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.• ·, ,· ·J ' .• '•, :',. ·, ·.,, 

"KaK, cpnanqecKHJ! · npn6op, npno6pe,Ta_e'I' ace .6onf.wee aHaqenne · a pewe-

. __ HHH·,:aa:>KHb!X 'Ha)'.'!Hb!X n" :ppnKn~)lHb!X npo6n'eM !lllSpHOJ! lpll__3HKH._ Ponb: llHK.r:IOTpoua. B '.oco-

6~HH;CTH aoapocna n;cn~ nepa&ix ycJewHbIX on&ITOB 'no perynHpOB~HH~ ;H~prii~ '18CTII~: . 
'.• ,- ;, , l_ '. .• • .• _. ·, . • 1" , ' '• '.,' /' • . , . , , ,:__ 1' ,, , 0l' .r---. ~ ' 

.. , ,B H8CTOllWee BpeMll B, ll,llepHo-cpH3H'leCKHX na6opaTOpHllX MHpa -H8C'IHTbIBaeTCll ca'&1i.ue ',.?. 

' < 1-0~ ,;eJ!cTayiomn~ UHKnoTp~uoa H paapa6a~&1~a~Tcit npoeKTbI · Hoa~1x ycKopnT~;ell ioa~6ito_: 

,.\£6' TH~'a.' Hapg~y- C, 3TIIM H3y'leHHe cp~~~qe;KHX ·iapa~;epHCT~~ H ~c:'oa,ep~eHCTB;aaiine i 
, . • • - - _ • , · 

1 
- / ., 1- -· • - • . . · , - , -- \'-"; I . 2 3/ ', ·, . -_.-

· cym?C TByIOIUHX ycy~HOBOK OCTaeTCll )l~ c~x ,nop,aKTY";lllbHOll :3aaa'lel1- ' -· ·;. ,'_, 
. . , ,' . ' ' ·., ' 

C 

0

Pacnpoc-rpaHeHHe MeToaa ape·M~HH nponeTa H~ cneKTpOMe~pHIO 6hICTp~IX. Hell;pOHOB 

H ia~ll:>KeHHbl~ qacTHU OTKpb;U0°

0

WHpOKHe nepcn~KTHBbl ·;nll Hccne.llOBaHHJ! Ha uJKno-rp.-01rn_ ; . 

; H. BMecTe c, 3THM Bbi.llBHHyno Pll.ll <;=n'euna~bHbIX ,Tpe6oBaHHii. K 'caMOMy "YCKOpH-ren10, KOTO;:. 

·Jlb/e; ec:TecTaeHHo,' ae Mornn 61,1Tb Y'ITE!HbI a aellcTayiomnx ycTaHOBKax H eme H-;,·· a· no;;

.; HOii CTeneHH Y'IHTbIBa~TCll 'a IjO~bl~ ~poeKTax. He peweHb/H T8KHe 
0

1'8:>KHellWH·; ~o_n;bcb;: 

'•, ';_ K8K. ynyqweHHe ;MOHOXPOMa~H'IHOC.TH. ~Y'IK8 HOHoa; ycKopeH~blX~B UHK.riOTpoHe;• yc~;-peHHe; 
·: •i ' ' , . . ', , . . . . . • , . , . , " ' 

Ha-·cy6rapMOHHKax BblCOKOJ!. '!aCTOTbl, ycKopeHHe paanH'IHb!X THnoB HOHOB B ycnOBHllX 
\'. .' ' 'l.. ·, ' .-, . •, • ~ - • • 

:perynnpyeMoJ! aHepr1rn qacTHU. Bee 'aTH aonpocbl llBUllIOTCll a aHaqnTenbHoll c:TeneHH 

./ 66~-~Mll° Ka K )lnll. ~HKUOTpOHOB C ~Kc:'n~~bHOCHMM~TpH'IHb!M" . ~arHH~HblM noneM, •.Tai\ iH 
~ , . ,. . .._ , . ' ' ' \ . . . . ,·. . ; . '~ 

UHKUOTpOHOB C M8I'HHTHbIM noneM, MeHllIOIUHMCll no 83HMYTY_•· 1 
. , ' - , '. ' 

;::_ Ha~~o~m~ii pa6oTa ~oca~u.ieHa,iia~'l~HHIO __ ¢H3H'!eCKIIX ·xapa~TepHCTH~ 

ncinyTopaMeTpOBOI'O UlfK~OTpOHa: C. aKcHanbHOCH~MeTpH'<Hbl~. 

Ha Tpex' rn'aa: -

' -~ , __ 8, rn,iae 1 pacCMOTpeHbl BO~MO:>KHb!0 cnoco6&i cpopMHpOBaHHll Ma~HH'.I'HOI'O 
• ,. ', • $• -.._\ • • 

C perynnpyeMoll 3Heprne"ll '•HolloB H 'onHCaHbl' peaynbTaTbl nepeBO)la 
_ - ,- · . · -- · · · 'i4I ·- ' , · · . ·. - - -, -~ . ' . : . - · 

TOpaMeTpOBOI'O UHKnOTpOH8 l-1A3 B pe:>KHM C perynnpyeMoJ! 3HeprHeii HOHOB,. , .. 
:·· _::,' ,_- ,,. ')···. . '. '/ . . ' , ', :·· __ "\., 

· B peaynbTa;e pac_~~TOa. H 'upoa~.lleHH&IX · aKcnepHME!HTOB no qiopr,,rnpoaaHHIO ~arH.HTHo:: , 

I'O llOnll Ha UHKnOTpOHe C nOMO!UbIO :>Kelle3Hb!X, Mace . H TOKOBblX aneMeHTOB C03it8H8. Heo6_; 
, .,- '(.'', ),/ •,.• I _\ ' ,'I, < •~ -.•. ': ' 1r_', '--.... ',,. ' 

' 'JCO,llHMall- cpopMa MarHHTHOI'O nonll D .i::u:auaaoHe OT 5·.ao 14 K3, - "BMecTe C BBE))leHHeM 
· ~ r" ,._ ;·,' '< • • ,. • • \ , - t , ,. , - ' , ,, . :_ ' ,.'

1 
, , 

. ,_, onepaTHBHOJ! n&pecTpoJ!KH pa,llHO'!aCTOTHOll CHCTeMbl B. )lHanaaoHe·· 8,3_- 13,5 .Mru,•·a. TaK-
. ' . , . . ! ,'.. ' . . 

BBe,ll0HHeM: ,.llHCTaHUHOHHOI'O ·ynpaBnE!HHll UOflO:>KeHHeM .llyaHTOB B Ka Mepe ''.OKaaanoCb 
;' • • ••• ~ ! • ,_ - . \ • ( • 

· B03MO:>KHbIM ocymec-ranllTb nepe~Oll Ha n106oll pe:>KHM aa apeMll He 6onee qaca. BaeaeHa 
•• / - ."--' .. \ ' • f - • I' '. ,-,'" > : 

. '.llHCT8HUHOHHall lcoppeKUHll OUTH'leCKH::t CBOJ!CTB CHCTeMbl TpaHcnopTHpOBKH _ny'IK8, '.Bbmy:-, < ., ;, ' . . . __ ,,. ~·: . \ \" ·;. ' . ; . ·' ' ·. '.. . ; ''. 
<_meHHOfO H3 UHKnOTpoHa; -.llHanaaoH perynHpoaaHHll 3HeprHH Ha OCHOBHOll qaCTOTe:" "np_o~o:..' 

OT.,6 . )lO ii Maa,-ae~~OH~B OT 12 )l~ 20' ;,..3B, ·H/1 6T ;4 -a~' 40-Maa H ·,, :·· - . \ 

,, I\ 
I• 
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II;.'. ' , ' , .', ,, ·, ,, --- I /, . I, 

1 +2 .. ,. ,, •. , . ' / · .• 
;He73 ·':"r .oT_ 18 .cio 38;M3B; JJ.m1 lf~MepeHHSI 3HeprHH.., HOHOB HCnon~oBSH MeTOJl BpeMeHH 

, npo:,eTa; Pa3pa60T8Hllbll! .cnoco6 'nepeBoJla llHKnoTpoHa B pe~·HM c perynapyei,rnl! sHepr~~l!. 
I , ' .. , -•. r •• , , 

iionoa· np~roJleH JlnH 6om,~HH~_T~a J::teJ!c;BYIOlllHX H. 'np~eKTHpyeMblX ua~o;poHoa'. ' 
, :-·: . ', . ,' , - -. . . . . . ,, 

1 
JJ.nH' pacmape·HHH ,llHana3oHa aHeprHH ycKopHeMblX qacTHll Hcnonb3oBaHO ycKopeHHEi 

, - . • I • • '\.. . , . . . . • . ' I ~ .. .•, 

HOHOB 'Ha ·3-:-el! cy6rapMOHHKe B,'l,, JlO aHeprHH: npOTOHOB OT 0,7 JlO 1 ,8 MaB, ,llel!TOHOB 
. ., .. , +2 +2 • 1 . · . · , . 

oT,1,4 ,llo:_3,6 Maa, H~
4 

OT 2,8 1,llo 7,2 Mas~ __ He 3 · OT 2 JlO 5,:t i:1aa,·l-1HTelicas-
- • -' , I ; \ , ·•, - . ' . ,,; i ( 

HOCTb BHelllHero .IlY'!Ka-npH ,aTOM .TaKOI'O :lKe nopH,llKa·aenH'IHHbl, KaK H Ha OCHOBHOl! ,'laCTO-
' • , I ~ ; ,' : , - • • •. ·, , • , : ~ • , ,• •. , , . • ., , ."1 . . - ·, ' 

, Te, ._3TO 'o6c,OHTanbCTBO" Heo6XO,llHMO Y"IHTblBaTb npa 'npoeKT_HpoBaHHH ,UHKnoTpOHOB C pery-
'. . ' ·, .. . - .', ·' . . • . i -- ' ' . . ,__ . -(. . , ... 

• napyeMoll aHeprael!, 'BnonHe Jl·ocT·aTo'IHo np'a aToM 'orpanH'IH'llbCH JlHana30HoM • qacToT· 3: 1, · · 
. • :, ' \ • . ~ ~ . ) ' • ,, ' . • ' •, - ,- • ; ,. , t /· ' 

·., a. Jl_na ·.,eme · 6onbwero tMeHbW8HHH aHe_prHlf H0~0,8 acnonb3osaTb fCKopeHHe Ha cy6rapMo-
,,', 

·, ?fHKax · a.q. _ · 
I - ,• ; 

: npeJlriO:lKeH MeTOJl pac.'leTa' aepTHKanbHOI'O JlBH:lK8HIISI .•'aoHOB' C yqeTOM peanbHOI'O 

pacnpe,llene~HH MarHHTHO;~ H .. an~KTpaqe~K~I'O ·~o1ea. npHB~Jl8~bl r~acj:,HKH. p~cn~e~~JleHHSI 
. . ' . -~ .. ' ; . ~ ~ ., . . . ' . . : '' . _,. ,· ,·. ' . ' ' ' ' . . ' . . 

., aneKTPH'leCKHX ·,nonell JlnH pa3nH'IHbIX. Koiicparypauaa· ,::meKTpOJlOB. ileHTpanbnol!, onTHKH,, • 

· noiiy~e11~i:i~ · c 'no~OlllblO an~KT~~,i~;aqecKol! BaHHbi;: Bi16pa~a Heo~x'o~in1aa, d T;'l~~ 3pe-· · 
•, ',. •< ''· ' ., I \ • • . ; • ~ . ..-. • .;. ' • ,. • < / '"\ '" J' 

. HHH. aepTHKllllbHOI'O I JlBll:lKeHHH, ueHTpanbHaH onTHKa B UHKllOTpoHe •• 
. I 

. '.BTopag: rnaaa IlOCBH~eHa H3Y'IElHl!IO 'ct,aa;Bbl~ ~apaKTep~c~11~'. riy~Ka H Y~Y'l~e~1110./ero.: 
. . . r. ,,,. i'\, '. , , ,' \ . I', ' 1..: . ,. :' , • - , '- .-, J 

... MOHOXPOMaTH'IHOCTH. JJ.nn HJlepnocpH3H'leCKIIX:, pa6oT/ HCilOllb3YIOlllHX MeTOJl' cneKTpoMeTpHH. 
.. , , · .- \ · , /6/ ' . . " .· ".. .. .. 1 '· . . · ' -9 : · / / , 
no BpeMeHH' np_oneTa ' ; Heo6XOJlHMa JlllHTenWIOCTb crycT~a IIOHOB (2-4)~10 ceK npH' X07 

• • '"' ' .'. , -. I' _,,(• _r ,. '.' ' •' ' I •'., ' ',I •',.• .. ,I 

·pou1el! 'cTa6HnbHOCTII ero cpa3bl, TaKaM':.Tpe6oBaHHHM npH 06bl'lHOl! ueHTpanbHOl! onTHKe" 

.~aCTO ipy JlHO. y JlOBneTBO~HTb; rioa;oMi pa3pa6oTaHa meneaaH' H~~~aH' onTHK~. ~ · .. u'eHTpe . 
'•I,'. .,. \ ,: i ,· , ' <, • ' 1 

f • ,. \ ', ;,.•' j, , , ! • , I 

UHKllOTpOHa, Il03BOnHBWaH'OrpaHH'IHTb cpa30Bb!l! HHTep&an HOHOB' B caMOM uenTpe ,UHKno
. ",. /8 7 / ' ; / ' " . · . •,. ,' 1 ' .. . : - ' , , . ·. ' .. ', 

TPOH~. . • • Ho _,lla)Ke. npH raKol!. onTHKe npH_ onpe,lleneHHblX HacTpOl!Kax urKnOTpOHa Ha. 
.,. ' . r,. ~' , • , ...,- _·,-. ,. ' : , . . , , ,1'\ • "·' / .• ' , , ·_ ·, 

YJlBn8HHOl! MHWeHH MO:lKOT 'nony'llfTbCH cryCTOK HeJlonycTHMO 6onbWOl! JlllHT8llbHOCTH •• 
• . ; _- . ' '... : : , . I ; .:: \ '-:. ' ' ' I ~ ' ' ' ' ., . ',' I / ~ ' t- . . . "" ' ..: . '. : 

noaToMy 6bmO H3y'leHO BllHHHHe pa3nH'IHblX napaMeTpOB UHKJlOTpoHa Ha'.JlllHTenbHOC"r,1, H 
i J ~ _ . ,' . , ' , I ' ' " ' \ ' , 

cpa3y crycTKa ycKopeHHblX HOHOB, JJ.nH H3Mep9HHl! 6bm Hcnonb3oBaH BpeM8HHOl! aHanasa-
' ' /9/ - ; ~- . . :< 

Top. cneKTpOMeTpa ' C ,lleTeKTOpOM ·H3 KpHcTanna CTHlib6ena If .. cpOTOYMHO:lKHTeneM· THna 
' · · . · ·'," ", < -9 , ' ' , · · ·, : , ~:,,"I: 

<t>3Y-36. Pa3pewenae cacTeMbl. - ·l,3•10 ceK. vl3Mepen11a npoBOJlHnHcb .KaK Ha 1BhrneJ::teH-. 
· ". , ,: • · ' , · ' /10/ ' .. ', • 1 • . I", "7', ' ' .·, 1 

:: , • I "• 

. HOM, TaK H_ Ha .aHy~peHHeM_ ny_'IKe 3KcnepHM9HTbl xopom,? no.llTBep?KJla~T pe3ynbTaTb~ 

pac'!eToB. Hau6onee c:y11.1ecTBeHHoe'. BnHH~He Ha cpaiy H Jllll!TenwiocTb ~rycTKa 'oica3blBaIOi 
',,,,-. ·,, ,_ I \\ ' ' •' ' ; ,' " ,') ! \ .".' • • ' ,r •' ', •. ,,' ,' ,' • . 

1· MarHHTHoe none 'a'>aMnnHTyJla a.>i, Hanpa:lKeHHH Me:lKJlY J::tyaHTaMH, OnpeJ::teneHbl ·JionycK11 
,,· . ~ ,, - ,- ,\ . . ,· • ' 'f . ' • • • . ' 

0 

I Ha HX' H8CTa6HnWIOCTb,, ~OTOpb19 ·He06.X~a!MO Y.'IHTblBaTb · npH npoeKTHpOBaHIII! COOTBeTCTBYIO" 
·-- ·- .. _' ' ' • :' ' ,/, • •• ,-~.' ' ' '\ ., • ' '. ~ , ~ f ' ~ ,, ~' " 

. lllHX CTa6anH3HPYIOlllHX ·ycTpol!CTB • 
I' '' -~ . ' ' \ , . ' ·' • , ' 

/. 
1
n~T~M ~ npKM-~HeHHH. pa3pa60TaHHblX 'm~neBblX .ti11acppart.i Ha 'JlyanTax, ci..teuieHHOI'O. 

' . . ' ,.·'" -'., .~ . . - ,-, ··. ',_ ,, ".. .- ' ,. ·, . , 

.I. 

HCTO'IHHKa H. Bb!6opa COOTB9TCTBY!Olll8I'O. p8:lKHMa .ycKopeHHH H3 UIIKllOTpoHa BblBeJleH ,ny-

:~oK' b JlJlHT~~·~HO~TblO ~~yCTKB HOHOB {2.:.4(10-
9
\eK, C. ~OHo~p0..;8TH'IHOCTblO ~E-+(0,2-0,4)%. 

, :· ~ - . . • , ·i ' ' -: ,'. ,. - - - . :-·'' ·; . E- - \ : \' 
:l-1HT_encHBHOCT.b BblBe,ll~HHOI'O ny'!Ka. nocne BB_eJleHIIH men~BblX ,llHacpparM .. He Y:-teHbWHnacb, 

:, 

;,_\!. 

I 
..;, 

.·, '" 
4-: 

......,, 
\ /.,, ·~ 

-- ~ 

I,'\, 
•. I 

\ .\. 

,\. 

/ .,. ; . 

a Koacj:,cj:,auaeHT. ablnycKa H3 Jlecpi{eKTopa ysenaq11nca BJlBOe •. vfa-3a ·yMeHbWE!HHH noTepb · 

H~HOB n;H, ycKOpeHHH ~ a~nycKe 3a~py~Ka · a;.q, reHepa~oph ~aMeTHO YM~;bw~nacb, a:TaK:lKe ·, 

'\ 

' ' ... '. • . • { .1 . ·. ; ; , . ' : • 'i : . .·• . \ • • ~ ( ' . ! ; --,· • • J ·'1 

yM8HbWHnacb OCTaTO'IHaH HaBe,lleHHaH aKTHBHOCTb .,_rn ,lleTansix •UHKno,TpoHa. 

'JJ.na pacw11peHHH JlHana3oua anepral! cneKTpoMeTpa, no apeMeHH nponeTa a cTopony " 
' ' . 1_;, • , : . ' ' ' . '. ., , '. • , 

MeJlneHHblX H8l!Tp0HOB BBeJl8HO .yM8HbW8HHe qacTOTbi cneJloBaHHH cryCTKOB' HOHOB. Ha MIi-

. weHH · B 4 pa~a nyTeM. noJla'IH .. Cll~YCOHJl~llbHOI'O .. lianpH:lKeHHH Ha· nnaCTIIH~I cne~Ha~~;rnr~". . 
' , '. < • ' ' ' ' • • ' ' '_,..:,,- •• ;' 

l,llecpn"eKTOpa, pacnollO:lK8HHOI'O B HOHonpOB0Jl8, , 
/\ , .' ', \ '. ', - ' ' .• I ~ 

\ ·a "Tpe;wl! rnaae' pac~MOTpeHbl' o~o6eHHOCTH yCKOpeHHH pa31m'qnbJX H~HOB, B nocne,ll.:.i, 
1 ' ' • I ' • • ', 

iiee epeMH npoaanHeTcH 6on1,wol! HHTepec · K ucnonb3oBaH~IO ycKope·HHbIX HJlep 1130Tona' 

· remia c· ~~ecol! 3, KaK 6oM6apJlHPYIOlllHX qac;au a aJ::tepH

1

hIX accneJ::tosaHHH~. ,"npa· 06h1~ii6l! 
I • ••' • • • ' I ,. ' 

I f' ' \, He3 CllHWKOM ,aenHK, JlnH M1,IOI'OKpaT!!O-. pa6oTe . U_HKnoTpoHa paCXOJl ,llOpOrOCTOHlllero . ra3a 

ro 11cnonb3oaaHHH ra3a B UHKnoTpoHe pa3pa60TaHa 
. , ' '. . · ' /12/ 

~ , ' 1 • \ • • 
0 

• ' ; \ / ,· \ '' \·J 

i no3BOllHB,WllH npOBOJlHTb JlllHT8llWlbl9 pa60Tb( '; He3 
~neu11anbHaH ra3_0B0313PaTHaH _CHCT8Ma 

" r , '-

npH _BblCOKOl!_ 1!HTeHCHl3HOCTH ny'IK~. 

· a,cH~311awa>1 n0Tep11 · raaa 6one~_'.'leM'•B, 100. pa3,. 
",, 

B UHKnoTpoHe HHOrJla Ha6moJ::tanoc!' no~T,i. nonnoe IIC'l~,3:'0Be-_npa ycKOpeHIIII , , , He 3 
HIie TOK~ IIOHOB np11, H~6oiibWHX B0_3JlY~HblX Teqax B ra30BOaBp~THOl! .cHcTeMe, a TaK)ke 

·. npll Hac_ blLUeHIIH ~op6Hpy!Olll8l! 'no~yw~H, np~q~M KOHue~T~+a2UHH, .r H;:/ B raae ~-~cTaBnHna 
l .' • • . j I 

'

1 

He ·MeHee 50%. TaKaH <lHnbHaH_ 31l_B11<::HMOC:r~,B_blXO,Jla .'; He3_, OT npA~eceli JlPYI'l!X .r_a~~B , 
~ •, , l , •. , , , +2 I 1° .•' · " ' ' I 

··, o6iacHHe_T~H -6.onbWHM· ce'leH11eM n_epe3apaJlK~ ... He 3 , B Jlpyrax ra3ax; B pa6oTe npoae-;-
•• / . I ~ • • . I ' ' " ' ' 1 +2 I ' 1 • -~ ·' .' ! 

· .. JlSHO- 113yqeHHe BllHHHHH npaMecel! Jlpyrax .. ra30B Ha BhlXOJl · He 3 11 peKOM8HJlYIOTOH Heo6xo-
· · ·· .. · . . ., · .',, · · ·. +2/13/ ' 

,llHMbJe ycnOBHH ,llllH_ n_ony'l8HIIH M,aKCHManbHOl! HHTSHCHBHOCTH. IIOHOB. He 3 · .. : · ... 

. . ;: ' '·,;:, ·, ( ,. " 

. JJ.mi MHOI'HX pa6oT Tpe6yeTCH 0 nOMHMO ycKopeHHH nerKIIX ,.HJlep'· HM8Tb TaK:lKe 'YCKopeH-. • +4 •. . . . . ., . . 

,,Hble TH:lKellbie HOHbl, a·, qaCTHOCTH, C ' ... BpeMH nepeXO,llll oT' ycKopeHHH nerKHx' H,llep: K. 
"' +4 " • " . • ' , , " 1,2 , . "., . " , • ,' I . : • • ' .. • , , 

, C· 11' o6paTHO JlOn:lKHO ·6b1Tb MHH11ManbHbIM, B pe3yiibTaTe npoBe,lleHHbIX 11ccneJloaan11l!· i 
12 . · . +4 ' . ' · . . ' 

,Ha UIIKllOT~O~e 6bln n~nyqeH BH8WH~l! ny'IOK HOHOB ,cl2 'c aneprae,!''70 · MaB ·HHTSH~HB~o-' 

cTblO :Oo 2 MKa c B03MO:lKHOCTb'? ,6b1CTporo nepexoJla. K ycKopeHHIO nerKnx 11onos. 
. I 

'\ 

8' nocneJlnee . apeMsi, npoHBnHeTCll orpoMHbll!. HHTepec· K ycKopeHHIO OTp11uaTellbHblX 
' • '• •• •' ,• k , ' - • ' ' ' ' ' '! , ' '•• 
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