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npn TeopeTnqeCKOM orrpeaeneHHH rrapaMeTpOB CTBUHOHapHblX C8MOCorna

COB/lHHblX aneKTpOHHO-HOHHblX rryqKOB 60.'IbiiJYIO TpyaHOCTb rrpeacTaBmieT Ha

XO~AeHHe HX ITpOCTpaHCTBeHHbiX rpaHHU, noaToMy HHTepeCHO H8HTH ITpOCTOH 

cnyqafi, ami KoToporo rronyqaeTc.ll 3aMKHyToe peweane, ae Tpe6yiOmee cno~

HbiX pacqeTOB~ B T8KOM peweH!Ill MO>KeT OK838TbCSI AOCT8TOqHo ITpOCTO OITpe

A9.'IHTb' K8K ABH~eHHe OTAe.'lbHblX qacTHU 1 TaK II BblqJIC.'IHTb pa3Hbl9 cpeaHne 

xapaKT9piiCTHKll 1 OITHCbiBBIO!IIHe rryqoK K8K Uenoe. 

XopownM rrpnMepoM, aaiOUIHM Bo3MO~HOCTb rrpoaecTn rronHoe KHHeTuqecKoe 

paCCMOTpeHne, .IIB.'ISI9TCSI HeorpaHnqeHflbiH HOHH0-9.'19KTpOHHblH C.'IOH, B K OTOpOM 

B .'1-CHCTeMe 9.'19KTpOHbl HMeiOT HanpaBneHHOe UBH~9HH9 1 a llOHbl COBepW8IOT 

oKono Hnx Kone6aHnst B nonepeqaoM narrpaaneHnn n cna6o apefi~yiOT B rr~o~ 

aonbHOM, AHanornqHbiH rrpnMep B rnnpoanHaMaqecKoM rrpn6nu~eHnn paccMaT

pnaancH nuHxapTOM II lli OXOM/ 1/, 

I. 

nyCTb 9li9KTpOHbl HM9IOT HarrpaBneHHYIO CKOpOCTb ITO OCH oy li rryCTb 

BCe rrepeMeHHbie ( ITOll.11 1 ITliOTHOCTH qaCTHU H TOK8) 38BHCRT TOllbKO OT Z 

B TaKoM nyqKe KOMITOHeHTbi BeKTopaoro noTeHuHana A x = A z = 0 

aeHTbl nom1 paBHhi 

E z - ' H 
X 

aAY(z) 

az 

, KoMno-

(I) 

H HS ypaBH9HHH UBH~eHHSI qaCTHU cnenyeT·Hannqne UByX HHTerpanoB ABH-

_1 2 2 2 ( e )2 -:rp e../.. P 0 = v m c + P + P - - A + +- "~' = const , 
. X Y CY Z C 

( 2) 
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• e 
PY = my y + - A = const, c y 

rae ( ~x , P Y , P z ) - o6o6meHHhiii HMrrynhc, c P 
0

- raMHnhTouuau 

[1 v2 )-W 
THUhi1 y = - --2 , 

c 
Ecnu B3RTb ~YHKUHID pacrrpeaeneHHR aneKTpouoB B Bnae 

f= so (P0 -a)o (P Y-Q), 

( 3) 

'lac-

(4) 

rae s- HOpMHpOBO'IH8R'KOHCT8HT81 a 1 Q - KOHCT8HThl1 .TO pacrrpeaeneHHR 

rrnOTHOCTH '!8CTHU H TOKOB1 Bbl'IHCneHHbie 06bi'IHbiM CIIOC060M C IIOMOIIIbiD 

~YHKUHH pacnpeaeneuug (4), nony>IaroTcn B nune (eM. npuno~euue): 

n=n(z)=21Ts[a- _!:._rp(z))a(x), 
c 

x=j·z=o, j =21Tces[Q--':...Alz))a(x), 
y . c ·y 

.. 
~· rae a(.;).... eaHHH'IH8R ~yHKUHR H 

x(z)=(a-_!:._¢) 2 -(Q-~A ):_m 2 c 2 
c c y 

( 5) 

( 6) 

( 7) 

<t>yuKunu pacrrpeaeneuug nuaa ( 4) ucnonb30Banucb Karr'!HHCKHM, Mopo-

30BbiM, TKanu>IeM, HpKOBhiM (cM./2/), (4) rroKa3biBaeT, 'ITO B rry'!oK BxoaRT 

TOnbKO '!8CTHUbi 0 HM9IDUIHe IIOCTORHHYID rronHyiD 9HeprHID H IIOCTOSIHHbiH o6o6-

III9HHbiH rrpoaonhHhifi HMrrynbc. 

113 (6) BHauo, 'ITO aeil:CTBHTenbHO yaoBneTBOpSieTCR HCXoanoe ycnOBHe 

A X= A z== 0 ' rrpu KOTopoM HM9IDT MeCTO HHTerpanbi ( 2). ( 3). CucTeMa 

ypaBueuuil: 3aMbiKaeTCSI, ecnu eme ao6aBHTb ypaBHeHHSI, orrpeJlenmoume rroTeu

uuanhi >Iepe3 nnoTHOCTH ToKa u 38pSIJla, T.e. ypaBueuHR MaKcBenna. 

B ( 5), ( 6) BXOilHT BenH'IHHa a( x) , rroKa3biBaromaSI, 'ITO cnofi aneKT

pouoB, BOo6me roBOpR, MO)I(9T o6pbiB8TbCSI .IIPH H9KOTOpb!X rpaHH'!HbiX 3H8'!9-

HHRX z 0 T.e. HMeeT KOH9'IHYID TOniiiHHY. CaMa BenH'IHH8 X HMeeT 

CMbiCn KBaapaTa rrorrepequoro KHH9TH'!eCKoro HMrrynbC8 '!8CTHUbl 0 II09TOMY 

4 

rpaHH'Iuoe ycnonue (7: 
o6pamaeTcn B uynb, T. 

yxoauT o6paTHO OT rpa 

6nH)I(89TCSI K rpaHH'IHO~ 

Hcuo, OllHaKo, '!To 

rroneii: cncTeMa ue HMee1 

raSI cuTyauuSI 6yaeT, ecn 

<l>yuKuuro pacnpene1 

rrpHMep C KOHCT8HT8MH 

CRIIIH9CR K HOHHOH KOMII 

TorJla JlnR rrnoTuocTu no 

K8K H (5) - (7) (co 3H 

noT9HUHanbi orrpeJlE 

d 
2 

rp __ 4 77 [2 TT·s e I 
~-

d
2

Ay ~ [217( "d;2=- c 

Mo)I(HO Terrepb IlhiTI 

pOHHO-HOHHOI'O enoS! C of 

nycTb ero rpaHHUbl (RCI 

z = 0 ) onpeaenRIDTCR K 

BuyTpu cnoSI, T.e. 

_j2rp -
d z2 

d2A 
--:..l:..-

d z 2 

g= 



( 3) 

p O - raMHnbTOHH8H qac-

iiOB B BH]le 

(4) 

:TaHTb~ TO pacnpeneneHHH 

,rM cnoco6oM c noMolilbiO 

ne (eM. npnnomeHIIe): 

( 5) 

7(X)' ( 6) 

( 7) 

anHcb Kan"'HHCK~M, Mopo

.rBaeT, 'ITO B ny"'OK BXOJlHT 

~prmo H nocToHHIIbili o6o6-

opHeTCH HCXOJlHOe ycnOBHe 

!rpanbi ( 2), ( 3). CucTeMa 

!HHSJ, onpenengroume noTeH

reHHH MaKcBenna. 

biB810lll8SI 1 'ITO cnofi 9neKT

KOTOpb!X rpaHH"'HblX 3Ha"!e

:aMa Benii"'HHa X IIMeeT 

mynbCa "18CTHUbi, Jl09TOMY 

rpaHH"'Hoe ycnoBne ( 7) osHa"!aeT, 'ITO nonepe"!Hbiii IIMnynbc Ha rpaHIIUe 

o6pamaeTcH B Hynh, T.e. "!aCTIIua nu6o nocne npuxona B rpaHII"'Hyro TO"'KY 

YXOJlHT o6paTHO OT rpaHHUbl BHyTpb CnOH, nH60 6eCKOHe"!IIO MenneHHO npH-

6nHmaeTCH K rpaHH"'HOii TO"!Ke, 

Hcao, onHaKo, 'ITO nnH onHHX TonhKo 9neKTpoHoB 6es HanH"'HH BHelUHHX 

noneli CHCTeMa He HMeeT pemeHHH C rpaHHU8MH Ha KOHe"'HOM paCCTOHHHH, .Qpy

raH CHTyauHH 6yneT, ecnu B cnoe HMeroT eme HOHhr. 

<l>yHKUHIO pacnpeneneHHH HOHOB MOmHO TaKme Bbi6paTb B ljlopMe ( 4) 1 Ha-

npHMep C KOHCT8HT8MH s , ii Q • B nanbHelimeM Bee BenH"'HHhr, OTHo-

CHIIlHeCH K HOHHOfi KOMllOHeHTe ny"!Ka, 6ynyT OTMe"!aTbCH 3H8KOM "THnbna". 

Torna JlnH nnoTHOCTH HOHOB H HOHHOrO TOKa nony"'aiOTCH TaKHe me ypaBHeHHH, 

K8K H (5) - (7) (co 3H8"1K8MH "THnbna'), 

0oTeHUHanbi onpenenHIOTCH H3 ypaBHeHHli 

( 8) 

MomHo Tenepb nhrTaTbCH HcKaTb ycnoBHH cymecTBoBaHHH enHHoro 9neKT

poHao-uoaaoro CnOH C o6meft rpaHHUeli UnH 9neKTpOIIHOfi H HOHHOfi KOMllOHeHT, 

0yCTb ero rpaHHUbl (HCHO, 'ITO cnoft CHMMeTpH"'eH OTHOCHTenbHO nnOCKOCTH 

z = 0 ) onpenenHIOTCH KOOpJlHH8T8MH z = ± z * 
BHyTpH cnoH, T.e. npH -z*<z<z*, ypaBHeHHH (8), (9) lfMeroT BRn: 

( 10) 

d2A A 8 2( Q --Q-) --~-g =- TT es +es 
d z 2 Y 

( 11) 

( 12) 

5 



Bae cnon npasan qacTb B {8), (9) pasaa aynro, T.K. 

[X (z )] I z I ~ z * = 0 n [x(z)]lzl2:z*=o. 
' 

nocne "cwuBaHHH" pewenuil: na rpanuue c yqeToM nenpephiBHDCTH noTeH

uuanoB H HX HDpMallbHbiX llpOH3BOilHbiX H ycnOBHil: Ha 6eCKOl!e'lHDCTH1 B KO

TOpbiX y'lHTbmaeTcH, 'ITO H x ( z) u E z ( z ) no pa3Hhie cTopoHhi oT cnoH llDlllKHhi 

HM9Tb npDTHBOllOllOlKllbie 3H8KHX/ 1 llllH llDT9HUH8llOB BHyTpH CllDII nonyqalOTCH 

BhipaJKemm 

rp(z) = _c_( Z sii-s a_ )[l+F(z)] 

-= Z2s+s 
-( 13) . -

A (z)= _!:.._( ZsQ-sQ_)[l+F(z)] 
y E Z 2·8 + s 

( 14) 

F(z )= 
ch ( g z ) ( 15) 

g z ~sh (gz *)- ch (gz*) 

rile E =leI , Z - KpaTHOCTb aapHila nona. 

Tenepb cornacno ( 5), ( 6), nony'lalOTCH HBllbie BbrpaJKenuH llllH n , j Y 

H 8H8llOrH'lllbie BbipaJKeHHH llllH n j • TaKHM o6paaoM, aalla'la onpelle-Y . 

nHeTCH ceMblO napaMeTpaMu: a , a ; Q, Q ;. s, ; ; z. * . 8Tu napaMeTphi 

CBH38llbl llBYMH COOTIIOIIIel!HSIMH 

x(z*,a,Q,s)=O, x(z*,~,Q,; )=0 ( 16) 

( B cuny cHMMeTpuu cnoSI x (z ) , x ( z ) - 'leTHbie <lJyHKUHU z ) , T.e. a all anne 

5-H napaMeTpOB onpellenSieT CTpyKTypy CllOSI. 

x/ 
Ecnu cnofi B uenoM nefiTpanen, To E (z) = 0 npH I z I> z * . 

6 

l 

Yllo6no ssecTn 6c 

qncno aneKTpoHOB N n 

o6'heM V =lxlx 2 z. * 
u UOHOB .i = E z c s 0 N 
aneK.Tponos n uonoB~ Tc 

~" 
N = f 

-Ya 

-Ec{3 0 N 

n ananorH'lllhie llllSI N , 

N • {3 0 • ~ 0 CD CT8J 

He orpallH'lHBaSI o 

nonoJKHTb Z = l • Ecm 

!L= ~ 
m 

TO (16) C y'leTOM (7), 

[~+k+(l-k) 

[ ~+k -0-k)x 
~ 

rile eme o6oana•Jeno x = 

na. 

Cornacno cKaaanno 

TellbllD, nocne aallaHHSI 

llllSI llBYX OCT8llbllb!X. Y. 

k • ~ • {3 o ( so YlK 

MU TDrlla DK83b!B8JOTCSI 

H . ; ) 1 lll!SI KDTDpb!X np 

llOlllKHhl llDllY'lHTbCH ll9HC 



0 0 T.K. 

OM nenpepb!DHOCTH llOTeH

H8 6ecKoneqHOCTH1 B KO

CTOpOHbl OT CnOSI JlOnlKHbl 

BHyTpn cnoSI nonyqaroTCSI 

( 13) 

( 14) 

( 15) 

:e BbipaJKeHJISI nnSI n , j Y 

o6paaoM, aanaqa onpene-

z. * . 8TH napaMeTpbi 

( 16) 

rnKunn .z ) , T.e. aananne 

H \z\>z*. 

II. 

Yno6no aaeeTH 6onee "TexnnqeeKne" napaMeTphi, nanpnMep1 nonnoe 

qiieno :aneKTpoHoB N II IIOHOB N B "eAIIHII'IIIOM :aneMenTe enoS!"', IIMeromeM 

o6'heM V = l x l x 2 z. * eM3, nonHhre TOKH :aneKTponoa I = - E c {3 0 N 

- epenniie nanpaanennhre eKopoeTn 

:aneKTpOIIOB II ·nonoa~ Torna BhrpaJKel!HSI 

% 
dy I 

-% 

z* 
dx I n d z 

- z* 

z* 
dy I j dz 

-z* Y 

( 17) 

( 18) 

n ananorn'lHhre nnSI N , fj 
0 

naroT eBSI3b BHOBb aaeneHHhiX napaMeTpoB N 1 
-

N , {3 
0 

, {3 0 co eTapbrMn. 

He orpaHH'lHBaSI o6mnoeTn, MO:JKIIO Bhr6paTb {3 =0 n llmi npoeTOThi 
0 

nonoJKHTb Z = 1 • Eenn BBeeTn llanee o6oanaqennSI 

( 19) 

TO (16) e yqeTOM (7), (12)-(15), (17), (18) npnaeneTeSI K BllllY! 

( 20)' 

[ ~+k -0-k)xl 2 -f3 2 U-x) 2 =(gz*)
2

( g )
2 

1 

~ o 277NrofL, . 

rne · eme o6oana•Ieno x = g z * cth ( gz * ) , r 0 - KnaccnqecKnll: pannye :aneKTpo-

na. 

Cornacao cKaaaanoMy Bbuue, B ( 20) BXDilS!T eeMb napaMeTpoa, enenoaa

Tenbno, noene 381l~HHSI ~ HeXOilllbiX HYlKHO HeKaTb perneHHSI eneTeMbi ( 20) 

llnSI llBYX oeTanbllhiX. Yllo6ao sa nexollHbill: na6op. np.HIISITb napaMeTpbi N, 

k , ~ , {3 
0 

( fj 
0 

y:JKe panee 6brno npnHSITO paBHbiM nynro). HenaaeeTHhi

MII Torna OK83biB8IDTeSI TOniiiJIHa enOS! 2 Z * II napaMeTp g ( CBSI38HHbill: C s 

II ~ ) , AnSI KDTOpbiX llpii npaBIInbHOM Bbi6ope 3HaqeHIIll: IICXDJlHbiX napaMeTpOB 

AOnlKHbi nony'liiTbCSI nell:CTBIITenbHbie ITDnDlKIITenbHhle peUieHIIS!o 

7 



EcnH HCKniO'IIiTb li3 ( 20) BenH'IIiHbl g'z i< 1i g 1 TO IIOIIY'IRTCS! KBB)lpaT-

HOe ypaBHeHHe OTHOCHTenbHO X 

x2 0-!L2 )[(l-k) 2
- {3 

0

2]+ 2x(g +!L 2 )[1~·+~ {l-k )- {3 2
] + 

e- 0 

(21) 

+ < e -!L 2)[ < e-+ ... k )2 _ f3 ~ 1 = o. 

0Ka3biBaeTcSI, 'ITO nnSI "peanhHoro cymecTBOBaHHSI cnoSI" qncnoBbte 3Ha

'IeHHSI HCXOilHbiX IIapaMeTpOB )lOmKHbl 6biTb T8KHMH, 'IT06bi ( 21) HMeno XOTS! 

6bi OllliH KOpeHh, 6onhiUHil: e)lHHHUbi. f1yCTb 1 HaiipHMep, 3Ha'leHHe KOpHS! eCTb 

X I > 0 • Tor)la IIp01i3Be)leHHe g Z * 1 o6a COMHO:mRTenSI KOTOporo ITO CBoe

My ljln3H'IeCKOMy CMbtcny non:mHbi 6biTh rrono:mnTenhHbi, orrpenennTcSI H3 peme-

HHSI TpaacueaneaTaoro ypaBaeanSI 

X I= p cth p, ( 22) 

rJle· p = g z * • 3To ypaBaeane nMeeT ay:maoe pemeane, ecnn TonhKO x ? l. 
TorJla 3Ha'leane g , a, cnenoBaTenbao, 3aTeM, aaKoaeu, n z * , orrpeJle

" ·nSieTC.II rrocne IIOJlCT8HOBKH X I H p B OJlHO H3 ypaBHeHHil: ( 20): 

p 

e-+k 2 2 2 ~ 
I[ -e-- -0-k )p cth p] - {3 00-pcthp) I g= 

( 23) 

z *=-P_ 
g 

f1ocne BbtnonaeanSI Bceil: rrpoueJlyphi, ecnn qncnoBbte GHa'leHR.II rrapaMeT

poB OK838nHCb JlOIIYCTHMbiMH, IIOIIY'IBIOTC.II cneJlyiOIUHe Bbipa:meHH.II Jln.ll IInOT-

HOCTeli '18CTHU H TOKOB BHYTPH CIIO.II - Z * < Z < 7 ·* 

n ~ N [ k + g + 0- k ) _P - ch ( g z ) J , 
2 z * (1+ g) sh p 

(24) 

8 

ll 
.lJ, 

i 

ii=-
2 

j 
y 

j 
y 

TaK KaK B Bbtpa:mea 

a,a ;Q;Q; s,; (Ha3c 
.C/ 

OKOH'IaTenbHOro pemeUHS! G 

N, k , ~ , f3 0 • Ecnn BBec~ 
- -r=-a-, r=~ 

me me 

TO C Y'I~TOM (5), (6), (1 

Ma nnaell:HbiX anre6panqeci 

!Lr+r+ <e-+~ 
e-{3 

-!Lr+e-f+-

2: 
ILP + P =-

-p.p+gri=-
' 

217' 

lleTepMHH8HT CliCTeM 

aeTn'leCKHX napaMeTpoB• E 

ljJyHKUHH pacrrpeJleneHH.II 6~ 



, TO nonyqUTCSI KB8Ap8T-

( 21) 

HHH cnog" qncnoBbJe 3Ha

' qTOObl ( 21) HMeno XOTSI 

!ep, 3HaqeHHe KOpHSI eCTb 

~HTenSI KoToporo no cBoe-

lhi, onpenennTCSI H3 peme-

( 22) 

~HHe, ecnH TOnbKO X > 1, 
I 

aKoneu, n z * , onpene-

rpaBHeHHH ( 20) : 

( 23) 

nOBb!9 3H8tteHHSI napaMeT

me Bbipa:IKeHHSI anSI nnoT-

* 

·eh(gz)J. 
{ 24) 

ii= N [k+~--(<i-k)-p- eh(gz)], 
2z*(l+() sh p 

( 25) 

j 
y 

. e E N f3 [ ( + _P_ eh ( g z ) ] ' 

2z *(l+() sh P 
( 26) 

y 

eEN/3o( [1-~ eh(gz)l. 

2 z * (l+ ~ ) sh p 
( 27) f 

TaK K8K B Bb!p8:1KeHHSI anSI noTeHUHanoB ( 13), ( 14) BXOASIT BennqHHbl 

a ,a ; Q, Q; s, ; . (H830BeM HX "KHHeTnqecKHMH napaMeTp8MH"), TO AnSI 

OKOHqaTenbHOI"O pemeUHSI 38A8qH HeOOXOAHMO Bb!p83HTb STH napaMeTpbl qepe3 

N, k, ~, f3 
0 

• Ecnn BBeCTH 6e3pa3MepHbJe BennqHllhJ 

r=-a-, r=-:ffi-, P= ___fL, P= ~' 
me me me me 

TO C yql!TOM (5), (6), ( 12)-( 15), ( 17), ( 18) nonyqHTCSI cnenyiOJJI8SI CHCTe-

Ma nnneli:HbiX anreopanqecKnx ypaBnennli:: 

( 28) 

-J.LP + p =- - ' 

neTepMHH8llT CHCTeMbl ' D =I' 2 (1 +()2 
H, T8KHM o6pa30M, 3HaqeHHSI "'KH

H9THqeCKHX 'napaMeTpOB' BCeJ:'A8 MO:IKHO H8HTH. HopMHpOBOqHbJe Koa¢!flnuHeHTbl 

!flyHKUHH pacnpeneneHHH 6ynyT 

9 



s = -s=se ( 29) 

n oKOJPiaTenbHbie Bbipameumi ltnSI noTeuunanoa npnUHMaroT ann: 

A =-_1!~ 
y pg 

[ P2 - p cth p + p ch ( g z 2-] , 
sh p 

[ p2 - p cth p + p c h (g z ) ] 
sh p • 

III. 
·~ 

(30) 

(31) 

KaK 6brno oTMe'leUo BbUlle, ocuoBUbie napaMeTpbi, eoo6me roBopsr, 

JlOmKHbi ne)l{aTb B neKoTopbiX rrpeJlenax Jlml Toro, 'IT06bi nony'IImocb peanb

~ noe pememw. To ecTb MO)I{fiO rrocTaBHTb "noixpoc o cymecTBoBaHHH .. rro.ao6-

noro cTauHonapnoro pemenHH. 

l1cnonb3YH paa'no)l{el!He cth p Ha pauHoHanbHbie Jlpo6H, ypannenHe ( 22) 

MO)I(fiO 38IIHC8Tb B BHJle 

00 l 
(32) x1-l=2p2 I 

n=l p2+ n 2 "2 . 

0TCI0.0:8 BH.O:II0 1 'ITO .o;ej{CTBI!Tenbllbie peiiieUHSI .O:ml p aoaMmKUbi, ecnu 

TOnbKO x 1 > l 
OrpaJUI'lllMCSI ]lanee llOHCKOM pellleHHfi, .o:nsr KOTOpbi:It k;, e . TornC1 

OK83blB89TCH 1 'ITO ( IIO Kpafiuefi Mepe .O:nH y < _l_ ) CY1ll9CTBOB8Hlle IWpJm 
p.2 

X 
1 

> l B03MO)I{H0 TOnbK0 0 ecnH l > k > _!_2 ( 38) 0 T.e. COOTB9TCTByeT 
- - y 

6yJlKeponcKoMy ycnonnro. CooTneTCTByromne pemennH nerKo rrocTponTb. Pac-

CMOTpiiM JlB8 KOIIKpeTHbiX cnyqag. 

1) flyCTb k = e ,._; _b_, r.o:e y >> l 
Yo 0 

b - ueKoTopoe 'IHcno, TaKo~, 

'ITO . l :S b « yO T.e. 38pH.O: aneKTpOHOB B ny'l:Ke cpaBHHTenbHO cna60 

KOMII91ICHpOB8II IIOHBMII. 

10 

~ 

2) £1onHOCTbiD KOMIISHI 

noM cnyqae H3 ( 21) rrony~ 

/l 2 ll Bbi1ll9 X = l + __ l_ 
1 2b., 

II !IS JlOn)I{SU IlpllHIIM8TbCH 1 

na (23): g=2rrv'-fNr 0 p.V} 

, I z*== -~-, 
2rrp.; 

f1?9TOMY JlnH IInOTHOCTefi 'J, 

H8XO.tl11M 

n = _lL_ ch (g• 
2z* 

n .. _N_[2..;...( 
2 z * 

"KnHeTH'leCKHe KOHCTBHTl 

.llnH BToporo cny'la: 

g = 2rryi6N r 0 P.'Y o ' z*.,-

nanee rronyqaeM n=~=_l 
2 

j =
y 

cENf3o 
4z* 

0+ ch 

HaKoneu, JlnSI rroTenunanon 

¢ = 0, A y 

H = 2 
X 



(31) 

napaMeTpbi, B006nte rODOpSI, 

1ro, 'iT06bi nony'liUIOCh peanh

poc o cymecTnonaaHn' noao6-

lnbHbte apo6H, ypanneHHe ( 22) 

(32) 

m anSI p D03MOIKHbi 0 ecnll 

ann KOTOpbili k:, ~ . 'I;orJl~ 
~. l ) . 
-.. --

2
- cymecTnonalme KopJm 

JL . 
( 38), T.e. COOTBeTCTByeT 

IUeHmi nerKo nocTpOI!Th. Pac-

b - HeKOTOpoe 'IHCnO, TSIC0¢ 0 

B ny<JKe cpaBHHTenhno cna6o 

2) IlonnocThiO KoMnencnpoBaHHbtfi ny'loK: k = ~ = l y0 » l • 

cny<Jae na (21) nony<JaeTcn c TO'IHDCThiO ao <Jnenon nopnnKa 

B nep

J_, 
y2 

0 

H Bbillie X = l + __ l __ ( BTOpOH KOpeUb OK83biD8eTCR OTpHUBTOnhHbiM 
1 2byo . . -,

)lDmKeH npliHHMSThCSI BO BHIIM8HHe). Tor)la 113 (32) l!MeeMp=gz*,.v'--, 
2by

0 

H3 ( 23): g ,211v'{ N r 
0 

JL v' y 0 b, oTKylla 

* p2 3 
z "' ----- = -----

217 JL N r 0 4 11 N r0 JL by0 

flo9TDMY nnsr nnOTHOCTeH 'i8CTIIU II TOKOB, Y'il1Tb!B8SI 0 'ITO k =~-II k=~<< l , 
N 

H8XOJll1M 

n "' _N_ ch ( gz ) 
2z* 

j =- cE N f3o 
y 2z* 

n .. _N_ ( 2 - ch (g z ) ], j Y "' c EN {3 
2z * 2 z* 

ch ( gz) 

( l- ch (g z ) ]. 

"KnHeTU'JeCKHe KOHCTBHTbi" nerKD H8XO)lRTCR H3 ( 28) • 
1 · a 1 

nnsr BTOpOrO Cny'IaR nony<JaeTCR X "' 1 + _.__2 o p "' V - 2 1 2y
0 

Yo 

g=21Tl6N r
0

JL'Yo , z*., 1 -(npn N = 10 14 ToniUHIIa cnon 2z*.,....!L.-·). 
611N r 0 JL y~ y~ 

llanee nonyqaeM n = i = _N_ = const 
2z* 

cENf3o 

4 z * 
c EN {3 0 ( l+ ch ( gz)), j "' __ ___..:_(! - ch ( gz) ) • 

Y 4z* . 

HaKoneu, nnsr noTenuuanon n nonefi nMeeM: 

H 2 TT y 6 {3 
0 
E N y 

0 
sh ( g z ) • 

X 

11 
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lj 
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l 
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II 
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IV. 
Mo)I{HO CJlenaTb eme cneJlyiOmee aaMe'laHHe. AHanorH'IHoe rrpHBeJleHHoMy 

BbiWe IIpOCTOe paCCMOTp9HHe IIpHM9HHMO K cny'l810 0 KOr)la cnofi YCKOp.HeTC.H 

B IIOIIepe'IHOM Haiipa·aneHHH B IIOCTO.HHHOM none E , flpH 9TOM OH OK83b!B89T

C.H IIOn.HpH30B8HHbiM0 0Jlll8KO peweHHe Jln.H CT8UHOH8pHOro COCTO.HHH.H H 3Jl9Cb 

rronyqaeTC.H c IIOMOllibiO HHTerpanoa THIIa cP =const, P = const , KOTopbie 
0 y 

HM910T M9CT0 0 ecnH C)lenaTb nepeXOJl B C06C~TB9HliYIO YCKOpeHliYIO CHCTeMy 

KOOpJlHH8T, B Jl8HHOM cnyqae HM99TCH B BHJly MennepOBCK8.H CHCTeMa KOOp

JlHHaT, CM, /3/ , cfJyHKUHH pacrrpeaeneHH.H THII8 ( 4) IIpHBOJlHT CHOBa K IlpOCTbiM 

38MKHYTbiM Bbip8)1{9HHHM Jln.H IIOT9HUH8nOB H nnOTHOCTeii, 

0JlH8KO 8HanH3 IIapaMeTpH'IeCKHX 38BHCHMOCTefi B Jl8HHOM cnyqae ycno)l{~ 

HHeTCH H3-38 TOrO, 'ITO T~IIepb rpaHHUhl aneKTpOHHOro H HOHHOro cnoeB y)l{e 

He COBII8Jl8JOT, 

B aaKniO'IeHHe OTMeTHM, 'ITO npHBeJleHHa.H pa6oTa 6bma BbmonHeHa 

B 1967 ro)ly. 0JlH8KO B H8CTO.Hlliee BpeM.H CHnbHO IIOBbiCHnC.H HHTepec K Teo-

.PHH H 9KCIIepHMeHTy C CHnbHOTO'IHhlMH IIY'IK8MH H IIOHBHnOCb MHoro pa6oT 

H8 9Ty TeMy • PaCCMOTpeHHOe peWeHHe MO)I{eT OK838TbCH rrone3HbiM JlnH H3y

'19HHH BOIIpoca 0 CT8~HOH8pHhlX COCTOHHHHX T8KHX IIY'IKOB, a T8K)I{e K8K rrpo

CT8H HCXOJlH8.H MO)lenb IIpH paCCMOTpeHHH BOIIpOCOB YCTOH'IHBOCTH. 

flpHnO)I{eHHe 

, flpHBe)leM 

HOCTH T.OK8 j y 

JlnH YJl06CTB8 XOJl Bbi'IHCneHH.H, HaiipHMep, KOMIIOHeHTbl rrnoT-

113 o6bi'IHoro COOTHOWeHHH j' = e t Jjy· £( P ,P ,P ; F)dP dP dP , 
Y -oo X y Z X y Z 

C y'leTOM (2), (3), rrony'IHM ( a 0 Q - KOHCT8HTbi): 

+oo P - ~A (z) -·---------· 
j =cesfff-Y c Y o(ym 2 c 2 +P 2 +(P __ e_Ay) 2 +P 2 +.....!:-¢-a)x· 

y X Y C Z C 
-oo p -..!!:..rp(z) 

0 c 

+oo oym2c2+(Q-.!..A/ +Px
2 
+P: +-!..¢-a 

:o(PY-Q)dPxdPydPz=ces(Q-..!._Ay)Jf c c dPxdPy. 
c -oo ------------

v'm2 c2 +<Q- .!!_A )2 +p2+ p2 
C y X y 
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I 
[. 

flocne aaMeHbi P x = R co: 

217 
j = ces (Q -....£.._A ) f 

y c. y 0 

rae 

B 2 (z 

. C y'leTOM o6bi'IHO!i: !flopMy 

1;( yB
2 
+ R

2 
+ _i 

c 

rae 

R 1,2 

TaK KaK R 
2 
< 0 H ne)I{HT 

He aaeT BKnaJla B HHTerp 

flonyqaeTCSI 

j =217ecs(Q -~A ) J'B( 
y c y 0 

T.e. C Y'I~TOM ( 7), 

j y = 27 



1e. AHanoriPIHoe rrpHaeaeHHoMy 

yq~ro~ Koraa cnofi ycKopReTcg 

E • flpH aToM on oKa3btBaeT

HoHapnoro COCTORHHR H 3):leCb 

J =const 1 P y= const 1 KOTOpbte 

·aennyro ycKopeHllyro cHCTeMy 

MennepOBCK8R CHCTeMa KOOp-

4) llpHBO.tlHT CJIOB8 K llpOCTbiM 

>THOCTefi. 

cTet!: B aaHHOM cnyqae ycno~

ponnoro H HOHHoro cnoea y~e 

HaR pa6oTa 6btna BbillonHeHa 

10 llOBbiCHIICR HHTepec K TeO

iH H llORBHIIOCb MHOrO pa60T 

1K838TbCR llOile3HbiM .tlllR H3y

HX llY'lKOB1 a T8K~e K8K rrpo

ICOB ycTOH'lHBOCTH. 

H8llpHMep, KOM!lOHeHTbl llllOT-

,=eiJjy f(P ,P ,P ;F)dP dP dP , 
-oo X y Z X y z 

m): 

!.__ A Y} 2 + P 2 + ~- ifJ -a) x 
c ' z c 

ITocne saMeHbt P x = R cos () P z= R sin() d P x dP y= RdR liMeeM: 

rae 

· C y'leTOM o6bt'lHOfi cpopMyllbl !lpeo6pa30B8HHR Bbip8)KeJIHR 8 (£(~)) HMeeM: 

B.(R-R 1 ) 
+ 

B(R-R2) 

I Rt I 
y'B2+ R2t 

rzte 

TaK KaK R 
2 
< 0 H ne)KHT BHe o6nacTH HHTerpHpoaaHHR1 TO BTopofi 'lneH 

ne naeT BKnana B HHTerpan. 

flonyqaeTCR 

T.e. C yq(!TOM ( 7) 1 

j =21Tec·s(Q-..LA )a(x). 
y c y 
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