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JlBrreHne aHoMaJibHoro. nonpacTamIJl aMnrrnTyµ;bI cnr.Harron npn µ;ocTH_:iKeHnir .. : 
· HeKoToporo KpIITII'lecKor~ nHa'leHllH HanpH:iKeHHOCTII arreKTpll'leCK<>ro .norrH· n µ;e; 
. TeKTOpe 61,mo o6Hapy~eHO )')Ke B_ nepnbIX '11ccrreµ;onaHllSIX [1,2] nonepxliocrno,-

6apbepHbIX Au-Si-µ;eTeKTOPOB B. Ka'leCTBe cneKTp<>MeTpOB OCKOlIKOB"cnoHTaHHOro. 

µ;erreHirn 252 Cf . . ; ,I(aHii:bIH acJ?q>eKT .· nony'llllI Ha3Balllle "HB1IeH11e . MY1IbTH111IHK~llll 

.oapHµ;a". Heo:iK11µ;aHHOCTb HBlieHllH MY1I~T1mrr11Kann11 oap:iiµ;a oaKlIIO'Iaiiaib ~ ioM, 
'ITO OHO llMeeT. MeCTO .B yc11onn:~x, Korµ;a· MaKCllMaJibHaH HanpH)KeHHOCTb nomi·n 

.µ;e;eKTOpe B~ MHoro pan MeHi.we HanpH~eHHOCTll Il01IH,. Tpe6yeMofr~IDI naBllH~ 
Horo panMHO)KeHIIH HOClITe1IeH '-roKa. 0Ta oco6eHHOCTb HB1IeH11H MY1IbTllll1IllKa[lllll

0 

: 

' , ', . . , ; /; ~ -- -, -

oapHµ;a, npoHBlIHIOWerocH np11 per116rpaQHH Cll~bHOHOHllDllpy10w11x TH:iKelibIX oa- . 

PH:lKC~HbIX -qacTHQ, BbIBO;D;llT ero oa paMKll 11\JBeCTHbIX <PllDH'leCKUX CBOHCTB, Si II 
noneµ;eHUH nonyilpoaoµ;HHKOBbIX npn6opon;., • . - . •. •• . · - · 

.. •. ,I(aJibHenwHe uccneµ;onaHllH C. OCKOJIKaMH_µ;ene~m~. 11 ycKe>peHHbIMll TH)K~libIMll 

IIOHaMII [3-6) IlOKaDaJIII, .'ITO MYllbTHillillKaQIIH m:tpHµ;a npncywa H,e rolI~KO no,nepx~ 
. HOCTH0-6apbepHbIM µ;e-reKTOpaM Ha· OCHOBe n-Si, B KOTOpbIX o:iia 6blrra o6Hapy-, 

. I ' ., . , ' "- . • , , - '. • 

)KeHa; HO 11 HOHHO-liernpoBaHHbIM, II µ;mpqiy:rnOHHbIM µ;eTeKTOpai.t°.Ha ·ocHOBe'.Si . · · 
KaK_ C arreKTpO~~bIM, :TaK ·H C. ;D;bipO'lHl>iM THilOM ripe>BO;D;IIMOCTH. IIcc11eµ;ri~aHIIH 

·· OTKiinKa no11ynponoµ;m1KoBbIX µ;eTeKTopoB · npu ·nx_ 0611y'lemin yc:impeHHbIMH uo~ 

HaMH 4~ Ar rlJ·II 34S [8] noKananII,' 'ITO )vty111,:rn"nmtKaQIIH oapHµ;a Ha611roµ;aeTCH H. 

B 0611aCTlI Mace IIOHOB; ~ymecTBeHHO OTlIII'laIOuienrn OT o6naCTII Mace OCKOlIKOB . 

:;a;erreHIIH, AnTopbI. pa~O'I'bl [9) Ha6JIIOAaJIII c11a60Bbip~:iK_eH_HbllI aqiq>eKT M)'.~bTlIIllIW: 
. KaQIIII oapHµ;a B µ;mpqiymtoHHbIX CTPYKTypax C CHlib_HbIM BCTpoeHHbIM noneM µ;a)Ke 

.;D;JIH·O:-'laCTllQ, . . . . . . . 
. ,I(11wo6'1>HCHeHIIH Mexa"HnDMa MYlibTlIIllIIIKaQHM napHµ;a 6bl1IO npeµ;lIO)KeHO He:: . 

CKOJibKO Moµ;e11e1I [2,5, 7,9,10). 
0

IlepnhiM 6@n; npeµ;noiKeH},fexaHII:JM
0 

T)'HHelibH<>H lIH- ' 

·_,ieKQHH. ;}lI!!KTpOHOB. C .MeTaJilIH'leCKOro mieKTpoµ;a 'lepen 'I'OHKlIH· OKCH;D;Hbilt.ClIOH' • 
·, :[2), o6'bHCHHIOWIIH HeKoTophie ric~6eHHOCTll MYlii:TnnrrIIKatixin oapHµ;a' B ~u-Si­

geTeKTopax. B pa6oTax [5;7) paccMaTpHBaCTCH MexaHIIOM M)'JlbTIIIlJllIKariuII, oc~o-
', •' .· u,/ ·,' u 1 

~- • -"":·".~ '._· ~✓- •· .,-·_ ;~ 'r ,·• ,,•·, •• __ 

B~HHbllI Ha. yµ;apuon. lIOHIIDaQIIH B .CIIJlbHOM. ;}JlE)KTPII'IeCKOM norre, BODHIIKaroweM 
npu ·HaKonireHIIII IllIOTHOro o6naxa no~BlI)KHbIX HOCIITerreH napHµ;ii. n6mrnH BXC < 
~Horo arre~Tpoµ;a AeTeKTOpa· n npoiiecce co6npaHIIH-reHepnpoiaHHOro iac~nQ'ei > 

< • ' • -, , • - - / - ·, , ' • • ·:\ •• " ·_- .. - ,,- • ' 

' oapHµ;a Ii ycrronuHx nnanMbI, a n pa6oTax [9, 10) -. mi.. y;i;apii011 uoH11oaQIIH n BhL .. 
· COKOM:3ll~KTpn<iecKOM.norre,' BODHHKa10weM

0 

Ha 'KoHI~e TpeKa, CllllhHO BbITHHyToir ·, · 

>, an:uncon;i;arrbHOH qiopM!:I. Panrrn'lHble Mo~errn µ;at0T OP'hHC~~miri oTµ;~nb~bIM aKc-
. i:IepimeHTaJibHO yc~aHOBJieHHhIM q>aKTaM, HO' mi OilIICbIBaIOT. BCIO' co~oKynHOCTb 

oco6eii:HOCTeH MYJlbTlIIlJllIKaQIIH napHµ;a n paomI~HbIX Tnna'.x_ µ;eTeKTopon: . , · , _· 

.· TaK11~ o6panoM, µ;rrH ~bIHCHeHn'H}.nixaimoMa ;nrreHirn MY,J1bTHIIJ1HKati1rn riapHµ;a 
n . n:orrynponoµ;HIIK~BhIX µ;eTeKTopax: Tpe6yIOTC$.C · µ;arri,HeHUIHe 'nccrreµ;ona.Hmi: aToro, 
HBlieHIIH Ha pahnn'lHbI~ TJI)KeJlbIX1IOHax u i3 µ;eTeKTopax pa31IH'lHbIX Tnn:on; KpoMe • 

-T~ro, m:crreµ;~naHil:e MYJibTnn11n1faQ1rn napHµ;a npeµ;cTanrr.i.ceT IIHTepec He T~JibKo C: , 
To'lii11 opeHllH BbI~c;eHui MexaHIIDM~ MynhTn'nrrnKann:11, HO u c,TO'lKtrnpeHIIH Bbl-

.. . ' . . . . .( •' ' ' ' . . . 

' 9opa OilTHMaJibHOro pe)Kl!Ma pa6()Tbl ;i;e~eKTOpa, UCKJ!IO'laIOWero BODMO)KHOCTh 
·. ,HCKa)KeHIIH aHepreTII'IeCKlIX pacnpeµ;erreHIIH perHcTpnpyeMbIX 'laCTIIQ.,. 

,. • • ' . - '· ~.' ' • ·.c ' . • , ,, ' • _ ••• , 

; r:~~I~"i:~,;:;;~;,~f l 
•l4, !(°"""'OQJr'tJf'"•~- .. .,...,.,,:,.,. I 

· ~~-- tat':!c..it:tl~~iUA ;•:-}t.~/l rJ 
~~,'£'. "' , • .~J;t~--. 



... 
B HaCT<>Hnien: pa6oTe ~lIB~eHbl peoyJibTaT:i.r nccn~oBaHHJI Ha OCKOJIKax cnoH­

TaHHOro µ;eJieHlIJI 252G f MYJibTHIIJIHKaunn -B annTaKCllaJibHbIX -KpeMHlICBbIX ;a;eTeK- . 
Topax, norOTOBJieHHbIX ~a OCHOBe (ri.:Si):(n++~Si)- CTpyxiyp C Tt:>JimlIHOH annTaK-

- _ CHaJibHOro CJIOll 20+50 MKM u y;a;eJibHbIM conpoTlIBJieHneM 30+80_0M·CM (11]. 0 

"'- ,nJIJI ncCJie~oBaHrui OTKJin~a. annT~KciianbHbIX ~eTeKTopoB ucnonbo~BancJI nc­
To"IHHK CilOHTairnoro ~eJieHHJI 252G f ~~T'eHclIBHOCTi:10 ~103 ;a;erreHnir./c. Ha6op' 
. ' . ··:· ~ ' ' .. ' - . . . . - ', _.. ' , . ' ,· .• u - . ..-' 

-O)J;HOMepHbIX aHepreTH"leCKHX cneKTpOB nponoBO)J;HJICJI-CTaHµ;apTHOH aJieKTpOHH-
u . · ' · u - -- ' ,-1· ' '' ; u - .. · · ----

KOH, BKJIIO"laIO~en B ce6JI oapJIµ;O"IYBCTBlITCJibHbIH npe;a;yc1m1ITCJib, cneKTpOMC-
~pu~eCKlIH YCHJIHTCUb n np~o6paooBaT~ln.-. "ai.innnTy;a;a -~ iimf>poBOH Koµ;" (12]. 

MoMeHemie Koa<f><f>nQll~HTa yciI~eHHJI cneKTpOMCTJ>ll"ICCKOro TpaKTa,-o6ycrroBlleH- · '. 
-Hoe·wnpoK~M ;a;uanaooH~M HO~CHCHHJI eMKOCTH ;a;eTCKTopa, OTCJie,KUBaJIOCb ~ no~ 
MO~blO reHepaTopa TO"IHOH- ~IlJIHTy;a;bl. I'eHepaTOpHl,lii: IlHK ucnom,ac>BaJICJI 'µ;JIJI 
HOpMHJ>OBKll aMilJilITY;D;HbIX pacn_peµ;eJICHlIH. . 
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Pnc.1 . . --c)~;~reTH"lCCKHe c;e'x-rp~ OCKOJIKOB /4ene~HH 2·;,2Ci 
npHp&JJ11I'IHbZ:X.::JHaTJeHHHX HaIIpJI)KCHHHV:· ;.,-,- : ' . 

l-6B; 2-12B;. 3- 15 B; 4-19 B;5- 26 B; 6: 33;B;7_:. 40B;8- 42B 

' ·. Ha pu~:i npeicTa~JI~H PJii aaepreT~"leCKlIX cneI<TpOB OCKOllKOB. ;a;~JieHHJL. 
252G f'npwpaolIH"IHbIX OHa"leHHJIX. HaripJI~eHHJI -Y, ;a;~MOHCTplipy.romuii paoimTHC 
npoQecca -MYJibTllilITHKaQHll oap.11p;a ;; µ;~TCKTope; Ha pnc.la npnBeµ;eHbl m:>JIHble 
aMillIHTY;D;HbIC _pacnpe;a;erreHHJI -OCKOJIKOB -;a;ene11n.11;'a: im puc.16 noKanaHbI -Y'IaCTKil 
CDCKTpoB; COOTBCTCTByro~~e. a~OMaJii.llbIM aM'mrnTy;a;aM ··ClII'HaJIOB. 'PaoHO.CTb• no­

TCHQllaJI~B '1, _Kax H ~ p~6~_Te [11]; 6np~;a;e~eiia ~·aK cy~M~ Hanp.11,KeHnH cM~~eH'u~ 
Vi, ll paBHOBeCHC>H BbICOTbl IIOTeHQIIalib11or6 6apbepa Vo~0.5'B B KOHTaKTe Aue 
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(ncSi) .. Ila puc.r'BHµ;Ho; ·"l;O c/pocT~M -v aHepreTH"IC~KHM CI:CKTP 'npeTepneiaeT 
CllJlbHyro ;a;e<f>opMauuro: HapJIµ;y c HOpMaJibHhlM µ;Byxrop6bIM. pacnpe;a;eneHneM co 

- ,' ' • ., ' · j ' . - u . I 

CTOpOHbl 60JibWHX aMilJIHTy;a; B cn~KTP~ IlO.IIBJI.!IeTCH -;a;onoJIHlITeJibHblll nnK, CB.II-
oaHHbIM c MyJibTHilJIHKaQHe11 oapJIµ;a. _ 

. ' HeKoTopyro KOJIH"leCTl'feH~yro lIH<f>opMaQHIO O. IIOBeµ;eHlIM MYJibTll~IJllIQHpOBaH-

. ll~X cnrHaJIOB MO)KHo·nony"IHTb no oaBncnMOCTe1'i napaMeTpJB }IlMHTTa (13] u _. 
aM'.IlJIHTy;a;. cnrHaJIOB ;a;i:rn rpynn JierKlIX ·u 'TJI)KCJihIX -OCKOJIKOB OT paoHOCTll · no­
TCHUHaJIOB -V .. Ha pnc. 2 _ np~B~eHbl OaBHcn1>mcTH oTHOWeHn.11 · "IHCJia · oTc"leToB B 

Maxcui.tyMax pac!1pe;a;eneHnii ;a;rui rpynri ner~nx·n T.11,Kem,ix ocKoJIKO~ (J'h/Nn) n 

OTHOWCHHJI ''.nHK-~OlIHHa'~ ;a;mr rrerxoro (NL/ Nv) H TJI)KCJioro (Nil I Nv) OCKOJIKOB 
OT HanpH,KeHHJI V. ropHOOHTaJibHbIC lIHHHH .COOTBeTCTByroT peKOMCHµ;oBaHHbIM 

-. o~a"ICHH.IIM napaMeTpOB., 
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· Pnc.2.· · 3aBHCHMOCT.& rrapa11eTpoB III~~TTa OT imnp.H»wnui .V . .• ' · .. · . . . .. 

3aBHCHMOCTll OTHowemiii NL/ N_; n NL/ Nv OT V, noKlillbIBaroT; 'ITO. npu 

' V ~13 B -HOOJIIOµ;aeTCH 6blcrpoe naµ;eHIIe 3TlIX OTHOWeHHM, ;ITO CBll)J;CTeJibCTByeT 

• _o Ha.:iane MYlibTimJIHKRQHH cnrHaJIOB;' co'oTBe-i-c~BYIOIQHX rpyn~e rrer~nx OCKO~K~B.' 
3aBHC1IM.OCTb OTHOWCHll.11 Ny/Nv OT V HMCCT 6orree CJIO)KHbIH-XapaKTep. Ha'Ha: 

-"laJibHOM y"laCTKC OaBHCHMOCTll, BilJIOTb ;a;o V ~15 B, Ha6rr10;a;aeTC.II nnaBHO~ B.oo- . 
pacTaHHe nap~MeTpa NH/ Nv, o6ycJIOBlICHHOC YJIY"IWCHlICM co6npaHH.II, riapJiga. 

Y"lacTOK 6onee peoKoro pos;-ta ;a;aHHor9 napaMeTpa o6ycnoimeH MYJibTunnn:Kaurren: 

CllrHaJIOB OT' rpynnhl nerKnx' OCKOJIKOB ;a;erreHll.!Ij qTO, Ha Haw BOrJIJI)J;, c~3.11:3a1Io C 
YMCHbWCHHeM' "lllCJia_o:r-c"leTOB B_ MlIHHMyMe pacnpe;a;eJieHll.lI HOpMaJibHbIX CllrHa­
llOB.:0TMCTIIM,."ITO OHa"leHHJI napaMeTpa Nn'/Nv .Ha_µ;aHHOM y;IaCTKeaaMCTHO 
npeBbllllaIOT' pei<OMCH)J;OBaHHOC illMUTTOM :JHa"leHHe, "ITO'CBllµ;eTCJ:lbCTByeT O cy-

- ll{eCTBeiiHoM- BooMy~eHnn cneKTpa Hop~aJibHbIX aMnirn:Ty;a; cnrHaJIOB. M HaKOHCQ, 
-, ' ·,-· - - " -

/Ha"IUHa.lI C V~25 ·B, Ha6Jiroµ;aeTCJI peOKOC naµ;e~ue BCJlll"lH~bl paCCMaTpHBaCMoro 

'napaMeTpa. 8TOT <f>axT,CBHµ;eTCJibCTByeT O paoBHTllll npoQecca MYJibTlIIlJIHKruiuir 
CHrHaJI~B OT -TJl}KCJibIX o_cKbJIKOB _n' 0 COOTB<':TCTBYIOU{eM 3!0My_ nporieccy _ y~o;a;y 

• nMnynbcoB uo.nnKa' T.ll}KeJibIX OCKOJIKOB :e aHOMaJibHbIH IIHK. ,_ · __ -- , • _,_. •--
. , .nonoJIHHTC~bHblC. ~Beµ;eHll.lI. 0 'x~paKTCpe MYJibTHillllIKaQHll MO)KHO _ lIOBlIC"lb ~o 

noBeµ;eHHJI OaBHClIMOCTll aMnJIItTy;a; HOp~an:bHbIX·curHanoB' OT BeJIH"IHHhl V 0
·
5

, np~~ 

. nopxiuoH'ini.HOH HanpJI,KCH~OCTH :JJICKTpH"ICC{?ro IlOJIJI B ~e-r_~i;n>pe: 3aBlICHMOCTb 

·, 
3: " 

/ 
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aMnnHT~bI CHrHaJIOB OT HanpmKeHllil A(V), CBJIOaHHM c ynr-1weHHeMco6HpamIJI 
oapJIµ;a C pOCTOM HaIIpJI:lKeHllil ' OilHCbIBRCTCJI npoCTbIM Bblpa)KeHHeM:' 

.·.· . 'i ' ' 
. A= Ao(l --v0.5 ), .(1). 

rµ;e . Ao' - Hac~uieHHOe OHa'-IeH~e aMn~HT~bl CHrHaJIOB npH 6ecKOHe~HOH 
HanpJI:lKeHHocTH :,meKTpri'-IecKoro nomi, . · ,, · · 

k ~ nocT_oHH~aJI ·BeJIH'-IHHa~ . 
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· Pnc.3. 0aBHCHMOCTb aMIIlIHTYlt CHrHai~B j:pia rpymi . ·, . . - . . . ' ' \ 

T JI:>KelibIX H 11:z:xnx OCKOlIKOB' OT Harrp11:>KeHHJI. 

ThnII'-IHbie :J~BHCHMOCTH A(V0
·
5) µ;nJI rpynn nerKnx H TJI:lKem,ix OCKOJIKoi npn-:~ ,· 

Bep;eHbl' Ha puc.3 •. Ho pncymZa BH~Ho, '-ITO,Ha Ha'-IaJibHOM Y'-IaCTKe naBHCHMOCTH 

A(V
0

·
5
)cooT~eTCTBYIOT Bblpa*eHIIeIO (i). Ilp~ µ;anbHeiiwel\i yBeJin'-I.~~HM Ha:: 

npJI:lKeHiur COOTBeTCTBHe ·. :3KCIIepHMeHT8JibHhlX , TO'-IeK aHaJIHTH'-IeCKOMy 'Bblpa:lKe-
-'-' HMIO (1) HapywaeTCH, '-ITO MbI'CBJIObIBaeM C.Ha'-IaJIOM npouecca MYJibTHilJIHKaUHII ,. 

::mpJIµ;a. 0TMeTIIM · oµ;ecb, '-ITO_ Hapywelci~.HOpManbHOro ·xoµ;a ·oaBHCHMOCTH µ;'rrJI . 

rpynnhl · nerKHX OCKOJIKOB HacTynaeT npii 6011ee HIIOKHX ·. oHa'-IeHHJIX. HanpJI)KeHIIJI · 
V no 'cpaBHeHHIO C' rpynnoii TJI:lKem,ix OCKOJIKOB-. ' . ' ' 

. Bonee mi:cpopMaTHBHhlMH,. H:a 'Haw BOrnJIµ;, .llBJIJIIOTCJI OaBHCII?.t_c>CTH BeJIII'-IlIH 
Ao/(Ao-A) µ;nJI nerK~X H TJI:lKem,1x OCKOJIKOB OT v0 ·5, noKaoaruible Ha pnc.4. 'Ta~ 

,Koe npeµ;cTaBnemre :3Kcnepn~eHTMbHhlX µ;aHHbIX O'-IeHb ''-IYBCTBlITeJibHO K cna6bIM 

. Bapua111rn'M aMnnuTy/l;hI, '-I;O nom~on.iieT BbIJIBHTb ~eTanu ~'oBeµ;eHUJI O~BlICl~Mo~ 
CTeii aMilJIHT~ ~UrHaJIOB µ;nJI nerKoro.11·•,TJI)KeJioro OCKOJIKOB OT'HanpmKeHIDI: Ha: 

µ;eTeKTope. Ifo puc.4 BHµ;Ho, '-ITO H~'-IaJibHble y'-IaCTKH oaBurnMOCTeii Haxoµ;JITCJI 

B'~OJIHOM cornacuu C B~pa)KeHIIeM'(l)_ H1_xopow6 a~npOKCiiMupyIOTCH npJIMbIMII: 
JIUHUJIMU C napaMeTpOM k = 0;16, a C pOCTOM nepeMeHHoiiV0·~ ii:ac'!'ynaeT pe3KOe 

CHU:lKeHue ~ellU'IUHbl napaMe-:rpa Ao/ ( Au0A) ;-~BJIOaHHoe_'c Ha4_anoM MYJibTHilJllIKac • • 

. UIIu:curiianoB :s nuKe nerKHX H TJI:lKeJibIX ocKOJIKOB, cooTBe-rcTBeHH
00~ ,Il;aribmiiiwce: · 

., . .· •' '' ' . ·~:: ~ . . ' . , 

' ' ,·. 

·,·-: 

·I 
I 

·,. 
I . I .. 

• yMeHbWeHH~ BeJIH'-IHHbl napaMe~pa Ao/(A9-A) µ;nJI llerKn~, a.oaTeM n µ;JIJI TJI}Ke: 

JibIX' ocKonKoB CB11µ;eTeJibCTByeT, Ha Haw· Born.11µ;, o TOM, '-ITO MynhTiinnnunpoaaH-
• • < ., ,- • , • • ~ ' • • • • ~: -- -- ·, • ' 

. Hble cnrHaJibl CBJIOaHbI,I3 nepByIO O'-Iepeµ;b C BbICOKrnmepreTH'-IeCKHMH y'-IaCTKaMn 

'cneKTpOB KaK nerKiix, TaK H TJI:lKeJibIX OCKOJIKOB, COOTBeTCTBeHHO. Yxoµ; .'-IaCTII 
. ;""" . ~ . ' .- ·. . .'. . - -. . 

OTC'-IeTOB no BbICOKOaHepreTn'-IeCKHX y'-IaCTKOB cneKTpOB µ;nJI rpynn nerKHX H TJI-
. - . -- ' ' ' 

:lKeJibIX OCKOJIKOB B OUK aHOM8JibHbIX aMilJIHT~ npHBOµ;IIT K CMeW,eHUIO UeHTpoB' 

· TJI:lKeCTH pacnpeµ;eneHnii COO;BeTC~BYIOW.~X rpynn OCKOJIKOB BJieBo, '-ITO n o6'bJI~ 

CHJieT IlOBeµ;eJUie pacc~aTplIBae¥?1X oaBHCHMOCTe11." . . 

Ao· Ao 
\ 'I 

A -A ~-------~ A -A 
·. 0 25 r . r.. 0 40 

a) 
• 

zot ·. ·•·· / . I ... 30 

IS • . .· .··.·· ·.· ... • '. . I ... ·· 20 .. -~. 
·.I : j: ~o 

/ " ' 

. 6) 

, . 
• 

. I 

./' . ,·, 
•· • 
/, 

0. / ,·. u' 

/1, 

"· 

1 0 1 2 3. 4 ~ ~3 4 , 5 v0·5 .[B0.5) 

3aBHCH~•.WCTH-BeJIH'IHH Ao/(A~~A)' . ',. ~ 

5· .vo.5 [B0:5] ·., ·o ,, 1 

· Pnc.4: 
~J'!.11 TJI)KeJibIX-.(a) H JierKHX (6) OCKOJIKOB oTY0 ·5 · 

- ... • . -~ . ' • ~ . . - -- ' 

Ha6n10µ;aeMbIH B cnrme ner~mCocKOJIKOB.~O~'beM nap~~iTpa Ao/(.4o-A) no­

cne y'-IaCTKa, ero cnaµ;a KOppenHpyeT IlO,Hap:pJI:lKeHUIO CO cnaµ;oM aToro napaMc­
Tpa µ;nJI rpynnbl TJI:lKellbIX()CKOJIKOB. :3ToT cpaKT,TaK:lKe n~µ;TBep)i{µ;aeT ~µ;en·a~Hi.i11 

BbIWe B~IBoµ; 0 TOM, '-ITO B nepBy~'p'-Iepe):,;b MYJibTlIIlJIJIKa:uunm>ABepra10TC.II enc 

rHanhI, OTHo·cJiw,necJI K BhICOKOtlHepreTH'IeCKoii ,'-IaCTH cneKTpa rpynnbl TJI)KCllbIX 

OCKOJIKOB, nocKOJlbKY yxoi OHa'-IUTCJlbH'aii' µ;omI OTC'iiT~B no i:IpaBOII .· 'IUCTU p~c- :· 

npeµ;eneHIIJI aMII;IITyµ; T,JI:lKeJibIX OCKOllKOB, B aHOMaJibHbIH nnK npinm;:i.1iT K Ole-,. 

' W.~HHIO ueHTpa TJI:lKeCTH pacnpe~eneHUJI OCTaBWll~CJI HCMYJibTIInmihnpoBaHH~l\llI 

~aMnnuTyµ; cnrHarioB oT rpynnhl nerKux ocKonKoB ;c~cpb Y::iKe B frop~HY 6onh~mx · 

aMnJIHT~- ' -- -- ' ' 
Tenepb nepeiiµ;eM K pacCMOTpeHnIO MYJibTUilJIUUIIpoBaHHbIX ClirHaJIOB ( npaBOll 

'-I_ac,TU: aMnnIITyµ;HbIX. parnpeµ;erieHni'r,_ noKanaHHbIX mi' pnc.1 )'. , Ifo Ha6JIIOAaCMOII 

KapTlIHbI TpaH~4JopMaunu aMilJIIITYAH~x-pacnpeµ;eneH~IH MO:lKHO cµ;ciI~Tb p.11):1 K1~-• 
'-IeC;BeHHbIX Bbl~lOJ:IOB: ' ,, i . '' 

. , 1) UH;e·HCU~HOC:Tb IlHKa aimMaJI~HbI~ aMnnuTyµ; iiacTCT c poCTOM H~IlPJI~ef!IUl; 

a caM µ;onOJIHUTeJibHbIU nnK yoKnii ll mieeT npaKTU'ICCKll c1ii-.i:MeTpU'IHYIO cpopMy;· 
"• ' ' . - . . . . -~ > ' ' ~- - ' - • \ 

-;-- 2) IlOJIO)KeHue MaKc;m.ryiui.' IllIKa aHOMaJibHbIX _aMnmITyµ; cmi6o oaBl!CllT _C>T, Ha-
~ . . ' . : ' , - . . ' -

npJI:lKeHIIJI Ha µ;eTeKTope; 

5, ·-

,, .', 

\ 
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3)npn ~aJibHeii:weM IIOBblllleHllll iianp.ii:lKemrn 110.!IB~.!leTC.!I erue -O~Irn aHOMaJib-.. 
HbIII nnK, · IIHTeii~nBHOcTb KOToporo TaK:lKe pacTeT ·c pocToM Hanp.11:lKeH1I.11; c-c • · .. 

.• 4) n~lIO)KeHIIe BTOporo RHOMaJibHOro.niiKa:·cTa6Hrrm:mpyeTd c p0°CTOM HanpH-
~ . - ' . - . ~ ' . ' . - -• . : . ' . ' . . . ~ \ 

)KeHII.11. 
. . ; . Ha pnc.5 rip1rne~eH~ oaBII~UMOCTb OTHOWeHI~.11 <incJia MYITbTIInITHUI~poBaH-
HbIX CllrHaJIOB N.,,.; K •mcny HO!)MaJihHbl£cnrHaJIOB N n: OT B~~II'IIIHbl ·V0 :S. . . ·· 

. - NI~ ··- - . .. 
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u· ·- ----~ -
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Pnc:5. 3aBHCHMOCTH. OTH011JeH1IH 'IHCJicl_MJ,'JibTHilJIHL{;poDaHHbIX 

CHI'Ha;;OB N.;. K ~ncay HOpila.JibHbIX CHI'HallOD Nn ciT neJIIPIIlii~ V 0·5 
. . .,_ " -- ~-

Ffo pnc.5 BlI/];HO, 'ITO paccMa;pnBaeMaH oas·u~~M~CT~ COCTOI~T. IIO µ;Eiyx irnHeii­
HbIX yqaCTKOB, iiepBbill no °KOTOphlX CB.!lnaH ~ yBelIII'I~fflleM_ ~Itcna MY1IbTIInnnun­
poBaHH~X CllrHaJioB; COOTBeTCTBy10m~x rinKy nerKIIX OCKonioB: · Ih~poi'r 'mmei'r­
Hblll' yqacT'oK npeµ;cTaB1IHeT. co6oii:. naBHCIIMOCTb_ OTHOWCHMH cyMi<.tbI · MY,~bTli~lIH­
U0iipOBaHHbIX cnrnaJioiKaK nerKi1x, TaK n T.!l:lKC1IbIX -~CKO/I~(OB OT BenII'IIIHhl v0·5 , -~ , 

npn•ieM H~KlIOH BTopor~ ·;llHeIIHOro y~acTKa npIIMCpHO_Bp;Bo.enpeBbIWaCT HaK/IOH .·· 
nepBoro yqacTKa; q:z-o. CBll/];CTe1IbCTByeT O ;;:pnMepHo. pasi{oii CKOpOCTII ppnparue~. 
HUH 'IIIC/Ia MY1IbTim1IHUIIpC>BaHHbIX CIIrHaJIOB OT o6enX rpynn OCKOlIKOB. 
· )Iep13bn'i aHOMaJibHbln:mIK IIpnMep1m Ha.'20% -~~~1my;:B cT~poHy 6onbWIIX~a~-­

nnnTyµ; no OTHOWCHIIIO _K IlOJIO)KCHUIO HripMa.JibHOronn:Ka rrerKIIX OCK01IKOB< Ec1rn 
·npIIH.!ITb BO BHIIMaHite. yny'IlllCHHC. co6npattirn. oapnµ;a · c . po<:TOM. HanpmKeHIIH, n_. 

-COOTBCTCTBYIOIUee :JTOMY aqiq>_CKTy·yBeJIU'ICHUC aMnnnTyp;bI cnrHaJia, TO MO:lKHO 
Cp;e:IaTb BbIBOp;, 'ITO HOpMnpoBaIIHOC IlO I'CHCpaTopy nolIO_)KCHIIC nepaoro aHOMaJib­
HOrO nnKa npaK'-rn•r~cKn Iie ::3a131icnT OT npnno)KeHHoro K µ;eTeKTopy·Hanp.11)Kem111 · 
CMerueHnH. 3aBIICUMOCTU, IlOKa:JaHmi~ Ha pnc. 2; 4 II 5, Il0::3BOJI.!IIOT C p;OCT8.TO'IHOU ; 
CTeneHbIO.To•iHOCTII onpep;e~'lU;b noporoBOe Hllnp.11:lKeHUC KaK /];11.11 rpynnbl nerKIIX, 
TaK II µ;:in rpynnbl_ TJl)KenbiX OCKOJIKO~. HanpuMep, µ;nH op;Horo II;) µ;eTeKTOpOB 
noporoBoe uanpH)KeHue. MY1IbTIIIl1IUK_aun~ rpynnbl nerKHX OCKOJIKOB COCTaB/I.!leT 
v~12 B, noporoBoe Hanp,H)KCHIIe MY1IbTIInlIUKaunn rpynnbI TH)KC1IbIX OCK01IKOB ~­
v~l6 B, a BTOpC>lf..aH0~1aJibHblll i:ritK nOHBJISieTC.11 i:rpuuanp;)K~~nn V~33 B: ,OT-- --- '· . ·- . ' ' ,. ,-· , . '-·. 

-6 

. :{1'· 
:i: 

~11: . ., l! ,, 

l 
I 
\ 

I 

) 

i-.. 
.-'1 
-. ~· l 

t. 

L 
f. 

f 
f 
-1 

l 
{ 

I 

·1'\ ___ ·_ ,· --,··.,' 

·.•i··· 
- ' 

\· :·-· .. 
··.:_ ·{1· ., 

q 

CIO.Ua- BH.UHO, '!TO . nepBbiii auoi;ianbHbiii nHK B, 06~aci-11 ttanpgJKeHIIii OT J 6 .uo 33 B 

npe)lCTaBJI.lleT cofioii. cynepII03HUIU<> MYilbTHIIIl~UHpOBaHHbIX • CBraaJIOB '~T ~er­
KUX n T.11:lKeJibIX OCKOJIKOB. YqnTbIBaH cno)KHbIII xapaKTep MaccOBbIX, oap.11µ;0BbIX 

' II 'aHepr~TU'leCKIIX. pacnpeµ;eneHIIll OCKO/IKOB. µ;eneHnH, MO)KHO cµ;~na:Tb npeµ;impn­
TeilbHbill BbIBOA, 'ITO nnKn a~oMaJibHbIX cnrHaJIOB OT-nerKIIX 'n TJI:lKenbix oc~onKoB 
npa.KTH'leCKit coimap;aIOT. Crra6aJI ::3aa'nqIMOCTb, aMil1II1Typ;bI MJlibnmrr~po~aH­
HbIX cnrHanoa OT Hanp.11,KeHII.11 II npaKTH'lecKoe coanaµ;eHIIe :JTIIX aMnnnTyµ; µ;irn 
T.!l)KeJI~X II nerKUX OCK01IKOB YKa::3bIBaIOT. Ha µ;enCTBne ?.IexaHU::3Ma OTpnuaTelib­
HOll o6paTHOH CB.11311 [14], B1IU.!IIOIUero Ha:HanpH:lKeHHOCTb

0

an:eKTpU'ICCKOro, nomi; 
1IOKanimoBaHHoro B 66ri:acTH MY1IbTUil1IIIKruinu oap.11µ;a 'n TaKHM 66p830M peryrrn-
py10~ero npouec~ Myn~TnnnnKaumi; · .. · . < ·'" . · · · · .. . · 

IIono)KeHne BTC>poro aHOMaJI~Horo rmKa; Il~.!IB1I.!II01Uerqc.11 npII p;a:iibHeiiweM n~-
< BbIWCHIIII HanpiI:lKeHIIH. CMeIUeHIIH, npnMepHO Ha 8_% cµ;BnHyTo·anpaBo "no OTH0-
1lieHn10' K rio~~:lKeH1110 nepBoro aHoManbHor~ nirKa. Ifo aMnnn-i-'yp;HbIX pacnpeAerre0 • 

HMM,- Il0Ka::3aHHbIX Ha puc.l,,BUAHO, 'ITO 'OTHOWeHne :,rncna C>TC'le~OB BO'BTopoM .. 
aHOMaJihHOM IlUKe K • 'll1C1IY OTC'leTOB B nepBOM ~H~MaJibHQll.'i' IlIIKe p~cTeT C yBe0 

nn'leHIIeM nplI1IO)KeHHOr6 _I( ·.µ;eTeiTopy Hanp.11:lKeHII.!I. B. Td: )Ke apeM.11 HD pIIc.5, 
. rµ;e npeµ;cTaaneHa·oaBncnMocTb'._oTHowemra 'l1i:crra Bcex MynbTIInnnuIIpoBaHHbIX 
cnrHaJIOB K ~merry HeMynhTltnlIIIUMpoaaHHbIX, BMAHO;-'l_TO B o6rracTn HanpH:iKeHIIM, 

· rµ;e IlOHB1IHeTCJ1 'BTopoii · aHOMaJibHbill nnK; KaKnx-nri6o OTK1IOHeiinii_ o'T 1IIIHeHHOll 
aaanCIIMOCTn He aa6JIIOAaeTCH. 8To _Il0::3Bon.11eT HaM cµ;enaTb Bbll\OA o ;:OM~ 'ITO B 
aToii · o6naCTII nponcxoµ;nT 'nepepacnpe~eneHIIe OTC'leTOB, Me:lKµ;y rrepBbIM • II _BTO-
pbIM. aH<>MaJibHbIMII·niiKa.Mn. II0.11Bneune BTopo;o aH~MaJibHoro nIIKa MbI ~l3H::3bI­
BaeM C rop.H'IIIMU HOCUTCJIJIMH aJieKTpOHHOll noµ;cncTeMbI KpIICTaJIJIU'leCKC>ll CTpyx­
TypbI, nMe10mnMiI TaKyIO 'l'eMnepaTypy,--npn KOTOpoii BOOMO)KCH_nepexoµ;' HOCII­
Te/I~ll TOKa B :cocT6.i:ime C MeHbUieH aq>q>eKTUBHOll Maccoii; 'ITO II npnaoµ;nT :K 
noBbIWeHMIO :aepOHTHOCTU-yp;apimii IIOHll;)aumi' (8].: · . _ , 

- 8xcnepIIMeHTaJibHble AaHHbrn no rioporoBbIM H~np~:>KeHIIHM_p;n.11 rpynn JICI'KlIX II 
TJI)Ke/IbIX OCK01IKOB noOB01I.!1:IOT · ClJ;eJiaTb. HeKOTOpbie npeµ;nono:lKeHIIH O MexammMe · 
.!1B1IeHII~ MY1IbTltnITilKauIIH ::3apiµ;a. lfo Mop;errH p;nHaMU'IeCKOll q>oKyCIIpOBKi~ i)neK­

·. TpnqecK~ro IlOlIJIHa ri:oin~ce CHITbHO_BbIT.!IHYTOro TpeKa [9]cneµ;ye'f, 'ITO Bbipa)Ke~. 
HHC, CBHObIBaIOruee noporOBble Hanp.!I)KeHHJI C napaMeTpaitn nerKoro H T.!l)Kenoro 
OCK01IKOB, IIMeeT cnep;y10uin11 ~n.p;: 

·ill/¼~ RHjv;; ~ · ¼c_Ri -Ri) > o,. 
rµ;e .\ 

_RL, RH -: npo6~rn nerKoro II T.!l)Kenor~ ocKOlIK_()B cooTBeTcTBeHH<>, 

k : nocT<>.!IHHaJI. µ;n.11 µ;auHoro /];:_T~KTopa Ben11_iIIHa, k > 0. 

l:I:'J ( 2) . cn:eµ;yeT, 'ITO AOJI)KHO BbIIl01IH.!ITbC.!I HepaBeHCTBO, 
~-,•- < • , < : , ,, • '. - • --

:,/vj ~: :: /§· 

r' 

{2) 

(3) 
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I 

l!:J Hepa.BeHCT~a (3) crreµ;yeT, 'ITO noporoBoe HanpmKeHile p;ll.!I rpynnbl T.H:lKem,IX' 
OCKOllKOB p;Oll:lKliO 6b1Tb MeHbWe, 'ieM npporoooe Hanp.1I:lKeH11e ~mi rpynnbl -rrer­

KHX ocx"onxoB, npH'ieM 3TO Hep~eHCTBo,ycn~e~o COMHO:lKHTineM:'( ~ ), BenH'lHlia 

KOToporo. COCTa.Bn.!Ie_T 1.2, ecnH B Ka'leCTBe RL n R1-1 B:J.lITb :JHa'ieHH.!I cµ,eµ;HHX -

· npo6eroB rpynn nerKHX n T.lI:lKenbIX OCKOllKOB. -
-M:J Moµ;enn, B. KoTopoii no.lIBlleHne non.II, Tp~6yeMoro p;n.!I Ha'Iana pa:JBHTH.!I npo~ _ 

n;ecca naBHHHoro Pa:JMHO:lKeHH.lI HOCHTeneii:, CB.lI:JbIBaeTC.lI C HRKonneHHeM noµ;BH:lK-
HbIX HOCHTeneii: [7], cnep;yeT Bblpa:lKeHHe . . -- - '· 

- . . . . 

( 
ELRi )- 1

/
3 07ii" 

. EHRH . =.y'Vi' (4) 

rµ;e 

·. EL·; EH~ 3Heprnn_nerKoro H T.!I:lKerroro pcKonKOB_cooTBeTCTBeHHO. 
a£. 

_ ·- Bhlp~:lKeHH.!I (3) n (4) _MorYT_ cny)KHTb _TeCTOM pa.:J~H'iHi;:r_x Moµ;eneii: MynhTunnn­

Kan;iii :Jap.!Ip;R. IJocKonbKY 3KcnepHMeHTallbHO nOKa:JRHO, 'ITO y"Vi- < 07ii,· cneµ;o~ 
-BRTellbHO, 3TOT. 3KcnepHMeH;allbHhlii _ q>aKT npi>THBope'iHT Moµ;enn i];HHRMH'ie~I(OH 

<J>oxycnpoBKII 3lleKTpH'lecxoro non~ HR nomoce Tpeim. 0KcriepnMeHT!lITbHOe OTHO-

: weHHe noporoBbIX imnp.!I:lKeHHH p;n.!I rrer;HX lI T.!I:lKellbIX OCKOnKOB Ka'leCTBeIIHO C<r. 
_ :r~acy10Tc.1I c Mo):lerrMo Myn1,TnxinnKan;un, ociio~aHHoii: Ha Hai<onneHHH nnOTHoro 06-

.... _' ' - .' ' \- ' ' ' •• • ' C • I 
•• naKa nop;BH:lKHbIX HOCHTeneii: B6nH:JH BXOµ;Horo 3lleKTpoµ;a µ;eTeKTopa. Borree Toro, 

· ~KcnepIIMeHTMI;,Hair _ ~eitit'IHHa _ oTH01.ueHH.1I 'Vvii" /-v'VZ-· :=·•-1.17 ±0. 05 mi.xoµ;u'tc.!I, ~ 

JCO~O~~ KOnH'i~CTBeHHOM EornaCHH C BenH'ilI~Oli c~!~~) 113 

=·_l~i,9. Ilpu·:B~­

'iHClleHHH µ;aHHOH BenH'iHHbl B Ka'ieCTBe :JHa'ieHHli BL: u EH 6blnH ucnonb:JOBRHbl 

:JHa'ieHHJI cpeµ;HHX KIIHeTH'iecKux 3ii:eprnii p;rr.!I rpy~mrrerKnx <EL> n T.lI:lKe~~x 
.. OCKOllKOB < EH >~ yr-ieHbllieHHble-Ii~ :JHR'ieHH.!I _BenH'lHH :c;onKHOBHTellbHOrO µ;e­
l q>eKTR tlEnL n tlEnH p;n.!I nerKHX n Tfl:lKCllbIX OCKOnKOB COOTBeTfTBeHHO. 3Ha'I~HH.!I 

nocnep;HHX Berrn'iHH Bhl'iHCnHrruci," B cooTBeTCTBHH c pa6o"Toii [15]. ThKHM ~6pa-

:JOM noKa:JaHo, ~To ~KcirepHMeHT!!fbH:i,te OTH<>weHH.lt rioporoBi:.Ix Ha~p.iI:lKe:ii~ii: p;nJI 
ne,rKH:X: lI·T.lI:lKenbIX OCKOnKOB Xopowo cornacy10TC.!I C MOp;em,10 MYllbTHnnHK~ll;HH, - . 

OCHOBaHHOH Ha HaKOIIJJ:eHHH iiocuTeneii: :JRp.!Ip;a B6nH;Il BXoµ;uoro 3n~KTpoµ;~ µ;eT~K­
. Topa: 

- ,OcHOBHble P~:Jynb'.J'RTbl pa6o;~-CBO~.HTC.!I K Cll~i];YlO!l(eMy: _ -·- _ _ 
•- L- B ,3nMTaKcHanbHblX µ;eTeKTopax1 B oTnH'iHe OT noBepxHociHo-6apbcp~x, 

MynhTHnnuKan;ti.!I ;;ap.!Ip;a npi periicipan;un ocKollKOB µ;erreHH.!I Ha6n10µ;aeTC.ll B Iinie 
Y:JKOro" CH~MeTpH'iHorp"nHKa~ norro~eHHe KOToporo crr;6o :JRBllCHT OT npurromeu- < 

i10ro K µ;eTeKTopy Hanp.!I:lKeHH.!I. • -- . . _ _ . 

2. Iloporc>Boeaanp.!I:lKeHue, npn KOTOp.OM HR'iUHReTCH ~poriecc MynbTUnn~Ka-
. ' . . . . • · •• ,· . . • .· • f • . • ,· 

ll;UH p;ll.!I nerKHX OCKonKoB, MeHbWe no cpaBHeHHlO . C 1:1opOI'OBbIM_ HallpllJKeHlleM 
i];ll.!I.rpyrrnbl T.!I:lKenbIX OCKO:nKOB, . ' ' 

3. _ Ilpu _ µ;ocTU:lKeHHU. noporOBbIX Hanp.!I:lKeHUH aHOMaiibHblE! -aMnnuTyp;bl ~urna­

noB Ha HR'iR~bHOM ~Tane npon;ecca· CBJm_aHbl _c BbICOKOaHepreTH'iH~MU y•mcTKRMU 

. pacnpe;ieneHllii KaK )J.Jl~ rpynm1 Jienmx; TaK II )J.Jlll :rpynnhl TllJKeJ!bIX OCK~OJIKOB.' -
, • • ' 0 ' 

8 

4. CKopoCTU npHpauieHH.!I 'IUcna aHoMa_:ibHbIX c~rHanoB,CB.lI:J~HbIX c rpynnaMU 
m;;rKHX U.T.lI:lKenbIX OCKOnKoB, npuMepHo Oi];HHaKOBbl. -:--

5. HeCMOTPll. Ha CJlOJKHblH xapaKTep MaCCOllb[X . :JRp.!Iµ;OBbIX n 3HepreTU'qeCKUX 

pacnp_eµ;eneHnii: 'ocKOJIKOB µ;eneHH.!I M~:lKHO cµ;emiTh npeµ;BapuTcnbHhl1'i: BbIBO~, 'ITO 

nono:lKeH~ nUKOB aHOMaJlbHbIX curHanOB bT ner1mx H T.lI:lKenbIX OCKOllKOB npaKTli­
'IeCKH COBnaµ;alOT; qTOT 3KCnepnM~HTaJib~bIH q>aKT Tpe6ycT paccMo'q:>eH11~ He­

KOTopofo MexaHU:JMa OTp1in;aTenbHoii: o6paTHOlI CB.1Ini1, perynnpy10mero npouecc 
MynbTHnnnKan;nn _;3ap.1Iµ;a: . . . 

- 6. -Ilpu i];OCTU)KeHUll H~~OToporo KpUTH'IeCKOI'O HanpH:lK~Hll.lI nOHB:X.!ICTC.lI BTO~ 

· poii: aiioManbHi.tii nuK,- npu'IeM npnpauiemie 'Iucna OTC'IeToii B HeM -B ocHOBHm.1· 

cB.11;1aHo _ c riepepacnpeµ;eneHi-i~M oTc<ieToB ·· M~:lKµ;y nepBblM _ u BTOpbIM aHo~ta..'lb-. 

HbIMH IlllKRMn.Ho.!IBlleHne BToporo.nuia Mbl CB.!I:J!>IB8.eM c'pa:Jorp~BOM ::mei«.-poH~ 

. HOH noµ;circTeMbl KpUCTannn".iec~oii: CTPYKTypbI µ;o Takoi"i.Te'MnepaTyp~ .. npu KO~ 

T~poii:. BO:JMOJKeH nepe~og;cBo6o~ir~x HOCHTeneii T<>Ka B. c~cT~>.!IH!le C· MeHbwci"i -
· 3q>q>~KTiiB:iioii:Maccoii; 'ITO. B CMJ? O'Iepeµ;b npirnoµ;nT·K:yBen1PieHnI<? BepC>.!ITHo~ 

CTU yµ;apHoii: HOHU:JRD;HH. . . . . • 

7. 0KcnepnMeHTall~H~e·:-;T-HOWeHU.!I' noporoBblX 
0

:JHa'IeHn°t1 Hanp.!I)KeHin'i All.II 

nerKUX lI T.ll:lKenbl~ 'ocKOJIKOB x'op01i10 cornacylOTC.lI C MOµ;~nblO' MYllb'.I'Hnmrnaunn, 
~ ,- - , : ~' .· ·\ . . . ' , _, . ' --. . 

OCHOBRHHOH Ha HRKonneHUH nnoTHoro ·o6naKa noµ;BU:lKHbIX HOCUTenei"i, n IlpOTIIBO-
•. '. ~ ·• \ ,.:._ ' V . ' . ··,. _•., V . .• _. ' .• , 

pe'IaT Moµ;enn, OCHOBRHHQU Ha. i];UHaMU"IeCKOH q>oKycnpOBKe 3llCKTpU'ICCKoro _nOll.lI 
, Iia l)Oil10ce .TpeKa. . / ~ · · 

B :JaKn10'IeHne <>TMeTIIM, ~To µ;m/ 6onee µ;~Tanb~oro 1my'IeHU.1I .srnneiurn MYllb­
THnnnKan;un :Japaµ;a n;errecoo6pa:JHO npoBeC'.I'li KOppcn.lIUIIOHHblll ~Kcnepm.1CHT n~ 

. perncTpan;mI COBnaµ;alOII.(UX nap OCKOnKoB µ;eneHu.!I· u IIccrreµ;oBRTb BpeMeHHh!C xa-

paKTepHCTHKU MynhTHIIITHD;HpoBaHHbIX H HopManbiihlx curnano~ npu _- 06rry,1cH11;1 
' µ;eTeKTOpOB OCKOnKaMu µ;eneHl;l.!I. . . -~• ' .. ' 

- : ABi'op~ Bhlpa,KalOT 6naroµ;apH~CThnpoq>ec~opy I0.0.IIe~im}!,t;KCBIPiy ~-~ npo­
.llBneHHoe BHUMRHUe.K pa6oTe; a'Tal(:lKe 6rraroµ;ap.!IT P~cc1iiicKm'i <t>oHp;!q>yHµ;~MC'H-, 

TMbHhIX nc~neµ;oBaHuii: :Ja noµ;µ;ep,K~y pa6oTbl, ocyuiecTB!JeHH<>H B cooTBCTCT~un 
, c npoeKTOM P<l><l>H N° 95-02-05676-a. · . . -~ , . 

· JIH;ep~Typa 

' 

l. Britt H.C., Wegner H:E. Rev. ScientJnstri1m., 1963, Vol._' 36; p:627: · 

2, Walter F.J. IEEE _Trans. N°ucl. Scie., 1964, Vol. NS-11, No.3, p.232.: 
< • • ~. ' .. ,. •.' - •• - - • - ,• • .. 0 ,. • • •• •• - ••• ~ 

3: Benbn;a:lK E., •. Cnq>q>epT rr: .Coo6meHue OMJIII 13~74-90, .I{y6mi, 1974: :-
.: • >. • ""-.... ~ ' ' - ' ' : •• ·, .~ : "" '' ', 

4. KywH~pyK B.<P.;X~plITOHO~-IO.II. IlT:3, 1977, No.4, c.76. 
' . ' . . -· . ' . --; . ' . . . :. _ _ ,\ ·, .- ; .. - ... 

.'5. Heijne H.M., Bclc~rz E.,:Muller J.C.-IEEETrai1s: NucL Scic.,' 1978, 
· · .V9L NS~25, No.'3; p'.378: ·- · · · · · 

., 



-.: - -

AneKcaH)i~~~ A:A.,,Kywm1pyi{ B.<t>.,llHTKOB 10.B. np;p. "Me-roµbI :m:ne~. 
pIIMeHTaJibHoii Hp;epHoii. qnimtKII :a -nccneµ'oBaHIIHX .npouecc6B II npop;yiToB ··.· 
p;en~HIIH". M: BHeproaTOMII::31];aT, 1983, c.33.. · .· · · · · · 

.· ' ' - _, .. , . - . 

7 .. KywHupyK ,R<t>'., IYiiHb TimXa, ll;t.rr~HOB IO.C.iITT8, i989, No~3, c:i,1. 
8; T~yganov Y~:, Kush~i/uk v·., Polyakov A. Prepi~t JINRE7-95-388;'Dubna, ' 

1995: . . . . . .• .. . . . .. . . i . 
. . 

9, B~p6IIUKaH E.M;, EpeMnii B:K.; licMaIIJIOB X.X. II_p;p. <t>mrnKa_ II TexHIIK_a 
·IIOnynpoBOgHIIKOB, 1987,·-x:.24, No.8, c.1388.· , 
. • .. , . . • , • .. ••. . •. • I •. .. : ·/·! . . ·. ,· 

_ 10. UbtraHOB 10.C. Coo6~eHIIe _O:IUUI P15.;.89~107, ,I(y6Ha, 1989. · . / '. . 

KyuiH~pyK B.<t>;;.BHJIKO~~KIIii a:, Kymteuo:s H.B. II 11:p: IIpenpIIHT mum 
P13-95~492, ,I(y6Ha, i995. · 1 · · · · · · -.. · 

' ' . - --,, .- ... -- - _/_ . \ " - . - , -·- : .-·; 

. 12. Co6oneB IO.r.; Mnarion:M.Il;, Ky:JHeuon M.R;",I(amian1,A.B.''.IlpenpIIHT·. 
I ,. OMJiff.P13-92-331,' ,I(y6tta; 1992 .. ···. '-:, . . . 

' ••• : - ,•,~ ;: , a•• • .. , <,: • > a .'' '•• - -, • • •._; ,', •• •✓ • J • • •, 

'13. Schmitt H.W. and Pleasonton.F. Nucl. lnstrum. 'and Methods, 1966; Vol. 
•. 40, p.204. ·. .. . ' . . . . , 

14. Sokol G:A;, Kashevarof V.L P;eprint P.N.Lebedev Physi~al I~stitut~ Russia 
. Aka~eniyof Scienc~, No: 14, Moscow; 1993. . . . . .. . 

· 15. Willd~/B.D., Fluss M.J., Kaufman S.B.(et al. Nucl.Instrum. and Methosd, 
. 1971'; Vol.92, ·p:381. ;

1 
-. . . . . 

' 

·/ . ;· ~- . 

~ -:;~ 

., ..... 

·, 

i \. 
........ y .... :,. 

·/: 
''.'"--

PyKonttCb mfcrynHJia B HJ,IlaTeJJbCKHH OTAeJJ 
7 <peBpaJJll 1996 roAa. 

/ 

/ 

~· 
·•. 

10 


