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06wee peweaae aanaqa nayx neaTpoa
11 1, nonyqeaaoe a pa60Te

121, n03aonaeT no-

HOBOMY nonoiiTB x peweaa10 Maorax aanaq, xoTOpble a03aaxaiOT npa aayqeaaa nponeccos 

c 'yqaCTHeM 3-x qacTan, saaaMonellcTBYIOWax no aaxoay Kynoaa. B qacTaocTa, a aTax aa

naqax CTaHOBHTCH B03MOJKHbiM npaKTaqecKB OCyWBCTBIITb MBTOll Eopaa-Onnearei!Mepa 
131

, 

a T8KlKe 'MeTOll B03MyuteHHbiX CTHUHOHapHbiX COCTOIIHBA', cornacao T9pMaHOJ'!OrHH MOTT.S 

a Mecc/41 x) • 

nocnenaee oco6eaao aaJKao, Tax xax B Teopaa aaaxoaaepreTaqecxoro pacceaaaa 

aToMoB no cax nap ae coanaao MeTana, .paaaoro no o6waocTa MeTony Eopaa ana CTon

xaoaeaaA 6biCTpb1X qaCTHU, 

faMHn&Toaaaa cac TeMht aa 3-x qacTan, saaaMoneAcTBYIOWHX no aaxoay Kynoaa, 

paaea: 

J<---~L\ .. _j~ i\ .. -~L\ .. -~-~+ Z 1 Z 2 

2M 1 AI 2M 2 R a 2M 3 R3 IR
3
-R

1
IIR

3
-R

2
1 IR

2
-R

1
1 

(1) 

(faMan&Toaaaa aanacaa ana cnyqaa aaaaMonellcTaaa onaoA oTpanaTen&aoA a nay~ nonoJKa-

Ten&HbiX qacTan. B nan&aeilllleM ana yno6cTaa 6yneM aaablaaTb OTpanaTen&ayiO qacTany 

c aapanoM Z 
3 

aneKTpoaoM, a nonoJKaTen&Hbte qacTaUbl c aap11naMa Z
1 

a Z 2 -anpaMa). 

OTnenss naaJKeaae neaTpa aaepuaa B xoopnaaaTaX Rxo6a
151 

.. 
M 1 R1 + M 2 R 2 

M I+ M 2 

(2) 

aaona o603aaqeaas: 

_l_+--1-- · .l=_!_+_L . I'=M +M
2

+M
3 M3 M

1
+M

2
'M M

1 
M

2
' I 

..!. 
Ill (3) 

--~-------
x) B csoeA xaare 'Teopaa aTOMHbiX CTOnxaoaeaall' oaa nacana : • 3TOT MeTon 

ablqacneaas aMnnsTyn paccesaas npaaonaT x aaaqaTen&ao 6onee Toq&btM peayn&TaTaM ae
JKens npenblnymae MeTOllbl ... Onaaxo acnencTaae aaaqaTen&aoll TpynaocTa nonyqeaaa Toq
HbiX B03MyweHI('!;Ix <jlyaxnaA aTOT MeTon BMen no cax nap aec&Ma orpaaaqeaaoe npaMeae
aae. Mbl o6cyJKnaeM era anec&, Tax xax aaneeMca, qTo a nan&aeAweM oa oxaJKeTca aec&
Ma nnOUOTBOpHbiM', 
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R~IR -R I 
2 1 R -R I; r = IR -R I ; 

3 1 2 3 2 (3) 

H Bbl6Hpag eUHHHUbl H3MepeHHH, B KOTOpb!X t = m = Z 
3 

= 1 , UOlly'JHM: 

}(=-.l£1-.+H 
2p. R 

H~-_2__11 .. ~ H 
2M R + R + 0 (4) 

Ho = -Tl !!. .. -~- z2 ' -r 1 r2 

13 1 , 141 
Cor nac Ho BopHy H OnneHreliMepy HDleM peweHHe ypanHeHHH illpeueHrepa 

H "' cR. i> a , "' < R. i'> (5) 

B BHIIe pa3llO~eHH!I 

~ (R,7J=! X n {R)q)n{R; ;), (6) 

r ne ¢" (R ; ;) - c o 6C TB enHhle <!JYHKUI!H onepaTopa H
0 

npe <!JuKCHponaaHoM 3 HB'leHHH R , 

n "' I N P m I - nonKbt ft ua6op KBBHTOBbtX 'IHCen unH peweHHH ypanKeHHH illpeuHKrepa 

3 Blla'ln usyx ueHTpos
1 11' 12 1 

H 0 ¢ n(R;;)= E n(R)¢n(R;;). (7) 

n ou c Ta BnHH p a 3no"'eH&e (6) B ypanHeHHe illpeuearepa (5) , cneueM ero K cneuyi0-
/ 5 / moik rjir T e Me ypaaHesaA 

- 2~ !!.~ Xm (R)+tQmn(R) 7; xn {R)+ 2~ K.,n(R))( n{R)+ 

(8) z z .. .. 
+ [ E (R)+--1 -

2 I)( (R)a, v (R). 
rn R m m" m 

.. 
P n,i.'l OlKHB BO•"HonyiO <jlyHKUHIO !lllepKoro unaJKeHH il )( n ( R) no napueallhHbtM nonHaM 

.. 
)(n( R)= I Xn kL!I.(R)YL A(8 , <1>) (8) 

l! BBOII!' o 6 CA'3 HaqeuH e )< 
1 

( R) = )( n k LA ( R ) 
, MO*HO CBe CTH aanaqy K peweHH~ CHCTe -

Mhl 0 0b! KHOB9f! Hb!X llll tjl<jlepeHUHallbHb!X ypanHe!!l!li; 

_ _J_ _!_(R
2
...2..L)dQ (R ) ~+ K (R))( = 

R' dR d R I J d R I I J 

( 10) 

=2M( , 1 -W 1 ( R l lx ~· 
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B 6ollbmBHCTBe HHTepeCHbiX cny'laes s o naosaSJ <jlyHKUHSI lUlepuo!'o llBH>KeHHSI )( 
1 

ae aasa-

CBT OT yl'nOBbiX nepeM eHHbiX fl a <I> • Tonla: 

W (R)= W (R)R E (R) + ~~ 
J n n R 

( 11) 

( ) R f.. .. .. 0 11 R = 1( dr cf> 1 ( r; R ) ( - V ft ) cf> 
1 

( r; R ) 

npa 3TOM , KHK nei'KO BHileTb, B cnyqae llHCKpeTHOI'O ClleKTp8 (<<0) 3Hepi'I!SI 
I_ 

CHCTeMbl £I H BOnHOBble <jlyHKUHH )(I ( R) 38BHC!!T OT IlleCTH KB8HTOBbiX 'IHCen: TpH 

( N f m ) - oT alleKTPOHHOI'O llBH>KeHHSI H -rpa ( k L A ) - OT l!JlepHOI'O, nna k = L =A= 0. 

B pa6o-rax
121 

nano>KeH ani'OPHTM AnSI Bbi'IHClleHH!l BOllHODblX <jlyHKUHli cf> n ( R; r) 
n TepMOB W n ( R ) aa~ta'ln llByx ueHTpon, a TaKJKe MaTpB'IHbiX aneMeHTOB Q 1 1 

( R) B 

no 3TBM ¢YHKUBHM. Ha pRe. 1 npnne~teHbl llB8I'OH8llbHbie MaTpH'lHbie aneMeHTbl 

K 11 llll!l a -TepMOB CBCTeMbl Z 1 e Z 2 npa Z 1 = Z 
2 

= 1 ; npH R .. 0 oaa !'ellyT ce6H 

K8K .tiL±.!l a npa R-+ oo CTpeMHTCH K npeueny 1;4 n
2 

, I'lle n - !'nasaoe KBBH-
R2 

Tosoe napa6oml'leCKoe qacno TepMa. (nnH 

•n t( z) 03HB'!BeT Ueny~ 'IBCTb OT X 

a -TepMOB CHCTeMbl Z 1=Z
2

=1 ~=N-<+(f/2), 
/3/ 

PHC, 2 H 3 llB~T npellCTBBlleHHe COOTBeTCTBeHHO 0 UHBI'OHBllbHbiX II HelliiBI'OHBllbHbiX 

MBTpH'lHbiX 3lleMeHTaX CIICTeMbl Z I e Z 2 np11 Z I • 1; Z 2 • 2; 

( 12) 

K= 

I'lle M 
1 

11 M 
2 

- MaCChi l!Jlep c aapliJIBMII Z 
1 

11 Z 
2 

• 3TR MBTpll'lHbie a neMeHTbl om!Cbtsa

~T nepeXOllbi 2pa-+ 1 sa B 1103BOllSI~T OllHCBTb, UBilpHMep, IlpOUeCCbl CTOllKHOBeHHI\ a -

'lBCTBU C BTOMBMII BOUOpOna, 
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BoaMolKHhte npHMeHeHBR 

0rMeTHM HeKOTOpb!e 38A8'1B, KOTOpb19 T9D9pb MOl'yT 6b!Tb pemeHbl DOCne DpeoAone

HHSI MSTeMBTH'IeCKHX TPYAHOCTell, C51138HHbiX C HHT9l'pHp058BHeM CHCT9Mbl ypa5H9HHll ( 10). 

1. 3aA8'1H 0 H9CHMM9TpH'IHOll nepe3apstllK9 THDa: 

+ + 
A+B~B+A, (13) 

AnR pemeHHSI KOTOpbtX noKa He npeAnoJKeHo eAHHoro YA05neTBOPHTenbnoro MeToAa
16 1 

K 

HHM, B qaCTHOCTH, OTHOCHTC51 T.H. 3B.O.lltt8 0 nepexaaTe B Me308TOMHOA 4lH3UKe: 

Pfl-+ z ~ zfl- + p, (14) 

KOTOpy~ Ten epb MOlKHO pemaTb 'IHCneHHO no Kpallaei< Mepe 5 npH6naJKeHHH AByX B38HMO

AeiiCTBY~lliHX ypoaHeii F, a F n • flpoueccbt TaKoro THna conpo50JKAU~T ece onhtTbt no 

H3y'I9HH~ cnaObiX B38HMOAellCTBHll p.- -M930H05 5 BemeCT5e H TDlBTenbHO H3y'lanHCb 9K

cnepHMeHT8DbH0/7 / H T 90p9TH'I9CKH/S/. fl pH T90p9TH'I9CKOM 5bi'IHCD9HHH KOHCTBHT n e pe

X58T8 ADS! peaKUHH (14) npeAnonaranocb, 'ITO HaH6onhmall BKnau 5 ' Ce<teHHe nepex5aTa 

fL -Me3oHa o T aouopoua K yrnepoay a KHcnopouy ua~T nepece'!eHHR TepMOB npa cpa5HH

T enbHO He6onbmi!X ( R t 10) paCCTOSIHHHX MeJKUY Sl.llPBMH. !13 pa60T/
2

/ cneuyeT, PUHBKO, 

'ITO T 8KH9 nepece<teHI!Il OTCYTCT5Y~T H DOTOMy YK83811Hblil p8C'I9T He06XOUHMO DOBTOpHTb 

c y qeTOM peaynbTaTo5 aTHX pa6oT. 

2. K 9 TOMY JKe THny OTHOCRTCSI 3BI1B'IH o Bhi'IHCneaHH ce '!eHHll npomccoa o6paao5aH.Hll 

M930MOneKyn npH CTOnKHOB9HHSIX: 

Pfl +Z ~ Zp.-p, 

a TBKlK9 ODHC8HHe K8Tanll38 SlllepHbiX peBKUHll p. 
/ 5 / 

-Me30HSMII 

Pfl +Z~pfL-z~(Z+1)+fL-· 

3. Jlo CHX nop 6binH cuenaHbi TOnhKO OTaenhHbie nonb!TKH
16

•
91 

pauHaUHOHHOll nepeaapSIJlKH Tana: 

Pfl + Z ~ Zp. + P + y. 

(15) 

l16) 

onHCBTb npoueccbl 

(17) 

B paMKBX M9TOU8 B03MYW9HHblX CT8UHOH8pHb!X COCTORHHll BepO!!THOCTb TBKOI'O npo-

uecca o npeuenHeTCR ycpeuHeHaeM no RuepHOMY uaaJKeHH~ eepoRTHOCTH A ( R) pauaauaoH-
/ 10 / l J 

aero nepexoua npH ¢HKCHpOBBHHOM 3Ha'!eHHH R 

3 uecb 

A 11 (R)=fa 3
w 0 mw:

1 
\1 11 \

2
• (18) 

a - nocTO!IHHB!I TOHKoii C TPY K T ypbt , 

16 
m = 207; w 0 ~4,1·10 ceK 

w mE - E 
IJ l J 

i' =fdr¢ ;q, 
ij 1 J 

- MaTpH'IHbtll aneMeHT 
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llHUOUbHOrO nepeXOilll M9lKilY COCTOHHH!IMH E 1 H 

S8HHOM 3H8'19HHH R 

E 
1 

cHcTeMbt pp.-z npn <!mKcnpo-

PeaynbT8Tbl pa60Tb/21 n03sonsnoT Sbi'IHCnHTb nnTerpan ( 18) , a, cnenosaTenbHO, 

pacc'lnTaTb H nponecc (17). 
4. BenH'IHHB A

1 1 
( R) onpenenHeT eepoHTHOCTb pannaunoHHbiX nepexouoe a MeaoMone-

Kynax. Ee Tenepb MOlKHO H HHTepeCHO Bbl'IHCilHTb 8 CBSJ3U C pa60T8Mll no nornOlll9HH!O M61l

neHHbiX ,.--Meaonos a eonoponoconep>KalllnX ae!lleCTaax
111 1

, a TaK>Ke nnH o6'bHCnennH 

peayltbTBTOB nocnenuux pa60T1121 no nayqenn!O cTpyKTYPbt MeaopeaTrenoacKoll cepHu a 

5. MeTOil 803MYlll9HHbiX CT8llHOH8pHblX COCTOHHH!! MOlKHO npRM9HHTb TBK lKC Upll 011<1-

C8HHH npOU9 CC08 CTOnKHOB9HBH npOTOHOB B U03RTpOH08 C 8TOM8MB 801lOPOil8 : 

p+H-+H•+p 

(19) 

n T.n., npn pac'leTe KOTOpbiX panee ncnonba oeanncb npyrne 

6, 8 'IBCTHOCTB, K 3TOMY Kpyry 38118'1 OTHOCHTCH Bbl'111Cil9 HH 9 ape M9llH lK1!3Hll ,.-

Meaona a eonopone1131 , anasne KOToporo neo6xonuMo eo · Mnornx aanaqa x <jln a nK<~ Mea o-

aos. 
7. B pa6oTe12 1 6Lino o6napy>Keno cymecTaoaanne BbiCOKoa036y>Kne HHbiX r oc ToHHII ii 

MOileKynHpHblX HOBOS THUS Z I e Z 2 , 4ncneHHO pelllHB 
ypaBHCHIIH: 

(20) 

nal!aeM aneprnn 3THX COCTOSIHHf\. 

11cnonbayeM nony'leHRbie peaynbTBTbl unst abi'IncneHHH aneprnn c aH311 
c nc r e Mbi 

e + e- e + (HnH, 1.fT0 TO :>Ke , CHCTeMbl 

nOTenunana Mopae
1 141

, nony'IHM: 

- + e e ). PewaH ypaene tme (20) a npH 6n<~ >Kenuu 

V ( R) = W 
0 

( R) + ...!__ K 
0 0 

( R) = A + D e -
2 

a 
1 

R - Rol_ 2 D e- a 
1 

R - R o ) 
2M 

J=D-y(l-w 0 / 8D); 

w
0
=vt; k=2aD=V"(R 0 ) . 

7 
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npa M1 • M 2 • M3 aa <jlopMyn (3) cnellyeT, 'ITO m ~ 2/3M
1 

a a sTax ellaaauax: 

M = 3/ 4. 
(22) 

11cnollbaya peaynbTBTbl pac'leTOB llna W 0 ( R) H K 
0 0 

( R) , nony'<HM Tax>Ke: 

D • V ( .. ) - V ( R 
0 

) a 0, 154 

A-V(oo)=-0,333 (23) 

R 0 = 2; k ~ 0, 12; cu 
0 

= 0, 40. 

OxoH'<aTenbao: 

J = 0, 012 a. e. • 0,33 sa. (24) 

Bapaauaoaa&Il! pac'<eT llBeT a aToM cny'<ae 1151 

J • 0,326 sa. (25) 

Cornacae aeo>Kallaaao xopowee, ecna y'leCTb npocToTy acnonbaoaaaah!x MeTolloB, a sTo HB

naeTca nawaaM apryMeHTOM a nonbay npaaum,aocTa Taxoro Bhlt5opa ayneaoro nput5na>Keaua 

npu peweaua a8):1aq nollot5aoro Tuna. 

OTMeTBM, '<To ypoaeHb a CHCTeMe e + e- e + cywecTayeT naWb npa Y'<eTe 8llBat5aTH-

1 / 14/ qecxux nonpaaox 2M K0 0 , t5es Hx y'<eTa napaMeTpbi noTeauuana Mopae paaa&I 

H Tax xax npu 

D a 0,1026; 

a •0,6678; 

M • 314, cu 0 > 4 D , TO <jlopMynbl (21) uenpBMeHBMbi (eM. puc. 4). 

(26) 

B 38KniDqeaue Bblp8>K8ID rnyt5oxyiD t5narollapaocTb C.C. fepwTel!ay 38 nOCTOHBHoe 

BHHMilHBe B BHTepec ·K pat5oTe, 8 T8K>Ke T .n. ny3b!HBHOl! 38 "t5om,wyiD llOMOWb 8 '<Bcneaab!X 
pacqeTax aa 3.B.M. 
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1,0 

o.51 1 \ ~ \ ~ 

~ 

a<-) 

Pac. 3. 

12 

!.....: 

zt1 ; r.22 

K=K'+'+ a:Kl-> + 1:2 K 

Q=Q(+)+.l!Q(-) 

_I _M1-M, . 
I J: -M2.+M1 ' 

2p6- ts<t> 

0,25 

Koo 

0 

-0,25 

-0,5 

Pac. 4. 
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