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B e ll e H H e 

·· B _:HacTosimee apeMsi aenH'IHHa -caepxTOHKoro pacmenneHHH OCHOBHoro ypOBHS1.s'!epr1111 
. - · , /1/ . · ·-/3-7/ -- , .-< 

Bonopona 113MepeHa C O'leHb BbICOKOii TO'IHOCTbIO' ' •. MHoro pa6oT 6btn0 IlOCBSlllleHo 
. ' . . /2/ 

Teo?eTH'leCKoMy Bbl'IHCneH1110 nonpaaoK K xopoDJo naaeCTljOii q,opMyne <l>epMH _;_ OnHaK'o . ,· 

no CllX ,nop OCTaeTCSI. cfmeCTBeHHBSI :iieonreneneHHOCTb 'a _TOii '18CTH nonpaBOK, • KOTOpaH 

casiaaHa c K_oHe'_',HOCTbIO MaCCbI_ H cTpyKTypoii_ npoToHa, OcHOBHbie TpynHOCTH aoa1m1ta10T 

aiiecb · na-aa · Toro, 'ITO npoToH , B OTnH'IHe OT sn~'icTpoHa He siBnSieTCH TO'le'IHoii nnpaKoi-
,' • • ' ' • ' \ '1 'I I ~ l >-

CKOH''{8CTHUeii, TBK K8K 0 BCnenCTBHe cnnbHbIX" B38HMO~eiiCTBHH o6nanaeT 6onblllHM 8HOM811b-

··- Hb!M MBrHHTHblM MoMeHTOM,. r'leT BHOMBnbHoro ,MarHHT~or? Moi:,;eHTB. 06bl'IH!) npOH3BO!'IHTC!I 

¢eHoMeitono~n'leCKH c noMOlllbJO no6aaneHnH K 06L1•1.rnii nnpaKOBCKoii aepwn.He· ey aaanMc>--
, • . I/ . • . . . ' J , µ .· . 

neiiCTBH_H ITaynn i (eg/21,l)uµv k , , ITpll ST~M, OllHBKO, ylKe BTOpBSI HTepBUH!!' STO_ro .B3811M0-

1lefi9TBH!I (nayx~oioHHbiii o6M~H Me~1ny sneKTponoM · n · npoToH;;;_;) naeT norapllq,MH'lecKn 
,· I ' . . . i . . /3 5/ • . · . 

pacxon11uiniic11 peaynbTaT, '-iTo6bl 1<a6eJKBTb sToro, a· pa6oTax ' aaonnnocb o6peaaHHe, 

'ITO, °KOHe'IHO,- He·11anHCTC!I noc~enoa~TenbHbIM, BnepBbl0 Ha B03MOlKHOCTb ncnollb30B8HHH" 

_.q,o;M-qJBKTOpOB npn Bhl'IHCneHHII -nonpaaoK, CBSl38HHbIX co CTfJYKTypoli npOTOHa, YK83~n 
. /5/ . . . . . / 

3eMaX , B ero 'pa60Te, B ~ 'IBCTHOCTH, 6binO· ~pOBeAeHO HepenHTHBHCTCKOe Bbl'IHC:ne~ne,-
"' - . , - ' 

~K~a.a;a ·-aneKTPOMar~MTHblX q>opM:...~aKTOpoa. np0T0H~ B c:eepXT0HK0e pacwenneHHe •. 

/6/ 
B pa6oTe .- , npn Bbl'IHCneHHH BKnana ABYXq,OTOHH'oro. o6MeHa 6Linn HCnOnb30B8Hbl . , 

MOAellbHbie q,OpM-qJBICTOpbI, y6bIB810lllHe KBK 1/k , npn STOM, OllHBKO, He, 6btn Y'ITeH 

~~naA· q,~pM-,pBKTopoa B OAH~<pOTOHHbIII • o6MeH, 

· . · · .. rot 
l-!Me10m11ec11 B HBCTO!llllee BpeMSI SKCnepnMeHTanbHLie ABHHb!e .' BllnOTb 

ll0K83b!B8IOT,. 'ITO 
0

1p0p1'1-lp8KT~pbl y6b!BBIOT_ npHMep,HO KBK 1/k 
2 

ITpOCTeli"!efi ,pyHKUHeli 

(1.1) 

B ita~TOSlllleii pa6oTe Mb! npnMeM, 'ITO B38HMOAeiiCTBHe ·sl!_eKTPO?a!BrHHTHOro nonsi C npOTO

HOM orinc1,1paeTCSI _sq,,peKTH,BHOH BepWHHOH BH/l8 

(1.2) 

. _rne :g' =1,79 -.a110M~nbHL1li MarlinTHbili MOMeHT npoToHa, !I - Macca i;ipoTOHa, 

nnsi Bbl'IHCnemrn nonpaaOK K" ,j,opMyne <l>epMn, CBSl3_8HHbIX · co CTPYKTypoii _n KOHe'IHO

CTbIO MBCCbl .iipoTOHa, Mb! ·11cnonbayeM "KB83HilOTe11nnanbHOe ypaaHeHne, nonyqeHHOe B '. 

/. 

3 

! ' 



); 

3T0 ypaBHeHUe H~e~T 

cpaBH8HHIO -C ypirnHeH_HeM Be;r~.ConnnTepa, - ~o.;.opcie '06b1quo 

Ta'Koro' poii.a Bbl'l~cnemill. KBB3knoTeHnHan&koe ypaBH8HH8 · HBnHeTCH 

acno.llb30sanod~ Ansr,. 
-,-

TP8XM8pHbIM, _ OHO MaK-

CHMallbHO 61IH3KO K -o6bI'IUOMy, YflBBHeHHIO lUpeAH'Hrepa, 'ITO_ CHIIbHO o6nerqaeT -HOCTP08HH~ . ' , 

•:aonHOBblX ¢yHKnnll, KpoMe Toro, Hllp0.8TOI'O ypaBH8HHH - KBS3HnOTeunHan - YA88TCH onpe~ 
, · -, ,, ,' _- /8, 10/ · -- . -- · ---

A81IHTb B TepMHHax aneMeHTOB s -MaTpHUbI Ha Maccosoll H0B8pXHOCTH •, ' ' • 3TOT. M8TOA 
: . : . • · - .· __ , . • , • · -. - · . . , , I 111 . - . - -

6bln HCUOIIb30Bae: AIISI Bbl'IHCII8HHSI ypPBH8ll _ aueprau H03HTPO_HHH , , nepeeopMHPOBKa _ KB83H-
- 1121: · -

IlOTeHUH81IbHOI'O ypaBH~HHSI p_aCCMOTPeHa B pa6oTe · , . , 1 

2, noCTpoe~e KB83HIIOT8HUH81IbHOI'O ypaBHeHHH AIIH CHCTeMbl ABYX ,q>epMHOHOB 

p'accMOTpHM npouecc ·i;a~C8SIHHH ABYX _ '18CTHU B _ _,c.u.'M, see Maccosoll nose-pXHOCTH 

E
2
-M 2+m 

2 ' 2 2 2 <' 
, , .. , E -M + m .. ~,+.<, p 

- -2E +<,q 

,,; 2 ·-'2 .. 2 2 ' 2 E -m +1,1 _,, E ••m + M .. ~· -p 
2E 

- • '-:- q 

. Pac, 1, 

' 2 ' . 
3AeCb E - .KB8ApaT _nonHoll aHeprna B C,U,M, 1' m H M MaCCbl· 'laCTHU,. 

' -+... ·, 
- O6o3H8'1HM '1epe3 G ( p, q •• ,<',E)leTblpexspeMeHHYIO q,yHKUHIO fpuua, ABYX '18CTHU,._ 
:· ' ' ' - r-=-T , ' - , ' ' ,' ,_ /8/ 

Toi::Aa 1ABYXBp8MeHH8SI _q,yHKUliH fp11ua - G onpeAelISl8TCH C HOMOlllblO COOTHomeHHSI ' 

' -r--T- ➔ ,-+ ·, ... ➔.~-

_/ 

, G ( p_, q, E ) =· f d< dr -G ( p , ,Q, •-, • , E ) --- (2.1) 

(3u~~ • .-, 6yAe',- B uan&uellweM 03ua'laT& HHTerpau1110 no ~oTHOCHTellbHbiM aliepr1rnM), 
l ' 

BMeCT?' q,yHKU~ll fpnua G ~Yll?6Ho q,opMallbH? BB8CTH 'llMilllllTyAY_ pacce!IHHII JlBYX 

qacT11U eu~_~accoBoA nosepxuocTa 

I'Ae, 

I• 

- i G,, T G0 =·- G - G0 , 

. _· ... · ' ➔, ' . -+' .... , -
G/ p, q, <,<',-E):=S

1
(p,,, E)S2 (p,•,_E) I, (p -q) I,(•-••'~ ·,, 

4 

-/ 

(2,2) _ 

(2,2a) · 

, i• 

f_,,,) 

,,, 



/ 

/. 

a .s1:2 :".° IIOIIHbl9. O)lHO'!aCTll'l)U,19 qiyiKUHH. fpHHa'. • B peay~TaTe. ~ ,:Y:)KEl He_ COA8PlK!IT ._,coo-r.;· 

'"BeTCTBYIOlllHX' OUHQ'l,aCTll~imX:, oco6eHHOCT~il-
'· • ' ~" '• •: -• C 

A1rn1I~I'H'IHYIO. aellll'IH~Y: MO;,{H~ orrpeuellHTb, Ha QCHOBe JlBY~BpeM~HHOll '4,yHKU.HII fpHHa 
·, 'G•.'.... ,: 

. -;_- .. · .. . ·r----, lo:: r--1'' ,---,. r-:--,' ' ' 

G
0 

T : ~o =· G. - G,;; 
I 

(2,3). 

ll. T Ha OCHOBaHIIIJ (2,2) H C2,3) ' CB!I3aHbl COOTH01110Hll0M .. 

=·,r-T~f( -~,r;,-·~1 

' _ . T·=· G~ · G0 T _G0 G?; , 
113 paB~~CTBa. (2.4), cnenyeT;-'!TO Ha anepreT!1'18CKOll !IOBepXHOCTll (? =0 ,ci2 •.. E2 = {,/p 2 +:· m2 +· 

.•.- ', =s ' •• , • 

yp2+:M 2 ) 2 ) 'PYHKUllll T COB!Ia)laeT C q,yHKUnell: , T Ha ·Maccoi:icin noBepXHOCT~ (p 2, =· q2
;.,. 

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

i ·=·••·,;,'o, '£ .{yp2, t:m 2 +:v?+:~> ~ i:taeT, :Ta~UM o6pa30M, q>H3ll'lecxyro a1'1It/IHTYJlY pacceg.:.~ c . . -~ , - ' -

B pa6~e' A.A'.norr~oBa n ·A.H~Taaxen~ua/
9i 6bl/lO Bb!B0)l0HO KBa3H!IOT8HUlla/lbHOe yj::,a

·1menne )l/1!1. a_MII/IHTYJlbl _paCC9lIHH_ll , !· 

ll/lH ·CHMBOIIH'ISCKH;r' v-+:.v FT 

• I 
(2.5a) · 

·a 

· ;c np~~ll CTOpOHbI, 1{3 ypaBH8HHSI (2.5)" MO)KHQ no~~H~b' ~o;~MbHOe Bblpa>K,?HHe ,llllll KBaam-. 

SKB~~aneHTHOe (2,5ar, 
,tS ' t::: -1 

V = T ( 1 +:FT ) . . 

noTeHimana ; V I ,IIO/IHOCTblO 

(2,6) 

_!1111!, B; 6011ee Cl!MMeTpH'l!IOM B!l)le "= \ = . ~1 
- FV =;·FT'( l+_FT_) ,. 

113 paBS~CTB~: (2,:5 ti) I! (2,6) Bl!)l!l0 1 'ITC KBa31IIIOT8Hll!la/l V BblpaN<aeTC!I '1epe3 

'•T;e,. !le~6xo)ll!MO, 'IT06b! det F ./0 · . , np~ !IC!IO/lb30Bll!ll!ll IIOIIHblX O)lHO'!aCTll'!Hb!X q,yHKUHi!. 
-·-_ , ' • • .• ~ ; • .· . ' • ' ' . - • \ • f • 

yCIIOBlle co6_1110;:\aeTC!I,. 0)lHa1_rn·5 1;111a111eM !IpH61llI_~~IIIII!, KOI')la· B·:Ka'leCTBe s1,2 

l!CIIO/li;ayIO;csi: -~0/lbH:!' riporraraTOpbl, ¢epMIIOHOB, Allll /. F·, nonyqaeTCll_ Bb!palKe!l11e:· t . - . . ' 
'·ti).• (2) , 

··.A-,k-,.' 1 ·.-oi c2> 
---------- ,y y . 

E +: (in_+; ~ M '0 0 '. 

(2,7) 

At~- .~ c:.:'J:tt + Yo2>i.1 .> 
2 <M 

/ 
11, Kai

0 
~~TpYJlJII? ·· y6erinTh~l! ,_ det F 0 :=· 0 • : 

<· 



'j 

'ITO Mb! 

.AOBY npocTpaHCTBY,Hll.mym,coB, . coxpaHUB '18TbtpexxoMnoHeHTHbl8 
' ·.-- - - ' /, '.• -:~ -J . ··\ .,\. - -.. . . 

.npOCTp8HCT_B8 JI opeHim, Il OSTO!-'_Y 0CT8CTB0HBO nepel!TII . T8KlK0, U K ABYXKOMnoee.e.TH~M . BenII-

:'IIIH8M_TpexMepHOro·eBKnIIAOBa npOCTpaHCTBa, 
. ~ . , . . ~ 

/ 

BonHoBau ¢YHKIIUH cucTeMbl ABYX ¢epMIIOBOB CBB3aHa c, aMnnuTyAol! pacceuHUB T ' . -.:. - . - . - . - . _\ - . . . , _ . 
COOTHOW0HBeM: 

_,. 
•,' .. ·,· ➔ ➔ -➔ -·,- ➔ . 

rf, ( p ) =: 8 ( p - q ) U I ( q) u
2 

( ..;,q / t 

2 ·•· . 
. E . =· 

- +-.1 F()'•c ➔➔ ·➔ ➔ .• · ·'- ·(2i;"51· ,, P,.T p, q_)_u1 (q,)u2 (~q ), 

<vq2+:2+:✓-~~+:1.I''>~ ,. ·. u ii .a• r_, 

c2:s> 

_u j, 2 - 3A0Cb II: B nam,uellweM - 'l:0Tblp8XKOMilOH0~THble_ CilIIHOpbl. ans COCTOHUBJ! C IIOnOlKU

. -rem,ii:oil SHeprue'tt (itonupII38IIIIOHHble .. ~ CilIIBOpBbl8 UH.tl0KCbl onymeuhl),. 
,-. ,> • .: ' • • C •" • • • • 

mee.ypaBHeHIIe 

· Hc:non&3yst·onpeneneuu-e .(2,8). II ypaBB0HIIe ,_(2~5) Anst_ T ·-· 
, nony'IIIM

1 
Anst ,fr cnaAyio-. . I , 

- :I-
' ...,: ' -t ➔ ·. ➔ ,- - ➔ - 1 . . ➔ :=- ➔ ., - .. .. 

. rf, (p ).= _8 ( p -- q) u 1 (q )u
2
(-q) +;n,;Jl F_(p)J,V (p,k) rf, (k ) dk 

(2,9) 

JlByXKoMn.oueuTayro BellII'IUBy, . KOTopast uac nHTepecyeT, MOlKHO .nony'IIITb,. cnpoe1tTHJltr:-. ·-
. '· , ·• . • r -c -' 

BBB,·.;,_..· u.a:coCTOHBIIH C nonOlKIITen&uol!'sueprnel! (nonupII38I!IIOBBbl8 IIBA0KCbl CilIIHOp~~ u,·~ 
;. ' ,,: , 

npIIBIIMalOT AB8.3B8'18BIIH) 
·1 '( ~ ~ . • ~ • .-➔ ➔ 

. rµ+; ( p ) .; U I ( p ) ll 2 ( • p ) . rf, ( p ) 
r. 

. ' .. ,' .... 1 . ➔ ➔ . 

= 8 ( p ..;. ~ ) +: ~ t ( p, q ) • 
(2.10) 

3A8Cb ~nst KPBTKOCTII .Mb! -~BenII, o603B8'18HII8 
. . . ~ ~ 

~- .• '➔ .-· : ... , 11:11 ...... , ... , •• ➔ 
t(p,q) =-u

1
(p)u

2
(-p) F(p)T (p,q) u 1(q) u

2
(-q), (2.11) '. 

.. IlocTp?IIM .Tenepb BenII'IUHy TII~8.KB83UilOT8BII~na v·. C IlOMOIIlbIO ·p8B0HCTB8 auanorII'IHOrO 

- ::.. (2,6a) ~I 
v·. = t ( 1 +:t ) · ' . . l 

Ilp:ri ST_OM ¢YHKIIIIII · YAOBneTBOpueT ·ypilBB0BUIO . 

.t = V +·:v t: , 
I,_ . . • " . ........_ 

.- Tor.rta, ucnom,3yu onpeAeneuIIe: (2.10) ;. nony'l:IIM OTCIOA;1 ypaBHeHUe nnst rf, + 
/ , f r 

" rf,+· (p➔) ='ll(p-q)+__l_,, .f ~. (;, q) J~:(q) d; 
'. .... - ' . .· (217 ) • . 

(2.12) 

(2.13) 

-_ Tenepb _.B _x'aqecTae ¢YHKIIIIII 
' . . . \ , . -. . 

F (p) yme MOlKBO IICnonb3OBaTb S HII3W0M npufinIIlKOHUH WHK-:- :· 

(2.7). 'noncTa~nuu (2.7) B (2.11) II. yimTb!Bau ypaBB~BHH Anst / IIIIIO Fo (p) , onpeAeneueyro B 

. cnueopoB; ·no~y'IUM . ,/ 

t(t ;, 
' ·\-'" 

F+{p ):fdP :~ ) , (2.14)' 

'. 
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\'·. 

...; 
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,.,._: 

' I 

r11e 

•T~'(p,q),"=c.ii; (p)~(.:.p) T,·(p,·;.)u 1 (~!u 2(~ 
' ,,." . , ! '/ 

. / 
(2.14~) 

1' (2.146)-., 

. / 

·KpOM~ TOI'Oi YIIOpHo BBeCTII B_enll'll!Hy 

., / 
V = F+: V, , (2,15) 

~~TOplUI Ha OCHOBaHIIII (2.12) ,11 (2.14) IIM88T npe11c,TaBneH11e: 
"'· . -1 

!, V,-= T+( 1 +:F+:T+) .. ;. (2.16). 

_YpaB~~Hll!3_ (2 113) 11nsi ·"1+:,Tor11a np11H11MaeT B1111:_ ' 

- "'+_(p) =,8 ( p -ci )_+: .. ~ F (p) f. V (i, k➔) "1 (k ) d t. · 
(2irr +_ : . +_ - · · 

(2.17) 

8, cnyq~e, 38/18'111 0 CBSl38HHOM COCTOSIHIIII, qneH C 8 -q,yHKUllei! OTCyTCT~yeT II, ITO/ICTaBnsis(-

Bbl!)8lK8HHe (2;14a) 11nsi 

\ 
F+: , Mb! nony'laeM ypaBne:rne 

,.'"'· 
·r_11e.y __ _ 

nH11excb1, \KalKl!blil H3 KOTOpbIX MOlKeT npnHnMaTb 11Ba 
~ ,. \ / I ~ 

3H811eHHSI~ ,_;_ 

\ 

) 

s· Hepenll~IIB~6TcKOM npe11ene 'p 2 « m
2 M 

2 

- .. ·.:; 
y~BHeHne lllpe1111Hrepa 

ypaBH8Hll8 (2.13) nepexonl!T B 06bJ'lHOe· 

" 
) , ' .. 

➔ ➔ ·. ' ➔ 
,=, 1 · f, V ( p, lk ) t/J ( k) d k, 

(2,; )~ (2.19) 

r11e W=-E 

-~- · µ =-~ , - npnBe11eHHaS1 Mace, 

·-· '· m +: M_ . ·-·' ·. ' , · ·/9,10/ 
B pa6oi-ax A.A.noryHOBa H A.H.TaBxenH/138-· '. '. 6brn °TaKlK8 npe11nolKeH'IIPYI'<;>il MeT0/1 _no-

. cTpo;HHll :- KBS3nnoTeHU.Hana.-Ecnn orpaHn~11Tb~i 3a11a'leil- nony,~~HHll · npaB1111bHoil -<pH3H'l!3CKoil . 
j /~ ,\.' ,', ;' /, ". .-,/ .. ' .• '_ '.' , ••• ·-~.-

-- aMITnHTYllbl paCC8SIHHSI, TO KBa3HITOTeHnnan, MOlKiIO onpe11enHTb no Teopnn B03MYlll8HHil Ha oc- . 
•• I • • \ - , . , • 

HOBe aneMeHToa
1
. · S ·-MaTpnnbl HS'M_accoBoil ··noBepxHoCTn. Xopowo'H3Be~THO, -<iTo aiimnnTyria 

p~ccesiH~SI Ha, MaccoBoil ~oBepxHOCTli :o~n'cbrnaeT He TOn~Ko 'nponecc pacc'esiHnsi, -_Ho n CB~3aH-'. 

~-ble COCTOSIHIISI CIICTeMbl ~ ;non10ca'i11e<j,~~H'l~CKOil oi5n~c'Tn ~Hepr~n. noaTOM
0

y;'.KaK n~K~'3'a~ ·,· 
-• . /13/ - . . , . , · · - · .• : ' - : .. •·, - . ".' '• ' -

HO. B ' o6a MeTOl!a nocTpOeHHSI KBa3HUOT8HUHana 11a10T· 0/IHHaKOBble pe3ynbT8Tbl -npn -Bbl- . 
• . • • . '\ , • " : ·•. I ' t • . • • • { •, ' . : ,, • • ' - ~' 

. '1HC118HHH _aHepreTH'l8CKHX ypoBHeil CHCT8Mbl. 011HaKO . BT~poil Me1:011 B 9TOM" cnyqae 06na11aeT ' .. 

neKoTophiMH npenMymec:TBaMn, TSK Kait · onepnpy.eT c Benn'lnHaMH Ha Maccoa~ll noBepxHoCTH -
' - . .• ' ~ .. ' . . .. ,, . 

, H, cnei:toBaTellbHO; _ 11onycKaeT ncnollb30BaHll8 · CBOilCTB aJiallllTH'lHOCTII H YHIITapHOCTH; 
. ' . 

'/.) . ·, /_ . 
: . Ban11y · aw~ecKa3SHHoro Mb! a' 11a~HellfueM 6y11eM ,cTpoHTh KBa3nn~TeHnnan c· iioMOlllhto 

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

- sne~eHTOB s_ ··-MaTpHITbi Ha MaCCOBOli_ noBepXHOCTH, 3neM~HTbl ·.s -MaTpl!ITbl n - T -MaTp~Ubl 
\ -

CBll38Hbl , o6bl'1Hb!M _ COOTHOW8Hll8M 

' '. 



' - . / 
, , . • 4 · (4) -· · • .... 

< flS I i > =; 1 - i (2,r ) 8 - ' ( p, - ,Pi.) < fl T I 1 >. '. 
- . ' ...... · t ,': -- . - ,, - . . - . , .. 

C'IHTaTb,,'ITO KBa3HUOT~HU~an no~np~lKHeMy aanaH C nOMO~blO 

onpenenHM: 

·- \ 

.. ~ -+ ➔,-
T+:~ p, q )=<p .T ·t ;,;: 

" - ... ' .. 
8HepreTH'IeCKYIO noaepXHOCTb Mbl aanannM TeM, 'ITO nonOJKHM p2 f· q 2 • npen-

A -• • 

'T H :v· a' BHlle pasnoJKeHnil no TeopHn aoaMymeHHil (a nan&HellweM MbI 6yneM' .+: - - . . " . . 
nononHHTen&Hbl8 a'i!a'IKH. y , T , · V ~ F ) " -~-

-:; T =:-T<2l +:. T<O +: 

V =· V<2'. +· ·y<o + 

•:Torna Ha OCHOBaHHH (2.16) Mbl nony'IHM!. 

\, 

(2.21) 

L.'.' · '(2) · (2) 
V =· T 

,, ,-· 

(4) . '(4). (2) ..12) 

.V =- T - T F T • 
, I •.• ',o-

(2.22) 

B paa_eHCTB8 (2.21 ) . pa3IlOlKeHHE3. npoH3B8UeHO. no noCTOllHHOli TOHKOl! : CTpY;KTYPbl. Hae 6ynyT 

·miTepeCOBSTb nonpaBKH K q>O;Myne <l>epMH. OTHC:cii:Ten&H'oro nopllUKa ~ a ( m / 11') • B' 8TOM · np11:. 
. ' - - - . ' ' - 'I.) . ·,." 

.. "'6nHJKeHHH UOCTaTO'IHO'orpaHH'IHTbCll n11arpaMMaJ1:m' JlO _'IeTBepT_Ol'O nopllUK? '(no 3apl1Uy. 9Il8K,:_. 

Tposa) BKillO'IHTen&Ho: 

-; 

r. 8 

.,· 

' 
Puc. 2. · e 

,, C11n&Hbl8 B3aHMOneJ!CTBHH npH 8TOM IlpHXOUHTCH Y'IHTblBaTb ·q>eHOMe~onOl'H'IeCKH. c'' noMOlllblO 

BB8U8H~ll q>OpM-q>aKTOpa,npOT6Ha B nuarpaMMbl OUHOq>OTOHHOl'O 06MeHa a b u c (p~c.2). 

- 11 · aMnnHTYUbl BHpTyan&HOl'O KOMnTOH-;q>q>eKTa' Ha , npOToHe · a nuarpaMMbl UBYXq>OTOHHO~O _06\\rn-

,-pHC. 2) • Ecm1 nn11 q>~p~:.qiaKTOpa npoToHa HM810:;CH a.:cnepHM8HTan&Hbl8 ilaH,.; 
- · . /14/ -) , 

II. HeKOTOpble MOU8n&Hbl8 npencTaaneHHH l CM. BBenemi;e • TO 06. aMnnnTyne 

ua·d 11-e· 

/8/ 
Hbl8 

• l '/ • ', 

BHpTyam,uoro KOMilTOH-9q>ql8KTa• Ha npOTOHe H3B8CTHO ·o'IeHb Mano,' Mbl' npuMeM noaToMy,. 

. •fro UHarpaMMbl neyxq>OTOHHOl'O -OOMeHa CBOU!ITCH K HTepamm n;..yx ·nnarPa~M. 'on'Ho-q>OTOHHOl'O 
- -· ., . r _,, -

06MeHE.-. 8 

~" .... _ 

_·,, 

\' 

'" 



Puc. 8 . 

. B nom,ay STOI'O npennono~eHHSI MOlKHO npuaecTH H8KOTOpble H8CTporue cooopa)KeHHSI. 3Hep;.. .• 
\ . - . ,.. ' .·, . '.-, •. ,_ •• ' - l_ 

I'HSI C~Sl38HHO~OiC;,CTOSIHHSI . aiieKTpoHa H npoTOHa M8_!10 oTnH'IaeTCSI OT cyMMbl ;i ·Mace (m+?.!)) _' 

. UOi)TOMy B )lHarpaMM; d 'HaHoOnb_WHii:: ~Kn~n )l01l)K;0: )l8B8Tb neyx;i:cTH'I~Oe npo,Me>KyTO'I.;. -

HOe COCTOSIHHe - aneKTpoH+ ~POTO~, 'ITO H'COOTB8TCTBy~;;.,JlHarpaMM8M puc. 8; ci:enyrowe~:: 

np~M8)KYTO'IH08. COCTOSIHHe -✓;Kn10qaeT· ~o ·Kpai!Heii· Mep
0

e. O)lHH IT -Me3~H, · H .. C:;,oTeeicTBYIOlllHii 

·paapea. HS'IBHaeTCH nanbuie. HeooxonHMo Ta~)Ke. • OTMeTHTb, 'ITO ·xoTH Mb! caenu nuarpaM-

MY .. JlBYXlpOTOHHOI'O OOMeHa K HTepaUHH O)lHO!pOTOHHblX';nHarpaMM,' 38.WTpHXOBSHHbie npoTo~~~;;,, 

MpWHHbl ii ~~arpaMMSX puc. 8, 'a~96we I'OBOpH, He , CBO)l~C:SI K oo~;'IH~IM ;opM:ipaiTopa,~ 

, npoToHa, _TaK' KaK onHa · ua npoToHHbIX nHHHii HBnHeTcH iipu aTOM BHpTyanbHoii_-. Mb! onHaKO · •, 

· e · nari1>HeiimeM · 6yneM ·· npeHeoperaTb aTHM oocTOHTenLcTeoM· H ·c~nTaT1,,: 'ITO - aneKTPOMar.,., 
.. °7'-<. ' •·- . . . - . . - . .•·. ' . -

_HHTHSSI · 'aepWHHa . npOTOHa aanaHa paaeHCTBOM: (1 .2). Bbl'IHC/IeH'!_8 ceepXTOHKOii_ CTpyKTYPbl 

. OC:HOBHOI'O. ypoBHSI a~eprHH ei>nopon~' Mbl 6yneM-npoH3B0)lHTb .no' T00pHH B03MYIU8HHii iia oc:'..:. 

· H~Be ypaeHeHHH (2.18) 'nn~;aonHoeoi! ipfHKllHH cucTe·~b/ aneKTpOH+npOTO~~ KeaaunoTeH~Ha;. 
- . . . '· /' . _ ..... ·-•· . . . \ .. · . ·-. 

v. onpeneneH paee~c:reaMH '(2.21L _(2.22). npn' ·aTbM aa ucxonHoe-npuonH)K8HHe ecTec~ae'I-

._H~ B3!1Th !'~noHoecKuii noTeHuuan. npencTaemrn 'laCTb KeaaunoTemmana;. cooTeeTcTey10my10 

)lHarpaMM8 a ( pHC. · 2) ·e Bllll8 

KynoHC>~CKHii .noTeH!lHaJl, nony'IHM nnH KB83HilOT8HUHana. Bblpa>K8HHe 

v' =· C +: ti. v<2>_· +·· v<•:·-
·me 0 

nocKonLKY B8JlH'lHHa .ti.. v< 2> HM88T nepB;,Ill'I!OpSldoK· Mari·o~TH- (=a_i _a v(() BTopoii_ 
2 I' 

(= ~ ) , To HeooxonuMo>y,mn.:_~aTb 'lneH eToporo:nopsnKa Teopmi eoa-· 

CHMBOnH'IeCKH :3anncaTb B_. BHne: 

.· A E =·« fi v< 2> >>-::<~,JO>>:+:« ll.V(
2
)F A_ v< 2'>; 

{2.24) 

r'ne 'eenH'IHHa F onpeneneHa a (2.146), a CHMBOn << •• ;;>>.'. ;oaHa'IaeT 'MaTpH'lHbiil aner,;eHT . . . 

BOnHOB~IM 'PYBKllHSIM -yp_aBH8HHSl (2.18). C Kyno~OBCKH~ noTeHuHanOM ·c :· 

I" 

J 
g 



--

✓-

I : - .__: > 
:. 

3·. CaepXTOHKaSI CTPYKTypa OCHOBHOro YPOBHll'. 

. n0Te.m:x1r'an_- V(
2

)· ·corna~;;;, (2_:21) ~aeTC~ AI!arpaM,MOfi a :pnc, 2 Ha :MaCCOBOfi no-

aepXHocTn. Hi::nonbay>1 o6.bI"l~bI0 q,efi~MaHOBCKne, npaanna, nony"!HM: . ' ' -:--, '/ , ' ' ' 

' ' : ,, . ' - ➔ ~ \ ➔• 

. : 12'· 2 liit(ii> yf u -;-· (q) I (;;~+( :.:.P ) · r,, u -t -q )]. 
V <P .if>. ·=·-•e · · · · 

r (p ·..:. ij f +:(\-'.p2,+:m2 -y'q2+:m2)(y'p2+:M2- y.q2+: ~•} '. 

(3,1) 

~-
. -
0603HaqeHHil COOTBeTCTBYIDT npHHS!ThlM B KHHre 

I • _;, ·, • • /15/ , · : · 
H.H.Boronro6oaa M n.B.lllnpKoaa ~·.CKa::- _-' ' -

" •✓ • 

ngpHoe nponaae}leHne onp~/l;1neHo KaK-

.f:b 
➔ ➔ 

a
0 b0 :,-•a, b: 

.• / ' '' . ,. /l 
no}lCTaBnSISI a (3;1)' BbipaJKe_HH9 (1.2) )lnSI r,, ·: H . IIp0/lCTaan1111. "!eTbipe:X:Ko~nOH0HTHhl0 

' (2) ' - • 

HOpb~~•· U B JlByXKOMnoHeHTHOfi q,opMe; nony"!HM 11n11 V BbipaJKe~ne: 

. c2,➔ - e• . 2 I 
vr;, q) =·-•? +.e_ 

2 2 • , .- :l, 2 
-1 -· p +:q +: ( p -" q J 

s,? 2 m _Mk 2 _ ' 4 m M k • 
\' 
➔- ➔ ➔ • 1 - 1 _ ) 

(pxq) [r,· (--;--.'." 4M
2

• • ~·- . I 4µ -- I k2' 
+·;; < __ ,·_1_ +.-~)I,+ 

2 2m M 41,1 2 
( (3.2) 

➔ ➔ 

·. ( t+":gf(k1) '[ c ➔•.; )' 1 <~~Hk ;.> ·· ' ' 2 • 1 ' - (px q) u· 
I -t _·._g - f < k' )[ -·- - i · • 2 · I l +: . a· a -· 

4 m M -' I 2 . . k 2 2M 2M µk 2 

r}le µ = ~-:- npHB0/l0HH~SI Macca; 
' ·. m +(M 

➔-

k =_ p q .. -

npn'nony~eHH.H BbipameHHSI (3.2), r,,;bI; KpOM0 Toro, npOH3Benn HepenSITHBHCTCK00 pa3nOJK0-
2 -,, · ,.__ 2 2 '. ·._ ' -. , . , . : i~, . ... 

Hile no · ( p . ! m 2) ,' n ( p /. 1,1 _) , · llOCK<:>nbKY a C/ly"!ae KynoHOBCKHX. ypOBHefi. aHeprHH, 

,r'--:·.:..•-: i q·:1 m w , .. m 2 a 2 
•. 

OcT{an~11 ,a ( 3 .2) · >ineHbl' ey~e~or~ ~ 
0 

nepaoro · nop111lKa · no (mM) 
;.,' (2)·' '.- • 

_,Jln>I. v.. B_·BH}le: 

·-_,rile 
' - 2 .·- e 

(2) 

V. 
' ' ' ' ' (2) .. c_ +:fl. vi~ t:<~ VM:-_ fl. vhf:, 

KYnOHC>~C~KHli noTeHUH8ll 

, : uepennweM ab1pa;:ceHne 

(3.3) 

6cp,q)=-•cp -oi >" . /. ~ 

\ -· 

·/' 

➔ ➔ 

fl. V ( p, q 
ts 

fl. v~ < ;, ~- .> 

➔ ➔ 

2 - ( . 
=·-e_ [·1-2i pxq) Uj I ' ,s µ• . k2 ,. 

· c· 2 . ~ 2 =-- [ p-qJ ·- ·2 2 
4mMk2 · ~ -2(p +:q) ], 

- 2 
·e 

{2) ,, 2 2 -·< ' ➔ ➔ ➔ ➔ 
t,. V . (;,;) ~- e (1+:gf(k )) { [(;; ;')- (ku 1 )(k_cil_ 

,his ' ·4ml,I I 2 ' k2 

10 

,·/ . 

• (➔· ➔ ➔ 

J_;-,2ipxq)~2 1. 
- k 

'· I 

" 

"....,< 

:: 
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V 

, _'lne~i\V
10 

•., B~eCT8 _c'penBT~lm·c~~~oil:n~ripa~KOif
5 

B; KD~~H'leCKOil sHep'.HH ll80T TOHKyro 

, cipyKTypy; YPOBHell sHep~H~' BO'j;opon~. 'la~Ti, nOTeHllH8~~ , i\ :V ~ BM8CT8 C n~npaBKOil ua 

. _llBIUK8Hll8 ~P?TOHa:K KIIBEiTH'leCKOll s~ep~H~ npHBOll~T x 1~1lB~ry .ni'oauell sueprnn, 38BHCH.;. 

·oT rnaBeoro KBBHTOBoro ·qucna n: 
12/ - . ' 

.. 4 

3p 
A EM a:« 11V~ +i 

, ,, 8 m 2 M 

4 
a .--n-,-• 

_A.vb,~ naeT HHTepecyromee Hae caepxToHKoe _·pacmenneene ·ypoaHell sueprnn.·\

·s -1ocTOff!IHll. cnanr · ypoaeeil1 npnaonH!ll11ll x caepxTOHKOMY. pacmenn~~nro,-p~aeH: 
...... , 

(2) ·· (2) 

AF.,,,. =·« A Vhf■ >>: = · 

'· I. 

rnel/,(p)-
c. . ' 

' HMnyllbCHO~ npocTpaHCT,Be,-

KB81l~a1: MO!lynB BOnHOBOil ,j,yHKllHH B- r -npOCTp8HCTB8 npn - 1 a-0 1 CHMBOn < •• ; ?-,' 
I . • / ) ' ' . 

"03B8'188T MaTpD'IHWil sneM8HT 
\ ·, . ~. - _,.. 2 L , 

_rio C06CTB8li,HblM. ,j,yHKllHHM on'epaTopa KB81lP8T8 non~OI'O. CllH-:_ 

ua,. a JlnB f(k ) ocnon_&3oBaeo Bhlpa>K~Hne (1 .1) npe Ir,,.; 0 .· • Ilpo sToM•Mhl ·uonaraeM, 

• 'ITO ,ca ·l,f . _(c·~• pB3!len ~)~ 'B1maii AHarpaM~bl· a· pDc: .2' CBOllDTCS, K~K __ He~yJlBO 

K. y'leTy ··aHOMllllbBOro MarHHTHoro MOMenTa '~neKTpoHa. TaxnM o6paao~; ·ucn~llli3YB 
" - - '"· - . . 

/ 
nony'IHM n.na cyMMapaoro axnana OT JlHarpa"1M a ; D ' i, 'pee. 2 Bblpll>K8HD43_' 

Bllll8Tb/,-

(3.4); . 

( 2) • + • (bJ°. . • \, 

t,,. Ehl~ u ~his 

2 . · 4a m g . r · " t .. .. • 
./ =·--,--"-a __ ( 1+:g)( l+--a_ )[l----- l•l f/10 (O) 1- <ui~2~·• 

_--:-3mM _ 2rr • ,c (1+:g) 

(3.5) 

,/ 
: Ilnarpat:4Ma c· .. pnc_.} a H~WeM n~n6no~e~DD H~ n~~--~xnaha a caepxTOHKOe.~acmenneBOe 

: _ ypoBHeil, nocxollbKY B cooTBeTCTBHD _ c 'aaMe'lanneM nocne ,j,opMynbl·. (3.2) HaM nocTaTO'IH? . 

· r iicnoni.3oaaTb ~1o) ... ... . · 
· _ V ( P, q ) . npH 

IlepeilJl~M ~ 1;e~epb JC nnarpaMMBM nayx,j,o-roaao;.o o6Meue ( CM. pee. 3), rne npoT
0
oeu~s 

:. BepWHHa m>-npe>KH8MY . ?npeneneHa; paBEIHCTBOM ( 1·:2). Cornacuo ( 1 ;24). COOTBeTCTBYIOlll~!I 
__ 'nonpanKe .K yponHHM SHep:DD DM88T BOil: 

·11 
/ 

- I 



I,'.,: .. co:.:, , : C4) ·, •. C2) 
i'.E_· ,;,«V '>>!+«i'.V . Fi'. 

! 

• • ' • . . . • C 4) • ' •. .tc 2) ' 
.rIOACTSBll.l!SI CIOAS'BblpalKeHne,(2,22) All.II ,v ~n (2.23) All.II v., ,·nony'IllM 
. . . ,', , ' co . (4) ... • C2) .. -, '· 

i'.E_ =,«.T >:>_,-•«,0,Ft..v •. ·»:-, 1'. 

,.:.,«_t. vC 2J' F ·o >>: -·<~ C F C » = « R >>' • ; . . . (3.6)'-
AHallOPll'IHO, npeAhIAymeMy npn Bbl'IllCll8Hllll (3,6) MOJKHO ·npem,6pe'Ib 3SBIICIIM~CTblO R(p,q) 
OT p,: ll, ~ )n C'I~TSTb, 'ITO C~llHOphi 

' . 

u1,·
2 

· HMe10·r: nnmb· i.ie~xane· ~6011bmner KOMnOH8HTbI, 

\ 

,: 

-TaKnM. o6pasoM,, ·co . 2 

i'. E · = < R (0,0) > I ,fr. r (0) I : , -
(3,7) 

: ~~ccMo.;pn!": c11aq:a11a 'IaCTb R , KOTopas:r nonyq:aeTCSI, ecnn B i:rpoTOHHOli aepnmae ( 1.2) 

•' · • B3~ ;OnbKO,nepB08 CllariieMOe·,: er. , 3TO COOTB8TCTBy8T Clly'IalO TO'IG'Iii~i! ,AnpaKOBCK.oi!• 
- . . ' . .. . . µ . ·.' ' ' - ' ' . ", - . ·• - . 

.. , 

' ~ \, 

,; 

'IaCTRllhl, '.B •"qaCTHOCTI!, npHB8.[l8HHblil HIIJK8 pesyllbTaT cnpaB8AllllB All.lL.CBSI3aHHOro COCTOSI.:. 

nns/cncTe~ ';neKTpO; nmoc ,' µ ~M.83QH (MIOOHnl!)._tt:·Sll8KTpOH ~ll!OC Il03~Tpoir (~03H;;Oll~fi), 
a '- •, ~ ' ' 

ripnMeHSI~ OOhlqHbl8 qiei!HMaHOBCKll8 'npaa1mii 'AllSI AnarpaMM pnc. 3 n BblA81iSISI '!aCTb,; -~<:>-. 
nopnirnHanbHylO (; ; ) , no11yq:nM Ha OCHOBSHIIII ( 3.6) n ( 3, 7) . 

_ I t 2 ' 
t l ·•,-

ij. 11£'' •· Sa 2 
I i/1' (O)!'.<;i 32 ~'[1

0
(m,M )+:1

0
(m,-M) ~·_!!_::__ f,:.+r,;;--dk 

.. · D' rr. .o · . · · 3m I.I ·o [k /2µ 

~ .· 

!.-- s 

, rAe -~ oo· ~-co - _. - 2" 2 2 

Wn J, 

1
0
(m,M)~ii[k 2 dk{dk

0 
· • ko--rk 

"· . •· -;.,; .- (k~""'. k
2

)
2

[( m +!<0)
2-k.2-m2J~(l,l--:k 0 )~-k 2-,M~ 

' ' 

'. W' - KYllOHOBCKne YPOBHH saeprnn., 
D~, . . 

h,-. 
(3.8) 

:1-

. . . ' . . -~. co 
:ripOH3BOASI,H8CllOJKl!bl8 Bbl'IllCll8HIISI, HM88M OKOH'IaTellbHO AllSI AllpaKOBCKOi! nonpaBKH, f-' ED'. 

\ /· 

BhipaJKenne: 
.- ' ' . <'•> · 2a'~ : r · 2

• M · -➔ ' ➔ 
i'.E =·-•-~-~ 1-i/l (0) ! .fn --' .<cti "2 >. 

D A\2 ;:_ m2 o ,. · m ·· 
(3.10) 

. . /3,4/ 
·l1Hq,paxpaCHbl8 paCXO/ll!MOCTH npn STOM K5>Mne_acnpy10TCSI. 

··,1 • riepei!AeM Tenepb B R. K cnaraeMbIM, COA8pJKamnM ·aaoMallbHblil MllPHIITHblil MOM8HT g 
' ' ' I . . ,. . ( 

npoTona·, { ~topoll: 'In'eii: a' ablpa~ennn·· ( 1.2) nns:r npoT~aaoi! • aep1:11niib1) ~ Opn. s:o.M 0Kas:'1aaeT-· 

/: 

·• CH1 'ITO. cnara8Mbl8 . nnnei!Hbl0 no g B3Sl!M!{(?' YHl!'ITOJKSIOTCSI .B Cy;:;;,{8 ABYX ·A11arpa"MM p!!C,3,. 
. . . ',. . .. ' . . - . . . : . . . - .• 2. . . •.' ' , ' 

·.rionpaBKS' K YPOBHSIM SHep_r1111, nponopUHOHSnbHaSI .· g ., IIM88.T ann: 

-· · : .-. 4 ,. ·. · ;·2 . · · 2 · r 2 · ,' .- · - · .. ➔ -:· . • 

.. ~i',. if > =· ~(:.:..!_) I 1/, (0) I. [ 10 (m, M ) .+: IP (m, ·-M )1, < "i-"2 >,; 
. • ' I' . IT ,'2M O • •• ~ • 1, . (3.ili 

rne 
" 

i;cm,M )'# 
f k2dk f [(k~--:k 2

)
2
;~k~(k:-k 

2
)~f.Mk0 ~~'rh!~k ~ dk0 

0 .., _.,; (k:~k 2),(in +k
0
)"- k~-·in~[(l,I -k0 )

2
,-k 2 

- M
2
). 

, •,,\, • ' • • j 

~-✓ 

' ' 

'12 - .. 
/· 

.,✓ 

. _..__· 

. ::· -!,•· ·:...-' 

'/ 

/ 



I 

B~l'IHCm!SI 11~:-erp~'n B -'(sj 1) H OCTBBmrn nHllib 'IneHbI ,nepaoro nopSl~Irn noJm/K) . Ii (~_/M) 

nony'IHM_ Al}ll nonpaBKH/ _CB~38HHOl! co B38HMOA~l!CTBH8M-naynn, cne1:1yromee Bbip8~{8HHe:- -
. , :., .-

a2 g 2 · 

21,12 
1 if,r (0) I 2 < ;;, .;>: [ ¼ + e; .L ,;_ ',:::;::;:;::;;4;::K==;:='.""arctg_·-'-v_4_M_2 ___ K_2_ 

• . . m V 4M 2 - K 2 

K <2M-' 

(3.12) Bbrpamenne 

(4) 

i\_E P 

K 

, 
BM8CTO BbipameHHll 

6nnaxoe.' 1t peaynbTa:"aM ~ai>~/
3 

•
41

• OnHaKo, aooome roaopll, . sTo npnoirnm.erme ,neaepno, _ Ta~ :. 

KBK H3 8KCnepHM8HT8, cneny~T, _ 'ITO· (K/ I.I)., 1. · 

. Coonpan BMec:Te p1iaeHCTBa (3.5), (3.10) n (3.12), nony'IHM OKOH'IaTenbHyro'nonpaa1ty' 

'it S -ypoBHllM 8Heprnn, npHBOAllillYIO, It caepXTOHKOMY p_acmenneHHIO, BKnIO'I8ll qnem,1 nopS!nKa -
.. 3 ./. 2 " 
a(m/M) •. 
,,/ . • · (2). . (b) (0 <4 ) 

_ i\J:\,.~A~,.+:i\Ehrs ·t; .:\En _+:i\ Ep=i\ E F( 1--15 >; 

=· _}a11 (l+:g ) 1:v/ 
.. 2 

➔ ➔ 

i\EF 
- · 3m M · )( 1 + 2: . 0 

co) I <al a2> 

,., 2 .: 
l5 .; Aa III g 3a m 2 M g 

+· [ (_4 - g ) rn 01 -r- -
K (1 +:g) 411M(l+g) 

arctg 
y4r.12 K·2 

' K 

qcnn . K!>2M ' TO Heo6xonnMo.npOH3BeC:ll 38M8HY 

. arctg 
.j:4!,! 2 ;_·K 2 1 fn VK 2 _;-41,1~ +K 

y4M 2
- K2 K v,<2'~- 2M 

\· Bbl'IHCH8Hbl TaKme _nonpaBJtH 'K t:,. E OTHOCHT8IlbHOro nop.11.llKB ~
2 

II . 'a
3 12

•161 . ·C"yqeTOM 

aTnx nonpaa-~x paaeHcTao -(3.13) np11n11~aeT ~11n:' ·• ·" 

rne 

t:,. Ehrs =AEF ( 1-'•/j) ('l .-• 1-•< 2 ) , 

•r =-a
2 

( 1-, f~-2 ) 

•_; Sa 3 " • 

•2 =· --- fn 
~;3" 

'281 
a_( fn a -•fn 4 +: :-ii8lr) < 

AHOM81ll,Hbll! MBrHHTHblH ~OMeHT sneKTpOHa BXOAHT B t:,. EF BenR'I~Hll CB~pXTOHK_or,o, 

~ pacmenneHHll ocnoanoro ypoBHll anepr11n ( n •:--1) _' np11 STOM paana 

I 
13 



._ ( 

~. 

.~ 

.. ,". \: 
, . 

' 
ti Et~: 

8 • 2 - . . .3 
a m; (1+:g)(l+:g }(l+J.:.) (1-8)(1-,

1
-:, 1,.-

3 II 
-- - -- • , _, -- I.I - . . ,.,: -

• . -- ' . - . - -· (3.15) 

rne '-. 

\" a 
g. = Ti, 

.. _' 
0,328 

\ 

a_2, 

----;-r 

·4. O6cyJKneHne· peaynbTBTOB,n aaKnroqeHne 

--

B Bblp8ll{8HHH '(3, 15) )lnll aennqnHbl 'caepXTOHKOl"O pacrnenneHHll· OCHOBHOl"O ·ypoBHll , ,·_ 

'conepJKHTCll Henaa~CTHhrll napaM-eTp '~ - xapaK;epn~yrornHll cypyKTYPY npoToHa .. HyJKH;, oT

,r..,_e7nT~; _qTo, cyrnecTayrornne, a Hac:rol!mee apeMl! aiu1nepnMeHTBnbHbie /lBHHhre o .¢opM-(jiaKTo-_ 

pax·np·oTOHa
0 

Henb3ll. orincaTb 'npocTOll_(jiopMynoll (1.1}. O6brqHo npn aTOM ncnonbayeTcsi 
· · . -, -. - - - - ( '). /14/ - ' . - - . . -
cyMMa necKonbKHX _qneHoB anna I.I . CooTaeTcTay_romne napaMeTpbI Kl XapaKT8pH- ~ 

'3y°IOT MBCCbl paami<iHbIX p_e30H8HCHb~X COCT_OllHHll. OaHBKO, · BBH~Y Toro, · qTO HHTerpan ·B ( 3. i I ) -
:ncirapn(j)MH'.18CKII paCXO)lHTCll npn !(k 2)=-1 ' )lilll HBC Han6onee cymecTaeHHO. aCHMilT0THqec~oe -

noaeaeHne f (k2) npn - k2 _➔ 00 • lhrnromnecl!_ aKcnepnMeHTanbHbre aaHHbie _ yKaahrnaroT, _qTo _-

· r(k _2)' y6_biB~IOT He Meanem,rne, qeM. 1/k 
2

. •. TTapaMeTp_. K npn 8TOM. HM88T nopS!llOK. MaCCbl 

··,-npoTOHS, H •IlOCKOilbKy ToqHal! a'ennqnHa 'ero _HeH3B8CTHa,· Mb! paCCMOTpnM' BblpalKeHne - (3.~5) 

npn HeCK0;bKHX 3Haqemisx OTH0IIIemrn ( M 
2 

/ "
2
) 

. 8KCII!3pHM8UT81!bHOe 3Haqemre aennqHHbl caepXTOHKOl"O pacmerrneHHll OCHOBHOl"O - yp,OBHll 
11( - . . - . - . 

·r \ ,''-

/',, Eexp=-_1420 ·4~5 751 , 800 t. ~,02& tu. 
paEl~O: 

(4;1) 

n·nl! CpB.BH8HHH TeopeT11qeCKOl"O H 8KCIIepHM8HT8nbHOl"O 3HaqeHHll Yll06HO BB8CTH Bennqn,Hy 

/',, 

/'1 E exp 

/',,Eexp - /',,Eth 
\4,2) 

· , /16/ -
_ 11crronb3y!I )lilll BCeJt 11p_oq11x_11apaMeTpoB,3H8'18HHll, .1IpHB8/l8H8,bl8\·B , Mb! Ha OCHOBAHHH 

(3.15), (3.13),' (4.1) n '\4.2) nony-qin,;- cneny10m11e peaynb;BThr: . . ' . . 

M2/K 2 

: I ,5-

I 

0;5 

~0,25' 

a· 

'!6, 7 

·I4,6 

12 -

I0,2 

·t.._Fih (Mc/sec) 

. - I420,368:t0,024 

. l42O;J7l:t0,024 

-1420 ,375:t0 ;024 

1420,377:0~024 

I 

14 

/',.(ppm) - I 

--
27:tl7 

;, 

25:17 

22;tl7 

20:tl7 

I 

~/ 

....... ,, , 

-,. 

.. -\ 
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. : 113 aioll · Taonmx;,. BHJ!H~-- 'ITC ~HMeeTCSI HeK0T0poe .pacx_OJK1l8HH_e··, t:te~ny Teop~TH,~CKHM . 

' K0T0poe, 0llHBK0, MeHbme npIIBen·emioro 
' . . . ' ! ..,, •. 

'. . CBSl3aHa B 0CH0BH0M C • HeonpeneneHH0CTblO ·,B. _aHa'l_e-

HHH a , _noaT0MY; pacxo?"neHne MmKAY A E•?'P. ·H ,t:i. E th . B1:'.3BaHo, no--BHllIIM0_MY, HeTo'I- · 

HhIM . yqeToM cnnbHhIX i,aanMonellcTani! ~cooeHHO B nnarpaMMax nayxq,oTOHHoi::-o ooMeHa 

( CM, 06cyJKI;18HHe BO 'aaeneHHII) • 

. B ~aKn10'18HH8 SBT0P Bb!paJKaeT rny60Ky10 onaronapHOCTb H.H: Boron106ony; A.A.nory~ 
I ' • ·, • 

Hoay, A.H. Taaxennnae aa nn?noTaopiihle ~HcKyccnn .H ~HHMBHH';' K paooie II B.A.Ap6yao
1
a~, 

~-Il,Conoai.;ay, A.T.<l>mmnnoay Il-O.A,XpycTaneay aa none3Hbie oocyJKJleHIISI, ··I 

/ 
. ~·. ' .... . , ' " 
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