38T0pa. 

npHB8Jl8Hbl ij)OpMYllbl Jlll.11 HHT8HCHBHOCTell, nonolK8HHA H WHPHH H3M8pS18MbIX 

JlHijlpaKUHOHHblX llHKOB, . 

PaooTa Bblll0llH8H8 B naoopaTOpHH H8ATpoHH0l! ij)H3HKH OH.f!H, 

Ilpenp■RT 061.eUBeaaoro ucT■TyTa uepawx ■ccnuou.nl. )lytSu 1977 
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8 CBSI3H C C03A8HHeM B nocneaHHe r'OJ.lhl AOCTaTO'IHO 

MOI!lHhIX HMnynhCHhlX HCTO'IHHKOB HeiiTpOHOB /1/ aKTyanb

HhlM CTaHOBUTCSI BOnpoc O npuMeHUMOCTU HeiiTpOHIIOr'O 

All!ppaKTOMeTpa no BpeMeHu nponeTa K CTPYKTYPHhIM uc-

cneaoBaHUSIM MOHOKpUCTannoB 12 ·31 . 8 8KCnepnMeHTax 

no MeTOAY BpeMeHU nponeTa nepexoa OT ll3MepeHHhlX HH

TeHCUBHOCTeii All<ppaKUUOHHbIX MaKCUMYMOB K CTpyKTypHblM 

lpBKTopaM Tpe6yeT BBeAeHIISI HeCKOnhKUX cymecTBeHHblX 

nonpaBOK, 38BUCSIIIlllX OT annHhl BOllHbl HeiiTpoaa. OaHaKO 

CO'!eTaHIIe BhICOKOll CBeTOCUnbI ll xopoweii paapewaromeii 

cnoco6nocru c npocToToii anan1Iaa 1I3MepeHHLIX cneKTpos 

Bhlr'OAHO OTnJI'!aIOT AII<ppaKTOMeTp no BpeMeHII nponeTa OT 

o6hi'!H0£'0 ABYXOCHOr'O AII<ppaKTOMeTpa II noSIBIIBllI11XCSI HO-

Bh!X MeTOAUK ,14 ,~, B H8CTOSII!leii pa6ore np11seaeHbl 

xapaKTepiICTJIKII ycTaHOBKII, pa6oTaromeu s flH <ti 011 .HI1 Ha 

JIMnynbCHOM peaKTOpe l1 EP-30, cpeAHSISI MOIIlHOCTb KOTO

poro s HaCTOSII!lee BpeMSI COCTaBnSieT 20 KBT. 

n11qipaKTOMeTp pacnonomeH Ha OAHOM 113 ny'!KOB peaK

TOpa B 56 M OT aKTIIBHOll 30Hhl ( p II c. 1 ) •. MexaHH'I0CK8SI 

qaCTb COCTOIIT 113 MaCCHBHOr'O OCHOBaHJISI C pacnonomeH

HhlMJI ua HeM TpeXOCHbIM r'OHHOMeTpOM GKS -100 u no

BOpOTHOll nnaT<pOpMOH C KonnuMaTopoM "aeTeKTOpOM, 

Bpameuue nnaTqiopMhI no3songeT MeHSITb yron pacceSIHHSI 

oT -30° ao 210°. YnpaBneaue BpameaueM nnarqiopMhI 

AHCT8HUHOHHoe. 0TC'!eT yrna npOH3BOAHTCSI 14-pa3pSIAHhIM 

ABT'IHKOM, pacnonomeHHhIM Ha OCH nosopoTa. TO'IHOCTb 

OTC'!eTa yrna OKOnO 2 '. EonbllIBSI '!aCTb nponeTHOH 6a3bl 

B8KYYMHPOBaHa, Texuonor'Htf0CKHe pa3pb!Bbl aanonHeHhl 

HeiiTpOHOBOJ.l8MH C aprOHOM, neTeKTOp, COCTOSIIIlHH Ji3 
3 He ·cqeT'!JIKa B M8CCHBH0ll 38IllHTe C OKHOM 3 x5 CM, 
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pacnono~eH Ha Tene~Ke, nepeMemaeMoH anom, nnaT¢op
MhI a npenenax 0,5+2 M OT o6paaua. foHuoMeTp nonh
cKoro npOH3BOACTBa GKS -100 Il03BOnSieT ocymeCTBnSITb 
apameHne o6paaua a npenenax O 

O 
+ 360 ° BOKpyr ocu z 

u ::!:.,20 ° aoKpyr oceft x u y . Ilm1 pacmupeHHR nuanaao
Ha noaopoTOB Ha GKS -100 ycTaHOBneHa POHHOMeTpuqec
KaR POnOBKa ffl-3, HMeromag OCH X (0 ° + 90° ) H q> 
(O 0 +360° ). 

YnpaanSiromaR qacn, aneKTPOHHOH annapaTypbI COCTOUT 
ua nynhTa roauoMeTpa u 6noKa ynpaanemrn noaopoTHOH 
nnaT¢opMOH AlllppaKTOMeTpa. <l>yHKUIIOHanbHaSI cxeMa 6no

Ka ynpaaneHHR npuaeneua Ha puc.2. 11a¢opMauun o no-

p II c.-1. CxeMa AlllppaKTOMeTpa . l - aKTHBHaR 30Ha pe
aKTopa H 6uonornqecKan aamnTa;2 - aaKyyMHbie II apro
H0Bbie HeHTJ)OHOBOAhI; 3 - AeTeKTOp B aam11Te Ha noaopoT
HOii nnaT¢opMe; 4 - 0CH0BaHne nmppaKTOMeTpa;5 - P0HHO

MeTp C o6p~3UOM. 

no~eHHH nnaT¢opMbl BbIAaeTCR J:taMHKOM ( 1) a BHAe na
pannenbHOPO 14-paapSIAHOPO ABOHqffQPO KOJla, Il0CTyllaIOme
PO a npeo6paaoaaTenh (2), rne· ¢opMupyeTCSI nocnenoBa

TenhHbiii Kon nnSI nepenaqn no Ka6enro a 11aMepnTenhHhiii 
ueHTp. OnHoBpeMeHHO C KOA0M no APYPOMy Ka6en10 nepe
naIOTCSI TaKT0Bbie U:MnynhCbI. 3TH ABe nocneA0BaTellbHOCTH 
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P n c. 2. <l>yHKUHOHanbHaSI cxeMa 6noKa ynpaaneHHR IlOB0pOT
HOH nnaT¢opMOH nn¢paKTOMeTpa. 

HMnyllbC0B nocTynaroT B cxeMy ¢opMHPOBaHHSI ynpaanSIIO
mnx CU:PHanoa ( 4). B Haqane KOAOBOH KOM61rnaumi ¢opMH
PYIOTCSI CHPHan c6poca CABHPOBbIX perncTpOB nono~eHHSI 
(5) n aanaTqnKa (6) n ceraan nepeaoca nH¢opMaune c 
TyM6nepoa (7) Ha perucTp aanaTqnKa (6). Ilocne 3Toro 
C nepHOJlOM Ta~T0BbIX HMnym,coa Ha BX0AhI OAHopa3pSJA
HOlf cxeMbI cpaBHeHU:SI (8) HaqnHaIOT IlOCTynaTb CHPHanbI 
cpaBHHBaeMbIX K0AOB: KOAa nono~eHU:SI nnaT¢opMbl Att¢paK
TOMeTpa n KOAa aanaTqu:Ka. CpaaHeHne npoHCXOAHT nopaa

PRAHo,HaqnHaSI co cTapmnx paapSIAoB. Ilpu nocTynneHHH 
Ha BbIXOAbl CXeMhl cpaaHeHHSI pa3HbIX 3HaqeHnii C0OTBeT
CTByromnx paapSIAoa cpaaHeHne · 6noKnpyeTcSI, u cxeMoii: 

ynpaaneHHSI ucnonHnTe1IbHbIM MeXaHH3MOM {9) Bbrpa6a

ThIBaeTCSI CHPHan "Hanpaao" nnu "Haneao" B 38BHCHMOCTH 
OT CO0THOIIIeHHSI cpaBHHaaeMbIX pa3pSIA0B. 3·TH CHPHanbI 
IlOAaIOTCSI Ha ncnonHHTellbHbIH MeXaHH3M (10), ABHPa Tenb 

KOToporo np0H3B0AHT C0OTBeTCTByromyro orpa6oTKy. B 
cnyqae paBeHCTBa K0AOB CHPHanbr ynpaBneHHR OTCyTCTBy
IOT. OAHOBpeMeHHO CHPHanhI nocneAOBaTenhHOPO KOAa no
no~eHJrn 38HOC.SITCSI Ha CABHPOBbIH perucTp _nono~eHJrn (5), 
SIBnSIIOmniicSI npeo6paaoaaTeneM nocnenoaaTellbHoro KOAa 
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B napanne1IhHbili AnSI nepeaa'In B 3BM lI AnSI lIHAlIK8Ullll. 

EnoK BbmonHeH B cTaHaapTe KAMAK n aaHnMaeT 4 cTaH

unn. 

PeI'HCTPHPYIOIUaSI annapaTypa COCTOlIT ll3 CTaHaapTHbIX 

cneKTpoMeTpn'IeCKHX 6noKOB, BpeMeHHOI'O KOAHpOBIUHKa 

BK-5 
161 

H MHOI'oKaHanbHOI'o aaannaaTopa Al1-4096. Tipu 

He06XOAHMOCTll yaenH'IeHIISI mrnnaaoHa peI'HCTpnpyeMbIX 

, 3HepI'Hli Heii:TpOHOB npnMeHSieTCSI BpeMeHHOH KOAHPOBIUHK 

c nepeMeHHOH illHpHHOH K8Hana 171 . l1H¢opM8UlISI C aHa

mi:aaTopa 'Iepea 3BM E3CM-4 aannchmaeTCSI Ha MaI'HHT

Hy10 neHTy ansi xpaneHHSI n nocneay10meii: o6pa6oTKH. 

llnsi BbISICHeHIISI TO'IHOCTH onpeaeneHHSI OCHOBHbIX xa

paKTepHCTHK AH¢paKUlIOHHbIX MaKCHMYMOB ( lIHTeHCHBHOCTll, 

nonO)l<eHHSI H illHPHHbI) I a T8K)Ke 0Tpa60TKH MeTOAUKH HX 

nony'IeHHSI H3 AH¢paKUHOHHbIX cneKTpOB Ha AH¢paKTOMeT-

pe npoaeaeHbI TeCTOBbie 3KCnepnMeHTbI C o6pa3U8Mll, CTpyK-

TypHbie CBOHCTBa KOTOpbIX. xoporno H3BeCTHbl 181 . TioKa-

aaHo, 'ITO B HHTepaane annH aonH 0,8 + 6 ,O A HHTeHCHB

HOCTH MaKCHMYMOB xoporno 0Ill!Cb!B8IOTCSI ¢opMynoii: 

I h kf "" <I> ( ,\ ) • ,\ .If • F; kf • A ( ,\ ) y ( ,\ ) • (1) 

I'Ae <I>(,\) - a¢<peKTHBHblll cneKTp, Fhkf - CTpyKTypHblli 

<paKTop OTpa)l{eHn SI (h k f ) . A ( ,\ ) lI y ( ,\) - nonpaBKH Ha 

noI'nomeHne II 9KCTHHK1U!IO Heii:TpOHOB B o6paaue. 3qiqieKTHB

HbIH cneKTp yao6Ho npeacTaBnSITb a Bl!Ae napaMeTpH'IeCKOH 

<pyHKUHll 
18/, 'IaCTb napaMeTpoB KoTopoii: onpeaensieTCSI 

B 3KCnepnMeHTax no paccesrnn10 Heii:TpOHOB Ha B8H8AHH H 

nonnKpncTanne, a OCTanbHbie YTO'IHSIIOTCSI npH OKOH'IaTenb

HOH o6pa60TKe AaHHbIX OT uccneayeMOI'O MOHOKplICTanna. 

Tiono)l{eHIISI AH<ppaKUHOHHb!X MaKCIIMyMOB Ha BpeMeHHoii: 

illKane COOTBeTCTByIOT 

Phkf ,., C /r + C2 + f(r), (2) 

I'Ae C 1 ,.,2 (rn/h) L sine , m - Mace a HeiiTpoHa, L - nonnoe 

nponeTHoe paccTosiHne, e - yPon Ep3I'I'a, C 2 - apeMeH

noft ·CABHI' Me)l{AY aanycKOM aHanuaaTopa n HMny1IhcoM 

MOillHOCTH peaKTOpa, r hkf - BeKTOp o6paTHOii: perneTKH, 
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f(r) - ManaSI ao6aBKa, CBSI38HH8SI C 38BHCHMOCTblO spe

MeHH BbineTa Heii:TpOHOB H3 aaMeJWIITenSI OT AnHHbI BOnHhI. 

CncTeMaTH'IeCK8SI noI'pernHOCTb B onpeaenemm T , CBSI38H

HaSI C HeTO'IHhlM 3HaHHeM nponeTHOI'O paCCTOSIHHSI, ypna 

pacceSIHHSI u <pyHKUlIH f(r ), He npeBbIIllaeT 0, 1 % npu 

T < 0,3 i-1 . BpeMeHH8SI AHCnepCHSI AH<ppaKUlIOHHb\X MaK

CIIMYMOB a nepBOM npn6nn)l{eHHll OilHCbIBaeTCSI qiopMynoii: 

D (t )-D r + D m + De • t 2 
/ tg2e , (3) 

I'Ae Dr = ( 30 MKC) 
2 

- ancnepCHSI HMny1Ihca 6bICTpbIX Heft-

TpOHOB, D m - AHCnepClISij CBSI38HH8SI C BpeMeHeM 38MelJ,

neHHSI HeHTpOHOB, De - AHCilepClISI1 CBSI38HH8SI C YI'JIOBbI

MH aeonpeaeneHHOCTSIMH B pacceSIHHH, t - nonnoe apeMSI 

nponeTa. 3Ha'!eHne oTnorneHnSI yD (t )/t , xapaKTepnay10 -

mee paaperna10my10 cnoco6HoCTb AH<ppaKTOMeTpa, cocTaansi-
o 0 

eT 0,5% npn e =45 H ,\ =l A lI MOHOTOHHO yMeHbrnaeTCSI 

C pOCTOM e H ,\ • COCTaBnSISI 0, 15% npn e =70° H ,\ =4 A. 
Peay.1IbT8TbI TeCTOBbIX 3KCnepnMeHTOB, a T8K)l{e CTpyK

TypHblll 3KCnepHMeHT C KpHCTannoM naHTaH-M8I'HHeBOI'O 
/9/ 

HnTpaTa La ~g 3 ( N03 ) 12 • 24 D2 0 n0Kaahma10T, 'ITO 

C03A8HHblll AH¢paKTOMeTp Il03BOJISieT npOBOAHTb nccneaoaa

HHSI MOHOKpHcTaJIJIOB C AOCT8TO'IHO Bb!COKOM TO'IHOCTbIO. 

B A81IbHeftrneM ansi yaenn'IeHHSI CKOpOCTH Ha6opa 3KCne

PHMeHT81IbHOll H~<pOpM8UlIH amppaKTOMeTp 6yaeT o6opyao

B8H MHOI'OHIIT9Bb!M AByMepHbIM aeTeKTOpOM nnomaAblO 

256 CM 2 . 

AaTopb1 6naPoaapSIT E.11.BopoHoaa, r.TI.)KyKoaa n 

IO .M.OcTanean'Ia aa noaaep)l{Ky n PM ueHHbIX coaeToa, 

M.nnoyI'y u E.H.CaBeHKO - aa IlOMOillb a pa6oTe. 
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