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0CHOBH8SI "i8CTb H3Y"i89Mb!X B H8CTOSiutee BpeMSI nonynenTOHHhiX npo-
' : 

, uecc~B BKniO"iaeT OAH)" nenTOHHYIO napy, l.J:Hc:o nen;oHHhifi npouecc pacnaAa 
. •\ 

MIOOHa. BKniO"iaeT ABe nenTOHHbie napb!, Jlng HX Orl,HC8HHSI ycneWHO HCriOnb-

syeTCSI "i9Tbipex<flepMHOHH8SI TeOpHSI cna6hiX B38HMOAefiCTB~fi, TipoueCCbl C 

6onhWHM "iHCnoM nenToH.oB H3y"ieHhi cna6o. B npeABHAeHHH HOBhiX aKcnepH-. 

MeHTOB no H3y"ieHHIO cna6hiX npoueccoB c. y"iaCTHeM Ji:ecKonbKHX <flepMHOHOB 
' ~ ' ' 

(pacnaAhl H HefiTpHHHhie ,npouecchi C HCnyCK8HHeM, HeCKOnbKHX <flepMHOHOB) 

npeACTaBnSieTCSI HHTepeCHhiM paCCMOTpeTb 1 K8KHX cneACTBHfi AnSI HHX MO>Ko:~ 

Ho 6brno 6hi O>KHAaTb, ecnH 6bi HapSIAy c a<P<PeKTHBHhiM "ieTbipex<flepMHOH-. . 
Hh!M CyuteCTBOBanH a<P<fleKTHBHhie WeCTH~ 1 BOCbMH- H T,A,-<flepMHOHHb!e 

B3aHMOA9fiCTBHSI, 

B paMK8X COBpeMeHHOfi TeOpHH TaKHe npOUeCCbl K8K 

. ' ~-

(1) 
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(2) 
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( f - OOUiee 0003H8'191jH9 . .QnSI MIOOHa H aneKTpOHa) BOpHHKaiOT B peaynbTa-
. 1. • 

Te KOMOHHHpoBaHHoro .neiicTBHSI .• cnaobrx H aneKTpoMai'HHTHbiX B3aHMo.neiicT- ! 

BHii. C aToii _TO'IKH apeHHSI npouecc (2) ohm paccMoTpeH llp:KHHhiM H XapKa-

/1 I ' · /2/ . 
ueM • OKyHh, DoHTeKopBo H Pyt56Ha· paccMaTpHBanH 'leTbrpex<iJepMHOH-

. . I 

HbiE! pacna.Qbi UHO]IOB H K-Me30HOB BH.Qa · (2) C TO'IKH 3peHHSI B03MO)!(H0.;.... 

I'O CyUieCTBOBaHHSI 8HOManbHOI'O.B38HMO.Q9HCTBHSI nenTOHOBo 

EcnH .nonycTHTb, 'ITO aapSI.ny c a<iJ<iJeKTHBHbiM 'leTbipexqrepMHOHHbiM 
. . 

B38HMO.QeHCTBH9M cyUieCTByeT a<iJ<lJeKTHBHOe cnaooe• W9CTH<iJepMHOHHOe B38HMO-

.ne~CTBHe1 To oao nprme.neT K npoueccaM (1), ( 2) B nep13oM nopSI.nKe no 

KOHCTaHTe. HOB()I'O B38HMO.Qe.HCTBHSI G6 . 

. Boa~~)!(~~e cy~~CTB~Ba~He- 6:.:<iJ~p~HOHHoro 5ai:mMo.neiicTBHH.npHBe.neT 

B nepBo~· nopMKe -~o·· G
6 

noMHMO '<i) H (2) K pacna.naM MIOOHOB 
' ' .. : ~ : \, ~: .· . '::.' 

· •.: /L+~ e+·;: v + v· +'v' -t-·v. 
/L e e e 

•,' (3) 

" '•'i 

-> e+:+ v + v· +V +'V 
e /L /L /L 

C4) 
·;.· 

38pSI)!(ElfiHbiX. UHOHOB 
· .... 

1T .... /L- .+ v/L; v., .,+ ve \ ~ 
. (5) 

->/L +V/L+V/L+V/L 
.. . .... 

<6 > ., 

.... e + V e + "'e + V e (7) 

i 
.... e +Ve+V/L+V/L ' (8) 

H K-Me30HOB 

K- .... /L-+V +V + v 
11 e e 

(9) 

/l-+V +V +V 
ll ll ll 

( 10) 

4 

·:l 

: ., 
:·I 

,I 

·I 
I 
I 
' I 

·!' 

i 
,.) 

' •.... e + -~ e + ·v e + v e 

r':e-+ ve + VJL+VIl 

a TaK:li<e .. K pacna.naM aeihpanhHbiX nHOHOB 

TT 0 ~e++v ~e-+; 
e e 

.... /L + +. v ll + e -+ -;: e 

~ll-+VIl+ e++~e 
.• 

H K-MeaoaoB 

0 . 
K -> e+ + v + e -+ v 

e e 

->p++v +/L-+; 
. . /L ·- ' /L 

+ . - - . 
->e +V +/L'+V 

.· e /L 

->/L+ + v'/L + e + v 
e 

HeKOTOpbie CBOHCTB8 STOI'O B03MO)!(HOI'O B38HMO.Qeii 

. . . . . /3/ 
CMaTpHBanH B CBSI3H C ·oeTa..;pacna.QOM MopHTa . 0 B. CE 

. T . T 141 T 151 K CTpaHHbiX '18CTHU . aKeTaHH H · 8TH · 1 ' aHaKa ,· t 
/6/ 17 8/ /! 

H HoKOSIMa . , KaTaSIMa H MaTyMoTo ' , 3. MaKH'·.· 

. . . . . . . . . "" . . r /10/ x 
TpHHHbiMH SKCnepHM9HT8MH opHK~OH H newoy·· · • 01 

0 pacnaJtax CTp8HHbiX '18CTHU H nocrieJiaHe aJ{cnepHMeHTB 

o cTeneHH BbmonaeHHSI npaBHlla AQ = -~ S npli pacna.ne cT 
. . . /4-8/ 

naiOT ManoBepOSITHbiMH OCHOBHbie MOTHBbi paoOT .. o I 

Be.QeHHSI HOBbiX; oonee TO'IHbiX HCCne.QOBaHHH C HeHTpHHO 

5 



B03HHK8IDT B peaynbTa-

48I'HHTHhiX B38HMO,neil:CT- :. 

loTpeH DHKHHhiM H XapKa

lTpHaanH "'eTbipex!jlepMHOH-

>"'KH 3peHHSl B03M0)KH0'-. 

mTOHOB. 

"'eTblpex<jlepMHOHHbiM 

lleCTH!jlepMHOHHOe B38HMO-

B nepl3oM nopsr.nKe n~ 

8HMO,nefiCTBHSl npHBe,1leT ... 
:na,naM MIDOHOB 

. ( 3) ~ 

,(4) 

,: '(5) 

" (6) 
,",! 

(7) 

(8) 

(9) 

( 10) 

.. 

I 
' .j 

I 

I 
I 
I .. , 
j 

I 
•l 
I 

. ·. 

j. 

.. 

I' 

(11) 

( 12) 

a TaK:lKe .K pacna.naM HeiiTpanbHhiX fiHOHOB 

'n- 0 ~ e + + v + ~- + ;; 
e e 

(13)' 

(14) ' 

(15) 

H K-MeaoHOB 

K 
0 ~ e+ + v + e-+ v '( 16) 

e e 

., ( 17) 

.(18r 

( 19) 

HeKOTOpbie CBOHCTBa 9TOI'O B03MO)KHOI'O B38HMO.rlefiCTBHSl paHee. pac-. 

_: CM~TpHaanH B casiaH c '6eTa...;pacna.nOM MopHTa 
131 , a. CBSI3H c pacna.naMH 

. '/4/ /5/ 
cTpaHHhiX "'aCTHU TaKeTaHH ·H .TaTH , TaHaKa ,· KaTasrMa, MaTyMoTo 

/6/ . 17 8/ /9/ 
H HoKOsrMa , KaTasrMa H MaTyMoTo ' , 3. MaKH' ··· , B casraH c Heii-

. /10/ . 
TPHHHblMH 9KCnepHMeHT8MH 8pHKCOH H rnemoy' . . . • XoTSI pa6oTa Ka6H66o 

,. 

0 pacnaJ;taX. CTpaHHblX "18CTHU H nocrieJiHHe 9KCnepHMeHTanbHb!e aaKnro"'eHH~Sl .. 

· o cTeneHH Bhii.tonHi:milsr· npaBHlla ~Q .. '!1 S npu pacna.ne cTpaHHhiX "'aCTHU· .ne

/4-8/ 
naroT· MaiJoBepOSITHhiMH OCHOBHhie MOTHBbl pa60T 1 B03MO)KH0CTb npo- · 

BeAeHHSI HOBbiX;. 6onee TO"'HbiX HCCneAOBaHHfi C Heil:TpHHO Bb!COKHX 9Hepi'Hitr 
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a TaK:m:e nonhiTKH nOHCKa HOBhiX pacnattOB · MIOOHOB, nHOHOB H K-Me30HO~ 
. "' ·- .. ,. " 

no5y:m:ttaiOT nposeCTH paCCMOTpeHHe cneJlCTBHfi . B03MO:m:HOI'O cymeCTBOBaHHSI 

meCTH{pepMHOHHOI'O B3aHMOJleHCTBHSio 

'·. B OTnH"'He OT npouecCOB ( 1 ) H (2) ,· KOTOpbH~' HMeiOT MeCTO B nopSIJl-
2 . ' - f 

Ke G 4 e . ( G 4 - KOHCTaHTa "'eThipex!jlepMHOHHOI'O cna5oro B3aHMOtteiicT- · 

BHSI), npoueCCbi (3), (5),. (9) B OTCYTCTBH~;aHOMan&HhiX ·B3aHMOJleHCTBHH. 

HMeiOT MeCTO B nopMKe G 
2
4 

e 2 • BKnatt mecTH!jle~MHOHHoro saaHMOtteii

CTBHSI OJlHHaKOB ttnH np~UeCCOB (1) ~ (3), (2) H (5). (6), COOTBeTCTBeH

H00 ·. eCnH npeHe5pe"'b MaCCaMH aneKTpOHOB.' 

EcnH. 5hi MHoro!jlepMHOIIHhie B38HMOJleiiCTBHSI tteiicTBHTenbHO cymecT

sosa~H, HHTepeCHOH 3atta'leH MOI'n~ CTaTb onpeaenelme 3HaKa KOHCTaHT 

B3aHMOJleHCTBHSI npH H3y"'eHHH HHTep!jlepeHUHH BKnaJlOB HOBbiX B3aHMOJleHCT

BHii H KOM5HHHpOBaHHOI'O tteHCTBHSI aneKTpOMai'HHTHOI'O H 05hi'IHOI'C;·:~eTbipex-; 

!jlepMHOHHOI'O cna50I'O B3aHMOAeHCTBHH. I 

2. B oTcyTCTBHe aKcnepHMeHTan&HhiX ttaHHhiX AnSI ueneii opHeHTHpos

KH I'HIIOTeTH"'eCKOe· IlleCTHtlJepMHOHHOe B3aHMOJleHCTBHe MO:m:eT 5biTb nocT

pOeHO B 5nH3KOH aHanorliH c. 'leTbipex!jlepMHOJ!HhiM. HH:m:e AnSI JlBYXKOMno-
·. ""'- I .· . ,· . 

""~-~ / 

HeHTHhiX HeiiTpHHO y"'HTbii~aeTCSI noKanbHOCTb no nenTOHHhiM napaM. AApOH-

HbiH MaTpH"'HbiH aneMeHT. B (2) , (5)-(19) H.,B JlPYI'HX nonynenTOHHbiX· npo

ueccax 3aBHCHT TOnbKO OT cyMMbl 4-HMnynbCOB nenTOHOB1 T.e. CBOAHTCSio 

KaK ·H'·JlnSI JieTbipex!jlepMHOHHOI'O .B3aHMOAeHCTBHSI1 K !jlopMtlJaKTOpy • .llnSI.npo

UElCCOB (2) W (5)-.(.9) !jlopM4>aKTOp CBOAHTC~ K ."mcny . . f(m~) · 1 OAHHaKOBO~ 

My AnSI (5) H (8) nplf· pa~mHpeHHH''M~oii-aneKTpo~ .. yHHBepcani;>HOCTH .Ha B03-I . 

MO)I{HOe. IlleCTH!jlepMtiOHHOe. B3aHMOAeHCTBI:le. '· . \' :.~ 

K pa3nH"'HSIM0 nOMHMO KHHeMaTI:l"'eCKHX1 . CBSI3aHHblX. C 5bnblll1fM "'H.Cj ·: 

noM "'BCTHUi OTHOCHTCSI HeH35e:m:HOCTb. BKniO"'eHHSI· B CXeMy UieCTH!jlepMI:IOH

HbiX B3aHMOAeHCTBHH HeiiTpanbHhlX TOKOB. 803MO.:m:Hble· OCnO/KHeHHSI (HnH .y,n.,.. 

pomeHHSI) 1 CBSI3aHHbie C HElHTpan&HbiMH . TOKaMH, Tpe,5yiOT .,paCCMOTpeHHSI. 9~ .. • 

!jleKTOB BbiCIIIHX nopSIAKOB no KOHCTaHTe Hosoro B3ai:IMOJleiicTBJ!SI .•. 3ttecb Mbi 
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orpaHH"'HsaeMCSI nHmb a!jJ!jleKTaMH nepsoro nopSIAKa no G 

HeiiTpanbHhiX TOKOB B03MO:m:Ha. ,AnSI "'eTb!p&Y-0 'BOCbMH- H 

MHOHHOI'O B3aHMOAeiiCTBHSI. 

'. noHHMaSI, 'ITO MOI'YT' cymeCTBOBaTb meCTH!jlepMHOHH 

• c paanH"'HhiMH H3ocsoiic~saMH, Mbi He .5YAeM paccMaTpHE 

3TO COOTBeTCTByeT npeABapHTenbHOMY XapaKT~py BCei'O 

'laC paCCMOTpeHHSI. 

PaaMepHocT& Ko.HcTaHTbi lllecTH!jlepMHoHaoro ·saaHMc 

HeTpyJlHO .YCTaHOBHTb o5hi~HbiM MeTOAOM. TaK. KaK' paaMe 

narpaH:m:HaHa CO~nattaeT C nnOTHOCTbiO SHepi'HH B eAHHHU• 
. . i 4 

'(npH ii= c=l ) [M/L ] .. [M ] , TO HMeeM: 

' [ M . t] = [ G 6 ][ L-a /2 ] 6 
,',· 

H 

[ G ] = [M - 5
]. 

6 

AHan~~H"'Ho, ttnSI n -<J>epMHOHHOI'O B3aHMOAeiicTBHSI 

-<+n· -4). 
[ G ] ., [M· ] • 

n 

I1HOI'Jl~ oKa3biBaeTCSI noneaHbiM npeAcTaBHTb · G 6 B BHAE 

G 
6 
~-l
{2 'A3 

I'Jle. pa~~epHOCTb BenH'IHHbi ''A cosnattaeT c Mace oft M 
. . . . ' ~ 

'Ta "'eTl.xpex!jlepMiwHHoro saaHMotteiicTsHSI .• . 
PaaMepHbie coo5pa:m:eHHSI npHBOASIT K ToMy, 'ITO seJ 

JlOB~ (3), (4) :OK£\3biBaeTCSI nponopuHoHanbHoii OAHHHattuaT 

MI?OHa BMeCTO xapaKf~p~oii rinSJ: 'leTbipex!jlepMHC>HHOI'O .B3i 

CTeneHH TOil. :m:e senH"'HHhi. 
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:oHoa H K-Me3oHoa 

:HOI'O CyllleCTBOBaHHSI 

1910T MeCTO B nopSIA-

160I'O B38HMOJ:tei!:CT- . 

lblX 'B38HMOJ:tei!:CTBHi!:. 

!OHHOI'O B38HMOJ:tei!:

(6) 1 COOTB9TCTBeH-

:TBHTenbHO cymecT-

~ 3H8K8 KOHCT8HT 

HOBblX B38HMOJ:tei!:CT-

'• K o6bi'IHOI'd .. 'l~Tbipex-; 

~ Uenei!: OpHeHTHpOB

MO:lK9T 6b!Tb UOCT-

H:lKe AnSI ABYXKOMUO

'HHbiM napaM. AapoH-

·f!onynenToHHbiX· npo-

ROB1 T,e,. CBOAKTCSI 1 

'PMtPBKTOpy, . .QnSI, npo

f{m.2 ) • 1 OAHH8KOBO~ • TT . . . . . • .• 

~Bepc~nbHOCTH Ha B03-

b!X. C {)6nblllHM 'IH.C; · 

eMy lll9CTHtjlepMHOH

OCnO!KH9HHSI (HnH .yn

:>'f:,pa~CMOTpeHHH 9<jl- .. 

(ei!:CTBHSI.•. 3aeCb Mbl 

,, 
I 

'l 
·.: I 

l 

l 
I 
l 
I 

OI'paiiH'IHBaeMcSI nHllib s¢¢eKT.aMH nepaoi'o nopSiaKa no G
6

·: • CxeMa .6ea 

Hei!:TpanbHblX TOKOB B03MO:lKHa JJ.nSI 'l9Tb!pbY.-j 'BOCbMH- H B006llle · 4k -!lJep.:. 

MHOHHOI'O B38HMOaei!:CTBHSI, 

'· TioiiHMaSI, 'ITo MOI'YT cymeCTBOBa'l'b mecTH¢epMHOHHbie· aaaHM:oaeltcTBHSI 

c paanH'IHbiMH H30CBOi!:C':B8MH, Mbl He 6yaeM paccMaTpHB8Tb' HX1 aaecb. 

3TO COOTBeTCTByeT npeaaapHTenbHOMY XapaKTepy BC9I'O npOBOAHMOI'O cei!:~ 

'18C paCCMOTpe.HHSI, 

PaaMepiiocTb Koiici'aiiTbi mecTH¢epMHOHHOI'o ·aaaHMoaei!:cTBHSI · G
6 

IIeTpyaiio ycTaiioaHTb o6bi'IHb!M MeToaoM. TaK KaK· paaMepiiocTb 'nnoTIIocTH 

nai'p8H:lKH8Ha co~naaaeT C nnOTHOCTblO 9Hepi'HH B eaHHHUe. o,6'beMa 1 paBHOi!: 

· (npH ii= c .. I ) [M/L 3
] .. [M 4

] , To· HMeeM: · 

·,[M.4]=[G ][L -3/2] 6 
. . ' ·. 6· 

H 

.. 
AHanohlttHo, anSI · n -¢~PMHOHHOI'o aaaHMonei!:cTaH.sr · 

-(-3-n.-4) 

[G ],.[M 
2 

]. 
n 

l1IIoi'a!l oKaabmaeTCSI noneaiibiM npeacTaBHTb G 6 a BHae 

G 
6 

I'ae · paa~epiiOCTb aenHttHHbr '.\ coanaaaeT c Maccoi!: M , a G 4 

T8 'l9Tblpex¢epMH~HHgi'O• B3~~~~~aei!:CTBHSI.• 

(21) 

(22) 

KoiicTaH-

PaaMepHbie coo6pa:lKeHHSI npHaoaSIT · K TOMy, ttTo aepoSITHOCTb pacna~ 

aoa~ (3), (4) ·oKaabraaeTCSI nponopUHOHam:>Hoi!: OAHHHaauaToi!: cTerieHH MaCChi 

MI?OHa ~MeCTO xapaKi~p~oi!: anSI tteTbipex!iJepMHOHHOI'O .B38HMoaei!:CT~HSI nSITOi!: 

CTeneHH TOi!: :lKe aenH'IHHbi. 
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I 
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[. 
! 

3 P 
u ~ u /3/ B. 

• SCCMOTpHM .nenTOHHh!H UleCTH'l'epMHOHHb!H npouecc • npe-
' ' ! ...... ' '• . . • • ' ' ' : i ' ~ •. . ' ' . . . ' 

H_e()pe*eHHH_ Maccoit aneKTpoaa aTo pa-ccMoTp.eHHe cnpaaeJlliHBO H Jlll51 npo-
,_ .•• -.... . . . •· .t·l .. t ·• ,·.·- .· ·.. . • 

uecca { 1 ) • 06o3HS'IHM 4-HMnyllbchi MIOOHa 'lepe3 p , n,03J:!Tpoaa 'l:epe3 _ 

, k , allb":"HefiTpHHO - 'lepe3. k H . k . 0 MIO-aHTHHefiTpHHO 
" 1 . ·- • . ' . 2 • 4 

'1~p~3 k a' 

anb-aHT~,Hefi"TpHHO -_ qepe3. k ~ • 
. . 

p=kt+k2+ka+k4+k5. 

: x/ 
OrpaHH'lHMCSI a¢¢eKTHBHhiM MaTpH'IHhiM aneMeHTOM BHJla 

~. . ~ .,_ . : , ·. . 

~ M = ig (~S+v ){(b (k )0 e)( ii' (k )0 v ) -
y2 · p. e 2 a . e 4 a e 

- (~ e (k4 )(~ae )( ve (~2 j~a v ).1' . {23) 

I"Jle SIBHO y'lTeHbi Tpe6oaaHH51 CTSTHCTHKH cPepMH Jlll51 HeitTplfHO, a 

0a = Ya (l + Y5) H s + = ,0 + y 5 ) •. 

B CHny c'ooTHOllleHHfi cPHpTua, ~Topoe cnaraeMoe B ljJHrypHhiX cxo6xax 

B {23) paBHO nepBOMY C o6paTBhiM 3HaKOM 0 TaK 'ITO OKOa'laTenbHO 

- + ', ·' .· ·' 
M=igy2(pS v )(v(k)Oe)(ii (k )0 v) {24)· 

. p. e a e 4 a e . 

H 

I M 12 = 2 12 g 2 ( p k) ( k 1 k 5) ( k 2 k 4 ) • 

HHTerpHpoaaHHe no cneKTPY HefiTpHHO npome acero npoaecTH MeTo-
/11/ . . ' . .- •. - ,' . . 

JlOM0 OfiHCaHHbiM B pa6oTe • .!lng cneKTpa U03HTpOHOB OT pacnaJla MIOo-

HOB: 

x/ . 
.!lpyrHe Bbipa)!{eHHSI llll51 ,M , KOTOpbie 6hinH paCCMOTpeHhl TSK)!{e 0 He H3-

M9H51IOT• OCHOBHhiX 3BKliiO'leHHi1, nony'JaeMhiX ~ TIOMOlliblo {23). . 

. r 

8 

! 
I 

I 
. i 

I 
\ 

I. 
L 

>i 

dW 
dE 1 

2 k ·na . I5 4 2I ka 
4g -t . E (k 5+- k 0+-- t. ------1 1 1· -4 1. 4 
3 "·7 1! 5,! 

7 k 2 ·~ 3 9 k n 4 . 9 n 5) .·k· 2 ( k 4 . 5 k : 
+- 1 ... +- 1 u + -- + 1 1 +-

2 8 64 2-

9 k2n2 7 k.n3 I n4)}·-
+ 4. 1 u :t 8 1 .. + 6 ~· : ' 

I'lle n. = mp.- E 1 - k 1 ' k 1 =I k 1 I . 
B npeae6pe*eHHH m e · no cpaaHeHHIO c E 1 · Bhxpa*E 

ynpomaeTCSI. IlonO)!{HB . E 1 ~ .:;;:-(- ( 0 <£ < I r. a' npeHe6pe 

aneKTpOHa H3 (26) HMeeM 

dW ----= 
d£ 

11 
mu 

(271) 7 4!5! 

4 2 2 (I ) a l 5 C)t:: 4 . - g ( -£ ( + -"'>!-( 
3 . 4 

. 3 ( . )2 . 35 2 ( )3 3I . + I5 ( 1- ( + -- ( I- ( + -- ( (I-
2 3 

. 9 . 5 .. 
+-. (1- £). 1'. 

4 

ITo cpaaHeHHIO co cneKTpOM noaHTpOHOB oT (o6bi'IH 

cneKTp fi03HTpOHOB OT 6-ljJepMHOHHOI'O pacnalla XapaKTepH 

MSKCHMyMa B o6naCTb MeHbinHX aHepi'HH~ nng no~HOH Bei 

(3) H3 (27) HMeeM 

. w 6(p.) = 

. I7 11 2 
. mp. g 47 

(271)73!5!11.15~-~ •. 
. ._.:'~ ,: .. 

,!lng OTHOlll9HH51 W 6(p.) K fiOliHOH aepOSITHOCTH 'JeT! 

pacnalia MtOOHa · 

2 . 5 3 
W

4 
(p.) = G m I I92 11 

4 p. 
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\, 

/3/ 
npouecc , , B npe~ 

:npaBe/lnHBO H .rtnn npo

p , no3HTpoHa qepea 

IHei!:TpHHO 'I~pe3 k a' 

xi 
HTOM BHAa, 

10 v)-
a,. e 

' . <' ' (23} 

Hei!:TpHHO, a 

oe B !f!HrypHbiX CK06KaX 
"' 

0 OKOfi'I8TenbHO 

v .. f 
e 

(24} ' 

acero npoaecTH MeTo-

~pOHOB OT pacna,na MIOO-

.. , 
'··' 

IOTpeHbl TaKme, He H3-
ub~lo. (23). ··· 

'! 

I 
..! 
I 
I 

1 

j 

J 
j 

j 

dW 
dE

1 
= 

7 2 3 9 4 9 5) 2 ( 4 5 3 ' 
+-k1n +-k1n +--n +k 1 k 1+-k 1 0+. 

2 8 64 2- ' 

9 22 7 814' 
+Tk10 :+"sk 10 + 6 .0_)1, 

I'Ae n. =miL- E 1 - k 1 ' k 1,; I k tl . 

(26) 

. B n'peHe6pe:>KeHHW m e no cpaBHeHHIO c E 1 BbipameHHe (26) aaMeTHO 

ynporuaeTCSI, nonomHB .. E 1 ·= ~(- ( 0 < ( < 1 r; B npeHe6pemeHHH Maccoi!:_ 

sneKTpOHa H3 (26} HMeeM 

' 9 5- '. 

+-U-d L 
4' 

'(27) 

llo cpaBHeHHIO CO cneKTpOM no3HTpOHOB OT (o6bi'IJI,l9I'O) fL-> e pacna,qa 
' ' 

cneKTp n03HTpOHOB OT 6-:!flepMHOHHOI'O pacna,na XapaKT9pH3yeTCSI. CM9lU9HHeM 

M8KCHMyMa B o6naCTb MeHbWHX 9HeprHi!:~ .LlnSI no~HOi!: BepOSITHOCTH pacna,qa . 

(3} H3 (27) HMeeM 

'(28}' 

.LlnSI OTHOWeHHSI W 6 (/L) K nonHoi!: BepoSITHOCTH. 'I9Tbipex!fleP,MHOHHOI'O. · 

pacna.!la MIDOHa · 

(29} 
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I. 

j 
'I 
j 
'I 

l 
I 
!: 
I 
I . 

.! . 

'·. 

--'•': 

rrony'IHM 

W 6. ( IL ) 

W (IL) · 
4 

... 
3,4.10-7 (~ ) 6 

A . • (30) 

PaccMoTpeHHe Apyrnx BapHaHTOB rrpHBOAHT nHllib K H3MeHeHHro KOH-
. -7 . 

CTaHTbi nepeA 10 B HeCKOJibKO pas~ na)!{e rrpH A"' mIL BepO.IITHOCTb B03-

MO)!{HOro rrpouecca ( 3) oKa3biB.aeTC.II o'leH~ Manofi. TaKHM o6pasoM, nccne-. r 
AOBaHHe paCIIaAOB MIOOHOB OKa3hiBaeTC.II He'lyBCTBHTenbHbiM ·.K B03M.O)!{HOMy 

CyiU~CTBOBaHHIO 6-ljlepMHOHHOrO B3aHMOAeHCTBH.IIo 

· .. cs·.II:;!aHHa.II c 'pasM:epHoCTbJ() KOHCTaHTbi :. G 6 CHnbHa.II saBHCHMOCTb oT 

aHeprHH ao~MO*Horo Br<naAa wecTnljlepMHOHHhiX rrpoueccoB rro.IIcHsieT.' M:anyro 

BepO.IITHOCT,b paCIIaAa H OTKpbiBaeT HeKOTOpyro B03MO)!{HOCTb OoHapy)i(eHH.II 

ero cyruecTBOBaHH.II rrpn 6onbiiiHX aHeprH.IIX 'laCTHU •. TaK:, ce'leHHe rrpouec-

COB 

II +e-_./L-+II·+II+V 
/L · \· e (31) 

H 

v +e-->"-:+v +.e++e-: . /L ; r e (32) 

3Ha'IHTenbHO Bhiiiie rropora • ( :::; 11 Ta.B) rrpn cyriiecTBOBaHHH wecTaljlepMaoH- · 

Horo B3aHMOAeHCTBH.II llOn)!{HO paCTH KaK BOCbMa.II. CTeiieHb "IIOnHOH SHeprHH 
. I 

B CHCTeMe UeHTpa HHepUHH 1 r.e. IIpOIIOp~HOHanbHO 'leTBepTOH CTeiieHH aHep-

rHH Heil:TpHHo B na6opaTopHdft. ciicT~Me•· RcHo, 'ITO TaKoil: poeT ce'leHH.II c 
• ·.-l ·•. . ' --: ~· • . 

aHeprneii: MO)!{eT npoaon*aTbC.II, nHIIIb rroKa aTo He rrpoTHBOpe'IHT yHaTap-. . 
~ 

HOCTH S -MaTpHUbi. 

fpy6yro oueHKY aToro rrpeaena MO)!{HO rrony,HTb cneayroruHM o6pasoM:: 

10 

l 
i ., 

:l 
)t-

i~ 
S,' 
(f •. 
'j· 

.. \ 
1· 

i. 

l 
• , .. 1, 

,. 

''( 

!· 

I 
:{ 
[ 
l 

t ~ ' 

·, 

a(vp e)~ITG: s4 ~-21T 10-:10(~)2 
. M 

4 
s 
2 <IT _..· 2 · M A 6, . 1\. = IT(__;_ 

p 
.r,__;,-_ 

IlOCKOllbKY IIpH BbiCOKHX _aHeprH.IIX ·s = 4 Pvc·,·· TO 

27 (~-)10 (~)6<1, 
.·: 10M·· · · A·.·.·: 

H Mbi rrony'laeM, 'ITO Pvc;:;- faB ( B CHCTeMe UeHTpa M81 

H01 aHanorH'IHO An.II 4-ljlepMn'9HHOrO B3aHMOAeHCTilH.II. Pvc~ 
Hoe yMeHbiiieHHe. aHeprnn, npn K~Topoil: BenH'I.HHa ce'leHH.II. 

MOil.efiC'TBH.II : HefiTpHHO C aneKTpOHOM ( 31 ) ;_ ( 32). H3-3a ·. IIIe< 
' . ;(' 

B38HMOAeHCTBH.II MO)!{eT AOCTHraTb yHHTapHoro npeAena, C 

C oonee pe3KOH 3aBHCHMOCTbiO STHX ce'leHHH OT SHeprHH. 
. ~ ., ! •' 

STO CB.II38HO C pa3MepHOCTbiO rHIIOTeTH'IeCKOro aljlljleKTHBH 

HOrO B3aHMOAeHCTBH.II. 

B uenOM MO)!{HO IIpHATH K 3aKniO'IeHHI01 'ITO H3y'leHH 

. . .. ~ ... 
II8AOB OKa3biBaeTC.II Mano'lyBCTBHTenbHbiM I< B03M0)!{HOMY 

ljlepMHOHHOrO B3aHMOAeHCTBH.II. nn.11 HCCneAOBaHH.II npouecc 

(32) TpeoyiOTC.II HefiTpHHO C. aHeprH.IIMH 1 KOTOpbie CT8HOBSI 

B HaCTO.IIIUee _BpeM.II Ha yCKOpHTenilx. npou~cc~r BHJ:ia. ( 32: 

3aperHCTp!IpOBaHbi OCOoeHHO 'leTKO, 

4~ p aCCMOTpHM;.'IeTbipexljlepMHOHHbie pacrraAbi. ( 5) II 

aljl!jJe.K~HBHbiH MaTpH'IHbiH aneMe¥T B BHAe 

M=if
6

cj>k IF1[;i"(l+y 5 )v ][v y 0+y
5
)v 1 + 

a . IL _e a e 

. + F 2 [ii aaf3 0:+y.5 )vtl ][ii~ Yf3 0+y5 )ve] I+ 

+if 'cf> m F 
3 

[ji y (l + y
5 

) v Hii y (l + y 
5

) v ] , 
B · B a IL e a e 
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(30) 

crb .K H3M9H9HHIO KOH-

· m fl. BepOSITHOCTh B03-

raKHM 06pa30M0 HCCne

lnhHb!M .K B03MO)I(HOMy 

e~nhHasi· 38BHCHMOCTh OT 

9CCOB. IlOSICHSI9T·' ManyiO 

>)I(HOCTh o5HapyX<'eHHSI 

raK, ceqeHHe npouec-

(31) 

(32) 

OBaHHI:I ircecTiicpepMHOH-' 
',• 

eneiih nonHoii: aHepi'HH 

!TBepTOH CTeiteHH 3H;p

aK?H poeT. ceqeHHSI c 

pOTI:IBOpeqi:IT YHHTap-

cne.r:tyiOUII:IM o6pa3oM: · · 

i
. 

., 

i 
t 

' '-

( ) G 2 4 .~- -" 10-:10( _ii ) 2 a "'jl e ~TT 6 s . 2 . M . 

-~ ... ', ... :' l• 

IloCKOlihKY ItpH Bb!COKHX .aHepi'HSIX ·s = 4 Pvc,: TO 

'•.' ·:.:. r:·. 

H Mbl noiJyqaeM, qTo' Pvc~ ran (n CHCTeMe ueHTpa Mace). KaK 'H3BeCT-

HO, aHanOI'HqHo .r:tnSI 4-¢epM~9HHOI'O B38HMO.r:teii:CTilHSI: Pvc~ 300 raa. CHn·h:.: 

HOe yMeHhiiieHHe. aHepi-HH, IlpH K?Topoii: nen1:1qi:IHa ceqeHHSI npoueccon B3ai:I

MO.r:t.eii:c'TBHSI: HefiTpHHO C aneKTpOHOM .(31 )-(32 ), H3-3a, III9CTHcpepMI:IOHHOI'O 
• l'. • 

B38HMO.r:teficTi3HH M0)1(9T .r:tOCTHI'8Th YHI:IT8pHOI'O Ilpegena, CBSI3aHa, KOHeqHo; 

C 6onee pe3KOH ·3aBHCHMOCThlO 3TI:I]I: ceq~~ll:ii: OT 3Hepi'HI:I. 8 KOHUe KOHUOB 

aTo CBSI3aHo c pa3MepHOCThiO I'l:lllOTeTI:IqecKoi'o acjlcpeKTHBHOI'O 6-cpepMHOH

HOI'o B381:1MO.r:tefiCTBHSI. 

B uenoM MO)I(HO. IlpH.r:tTH K 3aKniOqeHHIO, qTo 1:13y''<!eHI:Ie nenTOHHhiX pac

na.z::toa· -OK83biB89TCSI ManoqyBCTBiJ:Tenblibi'M. K B03MO>KHOMY .BKna}ly J.ieCTH- .... 

cpepMHOHH.OI'O B38HMO.r:tefiCTBI:ISI • .QnSI HCCne.r:tOB8HHSI IlpOUeCCOB. BH.r:ta (31 ), 

(32) Tpe6yiOTCSI Heii:TpHHO c. aHepi'HSIMH, KOTOphre cTaHOBSITCSI .r:tOCTH)I(HMhiMH 

B nacTOSIUiee .npeMSI :Ua. ycKopHTenS!x. Ilpou'ecci,r BH.r:ta. ( 32) MOI'nH Obi 5biTh 

3apei'HCTpHpOBaHbl OC009HHO qeTKO. 

4. PacCMOTPHM .. qeTb!pexcpepMI:IOHHb!e pacna.r:tbl w>' H (9) H BbioepeM 

acp!fleKT.HBHbiH MaTpl:lqHbiil aneMeHT B BH.r:te 

.,,(33) 

+if
8
¢m

8
F

3 
[jly O+r.h Hv y O+y )v 

a ~ p. e a 5 e 

11 

F ' 



,.f 
,t 

'ii 

I'Jle f8= f 8 (m~) - !flopM!flaKTOp 0030Ha,' cp -. ero BOnHq~asr !flyHKUHSI, a ka-

4-H~~yJibc. B ( 33) TaK )l{e, KaK ~ B (7), nonsr v e ;' V,: BXOJlSIT nHlllb 

B KOMOHHaUHH BHJla (;::;e 0 ave) 06oaHa'IHM 4-HMnynbC!>I p.- , Vp. , V: 
H v e qepea p , q '· p 1 H p2 

K-Me3oHa) - 'Iepea m.8 • 

COOTBeTCTBeHHO, a Macey ooaoHa (n~o.:.. 

Ha, 

_nnsr pacnanos (5) ~ (9) nocne HHT,ei'pHpOBaHHSI no HeiiTpHHO c"no-

MOIIlbiO (33) nnsr pacnpeneneHHsr no HMnynbcaM MIOOHa HMeeM 
~ 

dW 
--= f

2
2

6
IF

2
(2R -R )+4F F (R -R) + 

dp 

rne 

B 1· 2·3 12 1-2 

m . 
+ F2

2 
(4 R 1 + 2 R 2- 3 R 3) + 2 F 1 ~ R 1 -;- + 

: m 2 
+6F 2 F3 R 1 T+4F3 R 3 }, 

m p 2· c:u 2 

R1= _s. (2p3+4p2c:u+~pc:u2+_!_c:u3) 
3 1T 5 2 13 . 2 . 2 ' 

R2 
mBp2 c:u 

3 1T 5 2 13 
[ 2 423 322 7 3 -- p + p (() + p (() +-- p (() + 

5 . 4 

7 4 • p
2 

( 2 3 6 2 2 l a)] +-·-c:u +-- --p +--p c:u+pc:u +--c:u 
20 E 5. 5 4 

Ra=R1+ 
mBc:u 2p4. 

. 3 "5 2 13 E 
( 2 2. 2 1 2 

P + pc:u+Tc:u 

P =I PI, c:u=m--E-p. 
B 

' 

(34) 

'(35) ' 

(36) 

<81> 

nnsr sneKTpOHHblX pacriaJlOB (7) H (11) pacnpeneneHHe no HMnynbCaM 

sneKTpoHa HMeeT BHJl 

12 

.. 

dW 2 5 2 . . 2 R . . · 
--=£

8
2 I(F 1 +5F 2 )(2 1 -R 3)+2F 1 F2 (4 

dp ' ·.. . 

, • . -2 ._ - m . ·_ -· . , 
. ' + 16 F 3 R 3 + T R 1 F 3 ( 8 F 1 + 12 F 2 ) I . 

B npeHeope)l{eHHH Maccoii sneKTpoHa (38) nep~xonH 

dW 

dp 

2 3 2 
fB m B p 

3 77 5 2 9 
(mB-2p)2 I (_F~ + 5F:)(m 8-~ 

, +2 F 1 F 2 (3m
8

-:.4p) .+me( m
8

-.p) F3 (8 F 1 +12 F2 ) + 161 

nnsr pacnaJlOB. (8) H '(12) pacnpeneneHJISI no HMnyn 

HMeiOT BHJl: 

dW 

dp 

2 3 -
f B m B p ( m 8- 2 p ) 

3 1T 5 5_. 2 7 

. 2 ' 2 2 
IF1 p(4p -3m

8
p+m

8 

2 2 : : . 2 2 ' . . . 
+F2 p(24 p -23 ni 

8
p + 6m

8
) + F 1 F2 p(l2p -14mb p+! 

+F3 (F1+3F2 )5me (m
8
-p)(m

8
-2p)+10F3 m!p(m

8
-

llpH F 1 =F 2 =F3 .=F H3 (34) cnenyeT, 'ITO nnsr pacn~ 

BKnaJlbi !flyHKUHH H 2 H. R
3 

;KoMneHCHpyroTcsr .H 

dW = £2 F 2 2 9 R 0+~). 
'dp B . 1 E 

13 



mHOBa.II «i>YHKUH.II1 a k a -

' ; v 
e ~ e BXO]:I.IIT nHlllb 

- -HMnynbChi p. 1 vp. 1 ve 

[0; a' Macey 6ciaoaa (nHo;_ 

>OHa HMeeM 

+. 

-'+ 

_Lc.Ja)] 
4 

(34) 

(35) 

(37) 

eJ:teneHHe no HMnynbcaM. 

. ,·, ·,'. 

dW . 2 5 . 2 . 2 

--· -=f 5 2 I(F 1 +5F 2 )(2H 1 -R 8 )+2F 1 F2 (4R
1
-R

3
)+ 

dp ' . ' ' ·. ' ' 

. . + 16 F: R 
3 

+ ~ R 1 F 
3 

(a F 1 -i- 12' F 
2 

) I . ( 38) · 
E. 

B npeHe6pemeHHH MaCCOH aneKTpOHa ( 38) nepeXOJ:IHT B 

2 3 2 
dW f B m B P 

--=· 
dp 3TT 5 2 9 

(39) 

.[ln.II pacnaJ;toB. (8) H (12) pacnpeJ:teneHH,SJ no if'MnynbcaM aneKTpOHOB .. 
HM9IOT BH]:I! 

dW 

dp 

2 3 . 
f 5 m 5 p ( m B- 2 p ) 

3 TT 
5 S,• 2 7 · 

(40) 

H3 (34) cneJ;tyeT, 'ITO J:tn.II pacnaJ;toB (5) H (9) 

BKnaJ;thi «PYHKUHfi _R 2. H, H
3 

iKOMneHCHpyiOTC.II H 

'' (41) 
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I 
,j 

li 

[ .. 
Ill , I . 

I 
! 
-!' 

/ 

Pacnpe.neneHHg no HMny1IbcaM aneKTpOHOB npa F-_ 1=:f.2 =F3 ::·F npHHHMaiOT 

BHJl 

2 aF2 • 
dW _ fBmB p(m -2p)

2 
[p(7m

8
-5p)+5me(m

8
-p)] dP- 3775 2 7 B , 

.nng npoueccos (7) H · (11), H 

dW 

dp 

£2 a F 2 
Bm B · 

371 5 .2 5 

. . 2 • 2 
p(m -2p)[p(2p -3m

8
p+ m ) + 

· B B 

+ m e ( m 8- p ){ m a-2 p ) ) 

(42) 

(43) 

.nng npoueccos (8) .. H ( 12 ). llonHhie sepogTHOCTH nonyqaeM, HHTerpHpyg 

no p • llpH aToM .nng M.rooHHhiX p~cna.nos 

~ .. ': 

H 

£2 
W(5)~ "m" ( ll )8(F2+.3F2+ 

5. 4 p max . · I 2 
5 7T 6 

2 
+ 2,15 F

1 
Fa +.6,45 F 2 F3 

+4,7Fa 

2 
f km k p. 8 • 2 2 

W(9)~ (p ) (F1 .f.3F2 +.1,9F 1 F 3 + 
·715 263a max 

I . 

2 
+ 5, 7 F 2 Fa + 7 Fa ) • 

Dng aneKTpOHHbiX pacna.nos ( 7) H ( 11 ) 

f 2 . 
:B m B e 8 2 2 . 2 

W = 45 "s 26 (pmax) .(FI.+5F2.+8FIF2 +.32Fa + . 

+64 · m.;·· F F +·%·~F. F\ 
m·· 1 a m 2 a. 

B B 

14 

(44) 
' 

(45) 

(46) 

Dng npoueccos (8) H (12) 

£2 m. . ' . •.. . ... , . 
· B B 8 · 2 2 2 · me· ' m 

W = _ _ ( p e ) ( F 
1 

+ 3 F 2 + 8 F 
3 

+ 16 --F 1 Fa + 48 -
max . m

8 
m 

m 2 - m2 n ., · · : ·• 

s"(44)-(47) e 
P max 

B t. • 
-
2
-- ··Ling ·anexTpoHHbiX ·pacna.nos 

llpH 

mB 

F 1 = F 2 = F 3 = F ( .nng pacna.nos K -Meaonos BBO.IlHM F 

2 
- f 7T ·m 7T 8 2 w ( 7T ... p. + vII + v + v ) = (p ll ) 17,35 . F 

r e e . 5 715 6 4 max 

f 
2 . 

· - . Km K 8 ·. 
W ( K ->p. + v + v + v ) = ( pll ) 18,6 F 2 

/l e · e ·· 
71

5 2 6 3 a max S 

2 

w ( 7T ... e + ve + v e + j/e ) = f"m" (~)8 232.''f2 
4577525 2 7 .. 

- 'f·
2

·m · ·m •· ·. •• 
W(77->e+v +V +.v )= . 71 71 

(--")
8 3~ F

2
. 

" e .Jl·. p. • 457T52a 2· 35 

£2 . '. 'm . ·., ... 
w (K __ ... e + ve + ve +Ve )= . K :K /-:-2K_ )823,08 F2s 
.... 45712 , .... 

. f 2 • - ·· m ·in 8 ···2 
W ·( K-> e + v + v,, + v, ) = K K (--K) 3, 02 F 8 . e. r r -457T52a 2 

PM HHTepeCHbiX 3a:tmiO'l:eHHH MO}KHO nony'IHTb H3 ( 48 )~(53 

npe}!{Jle scero, 'ITO 

·.\'', 
.. 



" . 

'.· = F = F ;,· F npHHHMa!OT 
.. 1 . 2 3 

{42) 

{43) 

nonyqaeM, HHTerpHpyH 

{44) 
'. i 

<' 2 . 9 F 
·2 :f:l, F1 3 + 

{45) 

(46) 

nnH npoueCCOB (8) H (12) 
: :;' 

m2 _ m2£ ., . : .,. 

~ .• nnH . 9neKTpOHHbiX pacna]lOB p :ax = m B I 2 • 
mB 

· B (44)-:-(47) e . 
P max= 

(Jl~H pacnaAOB K -Me30HOB BBOJlHM F s ) 

2 
f TT ·m TT s 2 

W(TT ->'Jl.+V 11 +V. e+ ;::;e)=--- (p~a) 17,35 F 
r 5TT564 

2 

f " m " ( -~.lt) s 23 _i'F 2 
45TT~2~ 2 7 : . . , 

2 . 

W.(K ... e+v +V +v )= fKmK (~}8 3,02 F
8

2 

· e p. p. 45TT~2 3 2 

(48) 

(49) 

(50) 

(· .··: 
(52) 

• . : . •. •. f', 

. {53) 

PM HHTepecHbiX saJUiroqeaHfi MO)KHO nonyqHTb H3 (48)..:(53). 0TMeTHM · 

npe)KJle Bcero, qTo 
.. 

\·{: •· 
•... 

15 

'. 



,, 
''· W ( 1T :.. e + v + 'v + ii ) 

e ILIL _428 1 . - =---~--. 
W (rr -+ e +• v + v + iT \ 815 2 

.,. ·. ~- • - · e · e · · e 

H 

w (K-+ e + ~ + VIL+ v/l ) -:; 12,1)) ~ 1 

W(K -+e+v +V + ii ) 23,08 ·2 
e e e 

: 
KpoMe Toro, 

W (rr-+ e + Ve +·Ve + Ve ) =43,2 {1-m~/ m2) .:..8 ~.4,4 • 10 4 

W(rr-+p.+v~+ve+ve) . 

(54) 

H 

W(K-+e+Ve +V e + ve) -15 (1-m2 /m2 )·-8~2,2 
, , , , - ' .: /l K , 

W(K -+11+11 +V +V ·) , 
.r /l e e 

nnH W9CTH$epMHOHHOI'O B38HMO~eHCTBHH aanHqHe H9CKOnbKHX B03HH-

KalOIUHX B pacna~e Heil:TpHHO CHHMaeT XapaKTepHylO ~nH qeTb!peX$epMHOH-

HOI'O B38HMO~eil:CTBHH no~aBneHHOCTb 17 4 ·. e H:,K-+ e pacna~OB 1 KOTOpaH COXpa

HH9TCH H npH KOM6HHHpOBaHHOM ~eil:CTBHH qeTbipex$epMHOHHOI'O H aneKTpO

Mai'HHTHOI'O saaHMo~eil:cTBHil:, KaK BHAHO ~a (54), o6HaaHHbiil: 6..;.$epMHOHHo-: 

MY s~l:mMo~eil:cTBHIO qeTbipex$epMHOaHhifi "-+ e pacna~ cTaHOBHTC£ npeo6-

na~aroiUHM, 

noilcTaHOBKa-(22) B (48).H (50) npHBO~HT K TOMy, qTo 

17 W(rr-+'i+v;,+v +V) R = .· r r . e e . 

, /l , ,· , w ( 1T-+ /l ~ v/l r 

17 W(rr-+e+V6 +Ve+Ve 
R = . . 

e. W( "-: /l+ v[l) 

2.10-8 (~)6 
A 

1:25. 10-
4

( ~)6 

A 

K 
Rp.= 

W(K-+p.+v!L+ve i-ve )=1,9 .10-2( T-) 6 

W(K-+p. +V/l) "" 

16 

(55) 

(56) 

l·, 

3~ecb npe~nonaraeTcH, . qTo o6H3aHlihifi CHnhHbiM B 

. '$opM$aKTOp nHOHa O~HH8KOB ~nH qeTblpex.,.. H. W9CTH$ep~ 

CTBHil:, . 

KaK Bli~Ho H3 (56), OTMeqeaHaH BbiWe oco6eaaoc1 
\' 

cqeT' 'rueCTH$epMHOHHOI'O B38KMOi:leifCTBHH npHBO~HT · K· TC . . . 
06CTOHTenbCTBY 1 qTQ BenHqKHa 'R ~ 1 06H38HHa£.WeCTH . e I. • 

, MO~eil:CTIIHIO 'npH 3H~qeiuiK A ' ·; 'HenpoTHBOpeqaiUeM aei 

MeHTaM, ric)-s'H~HMOMY, ·~OCTyqHa 9KCnepHMeHTaiibHOMy 

HacToHmee speMH, B npeae6pe:lKeHHH Maccofi · aneKTI>OHa 

oueaKa (56) cnpase~nHBa K ~nH npouecca _(2), HapH~Y · 

npoueccaMH npH BbiCOKHX 9Hepi'HHX 9TH qeTbipex$epMHO. 

aa, no-BH~HMOMY, HaH6onee ~ocTyn.H:bi ·~nH aKcnepHMeHT 

06Hapy:lKHTb CYIU9CTBOB8HHe W9CTH$epM~OHHOI'O B38HMO!l 

.HO H3 (56), npH 'A~ m/l BepOHTHOCTb WeCTH$epMHOHHOI'O 

peXO~OB 6ea H3MeHellKH• CTpaHHOCTH npeBbiWaeT peaynbT 
./1 I . . . . + 

ua' , nonyqeHHhiH anH pacna~a · "·-+ p. + v ~ + e + e 

ci:Ja6biM H aneKTP,OM8I'HHTHh!M B38HMO~eil:CTBHHMK, 

R ". . 6 . P. = 2,59 • ~o- . .. 
' , 8KcnepHMeHTarihHOe H3ytieHKe npbuecca (2· ) ' npe ·.· . .~ 

HHTepec KaK C. 'TQqKJf apeHHH paCCMOTpeHHbiX 3~eCb CBC . , . 
HbPO B38HMO~eHCTBHR1 . TaK K B, CBH3H c aHOManbHbiMH I 

, , 121 
pacCMOTpeHHb!MH 0KyHeM, n OHT9KOpBO H Py66Ha • 

. . i 

, BBH~Y SaMeTHOPO ys~mitleHHH (no cpaBH9HHIO c P• 

nHqHHbi MaKCHM8libHOI'O, KMnynhca, llOHCK npouecCOB qeTbl 

na~OB K -Meaoaa OKa3biBae_TCH oco6eHHO no~xo~HIUHM·ny~ 

poe a o cymecTBOBaHH,H· WeCTK¢ep~HOfiHOI'O B3aHMO~efiCTBI 

cTpaHHOCTH. HanHqHe aToro saaHMO~eficTBHH Mo:lKeT cKa: 

BenHqHHe BepOHTHOCTH pacna~a K e 2 : • 8KcnepHMeHTan 
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. I 
'2' 

I 
-2-. 

~; . ,• 

2 • 

(54) 

IYIO JlnSI 'I9Tb!pexljlepMHOH

pacnaJlOB, KoTopaSI coxpa

lXljlepMHOHHoro H aneKTpo

. o6Sia'aHHbii!: B..;.ljlepMHOHHo

lCna/l CTBHOBHTCS! npeo6-

K' TOMy, 'ITO 

6 

(55) 
'I 

6. (56) 

3Jl9Cb npeJlnonaraeTCSI, 'ITO 06SI3SHllbiH qWbHbiM B38HMO/l9i!:CTBHSIM 

; ljlopMljlaKTOp flHOHa 0JlHH8KOB JlnSI 'I9Tb!pex.,.. H W9CTHljlepMHOHHblX B38HMO/l9ll.,.. 

CTBHi!:. 

KaK BH'JlHO H3 (56), OTM9'I9HH8S! BbiW9 OC069HHOCTb TT-+ e pacna/la 38 

C'I9T 'weCTHljlepMHOHHOro B38HMOA9HCTBHSI ni:niBO/lHT 'K· TO.MY HHTepeCHOMy 
~ . . " ir . . .. · 

o6cTOSITenbCTBy, 'ITO aenH'IHHa R · , o6SiaaHHaSI weCTHljlepMHOHHOMY aaaH-, e . , .. . 

MO/l9llCTBHlO 'npH 3H8'I9l!Hlf A ' 'i 'HenpOTlfBOpe'Iai.tieM. aei!:TplfHHbiM SKCnepH"': 

MElHTaM, ri()-a'HllHMOMY, · /lOCTY~Ha aKcnepHMeHTanbHoMy nccne/lOBaHHIO B 

HaCTOSIWee apeMSI. B npeae6pml<eaim Mace oil: · aneKTpoaa nony'IeHHaSI ai.nue 

o~eHKa (56) cnpaaeJlnHaa H JlnSI npouecca _(2). Hap SillY c aei!:TplfHHbiMlf 

npoueccaMlf npn BbiCOKHX aaeprHSIX aTn 'I9TbipexljlepMHOHHbie pacna/lbi nno

Ha, nO-Blf/llfMOMy 1 Han6onee /lOCTymtbl ·JlnSI 9KCnepHM9HTanbHbiX · flOrlbiTOK 

o6irapy)KHTb cymecTaoaaHHe wecTHljlepMlfOHHoro aaaHMOJleiicTBlfSI. KaK Blfll-

.Ho lf3 (56), nplf .\;;mil B~P~SIT~OCTb lU9CTHljlepMHOHHOr~· M9X8HH3Ma JlnSI n~-. 
pexo!loa 6ea naMeaellHSI cTpaHHOCTH npeabiwaeT peaynbTaT llliKima n XapKa-

ua/1 
1, nony'IeHHbii!: JlnSI pacnaJla · TT-+ ll + v ~ + e + +· e o6ycnoaneaaoro 

cixa6biM H aneKTpOMarHHTHbiM B38HMO/l9HCTBHSIMH,' 

'~aTepec KaK c ·To~Kir apeHHSI paccMoTpeHHbiX S/leCb caoi!:cTa illecTHljlepMHOH

aoro B38HM~l:tei!:cTalisi, TBK If B CBSI3H c BHOManbHb!Mlf B38HMOJlei!:cTBlfS!Mlf, 
. . /2/ 

paccMoTpeHHbiMH 0KyHeM, lloHTeKopao If Py66Ha • '· 

. BBHllY saMeTHOi'o yaen!i~eHHS! (no cpaBH9HH~ c p~cnaJlOM. nnolra) ae

nH<iHHbl MaKcnManb!iciro HMnynbca, noncE: npoueccoa 'IeTbipexljlepMHOHHbiX pac

na!lOB K -MeSOHa OK83hiBae_TCSI oco6eHHO flO/lXO/lSllUlfM•nyTeM Bb!SICH9HHSI aon

poca ·0 cymecTBOBaHH,H· WeCTlf~e;r:.uioHHOro B3BHMOJlei!:CTBlfS! C -lf3M9H9HlfeM. 

CTpaHHOCTlfo HanH'IH9 9TOro B38lfMO/lei!:CTBHSl MO)K9T CK838TbCSl Ha H3MepeHHOi!: 

/12/ 
aenH'IHHe aepoSITHOCTH pacna!la K e 2 ; • 3KcnepnMeHTanhH9 

17 



1_ '.!l i; . 
it 

II 

I 
'-II· 
.~ 
Iii 
II; j• 

h 
-~~ 
! 
If 
~ 
~ 

~ 

I~~ .. , 
i;. 
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n 
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.•··· 

ot;l. 
. ~-. · .. 

•t.'. 
~ .. --· 

.::. :'\ W(K .... e)· · . · - + 0,8 · . · 
----.- = (1,9 . ) • 10 - 5 

W(K ... /-1+ vEL) 70,9 · 

' . ; 
'ITO. 6nH3KO K O>KHJlaeMOMY ,COI'naCHO 'leTbipeX!flepMHOHHOMY B38HMOJleil:cT-

-.. 
.. -5 . . ' . . . . . . . 

'13HJO ( 2 ,1•1 0 . ) ~ _ 
··:.: 

EcnH aonycTHTb, _'ITO BKnaa llleCTH$epMHOHHoro. saaHMOJleil:cTBH.II B aK

cnepHMeHTanbHo-onpeae~eHHOe·- 3Ha'leHHe _aT'oro o.fHo~eHH.II ~e npeBhiiiiaeT 
< • " • ' •'- > • ' ,_ • •• \ 

OIIIH60K H3MepeHH.II1 it npell~TaB~Tb F8 s BHile. 

F ,; __§.._ ..\-:-~ 
s .VT s 

TO C IIOMOIIJbJO (39) H (40) nony~~eM 

!> 
..\ 8 > 350 Mas. ; (57) 

Hani!'IHe 6-!flepMHOHHoro saaHMOil~il:cTBH.II . c neil:TpanbHbiMH -ToKaMH, 

IIpHBOilHT. K B03MO>KHOCTH CyiiJeCTBOB8HH.II _IIpOUeCCOB paCIIallOB He:il:-· 
•. ~t. ' 0 . 

TpanbHbiX IIHOHOB H K -Me30HOB, ( 13)-( 19) H llPYI'HX, 6onee cnmKHbl~ 

npoueccos •. 
! 

nn.11 Uene:il: OpHeHTHpOBKH 6yJleM C'IH1:8Tb 1 'ITO a!fl!fleKTHBHbie. MaTpH'I-.. . ~ - . . ·. . - . 

Hbie. aneMeHTbi pacnaaos ( 13) H ( 16) cosnaaaroT c MaTpH'IHbiMH: aneMeHTa-
•• . ' " . • • . . ~ . ;; I • • • . 

MH npoueccos;{7) H (11), npoueccos (14), (15), .(18) H (19) c npouec-. ,.' \ · .. , __ ,· . ' :, . . '· .' ·. 
C~MH .(5) H (9). ·. .. ~ 

B aToM ripeanono>KeHHH ansr nonHhiX_ seposrTHOCTeil: pa_cnaaos HE;!:il:Tpanb-
. - - - . ' ' . . . . . .• . •. ·. ' 

J{b!X IIHOHOB. H . K--~e30HOB. nony'laeM C IIOMOIIJbJO, (55) H (56) 1- .. : 
.i ..... W(·7T~-+p+.e-vll~e) ~0,7.10-16(5)6 

_:__:_.:._:..__:__ _ _:_--:-:-:_ . . ..\ ... 
W(7To ... '2y)-

(58) 

.. -~·. • .-· :r . 

W( "o ... e+ e-Ve ~'e_) ,;,:'044.·10-12(.:&._)6~:· . ..\ 
W(7T 0 -o2y) 

.- : •.. ,(59) 

18 

DonyqeaHbie oueHKH npH -sce:il: HX _opHeHTHpOBO'IHOCTH ca 1 

. 0 
IIpeJllilnbHO Manoil: aepOSITHOCTH paCIIBilOll 1T -Me30HOB, 

MHOHHOMY B38HMOJle:il:CTBHJO~ 

K
o . -. 

H 

_ nnsr pacnallOB:~ -Me30HOB aHanOI'H'IHO. nony'laeM 
. \ ' 

W(K
0 

->/l+e-vp.;;e) 
. 0 . 

W (K L .... see) 

0 -W(K -oe+e-v eVe) 

W (K
0 

.... see) 
.. L 

-2 m p. 6 -4 
5,5. 10 CT > < 7,5~ 10 

s 

· · -2 · m p. 6 . -4 
= 12-10. (--) < 16,5.10 

. ..\ s 

ecnH y'leCTb 1 'ITO ..\ •>350 Mas. 
s -

nanbHeHIIIHH IIOHqK IIpOUeCCOB (16 }'- ( 19) MO>KeT 6; 

Hb!M C TO'IKH 3peHHSI B03M0)!(H0I'O 6-!flepMHOHHOI'O B38H~ 

ABTOpEI secbMa 6naroaapHbi' c.c. replliTeii:ay, C.M 

M.D. PeKano, P.M. PhiHilHHy, H A.B. Tapacosy sa none 
'-

KpHTHKY H IIOMOlUb. 

fl ,H ~epa T y p,a 
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., 

;( ', , .. 

OHHOMY B3~HMOJleiiCT-

o; B3aHMOJlefiCTBH.sl B aK- . 

:>WeHH.sl. He npeBbiWaeT . '· 

:(57) 

:Tpa1lbHblMH ·TOKBMH, 

{eCCOB pacna)lOB Hefi

f>YI'HX, 6onee C11o:lKHbiX 

I' ~ 

a'tP¢ei!:'l'HBHble. MaTpH'I-

.~a'l'pH'IHb!MH: aneMe~Ta-

18) H, (19) c np6uec-
,:,. .. . . ~ . . 

:Teii. pacnaJlOB H~iiTpanb- ' 

55) 

n'' a ::.1!) 

'· 

H (56) 

3!..._)6·;· 
,\ 

(58) 
"' 

TionytJeHHhle OUeHKH npH eceii HX ?PHeHTHpOBO'IHOCTH CBHJleTe1lbCTBYIDT 0 

npeJl~11bHO Ma110H BepOS!THOC'llH pacna)lOI:I TT O -Me30HOB, o6n3aHHbiX 6-<jlep

MHOHHOMY B3aHMOJleHCTBHID~ 
0 . 

. n~sr pacnaJloB: K -Me30HOB aHanorHtJHo nonyqaeM 

0 - . 
W(K ->p.+e-vp.ve) 

. 0 . 
W(KL .. see) 

-2 m p. 6 -4 
5,5. 10 CT > < 7,5.10 

s 

ecnH yqeCTb,. 'ITO ..\
8 

·:::350 Maa. 

na1lbHeHWHfi llOHc;K llpOUeCCOB (16 )'-( 19) . MO)I{eT 6b!Tb BeCbMa IIHTepeC..; 

HbiM C TO'IKH 3peHHS! B03MO)I{HOI'O 6-<jlepMHOHHOI'O B3aHMOJleHCTBHS!, 

· AaTopol aecbMa 6naroJlapHbl' C.C. fepwTeiiHy, C.M. KopeHtJeHKo, 

M.TI. PeKano, P.M. Pb!I!JlHHy, H A.B. Tapacoay aa rione3Hbie o6cy)KJleHHir,' 

KpHTHKY H llOMOWb, 
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