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· UeJlblO 11aCTOS11Uer;1 11p:1eKT'a Slll;!Sle;rcsi H3Mepe1111e ce<1e1111ii pd-:, dd-: cl 3He
peaKUllii ll o6JtaCTII 311eprnii CTOJIKIIOllellllSI .100 +. 2000 38 11p11 11ci10Jlb301laJIIIII 

:11a11oceKyllA1lblX IIOllllblX IIY'IK0ll, II0J1y•1aeMhlX C II0MOIUblO. J1aii11ep11oii i ll.'la3MbL 
8hll10Ji11eu11e 3KC11ep11Me11rnn, -cornac110 J1a11110My 11poeKTY, .110:.inomn n11epnh11: 
IIOJly•i11Tb 1111cpclp~JaUIIIO O xapaKTepl!CTIIKaX IICCJleAyeMhiX SlilepllhlX peaKUllii ll )'Kac 
:ia1111oii 06J1acn1 YJlbTpallll:lKIIJ<. ::mepmii. Pewe1111e lUIIIIIOii :ia1u1•1i1 C IICIIO!lb30Ball11eM 
KJ1aci:11;1ecK11x ycKop11TeJ1eii 11paKT11•1ecK11 11eocy1Uecrn11Mo, T.K.,_ cornac110 
TeiipeTwiecK11M oue111,m;, Jtilamrnm :i11a•1e1111ii ce•1e1111ii 11cc.r1eAyeMhlX . peaKu11ii 

. ·11 yKa:ia1111~ii 06J,1acT11 ::illepmii. cocrnn;1sicT I o---43..;._ I o-32· rn 2. · D,.r1si pemcTpau1111 · 
11pcmyKTOll si;iepllblX peaKU11ii (y-KnallTOll, · :iapSI)KellllblX 'taCTIIU 11 · 11eiiTpotlOll) 
11c110JlbJyurrcsi .ueTeKTOpbl · 11a oc11one Kp11c1w1J10B Nal(TI ), . niep.uoTeJ1buh1e .ueTeKTl1-
pbl CR~39 II CUHlll'IIJIJISIUIIOllllble .ueTeKTOflbl C 11pmie1ie11lleM MeTO.UIIKII 110. npeMellll 
npo;1e·1'a, ·cooTUe1'cTUellllO . .Ila111taS1 3KC11ep11Mel1T,lJlblliU1 11po1paM~ta OC)'IUCCTllliMa· 
11a CIIJlbllOTO'lllblX m111yJlbCllhlX ycKop11TeJISIX CHOTT- I I I II nIT-8 l1C3 PAH 

'(ToMcK).' •. · ·. ·. . ' . . · • · 
_Pa6orn llblllOJlilella ll J1~16oparnp1111 si.uep11blx 11po6J1eM oiurn. 

ripc11p111ir, 06hCJlllllCllll(lnl imcrnrrra H:1cp111,1x IICC.'IC;1011a1111i1. ily611a, 1995 

. . 

'. hepeno.u anrnpon 

Belyaev V.B. et al. 
· Investigation of Interactions between Light Nuclei. 
at Superlow Energies 100 + '.WOO eY (ProjectLESI) 

The aim of" this proje~t is the measuremeni of the cross sections ofpd-; _chi-
. and d 3He.:.rea~tlons in the range of collisimi energies fron1 I 00 to 2000 eY making 
use of nanosecond ion beams obtained with the i1id of line.ii- plasma. lmplement,itic)n 
of the experiments foreseen by this project will make possible a first determination 
of the characteristics of the investigated reactioi1s in the' region of u ltralow energie~ 
indic,ited. This problem cannot he. resolved, practically, with the aid ·of classic.ii 
accelerators, sirice theoretical estimatii.rns show the c1:oss sections of the' reactions 
investigat\!d . to be within the. ninge from 10c-:•t~ to. l0-32 cm2 for the energies 

'indicated . .The products of 1l1e n_uclear reactions, i.e, y~4uanta, chai·ged 'particles and 
neutrons, are to tie detected by _detectors based -on Nal(TI) crystals, by CR-39 
solid-state detectors, and by plastic scintill.ition detectors i11volving the TOF 
technique, respectively. The experi111entitI' program can he . implemented at the 
high-current accelerators SNOP-111 and GIT-8 of the RAS IHCE (Tomsk, Russia). 

The investigation has been performed at the Laboratory of Nuc'tear Prtihlems, 
JINR; . . . . . 

' ~-
-, Preprint of the Joint lnstitulc for Nuclear Rcsc:1rch. Ouhna, 1995 
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r: ~H3H4BCKoe"H'Mer6iiqecKoe 060CHOBaHHe npoeKTa•· 
·, ' • ,· '> 

l!CCJIBl!OBaHHB· CHJlbHllX' B3am.fo11eliCTBHl! Jierqai!Il!HX. ,Hl!Bp npH .'YJlbTpallH3KHX 

3Heprniix (T - 38 _+ K3B) npe11craBJIHeT 3H~'IHTe.JibHlll! m;repec:- llp~ Te;noeux 

; 3H~PrHHX cy~eCTB;IOT ,tal!Hlle TOJ!b~ci _no ~3!l~MOl!el!cTDHIO ~el!Tp~~dll:. JIJIHH!l c,Illl7, / 

nd'-, .. · nil~-·. . nLi:.. pacc;Hirnl! B pa3.WqHux· .. C;l!HOBllX; COC;OHIIHH/ ;JJH 

v.cc.ne11oea1mn. eonpoca. a 3apHJIOBol! cHMMeTpHH iu1eptt11x c11JJ Heo6xo;11Mu 11att~ue · 

o JIJIHHa!! pp-·, · .. pd~. · pHe- H ;_ n: pacceHHHl!: . a rn10Ie ·. ~ . .ll~yrnx • 

·. xapaKTepHCTHKax (<jla3ax · ·paccemurn, eepon;HocTlix) B .;,yKa3:tl!Hol! , oonaqn 

• 3Heprm1 .. c _:nail )!(; neJibIO ueo6xo.~ll~U ·itan~iie· 0 ce4eHHH~ ··pe;~i'.tH~ p \-ct l 3He 
... 4 . '. ,_· ' ;) .. , ' . -,< ; ' .'· '. : \ ' , \ "· •• : ~" \ 

+ r. p +· t ➔ He'+. 7 I! Jip; B o6nacTI-!, 3Hep__r110· OT. e}ll!HHll '38 ,JIO HeCKOJlbKHX,-·-

K3B.; ;Ha.nH3 ~a3 '11y6JJ~ittoro ~d~paccesrnHH YK83!lBa~/ ;rn H~JIH~tte _;HpTyaJI&Hor~ 
. . .. · ' - ;. , . ·, · .· ·-.- ·· - 'lu . . · ·, · : ·_ .. · 

ypoBHH B 3TOl! CMCTBMe C KBaHTOBblMH 4HCJJaMM:TpHTHB •B03HHKaeT aonpoc 06 
• : -· .\' - • ' • / ' ··-- C _,, :: ' ,. ,:., ._ '" I 

M3Y4eHHH TaKbro l!Ce COCTOHHHB _B pd- CHCTe~ie. _ HaJJHqMe BHpTyaJJbHOr_o.: ypoBHH 

H3MeHMTb B l O pai· -3Ha'leirne - ·lli'6)1e,ittol! llR~~ll : pd~-·. p;cce~~;S!.· !lPH 

3Kc_TparronHitHH cyllteci:nyIOm11x 11auu11x; rrony'ltm1J~ npM 3He;{~l!X. ~~o~ -~38,, ~ 
o > •. -••.' l • •1• c .-, - /!/'"•,•,,,' • ', • -•• ,',• ,-. •• ,• ••••• ,, • ••• "< 

o6JiaCTb yn&ypaHM3KHX 3HeprH~. -~ . . ~ . ~ 
• .... ' ''· • ,' -.._··3 '":,. • :•.,'. ,• /2/ l ~ •. ' .• 

C TeopeTH4eCKIIJ1. attaJIM3 . KYJJOHOBCKOl! ·. 3Hl:!prHH He yKa3blBa8T.; , Ha TO;-' '!TO 

HHKaKO~ 11/ ~yme~T~YIOlltMX NN-n~;eiin11aJJOB H~ . !103B~JIHei )a' p_a~xax ,.3~pirno~ol!, 

. CMMM(aTPllll HJiepHll_X . Cl!JI) ':061,nctt~Tb . 3KC!lepHMe~TaJ!b~Oe ·> 3Ha'le~l!e - ; .nattuol!\ 

B:eJill~HHll (Etheo:= ~ 1 65 M:3B•, Eexp= ?,76 r.f31f . _'.• __ ,_·t, . . . .• .. 
kpoMe . 11ccJJeJioellHHH HJiepmix cHJI _npn ;·,yJihTpaHll3KHX, 3Hepr;Hnx · 

. 3Ha'1HTeJihHllA ~~Tepee npencTaBJIH~~ 113y_4~1rne rrJo~e~da ;allH~ll~OHHoro 3~;ear~ . ' ., .. -" . . . : ' 3· __ · - . ,-. . ' 3 : 4 ·- . . - :· . , .. ~·' ' ,-.. '.·- ,. ' 

,B . peaKitl!BX, p. + d ➔ .He + 7, n + He ➔ . He·.+ ,7 .If .}Ip; c .. .TO'lKH 3pellHB 
•,' , ,', ~:: q_ • J •, J • • ' ;.' • ,;,

3
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H3y'le1rnn. CTP,YK_Typu o6MeHHUX Me30HHh!X .TOKOB , :,KQTOplle,, HMe,m::_ cyllteCTBeHHhll! 

BKJJait rrpJ{ _3THX :rneprnsx. \ . 

~""Eo.'!~~Ol! HHTepe.c -, n•pe,ncTaBJJBeT; • TaKlKe, H3yqeHHe HeKOTOpllX JIHHaMHtfeCKHX 

3ara]lOK •. 'a;;rnp11~1ep cymecTBO~aHHe .cJJa6o~BH;;HHllX1 ,-COCTO~H~l! llJIH _ pe30HaHCOB B 
,••.,~.t,\••- -•_:.. • ."•·• ••;• ,.-. • •• •. --J. -. ,,. _•,/,• '\.,. ',•,:' .- • .. - ", \.r 

MaJida}lpOHHllX CHCTeMaX. . ... -:- . . .. 

. HaKmien •. rrpe~craBJIHeTd~ · eec&Ma· _ aKryan1,11i.11 Hccneioeau11e:, pe8tKI!Hl!, 'c 

JIB.I')'.JaHl!IHMll _ HJipaMH. B ii~atte' .pa3peuteHHH.,'. PBJI~- .. np~6JJeM •. cyllteCTBY~ll\HX B -. - ·. . .'. >4 5/ ·,.. . ~ --- .... :· . . , . --' ~· . ,-- . .. - -' . 

· acTpO<jJH3HKe. ', • HarrpHMep, np11 aaaJJH3e , pacnpoc-TpaHeHHOCTH JJerKHX BJiep • B 
: ._:; ::,·. --►<_ ~ ::· .. ·., •.• '"-. .' .. \ - ,_·, -. -· ,,,· .. · " , ,.,.- . - - : 
3~~~~ar 'Ii,. raf,!iK?JKe, 311aqel-!Hl! - Ce'l.~H~_A~. BJiep~_ux-,p~aKUHA }IJIB acTpOqlH3H'leCKO~ 

o6JJ!iCTH :,311epr11l!; (-. .K3B ),. !IOJJy'laIOT TTYTeM 3KCTpa!IOJ!HllllH liJIE!pl!llX ce'!eHHl!t. 

tJ~~~~~~~ii~ • rr~~ qone~ _euc.oKn; •. 3~aq~mrnx : 3~~prm,, .• -npn ;,;lTOM npe.n~on;ra~-ic5l< 

.·oTCYTCTBHe peaoH~HC~B··. HJ!~ Ka~6ro-mH5o. Jipy/ori al!oMaJibifOro nose]l~Hlrn . 
. ·.. - . '.\ ', . - . " ,, 

ceqeHHl! B 3TOA o6nacTH 3HeprHAL HanpHMep, BKJ1a11a,0T nonaeJieHHUX~KOMTTOHeHT 

~ .qi. (K~K KOH1'p11p11Mep CM. 3KCTp;uoJ:.,UMIO B . rrep~x~.iti d +· d ➔ _4He + 1: / 5 -'.). -'c 

. K HaCTOHl!leMy epeMeHH. cymecTBYIOT ~KCITe!)HMeHTa,'!bH!le JialJH!le. 0 Ce4eHIUIX 

• '(pd)'-;_: (dd)-, (dt)- ~-. (·r, ; .. · .. ~ .. · ~-.'ff'e?··_,,UH~I 11'!5_.,_•.'3-HeprHH_ X \cT.OJIKH_OBeH!l'H • •. . •. •. ci:l\(J.;';J"-'•i,• ~. i!"~?1!'l'J . ' • . ' • • 
Bullie ·so:·K3B, 3 K3B,' _s· B- 11 '.j(l if':ftl, ·t!b'o'fWI't!·pe1rno, .. ripHtJeM sHaqe1rnn 

· · tUl-!~.!il.lX, qc:::.fl.;;:am.1~ , , ·- ·.· • · -· · 
6 :.J;::_ ft1.JQ: ,TCl.f/~<' f · · · '.' <' ' 

~ -· rs_.,,..-.. , '-►t .. . ... 



l!CCJl_eJ10BaH11e · CHJibHLIX. B3al!MOJleficTB1!A. Jierqafiwl!x· l!Jlep npll 'YJlbTpaHll3KllX 

. 3Hepn1nx' (T ;~ 38_ + K3B) npencTa~JilleT 3!l;'{l!TeJI'bH~A lfl;Tepec:. f!P~ Te~JIOBL!X 

:rneprnHx cymecrny10T Jia1rn11e· TOJibKO no B3al!MOJleAcTBl!IO .nel!TpOHCJB: _:n.11a1111 ;.nn,;; / 
nd~ ;: , ~!!~--,' nLi-. pacceHi!llA B pa3ml'IHLIX .. · C;llHOBhlX ~'ac;Ol!H~l!X, .IIJill 

~ uccnenoea111rn 'aorr11~ca_ o ~apl!JlOBoA cnMM~_Tp1111 l!JlepHhlX c~.11 Heo6xo)l11Mii: Jla1rnue 

o JlJIHHa!( · pp-, . pd-•; pHe- ,' 11. ·T • .n. paccel!HlliL a1
• • TaKl!re o_ ... .npyrux.' 

xa'paKTepHcTHKax ·. (¢a3ax · paccemrnR, e~pb~{no~nix) .· a .,.yxa3ai~irnll;;, oonaqu 
,, ... , . • , - • - '. , : - ... ~ . .- . -- -. ·- , . ' \ .. ' , , , . l 3 
,nepr1111. C );>TOA llCe. UeJiblO He06XOJlllMLI .11a1m11e o Ce'lelllll!X. peaxrmi:! p. +.• d. ➔ · He 

. .: '4 . ' ;·. ",· -- _. .,, - ;- ' - '-~' ... ' . > ~ • -, ._, "'i • ,. • . , \ 

+ r. p + t ➔ _He + r _II .!IP, B o6JiaCT~ :rnep.r11A· OT e)ll!Hllll _3B ,JlO necKOJlhKHX-:-• 

K;B. ·, AHaJlll3 !pa3 . .ny6n~'·rno~o ~d-pacce.111111!! YK83!1B~e/ H~ HaJJH~~e. ~llpTy~JibHOro/ 
. . . . ' ·.· . . ; ' , •,:. . . . . . .. ·-: . 'Ii/ •. . . , · .. , .· . • . . ·. • 

ypoBHH 8 3TOA CIICTeMe C KBaHTOBLIMU 'lllCJiaM11: Tpl!Tll.11 , ;B03HHKae~Bonpoc'o6 ~ 
. . . ' . . . ;. . . _.: ' . . ;. ,··: .. ; ',·' ' .,. . . .- / . . 

ll3Y'-!eHUH TaKbro llCe COCTO/lHll.11 ,B .pd:- CHCTeMe •. Ha,!lwrne .BHpTyaJibHOr,1:i:'ypoausi. 

M~lKeT . ll3M8Hl!Tb B 10 . pa3 ,3Jiaqe1111e. Jl.y6ne;HOli .11.Ii1rn11 ; pd~: p!icCelJ~ll~-- llP.ll 

3KCTpa1IOJl/lllllll cymec~BYIOIUHX )laHHhlX. nonyqtun~~ lip~; ;11e;r11~~- ~400' -_~3-k •. rB 
·, - _: . ..., ~ ·:- ,' ~ . . -- .- /1/ ' . 1, , ~·. ___ •;. ' ~' ' ,- -. . . 

o6nacTh. Y:1IbTpail111x11x 3Heprnll . ·.·. , • . , ,<,, : , 
. -·reopeTH'leCKHl1 ·._ auaJJH3; KYJIOHOBCKOA 3H~prn11 3H~ . YKil311Baer~2

" na T; V,''ITO' 

HHKaKcih 113' cyme;T:YIOlllllX NN-n~;-e11m1aJIOB He !103B~Jisie; (B. paMiax':2~;HJIOBOA; 

. CllMMeTpll~ HJlE!PHLIX - icl!JI) · .. ·061>11CH~Th . 3KC~epHMeH'!'aJI~;;oe '~ ;uaqeu~~': Jl8:HH~A \ 
B~,~ll~l!ll~ -(E;h:o: = O, 65 M3B•, Ee;p = ? 

1 
16 M~Jf . :,n ' >'• ,' ,' : :, . ~- .. · ,, ' 

KpoMe. ·. l!CCJ1e)l0Ba111111 /l)le~(ILIX. Cl!JI -'!Pl1 ,:.,YJl~TpaHll3KllX 3Hepr:Hl!X -

3nitj11TBJibHL1l!;1111iepe~ rrpeJlCTaBJIHeT H3yBeu11e ~pouecca pa411au11oe~oro 3axeara 
' ~ ' . :,. ' .... : . 3· _- : ,_-;' ·- > ' - 3 .. . . ; 4 . ·. .. ', ·;, . - :- ' .. ·_,• - \. . ' 

,B peaxu11.11x,.p-+ d-·➔ He+ •• n + He· ➔: He.+·.,.H,Jlp, .. ,C,.TOtJKH_.3pe!l11l! 
, . :·· .. ·\ '·\--_.--" ·\- '· , ·•·1 /, - 1/3.;'"':1--... ·, .... -...... _::.•,~ ,· .- . .,. 

H3y'lelll!fl, CTPYKTypu o6MeHHLIX Me30HHhlX ,TOKOB .: KOTOpue .. l!MelOT: cymecTeeum,ill 
• '. > • ' • ./ ,:_ • ' ' ' •• ,,, • • \., • ,' - -~ • • ••• • , - • • • 

BK,JI~Jl _llp~ 3Tl!X ~Hepr1111x, , ,• \ ,. , 

(Eo,qblllOH . HHTepec~_rrpel\cTaBA.1teT .' rnKllCe: 1!3~'{e~rne ueKornphlX . Jll!HaMH'le_CKl!X 

, 3ara)lOK, ·11s1n'p11Mep cymecTBoaanl!e .CJia6ocB/l3aHHLIX' COCTOflHHA l!JIH pe30HaHCQB B , • 
__ · :- -::_iy ;,, : , •::..-· ·_-: ~- ,.--.~-! '--i- .·.~-- · .. ·,r,-· _" __ ', . 
' MaJJ~anpoHH_hlX CHCTeMaX. . . 

HaK011eu, , ipe.ncrnan.11eic.11 aecbMa' s\KTyajii,1111M · !!CCJ1e!loirnu11e:,, pea
1
xu11fi. '. c· 

JJe!'.'laAl!r!!Mli ,, f!JlpaMH' a ~Jlll;H8 '· pa3 pemellHR.,' Pll_Jla npo6,11eM,, _cymecTB YIOIUl!X . a 
; \ /4 5/ ' • ' • '•. "e• • .• ,- ,• • • ' f ,• • 

· . acTpoip113111ee .. ', .. ·, · Harrp11Mep, npH auan111e .pacnpoc:i:paneuuocT11_ nerKHX .11.nep., B 
,' ,~ i:_: :•4:._ -~-·-.-:1, , .. ,.., -.--.· -~ -~ ," .' .. -~-· · ,_-_' ,.✓• • _ - __ ... 

'. 3Be3,llaX; ~ ranaK,l!K_e; 3lla':1el'!HH ice'!,_eHll_A~_ .II_Jlepnux-,peaKUl!A. JlJIH acTpO!pll3H'¾eCKOll 
I'; • .1· - .• ;, ' - . ·.\.. . • . - . . . . . . .. , . '", < , - •··; • • • , • , ·, : • • : , 

o6JiaCTII _ 3(!epr_Hll_. (-... _K3B ). ITOJiyqalOT , nyTeM , 3,KCTpanOJilll{IIH' H,!lepl!LIX cetJeHl!A;·· . 
:' ·v,.\ .. ,. ,· . ·.· .· . . ... . .. ·' . . ' • . .. . . . ,. . /, 

l!OJIY'!eHHhlX 'IIPH QOJiee ,BLICOKHX,. 3Ha'l~HH.11X_ 3Hepr1Ul,; IIPH ;);!TOM rrpe)l!IOJiaraeTCll/ '. 

. O~CYTCT~He _pe;30H~~,~~B-, HJ!~ Ka~·aro-~n6o Jlpy~orn aeoMaJil,HOrn noBeJl~Hl!lr. 

, : ~etJeH!!A;a 3~011 o6JiaCTI! 3Iiepr!!l!(,,nanpHMep'; BKJiaJla, OT !IO~a~JieHHLIX/l<OMnouei!T 

·,. B~;qi, (Kax K_DHTprrp11Mep cii. 3KCTparro'r.i,UHlO B nep~x~.lle d_ +·'ct ➔ _4He + ~-• /S/ ). 

- K uacTO.llllleMy apeMeHH,cjmedTBjlOT. ~Kcnepl!MeH~aJibHLle .nanHLI~ 0 cetJeHll.llX 
, . . ·- - '\ / . . ' . . ' 

(pd)'...:;. (dd)-, 1 (dt)- w ( · . , . - , ,.,.1 311epnrnx ~cTon1euoae1111H 
~:Jll\r~• i,•;,• • r""~"""'n""'· .I · · 

BLlll!e 50 · K3B, 3 K3B, · 5· :!'B i1..,''.lO' i'ffi, c'b"o'fii"e'J't:1Bemro, • 11p11'leM 3HatJemrn~ 
tU!~?-J.liMX !iCt":lf:lW~.lil~5 I · , .. 

6Wsni,10TEf{;;., ~ . · . . 1 ----~ ~--
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cornacuo TeopeTH'ieCKHM Bl,l'ilfCJieHHHM ·.nttana30H 3H8t{el!Hil -ce'ieHHil HCCJie.nyeMUX 

peaKU_HA B ~6.:rncTH- 3l;eprnA_ . (jB · _ + K3B) cocTaenHeT - -10~
32 

+ · 10-4
3 

cM
2

: 

npHMeuenHe KJl8CCH'ieCKHX Y~KOpHTeJieil .llJIH H3MepeHHH cetieuuA ;1anuux 

npoueccoe a1 yxa3a11uoA 06JiacT11 3HeprnA· CTauoeuTcH 

HH3K'oll_ HIITeHcHBIIOCTH ny4KOB vcxopeuuux 'iac"THU (P, d, 

nenpHeMJieMUM • H3-3a 
·, 3 - , 

t, He) ~ 
. , ·" : . 

e:·· CB-ll3H C 3THM Ml,!_ f!P_:.!lnara_eM .Hcnonb30BaTb hucoxoHHTeHcHBHUe, 

pa.nuaJibHO_ KOHBeP:HpyeMUe HDH_uue ny'iKH, reuepttpyeMue _B . Te'ielll-le HMllJI_03HH 

nalluepHOl! _ n,ia3Ml,I,, liHTeHCHBHOCTb ny•!KOB, nony'lel!IHJX :. TaKHM MeTDJl_oM, 

--cocTaBJIHeT· ~. 1020 qacTHU ;··uMny.%ce e yxa3a11110A • o6nacTu ~u~prttil/
11

•
111

-. 
• • .- •• ~ < •• - - -- '· • • • - ' - ~ 

· CYTb_ MeTO.!la nonyiieHHH DUCOKO,HIITellCHB!iux - HOH HUX ny'iKOB 3aKJIIOt{aeTCH e· 

- cne.ny10uieM. rio Jial1uepy (c6opxa H3 llll3JIBKTPH~ecKHX, CD - . If CH ~H~TeA, ._-, 
,.-• • , • I •• ' , , 2 2 

pacrroJIOJKeHHUX no o6pa3yD!l1ff.M 'UHJIHl!llpa; ra30BaH CTpyll' HHlKeKTHpyeTCll B 

eaxyyM 'iepe3 . cBepX3DYKOBOe CO!IJIO , C - 3JieKTpoMarHHT!fl,IM BeHTHJieM) 

_ nponycxaeTCH MOll1Hl,lll _ _- H~!llYJlbC . TOKa, KOTOpUll B3pueaeT ere. 3aieM !IJl83Ma 

nallu.epa ycxopHeTCH K ocH no.!l .uaene11tteM Mar11uTuoro nonH. nponycKaeMoro· no 

· 1) _.: Bpe1rn- cymecT·n:oeairnH ycTollqtteoro cl!Carn_ro coci:oHHHll ueA TOKa '(cM. pttc. 

COCTaBJ!lleT BeJIH'iHHY OT e;rHHHU .uo ·11ecKOJlbKHX ,'.!leCllT,KOB, 11a_11oceKyHJl • H 

onpe.!leJJlteTCll xaK pa.!luycc>M cJKaToro co~TOll~l!ll, ·_TaK,- H MaKCHMaJII.HDH CK?p-oc;b!O 

CJKaTHll J1all11epa 'x OCH; OJlHUKO 3TOro epeMeirn' , .!lOCTaTO'iHO JlJlll _7npoTeKaHIIH -

suiep111,1x 'peaKUHA. ,llJ!H Harpe~a JiaAuepa_ .uci TeMne'paTyp~-- - 1 _· K3B 11'eo6XOJlHMO 
. . . '., • 7 ..... • . . - - ' • -

ycxopHTb nJia3MY ·JiallHepa .uo CKOpocrn· vmax =_ 3_:~-'-10 c~/C, npH _3TOM ._TOK 

qepe3 nall11ep· .uonlKeu. coc·rnemtTb 1 - .2 -MA, a M_611111ocTb. Bhl.lleJillE!Ma°ll 

'3JieKTpOIJ)H3H'leCKOll ycTaHOB°K0,8 e'_'uarppxe, nop_ll.UKa·'. 1 TB~; _ - , -- - / 

, B -;ioM, c.nyqae MaKCHMaJibH!UI ·31!eprttll\ ycKOp~HHl,IX/ npo~6m>B. - )tel!TpOIIOB. 
- : ,.- . 3 · ·. · 4 · · . .. ~- _,, · - -- ' ·: . . - - - - , 

,TPHTQHO!l , n;rep He. If He ·JiallHep11oll nJia_3Ml,I -COCTaBJilleT O, 6 K3B, 1, 2 K3B, 

1--, 8 K3B If 2, 4 · K3B 1 • - COOTBeTCTBe!IHO. OTIIOCHTeJibHUe -- !JlJIYKTyaUHH 3Hepl'HH 

;cxope1111ux· qacTHU ·;,pH· yK~3aiiuux 311atie11HllX 3Hep·rnu c~cTa~~llJOT "' 20% .' 

' CJJEi'.uyeT-~eTHTb',. 'ITO npe]l.no'.llceu111,1A M~\-o·.n noJiy'ieHH; ~l,ICOKOHIITeHCHBHUX 

HOIIHU~ ny'iKOB - ll03BO~lleT eapbHpOBaTb 3llep~HIO ycxcipeirnux 'i~CT~U (p, - d; t 
3 - - , , , - , ---: , ' , . _- • , ·-: ' . , • , 
He,:·: ,') __ B ]lHalla30lle OT_,·100 3B JlO · yKa3aHllhlX MaKCH~JaJlbHUX 3l}a'ieHHll 3Hepr_HH 

-JlaHIIUX_, 'iaCTHU. ;3T6 B 'c1l0Jti-_oqepe.ub· ]laeT Yf!HKaJlbHYIO B03MOllrllOCTb ]leTl'lJlbH•oro 
'. ·'·, . . " : ';' ' ' ~ -; -.'" - .-.. ~ - ' ' -~- ·- : . . . - . - ; '' : - ' 

HCCJIB]lOBaHHll :3_aBHCJ:IMOCTH ce'i_E!;!_HH'-H.UepHUX peaKUHA O_T- 3H_~prHH · CTOJIKHOBe!IHll 

'iaCTHU _B o6nacTH YJibTpaHH3KHX~Heprttll. 

-- OTJIH'lH~eJibHOll. oc66eHHOC;blD nocTa~ooKH ·- 3KcnepHMeHTOB no ttccJieJ10Ba11H10 

CHJlbllUX , 'e3aHMOlle~TBHi( Jier_KHX HJlep B o6JiaCTH - YJibTpaHH3KH~ ;." 3Hepr~~' -

. CTOJIKHOBeUHll C, ,HCIT0.%30BaJ!HeM. _B~COKOHHTeHCHBHhlX HOlllll,IX nyqwe·:- JiaAHep~oil 

·_ 'nJI~3MU llBnll~TC~ TO, 'iTO, n"OHBJilleTCH peaJibllall BO;MOliCHOCTb ITOIIH3HTb-- IIHllrlllOIO 
· - , • - -- - : - •' - ·. -~38 

rpaHHUY: . .UHalla30Ha H3Mepe11HH - ce'ieHHll HCCJie.uyeMhlX ·peaKIIHll_ ,, (u ~ 10 -_ - + 
i0-42 CM2 { 18/: • -- - • • ~: 

·1.:-

] .l 

·Ir·. 
! 

I ,, 

.! 

~ 

I\ 

,I 

. --.... ~ . 

.\ 
ITpHHHMaH . BO BHHM8HHe- yKa3aHHble , _napaMeTpbl , HOHHblX ' 'ny'iKOB, 

. - ' I • 
Mbl 

npe.nnaraeM ~ua nepBOM 3Tane nponeCTH ; uccne.noeauttf!- cne,/IYJ?111HX - ll.llepuux 

p~aKU~il (cM: Ta6JIHl-1Y 1). 
'I_~ 

; ; 

Ta6JIHUa 1. PacqeTHh!e 3lla'ieHHH ce'iE!IIHA H.Ue_pHUX · l)eaKIIHll 

PeaKUHl! 

p +d :
3
He + r 

d +,d•~-~He'.+_n 
L; t +·p 

d,+·d ➔ .a+ _r 

:3 -·,· 5 ;; . 
d + He ➔ ,_ Li+ 

' 3 .·•i 1 
d,+ He' ➔ He+ 

I , 

3H'eprHll npDJlYKTD_B. 

peaKUHH (M3B) 

E 
n 

E 

E 
•'( 

5,5 ,-

2,5 E"-_=· o;a 
3 ,_ 0 Et :" 1 , 0 ' 

Er_' 23,8 
'I 
'j, 

E = 16~4 r- -

- - ' ' 

-~ 14, 1,; 

'/ 

Ce'ieHHl! peaKUHil 
(10-24 CM2 ),: : 

1 x 10-21 . . 
·1·-x'lct 1

·
3 

.2},10- 1
~ 

3 X lf·B 
- •r, 

· 4 ><. 10~
23 

7 X 10-15 

---
,_ 

1 __ x ,10·-io 

I --
1 X 1·0-_6_ 

I -

3ueprttll' CTOJIKHo:..• 

eeHHll, (K3BJ 

~,4 
-1·,_6 

0,6 

2,4 l: 

o,,6 _ 
2;4 

12 ;o · · 

12 ·o , ~, ' 

'r, 
---------''--------''--------'---------~---------
( B Ta6J;~~e--npu/e.ueliu MaKCH_MaJibHhle 3Ha'ie!IHH 1::rnepniH CTOnKHOBeHHH 'iaCTHU 

· .· .1n,ll .ueyx Bap1iaHToii' notraHCJBKH'. 3Kcn~p_HMeHTO/ ua yciauoairnx CHOIT~Ifr ((pd)-; 

ll 
1
(dd)-peaKUHlf) ,; If. rliT-8 _((d3 He).:.peaKUHll); naAHep llJIKJC -re'e'p.uoTeJibHall" 

- ' ' .: ' '', , . ' ' " ' ' . . ., " ' . . .· . 
MHIJ!eHb · H. J1a81_1ep ;i - caMOCTaJIKHBa10111HeCll ny'i_KH ycxop~HIIUX _ HOHOB ·H 

cooieeTC~BYlD!l1He HM 311aqeHHH~Ce'i~IIHH HCCJie.uye~ux.peaKUHH;) 

Y'iHTUBai· ~.!laJibHeA~~e- COBeplJ!eHCTBOBaHHe TeXHHKH,•,M0!11HUX HMITYJl~CHUX· 
• , \ -:~i , '·, · /19> . /_ ~ - ~- . , ,' ; \. ' - ~ ·• '_ - ' , • 

HOHHUX ny'iKOB e liC3 P,AH _ (MOJICHO OliCH.UaTb. B~ 6J1Hl!Call1J1ee BpeMll ·' llOBUIJ!eHHfl', 
, ~ '1 ' ,, , - , , , ' " 1 \ . \ , • ~ ·' • ,· .._ " , ,'' • '~ 

ypoBHH; TOK a' Ha,, nailHepHylO uarpy3KY JlO 5, 5 . MA) llOllBJil!e_TCH . peaJibHaii 

• B03M~lKH;CTb y'e·e;H'i~Tb -Ha · nopl!.UOK Kax' Macey Jiailuepa, •· TaK -~\ 3HeprHIO 
~ . ' . ' . ' 

ycxope11iillx' HO HOB- 3TO, B .- CBOKJ O'iepe]lb I OTKpueae-i-, B03MOJKIIOCTb ,HCCJie.uoeaHHH -
~ ' • • ' -....._, •,• • ' L r - j < , -'"' • ' • , • , 

H.Uep11ux peaKUHH c Jiel'KHMH' H.UpaMH (He, Li, Be) -·e· :o6JiaCTH YJibTpaHH3KHX 
,-: ,_ . - , . . .... l'. , , . .. , . . 

3HeprHll ·(CM: Ta6JIHUY 2). 

_II. 3Kcnep!fMeHTairbHall. ycTaHoexa 

,,Ha _pHc. 
. ' -, '-
B KJIKl'iaeT B 

1 • npuee.ueua :cxeMa . 3i'criepttMeu-raJibHoA ycTaHOBKH. YcTauonxa 
, . . • -' _; - ., - \'_-. , , - ' - . ,,, , , 

ce6ll M0!1111Ull .BUCOKOBOJlbTHUA , ua11ocexyu.u11ull reHepaTOp,' - I - . - -

-----..._ ', 
/ \, 

. \ 

-\ 

I'., 

; 
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!'MC~ 1 •. CXeMa 3KCl1epMMeHTaJJbHOii y'CTB,HOBKM 

1 - 11ar~y3o'!~hlii i.io.uyni; yc~opMTen.H CHOTT-II~; 2 .'.: .uMaruo~TM'!ecirn~ ~aM~pa; 

3· - JJ,;ii11ep; 4 - MM'weiib; 5 - 1, ,:-.uere'nophl 11a OCHOB'e KpHcTanii'oa: NaI(Tl)' .. (12 

WT.); 6 -_ · JleTe~i-6pu HeiiTpOHOB 11a · ocH;Be .· n.iiacTM'!e·cKOro CUMHTM-~~HTopa. ( 8 

WT.); 7 :- Tp~K~Bh!A .ueT~K;op' 118 'acuo~e. f!OJil!Mep~' CR'-3~ (~R·•,-85): " ... · ·-
,, : ' ' ! I ' • " • -

1" 

*·t••: . ,r 

i \ 

\ 
·') 

y 

: .. ,,,1.~-:...' 

' ' ,~ 

/ 

' 

•• I 
.. ,:_. ; . • ' 1- : 

Hfrpy30'!H~ii MO.llYJ!b C JJBiiHepOM, .ueTeKTOpbl pa3JJM'!Hb!X TMIT~B .UJJSI perMcTpaUMM 

.:nP-□fYKTOB H.UepHux'. · peaKUHii, perHcTpHpy10my10 ·; 3JJeKT'poHMKY H CMcTeMy 

.ziMarll~cTHKH MOHHhlx ny'!KoB. ,, 

I 

. IL 1. Yc,KO_PHTeJJb 

HanpH1,1ep, ycKopHTeJJb CHOTT-III.•(c'M .• ·pHC. 2)· HMeeT '!eTblpe ·cTyneHM 

KOMllpecc~M .. -,:·nepBW!Hhlii HaKOITMTeJJ.b 'jHeprHM- ( 150 K,nllC) ~. ,,TpM 'BO.USIII~~ . 

cpopMMPY~lllH.e · ~HIIMM. nepii~~Hhlii • HUKOITMTe~·b, Bhln~JJHeH a' ~M.ue fl1Ha, HMeJO~ero .. .12. 
. ' -, _,,_ . . . ' . !"'' 

CTy~eHeii, . KallC.UB~ . H3 ; KOTOpb!X : HarpyllCeHa . Ha . nepBH'!H}'IO o6MOTKY 

TpaHctpopMaTOpa; ·BTOpM'!Hble 06MOJ'KH . 'TpaHctpopMBTOp~ . COe.UHH·ii~hl 
• _' I •• ' 

nocne.uoaaTeJJbHo. nlH, narpyllCeH ·. Ha np□MellCyT□'!HYJO ·onMHOYHYJO JJHHMJO c .BO.UHHoii i 

'M;OJlllUHeii; 3BTeM cne.u,"10T· qicipMttpy10maH· M nepe.u'a10maS1 JJMHHH • 

. OCHOBHb!MH • napaM~Tp-~MH,C ; Bh!COKQBOJ!bTHO·,o ' , re!lepaTopa ycKOpMTeJJSI 
. .": ' ·1 ; . . . ·: .... 

SIBJJSIIOTCSI BMITJJMTy.ua TOKB' r. qepe3 . JJBiiHep M .llJJMTe,1bHOCTb HMflYJ!bCB TOKB ·i:.• 
, ' ' '. . '· I l I/ · · '-" ' . . . . . 

.nnH ycKopMTeJJSI CHOTT-III : I = 1,2 MA ·_npM ,:· ="60 HC,. ·a 1.ll,1SI •rHT-8 
, , . . . , . ·(. ,., ' . . ' ,• .' , ' . 

. 5,5 MA·npH.UJJMTeJJbHOCTM nepe.uHero,cppoHTB MMHYJJbCB,TOKB•l,5 MKC.' 

Harpy3o'!Hhlii ,. Y3eJJ · -y~KopHTeJJH coCTOMT, M3 H30JJHTopa ,H BBKYYM.Horo 
'. ·' . . . •', , . : ', \. . ' 

no.uao.ua :rneprMH_ ,K: JJBiiHepy .. , BaKyyMHhlii ·. ITO.llBO.ll· BblflOJJHeH' .B BM.lie KOf!H'!eCKOro. 

:KOBKCHana·, , era 

; HpeBb!WaeT , 40 11r11. 

' II. 2. Jlaii11ep -

MIi.UY ~TH.BHOCTb ',. BMec.Te 

" 

' . - . . 
. c .. MH.UyKTHBHOC!b!O H3p,1HT?pa ··11e· 

. I 
·, t 

t ,. . ' . ·.. ·' .· . 
8 3KCnepMMeHTe npe.unonaraeTCR HCITOJJb30BDHHe JJBiiHepoB 

' ' · , . ' · - ' '/ 20-22/ . : . 
:Uayx_, THnoB: 

.... -,. 
• TBep.UOTeJJbHh!X H ra3oD_hlX · .·· •. · •' 

Teep.uoTeJibHhlii. naii11ep · npe.ucraenRei:_ co6oii c6opKy' HHTell, M3 CH, . ,w6o.,' · 

CD ; .. Bb!ITOJJHeHHYJO B BM.lie. "6e.n.H'!bero , KOJJeca". 
1 
l!HaMeTp ~naii11epa, 20 ,;. 3.0• MM 0 .. a 

,,2 :,- ,... ~ ··. 1' ,. ,~,_' ,··~-~-·,,·, .·_,, 

.UJ!MHa era 10 ,_;" 30 MM. _JlHBMeTp HMTM CH (C.D ). COCTBBJJReT·:7°·- 1_0 MKM.' 
: .··:', 1 •.• .• ,--, .• -'4,·.·:2. 2,-,_. : \,".' 

·_non11aS1 Macca Bcex HHTeii-naA11epa -10 . r. KOJJH'!ecTBO naAuepoR onpeneJJReTcH 

Heo6xo;MMb!M;- c', ;_~'!KM 3peHHR' ;!pH3MKI! 'MCCJJe.llyeMb!X
0 

llp0°UeCcOr K?JJH'!ecTB'oM: 

'cpa6aTblBBHMA ·ycKopMTeJJR •. {noc:ne Kall(.uoro cpa6ai-uoaHMR ycKOpHTe,1li 1ieo6xo.uHMD 

CMeHa JJaf!Hepa). · . . . ' • ' 
- j· • .- ., ' ,. . 1.,;·' . - . . . 

, · f830Bb!A naiinep (CM. PMC. 3, .,4) npeJICTBB,rneT _co6oii IJOJJYIO CTpy!O 

B~.u~po.ua; .lleATepHH .renirn ntt6o •Hx c·r.'i~cH;, ·~opMHp}·eMyJO c · noM~IUbJO Kcinb;teaux' 
J • • • ~ '/ 

conen. JIOBBJJH ·H- MHJKeK1;11pyer.iyJO B. BaKyyM,: 

KallC.Uhlii, M3 s-.uByx , THROB JJBl!HepoB HMeeT.; KBK .' npeHMymecTBa·, .TaK. · H, 
. . , t·. . -

~eJIOCTaTKM •. K npeHMyll!eCTBaM :rai□Boro·"naiiHepa ,OTHO~~TCSI DTHOCHTeJJbHiR 
, - . ) - '. . 

npoCTOTB M3rOTOB.neHMSI I •B03MOJKHOCTb p~60TBTb 6e3' BCKpb!TMR BDKYYMHOA KaMepbl . . I ., . . . . . . ,· . . ., 
B ·. Te.'!eHMe HeCKOJ!bKMX HMITYJlbCOB, ,, 60JJbWee 'no . cpaBHeHM!O . C 

\. ' . '· ,· ,. 

.. \. 
'' .\ 

r 
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CURRENT. 
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VOLTAGE,. 

~PHc.:2. a) ~XeM~'ic~opHTen11·CHOTT-IIIu 

•60 ns 

0 
'.' 
ACUUM 

~iP 
·•,I. 

'I, 

'r ,• ·~, , 

' ' ' ,, > ,·' •' • 

'6 ,· 3aBIICl!MDCTH •HanplllKeHl!ll Ila '113onllT□pe. 11 T□ .Ka. 11epe3 n'.'1l!Hep 

OT opeMeHII/; (opeM'll OT,C'IIITNll ■eT~ll C .. M□Mett+a cpa6a;hl~al!l!ll. BhlC,OKOBO~bTH□ro 
, ' ! '' • ,, •. , \, ' ,, '· ' 

pa3pllllHl!Ka). 
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~.:-.:.· 

·. -,_ ____ _ 

HC •, 3;, ITOCTBHOBKa·. 3KCnepHMeHTa ll peJKHMe ;''.na811ep'-caMOCTanKHBBKl!llHec11 
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ny'IKH 

CC" 



_../ 

~· 

'·' 

!, 
·I 

/ 

-/·,-• 

PHc.: 4. na~TaHbBKa, 3K.cnepm,ieHTa B pe~11Me •ra3oBuii:•JJallHep 

MHlll8Hb"· 

I ,. 

8 

~--

:': 

\· 

ra3□BaH 

·,.: ,. 

. ·~, 

:'}' 

i 
• 1 

J 

1

11 
ll 
q 
il 

·, 

.,,,.,.· 

PeaKUHH 

d .+ 
5
.Li~ p + 

7
Li '+[5;026 M3B 

p +' ~·Li-+- 7 Be + r ·+, 5, 6 M3B 

p>+ -
5
Li~ a.+ 

3
He +: 4,02 M3B 

' ' ' 

d + 
7
Li---+.a +.~He+ 14,23 M3B 

d +· 3He:....+ 
5
Li + 1 + .16,39 M3B 

·ct + 3He---+ _'p + 4 He· + 1a·, 35 M3B 

3 '3 · : · 4 ' 
,He +· .. He-+ 2p +- He + 14 M3B 

6. :.:~''_., '8 . . /· 
d +. L:i.~,,.Be-+,·r,-1:;:,22,~ M3B 

.. ,. , / .'' 
· d + ~Li-+ 2a,::.(':22,4 M3B 

''-\'. ~ ' ' ' 

7··' ,. 8 
p +. Li-+, Be,+ r·+ 17,3 M3B' 

p +' 7 Li---+ 2a·+ 17,34 M3B 

3He.:; ·~He ~ 7 Be + 7 ;I- 1,6 M3B 
' .,. :; . - ., 

'4 ,,- ' 6 . . 

d + He,---+ Li_+ 7. + .l,_5 ,M3B 

__ , ... ,--·, 

d +. t -+·a-+ n,+ 17,6.M3B · .,,, ' '·". -

.-, 

t: + ·t ~ a'+.•2n:.+ 11,3 M3B 

'.•"' 

/ 

'/, 

I 

3HeprHH 
npoJJyKTOB" 
peaKUHH 

0

(M3B) 

E ~.5. 
p 

Er 5,6 

.E =. 1, 7 
a. 

E = 2,3 
He 

Ea_= .7, 9. 

EH•": 6;3 

E ~ 
7 

16,4 

E. 1= 14,7 
p, 

E 
He 

= 3,7 

cnJJOWH□ll,'.' 
cneKTp 

:E ~ ·22,3 
' 7 

Ea·-~=· 11,2 

E ~ I7~3 
•-.:..7•,, ' ' 

E ,=. a;61· 
a ·/ 

Ei,= 1,586 

E =-1,475, 
' ',7, ', ·,: '' ' 

E~ = 3,5 

.E 1= 14,4 
n .- · 

CilJWWHOll ' 
cnenp. 

9 

\_ 

Ta6JJHU,a 2 
-;, 

.PacqeT~Ue,3HaqeHHH 
· ceqeHHH peaiuHH npH pa3JI_., 
3HeprHHX CTOJJKHOBeHHll 

'-2 4 · 2 
,, ( 10 · ... CM ) / 

2 ' 
10-10 ( 15 K3B_) 

7'' 10-1.3, (9 K3B) 

·. 3 ' 10-1, I (9•K3B) 

1 " 
10:- 7

. (15nB>? 

---
1 ',10-

10 
',, (12 K3B) 

1., _..,,, , ' 

'·, 10_~· (12 K3B) 

. 
1,:10-10 . (30 K3_B)· 

5 ' 10- 1 .- : ('30 K3B) ,·, 
----

1· ' 10-.i 0 (15 nB')· 

-1 '4 -
. 2 ',c.10 .•. , (9 nB) 

---
8' 10- 13 1 (9 K3B)-

2 ·, 10- 19 (17 KiB) 
C J ~,' 

5 , 10= 1 s· · (13 .K3B) 
•- .t 

. ·-14 · .,: . · 
4 ., 10·' . .(0, 72 K3B) 

6 ·; 10-• ci;·aa ic;1~J ._........_, . 

1 , ·10- 1 5
· . ': _( 0, 9 K3B.) 

' -1 
2, 10 (3;6 K3B) 

.. ,,,.'"'"---......., 

,, 
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KbJJHqecTBO Boaopoaa HJJH aeATepHR. HeaocTaTKaMH. ra30Boro JJ~AHepa ~BJJllDTd~ 

"HeOll~OpOl!HOCTb era TOJJl!l~Irn no. ;JJH~e ;' CBH3airnaa C 3TH~ .·HeO,l!lioepeMeHHOCTb . . ' \ -~ . ~, . . . 
npHXOlla qac_n1i.t K .OCH -.1aAHepa H .MeHbWee BpeMll cymeCTBOBal!HR JJafmepa B 

YCTOA~HBOM . COCTOHHHH .' TBepnoTeJ!l,Hl,IA ,1a.A11ep, 'HeCMOTpll _·Ha '11aJJHq11~· T'l!Jt:eJJIU 

npHMeceA, ·60,1e·e_ o.zrnoponeH _110 · . .UJJHHe: H -60.nee. ycToAqHB B .·ciicaTOM., COCTOllHHII. 
- .. . . . ,,. -~-· ,_. ~ .. I . _. . .. ~ • • . - " 

npeanonaraeTCR Ha_ HaqaJJbHoA cTallHH 3KcnepHMeHTOB pa6ora·c.naA11epaMH o6oHx 

THllO~ H irn6~-;- O~THMaibHOA K6H_CTpyKu~ii: H rnna_, ,'iaAHepa; '' ' - : .·i .; . 
B KaqecTae MHmeHH npennonaraeTcll: HcnoJJb3_onaTb .KaK HenocpeacTBeHHO 

JJaAHep :- ·,B · 3T~M. c;1yqae no .llOCTHl!CeHHH, K011e'q110A -q>a31J Cl!CaT~R- ii'aAuep~ 6yae:,. 
' ,. . . ·. . ' --- . 

npOHCXO,'lHTb B3aHMOlleACTBHe npOTHBOnOJJOl!CHO .. HanpaBJJel!Hl,IX noTOKOB. qacTHU,. 

·.Tai< H Tee;aoTeJJbHY~- JJH6o. ra3oByD_ MHUJeHH. (~eepndrenb~a-a MHWeHb - HHTb H3 

CH2 (C~~), pa~no~ollCeH'.H~ll Ha ~~~ JJ;A~epa;· ra3.~BaR MH~eHb : CTPYll ra3a (Hz·· 

D2),. qiopMHpye.Ma,a conJJaMH., JIOBaJJH H HMeDma_ll HanpaBJJeHHe· B~OJJb OCH Jia~Hepa). 

· :-.:c--. BupaJKeHHe n;i'i:r onTHMaJJbHOA · ·, Mac cu ni1A11epa • Ha · ·ellHHHUY ,.~, llJJHHU 
' •-. ' .· . ' . . . ' . ' ' ,' ...,.. . . 
onpeneJJlleTcll' B rHllPOJIHHaMHqecKoM_:_·npH_6.JJ_Hl!CeHHH. KaK: -- . 

• M(r/cM).'= 2·;, 1010 ·x 12 (MA) x ,ln(R/r) ·x v· 2 (cM/c), 
_., • • • ,.·. I • '.- .• 

.0) 

r ne M - Mace a JJaAHepa. Ha ; eaHHHUY llJJHHl,I. . I - . TOK ycicopHTeJJl!;. 'R,. r ~. 

Haqa,%HUA H K~~eqHUA pal1Hyc1,1 JI~A~epii; V - CKo~bcTb_' HMriJJo~-HH iaAHep~ ·11a 

KOHe.qf!QM 3Ta~e. B~6Hpasi ha'paMeTp~ naii11epa, R = 2 c~. r = 0,1 CM, L ~- 3 CM 
-, .~ -·~- .. , . ' .. :· -~ - . _.··- ... '-\ ·-'4 ·- ·--.,·- . 
(llJJHHa~naAHepa), Ml,I noJiyqaeM, qTo llilll MaCCl,I JJaA11epa,2x10_ ... r-MaKCHMaJJbHall 

_cKOpocTb ·H _ 3_Heprnll ycKOpeHHU~-- -npornHoB . npH I = 1: 2. MA'---'(CHO!l-III) 
. . . . . . ·- · · 7 .- . -~ -·.' . -~<. ' . . . , "- . -2 0 

- COCTaBJJllDT 3,5 ;_ 10_ . CM/C H 600 3B, COOTBeTCTBeHHO_ •_(Ip • ., -6 X. · 10_ 

'npo'._()_110B/HMnyJibC) . 

. .. .ilJill <aonoponiioA KOMn03HUHll JiaA!lepoe ',(CH .... CD.) naHHoe -3HaqeHHe MaCCl,I · 
..::,-."" , . . · , · . -. _ _ z . z._, .. •, : , .: . 

-no3 BOJilleT nonyqaTb KOHBeprHpyeMUe. noTOKH :HO HOB B ,npouecce HMnJI03HH Ha 
· -- 19 . ·.-.. , ~~ : · " ~ " 

ypoeHe 10 . _qacTHU. e HMnyJibCe. 

.. a· npennaraeMux : 3KcnepHMeHTax npH · pa6riTe c ieepnoTeJibHOA MHWeHblO, 
. ' - - - . . - _, ',' 1.,, ·._,,., , . 

··pacnoJl'ol!CeHHOA no ·ocH JiaAHepa. r JiaBHOH •. Tpy;IHOCTbD ·• npHHUHnHaJlbHoro 

,. xapaKTepa - HaM. np_ellCTaBJJlleTCfl • CJieny~Iiiee·;· . Ha KOHeq1100· .. cni.riirn . Cl!CaTHll 

JiaA11epa, ·10-3a pa3BHTllll 'plllla HeycTOA<tHBbCTeA, B
0

b3MOJKHO noReJieHHe _qacTHU C 

3Hepr11eA · 100 :.:·, 3QO. K3B. C:01::'nactt"o. ~MeDIJ(llMCH. 3KcriepHMeHTaJlbliliM. aaH;l,IM llOJJll 
.' ~ ' -12 ·· -io - · · • _ . ' . 1._ .:. 

3T_HX qacTHU' COCTaBJilleT . 10 · - - 10 _OT noJJHOfO · qHcJJa ycKopeHHl,IX . HOHOB. 

n~cK0,1bKY · '.~eqeHHe. HccnenyeMux- peaKUHH B llHana3oHe : 3iieprHA ;,._- c~;HH· · K3B 
-. . · · . . .:.28 ,• 2 .· • 

co,cTaBJJlleT BeJJHqHHY ~OpllllKa · 10 . . C::.lo!.:•:. TO BUXOll peaKUHA ·. npH OllHOM 

cpa6aTl,IBB,HHH ycKOpHTe-JJll: ClT' Bl,ICClKO;!HepreTHqHl,IX qacTHU 6y)leT •.. cpaBHHM. C . 

q11cno~. pea.KUHR O.T·· <iacTHU B' llHTep·e·c::yDUlE!M Hae· JlHana3C>He 3Hep!'HA •. 
- . ' . ' - . ' . 

B03MOl!CHl,I aua, nyTH peweHHR .. 3T_bA _npo6JieM!l. nepa'uA. - H3 HHX/2
3

/ 

3aK,1loqaeTCll · B TOM; qyo pacnOJJOl!CHB Ha· OCH JJaAHepa· TBepaoTenbHYIO . MHWellb 
·-:--,. . \ ' . - ~ . . ~· \ 

.,-, 

',-----, 

.• 10 

'1.h. -

p· - -

l
-

J ; . 
l ·_-

-~ ~-

:r 

-.. _\ 

iori·yci-irn pa.3BHTHll HeycTOAqirnoc_TeA 'a ITJJ8.3Me • 
He 

KOHeqHoro .'miaMeTpa MU . He ,nollneM. inci ¢a31,1' KOHe'!Horo 

. BTOpOH MeTOll 3aKJJDqaeTCll e· HCnOJJb30BaHHH 
no.iu/24

/ .• 
··BHewHero. _MarHHTHoro-

no,1y••IeHHhle . K HaCTOllll!eMy epeMeHH pe3yJJbTaTl,I .CB!flleTe,1bCTBYIOT .. _ 0 _TOM,:·-_ 

qTQ HaJIOJKel!He. iKCHaJibHOro· BHe~Hero MarttHTHO~O ITOJJR cyll(eCTBeHHO 'ncinaB,1llE!T 
' ' - - . . . .. -

pa3BMT_H!~- HeycToA•1110·ocTeA- H CHHlKaeT COJ1ep1.<a1rne Bl,ICOKO:rneprHqHl,IX _qacTHU Ha 
' -- . . . . - . - - - . . . -- ,. . . . 

. HecK·OJlbKO HOPll.llKOB. 

. , .. , llpyrHMH -~PYllHOCTSIMll'. TeXHHqecKoro nopanKa · (Ii rrnaHe :neTeKTHpoeaHHll 

nJ')OllYKTOB HCCJJeayeMUX ~eaKUHA H. ::pa6~~1,1.-,·perHCTpHpyD~e8 .·· '3.iJeK~pO~HK.H) . 

l!I(JJllDTC/1: ;OCTaTQqH.O MOll(HOe TOPM03H~e H
0

;JJy~eHHe.;_ B03HH~aDll(e~· npH .pa60Te. 
, , . , •. • , --;--·-, -~ . I •. ': - ,, . , ·,.,· • • ,, ,, . ·-. .- ' . 

Cl!JJbHOTQqHoro ycKopllTeJill, H 3JleKTpOMarHHTHl,le 'HaBOllKH .. · · --
. "\ ' . - ' . --- ·-

1leTeKTop1,1. '¥:-KBaHTOB, i!eAT
0

pOHOB: H_ ,3aplllKeHHl,IX :qacn1u 

KaK. Bl!llHO. H3 Ta'6JIHU 1, · 2 , .nponyXTl,I 'HCCJienyeMux: HllepHUX. 

npellCTaBJJllDT •c~60A '-'l,-KBaHT~, :~~e-ATpOHl,I ll 3apl!lKe~111,1e qacrnu~ •. 
,. ' . . ' • ·,. . . . ._ . . 3 . ' . • . 6 • " -'·: .. /'.'7'"; 

lIJJll ·perHcTpaum1 ;-K_BaHTO_B -(pd)-; (d He)-. (d Li)-, (p' Li):-, 
3 •. 4 ·• -· · · · . · · ... • : , ,".. • . ' • , ·. . • ,.• •. • • 

( He, He)-peaKUllA: HCnOJJb3yeTCll 12 CUHHTHJIJlllUHOIIHl,IX lleTeKTcipoe.·- Ha ·QCHOBe 

· · -•-· NaI(Tl) llHaMeTpo~ iso MM H ·~onm11HoA 150 MM, p~~no;10JKeHHUX 
' - . -- , - , . ., , ''. '• - ,• 

CHMMeTpHqHQ OTHOCHTeJJbHO OCH .. JiaAHepa Ha'. paCCTOllHHH :nOpll~Ka,.1 .. M. · 
. . lIJIH H3Mep'eHl!R ~iixofa HeATp~H~J ·pea;UHll (dd)-CHHTe3·a. H onpe.iie.rreHllll llX 

·'. -_ ·.' " '. ,·. ·,'· .-. : ' ·-~-: ': -.. ' :-,, . ~-- ! ' ..... ' ' . - ' ' - .-: '. .• ,·, • 1,, 

3HeprHH B 3KcnepHMeHTe HCnO.!Jb3yeTCll. MeTOllllKa no epeMeHH npoJJeTa, BoceMb ' 

.n;TeK·Top~e Ha_OCHOBe· nJJaCTHqe~KOl'O. ~UH~THJJ~ll;~pa .. pa3M~p~M. 756 x· too . X 100. 

~M
3 

',, (Ka)Kjl,IA: :~H3 . HHX. npocM;.;:p11saeT~H C ,.;opuoe . .IIBYM~ _<;3Y . XP~020) 
;. ,_. • : , • ' • _-,., .' · .,,.- . : , : .' , , . • ·, - . , __ .- L· .- l<._ ~ .. • ~ • - • ·, 

·. • ycTai-IaBJJHBaDTcll 
0

0THOCHTeJI_b110 _JiaHHepa .Ha pac_c.TOllHHH 3 M (_nponernall_ 6a3a)'. 

. B. 3TO~ cnyq;e c11r:11aJI;M ;.~p~rr~p ff llB.n~eTCH CHr_H~JI: OT'. llE!TeKTOpa TOpM03H~r~ 

H3JiyqeHHR, B03Hl!KaDmero npH IJOllBJJeHHH Hanpll~eHHR H~: Bl,IXOlle ycKOpHTeJJll: 

' . Periic'-rpaUHH 3apl!~e11imx . qacTHU ocymecTli~~eTCH TpeKOBHMH aeTe~~o~ar,m 
·... . : . : --- : . ' ' -, ' . ' • . /25/ ... '. ' . .. . . • ·.. . .. .. .. : '· 

:H3 'noJJHMepoe CR-:39 H,.. CN:-85 . (TOJlll(HHOA N. l ,'MM), piwnoJIOl!CeHHl,IMH ,BOKpyr 

;~AHepa Ha .. pa~cTo~~HH • 5 - 7 ~~ · ~T era oci '(.neTeK;op~'. CR-39. ~<CN-85 
• ' ·, ' . ', .. '. •.· , ... • . . . ·., . . . c. .' .. • .. ' . . : . - ~ . . ·:. . , 

noJIHOCTbD noKpl,IBaDT 6oKoByD noeepXHOCTb .. nonoro UHJJHHllpa-onpaBKH, KOTopul! 

llB;lleTcHHapyl!CHUM.'KoaKcHaJJbHUM QHJIHHllpoM mi ;THOUJeH~D. K ~aAHepy). · -
-' ;<, :. • '- .. - : : ". -~ '. . . ' ' ,' i " \ - '. -: . ' • ' • ' ' 

I 
TpeKoeue neTeKTop1,1 _CR:-39. (CN-85) ·, n03B0JlllDT. perHCTpHpoeaT,b llpOTOHl,I 

. -6one~ TllJKe.JJ1,1e 3apl!l!CeHHl,I~ 'IaC;HUl,I B npHCYTCTB~H ._'3Haq
0

HTeJJb'Horo:, (jJOHa 

;-KeaHToe, Hel!TpoHoe·,: Mo~111,1x• 3JieKTpHqec~x H MarH~nmx nonell/ilo3HHKaDmHx • 
npli ~a60T; CH.nb~~TQqHoro'ycK~pHTe~l!. , . -

' . ' .. , '· ,.,, , - . 

OllHoepeMeHHOe · ... _H.cnonb.30BaHHe ... e . ,3Kcnep11MeHTe :· ..neTeKrnpoe: · pa3JIHqH1,1x 

THnoe ~-03BOJJHT c · ~-llHOl! cTop;}11,1 orip~;ie~HTb co□THDUJeH~e ~ex.ny pa3JIH'IHUMI! 

KaHa~aMH HCCJJenyeMUX ·. peaicuiiA; ~ a C. apyroa - ; ·nOBl,l~-HTb ,llOCTO~~PHOCTb 
,'. .' . -- '' . . . ' ", . '. . ·, . . : ' . ' . -. . " ~ - ' ~ . ·. ~ 

__ nonyqeHHUX' pe3yJibTa1:oa, HanpHMf;P, . _B cnyqae·_ (dd)-peaKUHll: Bl,IXOll' llllep 



\_ ' 

.H3Mepe.HHllii C IT0M0IUblO TpeKOBllX .neTeKTOpOB, . H .. BllXO.U HkiiTpOHOB, H3MepeHHllll C 

ITOMO!Ub!O BpeM!!ITpOJJeTIIDro cneKT·p~E!Tpa, . .l!OJIJKHU COBITa~aTb 1,1ell(.ny co6.ol!. KpoMe·· 

.:noro IT0!IBJJ~e'rc!! peaJJb~a!l B03MOJKHO~Tb KOpp.eKTHOro y<1e'ra; (jJOHOBU~· 
' . •. . ·.. . ~ . 

·npoueccoB, .. C0ITYTCTBYIOIUHX: npoTeKaHHIO H3 y•rne:.iux peaKUHll. 

II~ 4. PerttcTpHpyIOIUa!l :JJieKTpOHHKa. 

- 11CITOJ!b30BaHl!e pa3JIH'IHUX .. THIT0B .neTeKTOp0'B · ,UJl!l .perHcTpauHH npo.nyKTOB 
' ·•; '3 ' .· . . 

.• HCCJie.nyeMUX (pd)-, (dd)-,-,: H (d He)-.. peaKUHll Tpe6yeT, c · y'leTOM cneuH(jJHKH 

pa60TU CHJ!bHOTO>iHUX HMITYJibCHUX -ycicopHTeJJeii, ITPHHl!l!ITHaJ!bHO ~TJIH,'!IIOl! .npyr 

OT ,.npyra: opratt11iauim' 3JieKTp;~llOA' ~orHKH, 3KcnepHMeHTOB .. 
. ·. - . . ;_ , .· ' -_ _-' . ,·:, . : . / . 

Tax KaK ce'leHH!l, HCCJie.nyeMUX npoueccoB onpe.neJI!IIOTC!l .Ha 0CHOBaHHH 

H3MepeHH!l'BUXO.ll0B 7-KBaHTOB'H.Hel!TpOH~B, o6pa3yIOIUHXCH B (pd)-,,'.(dd)-'. 

/ 

. .. . ' ~ ,, - / . . . ·-.. 
(d3He)-peaKUH!!X, ·npoTeKaIOIUHX.B ,:e'!eHHe 'ycToii'l,HBOii (jla:rn z:_nHH.'!a (10q (Jo,, 

He), Heo6XOJIHM0, ' 'IT06u , HH(jJopMa1mii o ·3aperHcTpHpos~111111x - co6blTH!lx · npH 
( - . ~ " 3 '. . .'. ' • '• . . ,, 

H3y'lel!HH''(pd)-, (dd).:C H (dHe)- peaKUHii BKJJIO'!aJJa B ce6!! CJie.nyIOmee: __,. 
. . .1 . .· '- '' . ' ,- '.'"-. 

. a) 'speM!l · ITO!!BJieHH!l 7,KBaHTa -OTHOCHTeJJbHO MQMeHTOB Ha'!aJJa 'BUCOKOBOJ!bTHo'ro 

Hl4IT.YJibca. H ,MaK_CHMaJJhH-Oro Cll(aTH!l Jialliiepa ycTaHOBOK .. ctt'pn..: II.I _H fliT-8; 

, 6) · a~nJJH,y.ny __ cHrnaJia c · 7--.n.eTeKTo'pa (.l!JI!l n~cne.nyIOmero.' oT6opa · co6uTHA; 
_! . ------~ • ' •.• . •~,_;:_. ··. , • - - : : . ' ·• ,• - ' . 3 ' 
,'JieJKaIUHX 'e' o6nacTH perHCTpaUHH 7:..xeaHTOB "(pd)-, .. (dd)-," (d He)- CHHTe3a): 

.. . . ' . ', - : ·. '. 3 . '' ' ... ·,· .- ' -
, E

7
(pd)=; 5,5 M3B;.'E

7
(dd) _ = .23,8 M3Bi :E-,(~'.H~) ,,; 16,4 M3B. ' 

·· · KpoMe 3Toro, a· cJiyqae.,. (dd)'-peax_UHH:· epeMH noiieJieHH!l cHrHaJio_B _c. 

HeiiTpOHHUX . .neTeKTOpOB, pacn~JI0~eHH~X . Ha . paccrnl!HHH 3 M .. OT · JJaiiHep'a, • 

• . OTHOCHTeJibH0 _ MoMeHT0B . Ha'!aJJa '· eucoxosoJJbTHoro · HMITYJibCa · H Maxcm,iaJJbHoro 

: ClKaTH!l JiaiiHepa: 3a,nepJKaHO" Ha -137 · He',,( ~peM'l!. ITp0JJeTa Hel!Tp0H.OM. c· 3He.prHell · 
' ., . ,.· . -,. . ! ~: ' ', --- : , f • • . • • -_ • 

2,5 M~B .naHH0l! 6a3U COCTaB~lleT,137 HC)~ . 

EJJOK-CXeMa ·perHcTpHpyIOiuell 3JJeKTp0HHKH B · 3KCnepHMeHTe - no H3MepeHHIO ·' 
' . ' .. : 3 - . ,· • . • . ' .- ' > . 

·. ce'!eHl!l! (pd)-, (d He)-peaKUHA' npliue.neHa• Ha' pHc. 5. PerHCTPIIPYIQIUall 

'3Jle~TpOHHKa, BKJIIO'!aeT-c 8 ce6ii 12 H,UE!HTH~l!UX, ;aHanoB' (KOJIH4ecrno' KaHaJI0B 

onpe.neJIHeTCll ''IHCJJ0M 7-.neTeKTOpOB), - KaJK,nblll H3 KOTOpU~ ~-.C0CTOHT" 113 

~Mo.aepHH3HP~;aHHOro npeo,6pa3DBaTeJIH '3apH.n-xo.n KAOoi; - Ha - . ~--x~.n ,KOTOporo 

IT0CTynaIOT CHnianu c aHo.na '4>3Y, · XP2020, -COOTB~TCTBYIOIUero 7-.n~'rex:ropa: 

(jJ0pMHpoBaTeJIH KJI352 

CHrHaJI , c nocJie.nHero· .nHHo.na 4>3Y no.naeTCll Ha uxo.n ·-Mo.nepHH3HpoBaHHoro 
'. ~ - • ·-· • ··, _, - ._ ,/. ,· • ., • _-- r' ;_ '• 

,( 1201). ·• C ·. ,uux~_,Lt0B (jJ0pMHpOBaTeJiel! 'lepe3 

ripeo6pa3oBaTeJJb > ypoBHe~, 'KJI3_51 . CHrHaJIU .:C--ITOCTyITaIOT. Ha BX0.l!U "CTapT" 

speMH-UHqipoui.ix · npeo6pa3ouaTeJiel! KA31 Tr (KA371). Ha - axo.nu.: "crnn"_'' ·ucex 

np~o6pa3oBaTeJiel! no.naeTC!l . 3a.nepl!Ca111iul! Ha · ,s' .. 120 He · ·. (.n.nHTeJJbHocTh 
" . • .,_.-,•i I , -• . ·. •· . - ' 

JUCOKOB~JlbTHoro HMITYJibCa) cHrHaJJ ,Ha'!aJJ~ BUC0K0B~Jl~TH0ro ~MITYJibCa. 

Ha; sxo:U, "Ynpas
0

JieH·m/1" npeo6pa:iouaTenel!·, KA00l ._noc'rynaeT HMrIYJihc.' 

-:-, 

,,nJIHTenhHOCTbIO 10 ··He c uuxo.n,a ~opMHpoua'renell-KJI352·. ycrn~osneHHhlX 'ii 1 ~all(,nOM 

. ..--- · H3 · . coo'rseTCTBYIOIUHX Kauanos. KpriM~ · . ' · . 3·Toro; ,!lJ!ll - H3MepeHHll. BpeMe~li 

,·_ 

' 
'\ 

. ,,12_ ,\, 

,, 

i 

(~ 
-·~-

J.:-.:· 

'f: 
-~'· .,./: 

;.. 

DELAY 

.;,,J 

5. - s.imx-cxeMa perHCTPHPYIDl!lell 
H3MepeHHIO (pd,)-peaxuHH. 



• B03HHKHOBeHlrn HeycTOli'IHBOCTeii Z-nHH'!a o'T.HOCHTeJihHO Ha'!aJia_ BllCOKOB0,1hTHOro 

· HMnynhca; s· 3JieKTpOHHOii JJorl!Ke .. npe:UycMoTpeH eme o.nii~ • npeo6pa3oeaTem, 

BpeM-~-K~ll (KA317; KA3"71) Ha BXOl!. "cTapT" KOTOPO;O. n°0.naeTCll

0

' ~HrHaJI-. na:iana 

!lliCOKOBO:.'lbTHOrCJ , HMnyJibCa, a ;r:._BXOll "CTOn" - CHrHaJI O TbM·, 'I;~ .i!al1Hep 

Ha·xol!HTCll B. MaKCHMa,1hHO ClKaTOM COCTOl!HHH. 
,,,.,,.• I, 

:EJIOK-CXeMa perHCTpHpy10meA 3JieKTPOHHKH ·s 3KcnepHMeHTe ·no 'H3MepeHHIO' 

- Ce'!eHHll (d.1)_-:peaKUl!H-npe,ncTailJleH~ na p~"c. 6 •. PerncTpHpyIOIU~ll 3JieKT~OHHKa 

BKJIIO'!aeT s ce6ll, · KpOMe CHc:reMU perHcTpaUHH t-KBainos, .OnHcaHl!OA auwe; 

TaKJKe H CHCTeMy perHCTpaUHH cneATpOHOB C - 3HeprHeA 2,5 _1\13B· rfo speMeHH, 

npoJieTa, KOTopal! _npe.ncTa_B;lleT ,- co6ofl I 6 ~l!eHTH'lHllX. KaHaJIOB · _(Ha · KalKl!llH 

neATpOHHllii .neniiTop :.:.npHXOl!HTCll 2 '. KaHaJia, •. T. K., er·o· · ·CUHHTHJIJIHTOP 
. ' , - . ' . \ - ' 

npocMaTpHaaeTCH l!BYMH ,<ll3Y_ XP2020). CHrHaJI ·c· aHo.na. Ka;.noro_- <ll3/ nobiynaeT ,_. 

Ha, qiopMHpOBaTeJih ·,KJI353, a 3aTeM Yepe3 ripeo6pa3'os1neJih yposueA. KJI351 

nocTynaeT _Ha ax~.nu "c-i:on". ·npe~6p.a3o~a;¢neii speMH-KOl! · KA317 ··(I<A371), ··Ha 

BXOl!ll "_cTapT" 'Cscex npeo6pa30BaTeJieii. no'.naeTCll 3a.nerilK~l!l!llH Ha .. .137. l!C ,CHrHaJI 

Ha'laJia .. sucoiosoJibTHoro 

npeo6pa3cJBaTem; speMl!-KOll . -

.)-!MnyJibCa.• 

(KA~17; 

· B :. c11c:reMe ' 

KA371 ) , l!Jlll 

npe.nycMoTpefi 

H3MepeHHll 

TaKlKe 

apeMeHH 

803HHKHOBeHHH neycTOii'lHBOCTeii .. Z-nHH'la OTl!OCHTeJihl!O-. ua<JaJia BllCOKOBOJihTHOrO 

HMnyJihCa. ·-- I 

npe.ncTaa.1e'ilnaH perncTpHpy10mai 3JJeKTpOHH!rn ·· ·.nJIH • npoae;ieHHH . 

3Kcriep~MeHTOB co6paua H3 CTairnapTHllX, 0 6JIOKOB B CHcTeMe KAMAK· .• co 

CTaH.nJpTHllM_npoToKqJio~ o6MeHi: , 

. . C6o-p_ HHcjlOpl,\aU~H C. 06eHK° CHCTeM· oty1UeCTBJll!eT9H-· C noMOIUhlO 

perncTpa,KP 007 H 111iTeJIJieKTyaJJb
0

HOro Kpel1T-°KOHTpOJJJiepa KM 080 .. 

/ CB!l3h K~ fl.BO c .IBM P~ ocy~ec'TnnHeTCH no rrpoToKoJiy RS~232·_-

- 1,..--

BXOl!HOro 

n. 5 • .ilHarnocTHYecKaH anrrapaTypa -l!JIH KOHTponw npo~·ecca· cjlopMHponaHHlF 

z-nHH'ia 
~-. 

1) .ileTeKTOp TO~M03HOro H3Jly'leHHH - CflOT03JJeKTpOHHllii perHCTpaTop. /_ 

2).BucoKOBOJJ~T~ll~ .neJIHTe~H. 

3) dB/dt - 30Hllll• :·>--

III. npoae.neHHe 3KCnepHMeHTa 

',, ''. 

l13MepeHHe i::e<JeHHii HCCJJe.nyei,111x' Hl!epHUX peaKUHii MOlKHO' npoBO)lHTb B 

pa3JJH'lHllX - a'apHaHTaX. nOCTaHOB:KH .. 3KCnepHMeHTa:· , I) TBep,noTeJJbHliii JI8.8Hep ·._ . 

TBep.noTeJJbH~H._ MHWeHb; 2) . TBepl!OTeJihH.llii JiaA~ep ,;.• ra3oBal! MHll!eHb; 3) 
~ ' ~ - : I . 

. ra3osuli_ naliHep - r~3oBal! MH_weHb ; 4) ,JJaii_uep - caMocTaJIKHaa10_l1l!'feCll ny'lKH. 

npHHHMaH BO BHHMaHHe napaMeipu-~OHHllX nyqKQB ycKopHTeJJ~A CHOn~IIi H 

nn-,8.1 a 'TaKlKe 3cjlcjleKTHBHOC=i'.b perHCTpauirn npo.nyKTOB. HllepHUX peaKU
0

HA,, MOJKHO, 
·- - . ' . ·-, \. . 

' "- '· 
14. 

' .,·";./~, 

< 

,(t .. 

.-.-~R"-·j. __ -_ •• ,.._ ").··· ·_•.·; .. I ·-, .. I ,,,. , .'-,, 
- . , - ..,. 

~- ·_ ·: •' '-.-:- .,.,~ ... 
,, ,; 

. ·l 

·_1\··:"---,,,,,·:-,, .. . - , 

1 ·i - , 

t. -~-- ,~,.;.4-1.. ~ ' \ ;~.:;,, r 

·) 

" 
~ 

~, ' / ' 
PHC._ 6. EnoK-CXeMa perHCTpHpy10meA'· 3JleKTpOHHKH B 3KCnepHMeHTe 'no 

- . , ' ' . 

H3MepeHH~ Ce'leHHll (dd)~peaKU~H-

: 
'-. 

f 

> 15 



'\ 
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' l 

i 
-1 

OUeHl!Tb, B Kat.teCTBe ,'ITpl!Mepa, Hl!JKHl!e f paHl!t.tHUe ,;:a~eHl!H ,1!3Mepl!eMUX :ce.t.teH.11!1. •. 

ITpoueccoB, ( CM. · Ta6m1uy 1) ,z£;rn . .llB.YX . Bapl!aHTOB ITOCTaHOBKII 3l(Cnep11MeHTOIJ: 

. 1) :.ll: 4). OU~Hl(I! 1!3MepHeMUX cet.teHHA peaku11A .• .QJIH · aap11aHTOB. ITOc~aHOBKI! 
• .. • ,. / • " - J 

3KCITep11MeHTa. 2) ·II 3) .lleJKaT BHYTPll llHTepaaJia ·• orpaH11ieHHOro .np!!Be.uemIUMII 

; Hll;~ ~~eHKaM~ C;e~eHl!l! irnH Bapl!aHTO~ 1) ll 4 ): . 

III.l. (pd).:.pea~UIIH 
1· 

,Pa_ccMoTp!!M ITpoae.ue1rne 3KcITep11MeHTa ITO !13Mep-;Hl!JO cet.teH1111 · (pd)-pe.aKLlllll: 

. Ha. yc1copHTe,1e bion-rrr.· B .- IT~CT~HO~Ke 1) H ·4) •. B_nepBOM cJiyt.tae B Ka'leCTBe 
.,... • • , • • • •H • • • • • • • ••, • • e ' • 

Jial!Hepa l!Cl10Jlb3YJOTC/l .. HIITI! 113 CD , a .·M11weHbJO, .. ·pacITOJIOllteHHOA ITO . OCH. 
' . . . . . . 2 ' .. ,· .. ·. ·. ·. ' 

Jial!Hepa, /IB~/leTC/1 ·. ~l!Tb. 113. CH
2

: ·Bo BTOpOM_ CJiyt.ta~ l!CllOJib3Ye_:rcll . m~fiHep B. 

Bl!Jte ITOJIOl! ra30B0l! CTpy11 (CMecb · ra30o6pa3HOro ·.ueATep1111' .II B0.UOpo.ua B' 

cooiHOweH1111 KOHUeHTpau11li 1: 1) -, c.iiyt.taA caMocT~JIK11Ba~miixc11 ITOTOKoe-110HoB 

B0.UOpO.Qa II .Qef1Tep1111., (.llOllO~!IIITeJibHa/1 MIIIU8Hb: o~cfrcTByeT) B o6JJaCT~ ~Cl! 
• - . ··, -.,' . , .. -. ?._; -., ' 

Jiall:Hepa. 13 .uaHHOM 3KCITepl!MeHTe. ITp0113B0.Ql!TC/l per11cTpa1rn,1 7-KBaHTOB (p '+ d 
3 . . • ·. .. . , .' ·. . . '• . • . ; . . .. ·:" ' . 

He+ 7) c :rnepr11eA 5,5 _M3B .QBeHa.lluaTblO NaI(Tl)-.QeTeKTOpaMI!, 

. B, > CJiy'qae 11cnp~b~OBa;1,HH. 'JialHi~pa . II . TBep;oTeJib.~Oir _MllllleHI! . MOlltHO 

onpe.uem1n , HlllKH
0

IO!O ·Tp.aHl!t.t~YlO. oueH.KY cet.teHl!/1,: (pd_).-'peaKUl!ll (B; pac'!eTe Ha 

UIIKJI cpa6~rn:e~~~H. ycKop11Te~ll): · · · · .. 

1· 
CJ'. 
. pd n;x .c-,x lx. Id 

' . . . . ... ',. ,. ·. 22' . .:3 ' ... 
llJIOTHOCTb BO.QOpo.Qa B Ml!llleHI! (n = 8 x·l0 ,CM. ); 

,•C , ; ·,. . .•. ·,' . • .. r . 
- 3¢(jleKTIIBHOCTb :per11cTpau1111 7-KBaHTOB;" _ 

•• " •• • ;- • " '\ - >, ' .. - ' ' • ' ,'. ' ' - • ' ~ ~ -,. - - 5 
.QJIHHa cnpo6era .ueATpolla B. MllllleHH (.1 - · 5 ._x 1,0 -CM); 

I - HHTeHCllBHOCTb .ITOTOKa;•.neATpOHOB; ·na.ua~m11x II~ Mll~eHb 1 
d ' . . " 

-,,--

I ;., 2 · 1019 

'1aci11u111M11yJibc>. 
, ., . ' . '• . ,·' •. . . 

3Hat.teHHE! 3¢(jleKTIIBHOCTI! per'11cTpau1111 .. 7-KBaHTOB ·c '3Hepr11eA. 5; 5 M38 
·;. ' . -;- ·, ;, : . '. , ·-· . ·- • ' . ', . -~ ...:3 

. 81,i"IHCJI/IJIOCb MeTO.QOM MOHTe.:KapJIO ll· OKa3aJIOCb paBHJ,IM;·', c
7

. = 5. x_ :10_ . ..- (llpl!. 

aMllJillTY.llHOM ITOpor:e pe·rHCTp!!pyIOIUel!· an11apaTyp1,1, COOTBeTCTBYlOlllE!M, 3Hepr!!11 

'1:-K;aHTOB, paBJ-IOH ·_2),;B); ·.cor_.nacH~ np11Be.1!eHHN~~~Hat.teHHHI,;-- BeJill'!IIH n;: c7, 

I HlllltH/1/l' rpaHl!t.t-Ha/1 . oueHKa-1!3MeJJ/leMOro cet.teHH/1 (pd)-peaKUIIH. (llpll 3Hepr1111 
d .· . . . . . . . . . . 

... .ueATpOHOB: 1, 2 K38) B pact.teTe Ha 0.lll!H UHKJI .cpa6aTUBaHl!/l ycKOpl!TeJI/1 paBHa:' 
' ·•, "\' • .. ' ' --1 ',. ' ,· .J /_ .. 

CT (7) = 3· x 10-36 
CM2•. 

pd . . ' 

. . \ 
B ' cJiyt.tae .• lite ; JiaAHep - caMOCTaJIKHBalOIUl!eC/1 .ITY'IKII Hl!l[H/1/1. rpaHl!'IIJaH 

. oueHKa 1!3Me~~eMoro; ~~'leHll/1 (pd),-peaKUIIH np11. Ecol= 1,6 K-;B. MOlKeT 6UTb 
onpe.ueneHa. KaK:. 

~;·. 

"\·: / .~ 
7 

2rr '. ·r2 
·, L' ·' / 

.··\, ! CT 
pd I X I , • C ·, V ' · 1:. 

P> 
d · p •7 t mt 

r.Qe r -~pa.u11yc' JIBAHepa B ~lKaTOM COCTOHHIII! 
-, -r"'.10, CM); 

L - .QJil!Ha JiaAliepa_ ( ... L ".'•· l - 3 CM); 

Id, Ip - IIHTeH~IIBH.?CTII CTaJI~l!BalOIUIIXCH ll_OTOKOB J1eATep1111 II Bo.uopo.ua' 

(I "'4.> 101
.
9 .ueATpoirnB/HMllYJihC; i'· ,,,•4·' 1019 

'npoTOHOB/HMllYJib.C); 
• d I ' ' . ' •• .•• ~ f , - p _,'- . ,· ' ,' . ' . ,. ' - -

v,- CKOpoC,Th CTaJJKHBa!Oll!IIXCH_ npoTOIIOB II ;11eATpOH_OB ;-:, •. e,.,
7 

. 1: - speMH s.uepJKaH11H z-nHH"la ·( 1: "' ( 1 + 3) , . io- 8
c). 

. mt, , _ , , : · ., . ,. mt • , ·'.., · 
no:UcTaBJIH/1 3Ha"!elll!H _BeJill'IIIH. I', I ·, c i y .. H 1:· B. (jlopMyJiy ( 3), llOJIY'IHM 

·-~ "" , , · . _ ._ . ., d ,,· p _-- "I 1, t , \ mt · , 

COOTBeTCTBYIOll!YIO rpaHl!"IHYJO oueHKY cet.teHl!H (pd)-peaKUl!II:· 
. 0 

_.:/// 

CT ('1) = 3'10-:-38 C-M~. 
, pd , . . 

YBeJIH"ll!BaH ,."IIICJIO UIIK,10B., cpa6aT~BUHIIA ycKOpl!TeJIH ·no <200 (3Ta Ull(jlpa 

: o6ycJIOll.;eHa -p~3YMHUM' BpeMeHeM . :lKCllJIY;-;-TaUIIII ycKo.pwreJIH - '300' "I. 11 

11eo6XO.UHMUM KOJll!'leCT~O~· ll~rOTOBJieHHUlC .rnA11epOB), MOlKfl_O nOHH311Tb rpa1111t.tirne. 
; . • • . . • . .! . • . . ···~ . ' . . / . ' 

3Ha'.leHHe 1!3Mep11e~o_ro ce_'leHl!H .. (pd)-"peaKUHI!: · 

:l) JiaAHep ll i:s.ep.QoTeJibHa/1 . Ml!lllellb -_- - -~CJ'p:<1>:= 2 
'j ·1 r' -.io 2-

2) JiaAi1ep - CBMOCTaJJKHBaIOll!l!eC-fl · nyt.tKH - u· ( 7) -= 2 ' 10. -.CM • 
. • pd 

np11 cpaBHeH1111 110Jiy'leH11ux jpaHl!"IHUX oue110K~ 11iMepHeMoro ceqe1111H· 

(pd)-peaKUHI!, - C pact.teTHUMH 31ja"leHl!HMI! . .ua11110A' se.11!"111111,l (CM, . Ta6JI ;·~ 1). 
. . . . I . 

cJie.lly.eT, 'q:o ·s cJiyt.tae -11cnoJih~OBa1tHH JiaAH~pa - · caMocTaJIKHBBKlll!':lecH ny•_!KH 

:--.,..~\" .. 11~/lBJIHeTC/l , peaJiblla/1. B03MOlKHOCtb '. nOJIY'IHTb He TOJibKO. BE!pXIIJOIO. 1'pa!JWHiy_io 

· oueiiKy cet.teHHH /(.pd).:.pe·aKu1111'. ~JIH· ·311epr11A. CTOJIKIIOBe1t11H ,;11JKe O,s nB, Ho H 
' . : : ~ . ' . ' ' ' .... ' 

KOppeKTHUe 3Hat.telll!fl: ce'leHHfl . .QaHJ!OH peaKUl!II B, ·o6JiaeTH 3Hep, .. H_II, suwe · .o,s 

· 'K3B; 

· 11cno'Jib3.0BaH11e JKe JI<ll!Hepa 11 :TBep.noTeJibHOA MHUJellll ll03BOJIHT JlaTb TOJibKO ... 
' , <..,,, • ' ~ • •• , • • I 

JI_llmb· . sep)(HJOJO rlla~l!"IHYJO oueH~f- ce4e1111,1· pd-peaKu1111 .. n 06.11acTII' 311eprnA 

CTOJIKHOBeHHH, MeHblllHX :, 0; 4 . K3B. 

III.2. (dd)-peaKUHll' 

PaCCMOTpl!M ·.!(Be nocTaHOBKI! . ( I 11 2) ·. 3KCnep11Me11Ta no·. H3MepeHIIIO ce_t.telrnA' 

·. (dd):-peaKUIIH' B, ·o6JiaCTII ... YJibTpalll!3KHX 311epr11A. C~OJIKIIOBeHl!H Ha ycKOPHTeJI~ ' 

· cHon~ III.:· ··s nepaoA .. noc~aHoiiKe HcnoJih3yeTcH . JI~A1i~p - H3 ... H~TeA co
2 

II' 

-_.UOllOJIHl!TeJibHaH. Ml!lllel!_ i,i (1111Tb 113. CD ) ,· pa'cnOJIO~e~lllasi no ero .. □-Cl!'.· B~ s·TopoA 
. 2 , . • .. 

I. ",. 
.., . 

·, 
17_, .. 
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I :,· 
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T 
l 

r L, 

_,,_ 

llOCTaHOBKe:.HcTIOJ!b3yeTC_ll ra3 □ BbilL.JJai'IHep , · H3. CTpyH·· 'lHCTOro ra3,oodpa3~oro 
I • • , • ~ ' - - , - • --·. • • ,,·,.. - • • • • • • • - • , ---- • 

.llellTepHl! \CTOJIKHOBeHHe ;-lelK.llY co6oil ycKOpeHHhlX H_OHOB . JJai'IHep_!!Oi'I_ rrna3Mhl · B 

· 06,1acTH· ocH ,1ailHepa.) . 

-KaK B nepeoM, TaK H BO ·eropoM· CJJytJae npoHjBQ.ilHTCH -~eiHcrpiUHl! 
3 . .. - .•. ... . --- . 

. _-npoTOHOB' .TpH_TOHOB H l!.llep He c nd,MOIJ!h!O _T~eKOBhlX .lleTeKTopoB .. C:R-39. 

(CN-85);. a '.HeriipoHOB BOCeMh!O . C_UHHTljJIJ!l!U~OHHhlMH . .lleTexiopaMH. C. 

HCll0Jlb30BaHHeM MeTO.llHKH 110 apeMeHH,nponera. 

HHiice np~eeneHhl o;eHKH ;paHHJHhlX _3HatJeHHil 'H3Mep!"et.1oro' C:etJeHHl! (dd)-' 

. Ha·> 0.ll!IO peaKUHH llJ!ll' llBYX BBpHaHTOB ;-nocraHOBKH;: 3KCUepHMeHTa ·9;·-pactJeTe 

cpacia~bl~BHHe Y~K~pHTe~;; . 

.OCH!• 

1) Jiai'IHep H3 HHTeil CD ·H MHWellb; (HHTb H3_ CD ·i. pacllOJ!OlKeHHBl! no 
, ... 2 , • · · 2 · · · · , 

·. IT 
dd 

1· 

lld:tcn,7,Chx. 1 
X Id 

,(4 j 

• · "19 ·: . '•. .. - · ·.· · 
r.lle. Id -· HHT=._HCHBHOCTh ITOT.O a .llellT_POHOB_ ( Id " 2·1.0.,. . .lleilTpOHOB/HMITYJJh.C); 

n - .'aTOMapHal! ITJIOTHOCT .lleilTepH
0

l! B MHWeHH ( n = 8 X 1022 CM.3 ); 
• . -. d -, -- , · · .. - ~ _. : _ __.. ' d "' ~ - . . _ _ _ 

_ ·.c = c x. c •..:cyMMapua,i. 3(Jl(JleKTHBHOCTb perncTpauH11· Hei'lipoiioeic :rn'eprneil 
... _ n_ g - - n , . _ . _ · . _, _ _ _,. _ _ _. _ ._ . .. _ . 
2; 5 'M3B CUHHTHJI.Tll!UHOHHhlMH · .ueTeK1:opaMH e·peMl!ITpOJJeTHOil CHCTe.1111,1;,· --· .. 

. . -3 . - . _\., . --- --- ,• ·. - - ·-
cg t 6 ', _10 · - reoMeTpH'l·e,c_Kal! •_3(Jl(JleKTHBHOCTb :eocbMH CUHHTHJIJ!l!UllOHHhlX 

.lleTeKTOpOB ;, 

-~ ' = 3 -< ;0..: 1 
,n 3(Jl(JleKTHBHOCTh p_erHcTpauHH: Hei!TpoHoB :cuHHTH.i!JIHUHOHllhlM, 

.lleTeiTopoM~ npH aMITJIHTYllHOM nopore :B KaHane perHcTpaUHH -Heil-i-po~~B, 

-cooTBeTcTBy10meM · ... :iiieprirn . 100 ·. K3B33 (B- e.llHIIMUBX -3KBHBBJJel!THOil ITO. 

CBeTOBhlXOllY 3HeprHH~3JleKTpOHOB);· 

::c· = . c + , c +· c · = · o, 2 · - cyMMapHall -3(Jl(JleKTHBHOCTb SperHCTpauH'li:• 
,.ch, , P· He t, --.- .·.-, ,,, .. :., ~.'·~ ·:·- ~·· _ .. 

.3apl!l!Cel!HhlX npO.llYKTOB (dd)-peBKUHH :·( llpOTOHOB, ·TpHTOHOB, ·l!.llep He); 
'· '-. .. -3·_· -- ·: .• ,· '.- ;. ,· .;· ... ' . 

c~ = ~:,/ 10, 3rJJteKTllBHOCTb perHCTP1lUH11'7-_KB_BHTOB _: 3Heprneil 23,8 

( npH -aMn.nHTY.llHOM no pore perHCTPHPY!Oll!ei! . · annapaTyphl ;· 

3HeprH~ ,7-KBBHTOB; 'paeli€?!' 3-M31lf. . - . 

- .\· 
a) 'perHCTPBUHll i Heifrpo1rnil , C 311eprHei'I '·· 2 ,5 · M3B :·ocyll(eCTBJ!l!eTcll· 

6a30BhlMH. 'CUHHTHJJJJllUHOHHhlMH · .ll8TeKTopaMH . c .. HC;OJJh30Ba~11eM ·. MeTO.llHKH no 
, . . '.. .. _. ' 

nponeTa_: ·. 

-,. , -36 · ·2:· 
IT·(n) =·6,; 10. CM-; .. _ 

dd ·. · , -~ 

B per:HCTPBUHH 3apl!l!CeHl!hlX npo.llyKTOB ~ (dd)-'-pe,aKUHH 

- 3. 
er (p,t, He). 

-d~ ; .,,.,_~. -. ~ 

. · :..30'. 2 ·. 
6 x.10 .. ·:CM., 

' 

--, 

·'· 

B >'· perHCTpaUHl! 7..;KBBHTOB c :rneprHeil 23, 8 M3B: . 
. , ·_ - ' :. ' -· 

. . . . _;6 ' 2. 
IT dd (7) '.'°--6 x 10 CM 

JlBHHble rpa~HtJHhle· oueHJcH. cetJeHHl! tddi'-peaKUHH COOTBeTCTBYIOT ·3HeprHH .. 

ycK~peHHhlX ).e_ili-poHoB · 1 , 2 K3 B. 
- . ~- ' -~ . 

2) JiallHep ·- _caMOcTaJIKHBa!O!llHeCH nytJKH ycKOpeHHhlX JieilTpOHOB 

HHlKll~-H rpa11H4HaH 
0

0UeHKa ~3~epl!eMoro _ Ce'lel1°HH (dd)--peaKUHH. B_ CJJ,ytJae ·

caMOCTaJIKHBalO!IUIX~l! . .aeaTpOHOB 1B • 06J1aCTII. B6JIH3H: OCH J!BilHepa; ~o-l!CeT . 61ni. 
,9npe.lll:JleHa KBK: 

~dd 

.':-2rr,,x r~,x L 
.(5) . 

2 
l d ·, x c n • 7~ ch x V x' •mt 

. . - . .. . - - ··. - . ~ 
rJie··Id - HHTeHCHBHOCTb~ llOTO_KOB caMOCTBJIKHBBIOil(HXc·ll .neATpOHOB (Id N, 3 x 10 

.lleRTpoiioe/HMnynbc npH t-,;, 1 ;2 -K3B); · . 

·v - cirnpocib 'c'ra.nKHBa!OmHXCH·- .lleATpOHOB (V · -· 3, 5 x' 10
7 

CM/C); 
. t_ . ' . . : • ': . • .. t ' ' . . . 
a) perHCTpaUHH HeilTpOHOB·· C HCITOJ!b30BaHHeM MeTOJlHKH· no apeMeHH 

npqneTa': 
· . · '· ·-37 2 ",. 

(Tdd(ll) = .. 1. X 10 CM;.· 

·6) .perHcTpaUHH 3apilie11u1,1x npo.llyKTOB (d~)"-peaKUHlf! 

J .. . 3 
cr,.(p,t, He)= 
-- dd ' ·,· C.? -

1 x· 10~39 CM
2 

. ~) perncTp1iUHH 7i,KBBHTOB: 

·., •. · .. · ' •. ::_37 . 2-
·1Tdd(7) = 1 x 10 CM; 

ITpHBe.lleHHble oueHKH 'cetJeu·HA 
' ;; .- . '. ._,. ·: ', 

JieATpOHOB, paBHOA 2.~.K3B. 

. B :' .cJJytJae 200 UHK~~B 

atta'i~HHll H3!'f;PHeM_oro· cetJ~nHi 

-COO;BeTCTBYIOT :inepr:HH ;_cTOJIKHOBeHHl! 

cpa6aTHBllllHH. ycKOpHTeJ!l! : r:paifH'iHHe 

(dd):-Pt~KUHH cocTaBJJ~IOT: · · 

ouenK!I 

1-ll llOCTaHOBKa 

ITpH 3HeprHH ·cTOJIKHOBeHHH Jiei!TpOIIOB O, 6 K3B ·--. .· ' . .; .· . . ; : •. · . _;8 . :. ; ' .. .. . . 
a) cr~~(n)_ =3:x 10. CM, 

6) ~dd(p,t,3Hi) · ~· 3. x_l0-
40 z. 

CM, 

B) }Tdd(7) ·3.·x 10-::
39 

CM
2 



~------:-
2-11 ·nocTaHo·axa 

ITpH 3HeprHH CTOJIKHOBeHHll ,neliTpOHOB 2~4 ~3B 

a) er (n) =: 5 'x t·o- 4° CM2
;. 

dd . . 
· · · 3 · . · -42 2 

,· 6) er (p,t, He) = 5 x 10 . CM; 
i j dd . _ . •. 

· -40. 2· 
B) erdd ( 7) = 5 X 10 .· CM • ·, . 

H3 cpaBHeHHll npHBe,neHHllX .rpaHH'iHllX 0QeH0K 

- pe3yJibTaTa~H_pactieTOB (CM. Ta6n. 1) cne,nyeT -

ce'ieHHll _(dd)-pea_K_UHH C 

\ \ . ~ 

. 1) npH. HCilOJ!b30BaHHH nal!liepa· H TBep,noTeJibl!Oli MHWeHH MOllCHO:. 

a) 
. ,' . . - ' . . •, . . • ' •. . . 3 . 

H3MepHTb ce'ieHHe' (dd):-peaKQHH -'C .. _o6pa30BaHHeM p, t, He~. npH: .. 

MaKCHMaJ!bH0li ,3HeprHH CTOJIKHOBeHHl! .lieliTp-oHOB o;6 K3B, a, npH ·MeHbWHX 

3HeprHl!lC ~ ,naTb' TOJ!bKO JIHWb .. Bepx11ee : rpaHH'ilrne. 3Ha'ieirne ce'ieHHll ·.naHHOli 

:_ peaKQHH; .6) onpe.nen~Tb. B~px11n~ rpaHH'iHUe 3~aqe11:»11 .'ceqe·11~li · ( dd) -~eaxirnli _c: 
- 06pa3oaa11neM' HeliTpOHOB .H 7-x~aHTOB. - ,' , .· 

2) B cnyqae JialiHep-caMOCTa'JIKHBal011tHec11 . IlY'iKH . .neliTpOH0B. MOJP;HO: 
. " •. " ' .. • . ' ', . . . ' . ' .• 3 

: a) · H3MepHTb non11oe ce'ieHHe (dd)-peaKQHH /c· o6pa3oaa11HeM p, t, He ·npH 

', 311eprn;x CTOJIKHoae11~11 .n~liTpoHoB auwe o, 5 '~3B, a ~P~ 311eprn11x · cronxHoBeHHl! 

HHllCe - .na Tb aepx11ee rpa1111'i11oe ,· i11aqe11He · .na1111oro ceqeHHll; 6 J H3MepHTb · 

ce'ieHHl! ( ddj ~peax-uliH · c · o6pa30B~H-HeM 11eliTpoH~B ·H ,- 7-"KBaHTOB .I,IPH 

, ,'MaKCHMaJibHOli. 3HeprHH CT0JIKHOBel!Hll · .neliTp0H0B ,-_2, 4 K3B, a npH- MeHbWHX 

3HeprHl!X - ,naTb BepXHHe rpaHH'iHlle 3Ha'ie11Hl! ceqe11Hli-,naHHllX peaKUH8. . ,__ ' 

) 

iII.3. (d
3
He):Cpea~UHll 

.... 

/ • '\,, \ I --- \ 

PaccMOTpHM .nae nocTaH0BKH 1) H. 4) 3KcnepHMeHTa no H3MepeHHIO ceqe11Hli ! 

,..·:>( 

• I 

,:::> 

---.-----·-
/ 

, ,1 

d3He:.p_e:ixuHH. 8 __ p_ac;eTe Ha O.llHH UHKJI cpa,fiarnea11H11 y~_xopineJil! rHT-8 

·onpe.nen1110Tc11 xax: 

er 
dHe: 

1 

n :... c _ x ~l x 
~ .. 1' 1 ch : 

✓• 

(6)' 

I 
He 

. • 3 · · •, 20 3 .-- ·. 
r.ne IH• - HHTeHcHpuocTb noToKa ll.llep He C IH•= 10 : 11.nep . He/HMnynbc); 

n - aTOMap11a11 nn0THOCTb ·11eliTepHll B :MHWeHH ,( n ;= .8 , 10
22

- CM~
3
); 

d , _· · .. ._ . , . ~ . d _ · . .-

e7 ,- _3(\lq)eKTHBHOSTb perHcTp~UHH 7-xea11ToB_ · 12-10 .nerexTopaMH ' Na! (Tl) 
' -J . . , -- ' '. . 

'"\ (c
7 

/ - 3 ·:: 10 , npH - 311epreT~'iecxoM. nopore perHCTpHpy10meli annapaTypu, 

. COOTBe'rCT~y101UeM_ 3Hepr.HH_ '1--KB!}HTOB ·3 M3B) i 

,"c = c +- C · = 0
1 

3 ._., cyMMap11a11 3(\lq)eKTHBHOCTb'' perncTpauIrn •3apl!llCeHHllX 
ch.·~ p, He_ - , ,-~.- , ,·. ,_· -· '• · • ·, · 

npo.itYKTOB (d3He)-peaKUHH ( npcnoiw'e H OC~'laCTHU); , ; . '· 
./ . . . . · · ·. . •-j • •, ' , . ' I -5 · · · - , , 

,, .. 1 - ,llJIHHa npo6era 11.npa He B MHWeHH (1 =,5,, 10 CM J: \, ·. ~ 
. . , . , . j . . ' -

npH '3H~prHH 'CTOJIKHOBeHHll 11.npa He C .neliTpoilaMH E = 3, 0 K3B . .na111111e 
• . 

1 
,

3 
, · · . ·· / ·· . •· col 1 ~ ,., 

,, oue11xH' ce'ieHHli. ( d He) .-c. peaKUHH cocTaBJillIOT: - ' ., .. ,- .. . . :._ 

~ ·-\ 

,al fe-.~~CTpaUHll 7"CKBaHTOB: 
·-36 2' 

er ( 7) = 1., 10 , - CM j 
dHe , , . 

.·,, .. 

.•• 6) perlic'ipau~ll 3apl!l!CeHHblX npo.n~KTOB: 
,;_ . ,JB 2.-

. erdH•(p,oc), = 1 ,.10 .:·: - ~M • 

\ .,. 

HHllCHHe rpa111iq1111e · oue11~~ . H3Mepsiei.iux ·ceqe1rnA (d
3
He)-peaKUHH · B cnyqae. 

' . . . ' . . ' , 3 · . '. - - I ~- .t • : 

·caM0CTaJIKHBalO!UHXCll l!DTOKDB · HOl!OB ' He H ·.neliT,1;YHll B 'pacqeTe ·11a, O,llHO 

;paciaTUBaHHe ycKOpHTeJ!l! fHT-8.onpe.nenlleTCll·KaK: 
.. , , :, .. \ ';'"'t 

2 'rr , r 2
' , L 

/ 

( 7)-
( d

3
Hel' -peaKUHH. Ha ,i ycxopHTeJie: ruT-=-8': 'ITJlH H3ytie111111 .na1111oli peaKUHH 803M0llCHO 

" • - ',' .· - - / ' . . • ' / •'"''If"~~ 
_npnMeHeHHe_ ·.nayx· T_imoa nali11epoa. _B nepaoli .nocTa11oaxe 3Kc~epliMeHTa ii --·"""-~ 

er ·=, 
dHe I , I , c 

, d _7 I 
-x V -v· 't 

h t 1·; mt 

l(a'ieCTBe Jial!Hepa- HCil0J!b3yeTCl! nona11 .CTPYll Ta3006pa311oro reJIHll, a B 

xaqecTee -M~WeHH - HHTb H3 c~ . · Bo BTopoli noci-a11oaice - nali11ep a ·aH,ne nonoli 
1 ., • ••• ~ '. - ~ ." -: • • • •• ; 2 .. . 3 '. ; . -· , .. '• .·· , ~ . ' 

ra30BOli, CTPYH (cMeCb ra3oo6pa3Horo He H ,neliTepHll B COOTHOWeHHH 
, .. • -' •. • ,. " .- • '. _J ,/ "3 ·-:· 

"KOHUeHTpauHli 1: 1) ·--· cnyqali :. caMOCTaJIKHBalOntHXCll noT0KOB HOHOB .He H 

,neliTepHll a' o6JI,aCTH · c{~~ · JialiHep-a. -B' - .na111ioM :. 3KcnepHMeHTe · npo'H3B0.llHTCl! 
./ . .. " , ·- .: ' ,, ' .· . . '. .:· - : . . _:. 

t . 
:[ ·\ 
I~/~ 
i!' 

. perHcTpaun11 xax 7~KBaHTOB C 3Heprneli 16;4 M3B, Tax H 3ap11llCeHHllX npo,nyKT0B 
. • ,•' . ,• .· . . . . .4- - -- -

peaKUHH -,.npoTOIIOB (E·= 14,7 M3B) .H 11.nep He (E = 3,7 M3B). 
~ p · He -~ . '. . 

· ,, B cnyqae ·,HcnoJib3oaa11H11 ra3oaoro renHe_aoro. nali11epa ·H TBepJlOTeJibHDli 

MHWeHH H3 CO2; HHllCHile rpaHH'iHlle - oueHKH . H-~Mepl!~MllX 'nap~HaJibllll·; :~e~eH~8 

~ "~. 

. \ 

. ), 

1' 

----.., 

,20 ·, 

,,. ,_ . ..__ 

. - .. r 

, .... 

He 

1/ 3 . ~ 

r.ne r · , 'I - HHTeHCHBII0CTH' CTaJIKHBalO!UHXCll' noTOK0B HO HOB,. He H ·.nefnepHll 
. r .• ,,, ·He.,;_: .d' _ 

9
_.,. .· · .·,: ,,-.-·· · - ·· · . ~ 

.,-,,1,•·/"'•" (I· = I = 4. x 101 'iaCTHQ/HMnyJibC) ;- .· . 
--. He -. · ·;. d l . , ., . - / _ ·: ; . ,•, ._ ·: . ,,, J , . . : · '/· 

, Vt ;-c:, CKOPC?C:"b CTaJIKHBalOntHXCl! .n,eliTpOHOB _H ~.nep He ( v, = 7 ·, 10 CM/C )_ ',' 

ITO)lCTllBJl;ll·"cooTBeTCTIIY!OlllHE! 3Ha'ieHHl! i" 1 I 1 E . , · ... v, 't' ·,. no;ty'iHM 
~- --·, .... • He- .. d .. 7,ch· . t _mt , 3 · •· 

COOTBeTCTBYIOntHe rpaHH'iHUe oueHKH H3MeplleM\:'X napQHaJibHUX ce•1e11HA ( d He)-

\ peaKUHH: 

"a'i- per:_11cTpaU~ll -r<xea11rna: 
_,/. 

-I er c· '1) ,=:'2 ;., 10-38
• c~i2;· 

~- dHe 
· ... -:----~ 

6) petHcTpaU,Hll .. .3apl!llC~HflllX, llflO.llYKTOB,: .. 

1·0-4.0 ' CM2 
.' s..:::er_ ' ( p; 0( ) 

,·. ,dHe-~~ 
2 ,· ..... ~."'-

',:- ;_ 

21 

-

·, 

,:· 



. ' 

l t\ 
[;• 

II 

1l 

1l ,. 
:i 
I 
I: 

[' 
' I', 

~~~-!1____:_~~~,~~~~_:,...,..~~~~--:-'.~..;-__~-:--'-:--:-r-;~~~--,-

. llaHHhle. rpaHl!'lHble 3Ha'leHIIR ~ Ce'l€Hllfi- ( d
3
He) - peaKUIIII CGOTBeTCTBYKJT'. 

- • . . - . :1 '. -_ '. - • 

3H_epr1111 CTOJJKHOBeHHR nefiTpOHOB C RJipaMI! 'He, paBHOfi _12. K3B . 

B cJiyqae 200 - UH!C-10B 'cpa6aTblB!lHIIH ycKOpl!T€JlR--, rpami''lHble 
' .. • - -· . - 3 • . . ..~; •· 

113MepReMb1X'•napuv.aJibHblX Ce'leH_llfi_ (d H_e) - peaKUIIII. C_OCTaBJIRJOT: 

ouettKII 

_ ... 
a) ,,;dHe("¥) 

-.6) o- (p,a) 
dHe , ·, 

-5 x 10-
39 

CM
2 

} . , . . "E 

='5 x 10~41 CM2. col 
3 nB;.·-

·,, 

· -a) t)'- (-7)'= 1 x ;0-.40
-cM

2 
• '}, , . 

' . dH~ _ · •. . '· . • . ,E =··12 K38. 
6) · O' ( p, a) =· 1 x ·10-42

_. cM2- . c;o,_ ·-· 
dHe . ,. . .. _ .. 

TTp11,, 'cpaBHel!IIH noJiy'lEiHHhlX ·-r:paHl!'ll!hlX - oueHOK ll3MepReMblX, napu11aJibHhlX 
··- • . - . 3 - . . . - - • • -· • ·, , • •• 

Ce'l€Hl!A (d He) - peaKUIIII C pactJeTHblMII CJleJiyeT: 

-; l np11. 3HeprnRx c~o;KHoBeHHR. · neAfpoiia. c. RJIP~MII 3He sliUJe 4 KilB ecTh 

. pea,1bHaR B03MCllKHOCTb- llOJI5''ll!Tb. ~~ppeKTHhle' 3Haqe~irn-· ce;<JeH~R 'naHIIOA peaKUIIII 

•. C o6pa30B8.~HeM 7 - · KBaI'TO;, i iip11 :3Heprlll!X , CTo"JIKHo·e·~HH~, Hl!lKe 4 K3B -
. •' - . . -- . . .. 3 -· :,- .· 

... ·-aepXHIOIO ·rpaHl!'!HyIO oueHKY cetJeHHll JiaHHoro -Kal!aJia ( d He) :.: peaKUIIII •. 
. ·._ . . -, ' - - ~ 1' ; . . . . -- > - > 

· 2) np11 . 3HeprHl!X CTOJIKHOBeHHR. BUUJe 2 K:'JB MOlKHO nOJIY'lilTb 3Ha;<1eH11e 

· Ce<JeH'IIR ( d
3
He)·- ~ .. peaKUIIH. c ·'o6pa30BaHl!e~ npoTOHa 11: a-tJaCTIIU.N . C_ /KaaaH11eM 

. OU1!16K11 · 113Mepe~HR' ,·a: llpll :rneprHRX CTORKHOBeHl!R HHlKe: 2·' K3B ~ : TOJlb{o 'Jlllllil, 

BepXHIO!O rpaH~'lHYKl OU€HKY ce'leH.1!R:".11a
0

HHO~~ K3.Ha.Jia. peaKUHH. - . - -·- . . ., , 

Pe3IOMl!pyR.' 113JlOlKel!HOe BhiUJe MOJKHo· CJ1eJiaTb-c,1eny10mee 3aKJIIO'leHHe, 

TTpo~~Jl€Hlle 3KCllep11MeHTOB C l!Cll0Jlb30B.~HHeM r~30BblX: JiafittepoB (JiaAnep _.:c 

caMOCTaJIKIIB.aIOIUl!.ecii. llY'lKII }- l!Me~T ·cymeCTBeHHOe npe11My1UeCTBO .· no cpiBHeHl!IO, C 
• • • , , • • • • ✓ ·_ • - • •• ··_.-, • ~ 

1-,oA . nocrattoa Kofi 3 k'cnep,it.iefi.TOB; · T. K.: a 3TOM ,cJiy'.fa'e fuaeTcii. llOHH311Tb 

rpaHl!'lHUe 3Ha'leHl!R 1!3Mep~eMUX Ce'l€Hl!A npl!MepHo Ha nia nopRJIKa,:_ 

.· ._: OJIHaKO. lWR. nosmueHI!;. ~O~TOBepttOCTII IJOJIY'leHHtIX; pe3yJJb~aTOB .·( Y411TUBal! 

cneump11K°y pa6oTU ;HJlbHOT·;~HhlX ijMllYJlbCHblX .. ycKop11~eJiefi) MU ~e- OT6 paChlBaeM. 

B03MOlK~OCTb l!CnO.Jib36BaHHH B '. H~KOTOpblX OnhlT~X TBepJIOTeJibHbl; JiaAHep~B 

U€Jlbl0 cpaBHEHl!lt-113Mepettimx 3.Ha':JeHl!fi ceqe;IIIA: 11CCJieJI1/eMUX pe~Ku11j(c JiaHHblMII 

-3Kcnep11t.ieuToa, - IiunoJIHeHHux c ·• ra30BhlM · JiaAiiepoM·;; (JIJill oJIHoro ii. - Toro 

Jill!l!Ja30Ha ;~~prllli. CTO;KH~BeHHR). • , . 
.. . . ·,. ' . . 

IV_.<!>OH 

---- ,_ 
. 0.l!HHM 113 OCHOBHUX:,np_e11MymecTB. npoaeneHl!H ·. 3Kcnep11M.eHTOB llO 113MepeHl!lO 

xapaKTepHCTHi ~JiepHblX 
, , - ~ . . - ~ --., . -- . . '":--,. ' 

npoueccos C IICII_OJlb3_0BaHl!eM ::' npe.l1J1a\ae1,rnii MeTOJIIIKH. 

RBJIReTCl! TO; -. 'lTO HapRJIY _ C c.-nocTaTO'll!O Bhl_cOKOA IIHTeHCIIBHOCTblO ny'lKa_ 

ycKopeHHhlX . 110HOB. cpo'H npaKTH'leCKII OTCYTCTayeT. ' Hanp11Mep, · ~ B cJiy'lae 

113.y'le~I!~. {dd)-peaKUIIII C l!Cll0,1b30Ba"H11eM -·MeToJIJKII p~r~cTpau1111 ~eATpOHOB no· 

. npeMeHH 'npcrnina . nponeniaH 6a3a Bbl611paeTC~ TaKOA. ,'lT06hl Bpe~i riiio'JI~Ta 
-•- - . . . , . . ~.,- - . . 

_I..._"· 

~ 

~··· 

"\1,.' 

_r..r-•· 

q 

· namiofi ; 6a;m . HeATpOHOM c, 3Hepr11eA -2, 5 M3B .. 6blJIO 73aBeJIOMO . 6oJib;lle. 

JIJIHTeJibHOCTI! BblCOKOBOJlbTHOro 111,myJibca· reH.epaTopa' CHOTT-III {60 HC). 1 

1Ipyr11M11 CJIOBaM11:. per11cTpaUl!ll' HeATpOHOB, o6pa3YlOIUHXCll B pe3yJibTaTe 

npoTe~aHl!ll (dd)-p~aKUIIH, .npOIIC~OJIHT, ,· ropa3JIO, n0:3l!Ce MOMe'nTa OKOH'laHIIR, 

np?uecca. cpop1,mp9BaH11R Z:'lll!H'la, •l{TO B CB<;IO. 04epeJib npl!DOJil!T K TOMY.· 'lTO 

803MOl!(HaR 3arpyaKa CUl!HT!IJIJIHUHOHHblX ,l\eTeKTOpOB HeATpOHOB ,' ,CBl!3aHHaR'. C 
I . •. : . . . . . . . . - . • . 
MOIUHhlM TOp!i03HUM H3Jiy'leHHeM, · o6ycJIOBJleHHhlM pa60TOA 'reHepaTopa. CHOTT-III, 

II~ 'n•a~T npaK·T~'leCKII 
0

Hl1KaK;r~ BKJlaJja' B •nblXOJI ~aperncTp!!pOB~HHblX: C06b1Tlllt,. 
' ·. ' . . • ' .. ' ' 3 .· . • . .. . . ' . . 

8 CJ1y'lae JKe ,113Y'lfHIIR. (_pdJ-,-11 .(d He)-peaKUllfi,, a TaKJ!Ce. KaHaJia (dd)-
\ 

peaKUIIH C 06pa3oaam1eM'., 7:-KBaHTOB' TaKall B03MOJ!CHOCTb . JIIICKpl!Ml!HaUIIII 

3ape~11cTp11poaaH;!U~ '~o6h!Tl!A n~ npeMemi npoJieTa oTcyrcTnyeT, O.l!H.~Ko irneeTdi 
'!. ,, . . . . ' -.. . • - 1·' 

B03MOJ!CHOCTh npeJieJibHO yMeHbUll!Tb cpoH OT TOpM03HOrci'.113riy4eHl!R Jl9 Tpe6yeMoro 

yponH~ ue .'ToJihKo ·_'3a c•!eT: 'Jil!CKp11M11ttau1111 3aperH,cTp11ponaH11ux•
1 

c66u;11lt ·n~ 
•' ... ·. .. \ ' . . 

3Hepr1111 (MaKCl!~aJibHaR 9Hepr11R cpoTOHOB TOpM03HOro 113Jlyl{e!ll!R ;He,ITpeBuwaeT 

700 K3B [ rnorr-III) 'l! 480 K3B 
1

( f11r'..8)' a: ~Heprllll 7~K~a~Tba 113, {pd)-' ( dd)- ./ 

11.,!(d3 He)-peaKUHli cocTaBJIReT• 5,5, .M3B-, -23,8., M3B 11·. 16;4· M3B, 
- ' 

cooTBeTcTiieHHo) ,• i 'Ho · 11 · 3a'· Cl{eT. 0cnoJib30BaH11R • 3ipcpeKTIIBHOfi 3aUJHThl {cJioA , 
' • ' , .. ( . . . ·. • ·. ~ - j. 

CBIIHUa'. TOJlllll!HOfi N 150 .. MM), . , OKpyJKaKJmeA JieTeKTopu 7-KBaHTOB · CJieJiyeT 
. .. , ··. I . ,· .·-· . , , .' . . . . 
OTMeTHTb ;, '!TO TOJlll\l!Ha. CJIOR . Pb B ·HanpaBJJeHl!H. nepneH.llllKYJIRpHOM • K·• Topuy' 

, .. , . . I ·. . • • •. . , . 

KpHCTaJIJIOB Na! (Tl) . COCTa'anReT 10 .MM; B · 3Kcnep11Me11Te no IICCJleJIOBaHl!lO / 
, \,, ' . I . ''. ·, '. '-.,, I • ' ', •• , ' \' • • : • • \ '. • ' • 

dd-peaKUHll • llpennoJiaraeTCll. ,aKJKe 11cnOJlb30BaHl!e . 3a[lll1Tbl 113 Pb, OKpyJKaIOIUeA. 

HeA'rpoHH~e JieT~KTOJJ~. 'lTO; 8 CBO!O · oiiepeJib I no3BOJll!T ~ymecT~E!HHO n~Hli311Tb 

~~I!, 'o6ycJJOBJleHHblp' KOCMl!4~CKIIM:113~y~eHl!eM, . . . 

'TaKIIM o6p!!;O~, a' OCHOBHOM ypoBeHb' cpona .llJIR Bcex ,ll3y'laeMhlX ,npouecCOB 

a <•TaKOfi:. nocTaH□BKe' - ;Kc'tiep11MeHTOQ onpe.lleJrneTcR ypoBHeM ·. c·JJy'tialtHiix 
' ' ' ' . . . ' "·. 

coana,lleHffH, o6yCJIOBJleHHblM KOCMl!'leCic111oi, ~3Jly'ieHHeM.• . 

·TTp11Be.lleM ·ou;HKII · ypo~HR cpoHa:, a·, 3Kcnep11Me11rnx no 11aMepeH1110 ce'!eH11lt 
' '. :· ' 3 .. ' • . - ,. • 

(pd)-; (dd)- II (d He) ~peaKUl!A. 

rv,.1. ;{pd).:.'; (dd)-· Ii (d3HeJ-peaKu1111 (pe~11c~p~tiHR 7'-KBa1t_ioa__l 

\, 

TTo,naBJieHl!e 3arpy3KII · 7-JieTeKTOpOB .OT TOpM03HOrO . 1!3JIY4€HIIR, 
• . • I 

B03Hl!KalOIU8rO ··a . 'Te4eHHe 20-30 .,·,-HC OT 'MOM€!1Ta,, Ha4aJia BNCOKOBOJlbTHblX, -

l!Mn}'JibCOB, cpopM11pyeMblX reHepaTopaMl!: ycKop11TeJiefi CHOTT-' II:):. , 11 · rHT-8 JIO · 

tipeHe6pe~l!MOro_ypoBHll n6 cpaBHeHll~.C ~lK~JiaeMhlM BUXOJIOM 3aperH~Tp11pO~aHHUX 
' - . ; 1 '. < • ' ' 3 ' ' - _" ' -4 ~6 ,· I ' f • 

7:;-KBaHTOB OT (pd)-,' (dd)-'' 11 (d He)-peaKUlllt,· (1,0 '. + ·10. ), .llOCT~r13;eT~R, 

nyTeM 11cnOJib30BaH11R' ·3allll!TU H3. CBIIHUri'. (d = 150. MM ) , ·,oKpylltaIO[llelt KalltJ!hllt 113. 
, •.• ' ·.' t ' . ' ' ,·,,:• .,' ' "'.;. , ·, • \ '. • ,, 

,7-·,lleTeKTOpoa, <:11 BBeJieHHll 'aMnJJl!TY.llHOro nopora B . cneKTPOMeTpl!4eCKl!lt KaHaJI 
\ , . '.. / • . • , .. , •. ,' ; . , , ~ ,, l , . , • 

. per11cTpau1111 7-KBaHTOB, COOTBeTCTByIOIUero 3HeprHII 7-KBaHTOB, paBHOlt 2·. M3B.' 
', , . • > ','• ~ > I 3 , , ' . ,·! -... , 

((pd)-peaKUllll).11·,3 M3B- (JIJIR (dd)- H (dHe)-peaKUllfi). {I (CHOTT-III)"' 1 x 
4 ' • . _· .. - ' . . .. -·-- . ' ., • .. 

10 - 7/l!MnyJibC ; {B IIHTepBaJie 3HeprHlt . 7-KBaHTOB · OT 100· , JIO 700 , K3B )', 
' ' , -- . .. . . \ . . . .. . 
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I (fl1T-8J "' 3 ·x 10
4 

;/HMny,1hc (B.':rnepreTw1ecKoM .1lHana3oHeoT l00tto480K3B)-, 
7 ' : . , I ~ ~ , , ' . , · , {. ·. 

1 
• - , I 

MaKCIL\l'aJ!bHhie·: .• . 3H_a'!eHlrn 'HiiTeHCHBHOCTel! . TOpM03HOr_o . · H3JIY'!eHHH, 

na,na10urero. Ha KpHCTa.nm,. Na I (Tl) npH pa6oTe Ha YCTallOBKali.CHCiIT_:III' H rl1T_:8; 

Kc\= 10
7 
;' :10

11
: - : K03<fl¢m.rneHrn OCJI;6JieirnH : 7:-,KB.aHTO~ C 3~epniell. "'. 700, · K3B 

( CHOIT-IHJ H 480 i<3B • ( rHT-8) nocJie bpox~JK,11e11H~ CBHHUa · TOJI!llHHOl! : 150 MM; 

p . =' 110:-
4 
,: · 1 ?:- 6 

.- . BepOHTHOCTH Toro, . '!TO; ua' BUX0.1le_ •-:-lleTeKTOpOB noHBHTCll, 

CHrH~JI, 'aMUJIHTylla KOTOpOrO npeBUWaeT' ·ycT_aHOBJieHHUl!:; nopo_r perHCTpHp'yioureri' 

. annapaTypu, COOTBeTCT,BYIO!llHll 3HeprHH • ,-KBaHTOB .. ·2 M3B B . cJiyqae'·. H3y,'leHHH 
' ,,'. . . ' . .• ' ' . '3 ' i ' ·' ' 

•(pd)..'..peaKUHH H'"3 ·M3B ~ ·B CJiy'lae _HCCJie,1lOBaHHll (d He)-peaKUHH (,11aH11ul! 

'CHrHaJI HBJIHeTCH : cynepno;HUHel! ''HMITYJibCOB•<_06ycJIOB.neHHb!X perHCTp8UHell B. 

Te;eHHe BUCOKOBOJib_THOro. HMnyJihc,a: ne_CKOJibKHX. <flOTOHOB T?PM03HOro_ H3_JiyqeHHH;· 

n'powe,11wux '!epe3 cJiol! · :rnuruTu H3. ,Pb)): . :-

·, Ina KacaeTcH ipoHa .cny~al!11ux. coanall~Irnll, T.O aeJI~'IHHa, era M□JKeT 6uTb . . ' .- ·, ' 
oue11e11a,KaK: • ,, ,,, 

n ., = ·i:' 'x i' 
7. ·• 7 mt 

2· ·. ·-a 
· 1 Q X. 2 X . 1 Q • 

' _., -6 . 
2 x 10. · , 

'c;:: 

rlle •· i' = : 2 x 1 QC
8 
.;- cpe,1111e,e:' Bp'eMH' y',neplKaHHH paBHOB~CHOl! ¢a'3u Z.'..nHH'!a • 

.· - mt. ,, , , _ , .. , _ '.. 
(BpeMH ·en' MOMeHTa <flOPMHPOBaHHH . z-nHH'!a 

'\' '. ' / 
.110· MOMeHTa pa3BIITHH. 

11eycTol!irnBocTH; ,,., , , · 
1 

: ·. I ·: ~ 10
2

-<c .:.I HHTeHCH~HOCTb \ <flO~~B01! 3arpy3K'if i-lleT,eKTopa, CBH3!1HHOI! C r ,, , . , . . . . . ~ ~ . ! .. / . • . 

KOCMH'!eCKHM H3JIY'leHHeM; ~,• . 

. Il
0 

• ,~. cpel!Hee' 'IHCJIO 3aperHCTpHpoiia11mtx. co6UTHI! npH 0.1lHOM cpa6aTUB!IHHH 
'7, ' .. ' . ' ' 

YCKOpHTeJIH. ,, , . 

. ITO~HOe 'IHCJIO. <flOHOBUX, C06UTHI!,: 3aperac{pupoiia'HHUX 12-IO 7:,.1leTeKTOpaMH B: 

cnyqae' 200: cpa6aTuaaHHl!:· ycirnp1iTeJIH ecTb:. · , · . 

rlle 

- \ ' / ' 

._ 
,\ &, .n .x- n·x n-

7' I .. 2 

-3. 
2,5 X 10 , 
j·. ·'' 

n = 12·- 'IHCJIO 7-'-lleTeKTopciB; . /·' 
I ;,.- . • . , . . · .. · .· \ .. . , ', 

n = 200 ~''IHCJIO cpa6aTUBaHHl! ycKOpHTeJIH CHOU-III. 
z. . .· . ... . .. ' . -·. . . : . r: . . ' 
KaK BHllHO,' 'B' CJiy'-iae· perHCTpaUHH' ,-KBaHTOB •(pd)-'. 

/ . ~ ,· . ·. '' -· 

peaKUHl!. yKa3aHH!'1~ ypoaeH~ '. <flOHa He HaKJiallU,BaeT HHKaKHX 

' I 

,,) 

(dd)- H 
0

(d3He) :_ 

orpaHH'leHHll 11a· 
-, \ : . ~-

npHBel1e1111ue . pa11ee. HHlKHHe rpa1111q11ue t I ., •' • 
oue11xH H 3 Me pHe Moro.', ce.':lellHH llaHHOl! 

peaKUHH.: 

,/ 

IV.2. (dd)=, ,,--:· 

I .. ' , ·/ 

a) (dd)- peaKUHH (perHcTpaUHH Hel!TpOHOB no.Bpe~eH!f np'(JieTa) 

•· Pacno°noJKeHHe 6a3oBux CUHHTHJIJIHUHo·ii11ux 11el!Tpo1111hix · lleTeKTopciB ·B 
,' ', ' ' ' ...._ . 3 ·: . ' . ' ' ' ' ' . 

. , KOJIH'leCTBe 8 WT. (750 x 100_ ,x 100. MM ) ,Ha• paccTOHH!fH 3 1,1 OT oc_H: JiallH_epa' 

, I 

I 

\ 

I 

/ 

:,>,· 

1··, 

(uel!TpOJI c 3HeprueH 2,5 M3B nponeTaeT ,!(a1111y10 6a3y 3a 137 11c) n□ 3BOJIHeT no 

Bpe~e11u · ,nponeTa 'le TKO OT lleJI~Tb ch6uTHH, , CBH3aHHlie c per11cTp~irnell 

~el!Tp□HOB · pea KUHi:! · (dd)'-cHHTe3a ~ OT Bcex <flOHOB~X :· co6uTHll, 06,ycJICJBJiemrnx 
. ( ·' ,·. "·' ' ' '· ,. .. 

perHCTpauHel! 'HellTpOHOB;' o6pa3YIOIUHXCH ,B A(d,'n)A. - ,peaKUHHX.' OcyurecTBJ!eHHe 

TaKDrh, THna peaKUMll, B npHHUHn~. • B03MO~IIO H3_-3a' npucy~;TBHll 
• • •.• • • s' ' ,, -12 • I • 

BUCOK03Hep_rH'IHOl! llOJIH .11ef1TpOHOB H'a ypoBHe ·, 10 , B
0 

npouecce B03HHKHOBeHHll · 
' ..;.,. . ,"·- ... - ./ .·.·' .. · ' ' ' . 

11eycTOll'IHBOCTel! z-nHH'!a: HaMH npHHHMaJICll B paCCMOTpeHHe ueJiul! cneKTP 
; .• I f ' , i • ' . ' ~• ' ' • 

<flOHOBUX 'peiKUHll i3aHMOllellCTBHH -~el!TpOHOB C H.1lpaMH JierKHX 3JieMeHTOB 
6 •, 7 • 11 14. ,IJ , 15 17, , 18., ...... 

1 
:, : ' • ! _ . ' ,', ', 

(,Li, Li, B,. N, c,. N, o, 0), KOTopue, . B. npHHUHne, B HH'ITOlKHUX 
• ' ',' • ', • I " • • ,' ; j - ,- . ' 1 

KOJIH'leCTBaX, MoryT npHCYTCTBODaTb .,B · ', Z-nHH'le. ' Y'JHTUBaH BUXO,!( H 3HeprHH 

Hel!TpOHOB, 06p~3y10uiuxc11 .. B: l1~1111ux · 
' ' . P,el!KUII_HX. B pe"\H cyurecrno,BaHHH 

paBHi:i-B~CHOl!; .<fla3U-' • Z-:IlllH'!a (B. Te'le_HHe. KOTOpol! npoH3B().1lHTCH perHc-i-paUHH 

Hellrpouos), 'a .T.aioKe ._3HepreTH'!ecKOe pa3pewe1rne cHCTeMu no npeMeHH npoJieTa 

' (liE/E '= .. 6%) CJiettycT ~TMeTlln,. '!TO· n~pe'll;C~P;llll!,1~ <flOHOBhle . ~poue~cu· He.· llaIOT-

npaKTH'lecKH 3aMeTHOro' BKJia.ua '' B HCCJiellyeMUll npouecc; ,KOT□ pull' Mor 6u' 

. ,H3MeHHTb f!pHBel1e~t1ue'• P,aHee HHlKHHe rpaHl!'lH~e oueHKH H3MepHeMo/o, ceqeHHll 

dd,-peaKUHli:' ,.. . ' 

BJIHHHHeM JKe TOPM03HOro. H3Jiy,'leHHll 'Ha . npouecc · .. perHCTpaUH!i · 11el!TpOHOB 

• M_OJKHO ,nOJIHOCTbJO • npeiie6pe'lb; TaK KaK per~cTpa·~HH · HellTpOHOB Ha'!HHa1T'c:H 
,,,,, ' , ·., ;. ,·'- _l ,"' ' ' . . . \ , .-,. 

~yureCTBe11119 ,no3JKe. MOM~HTa OKOH'JaHHH ·BUCOKOBOJibTH?ro_,HMnyJibCa reHepaTopa 

c~on~rri: -T~M II~ Mettee, llJIH 3aurttTU CU~HTH~n~UHOHHUX'lleTeKT~poii'oT MOIUHOro, 
. , ... .•. , .; . , ... · ,. ·, ,.. . . ' ' l •. 

TOpM03l!OrO ' H~Jiy'leH~H', 'a TaKlKe ' ,!(Jill ' y~eHbllleHHH ', ¢0_11a' ', CBf 3fH1oro '' C 

,KOCMH'!eCKHM H3JIY'leHHeM, .. BCe ·lleTeKTOpU noMeuraIOTCH B · 6oxc H3 . CBll!IUa .. c ·, 
,, ' ,' .. ·-, -\ '·,1 . ' 

TOJI!llHHOl!'cTeHOK,150 MM. . . r . . . . . . . .. . . .. 
",. 113 c~a~_a1111or?' BUrue ,' CJI:~yei:1' 'I.TO'. O~H9BHUM HCTD'IIIHK.□M <flOI!a B '.11a11110M 

.;'_::jxcnepHMeHTe. llBJIHeTCH'• ¢OH· cnyqal!HUX COBna.1leHHll:: ,ITOJIHOe . 'IHCJIO' qJOHOBUX 

;o6UTHll, >' 3aperHcTp
0

HpOBaH1iux ,. npH 200 cpa6aniaaii1111x' YCKOpHTeJIH
1 

cHorr.:'n'r 
\ ' ,'., _; - " /' ' . ,- ' 

cocTaBJiHe'J': · 

N 
re 

. · I , · '· · .. -e·, ' , \ ·2 
I .. x.'t' x ·n·x n = 5 x 10 x 2.x 10 x,2,x 10 ,,.-16 

n,7 , mt I 2 

. : .;;.J,' 
3 °\ _10 •. 

r.11e .I : , = . 50 C ".1.:. HHTeHCHBIIOCTb <flOHOBOl! 3arpy3KH . 11el!Tpo11110'ro i ,!(eTeKTOpa, 
• '. n,7 . , . · · , • , • · 

06ycn9BJ1e1111afi .~apHlKeHHOl! H_ • •, 11el!Tp_aJibH'oll ' KOMI:WHeHTaMH KOCMH'lecxoro 
. . . ' 

H3fY'leHH_H; npH . aMnJ)HTYllHOM nopore \ .· p~rncTpHpy10urell annapaTyphl, 

COOTBeTCTBy_l()!lleM' 3KBHBaJiel!THOl!' no CBeTOBUXOll'y '3HeprnH, 3JieKTpOHOB .Q. 1 M:3B; '·.' 
,, ' ' - '. -e . ,: \, , '{ • • : ' I ,r ' 

•'t' = 2· 10 · - cpellHee ~pe~H- yllep~aHHH· paBHOBeCHOl! cpa3U Z-nHH'la; mt . ,, , 

.·, nl, = 8:_ - 'IHCJIO 11el!,pOHIIUX :_lleTeKTOPOB; , 

. n· = 200 .·- 'IHCJIO cpa6i!TUBaHHl!. ycKOpHTeJIH·. · 
., 2 , , ', L 

1 KaK BHllHO, 'H ,!(aJJHUll HCTO'IHHK', q,oiia 11e·. H3MeHHeT' 

H3M~pHeMoro, ce~eIJH:ll, 'act .:_ peaKUHi-i' 
' '.I . ' c.'.. • ' 

i 
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(p,· t, 3He; ,4 He) 
/ 

npoJiyKTOB ' ( dd)- II ( d
3
He J :-6) Per11crpau11H 3apHJKe1111ux 

peaKU~li 

noJJy1-1e1111ux c noM□ lllhKJ TpeKoeux Jiere1no.p6e . B /. c,1y'1-1ae .. a11a.JJ113a ;ra1111ux; 

CR.'..39. II ( ' CN;-:;5 >', ,OCHOB~UM IIC;O'!IIHKOM cpo11a \ l!B;l!eT;ll co6cT~e~HUli cpo11 

.'neTeKTopa .. _co6cTee1111uli 'qio11 TpeKoeoro neTJ~T_opa ·,oo~peneJJHeTcH ··1-1·11cJJoM 
, . . , 1! , ~ ., • ." C\ , . • , ' ' . • 1 . , 

·TpeKoa, o6pa3yKJlUIIXCH B pe3y~hTaTe_per11cTpau1111 a-1-1aCTIIU OT pacnana panona 
. • .-' .· ; .. ".:. i ·. . .·· 

II era ITP?llYKTOB ( HaXOlllllUIIXCll ~ B03llYXe), a :faK!Ke • 3apl!lKeHHOli KOMITO!~~HTU 

K~CMH'-!ecKoro 113JIY'-!eHllll. Cnoco6 -nonaene1111~ ·qio~a COCTOIIT · B .TOM; '-IT~ 
~ • • '• • < ' • • 

ne1riKTOp~ CR.:.39 I (CN-85) nepen, Ha'-laJJOM 3KCnepHMe~ra npoTpaBJJIIBaKJTCll_ II, 

3aTeM···npocMaTpH~aKJTCll II~ MIIKpOCKone C UeJJbKJ onpeneJJ~Hllll .• '-IIICJJa. II ·Koopn1111aT_ 
- \ , ' : ,,, ,J, ~ , I '. , , • \ . ' . , 

TpeKOB: flpH" noBTOpHOM TpaeJJeHIIII (nocne OKOH'-!aHHll 3KCnep11MeHTa Ha 

·. ycraHOBKe CHOIT-III -(-rl1T.:.8)) llllaMeTpU (JJOHOBUX TpeKOB 6ynyT .-1ip11Meplio, B· 2 
pa3'a : :-6□ Jlbllle· _· n;aMeTpOB TpeKOB. - COOTBeTCT~YKllUIIX . 3aperi-icTp11pOBaHHUM 

nponyKTaM 11cc;eny°eMUX Hllepnux. peaKUHli, 113 °3T□ ro cJJenye;, ·'-!TO np11 y1-1eTe 

KOOpl!HllaT II '. napaM~Tpo~ . (llll
0

aMeTp, 'llJJIIHa Tpe~a) !pOHOBUX -,~peKOB B03M~lKHO 

npaKT~1-1ecK~ no~nc:ie nonaaJJe1rne • ypos11H qio11a no npe11e6pelKHMO '-~~JJ □ ro :ypoeHH. 

~ .CJJe)lyeT O~MeTHTb, '-!TO\ .l!Jlll KOpp_en11oli l!)lef!Tllcfll!KaUH~' TpeK~B B 

,1-

· ne'reKT~pax ·_-·nepen · Ha·1-1aiIOM 3Kcn~p11MeHTOB .· · 6°yne; npoeene.Ha · KaJJ116p□ BKa 
'neTeK;opoB. 1. Ha ny1-1Kax npornloe. neliTp~~o_Ii , ti ~ ~-'-!aCTIIU . C _iJHeprHll~~. 

COOTBfTCTBYKllUIIMII 

6yJiyT, BBeneHu 

3HeprHHM IT OJIYKTOB ; IICCJJeJiyeMUX peaKUllli .. 'KpoMe_ ,3TOro . '" '.' . " \ ,., ... \ \ ' 

reoM_e.Tp111-1ecK e _ Kp11Tep1111 _Ha' cpopMy ,:rpeKOB oT ~Jiep, 

onpeJ1eJJl!eM~e_113 yCJJOBl!li 3KCnepHMeHTOB. , . 

. l!JJH, ~Me~hill~~H; c11cieM~TH1-1ecKOli, Oillll61(11 llpQCMOTpa. TpeK?Biix )leTeKTOpOB 

C : nOMO~bKJ ·. MIIKpocKonoii npenno~araeTcl! · · TpexKpaTHUli 11e3a~-IICIIM~ll . npo°CMOTP . . . , . ... . , . ·- . , . . . . . . I 
JleT

0

E!KTOpOB, '-!TO ll03BOJJIIT · npaKTH'-leCKII II_CKJJKl'-IIITb B03MOlKHOCTh, nponycKa TpeKa 
. '·. . ·- , . ·. . . . ·" • . . . .. : . ·- - . • . . . 2. ": ·, 

OT np□.llYKTOB -ll.llep11ux peaKUHli Ha ITJJ01llan11 )leTeKTopa . 2, 2 ,'.llM. '(BepOHTIIOCTb 
. . ·,, ·, . . '-;r ~- . , - . . . . . . . . . '.· . -'· . ' , .• - ! 

nponycKa ".' 10 )·. _113 113JJOJKelJHOro _ CJJenyeT, '-!TO· co6CTBeHHblll CJlOH ,TpeKOBUX. 

JieTenopoB _1;e '113Me
0

HIIT _HlllKHIIX rpaHH'-IIIUX .•ouen~K ~3M~plleMUX; ce<ieHHll '(dd)- .II 
3 , 

( d He) - peaKUIIIL 

I 

l!JJH onpeneneHHH BKJJaJia acex cpoHoeux npoueccoe_(yopM□3H □ e,113JJy'-leH11e,: 

1,1om11ue 3JJe;Tp□Marirnrnue· 11ae □~-K11, -P~3JJH'-1Horo T11ri~ Heyc-roll1-111~o~TII- z-ri11H1-1a) :, 

KOTOpue,., B npHHUHne, .MOryr H~ll~llpOBaTb aK~hl p
0

erncrpau1111 nponyKrnB ' 

11ccJJellyerux HJiep11ux peaKu11ll HaM11,npeJIJJaraeTcH npoeeneH11e,3Kcnep11MeHTOB 11a 

ycKOpllT~Jlll~ cH9IT-_III- II. fl1T~8 a' no~TallOBK'.1x' 1 ). '11 :2)' , HO C l!CllOJJb30BaHl!eM
0

' 

cJJeJiyKJm11x ~11no~~JJall11epoe: 

1-H·nocTaHo~K.·:.. JJali11ep H3 CH" Ml!illellb .:- .Hl!Tb•.113 CH; 
1 - , · ' , / · , 2 , , - ·-. . - , ·''·. ,.2 

'"'2-H 'nocTaHoeKa · -, _Ia3 □ B,l1li JJalinep :(n~JJaH cTpyH i;a3_006pa!!lloro . 

BOllOpona). .·, 
-~on111-1ecT~o 3Kcnep11MeHT□ B 6ylleT·onpelleJJHTbCH ypoe11eM,113Mepe1111oro _cpo11a. 

. - ~ ' ' ' ., . . ' ' . ,, 
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