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BaeaeHHe 

Ha .llBH)I(eHHe HeiTp&nbHbiX q&CTHU MOl'yT OX&3&Tb BnHHHHe TOnbKO Te CHnbl, KOTOpbie 

.aeiCTByiOT Ha nocTOHHHbll HnH HH.llYUHpOB&HHbll .llHnonbHbll MOMeHT H KOTOpbie MOl'yT 6b!Tb 

o6ycnoaneH&J Heo.aHopo.aH&JMH MarHHTHbiMH HnH sneKTpHqecKHMH nonHMH, B HaCTOHI.Uee ape

MH nonHpH30BaHHble q&CTHUbl (npOTOHbl HnH .aeiTpOHbl) nonyq&IOT nyTeM HOHH38UHH nonHpH-

30B&HHbiX &TOMOB BO.llOpo.aa HnH .aeiTepHH, ATOMbl He MOI'YT o6na.aa1·b nOCTOHHHbiM sneK-

TpHqecKHM MOMeHTOM, a Te CHnbl, KOTOpble Bbi3B&Hbl HH.llYUHpOB&HHbiM MOMeHTOM, CnHWXOM 

M8nbl npH .llOCTH)I(HMbiX H& npaKTHKe sneKTpHqecKHX nonHX, nosTOMy pew&IOI.Uee 3HaqeHHe 

npHo6peT&IOT M&l'HHTHble nonH, 

CHna, .aellcTByiOI.UaH Ha STOM B M&rHHTHOM none, paaaa 

F=gradc~ii>. (I) 
-ft CHnbHOM M&l'HHTHOM none, KOTOpoe Heo6XO.llHMO .anH nonyqeHHH M&KCHManbHoro Tenec-

HOl'O yrna 38XB&Ta &TOMOB, npoeKUHH M&l'HHTHOJ'O MOMeHTa &TOMa p. MO)I(eT HMeTb 

-24 
.aaa aaaqeHHH: -p.

8 
H +p.

8 
(p.

8 
•9,27·10 .11)1(/Tn), B nepaoM cnyqae cnHH sneKTpoHa 

HanpaaneH no non10, eo BTopoM - npOTIIB nonH. 

JlnH paa.aeneHRH &TOMOB no CnHHOBbiM COCTOHHHHM sneKTpOH& MO)I(HO HCnOnb30B&Tb 

KBa.apynonbHyiO HnH wecTanonbHyiO MarHHTHYIO naaay. A6coniOTH&H aanpH)I(eHHOCTb nonH H 

BHyTpR KB&.llpynonH &MeeT BR.ll: 

a BHYTPH wecTHnonH: 

H= H r , nrr-
m 

r 2 
H=H(_), 

'm 
r m - pa.aHyC Kpyra, BR0)1(8HHOJ'O B nRH3y, r - pa.aayc TOqKH Ha6niO.lleHHR, 

Cana, .aeiCTBYIOI.U&R aa &TOMb!, Hanpaaneaa no paaaycy H paaaa .ana KB&L!pynoJ;~s 

.lliUI wecT&nons 

• 

F =1-<li..m __ r- ' 

F 

rm 

2p. II m ~ ----' 
r• 

m 

(2) 

{3) 

• {4) 

{5) 

npa STOM npe.anonaranoc&, qTo r m= Const Ba.aHo, qTo aa &TOMb! c npoexnael cnaaa 

s.aon& nons · .aelcTByeT aoaapai.U&!Olll&ll K oca cana, .Llns MepHL!R&HH&JX TpaeKTopal nonyqael>f 

YPilBHeHBR .llBRX<eHRII npa p. =- p. 8 .an11 wecTanon11: 

3 
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lr 
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d ~~ 

2p. 8 Hm 

-;a-
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d
lll 

r + 
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r = 0 
2p. H 

m v' r 
1111

2 m 

V - CKOpOCTb llBR>KeHRll aTOMOB BllOJib OCR JIBH3bli 

llJISI KBallp)'DOJISI : 

d
2

r --:---T + ~ r d z m ~ --~-- 0 
V fm I r I • 

TpaeKTOpRH aToMoa a wecTBDOJIB BMBeT BRll: 

r=CSin(y 2p.gH m 

m v 2 r ~ 
m 

z + 1/fJ ) • 

~JIB xaallpynoJIB noJiy~aeM napa6oJiy 

r = r + r'· z - * ~ o o m v' r m 

~ 
z • 

r• 0 , 2 = v t; (6) 

(7) 

(8) 

(9) 

riyCTb aTOMbl BbiJieTaJOT R3 TO~KB 1 paCDOJJOlKBRHOI Ha OCR1 DOll HBKOTOpbiM yrJIOM a 1 , 

Halll8M KOOpllRRaTbl TO~KB 1 1!1 KOTOpol aTOMbl CHO&a nepecekaJOT OCb, ~Jill W8CTBDOJIII 

DOJI)'~HM 

a llJIII xaallpynohll 

z =7r r.,v v ~H • 
0 2p. B m 

2 
z = v a 

0 I 

2 r., m 

P.a Hm 

VIa aTHX sblpalKeHHI aBllHO, 'ITO ao-nepab!X, KOOIJllHHaTa TO'IKB nepece~eHBII z0 

(10) 

(II) 

y wecTa-

DOIIII He 3a8BCHT OT yrJia a
1 1 

8 TID apeMII KaK y KBallpyDOIISI - aa&RCBT IJHHBIHO OT a 1 i 

no-BT0pb!X
1 

aaBHCHMOCTb OT CKOpOCTH y WeCTHDOJIR JIHHeiiHaR, a y KBallpyDOIISI - KBallpa-

'l'H'IH8Re 

T axHM o6paaoM 
I!ICe ~aCTRUb1 1 KOTOpble Bb!WJIR H3 RCTO~HHKa Jla OCR 1 COORpaiOTCR 

WBCTHDOJIBM 8 OllHY TO'IKy, 3TO CBOICTBO coxpaHSIBTCllt H llJIR TO~elt1 He Jle>KaUlHX Ha OCR, 

EcJIB HMeeTCR npoTaJKeHHbll RCTO~HRK, TO wecTRDOJib coallaeT llellcTBRT8JibBOe aao6palKe-

HRe 9TOrO HCTO'IHHKa, 

1. B&J'IBCJieHRe TeJieCHoro yrJia wecTHDOJibiiOI JIJIH3bl 
' 

• Y'IHTbl&aR yxaaaHHbJe npeHMymecT&a wecTHDOJIII H MeHbi,IIHI T&JieCHbll yroJI KBallpy

nol!R, KaK 9'1'0 6ylleT noxaaaHO HH>Ke, lleTallbBble B&I~RCIJeHRSI T&lleCHOrO ~rna 3ax&aTa aTo

MOB aollopolla llenaJOTCH TOJJbKO lliiB mecTHDOnbBol nHH3bl, PaccMoTpRM ll&a cny~a11: 

a) rm= conat H 6) rm=a z (pac. 1). nepl!lbll wecTRDOJJb Haa&JaaeTCII UHJJRHllPH'I8CKBM, 

BTOpol - KOHH'IeCKHM, 

4 

- ....-f.'i~ i ... 

' 

riOT8HUHaiJbBaR 9HeprRR 1 KOTOpOI o6nallaeT aTOM C DpoeKUHel MarHI 

paeHoll p. 
8 

, &MeeT BHll: 

a cPYHKUHSI JlarpaH>Ka: 

V=p.nHm<-'- )2, 
rm 

m ·2 2.2 •2 2 
L =T-V =-~-(r +r () +z) -p.,.Hm(~). 

" r 
CoxpaHBJOW.eiCSI 8911H'IHHOII RBIIBBTCR ~ , TO eCTb yrnoe~ MOM9HT 

a o 
f = ~ = m r

2 0 
3anaweM CHCTeMy ypanl!eHHI il~rpaH>Ka 

= m r VQ • 

e 
2 

2 p. H 
mr ----+ __ B __ mr=O 

m z 

m r 3 r_! 

2p.RH.,a 

I 3 
m 

riyCTb Ha'\IBJJbHb19 yCIIOBHR HMBJOT BHll: 

r (0) = r1 ; ~(0) =\ 
dt 

0. 

z(O) = z
1 

f= m r
1 

vtf.O) = m r 
1 

v O' 

~(0) 
dt 

= v; 

~JIB UHIIHHllpH'19CKOro WBCTHDOJISI 8TOp09 ypaaHeiae CHCT9Mbl ( 15) llaeT 

UJeHHSI nepeoro ypaaHeHHB aeelleM HoeyJO nepeMeHHyJO Z , TOrlla 

rlle 

d 2r 
--y 

d z 
_P_ + w 2r= 0 

r 3 

- e2 2 2 P---=~-_,22 
m2v2 --~-- 'f-'t 't ; 

w2= 2p.BIIm 

,'\v2 r!l 

2 
uo 

-,-2-
m 

"' = ....'!2.J. I V 

ao=v 2 ~-'nllm 
m v 2 

Ha'!BJJbllbl9 yCIIOBHSI: 

r(O) = r
1 

, d r (O) = v r 1 = -- -- a,. 
d z v 

ripH OTCyTCTBHH yriiOBOrO MOMeHTa ypa8H9HH9 ( J7) DpHHHMaeT oco6eHHO 

d2r 2 
___ +w r = 0 • 

d z 2 

~nB KOHH'!ecxoro wecTHnonH CllenaeM TY >Ke aaMeHy nepeMeHHblx 

d 2 
--'--P+S'=O 

d y2 -----;> ~ 
2 2 

~ -s --'--= o, 
d y2 2 z 3 

S=~. 
a2 

5 



l''r __ + 
d z~ 

2p.~ Hm2 
mv '• 

2 p. 8 Hm 
-;r- r = 0 

m 

HHB STOMOB BAOnb OCR nHH3~j 

d
2

r --;!' + ~ 0 • r = -1-,1-
z m V 2 fm 

weCTHDone &MeeT BRA: 

r = C Sin ( y 2 P. nH m z + ¢ ) . 
m v 2 r 2 

m 

aeM napa6ony 

2 z • =r+r'z-~~ 
o o m v' r m 

r• 0 , Z m V t i (6) 

(7) 

(8) 

(9) 

T H3 TO'IKH
1 

pacnOnOlK8RHOI HS OCH 1 DOA R8KOTOp~N yrnOM a 1 

:TO'IKR
1 

B KOTOpoA STOM~ CHOBS nepecelr.AIOT OCbo Jlna W8CTBDonR 

z
0

=71 rmv 

2 
z = v a 

0 I 

V __ m_ ' 
2p. nH m 

2 rm m 

P.n II m 

BHAH0
1 

'ITO ao-nepBbiX 1 KOOpAHHSTS TO'IKR Dep8C8'1eHRH z 0 

(10) 

( 11) 

y W8CTB-

yrna a
1 1 

B TCD apeMR KSK y KB8ApynonR - 38BBCHT ~BH8IHO OT a 1 j 

Tb OT CKOpOCTR y wecTHDOnB nHHeAH8B 1 8 y KB8ApyDODJI - XB8Ap8-

BCe 'ISCTHUbl
1 

KOTOpb18 BbiWDH H3 HCTO'IHRX8 RS OCR, C06HpatoTCB 

O'IKY• 3To CBOICTBO coxpaHBeTCJI R AnR TO'I8K, H8 D8lK8UIHX HS ~CB, 

eHHbll HCTO'IHHK
0 

TO weCTBDODb C03A8eT AeiCTBBT9DbH08 H306palKe-

Hcneaae Tenecaoro yrna wecTRnonbBOI n!H3~ 

HHbte npeHMYlU8CTB8 WeCTHDODll R M8Hbi,URA TeneCH~I yron KBSApy-

DOK838HO HHlKe, AeTAnbBbl8 Bbi'IHCD8HHH T8D8CHOrO ~rna 38XBST8 STo

TCll TOnbKo ana wecTanonbBol nHH3~, PaccMoTpHM ABA cny'laH: 

'm =a Z (pac, 1 ), llepa~A W8CTHD0Db H83~B88TCH QHnRHApH'IeCKHM 0 

4 

~ 

~~,;, 

Ill 

l10T8HUHSDbR8H 9HeprBH 1 KOTOpOI 06DAA88T ATOM C DpoeKUHel NArHRTHOro MOM8HT81 

p8BHOll p. B 1 RMe8T BRA: 

8 tPYHKUHll iJarpAH1KA: 

V=p.aHm<-'- )•, 
'm 

m ·2 2.2 •2 2 
L = T - V = -~- ( r + r 0 + z ) - p.,. Hm (__!_ ) • 

'· r 
CoxpaHatouleAcs aenH'IHHoA RanseTcH ~ , TO ecTb yrnoa;'A MOMeHT 

a o 
ilL •· p = _ = m r 0 = m t v

0 
, 

38DHWeM CHCT8MY ypABHeHHA il~rp8H1KS 

m r 
e 2p. H ---+ __ B __ mr=O 

m r 3 r.! 

m z 2,. H a = 0. - r 
'.,3 

llyCTb H8'18nbBbl8 ycnOBRH HM810T BRA: 

r (0) = r1 ; ~ (0) = v ; z(O)=z
1

; ~ (0) =v; 
d t 't dt 

f= m r
1 

v J.Ol = m r 
1 

v 0 • 

( 12) 

( 13) 

( 14) 

(15) 

(16) 

,lln11 UHnHHApH'IeCKOrO WeCTHDOnll BTOpoe yp8BH8~He CHCT8Mbl ( 15) ABeT Z • V t , J]ng pe-

UleHHH nepBoro ypaeHeHHB BBeaeM HOByto nepeMeHHyto Z , TOrJl8 

rae 

d •, 
~ d z 

p + w 2r = 0 -,-s-

2 2 2 

p=_e __ =~=cf> 2 r 2 ; 
m2v2 y2 1 1 

w 2 = 
2 ~'a 11 m 

. m v2 r 21 
m 

2 
ao -,-2-
m 

¢=~ 
I V 

ao=v 2 ~'aHm "y2 
H8'1BnbHbl8 ycnOBHB: 

r(O) = r
1 

• ~ (0) =~=a. 
d z V I 

(17) 

(lsl 

(19) 

(20) 

llpH OTCyTCTBHH yrnOBOrO MOM8HT8 ypaBHeHHe ( 17) DpHHHM88T OC06eHHO DpDCTYIO <j:lopMy: 

Jlng KOHH'IeCKOrO 

~ i ,, 

d2r 2 
___ +"' r = 0. 

d z 2 

W9CTHDOnB CA8D88M Ty )1{8 38M8Hy D8p8M9HH~X 

d 2 
--'--P+S'=O 

d y2 '" ---z-l! 
2 2 

~ -s --'--= o, 
d y2 2 z 8 

S = ao -;r· 

5 

(21) 

y = v t: 

(22) 

,\ 



Ha'lan&B~o~e ycnoaaa 

r (0) = r 
1 

...ll.L (0) - a 
1 

dy 
~ (0) -1 
d •Y 

(28) z(O) = J: I ; 

COOTB8TCTayJOT RCTO'IHRXY 8TOMOa, p8CDOOOX<8HHOMY H8DOCp8.1lCTB8HHO D8p8.1l M&rHKTOM, 

Ecna X<e oR HAXO.IlRTCR Ha paccTORHRR L oT Mara•Ta, TO H&'lan&H~o~e ycnoaa11 6y.llyT 

RHbiMil: 
r (0) = v ( r + a L ) 2+ (TL) 2 , 

I I I 

~(0)
d y 

2 2 
a 1 r

1
+(a 1 + ¢ 1)L. 

r(O) 

(24) 

Teneca~o~A yron 3axaaTa paaeH nnow&.llll snn11nca, xoropwl o6p83yeT XOHilbl aexTopoa 

CXOpOCTBI 4toxycapyeMbiX 8TOM08 0 .ll808HHOI R8 V 
2 

o 3Ta aenR'IRH8 38BRCRT OT XOOp.llRH8T 

TO'IXR a~o~neTa &TOMOB L 11 r 1 , OxoR'I&Tenb&bll pe3yn&T&T Dony'I&&TCll nocne ycpe.llHeHRll 

DO DOOIII8tlH HCTO'IRRX8o npa L • 0 DODJ'I88M T&O&CHbll yron 

r' (~) = " v:, vo; =,a fr) ¢ (r) • 
2 I at 1 tm t 

v 
(25) 

npR L > 0 (<)( r I) a&I'IRCOli&TCll RH8'18 0 DOCitODbltY HanpaaneHRe Bbln8T8 8TOMOB B.llOOb OCR 

( a
1
• 0 , ¢ 

1
= 0 ) He o6pa3yeT aeHTpa snnRDca a DpocTpaHcTae cttopocTel (puc. 2). O.llH& 

&3 ero Donyocel paaHa 

a' +a'~-
tm tm 

2 . (26) 

r.lle a'· (a':.) - M8J(CRM80bHbll 38Xa&Tbla88Mbll yron, XOr.ll& &TOM .llaHX<8TCll OT OCR 
lm ha 

Ctt oca). 

BTopaa Donyoc& paaaa ¢ 1 .. , a&I'IRcneaHoMy .llDll cny'l&ll, KOr.lla HMeeTCa pa.llaan&

Hoe .llaHX<8HRe X OCR: 

a = I 

,. ' 
~ ... 

2 (27) 

npeX<.Ile '18M pew&Tb cRcTeMy ypaaaeaal (22), RCDOnb3y&M 3axoH coxpaaeaaa saepraR: 

.2 2• 2 •2 r 2 
E= T+ V = m (r + r () + z) + p. H (_) = -z- 8 m rm (28) 

2 2 2 2 2 
~ 1( _!!___) + f + ( ~ )+ a2(_r_ ) ]. 

2 d y m 11 r § v 2 d y 0 r m 

Bw'IHCORM nonHyJO sHeprRJO aTOM& Ha axo.lle a MarHHT a Dpapa&HIIeM ee saepraa &TOM&, 

xor.ll& OK .llOC1'HrHeT p&.llllyca rm DO X8C8T8DbBOI TpaeXTOpRH, npa L aQ Dony'IHM 
2 

2 
2 

¢
2
+a

2
(2) =a2+ cp~(_r_,) 

2 
+a 2+ (~) , a + + 1 

I 1 o r I r 0 d y 2 
ml m2 

. (29) 

2 
( __!!__ ) - 1 = 

2/\v --d y 2 v 
(80) 

6 

•• 
• • •• ~ •• > - ··- • - ·• • .~ •• • : ' 

I
. ~ j 

tl 

r.lle .\v - npapaweaae cKopocTK B.llon& ocR a KOHK'IeCKOM wecTKDone. B p• 

nonyqaeM DOOY'I88M COOTHOW8HK8 

2 

a
2 

+ ~1 2 [ l - (....:.!_ ) I 
t I r m 2 

a 2 + a 2 [l-(_r~t 
0 

2 

) I·+ ~v 
JlnH 11KOKH.IlpK'I8CXOro W8CTHDOOH 

v rml 

a~,+ 2 r 2 2 2 
? 1[ 1- <--' > I= "o( l- ( ~ ) I 

HOH 

c. I 
+ 

~~--(--,I- -)1 
o r m 

r m r m 

2 
¢, 
a2 

0 

1 • 

3To ecT& ypaaHeaae snnKnca B KOOp.llHH8TllX a 1 H <,; 1 C DOOJOCRMH 

• 
Ecna L > II 11 

"• .. = a o ,;;y-::: ( ...!..L ) -, 
rm 

~ = u 
lm 0 

¢
1 

= 0, TO OpK .ll8HlK8KHH OT OCR DOOJ'IRM: 

(a'·)
2
+a 1 '( 

lm 0 
r 1+a'1,.L 

r .. 

2 
) -a 2 = n 

0 

a DpR .llBRlK&HRH It OCR: 

2 t2 N 2 
(a;';,;) +ao (~ "f•L) - u2='l 

r o 
m 

PeweRReM (85) ll&nll&TCII 

a (86): 

, 
a·= ... 

,. 
a .. -= 

lm 

r,L ./ 1 La a 
---2-. + v<-::-rt- ) - _1_ (~) 

rl L 
--,-r 

m 

' 

r. aa r 2 a 2 r -"t.------e--...::..JIL_ 
( 1 + ) ar ~ 

0 m 

---~---=-----::---
+ V (..!_: + _L_) __ 1_ (-ll) 2 

a2 r 2 a 2 r 
o· m o m 

(~ 
a 

0 

~ 

+ --r:: 
O.llHa aa nonyoceA paaHa 

a' +a" V ( 1 + L•)-1(-~)2-
__ l_m ____ , m= ~ ---rl V --'rLJD. __ 

2 (_1_ + _!:_: ) 
a(J r~ 

Jlpyrall DOOyOCb ~~ 1 m HAXO.IlKTCII H3 Tp8HC118H.Il8HTHOrO ypa&H&HHil, DODJ'18HE 

HKeM srtnanca a DpoCTpaHCTBe cxopocTeA, 

2 

a 2
[ 1-(_!::..) ¢ 2 + ( ..!J... - a 

1
_!::.._ )2

] cos 2( arc tg 
0 r lm r r 

a, + 

~ 
~ 

r, - a 
arc tg -- 1 ) ~ 

m m m 

+ a;: sin 
2 

( arc tg ~ + arc t& 

¢1m 

7 

¢ 
lm 

¢> 
lm 

= ¢> "+ a 
lm I 



....d.L (0) •a 
1 dy 

z(O) = z I ; ~ (0)- 1 
d.y 

(23) 

8TOMOB, p8CDOJ10>K8HHOMY HenocpenCTB8HHO Depen M8rHHTOM, 

aa paccTORHHH L OT MarHKTa, TO aaqanbHwe ycno&HH 6ynyT 

r(O) = y'(r
1 

+ a
1
L ) 2+ (¢>

1 
L ) 2 , 

2 2 
dr a

1
r

1
+(a

1
+ ¢>

1
) L 

(24) 
r(O) 

nnomana annanca, xoTopwA o6paayeT xoauw aexTopoa 

8TOMOB, neneHKOA Ha V 
2 

, 3Ta BenaqaHa 38BRCHT OT XOOpn&HaT 

• OxoaqaTenbHwA peaynbTaT nonyqaeTCa nocne ycpenaeaHa 

L = 0 nonyqaeM TenecawA yron 

~m = 17 a
1 

fr) ¢> (r) , 
2 at I Jm J v (25) 

RHaqe, DOCXOJlbXy R8Dp8BJ18HH8 BWJ18T8 aTOMOB BnOJlb OCR 

ueHTpa annanca a npocTpaacTae cxopocTell (pac. 2), Onaa 

' " a +a ·· 
lm lm 

2 
(26) 

38XB8TWBa&MWJI yron, XOrna 8TOM nBR>KBTCR OT OCR 

¢ 1., , awqacneaaoMy nn• cnyqaR, xorna RMeeTCR panaanb-

a = I 
" ' a,m-aho. 

2 (27) 

CHCTeMy ypaBHBKHA ( 22), HCDOnb3yeM 381t0H coxpaHeHHR SHeprRR: 

.2 2• 2 •2 r 2 

y(r + r 8 + z) + ~'nHm(r;) = (28) 

2 2 2 2 

1( ~) + f + ( ~ )+ a"<-'- ) ]. 
d y m 2r 2 v 2 d y 0 r m 

H8 BXOne 8 M8rHRT R DpHpBBHReM ee SHeprRH STOMa, 

rm2 no X8C8TBJlbHOA TpaexTOpHR, npa L -o nonyqaM 

2 2 
2 (~) = a 2 

+ ¢ • (_r_ 1) 
2 
+a•+(~), + 1 o r 

t r 0 d y 2 .. , 
m2 

2 

. (29) 

(~) -1 = V\v --d y 2 v (30) 

6 

·-• 

rne .\v - npapameaae cxopocTH anonb oc!f a XOHH'IecxoM wecTHnone. 8 pe3YJlbTaTe 

nonyqaeM nonyqaeM COOTHOWBHHB 

2 0 • 

a + ~~- [ l - (....E!_ ) I 
' 1 I r m2 

JlJlR llHJlHHnpH'IBCKOro WBCTHDOJlH 

a 2 +a 2 [l-(...LL 
0 rm, 

2 

l I·+ 2 ,\ v 
v 

l a
1

t 2 2 2 
.,> ~ f 1 - < -~ l 1 = "o( l - ( --'J_ l I 

RJlH 

c. I 
--- ---·- --·-- -1) + 

u "( l - ( _r_, ->1 
o r 

m 

r m r m 

2 

¢1 
--------a• 

0 

.1. 

3To ecTb ypaaueaae annanca 
B XoopnKH8TllX a 1 H •,: 1 C DOJlYOCHMH 

R 
" =a vr-:-r....u.) 

lrn o r m 

~ = (l 
lm o 

EcnR L > n x ¢ 1 = 01 TO DpR nBH>KBHHR OT OCR nonyqRM; 

(a'· )
2

+ a)'( r,+a'tmL ) 2-a 2=o 
fm 0 o 

a DpR nBR>KaRRR It OCR: rm 

2 !2 u 2 
(a~-) +a (~ l'o>L) - u 2 ='l 

lm 0 0 

PeweaaeM (35) RBnReTCa 

a (36): 

, 
a = 

lm 

, 
a .. -= 

lm 

Onaa aa nonyocet paaua 

r m 

2 1 ~,· r L V( 1 + ~ ) - - ( r --!a- + 7• !.{_..,.----..!!.~ 
(_1_ + --:-1 ) 

a• r 

0 --m-~-----~------r: 1 ( ,, ) 2 r 1 L +y'(..!.:+ __ 
2

)--;;-:a __ r_ 
--2 a~ 'm 0 m 

r., o L ..- \ 
( 1 + ) --.- -,-c.:o m 

(31) 

(32) 

(33) 

134) 

(35) 

(36) 

(37) 

(38) 

, , .I ( 1 + L 2 -, -~(·-·;--, .-
~+a,.,= _:_ ~ ra -~ ~ . (39) 

2 (_1_ + ~) 
aa ·~ 

JlpyraR nonyocb \; 1m uaxonaTCa R3 TpaacueaneKTHoro ypaaaeaaa, nony'leaaoro paccMoTpe-

HHeM atinRnca 8 DpOCTpaKCTBe CKOpOCTel, 

2 2 L 2 o 
a

2
[ 1-(_!::_) \'- + (...!.L- a 

1
_ ) ] cos·( arctg o r tm r r 

m m m 
a, + 

~ 
rt - a 

arctg L 1 )+ 
9 

lm 
+ % sin 

2 
( arc tg ~ + arc tg 

¢,., 
-!..1- a 1 ) = ¢ 2+ a 

_L 1m I ¢ 
lm 

' ~ 
7 

(40) 
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a o tm 

'iHC118HHblll p8C'I8T UOK83biB88T 1 'ITO C Jl0CT8TO"'HOI TO"'HOCTbiO 

¢ = ao 
lm y'l+ (~ )2 

(41) 

(42) 

3Ta B811H"'HH8 COB08Jl88T CO 

fm 
3H8"18HB8M a lm , 8hi"'BCII8HBbiN 

npB r
1
•0 B3 (27) BIIB (38), 

TaKHM o6p830M, TenecswA yron 3ax88T8 

y' (-},;, + I) ) - 1 ( r, ) 
f.1 ( r I ) = 11 --;7 :flill tjjfj 

< 1 + L
2 >a n 

(43) 

"""UT 7 
0yCTb p8JlBYC p88BOM8pBO BCDYCK8ID~ero 8~0Mbl Kpyro8oro BCTO"'BBB8 paaeB 

r., 

Tor .a a 

( ao L ' I • 
2 ·~ 0 = 2/3 11 ao 11- [ 1 + ( aoL >" ] an 

flpB ~<< 1 
rm 

npa ~ >> 1 
'm 

'm 
0 • 2/3 11 a 

2 
[ 1 - ( ~ ) a] o r 1 

{l •11 (_!_m) 
L 

2 

(44) 

~ (45) 

(46) 

L-o n ·o,43 11 a • 
0 , AHanorH"'Hwe 8W"'BCnesas, npo.aen8BHble JlDH KB&Jlpynons, Jl&IOT npH 

C8M8H BB>KHRll KpHB8H B8 pac. 6 B3o6pa>KaeT 38BHCBMOCTb Tenecsoro yrna 3axaaTa wecTa

-2 
001111 OT p8CCTOHHHR L npB a

0 
•2• 10 • 

Dpa pac"leTe Tenecaoro yrna .ans xoBH"'BCKoro wecTanons 8 BCXOJlHOI cacTeMe yp88-

aeaaA (22) C"'BT88M CH8"18n8 CBOpOCTb DOCTOHHHOI, 0cT,8TCll T_OIIbXO OJlHO ypaBH8BH8: 

2 
__!..!._ -~ + s ___:._ = 0, 
d z2 r a z 2 

(47) 

Z=Zr+Vt 

.IJ.nll M8pBJlH8HBbiX Tp88KTOpBI DOIIy"'HM 

2 

~+S-'=0; 
d z2 z 2 

(48) 

r(z1) = z 1 , ~(9=a,· 
d z 

DpB s > ~ B r
1 

= 0 peweHH8M (48) SIBIIliiOTCH: 

a: u .,.; z Z' 1 sin ( v's=-w- fn _z_ ). 
(49) 

,; s - I' zl 

8 

·• ,,. 

I .:~, 
· .. ,\, 

·~ 
,~·' 

: 

' ~
,··~.-

' ' . j' ·~--
. 

. 

' 

' 

DoJlCT88DHR 9TOT pe3ynbT8T 80 8TOpoe ypa8Heaae cacTeMw (22), MO>KHO 

h8ITR npHp8W8HH8 CKOpocTH H8 D:JTH OT z 1 JlO npoH38011bHOrO Z 2 , 

2 2 \ a 2 --- ---- ----
_._v = _,_ I ~· [- sin < v' s - ~~ fr. 2.2 > - v' s - I' sin< 2 v' s-~~ f• 

v 2 z 2 z 1 

2 z 
- 2 s + y, I+ 2 s - y, I = 2 f( s. --'> . 

2 Z I 
Heo6xo.aHMbl8 .111111 pac"leTa N r 1 ) 8&11H"'HHbl a 1 H <f> 1m 6hiiiR 1 

S118KTpOHHOI C'I8THOI M8WHH8 _nyTeM peweHHII CHCTBMbl ypaaHeHHI (22), 

M8Tp0B S H a 6blDH UpHHSITbl CII&JlyiDWBMH: 

s 0,4 0,7 ., 

2•10-2 2 •10-2 

a 2,5•10-2 2,5'10-2 

3•10-2 3·10-2 

1,5•10-2 

2•10-2 

2,5•10-2 

1,5 

1,5•10 

2•10-2 

2,5.tC 

CacTeMa yp88H8HHA se MeHHaTCB npa yMHO:lK&HHH acex reohleTpH"leCXRX p 

HH H8 OJlHH MHO>KHT8Db
1 

TO &CTb o6na.aaeT CBOICTBOM DO.Ll06HH, CllaJlOB 

TO"'HO npoaecTH Bbl"'HC118HIIH .111111 o.aaoro 3H8'1&RRH r m 
1 

• BbinO sw6peH< 

2 H 
PacCTOSIHR8 OT HCTO'IRHK8 .110 88"18118 M8rHBT8 

L p88HHII0Cb: -

WHX p8CCTOSIHHBX (L~6 CM) T8118CHbll yroll 38XB8T8 npaKTH"l&CKB p888H 

cTaraaaeMOMY xpyroM, allo>KeHHbiM a npo<fJHIIb wecTHDOIIR. Ha pac. 3 a 

xpaable 3 8BHCHMOCTH a = u (_,_1_ ) npB L •0, npoae.aeHHble qep• 
tm Jm tm 

KH, KOTOpb18 DOM8'18Rbl Kpy>KK8MH, 3H8~HHII r 1 6panHCb C waroM B I 

3H8"18HHII 

B8HH8M 

, 
a 

lm 
(~ 

r 
ml 

" a 
lm 

' 

npa L ~2 H 6 eM 6b111H nonyqeHbl cneJl 

"L. 
c f( ~) 

- •.b, 

" __ ,_! -a tm 

'mt 

~ .. 
fmt· 

<-''~ 
rm 

I 

.. 
- atrn 

F <«';m ) ' 

L 

fml 

F (a'
1
' ) ecTb ¢yHKUHB o6paTH811 a (~ ) • Yron ¢ 1 6blll Bbi'IH 
m lm r m 

L •0, 0K838110Cb
1 

'ITO OH He 38BHCHT OT pS.LlHYC8 H p8B8H a 1m ( r 1•0), 

>KaHbl xpaable, .Ll8toWHe ycpe.aHeHHbll T&neCHbll yro11 38XB8T8, Ba.aao, ' 

---k... xpaable u.ayT 6o11ee nonoro, Ha puc, 6 noxa38H T&II&CHbll yron 38XI 

'mt OT pacCTOBHRII M8:lK.LlY HCTO"'HHKOM H M8rHHTOM, PHC. 7 H306p8:>K88T T8, 

B aaBHCHMOCTH oT S npH p83Hb!X 3H8"18HHIIX a .anll L I rm= 0 H I 
w I 

CTBY 3Jl8Cb .aaH8 aaeacHMOCTb fl oT MarHHTHOrQ nonB lim , H8 puc 

38BHCIIMOCTb f'! OT a -yrna p8CTBOp8 KOHyca, BIIO>K8HHOrO B W8CTHD 

q 
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'iltm- a 1m .., 

2 

rt L 
--=rT 

( 1 + L
2 

) -, -,-
a o rm 

UOK83b!B8BT, 'ITO C .llOCT8TO'!HOII TO'IHOCTbiO 

(41) 

¢ = ao 
!m V 1 + (~ ) " (42) 

r m 
.aaeT CO 3H8'1BHHBM a

1
,., Bbi'IHCRBHH&IM DpH <1•0 H3 (27) HRH (88), 

"'• TenecHblll yron saxeaTa 

n (r,) = 11 v<--;h + _g.) --=k (~) 
( 1 ~ )8 /2 
(iT 7· 

OMBpHO HCDYCX8~~ero 8TOMbl Kpyroeoro RCTO'IHBX8 p8BBB 'm 

( ao L ) I 
2 r m • n = 2/3 "ao 11- [ 1 + ( aol: >" 1 an 

< < 1 

r,. 

n 2 L a 
= 2/3 " a

0 
[ 1 - ( ~ ) 1 

r ' 

n = 11 (_r_m) 
L 

cneHHR, npo.aen8HHbla .ans KB8.apynons, .ll8~T npa L-0 !l -0,48 

(48) 

{44) 

. (45) 

(46) 

" a • 
0 

B8R H8 pHC, 6 H306p8JK8BT 38BHCHMOCTb TBRBCHOrO yrR8 38XB8T8 WBCTB

-2 
ll L npa a

0 
a2• 10 • 

TeneCHOrO yrna .llRll KOHH'IaCKOrO WBCTBDORll B BCXO.IlHOII CBCTBMB ypae

M CH8'18R8 CKOpOCTb DOCTOSIHHOII, 0cT8BTCll T.ORbXO O.llHO ypa&HBHB~: 

2 
d r p r 
--.--- + s--'- = 0, 
dz r 8 z 2 

z = z ,+ v t 

Tp8eKTOpHII DORy'IHM 

2 

~+ s -'-= 0; 
d z2 z 2 

r(z
1
) = z 

1 
, ~ (z

1
) = a

1
• 

d z 
., = 0 pBWBHHBM (48) liBRli~TCll: 

=u 1yzz 1 sin (yS -~ en _z_ ). 
,;s-~4 z, 

8 

• 

(47) 

(48) 

(49) 

!1 
~l 
';)~ 
·.;!~ 
·I 

·, 

I
\ 

) 
, .. , 

JJ· 

no.llCT8BRllll 9TOT pesynbT8T BO BTOpOe yp8BHBHHB CHCTBMbl (22), MO>KHO DpR6RH>KBHHO 

h8IITH npap8WBHHB CKOpocTB H8 nyTH OT z 1 .llO npoH3BORbHOrO Z 2 

2 
2.\ v ,_5_ I ~~ [- sin 

2
( v s -·~ fr. 2.:1 ) - v s - ~~ sin< 2 v s-~~ fn _:_.!') -

2 z
2 

z 1 z 1 (50) v 

2 z 
-2S+\}]+2S-Y, l=~f(S,_2). 

2 Z I 
Heo6xo.aHMble .llRll p8C'IBT8 N r 1 ) BeRH'IBHbl a

1 
a <P,,. 61dnH Bbl'IHCneH&J 88 

aneKTpOHHOI C'IBTHOI M8WHHB nyTBM peweHRll CHCTBMbl ypa&HBHHII (22). 3K8'1BRHll napa-

MeTpOB S H a 6blRH RpHHliTbl CRB.IlyiOWHMH: 

s 0,4 0,7 ., 1 1,5 

2•10-2 2 •10-2 1,5·10-2 1,5•10-2 

a 2,5·10-2 2,5'10-2 2•10-2 2·10-2 

3·10-2 3·10-2 2,5•10-2 -2 
2,5.10 

CHCTBM8 ypaBHBHHI He MBHSIBTCll npa yMH01KBHHH BCBX reOMBTpH'IBCKHX p83MepoB H BpeMe

HH H8 O.llHH MH01KHTBRb
0 

TO BCTb 06R8.ll8BT CBOIICTBOM no.ao6Hll, Cne.llOB8TBRbH00 .llOCT&-

TO'IHO npoBeCTH Bbi'IHCRBHKll .llRll O.llHOro 3H8'1&8Hll r m • 6b1RO Bb16p8HO r •0,1 CM • 
I '"t 

P8CCTOHHHB OT HCTO'IHHK8 .ao 88'1808 M8rHBT8 L paBHIUIOCb: 2 H 6 CM. npH 6onb-

WHX paCCTOliRHliX (L~6 CM) TBRBCHbll yron 38XB8T8 Up8KTH'IBCKH p8BBH TBRaCHQMY yrny, 

CTllrHB8BMOMY KpyroM, BR01KBHHbiM B npo¢Hnb WBCTKDORllo H8 pKC, 3 H 4 Dpe.llCT8BRBHbl 

KpHBbiB s aaHCHMOCTB a = " (~ ) npa L •0, npoae.llaHRbiB '!apes pac'leTHble To'l-
' tm tm fm 

KH, KOTOpblB DOMB'IBHbl Kpy1KK8MH, 3He~HHSI r 1 6p8RHCb C warOM B 0,02 CM, 

3H8'1BHHll a" 
lm 
(~ npH L ~2 a 6 eM 6blna nonyqeHbl cne.ay~WHM npeo6paso-

r 
B8HHBM 

.. , 
" a 
lm 

"1. 
= f ( ~) = f <-'•-

- r,t. r 
I 'm! 

, 
a,m 

L ... , ) . (51) 

, 
-'-'·--a tm 

• .. , 
L 
-~= F (a';,. ) • (52) 

rmt· 

F (a'
1
' ) ecTb cjlyHKUHll o6paTH8R a (....!.! ) • Yron <P 1 6bln Bbi'IBCneH TORbKO .llRII 
m lm r m 

L •0, 0K838R0Cb, 'ITO OH He 38BHCHT OT pd.llayca H peBeH a 1,. { r 1•0), Ha pKC, 5 HS06pa-

1KBHbl Kpaawe, .aa~wHe ycpe.llHBHHbll TBnecHblll yron saxaaTa, BH.IlHO, 'ITO npa ·yaenH'IBHRB 

-h... KPHBbiB a.ayT 6onee nonoro, H8 pac. 6 noKasaH TBnecabiA yron saxaaTa B saaacHMOCTH 
fmt -
OT }l8CCTOSIHHII MB1K.llY HCTO'IHHKOM H M8rHHTOM, PRe, 7 HS06p81K8BT TBRBCH&II yron fl 

B 38BHCHMOCTH OT S npH p83Hb1X 3H8'1BHHSIX a .llRll L/r .. =O H L/r•20. no cywe-
t .. , 

CTBY 3.llBCb .ll8H8 38BHCHMOCTb ~~ OT M8rHHTHOro DORSI 11m • Ha pac. 8 npe.acTasneHa 

38BHCH,OCTb ~ 

~I 

OT a -yrna p8CTBOp8 KOHyca, BR01KBHHOrO B WBCTHUORbo npa a->() 

q 

I )· 
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I 

I., 

Tenecswll yron 0 CTp&MHTCR It 3H8'19HHI0 1 DOlly'l&HIIOMy JlRR llRRHHJlpR'l9CitOI"O W9CTH-

non st. 

Bw'lRCiiRM orenepb anaay JtOHR'lecxoro wecTHDORR 1 sao6xoasw:yro Jlllll roro 1 'IT06bl &To

MY 
1 

DpOllllll Jl8099 llRllRBJlpR'l9CitHI W9CTBD0Rb, MOI"llH c<lJoJtyCRp088TbCR 8QllR3H OCB, Ll.RR 

8TOI"O HCDOllb3y&M 8blp8lK9HR9M (50), 0'198RllB01 'ITO 9CllR 8T0Mb1 1 Bb109T8101UR9 83 TO'lltH 

88 OCR 1 89 38ll98810T DOlliOCOB RHH3bl 1 TO JlllR OCT8RbHbiX 8TOM08 8TO 6yJl9T C H90QXOJlH

MOCTbiO BbiDOllHRTbCR, DOCitORbKY 88 QOllbWKX p8CCTORBBIIX OT OCR Jl9llCTByeT 60llbW851 

OTJtllOHIIIOlllBR cana. 'nony'la&M cneayromee ycnoaaa: 

LJ.anee H8XOllRM 

2 a = 
lm 

2 
a+ 

0 

21\ v 
v 

2 

a 2+ ~ f(S, _!__2 ). 
o 2 z 1 

r< s. -~-n= 2- 2s ----;_. 
Z 1 a tm 

(53) 

(54) 

BanR'lBB8 a/ a B8XOJl8TCII R3 pac. 3 a 4. Osa se 388BCRT OT S • Ha pac. 9 &3o-
Im 

6paJKesa <lJyHKilBII f(S,--'-2.) Jlllll 3B8'l&HHI S •0 14; I; 1,5. 3Ha'l&BBII ~, npa ltOTo-
z I Z I 

pYX 81olDOllBR8TCH C00TBOlll8BR8 (54), ODp&ll&lliiiOT MHHBM8llbBYIO JlllBBy W9CTHDOllllo L].llll 

S < 1 COOTBOlll9HB8 (54) 119 MO:IK9T BbiDORHIITbCR HH DpH K8KBX z
2
./ Z 

1
, DOSTOMY 'l1BH3bl 

C S < 1 HCD0Rb3088Tb H88bii"OllBO, 3<lJ<lJeKTB8Bioll T8l18CBbll yron QyJl&T M8llo 

LJ.nBH8 KOBB'I9CKOI"O wecTRDORII 

~~<~-1), 
a zl 

L =z-z•z(..!.a-1)= 
I 2 I I 'z I 

(55) 

L
1 

= 12 --!iiu- , 
a 

npa s •1 

nps S •1,5 L 1 = 2 _!!!!j_. 
a 

L].llHHy llRllRHJlpB'l&CKOI"O WQCTBDOllR MOJKHO 83RTb C 38D8COM 83 yCllOBRR W L 2= IT/ 2 : 

1,57 r2 = 1,57 ~t( ~) • 
a o a~ z t 

(56) L2 

npaw:ep 1 

npa s - l, a • .2•10-
2 

I rm;-0,15 CM nOllY'l88M 

L1 • 90 CN, L 2• 153 CM, L(L 2 • 243 CM, 

np!M&Q 2 

npa S • 1,5 H T8X >Ke OCT8llbHbiX napaMeTpax 

L
1 

• 15 eM, L2 • 35 CM 1 L 1+ La • 50 eM, 

TaltHM o6pa~oM ysenH'leH&e MarHRTHoro nons a nonTopa pa3a npRBOllRT x yMeawue

HHro .anHHbl scero M8rJ!HT8 s 5 pa3, a TenecHblil yron yaenH'lH&aeTc:H a 1,25 pa3&, 

10 

• 

2. Pac'leT HHTeacaasocTH 

B 38KliiO'IeHHa nony'IHM o6myro <tJopMyny llllH HHT&HCHBHOCTH aTOMOB HI 

W&CTHnOllbHOI"O M81"KHTa, L].l!H M8l101"0 lt0llbll8BOI"O 9l18M8HT8 Dl10lll8J:IH a6we, 

/1/ 
8TOMOB, 38XB8TbiB88MbiX W8CTHDOlleM 1 p8&Ha 

.. m(v~v~) oo .. ......,!!L(v:+v~) 
~ ( J J e 2kT r (} dv, dV(J ] ( J ( e ak T dv, dv0 ] = 

no snnancy --

cJtopocTel 

m v 2 

_m_ v,(r1) ve(r, )= 41Tk T '" 4 k T 
n ( r,). 

fbTOK DOl1HpH30B8HHbiX 8TOMOB Ha BbiXOJle W9CTHDOll!l p8B9H DOTOKY 

yMHO>KeHHOMY Ha ycpellH9HHyiO no nllOill8.llH a6wenepa .llOlliO 3 8XBaTiol889Mbl 

M 2 2 
j • N a S ----~ M •a ·' 

0 0 1
1 + 1/3 M 2 4 IT k T 0 1 + 1/3 M 2 

3.z:teCb 't - T&MnepaTypa aTOMOB, N
0
- HX DllOTHOCTb (1/cM

3
) 1 

&
0 

- CKOpOCTb 38yKa B 0Ql18CTH nepe.a CODllOM (eM/Celt) 0 

a! - 'lRCllO Maxa B DOTOKe nepa.a a6wenepOM 0 

2 
S 

1 
- nnomaa b a6wene pa (eM ) • 

ll0JlCT8BRRR 
2 y k To , nony'IHM ·- --. o m 

J= ~ 8o 5 t~ 
41T 

? 

8 
M 

(1 + L/3'--M 2) 2 

T
0 
•400°~ y• 11667, 

2 - -3 
s,-0,01 .eM , . n -2·1o , HanpHMep, npe 

nony'laeM pe3yll-bT8T, np8KTH'I8CKH He OTllH'I8101UHICR OT OU9HKH 0 C.ll9l18HHOit 

ABTOp Bblpa>K88T npH$8TellbHOCTb n,M,CopOKO 3a UeHHble YK838HHR 

Hell'lyK 38 DpOB9.ll9HH8 Bbi'IHCll&HHit Ha 9l18KTpOHHOit C'I&THOII M8WHHQ, 

n a T e p a T y p a 

1. Lly CJOe->KeHb1 IO.A.nuac, n,M·.Copoxo, B.M.Copoxo. npenpHHT OYf.RYf, 

PyKODHCb DOCTyDHl18 B H3.llaT&llbCKKlt OT.ll&ll 

15 M8R 1964 r, 

11 



CTpeMRTCR K 3H8'1eHRI0 1 nony'leHROMy .nnR QRnHHllplll'leCKOrO WeCTR-

epb .nnRHY KOHR'IeCKOrO weCTHfiOJIR, H806ltOlliiMyiO llnR TOro, 'ITOeibi 8TO

QIIn111Rllp11'1eCKRI wecTRnonb, MornH c<POJtycRpoaaTbCR a6nH3111 oca • .llns 

bipa>KeHReM (50), 0'1eBRllHO, 'ITO ecnH 4TOMbi 1 BbiDeT8101UHe 1113 TO'IItH 

T non!OCOB DIIIH3b1 1 TO llDR OCTMbRbilt 8TOMOB 9TO 6yll9T C Heo6XOllH-

R, noCJtODbKY H4 6oObWHlt pacCTORHHRlt OT OCR ll9ICTByeT 60DblU4JI 

nonyqaeM cne.nyiOWee yCDOBRe: 

a 
lm 

a 2= a 2+ 2/\. v 
Jm 0 v 

a 
a:~+~ 

0 2 
f( s. _2_a ). 

zl 

z a 
f(s, __ 2J=2-2s ---.-· 

Z 1 a tm 

H8ltOllHTCJI 1113 pHC, 3 H 4. ORa He 38BHCHT OT S 

(53) 

(54) 

Ha pac. 9 H3o-

f(S,-La) llDJI 3H8'19HHI S •0,4; 1; 1,5. 3H8'18HHJI -i, npH XOTO-
z 1 z 1 

ooTHoweaae (54), onpe.nenaiOT MHHHManbRyiO .nnaay wecTanona. ,Llna 

HRe (54) lie MO>K9T BbiDOJIHJITbCJI RH npH X81tHlt z
2

/ Z 
1
, DOSTOMy ·nHH3bi 

8Tb HeBblrOllHO, 3<P<PeXTHBHbll TeneCHbll yron 6y.neT Man, 

CKOrO WeCTHnong 

L = z - z = z (_=.a- 1 )= ~~(~ -1), 
1 2 t 1 'z 

1 
a z 

1 

(55) 

12 --'llu- • 
a 

2~. 

a 

pH'IecJtoro wecTHnons MO>KHO B3JITb c 3enacoM H3 ycnoaas cu L
2

= rr/2 : 

La 1,57 ra = 1,57 ~~( ~ ). (56) 
a o ao z 1 

-2 
10 1 rm;-0,15 CM nO/lY'148M 

L1 = 90 CM 1 La• 153 CM, LtL 2 • 243 CM. 

·ex >Ke OCTBnbllbiX napaMeTpax 

CM, L 2 = 35 CM 1 Lt I....J • 50 CM, 

YB9DH'I9HHe M&rHHTHOro nons B nODTOpa p838 npHBOllRT It YM8HbWe

erHHT8 B 5 p83 1 a TeneCHblit yron yB9DH'IHB89TC:R B 1,25 p83b, 

10 

• 

2. Pac'leT HHTeHcRBHOCTH 

B 3aKniO'I9HHa nony'IHM o6wy10 <PopMyny .nns HHTeHcHBHOCTH aTOMOB Ha a&ixo.ne 

WeCTHnOObHOro M8rHHT8o ,Lln11 M8DOrO KODbQ9BOrO 9D9M9HTa nnowa.nH a6wenepa .nons 

Ill 
8TOMOB, 3aXB8TbiBaeMbllt i.ueCTHnoneM, pasHa 

-..!!!..(v!+vj) * ( ( f e 2kT dv, dvo 
oo •-.!!!....(v 2 + v~) 

j ( f ( e 2k T r dv, 

no annancy 

CltOpoCTel 

m 
4 k T v, (rt) ve(rt )= 

m v 2 

fl ( r 1 ) • 
4 rr k T 

dv0 I 

(57) 

noTOJt DODRpH30BaHHbllt 8TOMOB Ha BblltO).le W9CTHnODil paaeH noTOKY '19p93 aeiwenep, 

yMHO>K9HHOMy H8 ycp9llH9HHy10 no nDOIU8llH aeiwenepa .110010 3 altB8TbiB89MbiX 8TOMOB 

3.necb 

M m fl 
j a No aost1+ 1/JM2 4 rrk To 

2 2 
M Bn 
1 + 1/3 a~·; 

1j, - T8MnepaTypa aTOMOB, N
0
- Hlt DDOTHOCTb (llcM

3
), 

• 0 - cKopocTb 3Byxa a o6nacTH nepe.n connoM (cMicex), 

lf - 'lacno Maxa a noToxe nepe.n a6wenepoM, 

2 
S

1
- nnowallb a6wenepa (CM ). 

llOllCTaBDRJI 2 y k To . nony'IRM ·- ----· o m 

i If ft 8 o 5 t.1.E._ 
4rr 

1 

a 
M 

(1+ t./3---M 2) 2 

(58) 

(59) 

o.,~ 2 - -3 . • 16 
HanpHMep, npH 16•400 ~~ y• 1,667, s,•O,OI .CM ,. fl •2•10 'J •1,4 IOII~IceJt. 

nony'I89M pe3yD·bTaT, npaKTH'I9CKH He OTDH'I810WHICH OT OQ9HKH, Cll908HHOI B pa6oTe • 

AaTop Bblpa>KaeT npH3H8T8DbHOCTb Jl,M.Copoxo :Ja Q9HHbi9 yxa3aHHR H Jl.B.Kop-

Hel'lyK 3a npoae.neHHe Bbi'IHCD9HHI Ha aneKTpOHHOft C'I9THOit M8WHH9. 

J1 H T e p a T y p a 

I • .Lly CIOe->KeHb, IO.A.IlnHc, Jl.M·.Copoxo, B.M.CopOKO. npenpHHT OH.RH, P-1439,1963. 

' i 

PyxonHcb nocTynHna B H3llaTenbCKHA oT.nen 
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