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B AaHHOH pa6oTe Mb! attam!3HpyeM OilTHMa1IbHble B03MOlKHOCTll MeTOAa 

IlOlIY'IeHllSI nepBHl{HO IlOJIS!pll30BaHHblX npOTOHOB, OCHOBaHHOI'O Ha BbIAeJieHllll 

MeTaCTa6unei1 BOAOpoaa C 3aAaHHOH npoeKUHei1 CilHHa CBSI3aHHOI'O npOTOHa Ha 

¢HKCllpOBaHHOe HanpaaneHHe nyTeM ceneKTllBHOI'O raweHHSI_B 3JieKTpOMaI'HllT

HOM none KOMilOHeHT CBepXTOHKOH CTpyKTYPhl MeTacTa6HJISI C nocneay101Uei1 

llX llOHH3aUHei1 B I'a30BOH MHWeHll (aaxaaT MeTacTa6uneM 3JieKTPOHa AJISI 

nonSipll30BaHHOI'O H
I 

, ll noTepSI B cnyqae H
1
+ ) . LlaJKe ecnu· He ocymecT-

BJIS!Tb CB'l•nepeXOAOB F • 1 , m F • 0 .. F .o, m F-o , no TaKOH CXeMe nony-

'laeTCSI 50%- :nonSipH3aUHSI ny'!Ka. BnepBbie Ha B03MOlKHOCTb nony'!eHHS! nonSI-

pH30BaHHblX npoTOHOB nyTeM ucnonb3oBaHHSI MeTaCTa6nnei1 yKaaanH n3M6/ 1 i 
·u 3aBOHCKHi1/21.. 

B nocneattee BpeMH, BCJieACTBlle peweHHSI npo6neMbl 3¢¢eKTllBHOH llOHll-

3aUllll MeTaCTa6unei1 ll COBepweHHO O'!eBHAHblX npeHMymeCTB TaKOI'O BapllaH

Ta, HCTO'IHHKS nonHpH30BaHHhlX '!aCTHU (HnlJ) AJISI ·TaHAeMOB H JIHHei1HhlX 

ycicopuTenei1, B pSIAe na6opaTopui1 yJKe aaKOH'!eHbI ero paapa6oTKH, 

MoJKHO AyMaTb, '!TO peanuaauHH 3TOI'O BapuaHTa l1 nq C BHeWHei1 llHJKeK

UHei1 npeACTaBJISieTCSI npeAilO'ITHTeJibllOH no cpa!lHeHHIO C APYI'llMll BapHaHTa

MH, TaK KaK npH KOHCTpyKTHBHOH npOCTOTe OAHOBpeMeHHO paapewaeTCSI u ripo6ne

Ma aBTOMaTH'!eCKOI'O aaaaHHSI HylKHOI'O. pelKHMa pa60Tbl ycKopuTenSI. (Poa 

'!aCTllll, llHTeHCllBHOCTb, KOHe'!HaSI 3HepI'HSI, nonSipll38UllS! ny'!Ka, npH'leM IlOJISI

pll38llllS! aapbupyeTCH B npeaene OT -1 rio +1 H aapattee uaaecTtta). 

PacCMOTpllM KpaTKO TeOplllO MeToaa. 

BaaHMOAeHCTBlle aTOMa C BHeWHllM MBI'HllTHhlM noneM OilllCh!BaeTC.11 B03-

MYIUBIOWllM 'IJieHOM! 
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J{' • fl ( ~ i + 2 tB-+ l, 
0 (1) 

rne fl O = 0,927·1q-20 spr/raycc-MarHl!THblll MOMElHT sneKTpOHa, 1 .. l/1{[1x p] ~ 
op611TanbHb!ll MOMeHT, J -CIIIIHOBblll MOMeHT sneKTPOHa. Pewe1111e ypaa-

HeHim lllpei:marep8, COOTBeTCTBYIOUlee 9TOMY r8Ml!nbTOHll8HY, xopowo 1!3BeCT

HO 

2 S 1/ 2 ,W(B)aW 0 (2S 1#+2f1 0 mJ B (2) 

nnH ypoaaeft 

W +W 
2 P Ii , 2 P a/2 , W ( B) • \ - ./ 2 2 

+f1 0Bm +l/2v(W -W l +4/3f1
0

B(W +Wlm +Cf1
0
Bl. 

J - + - - +- - J 

Ecn11 9Hepr1110 ll3MepHTb B 2/3-(W+-W - ) 

38 H8'!ano OTC'!eTa ...L. ( 2 W + w ) 
3 + 

"' 7300 Mru) (2), 11p111111M8H 

, MarHIITHOe 11one B eAl!HIIU8X 

TO 

X ,a 3/2 
flo B 
W + - w , x=l 

11p11 B 5214 r8ycc, 

W = 2/3 ( W + - W _ ) y + 1/3 ( 2 W + + W ) ; 

Y m-l/4+m x + l/2· 1 x 2 + 2m x +3/4 
J - V J 

Y'"Y -l+x 
0 -

2S ¼ • mJ•;!: 1/2, 

W28 -W2P 

2P¼ , mJ=±l/2 

YO • 1057_ , 77 Mru • 

B 3TIIX eAUHIIU8X H8lllleM Ct) .. 1i , . COOTBeTCTBYIOIIlYIO 9Heprnn 11e-

pexon8 2S ¼ -+ 2P ¼ 

Ctl• y -3/4 +1/2 x +1/2 y x 2 +2m x +3/4 
0 - J (3) 

M8Tpa'!Hb1ft sneMeHT 11epeXOA8 B ls¼ -COCTOHHl!e 011penenHeTCH 

.. .. 
V -<l"Eor i--:> • 

(4) 

4 

f 
I 

. \ 

~ 

\ 
' 1 

4''-

nsM6 11 Peaepcpopn /l / B ycnoBIIHX Manora aoaMyllleHl!H 11awn11, 'ITC apeMH 

lKll3HII AnH 2S ¼ -+ 2P ¼ -+ IS¼ 

11
2 cw 2 + 1/4 r 

2 1 
r .. r 

2S 2P yr- (5) 

V 011penenHeTcH ( 4) • Ct) (3) ,-r = 99 Mru, w- o 11p11B=575r8ycc. 

B 3TOM cny'!8e l!HTepcpepeHUIIH 2S¼ 11 2P¼ ypoBHeft B sneKTpl!'!eCKOM 

11one nenaeT B03MOlKHblM 6bICTpblll 11epeXOA 2S ¼ -+ 2 p¼ -+ l S ¼ co Bpe-

MeHeM lKll3Hll r2s· r 2P = 1.595-10-9 ceK lip!! E al00 BIM. fionypOBHll 

F • l , m F a-1 ll F = 0, mFa O 2S ¼ COCTOHHllH llOllHOCTblO BbIC-Be'l11-

BalOTCSI c ncnycK8HneM KB8HTa B A8neKoll ynbTpa1jmoneTOB!)ll o6n8cTn c A= 121,6HM. 

B TO lKe apeMSI KOMIIOHeHTbl 1 11 2 ( 2 S ¼ l!MelOT BpeMH )Kl!3HII B 1840p83 

v = 105 MICeK MOryT npoft-6onbwe r 'i1. 3.10-=6 ceKi n 11pn CKOpOCTll 

Tl! eme p8CCTOS!Hlle f,,. v r = 0,3 M. 

Ha p11c.l, B3SITOM 113 p860Tbl 131, BllllH8 38B!!Cl!MOCTb ape~eHII lKll3HI! 

OT M8rHIITHOro IIOllH 11p11 1500 B/M. 

nor8CIIB KOMllOHeHTbl 3 II 4, ocymeCTBn!leM OT60p 11y'!Ka C 3aA8HHblM 

m J • T8KOll IIY'IOK Ha 100% ·11onsip1130B8H no· sneKTpOHHOMY CIIIIHY, HO no-
. - Aw 

nsipll38Ull!I 110 Clll!Hy IIPO'!'.'OHa p8BH8 nyn10 B CllllbHOM MarHUTHOM none.(B>> --
0

)• 
. . fl 0 

Ecnn 8Ai!a68Tll'leCKII nepeBeCTll T8K0ll IIY'IOK 
0

B Cll800e M8r/{llTHOe none II 38-

TeM B -+ 0 , TO 11ony'IIIM 50% _11onHp1!30B8HHblll IIY'IOK. B CaMOM nene, Clll!-

HOBble BOllHOBbie cpyHKUllll, COOTBeTCTBYIOUllle IIOBeAeHlllO KOMIIOHeHT CBepx-

TOHKOll CTpyKTYPbl B M8rHllTHOM none, cneny10mne /41. 

'l' p • 
1,1 • X + Ii X + Ii 

'l' . J 1- l P e • / l+ l . P e 
1,0 = v-2---x+li x_li +- v--2 - x_li X +Ii 

'l' =XP X • 
1,-1 - Ii - Ii 

( 6) 

'l' • ,.;1-t l p e - y...l.:=.!.. p e 
- o,o 2 x+li x_li 2 x_½ x+li 
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n pn HyneBOM none E • 0 ll 

P • < it > • 0.5 , 
I I 

npn B>>~ 
_/lo 

p 
I 

.. 0. 

npH 3TOM C'lllTaeTCSI, 'ITO KOMnoHeHTbl C 

noraweHhI. 

F • 1 • mF •- 1 H F:::sO,mF•O 

TaKasi npocTaSI npHHu11n11anbHaS1 cxeMa nonyqeHnsi nonsipnaonaHHoro nyq-

Ka nonro He Morna cTaTb peanhHOCTbIO. 

Tp_ynHOCTb aaKnIO'lanacb B npooneMaX nony'leHIISI IIHTeHCHBHOPO ny'lKa 

MeTacTa611nefi II 3cpq>eKTHBHOPO IIOHH3aTopa. 

- Ewe ManaHCKHli II OysH 
151, Hayqasi npouecc H: ➔ H 0

1 
(2S 

TO"'!Hofi nonoponHofi M11weHH, ttawn11, '!To a .. 10-17 cM2 npn 

½) s npo-

E =10 K3B, 

HO OHll yKaaan11, 'ITO, B03!vle)l{HO, B napax Cs Ce'leH11e a(H\ ➔ H;(2S½)) 

oyneT O'leHb oonbWHM. 
/6,7/ 

B paooTax IloHann, IlpeliKa ohmo noKaaaHo, 'ITO 

a (H + ~• H O 
( 2 S ½ ) ) 

1 I 
':. 10-15 2 

CM. 

3To noanonsieT nonyqaTb O'leHb IIHTeHCIIBHble ny'lKII H ~ ( 2 s ½ ) • OrpaHll

qeHne llHTeHCIIBHOCTll B03HllKaeT ll3-3a npoCTpaHCTBeHHOPO aapsina B ny'lKe 

ll llOHHOPO OTCoca. 

HoHH3aUllSI MeTaCTa61meli H ~ (2S ½ } B cnaoOM M~PHllTHOM none naeT 

B03MO)l{HOCTb nony'lllTb noirnpn30BaHHble qacTHUbl.IloHanll II np.f6/noKaaanH,'lTO 

npouecc Hf (2S½} ➔ H"j HneT sq,q,eKTllBHO B Ar , I1pll 3TOM 

0 A, 
a ( H 1 (2S ½} ➔ H 1 

0 AP -
a(H 1 (1S½) ➔ H

1
) 

0 
Ce'leHne __ a ( H 1 (2S ½ 

A, .. H ,-> 

{

100 np11 

1 npll 

E : 0,7 K3B. 

E ":, 2 K3B. 

( 7) 

IIpll E =0,7 K3B (paBHOe 10-15cM2 ), 

O'leHb nenHKO ( pnc.2) •. ABTOpbl OO'bSICHSIIOT 3TO pe30H8HCHblM xapaKTepOM npo-

uecca. 
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Hccneno11aHne npouecca H 0 (2S } ➔ H+ 
1 ½ 1 

eII1e He npo1101mnocb. 

. HcCMOTpSI -Ha 3KCIIepnMeHTanbHbie TpynHOCTn B IIOIICK8X nonxonsiII1ero BeII1eCT

B8 nnsi nepeaapMKII, MO)l{HO y)l{e Celi'laC CK838Tb, 'ITO, B03MO)l{H0,3TO oynyT 

sneKTpOOTpnuaTenbHbie ra3bl, 

' CnenyeT o'i'MeT11Tb, 'ITO cyll\eCTBYIOT npHHUmmanbllblC 

nonyqeHHSI nepBH'lHO nonsipH30BaHHblX 'laCTHU no cxeMe H~ 

01m CBSl3aHbl_ co cnenyIOll\HMH npH'lHHaM11: 

TpynHOCTH MeTona 

~• Ho (2S } 4• H -
1 ½ 1·, 

1. nocKOnbKy onTHMllnbHaSI 3HeprllSI nnsi_ nepeaapMKH ·H ~( 2S ½) A~ H; 

E =0,5 ¼- 0,7 K3B, TO TpynHo BbITSIHYTb H3 IIOHHoro_ llCTO'lHHKa ny'lOK C ynon-

neTBOpl!TenbHOli ancpTypoli ~II TOKOM 50t-100 MKa. 

2. Ecnu TOK IIY'lKa 11en11K, T.e. 1 ~100 MKa, HCooxonnMO Y'lllTb!BaTb 

sneKTpll'leCKOe none B ny'lKC, T.K. OHO Bbl3b!BaeT raweHne MCT8CTa611neli. 

3. B npouecce nepeaapsinKu Ht ~•H 0
1 (2S½} oopaayJOTCSI Men-

neHl!hie l!Ollbl Cs+ • KOTOpblC oopaayIOT npocTpaHCTBeHHblii aapsin. Dpn oonh

WIIX- TOKax aapsin cymeCTBeHeH. 

Bee 'aTH TpynHOC'l'II l!aKnanhIBaIOT orpaHl!'lel!IISI Ha npenenbl!YIO IIHTeHCIIB

HOCTb IIY'lKa nonsip1130BaHHblX 'laCTilU. Hn)l{e oocy)l{naeTCSI onnH 113 B03MO)l{

HbIX _ nyTeii ycTpaHel!l!SI npn'lHHbl 3 11 'lllCTl!'lHO 2. 1ITo KacaeTCSI 1 , TO nnsi 

nony'leHnsi nonilp11aosaHHhIX H; sTo ycnos11e ocHonononara10mee. B cny..:. 

qae nonyqeHnsi nonsipH30BBHHbIX ·Hi MeTonoM nepeaapMKn, · ycnonne 1 · 

ll CBS13a1I11oe C HllM orpallll'lelll!e Ha TOK OTnana10T. 

MeTOAHKa nonyqe11nsi nyqKa OhICTpblX MeTacTaonnbllhIX 8TOMOB nonopo

na C 6onbWIIM K03cpcpllll110HTOM npeo6pa30B8HIISI llaKn8AhIB8eT psin TpeooBaHHli 

Ha nepeaapMIIYIO MIIW0Hb: 

1. Eonbwa11 nepoSITHOCTb nonxnaTa sneKTpoHa. 

2. PeaKasi npocTpaHCTBeHHasi noKannaaunsi MIIWeHH. 

3. 0TCYTCTBlle Kac_KaAHblX npoueccOB ( OAHOKpaTHaSI nepeaapMKa). 

4. Eonhwoii nana10mHli TOK. 

3TH KpllTepllll B nocTaTO'lHOii CTeneHH ynonneTBOpSIIOTCSI npll ncnonb30-

B8Hllll nnsi nepeaapMKll CBepxaByKOBOli CTpyn, T.K. nneHKII ( l = 5MKrlcM2 ) 

He ynonneTBOpSIIOT ycnOBIISIM 3 ll 4. 

Ecnn ceqeH11e nepeaapSIAKH Ha cj>onhre ( oonhwoe pac-

cesiHne) a •10 --17 cM2, TO neposiTHOCTb ne;eaapMKH Ha nana10mnii npoToH 

7 



w-at, l • 6-10 19 l_/cM2 , W >>l, T.e. 3aBe)l0M0 6ynyT Ha6monaTbCSI MH0-

roKpBTHbie npoueCCbI, 'ITO CHll3HT Belll!'lllHY onTl!ManbH0ro KOsq>qJl!Ul!eHTa nepe3a~ 

pSillKII. B cnyqae npoT0'lHoi1. ra30BOH Ml!WeHil TPYllH0CTII 3aKn10'laIOTCS1 B noll

/lep>KaHnn xopowero BaKyyMa 10-
5

+- 10-6 Top BHe KaMepbl nepe3apSlllKII II Bbl

nonHeHIII! ycn0B11i1. 2 H 4. KpoMe Toro, Hcnonb30BaHHe ueHHhIX ra30B H na

poB weno'lHbIX MerannoB HCKn10'leHo H3-3a nonttoi1. yTepH B nepB0M cnyqae 

I! B0cnnaMeHeHl!SI BO BT0p0M. 

TTonHOCTbIO Yll0BneTB0pSieT BCeM Tpe60BBHl!SIM Ml!WeHb B BHJle CBepX3BY

KOBOH CTpyl!. KpoMe Toro, CBepX3BYK0BaSI CTpyg no3B0nSieT l!Cnonb30BaTb 

0'leHb llllIP0Kl!e ny'IKH Ha BX0)le MnweHn. 3To naeT B03M0>KH0CTb nony'laTb 

6onblllYIO HHTeHC!IBHOCTb MeTaCTa6nnell. 

Ecnn !ICUOnb30B8Tb .rinSI nepe3apSI/lKI! Ht ➔H ~(2S ½ ) n H ~ ( 2S ½ l➔ H; 

ue3HeByIO !I aproH0Bbie CTpy11, noMelUeHHbie B enHHbII! BaKyyMHblli K0>Kyx, TO 

cymecTBellHO COKpamaeTCSI: (B 5-10 pa3) pacCT0SIHHe Me>KllY MHlllellSIMH, 'ITO 

BB>KIIO c T0'IK!I 3peHHSI IlOBblllleHHSI IIHTeHCIIBHOCTH II ra6ap1ITOB !ICT0'IH!!Ka. 

TTp11 ·0nTHManbn0ll T0nlUHHe MHWeHell p*. 1015 aTlcM3 , f .. l+-2 CM, t = 

2-10
15 

aTlcM2 , 9HeprHH nana10mero ny'lKa E + =5QQ9a,aBTOpb1/7/ nonyq11-
H1 . 

nn 2% •sq>qJeKTIIBHOCTb cyMMapHoll nepe3apSlllKI!. O1rnaKO np0B0JlllM0CTb ny'lKa 

'lepe3 ycTaHOBKY 6bina HeBbIC0Ka, T.K. ·ucnol!h30BBl!!!Cb np0TO'lHbie MHllleHH: 

ue311eaag Jll!l!H0li 15 CM H apr0H0BaSI - 13 CM. PacCTOSIH!le Me>KllY Ml!llleHSI

MI! .. so CM. KoHCTpyKUl!SI 1!3 llBYX CBepX3ByK0BblX CTpyll (pnc.3) naeT B03-

M0>KHOCTb pe3K0 C0KpaTl!Tb (B 5-7 pa3) Jll!HHY 9T0ll 'laCT!I 3a C'leT l!0Kal!l!-

3aUl!l! Ml!llleHI!, nponyCKHSSI l!HTeHCl!BHOCTb yBel!l!'l!!BaeTCSI 38 C'leT 60nblll!!X 

ll0nyCTHMbIX yrnoB paCX0lll!MOOTH 11 6onbllll!X anepTyp no MeHblllE!ll Mepe Ha nopSI

Jl0K. HoHHblll 0TCOC aBT0MaTH'leCKI! o6ecne'!HBaeTCSI co CK0p0CTbIO v • 

1Q2 ·M/CeK. 

3qxpeKTHBHoe ynaneHne 3apSI>KeHH0ll K0MnoHeHTbI 113 ny'lKa nocne nep

aoll .MllllleHI! Jl0CTl!raeTCSI nyTeM 0TKl!0HeHHSI era 9l!eKTp0CT8TH'leCKl!M noneM 

30 BICM Ha Jll!HHe 30i-50 MM. 3THM >Ke noneM raCSITCSI C0CT0SIHIISI MeTaCTa-

611nell C. F -1 m F'" -1 !I F-o , in F .. o B MarHl!THOM none 575 raycc. 

'!To KacaeTCSI ra1IIeH11S1 MeTacTa6anell noneM npocTpaHcTBeHHoro 3apSllla, 

+ Ca O + 
o6pa3y10merocg npH H 1 .. II 1 (2S Ii l + Cs , To oueHO'lHbie pac'leTbI n0Ka-

3anl!, 'ITO Up!! j Ca+ = 10 MKa/ CM2 9qxpeKT COCT8Bl!SieT 20% B ycnoBIISIX 

Ue3HeBoll CTpyn C 'IHCl!0M Maxa M., IO. 
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+ 0 ± 
Eonee Il01lP0.6Ho 0ilTHManbHbie ycn0Bl!SI nng npoueccoB Hl ➔ Hl(2S½) ➔ HI· 

paCCMOTpeHbl B pa6oTe /81. 

EcnH nnSI nony'leHHSI nonSipH30BaHHblX HI 0 ( -!13 H
1 

2S½) ➔ H
1 

6bI-

no ycTaH0BneH0, 'ITO nonX0JlS!lll!IM nepe3apSlll0'lHblM ra30M SIBnSieTCSI Ar 

TO nng npouecca H
0
1 (2S ½ ) ➔ Hi 

TTpH 9T0M ycn0BHSI nng nony'leHHSI H~ 

~OKa HeT H!IKBKIIX peKOMeHnaunll. 

1!3 nonSip1130BBHHblX Ho (2S l 
I ½ 

oc-

TBIOTCSI npe>KHl!MI!, T.e. Heo6XOJl!IMO, 'lT06bI 0THOllleHHe Ce'leHl!I! nepe3apSlll

Kll 6bmo: 

a CH 0
1 (2S ½ l ➔ Ht) 

>> 1, 
0 + a (H 1 (1S½l ➔ H 1 (8) 

nng o6ecne'leHl!SI Jl0CTSTO'lHOli CTeneHI! nonSip1!38U!l!I ny'lKa, BblX0JlSIIUe-

ro 113 M11weH11. C'luTaSI no Eopy 191 ce'leHHe noTepu 9l!eKTp0Ha 

a -:,(i /11 v 2)(z 2 + z )1/I, (9) 

rne -9Heprn SI, Heo6XOllHMaSI lll!SI 0TpbIBa 9l!eKTpOHa; V -CKOp0CTb '!BC-

T!!Ubl; z -3apSill Ml!WeHH, HaXOJl!IM, '!TO 0TH0WeHHe Ce'leHHli noTepn 9neK-

Tpoaa B 0/lH0li I! Toll >Ke MllllleHH !I npn 0ll!IHBK0B0li CKOp0CTII 

a (H: (2S Ii) 

C7 (H 0 (1S 
1 Ii 

.. H +) 
1 

l ➔ H + 
I 

.. = 
I IS 

I 
2S 

( 10) 

. ( o ( + l o 
KpoMe Toro, SICH0, 'ITO Ce'leHHSI a H 1 2 S Ii ) .. H I H a { H 1 (lS!i) .. 

➔ H :'> HMeIOT MBKCHMYM np!! pa3nH'lHbIX T0nlll!!Hax, a HMeHHO; onTHManbHBSI 

T0l!IUHHa t 2S H+ np!!6ITH3HTenbHO Ha nopSI/l0K MeHbllle l + • 
➔ I 1S.➔ HI 

CnellOBBTel!bHO, HCnOl!h3YH Cs - CTpyIO lll!SI nepe3aPSillK!I a0 (2S .,) .. 11 + 
• I "' 1 ' 

M0>KHO HBlleSITbCH npH 9Heprl!HX E + : 4-5KSB nony'!!!Tb 
HI • 

0 
a (H 1 ( 2S Ii 

a {Hs° (lS!i 

9 

.. Ht> 
.. u+ 

1 

> 1. 



.!lenom1pttaau1is1 nptt nepeaapSIAKe nongp11aoaaHHbIX H ~ ( 2 S ½ ) .. Hi 

cymeCTBeHHa. OaHaKO SICHO, '!TO, noMell(alI 3TY CTPYIO B _optteHTllpy10mee no

ne, MOlKHO coxpaHHTb Bellll'lllHY S!AepHOll nonnp11aau1111 /4/. 

Heo6XOAIIMO yKa38Tb Ha TO, '!TO ecn11 IIHTeHCIIBHOCTb HefiTpanoa nocne 

nepaon rrepeaaplIAKH cym·ecTBeHIIO 6onhwe HHTeHCHBIIOCTII MeTaCTa611nen, TO 

· sTa rrpocTalI cxeMa Henp11ron1rn, T.K. rronnp11aau11n rry'!Ka H~ a 3TOM cny-

qae P .. o • Torna MOlKHO npennonOJKl!Tb, '!TO nnSI sron uen11 rrono»AYT sneK-

TpOOTpnuaTenbllbie ra3bl. B CIICTeMe, CBSl381ili0ll C 8TOMOM T8KHX raaoa, noTeplI 

MeT·acTa611neM sneKTpo11a paccMaTpnaaeTClI KBK ero aaxaaT. Hcnonhayn aa11a6a-
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MOlKHO oueHHTb or11owe1111e Ce'lellllll, rne k - scj,qieKTIIBHOe pacCTOlIHl!e B38-

IIMOAellCTBlllI, ,\ W -neqieKT peao11a11ca, V -OTIIOCl1TenbH8lI CKOpOCTb. 

B Ta6nuue np11BeAelibl 3Hepr1111, He06XOA ll:Mble AlllI orpb!Ba 3neKTpo11a 

OT OTpl!UaTenbllOro 11011a. 

Pon raaa 

3neKTpOHHOe CpOACTBO 

(3B) 

TTocKonhKY n0Te11u11an 110H11aau1111 

3Hepr1111 nnn 110Hnaaunn 

t\W2s• 12s -Io , rne 

II 0 

0,75 2.,.2 

2 S ½ COCTOlilllllI 

Hi (2S½ l 

CJ 

3,8 

l2s lil 3,2 3B, TO ACqJ0KT 

6yneT onpeACllS!TbClI KaK 

IO -3neKTpOIIHOe cpOACTBO. OueHKll IIOK83bl-

BBIOT, '!TO ecnu a O -OAIIO ll TO JKe AlllI aTOMOB BOAOpona B IS½ n 

2S½ -COCTOlIHIIlIX, TO 

0 + 
r, (H 1 (2S ½ ) ➔ H 

1 
) 

r, (H ~ ( 1S ½ ) ➔ Ht 
kl1W2s ,\WIS . v2S 

,. exp[--(1---·•--·l] 
flv 28 t\w 28 VIS ( 12) 

Up!! OAHOll II TOH lK9 CKOpOCTll AlllI CJ OU911KII A8!0T 
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0 + 
r, (H 

1 
( 2S ',( ➔ H 1 ) +2 

----------- clO • 
r, (H ~ ( 1S ½) .. H~ ) 

• + 0 0 c. 
TTpu ucnonb30B81lllll _nepBOII cxeMbI! HI ➔ H l (2S ½ ) ll 38TeM HI (2S½) ➔ 

+ . 
.. HI , cnenyeT BbI611paTb TOlllllllllY Ml!WeHll AlllI nepBOll rrepeaapMKll t 

10 14 8TOMlcM2 (onTllM8llbll8lI t .. 5.10
14 

aToM/cJ! ), a TaK KBK OIITUManb-

HaSI TOllllllllla AlllI Hi .. H
0
, (1S½) peanuayeTClI rrpu t .. 101 6aTOMlcM

2 , 

N(H~(2S½l . 
MOlKHO rrony'IHTb N ( uo ( 15 l > 1 rrocne rrepaon M11we1111. 311epr11io EH+ 

I ½ I 
TaKlKe 11ano nono6paTb, 'IT06bI 3TO OTHOwe1111e 6binO OIITllM8llbllblM • .!1011an11
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6binO IIOK838110, '!TO ce'!eHlle U ( H 1+ ~- II ~ ( 2 S ½ ) Mano MeHlieTClI B 

uHTepaane s11eprnfi 0,5r4 K3B (pnc.4), n 3qiqieKTHBHOCTb 3Toro rrpouecca Mo-
• 0 

JKeT AOCTl!raTb 11%. CyMMap11y10 3qJqJeKTHBIIOCTb 11t 0
1?. II ,<2s ½)9."Hi'" cne-

nyeT .OlKIIA8Tb B pattoHe HeCKOllbKHX rrpoueHTOB. TT03TOMY, ecn11 Bb!TlIIIYTb lia 

llCTO'IIIHKa rrp11 U = 3 KB TOK 
Bb!T 

In+ = 500 MKa (orpa1111'le1111e HaKnaAbI-
1 

aaeT rawe1111e MeTacTa611nefi rroneM paaHoaec11oro rry'!Ka rrocne rrepaon M11we• 

1111), cnenyeT OlKIIA8Tb TOK rronnp1130B81illblX npOTOIIOB 5-t 10 MKa. 

HafineM qiopMyny nnn nonS1p11aau1111 KOHe'!Horo IIY'!Ka. 011a 6yneT onpe

nenlITbClI 'll!CllOM '!aCTHU, HaXOAlIIIlllXClI B COCTOlillllll · C aana1111on rrpoeKUl!Cll 

cnn11a 11a Bb1AeneH11oe qinanqecKoe 11arrpaB11e1111·e, 11opMHpoaaHHoe 11a rronHblll rro

TOK. B nanbHefiweM Mb! npenrronaraeM, '!TO rrepeaapMKa rronnp11aoaa1111b1X 

l!AeT B ycnoBlllIX OAIIOKp8TllblX coynape-

• 6 141 T Hllll ll 110T nerronlip!!38Ullll rrpn aaplIAOBOM O MeHe •. orna l!IIT011CllBIIOCTb . 

II~ (2S½) ➔ H + 
I 

IIOJ,llIPll30B81lllblX aaplilK01lllblX '!aCT!!U orrpenenneTClI llllT9HCIIBIIOCTb!O rronSip!!-

30BallllblX MeTaCTa611nen ll C9'1911!19M U (H ~ (2 S ½ ) ➔ H t) 

N ,. 1/2 N 2 s • u 28 ➔ Ht 2 ( 13) 
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NaN+"+ •I 
28 HI HI ➔ 28 I 1 
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N Hi - IIHTeHCIIBHOCTb BbITSIHYTOrO 113 1101rnoro IICTO'IHIIK8 IIy'!Ka rrpoTOHOB, 

l /2 B03HIIKaeT 113-38 raweHIISI KOMIIOHeHT 3,4 B :meKTpOMarHIITHOM none. <flo

HOBble HeIIOIIHIJll30B8HHbie npOTOHbl OT ABOiiHoii rrepe38p5!AKII Hi ➔ H~(2Sli) ➔ Ht 

II Hi ➔ n°1 (1 S Ii ) ➔ Hi COCT8B51T: 

No !il(I/2 N 28 ➔ 18+ N IS )ulS ➔ H~ 1 2 
( 14) 

rAe 

l /2 B03Hl!KaeT OT raweHIISI 2 s Ii MeTaCTa611neii B sneKTpoMarHIITHOM no-

ne, H8XOA51Wl!XC51 B COCTOSIHIISlX F .1, mF•-1 

onpeAen11eTc11 (13), a 

N • N + " H +➔ IS 
I l IS HI I 

l! FRO, mF=O., N2s -

( 15) 

11 CIIOIIb3Y51 q>OPMYIIbl ( 13) t- ( 15) AIISl IIOIISlpll38Ullll rrpoTOIIHOro IIY'!Ka, rrony

'IIIM cneAyrowyro cpopMyny: 

p -
P2s 

1 + UIS '..+ Hi'° + 2 

" 28 ➔ Hi 
u H~ ➔ IS 

" H°'j ➔ 28 

" 
·u 

IS ➔ Hf 
( 16) 

28 ➔ Ht 

CMbICII Ce'!eHllll IIOHSlTeH !13 o603H8'1eH11ii. p 28 - IIOII51pll38Ullll MeTaCTa611nb

Horo uy'!Ka 141• lln11 Hi ➔ H~ (2S Ii ) .. H; (rron11p11a?naHHbie) cpop-

Myna TBKJKe nepaa,· HaAO TOIIbKO IIOJlCT4BIITb COOTBeTCTBy!OWHe Ce'!eHIISl, OueH-

+ C O Ar -
Ka no cpopMyne ( 16) JlIISI cxeMbl ·n I ~ H l (2S Ii) ➔ H l np11 ycnOBIISIX 

9KCnepnMeHTa, OIIIIC8HHOro B/11{ ABeT pH_ - 0,4 . ABTOp 1Ip11B0Jll!T pe3yIIb-
l 

TaT PH-• 0,36, '!TO xoporno cornacyeTCSl c Bbl'IIICIIeHHOii neIIll'IIIHOii IIOIISl-
1 

p1rnaum1 nyqKa. Ocaon11b1e xapaKTepncTHKII paopa6oTaHHbIX 11Il1I no- cxe.Me 

Iii ~8 H~ (2S Ii)~ H 1- ( non11pn3oaaaHb1e) npnneAeHbI n Ta6n11ue II 
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