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P.KappHraH / MIl ./, T. TYH r 
HallHoHaIlbHaR YCKopHTt!nb Itolll n.)(jOp,l TOPHR HM.:1, CIlepMH, 
6aTaBHR, CWA 

Y.rH6cOH, 4 .CaH, P .BoHr 
YHHBepcHTeT WTaTa HblO- nOpK. On6'II tH. CIOA 

npB,ll;Clta3aID1B II/u llOCJIe.n;O~B cnOHTaHHoro II3.1lY'i6f1ltR l<BJIa.JTKpO

BaIDlliX aJIBKTpOHOB R n03I1TpoHOB 2-5/ , OTJUl'IaKll{6rOCH BllCOKO~ cneKT

paJlbIID-yrJloBoM 1lJ10Tl:IOCTI>lD. B .n;eC.lITKH pa3 npeBlllIlalOlllei! CIIBKTpa.IIl>HO

yrJIOByJO TlJIOTItOCT}' TOpM03Horo H3JIJ"IBHlUi , CTI~-W.iTMpoBa.IIO lIC OJIB,ll;OBaIIl'I6 

yrJIOBI:IX p:1crrpe,neJI8ImJ.l r - H3.1lYTlemm aJl61G'pOHOB n II03l'fl'POHOB B l<pll 

CTaJI.TIl!'16ClUlX MmueH.IIX /6,7/, 
B HRCTOJUl{el\ pa60Te npe.n;oTaBJIeHH pe3yJIbTanl l'JOCJIe.n;onaIDm yrJID

rune pacrrpe.n;eJIeHHA 4 -KBaHTOB, H3.1lY'Iel:lllllX n03l1TpoHaMR 0 811epI'H6n 

IO I'3B n MOHOKPHCTB.lJ.JI6 Iq)eMRHli TlPR pa3JlHlIllHX OpH6HTru.tRJD( OTHOCH

T6.1J:bHO Jql\{OTIlJlJlOrprufuItr6CKO~ Ia0CI<OCTR (no) . l./aHIrue IIQJIY'l6Hll lia 

YCT8HOBT{O "RPHCTB.IJ.JI'; (OHm1) 8/ Ha rrpOTOIfHOM CRIDCpoTpoHe I1HcrnTYTa 

qm3llKlJ/9jOOl<HX 9H6prm! (C6prryxOB). 

B 9 O~CaRa M6TO~rKa H3MepeHHR yrJloBHX pacnp6.n;OJl6~ r~Nl
KlIB.IITOB H rrpe.n;OTaBJI6HH xapaKTepHOTRKH .lij)6llif)()BO~ KaMepu co BCTpOeH

HHM KOITBepTopoM . p6raCTPffPOBaBmBft TPBKH 3J16KTpOH-n03HTpoHHHX rrap, 

KOHB6pTHpY6M1lX HCCJJe.n;y6MUMH r - KBaRTaMB . YrM BHJIeTa r -KBaIt

TOB onpe.n;BnRHOJI no ROop.n;KRaTe TO'IKR KOTlBSPOHH e+6- -napN B KOOP.n;H

HaTS TpeKa nepB~O~ TlaCTKDU B MHm6HR . ITpe,ll;CTaBneHHH6 B HacTORmeft 

paOOTe pe3YnbTaTH 6HJIH TIORY~6HB C HCTI0JIb30BaHHeM CBHHnOBOrO KOHBep

Topa TOJIIIIIDIoA OKMO 0,27 pan;R8Il)!'OHH09. wrmm . IJpH aTOM TO'lHOCTD H3

MepeHKII yrnon mlJIeTa r -!!BaRTOB KS Mmllemf COOTaBIDrB. nplDllepHO 

7 MKPaIl. 
llpH 06pa6oTK6 .n;aHHIlX .zvm Tex co61:JTBi!, Y KOTOpnc BOOOTaHaBJIltBB

nBO}' KOOp,n;HHaTH TO'IKK KOHBBpoRH, B 3HeprHD r -KBaHTOB BHOOBnaC}' 

nOnpaBlta Ha BEIJIB'TImlY KOHR3a.IlH0HHlDC nOT6p}' e+e--napN B Bem6cne KOH

BepTopa, B CT8JI1,HOA CTeHR8 Kopnyoa r -cneKTpOMBTpa TOJllllHHo1! 0,3 MM 

R B OJl08 CBeTOOTp8!!allIl6ro nopolIIR8 J1J~ 0 TOJllllHH01! I MM. BeJJlt"<OO!8 
nOrrpaBlGJ orrpe~eJ!SIJUiOI> RS CpaBHBHmI 8HepreTlPIeClOlX CTI6KTpOB t -lCBaH

TOB, ROHB6pTH])OBaBIIIW[ na~, 00 oneKTpaMH, B KOTOJllX na~ He KOHBeP

THPOBaJIHC}, . H COCTaBlDJ.8 OKono 8 MaB ,It.1IR 8H6pnm r -KBaHTOB OT 

20 MaD H BHUle . 2aImCRMOCTl> R08~eHTa KOHBepoHH nap OT 8Heprlm 

r -KBaHTOB, RaJ< R 8H6preTlJ'l80KlUl 3~~OCTb a@leKTHBHocTR BOC

OTaROBJIemm KOOP,lllmaT TO~6K KOHBepco 9 , rrpRBO,ll;HT 1< llOR8JJ[8IUJ]') yrJlO

BlDC paCrrp6~eJ16HllA r- -KB8HTOB C pa~ 9Heprmn.m. aro RORaD

lIRe YCTJWlRJIOOI> BBe,ll;llHIIleM 38.BlI0JIllleI'O OT 8Hept'HlI BBOOBoro K08~

6HT8. KOTOp!l! Orrpe.neJVt1IOll RaJ< OTHomeHlI8 n OJIHOro 'IllCJIa 3apeI'HCTPHPO
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BaHHHX r--Crr6KTpOM8TPOM COdUTHfi C ~8}lliO~ SH6prH6H K ~C~ C06HT~ 
C TaKO~ Ee 3HeprH8H, ~ KOTOPUX BOCCTaHOan6Ha Roop~aTa TO~ KOH
B6 PCHH e+s--rra pH. 

?HC. I . YrJIOB OO p a crrps.neJIeHH8 
TOpMo3Hor o HS~'tJ8H11H OT 8JlJOMIl!HlI8 

10 0 BO~ MHID8HH. IIyHRTKpHOA JIID!l!sR 

rrp8.noTaBJIeH peSYJThTaT arrrrpOKOHMa

umr 3KcnepUM8HTalThHHX ~HHX pac
: npe.neJIeHlt8M r aycca. CITJIOnrnruI JIId
:i 
E HMR - BU'tJRC.lIeHHO e yrJIOBOe pacnpe!!. 
z 

;nWIeID1e T - ItBaHTOB. 

!! ~It 
~,, ~ 

Ha pHC. I rrpe.I(CT~~eHo yrJIOBOe pacrrpe.neJI8lrnS TOpMos Horo H3JIY'tJS
HWr H3 8.1IIOMIDilleBOH MHGJSIrn: TOJJll{IIIJlol1 0 ,95 MM. IIYHKTHpHruI .JIHHWI rrpe.I(
CTaBJIRe T ps sYJThTaT arrnpoKc~ 3KCrrSpHMem8JII,HHX )laHHHX pacrrpe.I(S

JISHltSM raycca. CITJIonrno~ RMIrn6A nOKa3aHO BUtnlCJIe~OS (Me To.noM MOHTe 
Kap.1Io) yr.1loBOEl pacrrpe)l6.1lSHlt8 r -KEaJ{TOB B JJ t. IOI c y'tJeToM MHoro
ItpaTHOro paCC6mlIDI SJISKTPOHOB. CTaH.l(SPTIl06 OTKJIOH6~rn8 anrrpOl<CHMHpylO
m6ro pacrrps)lSJISHKff raycca €I = 123 : 3 W{pan, Cpe)lHsKBanP8TH'lH08 
OTKJIOHe HH8 pac'tJ8THoro pa crrps)leJIaHKH COCTaBHJIO 115 MKp8.Il. HeKoTopoe 
OTJ.lli'lliS 3KCrrepHMeHTaTIhHliX .l(aHHblX OT p a c 'leTH rlX: , no-BH,Il;IiIMoMY, CBiISaHO 

c HCn0JIb 30BaHlt8M rrpH MO)lS.1IHpOB~ HfPManbHOrO paorrpe)l8JI8HKff ~ 
yr.1loB YHOroKPaTHoro paCC8mrnJI II, 12 • 8Ta pasIUllla YMeHbUla8TcH rrpR 

HCrrOJThSOBaHKH 60JI66 TOHKKX MHWeH6H. 

Ha pHC. 2-5 rrpe.I(CTaBJIeHH yr.1loBu6 pacrrpS)le.1l8Hlm r -REaHTOB, HS

~'tJa6MHX n0 3HTpOHaMH B KPHCTaJIJI8 Rp8MHKR rrpH pa 3JIK'tJHHX yrJIax OpR8H
TauHH OTHOCHTeJlhHO KPHCTaJIJIorp~ecKo~ ITJIOCKOCTH (110). Pacrrpe.n8JIS

HRff nocTposHH ~ pa3JIH'tJHUx )lH8lI8S0HOB SHeprHR Y-KBaHTOB. fpaHHUY 
)lH8lI8.30HOB (MaB) yKa3B.Hl/ Ha pKcyHl<8.X CrrpaBa. IlYHKTHpHllMH KPHBHMIJ 

rrpe.I(CTaBJIBHH pe3YJlhTaTH anrrpORO~ 3KCnepKMSHTaJlhHBX .n9.HllliX pao
rrpS.nBn8HRHMK r ayoca. CTaH)laPTHHS OTKJIOH8HKR 3TRX pacrrpe.n8JI8HKA YKa

SaHB Ha PKCYHRaX CJISBa. CITJIOillHHS JIKHKK rrpS.nCT~T c 0601 COOTB9T
6TBYJ!lllRS pacnpe,D;WISHIDl, paCC'lliTaHHHS ,II,JI.H aMOpgmOll KpeMHldSBOil MHllI6Im 

3KBRBaJISHTHO~ T~. 

Ha pRC. 2 rrpS)lCTaBJI6HH pacrrpS.Il6.1leHKff yrJIOB BUJISTa i' - KBaHTOB 
OTHOCKTSJThHO KPHOTaJIJIOrpa~80KOA ITJIOOKOCTK (110), H~6HHHX nOSHT
POHar.m C yrJIru,m MeTs OT - 60 )l0 + 60 MRP8.!l. Cpe)lH8KBa,l(paTIl"IH06 OT
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KJIOHSHHe ~aJIorH'tJHoro pac'IeTHoro pacrrpe~SJIeHRR ITS aMO~HOH MHID8HH 


C y~eToM paCXO.IlKMOCTH ny'tJRa COCTaBJIHeT OKOJIO 82 MKP~, 'ITO 3Ha~


TeJILHO rrpeauma6T cpe~6KBa.IlPaTH'tJH06 OTKJIOHeHH6 3Kcn8pWM8HTaJlhHHX 


pacrrpe)l8JIeHRH (pRC. 2A-2n). MHHKMaJIbHHn yr JIOBOH pas6poo (pHc . 2n) 

HMeDl' r -KB~Tli C 3HepI'l!!s:fi OROJIO 60 MsB, 'fTO COOTBeTCTBY6T B HaIU8M 

0JJY'J86 MaKcID>\Vt.\V cn8KTpaJII,HO~ ITJIOTHOCTR H3JIY'tJeHRR rrpH MHaJIHpOB~1:' 


PRC. 2. Pa cnpe.n8JIeHRR co6~TRA no 
yrJIaM BH.1I8Ta D -KBaHTOB OTHOCHT8JTh
HO nnOCROCTH (110). naarra30H yrJIOB 

aneTa nOSHTpOHOB OT - 60 loffiP8.Il .no 
) ($.=>1 " . 20-tOO + 60 MKp1U. l{Hq,py crrpaBa 06osHatJam' 

rpaHIDlI:l HHTepBa.rr.a 3Heprd 1" -KB8H

A- --4. , 

... ' .... ~'1 -.... 1 

I 6 

IS .s" ,..-4. '0- 110 

~-t' 

t 

TOB. IIYHKTHpHH6 .JIlIHI!lI - p8SYJlhTaT 
armpoKC~ 3KCUepJlIM6HTa.JIbHHX 

m. ;nammx paCupe,n6JI6HH6M r aycca. CJIeBa 

~ 0 YR8SaHH CTa.a.n;aPTHHe OTKJIOltemm IlplI 
z B8.neHBHX IqliIBHX. CwrOlIlHoA .n:mm6~ 

rrpe,ncTaBJIeRO pac'tJeTH06 paCnpS.neJI6HH8 
0 ..... " jJ-i-l. ~ 52- 72 K3JIY'tJeHRR KS aMOpfiIoA MKllleHH. 

~ 
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Ha JlBc. 3 nOK8S81Dl yrJlOBll8 pacrrpe,n6JIelDUl r -KBaH'l'OB, RSJJY'I8H

ma uOSBTpOJJ8JIII c yrJl8Jlll BJJi!TQ B KJlRO'l'&1DI B BH'1'8pBaJJ8 m-140 MKpI,ll . 

Pacnpe;na.lUIHlla r -KB8IlTOB 0 311epI'lDDllil 20-100 I13B (pJlo.3A) 1DI88 'l' 

ope,JtH80 3H8.'l8BHa . C.ItBIIBY'l'06 nplDlOpIIO Ra 50 ampa.n B O'l'opouy MAB'J./J!!IX 

y r JlOB onlOCft8Jll>BO paoTlii'rHoro paCnp6AflJI61IBJ1. 3To B 9J181D1'r6J11>HoI 

OT9nemr od!JroHIIO'l'OJl uaP8Plcce.mmoll noSJ!TPOBOB 0 n0CJf6MJ11UD1 S8.XBflT<M 

U B peIDIII K8II8JIlqlOBaBI . rna B6po1mlOCTb lI3JIY'IB1DDI B ym98BHtIf ltK

8D83OH8 8R8prd r -~OB B H6CRMLltO pas IIpe1!IlIIIaB'l' B6JlOfl'l'1IOC'l'J. 


H3JIY'I8IDIH BB8 KBBaJIB 5,7/. C JB6.IIlt'I81D1811 9H8pI'IDI Y - KB8H'l'OB 


(pE.3li) Ope..1tK88 SHa'l81D18 8ltOU8pD1Bll'!'ana:oro Pl0np6;Jt8JI81D1H IIpK6JIDa
6'l'OJ1 R oPQllaJq S88118HDl pactte'I'Roro :. IIJIl 8H8pI'JII[ ~ laB o6e 
B8JliI1IIDJIl npmIBIEo C~ (:pRc. 3D). C YB6JD'l'l81D1811 8HaprmI r 
KB8H'1'OB U yrJroBoI pas6poo YJoIlm.mae'l'CB H npil 8H6pr'1D1% 300-600 laB, 
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ITpRMepHO COOTBeTC TBymmKX MaKCHMyMy CrreKTpaHbHOH unOTHOCTH KOrep6HT
HOrO TOpMOSHOrO R~eHRR (Kl~ ) ~ ~aHHO~ OpReHT~COCTaauReT OKano 
43 MKP~,~O cymecTBeHHo M6Hbille yr~oBoro pasOpoca H~eHRa 0'1' aMO~ 

HOH MKW6Hll . 
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?Hc. 3. To :as. 'lTO Ha pHc. 2. PHO. 4. Pa0np6~6~6HBH C06UTxA 


Yr~ aneTa rr03HTpoHOB B rro yrnaM Bij~6Ta r--KBaHTaB OTBo


HHT6pBaJIe 70-I 40 MKPM. CHTWIbHO RanpaBJI6HRR IIi3 )4BrxqptX IIOSJd


TpOHOB. OT06paHN COOHTHH C yr~aMR 

BI!8Ta B JdHTepBaJI6 140-300 MIql8.n. 

lW'phl 14 .lIilHKJd Ha pacYHKe 0603Ha
~ TO a 6 , ~TO H Ha pac. 

Ha pHo.4 rrpe.ztOT8BJI6lDl paorrpe.zt6JlSHHS: yr~OB BllJI6Ta y- -KBaH'l'OB 

OTHOCHT6JIJaHO HaIIpaBJIeJm.R: na)WmnIX UOSwrpoHOB. OT6l!p8JmC:L co6HTmI C 

yrJI8YIII BJreTa rrOSRTpoROB B HH'l'B}lBaJI8 I 40-3oo MK})8,n . Ha CpaBH8HJIH 

pacnpe~e.n:6lilrl!. (pKC .4A-4I') CJl8.ztYBT, 'lTO SHa'IBHWI 2X Cp6,1lReKBB,lJ;P8TH'1

HIiX OTRJIOH8Imi aamlCJlT OT 8H6prm! y- -KBaHTOB. Hali!M6m.md yrJIOB01t 
pas6poo IIPB JtB.HHoit OpH8HTartBH n O:mTpOHOB HMeM y- -KBaHTH 0 9Hep

m e! 600-1000 MsB, 'I'l'O C00TB8'l'CTBY8T ~ Cn8KTpa./Il>BoA UJIoor
HOCTl![ K'l'H. AHaJIOI'H'llWft BliBO.zt OJI6,Ity8T 1J KS OpaBH8Hl1t1I yr~QBIlX pacupe

~M6lD!1. OOOTBS 'l'C~ paSJmtlBllM RBT6PBWIBM SHSprd r- -KBaH'l'OB, 

ll~BJIJa rro Sl!TpoHlOOJ C 601!bIm'lMlil yrJIaMlil OPlI6HTaIlHH (pHO . 5A-SB). 
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llimMeH:Lmd yr~oBol' pa36poc HMBJOT r- -KBaH'l'U C :mepI'l![ell IOO0-3000 MaB 
(P.RC. 5B), 'ITO TauS OOOTB6'l'CTBY8'l' 06MOTl![ tAaKOHl(VWi crrSR'l'paJIl>

HO~ nJIOTHOOTZ HTH. 
TB.KHM 06pasOM. 8KOnep:HM6RTaJlI>BHe .ztaHHllS CBl!.It8TMbC'l"BYilT. liTO 

K8K B OJIY'!a8 CnOHTaHHarO H3JIY~eHlm nplt KB1I8JIlq)OBaIDm', TaR liJ B CJr!J
-qas K'l'I1 HaR60JIee y3RHe yrJl0Bli8 paCnp6.zt6JleHBH COOTBeTOTByDT r
KBaHTaY C 3HSPI"l'lSlMH , JI8l1\8111BM111 B 06JIaC1.'I[ Mal\Cm.1yM8 cneK'rpaJlI>HO! MOT

Hoom R3Jly1mHml • 
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~ PlIC. 5. To :as. trrO Ha pJIO. 4.
2
~ Yr~ BJIeTa n09HTp OHOB B liIHTepaane 

300-1000 MKJ'l8,It. 
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