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B B e . .n: e H II e 

Ill · 
BeTe II n aii:epnc B 1934 ro.n:y anepBbie .n:anii oueaKy ce'leHIISI oopasoBaHHSI 

fi - 'IaCTIIU npii CTOnKHOBeHIIH CBOOO.LJ:HbiX Heii:TpiiHO C SI.n;paMH B oonacTII 9Hepriiii: 

oKono 1 M aa. KaK II3BecTao, ceqeaiie oKasanoc& paBHbiM no nopsr.n;Ky aenii'IIIHbi 
-44 2 1 Q CM 1 Ha OCHOBaHHII 'lei"O B Te'leHIIe .LJ:Onr'OI"O BpeMeHII acpcpeKTbi 1 Bbi3BaHHbie 

caooo.n;HbiMII aeiiTpiiao, C'IIITaniic& aeaaoniO.n:aeMbiMH. Bnocne.n:cTBHII obmo noKasa.

HO 
12

•3 1, 'ITO nocTaHOBKa TaKIIX onbiT.oB HBnHeTcH anonae pean&H'oii, H Ton&Ko ae

.n:aaao Paii:acoM II KoyaHoM, a TaKJKe JleBHCOM ycnemH:o obinH BbmonH:eH:bi onbiTbi, 

B ~OTOphlX IICnOnh30BaniiCh C~OOO.LJ:Hhle ~HTIIHeiiTpiiHO OT peaKTOpOBo 3TH OnhlThl 
141 

noKasann H:aoniO.n:aeMocT& ·II, TeM caMbiM, "pean&HOCT&" aeiiTpnao , IIX .n:ayx-

KOMn~aeHTHYIO npiipo.n:y
141

, a TaKJKe nOKa3anii 1 'ITO Heii:TpiiHO II aHTIIHeii:Tp~HO 
151 

Hbte 'IaCTHUbi 

pas+-

Uen& aacToHmeii paooTbi - no.n:'lepKHYTh B03MOJKHOCT& pemeHHH cpH3H'IeCKIIX 

sa.n:a'l npH noMOLUII H:ccne.n:oaaauii .n:o cux nop ae oocyJK.n:aamuxcg a<i:JcpeKToa, Bbr

saaH:HbiX caooo.n:HbiMH aeiiTpuao. CooTBeTCTBYIDLUHe onhlTbi MoryT OKasaT&cH ite,Bhmo;~

HHMbiMH cero.n;HH, HO oocyJK.n;eHIIe HX nocTaHOBKII, KaK HaM KaJKeTCSI 1 He HBnHeTCH 

oonee npeJK.n;eBpeMeHHbiMt qe.M OoCyJK.n;eHHe B CBOe BpeMH onbiTOB C aHTIIHeiiTpiiHO 

H3 peaKTOpa. 

0f5cyJK.n;aeTCH npiiHUIInHan&HaSI B03MOJKHOCTh OTBeTIITh Ha BOnpOC 1 HBnHIOTCH 

nii H:eil:TpHHo, IIcnycKaeMbie B !Ji" --+-J' pacna.n:e I ~ I, H: aeii:TpiiHo, IIcny

cKaeMbie B fi -pacna.n:e I Ve I' TOJK.n:ecTBeHHbiMII qacTHu aMII. 

PeaKUHII, Bbi3BaHH:bie H:eil:TPIIHO 

Bee II3BeCTHbie HaM Me.n:neHH:bie npoueccbi, no-BIID:HMOMy, o6ycnoaneabr 

B38HMO.n;eiiCTBIIeM cne.n;yiOLUIIX nap cpepMIIOHOB: 

( e + Ve ), (/U + ~), r;z, ii ), (jl-/IJ 
- ,.... ~ ~ 

( e Ve), {JU- llp.), fji n), ( (L~) 
Ill 
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nrooaSJ napa '<[aCTHU MO}KeT B3aHMOLJ.9fiCTBOB8Tb C TaKOfi me lillH C .llPYI'OH napofi 
1 

- M C 0 IBI npH 9TOM, COJ:'llaCHO CXeMe _ apKOBa~ 8KaTa- KyHSJ , B COCT8B· "CTpaHHOH" napbi 

ue aKnroqaroTcst .o.pyrne. cTpaHHbie qacTHUbi1 Kp.oMe A -rnnepoHa. Ha SJ3biKe 

17 81 
Teopnn yHnBepcanbHOJ:'O aaanMo.o.eficTBHSJ ' aT a cxeMa npHBOLJ.IfT K To My, '<[TO TOK 

:J+ , . sxo.o.struHA a narpaumnalt cna6oro saaHMo.o.eficTBH5l, ~ocTanT· H:a qeTbipex qne-

HoB· 

.7 
+_ ..-y e"'Ve rt ~.,. ~ "' iirz, n fo 
-J +...I +...I .,.J 

'· 121 

KS>KLJ.biA H3 -KoTOpbiX COOTBeTCTByeT BbilllenepeqifcneHHbiM napaM. 

Ha ocHoBaHim npe.o.nonomeHHSJ npasnnbHOCTH cxeMbi M apKoaa-CaKaTa-OKyHst, 

H TeOpiiH yHHBepC8llbHOJ:'O B38HMO.ll9.CTBHSl 1 HeKOTOphle npOU9CChl 1 Bhl3BaHHhl9 CBOOO.ll

HbiMH HeATpnHo; nepeqHcn~IOTCSJ Hnme ITa6nHua 1 I. 

Bonpoc 0 Tom.o.ecTBeHHOCTH ve. n_ ~- SlBliSleTCSl OTKpbiTbiM H .ooc'y>K.o.ae·T;_ 

CSl B cne.o.yiOIUeA J:'llaBe. C TeopeTH'<[eCKOA H 9KcnepHMeHTallbHOii: TO'<[eK 3peHHSl HeT 

HHKaKnx apryMeHTOB .o.nst yTaepm.o.eanH, qTo Ve n ~ 5lBll5liOTcst Tom.o.ecTBeH

HhlMH '<[8CTHUaMH~ noaTOMY K8K B Ta6nnue, TaK H B BbiilleHCDOllb30B8HHbiX 0003Ha

'<[eHHSlX. pa3HbiX qneHOB nenTOHHOro TOKa, OblliO HanncaHO, HanpHMep, I e+ Ve I' 

lj-'+~ I, a He, KaK o6bi'<[HO npnHSJTa, 1e"'V l,if+V 1. 

N!!N2 
nn 

1. 

2. 

a. 

HeKoTopbre peaKUHH, Bbi3BaHHbie cao6oLJ.HbiMH HefiTpHHO Ha peanbHbiX 

MHllleHSlX 

- PeaE:unst 

,. 
.f-+n -Ve +fr-

;j /) 31 J/3? -
vet-t,e- +e 

\ J " 3? 31 -ve + t.e ---..JI .,. e 

npnMeqaHHe 

141 
n pH HCClleLJ.OB8HHH 9TOT'O npouecca 

,. 

BnepBbie H80liiO.ll8liHCb CBOOOLJ.Hbie HeitTpanb

Hbie nenTOHbi. On biT no.o.Taep.o.nn .o.ayxKoMno

HeHTHyiO npHpO.llY HefiTpHHOo-

2,3,5'. . .. . ' .. ,/51 
HeHaomo.o.aeMocTb.-f~TOro npouecca .o.oKa-

aana, qTo Ve n \Je ... He stBnSJroTcst Tom.o.e-

CTBeHHbiMH '<[8CTHU 8MHo 

1-1 ccne.o.oBaHHe aTopo npouecca Morno obi 

npe.O.CT8BliSlTb HHTepec .llliSl acTpOcpH3HKH 1 B 

'<[aCTHOCTH 1 .llliSl H3MepeHHSl HeitTpHHHOJ:'O no-
. 191 

TaKa aT conHua • 

i_i --



4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

-. - + Ve .,..fi--:Ji + e +.JJ 

,.., ' ' + ve +P,--II+ e 
,..., 
Ve+fi-- rHnepq:,parM.•.+ e+ 
..., ' - ' +-
Ve+n.-- L + e 
'Je.,.JI-- }C ~ e-.,.JJ 
Ve-1}1- k-+ e+ +JI 

,....,. - _, .:. 
Ve +e-- \Je.,. e_ 

AJe.,.e~ Ve+e-

,..., ,_ + -

\Jet-.Jl__.;.. \Je + e +e +.11 
,-J - _,.... 

\Je +e~.\} +_Ji-

Ve 1-e.-- ~+?~ 
,..., __ , .. -.:··.:.;t .. ·· ;...; .,. . -

Ve .,..Jl--+- V.l'_.,.e VU +.II 

Ve.,..JJ__;;2tJru.,.e-+ pt+/1 
D ::J 

~ . . 

15. _ Vp+.fi--$.:~~JI 
' \Jp+.fl~!lf: JU+;./1 

5 -
I 

\ 
\ 

none. stnpa. 
po>Kna-

TonbKO ~ Ia He V I MoryT po>KnaTb 
c~paHHhle qacTHUhl. 

3ToT npouecc MO>KeT 6biTh ocymecTnneH 
TOnbKO B stllp8X, 

---·. ., f 

. .~ 

¥· •• ' 

CM. 5. 

PaccestHMe HefiTpHHO arieKTpoHaMM_ npencKa
aaHo yHHBepcanbHoa !eopHefi cna6hlx naaHMo
neficTnufi · 181 ·· · 

+ - 1101 
06p830B8HMe naphl e e B none stnpa 
3ToT npouecc, o6paTHbifi npou~ccy ~enToH-
HOrO TOpM03HOrO HanyqeHHst aneKTpOHOB, 
OnHC8H B 1111, 

06paTHbifi ...J-' -pacnan. 

3anpemeH , ecnH 

06pa30B8HHe napbr_f'• e B none stnpa 

06paTHbifi _fU -aaxnaT. · 

·-. 3anpem eH,. ecnH'. . · ~ e. "f- ~ JU 

06paTHbifi .!11-.Jl' - pacnan B noire stnpa. 
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-· 
16. V.Ju .,. tz.. ~ 11+/e/ 

17. 

18. 

19. 

20. 

21. 

'J_p.,.~ ~ !J.,. e ~ 3anpemea, ecnu · ~~-:;;, ~J"' · · 
,.J + 

-~r./l -- zuneptppa'l}U.+..JU. ;' . 

. V.f' + .11-;u -~ lc ~.,.Jl -. ~\)~ r Jl _;_y./; IC~ +JI 
.,. ·,. - ' 

-~.,.JJ~.\Jfif.-tfi .,../} - ~ . 

Vr dJ-- 'Jy.,. f/,. JU -.,..II 
- - --

~ \JJA -r.e-_ .... Ve+JU-
,_ - -
VJU+~-. \Je +.JU 

. .. ..... ··- .,.. 
. j'V.? +.11~../J..,. .1:' "!'e.,. ve 
~)l+fi ~JJ .,.._;t/.,. e-.,. Ve 
V_r,.,.e-- v14 _.,.e-

B Ta6nnue paccMaTpuearoTcH 

PacceHane ae~Tpuao ~ 
none H,npa. 

06paTHbi~ _jU ._ IHicna.n. 

3anpemea, ecnn ve. t: v}f. 
06pa30B8HH9 napbi _;u-e 

-Me30H8MII B 

B. none H,npa,-

Ecnu Ye f= Vf' , peaKUHH eoaMo:m:aa TOnb-

KO KaK qpouecc BToporo nopH.nKa. 

npouecc·bi CTOJINiOBeHUH HetiTpHHO . C __ peanbHbi~ 

MU MUW9HHMU1 T.e~ C OTpHU8T9'JibHbiMH ·aneKTpOH8MH 1 npOTOH8MH U H,llp8MH /A/. 

Cpe.nn nepe•mcneHHbiX npoueccoa .no cnx nop B nuTepaType o6cy:m:.nannc.b· Tonb.Ko 

npoue.c;cbr 1,2,3,10. B aacToHme~ pa6oTe . .nnH 6onbWHHCTBa npoueccoa Mhi orpaan-..... . . . '. 

trHMCB HeKoTopbrMu aaMetraHHBMn, noMemenHbiMH e · Ta6~Hue• Hn:m:e ·no.npo6Ho o6c:Y.. 

)K,ll8IDT9SI TOJibKO H9KOTOpbi9 UpOU9CCbi 1 KOTOpbie HM9IDT OTHOW9HHe K ·.Up06JieMe paa• 

. nH'IHMOCTH . "e H V.f' 'ISCTHU. . . 

,Sl BlrSI IDTCSI. JIH \Je H !)t!_ TO)K,ll9CTB9HHbiMH 'I8~~~:8MH? 
BepxanA npe.nen Macchi -aetiTpanbHbiX nenToaoa, ncriy~KaeMbi,;.: '5 ·:;u, -pacna.ne, 

Benn•h~Ha ixapaMeTpa. M'n~enB f H TeopeTH'I9\=KHe' coo6pamea'n:g no3BOltHIDT c.ne-

naTb BbiBO,ll 0 TOM 1 'ITO H9~Tp8.1IbHbi9 JI9UTOHbi B ~ -pacna.n.e HMEiiDT ~accy, 

L 

r 
1 

I 
I 
l 

l 

l 

I 
·l 
j 

I 
I 

J 

I 

I 

I 
I 
I~ 



paBH)'lO H11H 

pacna.o. _/-' 

6nH3K)'lO K 0 H He $1B11HlOTCH TO.>K.z:t.eCTB9HHplMH. Ha OCHOB8HliH 
' . ~ 

-M930HOB O~PI'tHO OllHCPIB89TCH CX9MOA J-1 .........-e.,_ tJ.,. v • 
aT oro 

0.z:t.H8KO 11SI'KO BH.z:t.9Tb 1 'ITO COBOK)'llHOCTb SKCIIepiiMeHT811bHPIX H TeopeTH'I9CKliX 

cae.o.e.aHA Tpe6yeT Ton&Ko1 'ITo6bi .naa aeATpan&HbiX nen-roHa a ..JU .-pacna.o.e He 

lJBnJinHCb. TO.>K.ll9CTBSHHbiMH1 HO He Tpe6yeT,' 'IT06pl OHH SII~J:l.H11HCb 06H38TenbHO 'tac

'l'HUel R aHTH'tacTuueA. BoaMomHOCTb cymecTaoeaaHfl aeyx nap HeATpiiHO yme pac-
.. ' . 1121 
cMaTpHeanacb • Ha nepBbiA aarm1.o., aonpoc o cymecTaoeaauu .D.BYX Tunoe aeii:Tpu..-

ao . - sneKTpoaHoro HeATpHHO / Ve I \>e I H MIOORHOI'O aeA-rpiiHO I ~I \)~ I MO· 

meT paccMaTpHaaTbCH KaK HEiHymaoe ycnomaea~e. OAaaKo HMeiOTCH apryMeHTbi• 

.ll 911810UlH9 npHB119KaTe~bHOI I'Hll0TS3)' O'r11H'IHH speKTpOHHOI'O .H MIOOHHOI'O HeATpliHO • 

. 0TCYTCTBH9 a npHpo.ae pB.lla npoueccoe THlla f'.,. It-- e .,.ft, ,_;fl-:--:-e+e.,_e 
R T • .ll. IIOK83biB8ST1 'ITO B KS.>K.llblft 113 TOKOB 1 BXO.llSH.UHX B narpaH.>Kli8H .cna6oro 

B38HMO.ll eACTBHH, BK118.ll MOI')'T .ll8Tb1 llO""BH.llHMOM)' 1 . 'r011bKO ll8pbl. C O.llHOH 38pH.>K ea-
, ' ,· "' 

aoA R oaHol aeATpan&HoA '18CTRueR /eM. 1 11 2/. CymecTeoeaHHe TonhKo "aapHmea-
,, . ' . . . ·/8/ . . ~ 

HOro"'' TOK8 O'leHb SCT9CTBSHHO MOJ"110 6bl .6biTb 06'bBCH9HO 1 ecnii 6bl B llpHpO.ll9 

cymecTaoaan aapH.>KeHHbiA aeKTOpUbiA 6oaoH B, caHaaHHbiA c paaHbiMII cpepMHOHaMII 

qepea 838HMO.ll9RCTBHe •npOM9.>KyTO'IHOI RHT9HCHBHocTH"', llpH'I9M H3B9CTHbl9 HaM 

npoueccbl cnaooro B38HMo.aeACTBHB B STOM cnyqae Obtnlt Obi o6ycnoeneHbl B38liMO

.ll9ACTBHBM BTOporo llOpS1LIK8 OTHOCHT911bHO KOHCTSH'rbl •npo'Me.>KyTO'IHOI'0 6 B38liM0-
113/ c • ' . • 

aeAcTBHB. KaK llOK838HO B pa6oTaX I HenoKa.11h,HOCTb npoueccap- e -pacna-

aa, COOTB9TCTBY10Ul8B llpOMS.>KYTO'IHOMY BeKTOpHOMY 0030,Hy 1 Tpe6oeana 6bi BepOHT

HOCTH paenaaa no Kaaany /"--:e+'f' , npoTHBope'lameA aKcnepuMeaTanhHbiM 

/14/ v 
.ll8HHbiM • 

HeTpyaao aR.ll9Tb 1 o.z:xHaKo, 'ITO .z:xame npH cymecTaoaaHHH 5 -Meaoaa 

xl 
eeposTaocTb npouecca 6btna 6bl paaaoA ayn10 I 'lTo .nonaocTh.IO coeMecT.IIMO .c 

_ SKCll9pHMBHT811bHbl.MH .ll8H.HbiMJII 1 SC.11H aneKTpOH,HOe H MlOO.HHoe Heih'pRHO SIB.11SIIOTCSI 

pa3HhlMH 'l8CTHllaMH. TaKJIM o6pa30M 1. TOT ¢aKT1 'ITo ')'OK .B narpaamuaae cna6oro. 

B38HMOllSACTBHH · .slansieTCH •aapB.>K9HHblM.., 1 6btn 6bi O'leHb XOpOUlO 06'bSICH9H I'Hno-

XI npciu'ecc ../"-e+r .ll8.>Ke IIpH OTcyTCTBllll .6 . -Me30H8 B03MO.>K9H 

B .BblC.W9M llOp.sl,llKe TeOpllH 803MYUl9HllH 1 eC1l.R HMe.eTcH 'T0.11b,KO O,llliH THII 

nap H9ftTpHHO-aHTHH9ftTpllH0 1 B-TO Bp9MH K8K OH a6C01110THO 38llp9Ul9H 1 

ecnH Ve :f.: .~ • · · . 
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Te3o1i npoMemyTOttHOI"O 6030Ha TO.!lbKO npM OT.!llittHU Ve 0~ v.t' . . Kp<?._Me. ST~~o . ,, 

apl"yMeHTa, KaK HaM Kam eTcSI, cymecTBOBaHMe LlBYX pa3.!llittHbiX THnf?B Heii.:z'PHHO, He-
x/ : .. . . , . • ·' .. , . . ·... ' ,-.. :. 

cnoc06HhlX aHHMI"H.!IMpOBaTb , npHB.!leKaTe.!lbHO·C TOttKH 3peHMSI CHMMeTpHM u·cHCTeMa-

THKH ttaCTlfil lf MOI".!IO 6bi nOMOttb · noHH:MaHifiO pa3HMilbl B npnpo.ae MIOOHa lf, SJieKTpOHa, 

113 Bhrm ecKa3aHHOI"O cne.il yeT, ttTo a Ken epr!M:eHTanbHbre cBe.a eHn SI ·no' Bonpo~y~1 
'· 

SIB.!ISIIOTCSI nn Ve lf V_r TO):!{.[leCTBeHHbiMlf q~c-Tr1uaMM, lfMenlf 6:br nepBc)cien~k·ilY,'io 
BamHocTb. O.aHa M3 B03MOmHocTe1i, KoTopaSI o6pamaeT · · Hi:;: ce6si BHM~a'Iin:e·, 'c;cto~:r 

B H3MepeHUM cnupa.!IbHOCTH ~ 

napa HefiTpn:HO~aHTMHeii:TpMHO, TO 

-Me30Ha. Ecnu B npirpoae .· IfMeeTCSI TOn&':K'6 .·· o.a·~a 

V-Jl. -B3·auMo.aeiicisM:e Tpe6ye1', ··..J-r~:6.br cnirpan:b-

HOCTb f -Me30Ha 6bi.!la nonomnienbHott. E.C{.IH 6bi cnn:panbHOCTb '...? '. . . ; 

-Me30Ha 

OKa3anacb Ha OnhlTe oTpllrtaTe.!lbHOiis STO obrno 6bi 'cir.!lbHbiM ap~yMeHTOM B nditb~/ 

cymeCTBOBSHMSI. LlBYX TlfnOB Heii:TpMHO; 

cxeMe J"' ~ .e.++ Ve.,. ~· 
_;u"' ;..pacrra,ti' MOl" ''6bi Obi'fh. onuca~' CO!".!laCHO 

;;, 

I 16 I · . ;.· ~ · · . - · ''·· · · ·· ; ._, 
On biT , o.aHaKo, noKa3biBaeT, ttTO cnrrpanbH<;J~!b fi. -:Me3o.a.~! _no-BIILl!J¥0-: 

< ' ~ ... :t.· • - . . ,_ -

My, nonomrrTenbHaSI. n osToMy Bonpoc, rrMeroTcSI nrr B npirpo.ae LtBa Tuna HeiiTpanbHhrx 
. . ',... ·: .. t.:' . " .. • . .. _; ... -~" ·, ~ .. _ ... ; 

nap nenTOHOB, OCTaeTCSI OTKpbiThiMo no.!JO):!{IrT~:ZbHaSI cnrrp~n~HOC::Tb f -!'f~30Ha, . 
- -· . '.' . ~ .. : . ' ; ' . ' .. ' . · ... ,· . '.- . . . . . .... 

OLtHaKo, yKa3biBaeT Ha TO, ttTO, ecnrr .aeii:CTBIITe.!lbHO B npupo.ae HMeiOTCSI ,[{Be napbi 
< • ~ • ~ .. • ... ' • 4 ' • 

~ ;: ., . . - [ 

uefiTpuuo-aHTMHeii:TpirHO, To cna6oe B3anMo.aei1cTBHe .aonmuo ohiTb onucaHo IIMeHHO 

~aK B /1 I, a pacna.a _/'.,. .:_Me3oHa. .aonme~ . ~~Trr .~o cxeM~_:p:__ E(+ Ve.; ij; ~· 
3.aecb, KaK o6brttHo, sneKTpouuoe ~~·ft;~~~o Ve onpe.aenSie~c~ KaK tt·~~ruua:·Irc~;-
cKaeMaSI BMecTe. c no3IrTpoHOM B :_J?/''''-pacna.ae. E!"o ·~nirp~b!IOCTb 6~r.n~. o:r~~-.ae~~
Ha Ha On biTe H SIBnSieTCSI OTplirtaTe~bHOfi/ 17 / /cnirpa.!IbHOCTb 've ··: 1 KOHe~H0 1 . np~T~.B~-

,tiO.!JO):!{Ha/. 4To Kacae;·cSI. ·\],u If '0!' , sTir ttac;Ir~:br onpe.ae~·SII~Tc~ ~·oo;~e~c-~B~~~o ·cr+ .J .• ,:·. 

KaK MMeiOLUMe OTpn:uaTe.!lbHYIO H no.!IO:>l<MTe.!lbHYIO cnnpa.!IbHOCTlf, Pacna.a ~ -Me30Ha 
. tr+ A-1 + .• \ . ' 

cooTBeTcTBeHHO u.aeT no cxeMe ..11 --../ · + VJ' •. 8TH o6o3Hatte'~ng' 5~I~H uc-

nonb3oBaHhr npu cocTasneHn:n Ta6nuuhr B npe.a &r.a·ymeM naparpa4>e. ,.. ~' --.::-• ,. 

llnSI BbiSIC.HeHHSI Bonpoca, .aeficTBMTenhH~ nu Ve .... H -~ti' SIBn~IDT~Sr. paa~bi"J'ii 'i:fac-
. ~ :,· " - ,:·:·-~ -...... ·.t_;·;.~··.;:_•, .-·~-·},~,·.·: 

TRil8MH• OCTaeTCSI OLtHa npHHillfnMa.!lbHaSI B03MO):!{HOCTb1 KOTOpaSI o6cym.aaeTCSI B . ' 

cna.ayromeM naparpa¢e. 

x/ 
3aMeTHM 0 B ttaCTHOCTil, ttTO npu 
pa3HbiX nap, cucTeMa .· MIOC>HH:li 

. ClfCTeMy aHTHMIOOHR_il !fi-e.-

·. ,, ..... .0:~.' ~ • ~. .• !:' ... ,~, 

- ,... .............. .. ir··-~-
.cym_;c::BoBaHMil..J.>e_,_ _Ve. ·. ~-,\Y~.'; i'r;~ .KaK 
if e . I ~~~ Mome;:r neP,'e~~.LlHTb,, /15/ B 

I B mo6o:M. ripu6nil~_Ell!lflf.: .,. . : .. . . . "> .,~;·~ .. r ., :.:. 

1 
I. 

1 
I 

I 
L_ 
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nocTaHOBKa onbiTa no o6HapyMeHIIIO pa3nii'IIISI Ve II 
• 

MeTOJJ., KOTOpbifi: npeanaraeTCSI HIIMe, no cyrueCTBY aHaJIOI'II'leH MeTOJJ.y, 

IICIIOJib3yeMOMY nprr pew eHIIH BOnpOCOB 1 SIBJISIIOTCSI Jilt Hefi:TpiiHO II 8HTIIHefi:TpiiHO 

l l ~ . ~ 2 51 
13JJ.eCb p.e'Ib HJJ.eT 0 Ve II Ve I TOMJJ.eCTBeHHhiMH '!aCTHUBMH ' IWII SIB-

. ,_o · ,_o · · . ' 1181 
JISIIOTCSI nn: · rv rr Jc -Me30Hbi TOMJJ.eCTBeHHbiMH '!acTrru aMn: • B aToM cny'lae 

HeTO)!{JJ.eCTBeHHOCTb 'l8CTHU II aHTH'laCTHU 6biJI8 JJ.OKa3aHa Ha OIIbiTe HeHa6JIIOJJ.aeMo-

CTbiO HeKOTOpbiX nepeXOJJ.OB 1 . MaTpii'IHbie 3JieMeHT.h.I J{O-x:Q~biX:·,JJ.OJI~Hbi OTJIII'laTbCSI 

···OT 0 TOJibK,O B TOM CJiy'lae, eCJIII '!aCTIIUbi _!! a~T-H'IBCTUUbj-:SIB,JJSIJIHCb 6bi TOMJJ.eCTBeH.,. 

HbiMII. Ha~HMep, oTcyTCTBIIeM npouecca Ve + Ce 31-./1'!> +P- JJ.OKa3biBaeTcSI , 'ITO 

Ve ~1 \Je HeTo)KJJ.eCTBeHHbi, nocKOJibKY npouecc Ve .,. Ce3"!__.JJ 3~ .J3-
6e3 COMHeHIISI 1 JJ.OJIMeH IIMeTb MeCTOo 

B Ham eM cny'lae pe'Ib ITJJ. eT He o6 yMe pemeHHofi npo6neMe HeToMaecTBeH-

Ve rr Y.t·"' lrrnrr HOCTII Hefi:TpiiHO H aHTIIHefi:TpiiHO, a 0 IIp06JieMe pa3JIH'IIIMOCTH - - ,\ Ve R \)!' I. npa pa3JIH'IIIMOCTU ve n: - vf' yM e H3BeCTHO, ~ KaKIIX peaK-

un:Six aonMHhi poMJJ.aTbcSI IIMeHHo \)e II Ve .- .\} 
H \)jl I II Hao6opoTI. 

llnSI peiiJeHrrSI aonpoca npeanonaraeTcSI BhlSICHUTb aKcnepuMeHTaJibHO, cnoco6eH 

JIH ny'IOK *'~ . Bbi3B8Tb nepeXOJJ. hi, KOTOpbie, 6e3 COMHeHHSI, MOI'YT 

6 biTb n:HayuapoaaHbi Ve -'lacTn:uaMn:. C 3KcneprrMeHTaJibHofi TO'IKH apeHUSI ny'loK 

M~OHHhlX Hefi:TpHHO 6onee IIpHBJieKaTeJieH, '!eM IIY'IOK 3JieKTpOHHhlX Hefi:TpUHO no 

CJieJJ.yiOIUHM IIpH'IIIHaM. 06bi'IHbie HHTeHCHBHhie HCTO'IHIIKH 3JieKTpOHHbiX .Hefi:TpHHO 

paJJ.HOaKTHBHbie H30TOIIhi. nocJieJJ.HIIe IIO CBOefi: npn:pOJJ.e He CIIOCOOHbi rrcnycKaTb Hefi:-
• < • ' 

TpHHo c· 6oJibllrUMII 3HeprHSIMII. Hao6opoT, xopOlilHM HCTO'IHHKOM MIOOHHbiX HefiTpHHO 

. SI BJISI IOTC SI .1f:;u -pacnaJJ. II II03TOMY MIOOHHbie . Hefi:TpHHO ecTeCTBeHHbiM o6pa30M 

IIOJIY'iaiOTCSI C BbiCOKOH 9Heprn:efi. C OJJ.HOH CTOpOHbi, npeJJ.CT8BJISieT IIHTepec IICnOJib-

30BaTb aHTIIHefiTpHHO c 6onbmofi: aHeprrreii:, cKa5KeM >-> 100 Mas, T.K. ce'!eHHe 

npoueccoa, IIHJJ.YUHpOBaHHbiX Heii:TpiiHO, ObiCTpo pacTeT c '9Heprrreii:. c· JJ.pyrofi: CTopo

Hbi, IIpH O'!eHb 60JibliJHX 3HepriiSIX HHTeHCIIBHOCTb reHepauiiii MIOOHHbiX Heii:TpHHO 

yMeHblllaeTcSI. Ha-:-aa peJISITHBIICTCKOro YJJ.JIHHeHHSI. BpeMeHU MH3HU §"" -MeaoHoB, H 

noaToMy aaecb o6cyMJJ.aeTcSI nocTaHoBKa on hiT a c Hefi:TpHHo c 3HeprHeii: ~ 100 Man. 

PaccMOTpHM ceii:'!ac a Ka'lecTae npHMepa peaKUHH lcM.Ta6nHuyl 
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,_, 
V.r + fl'--.J'-' ... .,. n 

Ia/ 
,..., 
~+P,-- e+ + n 

/5/ 

PeaKUIHI /5 I, ecnn Ve n V? TO)K.[leCTBeHHbie qacTHUbi1 SIBmieTCSI ycnew-
/4/ • l - . I L 

HO Ha5nroaaaweiicsr PaiiHCOM n KoyaHOM peaKuneil: , a B cnyqae Ve.:f V.fC. 

He sransreTcsr Ha5nroaaeMoii. PeaKunsr /a/ - noporoaasr peaKunsr n no cymecTay He

Ha5nroaaeMa npn aHeprnsr:c V,tt ..:: 100 Mas. 3aaa'Ia cocTonT a onpeaeireHnn ceqe-
. ' 

HHH -peaKUHH /5/. B o5n~CTH ::lHeprnii, rae HeiiTpOH OT peaKUHH /5/ MO)KeT 5biTb 

aeTeKTMpOBaH C XOpoweii acpcpeKTHBHOCTbiO BHyTpn 5onhWOI'O CUHHTHnnHUHOHHOI'O 

cqeTqnr.:a, coaep)Kamero .KaaMnii, MeToanKa Paii:Hca H KoyaHa anonHe noaxoasrma. 

Koraa npoHcxoanT co5brTne, BbiaBaHHoe peaKuneii /5/, a cunHTnnnsrunoHHOM cqeT-

•mKe 5yayT nosransrTbCH aaa nMnynhca, oanH na KOTOphlX COOTBeTCTByeT OCBO-

6o)KaeHiriO sHeprnn noanTpoHa IHeiiTpOH nonyqaeT Manyro aonro SHeprnn/ n BTopoii: 

U3 KOTOpbiX, aana3.[lbiBaiOlllllH no OTHOWeHHIO K nepBOMy, COOTBeTCTByeT cpOTOHHOH 

SHeprnn, OCB050)K.[la9MOH npn 3aXBaTe H9ii:TpOHa B Ka.[lMHll • .[lnsr 05Hapy)KeHHH peaK

Ullll /5/ cunHTunnsrunoHHbiii cqeT'IMK Tnna PaiiHca n KoyaHa MO)KeT 5biTh noMemeH 

B ny'IOK MIOOHHbiX- aHTHHeiiTpliHO, Hecnoco5HbiX Bbi3BaTh peaKUHIO /a/ /no SHepreTn

qecKHM C005pa)KeHHHM/ li HM9IOlllHX npeHe5pe)KHMO Manyro npliM9Cb. aneKTpOHHbiX 
,-J.. + 

aHTMHeiiTpnHo, KoTopbre Mornn 5br BbrasaTh "TpnananhHyro" peaKuuro Ve. +tz,.-e. .,.n, 

.[lnsr BhlHCHeHHH ycnOBHSI OnhlTa paCCMOTpliM o5pa30BaHHe HeiiTpanhHhlX nenTo-

HOB pa3HbiX TMnOB B UHKnH'I9CKHX YCKOpHT9J_IHX npOTOHOB LlO 9HeprHH 1 CKa)KeM, 

700 Msa. PaanoaneMeHTbr, KOTOpbre o6paayroTcsr B MHweHn u a apyrnx aeTansrx 

ycKopnTensr, sran.srroTcsr ncTO'IHHKaMn Ve n, a M9Hhweii cT~neHn,-Ve . c HH3Koii: 

aHeprueii I ~ 10 M a a!. 8Tn aneKTpOHHbre HeiiTpnHo He a a roT aaMeTHoro cpoHa, 

TaK KaK: 

a/ HX aHeprHH Mana, li no cymecTBY HX nerKO LlliCKpliMHHHpoBaTb npn nOMO- · 

lllH aHannaa COOTB9TCTBYI0lllHX HMnynhCOB OT CUHHTHnnHTOpa; 
,J + 

6/ ceti:eHH9 peaKUHH Ye. +jt-- n+ e nponopunoHanbHO KBaapaTy 

sHeprHH HaneTaiOlllHX aHTHHefiTpHHO, H OHO O:z'HOCHTenbHO Mano npn HH3KHX SHeprHHXo 

Ha MnweHn cnHxpounKnoTpoHa 6yayT o6pa3?BhlBaThCH rinoHhl o5oux aHaKoB. 

0HH 5yayT o6pa30BhlBaTb H9iiTpanbHhle nenTOHhl no CXeMei 

L~ 
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H ~ B IIy'IKaX He Bpe,llHbi 1 IIOCKOnbKY. y:>Ke H3BeCTH0 1 'ITO 

, TaK··u Ve I He ·MoryT Bbi3BaTb paccMaTpHBaeMyro peaKIIHID. - . 
-- lie~K:ri' BH.i{~Th,· 'ITO "Bpe.aHbre" npHMeCH Ve B03HHKaroT TOnhKO oT pacna.aa 141 

'·.'--o.f."':.Jl'-' :..Meaouoe. O.aHaKo, '..Jt'- ...:.Meaoabr, ocTaHOBHBWHecH B MaTepHane._.BbrcoKoro 

aTOMHOI'O HOM epa IHeTpy .llHO ooecne'IHTb B03MO:>K HOCTb OCTaHOBKH Me30HOB B ner-

Kii~CMaTepHanaxl~ npaKTH>lecKH He HCirbiTbiBaroT f -pacna.a, a .JU -pacna.aoM 

'maneTy :MO:>KHO npeHeope'lbt TaK 'KaK .llnHHa·CBOOO.llHOI'O npooera .llnSI pacna.aaf

M930HOB 'H3MepsteTCSI B· COTHSIX: MeTpOB1 a ·.aeTeKTOp peaKUHH /§/ paayMHO IIOCTaBHTb 

Ha paCCTOSIHHii::: .. % - '10 M9TpOB OT 'MHWeHH• -· TaKHM o6pa30M, MO:>KHO ocyruecTBHTb ny•wK v.r' -tJ:aCTHU, npaKTH'I9CKH He 

rJ :)1'4 + ~~eiOif-XHX .npHMeCH Ve • npH 9TOM \-'J OT peaK~H /21.,/ocTaHOBHBWHeCSI .f' 
Me30Hbi/ HMeiOT Cpe,llHIOIO aHeprHIO .. ,..., 35 MaB1 a · Vf' OT peaKUHH /31. MOI'yT 

HM9Tb 3Ha'IIJTenbHO oonhwyro SHeprHIO /pacna.ll HaneTy/ 1 HO HX HHTeHCHBHOCTb 

x/ 
;eooorue 6y .aeT Mana ,.., 
.. : ,qHcno· oopaa·oeaHHbiX ~ OT peaKIIHH 121 MO:>KeT ObrTb 6nH3KHM K 'IHCny 

Oopa30BaHHbiX g;"' -Me30HO;B B MHWeHH•· H II09TOMY 'IHCno \)_fl 1 oopa3oBaHHbiX ~ 
. 12 

coepeMeHHbiX cpaaoTpouax, MO:>KeT obiTb paBHO 10 /ceK. B HacTostruee epeMSI o6-

cy:>K.aaroTcsr .MO,llenH HOBbiX YCKOpHTene:fi, ?IIOCOOHbiX B IIpHHUHIIe ,llaTb HHT9HCHBHOCTl: 

ycKopeHHbiX npoTOHOB Ha Tp~ nopst.aKa Bbrwe. TaKHM oopasoM, MO:>KHO .ayMaTb 1 'ITO 

8"!~ 2 
ITOTOKcp Ha paCCTOSIHHH ·,..10M OT MHW9HH 10 'lf/CM C9K 1 MO:>KeT CTaTb peanbHbiM B 

ue.aaneKOM oy.ayrueM. Ce'IeHHe npouecca fBI obrno oueHeHo no TeopHH B03MYIU9HHSI 1r 

-41 2 --:, ""' · -:;e 
OKasanOCb paBHblM 2·1 0 CM 'ecnH Ve = vf'4 .ami -y, c aHeprneii 35 Mae. EcnH 

· HcnonbaoBaTb CIIHHTHnnstUHOHHbiii ctJ:eT'IHK THna Paiiuca H KoyaHa 11-2 TOHHbii, TO 

'Incno coobrTHil: lnpn Ve = Vr I pa~a'o ,..., 1 a 'lac l (/J,.., 10
8 

/cM
2
ceK.j npH 

x/ d a-· -
noTOK ~Jl OT ~-P pacna.aa HaneTy MO:>KeT ObiTb 3H8'IHT9nbHbiM 

TOnbKO B TOM cnyqaet ecnH yCKOp9HHblii npOTOHH.bl:li: IIY'IOK IIOIIB.,llaeT Ha 

BHe.WHIOIO MHW9Hb1 IIpH STOM MRW9Hb OT.O:ansteTCSI OT M8CCHBHblX ,lleTane:li 

lsaruHTa H T.n .I ua uecKonhKO MeTpoa. 
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a cpcpeKTirBHOCTir perncTpaunn, paaaoii e.unanue. Kax noxaaa nn He.llaBHO PaRae n 
/4/ 

KoysH , s¢cpeKTirBHocTb M_omeT npeBbilllaTb 0,5 .. Texanqecxn per_Jf,CT}l~JIHSJ_ O.ll:'":' 

aoro paccMaTpnBaeMoro co6biTirH Meaee Tpynaa, '!eM B onbiTe Paiiaca n · Koysaa, 
+ 

TaK KaK saepi'IrH ncnycxaeMbiX fi -qacTirU Bennxa. TaKirM oopaaoM~ peanbHOCTb 

onbrTa aaancnT oT aenn'!IrHbi cpoaa, KoTopbiH oqea& TPY.llHO QueHRTb anpnopn. Mom

ao Ton&Ko cxaaaT&, '!To,. K comaneHiuo, oTaomeane s¢cpeKTa K cpoay ,z:tonmao .ObiTb 

aaa'lnTen&ao Mea&me, '!eM B onbiTe Paiiaca n Koysaa. 06pamaeT Ha ce6st BHHMa--. 
Hire :oT cpaKT 1 'ITO · v, OT peaKUirH /2/ 1 B OTnir'I He OT Hei1TpOHOB1 . po:m .ll8 IOLUHX-

CSJ B MirllleHH 1 HcnyCK8IOTCSJ Ir30TpOUHO. 3TO .naeT B03MO)KHOCTb yMeHblllirTb Tpy.ll-
,_. . . i 

aocTn, caHaaHHbre c Q:loaoM oT ycxopnTenst: neTeKTop Vr . .uonmea _obiTb nocTaB...; 
. 0 . 

neH no.ll yrnoM ~ 90 no oTHollleHnro aanpaaneanst na.uaromnx Ha Mirlll9Hb ycKopea-

HbiX npoTOHOB,. 

Pe3IOMir,pyH 1 MO)KBO CK838Tb, 'ITO UOCT8HOBKa OllbiTa· no BbiSJCHeHirlO BOnpoca 

o Tom.lleCTBeaaocTn Ve. n ~I" , xoTSJ H o'IeHb aaTpy.llHRTen&Ha, .uonmao 6.biTb 

cep&eaao paccMoTpeaa npn npoeKTirpoaaann HOB.biX ycxopnTeneii. B qacTaocTn, 

npo6neMa aamnTbi oT Hany'IeHHSJ .lleTeKTopa \)J'# .llOnmaa 6.biTb · paccMoTpeaa aa 

caMbiX nepB.biX cpaaax npoeKTirpoBaHHSJ ycxopnTenst. 

B aaKniO'IeHne aBTopy npirSITHO noonaronapHTb t.{:moy ryaa-q:mao, JI.E~ 0KyHSJ 

H .H.A. CMoponnacxoro sa MHOI'O'IHcneHH.bie o6cym.lleanst. 

PyKOUirCb UOCTynHna B H3.0aTenbCKirii OT.oen 29 HIOHSJ 1959. I'O.lla. 

j 
...,.___~ 
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