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B po6ore CAenoHO nonwTKO o60CHOBOHVIR eAVIHOro nOAXOAO K 

nocTpoeHVIID OCHOBHWX npVIHUVlnOB BOnHOBO" MeXOHVIKVI 40CTVIU V1·cneuV1onb

HO" TeOPVIVI OTHOCVITenbHOCTVI. OcHOBO" TOKOro nocTpoeHVIR RBnRIDTCR 

YPOBHeHVIR MOKCBenno AnR aneKTPOMOfHVITHOro nonR B BOKYYMe. Henoc

peACTBeHHO 1'13 YPOBHeHVI" MOKCBenno sonHOBOR MeXOHVIKO 40CTVIU He 

cneAyeT, OAHOKO B po6oTe /1/ nOK030HO, 4TO AnR aneKTPOMOfHVITHoro 

no,nR MOH{HO BBeCTVI noHRTVle sonHOBoro VlnVI AOnnepoBCKOro VIMnynbCO 

aneKTPOHO VI HO"TVI ero CBR3b C BeK~OPHMM noTeHUVIOnOM nonR. TorAO 

YPOBHeHVIR MOKCBenno VI nony4eHHMe AVl~~epeHUVIOnbHMe CBR3VI BOnHOBO-. ' . . . . ' ' 

ro VIMnynbCO C aneKTPOMOfHVITHMM noneM _-MOH!HO POCCMOTPVIBOTb KOK 

CVICTeMy ypriBHeHVI", Vl3 KOTOPMX cneAYIDT BOnHOBMe CBO"CTBO 40CTVIU 

C MOCCO~ nOKOR,OTnVl4HO~ OT HYnR,VI OCHOBM cneuV1onbHO~ TeopVIVI OT-
•·,!; 

HOCVITenbHOCTVI. 

1. YPABHEH~H as~mEH~H 3APHJA B 3REKTPOMArH~THOM.nORE 

POCCMOTPVIM YPOBHeHVIR MOKCBe;~O~AnR aneKTPOMOfHVITHOro nonR B 

BOKyyMe: 

rot ff+ f ;f =O, divii==o, 

f'ot il-t:f =O, c/ivE=O, 
( 1) 

rAe i! VI H - Honp11meHHOCTV1 aneKTPV14ecKoro VI MarttVITHoro none~, 

Q C - aneKTPOAVIHOMV14eCKOR nOCTORHHOR, POBHOR CKOPOCTVI CB8TO. 

I Otn,eimljturi~n HHC'il'rrY1' I 
lll\t~i1.1! nc~JflOBIUml 

.__p;snwo~ __ , 



PeweHHe ypoBH8HH~ (1), KOK H3B8CTHO, MOIKHO npeACTOBHTb B 

BHA8 

~ 

_., ~ -ti' .... 

H= rctA F-- _ 1 8A ,-- out, (2) 

rAe A - B8KTOPHbl~ noreHUHOn, KOTOPbl~ HBnHeTCSl peweHH8M BOnHO-

soro YPOBH8HHH 

np1,1 ycnoBHH, 4TO 

2-,. _f_ aei( ==-0 
'v A - C2· at<! 

diVA=O 

( 3) 

( 4) 

PoccMOTPHM CH04ono nocTOHHH08 H OAHOPOAHOe MOrHHTHOe none. 

BeKTOPHbl~ noreHUHOn TOKoro nonsi CBH30H c· ero HOOPHIK8HHOCTbm 

KOK /2/ 
-. I - .... A=-;g:Hxr) 

(5) 

r Ae f( POAHYC-B8KTOP T04KH nonsi. KpoMe roro, H3B8CTHO, 4TO 
.... ... e'""' .... 
pr=m'lr=-c:Hxr I (6) 

r A8 m - MOCCO, iJ - CKOPOCTb 40CTHUbl, eCTb CBH3b 
0

HMnynbCO C 

MOrHHTHblM n"oneM,' YAOBnernopsim111osi YPOBH8HHm ABHIK8HHSI 

dP = !i iJ-'l(il 
C/-1:.. C 

YMHOIKOH (5) HO e/c, rAe e - 30PHA 40CTHUbl, nony4HM CBH3b 

HMnynbCO C BeKTOPHblM noTeHUHOnOM nonsi 

P= mi!=- -2.e/cA, (7) 

B po6ore /1/ noK030HO, 4TO CBH3b 
..... .... 7 

P= mV= -ee/c/i, (8) 

r Ae ff 1,1 v - sonHOBble HMnynbc 1,1 cKopocrb 4ocrnu1i1, cnpaseA

n11so 1,1 Anff aneKTPOMOrHHTHoro nonsi, OOHCblBOeMoro YPOBH8Hl1HMl,1 (1) 

11n1,1 (3). 4e~crsysi HO nesym 11 npasym 40CTH (8) oneparopaMt.1 r(!f 

H ejcJt , nony4HM 

rot.R= -:-Zo/c if, (9) 

u.ff=2· ee- <10> at · , 
I < ,£,t...,,o;•· 

2 

::.-_':;.~" .:;,,~ .. '~:· .. :.~ t..-.; 

) 

! 

a OOACTOBnHSI (8) B YPOBH8HH8 (3),6YA8M HM8Tb 

~- t cPi> 
v' '£'- c;z ae• = 0 I 

div.P=O. 

( 11) 

(12) 

CoOTHOW8HHSl (9) 1,1 (10) 6YA8M C4HT0Tb onpeAeneHHHMH JneKTpOMOrHHT

Horo nonsi KOK HCT04HHKO ABHIK8HHH 30PHAOB, 0 YPOBH8HHH (11) 1,1 (12) 

YPOBH8HHHMH, KOTOPblM A6nmeH YAOBneTBOPSITb BOnHOBO~ HMnynbC 

. -
YuHo;rnu JieByJJ H npaBYJJ 'laCTH(9) B6KTOpHO Ha P: ... ..... ..,. ... 

.Pxf-'otP: - 2.f:P~H 
HCITOJib3Y.R H3BeCTHHe COOTHOWeHH.R BeKTOpHoro aHaJIH3a 

Px11ot.P= J vP2-(Pv).P, 

rJ = gf + cv-vJft, 
H Y4HTHBa.R (IO), IlOJIY4HM H3 (I3): 

d.P_ 1- vP2-2 1eE+ ~v.,Jl) 
(/l cnJ - \' . C I 

r;ne ~ --- '2-.:,, .. 
F= eE-rcV--IH 

fl. 

(13) 

(14) 

(I5) 

-.RBJI.ReT_C.R CHJIOH JiopeHI.{a. CJie;a.oBaTeJinHO, mmyJibC P ;noJIJKeH 6HTb 

P81ll8ID18!\i ypaBH8HHR (I5). C miyrott CTOpOHH, (8) ~MKHO y~OB118TBO

p.RTb 
0

H YPaBHeHHJJ ,11.BHlK8HH.R HnJJTOHa - JlopeHl.{a: 

gJ! = eE+ rv-,Ji. (I6) cit . 
TI0,11.CTaBJI.R.R (8) B (!6) H Y4HTHBa.R (2), IlOJIY4HU 

➔ ·> .... ~ 
Q"A _.J. oA + .£ A.,. f'OtA 
ett -2 ot me 

HcnoJin3Y.R cooTHomeHH.R (I4) ;nJI.R noTeHuHaJia AH ero CB.Rsn (8) 
c HunyJincou P, noJiy4HM Hs (!7): 

~ . . 

dA tdA e ,.A-.17 , I:! A2 t! (Xv>A..., 
di -== 2 qi + me '-' V,,JI + 2 tnc V - me I 

Ms IlOCJie,11.Hero BHpa.llteHHR CJie,11.YeT YPaBHeHHe 
.... 

cfA - ~ VA2=0 
de n1c / 

-+ -HJIH, 3aMeH.R.R A IDIIIIYJll,COM p, IlOJIYtJHM 
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dP"P+.!_ 'vP~o 
cit. t:?177 

Po3pewoll (15) tt (18) OTHOCHTenbHO dP/dt 
nony4ttM: 

,c/.P - el!+ gvxil 
ell: c , 

f a (;rt?~-am vP = - ec+ c VxH)-

(18) 

tt -tj8.mVP
2 

( 19) 

(20) 

YpOBH8Htte (19) no ~OpMe COBnOAOeT C H3B8CTHblM H3 KflOCCH48CKO~ 

M8XOHHKH penllTHBHCTCKHM YPOBH8HH8M ABttmeHttll 30PllAO B aneKTPOMOr

HHTHOM none, a (20) l1Bflll8TCSI YPOBHeHtteM ABttmeHttll B fPOAtteHTHO~ 

~OpMe. MomHO nOK030Tb, 4TO OHH llBnllIDTCSI 3KBHBOneHTHblMH. 4e~CTBH

renbHO, ttcnonb3Yll COOTHOWeHtte BeKTOPHOro OHOflH30 

v..P2= v(PPJ= 2(ff'v)ff+E!.Jlx:,rot.P 
H (9), (10), (14), dyAeM HM8Tb: 

...;, 

Jm V.l?a=tf-EeE-2fvxil . 
TIOACTOBflllll no~neAHee BblpomeHtte B (20), nony4HM 

KpoMe Toro, MOmHO ydeAHTbCll, 4TO YPOBH8Htte (18) 

YPOBHeHttllM (19) tt (20), a H3 ·(19) cneAyeT (20). 

YPOBHeH~e (-19)'. 

3KBHBOheHTHO , 
. . ' 

~3 swwett3nomeHHoro cneAyer, ,ro BBeAeHtte sonHosoro ttMnynbco 

Aflll aneKTPOHO npttBOAHT K ABO~CTB8HHOMY ero onttCOHHID KOK 40CTHUbl, 

~MeIDute~ rpoeKTOPHID, H KOK BOflHbl, Aflll KOTOPO~ noHirtte rpoeKTOPHH 

orcyrcrsyer. 

2. BOnHOBWE CBO~CTBA 3nEKTPOHA 

rttnOT830 A8 6po~nll O cy111ecTBOBOHHH BOflHOBblX CBO~CTB Y MHK

P040CTHU, ttMeIDutHX Macey noKOll, nOATB8PAHfl0Cb B 1927 ·roAY B 3Kcne

PHM8HTOX no Att~pOKUHH aneKTPOHOB, 4TO H nocnymttno H040flOM C03AO

HHSI BOflHOBO~ MeXOHHKH. 3AeC~ Mbl_noKomeM, 4TO BOflHOBble CBO~CTBO 

aneKTPOHO llBflllIDTCll cneACTBtteM peweHtt~ ypoBH8HH~ (12) tt (18). 

,•·· 
4 

,\, 

~ 

, 

r 

eme po3: -3onttweM ttx "' ..... I a2P =0 

v 2
P - ce. at2 ' (21) 

- '2 dP +1- v.P=D 
dt am (22) 

npeACTOBHM peweHtte BOflHOBoro ypOBH8HHSI (21) B BHAe nnocKO~ BOflHbl: 

P=-B,-=iexpi(Kor-c.J.t), c23 > 

r A8 fr - POAHYC-BeKTOp POCCMOTPHB08MO~ T04KH, Po - nOCTOSIHHbl~ 

BeKTOP-OMnnttTYAO BOflHbl, 

30HHble COOTHOWeHtteM 

-,Ko, CJd 

K.;J.= w:/c14
• 

- BOflHOBble B8KTOP H 40CTOTO, CBS!-

(24) 

_,.. -HO~AeM CBSl3b nopoMerpoB BOflHbl {J ., I(.,· , w .. C nopo~eTpOMH _40C-

THUbl m , iJ-. 4nll aroro, nOACTOBflllll peweHtte (23) B YPOBHeHtte (22), 

nony4ttM: 

i. ( K..d~/dt - cu~ ./lt'Xp i ( i?., r-CJ. t) = I { 

. ..;, I • ➔..... ,, = -1- K.1m expai ( R. f"- c.J,,t./ 
I 

rAe *= clP/clt. . 3ro COOTHOeWHtte 6YA8T YAOBneTBOPSIHCll, 

ecntt nonomttTb: 

k,_ ff - w. t = 0 I (25) 

➔ ""'Y - t? -E(Ko Y--W~=-.l{/mk.. 
(26) 

~3 (23-26) dyAeM HM8Tb 
- - ( - ~;,: 1.) ➔ Ai=R= me 1-1<. 'lr/W'!! n., (27) 

r Ae ii".-= ~/ kd - eM1Htt4Hb1W se·Krop, onpeAenllmuttt~ Honposne-
< :~ ' ' . . . ; . ~ ·. ·- .. , 

Htte pocnpocrpoHeHttll BOflHbl. COOTHOWe~HJ (27)" A08T CBSl3b nopoMerpoB 
- .- .-.. ·• .. ...,,. 

nnOCKO~ BOflHbl C nopOM8TPOMH ~OCT~~bl. YMHOmOSI (27) HO Cno 

nony4ttM 

_C'liJ= mc2(t-R.if-/w~. (28) 
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Ha OCHOBQHl111 (28) BBeAeM nonHYIO 

E= 1nc2. 

11 AOnnepoBCKYIO 3Hepr1111 4QCT11Ubl 

cl)= cq, . 

(29) 

(30) 

Ha"AeM CBSl3b MQCCbl 4QCT11Ubl C napaMeTPOMl1 ee AB11JHeH11S1, socnonb30-

BQBWl1Cb ypasHeH11eM AB11JHeHl1SI ~enSITl1811CTCKO" MeXOHl1Kl1: 

ctil= i= 
cft_ I 

;:r - ... -;:r I!. .... -9. 
p= m1r I F= et:+ C ?rxH 

( 31) 

rAe - o6bl4Hble 11Mnynbc 11 c11na 

JlopeHUO. YMHOJHQSI (31) CKOnSlpHO HQ p , Y411TblBOSI, 4TO ifcft=c/r 

a Fclr = cf£ · , r Ae c/E - np11pauteH11e 3Heprn11, nony411M 

lmc!P~dc. (32) 

T □ K KOK . Pe= rrf ir2- ' TO (32) np11BOAl1TCSI K yp□ BHeH11IO 

elm + Ltl'?r2'= dE 
m a z,-2. m7r-z · (33) 

~HTerp11pyS1 {33), C y4eTOM (29), H □ "A8M 

-tn (n,a-(I- u-2/c2)}= -en. C1, (34) 

rAe c, - OOCTOSIHHOSI, Q O-£.: 1r/cr1 < f . 

~3 (34) cneAyeT: 

m-lD., -y /-~/ca · (35) 

C411T08M, 4TO np11 7.r =0, 117= f7l 0 , r A8 m., - MOCCO nOKOSI 40CrnUbl, 

Tor A □ C,= nf;, , 11 113 (35) nony411M "13BeCTHYIO 308"1Cl1MOCTb MQCCbl 

40CT11Ubl OT ee CKOPOCTl1: 

m- in. 
V1-1r;ca 

Bonttoso" 11unynbc (27) Tenepb MOJHHo 3an11caTb B B11A8 

~ m.~a (l-i<!if/w .. ) ,..,,. 
1-f,= --. --:-r===-- Ko 

. w. v, -J,2. 
(36) 

r Ae .fa~ 7T/C • P03MepHOCTb moc2/w., · -spr .ceK., 0 3TO 8CTb 

P03M8PHOCTb nCTOSIHHO" nnaHKQ. 8BeAeM 3Ty noCTOSIHHY~ KOK 

i=> m.ca/wo (37) 

6 

' .tj 

Jc 

\ l 

) ,, 

TorA □ BOnHO~O" 11MnynbC 

B"1Tb KOK 

..... 
~ 11 3Hepr1110 C~ 3n8KTPOH0 MOJHHO npeACTO-

8b!POJH8Hl18 

- /'.. -- J ~= /i ll- K.i 'lffc.J~ ..,, 
11. 2 ko 
vf-./3. 

C~=-12 {I ~--

CJ= Wo (I- Ko ir/w,,) v,~ .)32. 

CJo 

(38) 

(39) 

(40) 

B (38) ;, (39) eCTb He 4TO "1HOe, KOK AOnneposcKoe CMeuteH;,e KOMnTO

HOBCKO" 40CTOTbl W 0 "= m0 c.:i./t:., aneKTPOHQ - □ Honor onrn4eCKOrO 

penS1T"1B"1CTCKoro 3~~eKTO nonnepa, H □ 6nlOA □ eMoro HenOAB"1lHHblM H □ 6nio

A □ TeneM, KOrA □ "1CT04H"1K BOnH AB"1JH8TCSI OTHOC"1TenbHO Hero co CKO-- -poCTblO 'tr' , a BOnH □ pacnpocrp □ HSleTCSI B H □ npasneH"1"1 BeKTOP □. Ko . 

noaTOMY HQ OCHOBOHt,11,1 (38) t,1 (39) BBeAeM BOnHOBble BeKTOP t,1 40CTOTY 

nonnepa: 

- '"':i ' - {I- K,, 1Ji'-<:Jo; ...,. 
Ku = -'--;--;:==~ K., v, -.,sa. ·. 

(41) 

W _ {I-~ ff/wo) ,. 1 1J _...._ __ -'-_.;.. ....,., v, _.,,2 ' (42) 

TOrA□ sonHOBble 11Mnynbc 11 3Hepr1110 MOJHHO npeACTOB"1Tb KOK 

if= Ii ~ ,- c» = Ii. w p • (43) 

TOK KOK ko =;- w0/c ~ , TO 113 ( 41 J 11 ( 4l) nony411M 

/(:2 = , ,2 ice 
J) .'-U.Of' . 

(44) 

i. 



BonHOBble BeKTOP (41) H 40CTOTY (42) Aonnepa MOmHO npeACTQBHTb B BHAe 

e, - .... 
~-=/_I _ _ moG l("o lr )R. 

r V1--..fil. W;- It. v,-fi.a O 
• 

(45) 

2. 2 -c,J _ moC _ m.c 7r J2' 
1' h Vf-.f,2 c.J:J;. Vt-.,f, 2 ., 1 (46) 

rAe 

_. 2. 
~- m.?r . We= m.C 

- /i, ~ 1 h Vt-.J32 
( 4 7) 

- H3BeCTHhle eonHOBhle BeKTOP ~ 1 4QCTOTQ BOnHhl AO 5po~n!l,TOK 4TO o6bl4-

Hble HMnynbC H 3HeprH!l 4QCTHUbl CB!l30Hbl COOTHOWeHHHMH 

P= Ii Ko ; E = Ii w fj , 

C4HTOR, 4TO HanpaeneHH!l ABHmeHHR BOnHbl H 40CTHUhl coenaAO~T, T.e • 

K. II if 

OTC~AO: 

..... 
paCCMOTPHM 0606111eHHbl~ HMnynbc 4QCTHUbl R,e; : 

... ;=c- m.c (hfo) rt° =P..+F= 'o3' ~ il.+ m.?T ft., 
v,-..,ea 

J! _ !71oC n-: = Ii.~ __ _ 
qfi - VI -,fia Vt -.,.e:i. 

(48) 

~3 (48) cneAyeT, 4TO 

TaK KOK 

II . 
c11.A2 m. c" .:i 

of!= f-j32 =-E,. 

E;i=C2pe.+ (11~C\ 

(49) 

TO H3 (49) nony4HM CBR3b 0606111eHHOro H 06b14HOro HMnynbCOB 4QCTHUU: 

/?,;= P-+ m:r!. (50) 

8 pa6oTe /1/ nOKQ3QHO, 4TO npeACTOBneHHe aneKTPOHQ nnocKo" 

eonHo" Aonnepa no3eon11no nony411ib 11 11HTepnpeT11poeaTb TaK11e, 113eecr

Hble H3 KBOHTOBO" MeXQHl1K11, era CBO"CTBO, KOK Hyneeym 3Hepr11m, Mar-

8 

,1(1] 
·~ 

,, 

1) 
l 

Hl1THbl" MOMeHT, cnHH H COOTHOWeHHe HeonpeAeneHHOCTe" AnR KOOPAHHOTbl 

H HMnynbCQ. 

3. 3~~EKT nonnEPA ~ nPE05PA30BAH~H ROPEHUA 

B cneuHanbHO~ TeOp1,1H OTHOCHTenbHOCTH onTH4eCKl1" penHTHB"1CTCKl,1" 

awweKT Aonnepa RBnReTcR cneACTBHeM 1i1Heap1i1aHTHocr1,1 W03hl nnocKo" eon

Hbl npH npeo6pa30QHHRX RopeHUO AnR KOOPAHHOT 1,1 epeMeHH. BblBOA me 

n·1,1x npeo6pa3oeaHH~ HBnHeTc!l MOTeMaHl4ecKo" 30A04e" H HOCHT wop1rnnb

Hbl" xapaKTep. 3AeCb Mbl noKameM, 4TO 803MOmeH 1,1 APYrO" nOAXOA K Bbl

BOAY npeo6pa3oeaHH" RopeHua, ocHoBaHHhl" Ha a~IDeKTe Aonnepa AnR aneKT

poHa, nony4eHHhl" B npeAhlAYl!leM nyHKTe. 3TOT nyTb, HQ HOW B3rnRA, o6na

AOeT 6onbW1,1M ID"13H4eCKl,1M COAepmaHHeM "1,POCKPblBOeT npHPOAY 3THX npe-
..;,.' -

o6pa3oeaHH"- ~TaK, paccMOTPHM npoAOnbHhl" ( k.11 Y- ) 3IDIDeKT Aonnepa 

AnR aneKTPOHO: 

W = Wo (1-:-fi) 
v1-.J,a ' 

(51) 

r Ae CKOPOCTb _/!> OTOmAeCTBHM co CKOPOCTb~ ABHmeHvlR 1,1CT04H"1KQ eonHbl. 

BBeAeM WTPHXOBQHHYW 1,1 HeWTPHXOBOHHy~ HHepu1,1anbH~e C~CTeMhl OTC4eTa. 

nycTb 1 CKOPOCTb ABHmeHHfl HCT04Hl,1KQ BOnHbl B WTpHXOBQHHO" (AB11my111e"cR) 

CHCTeMe OTC4eTa paBHQ Hyn~, TOrAO 40CTOTQ BOnHOBoro AB1i1meH11R,,3neKT-

POHQ B 3TO" CHCTeMe 
I 

lw,=W , noaroMY. H3 (51) 1i1MeeM: 

TaK KOK 

nony411u 

Cu= c.v' (-t-./3) (52) 

a- V-1 -.fia. . 
'l= :J.#/vJ , ~c:::.2'f7/W' - nepHOAbl BOnHbl, TO 113 ( 52) 

'1:'="C (l-.fo) 
\/4-fi.? 

9 



BBeAeM' 40Cbl non11epo C TeMOOMll1 XOAO t = '[; , t' = f;' ~ • Tor AO 

1113 npeAblAYmero BblpomeHll1ff 6yAeM 111MeTb: 

t' = t - crt./c
Vt - fi 2 

- -:1 ToK KOK t = ko t"-1 Wo ' 4TO C/leAyeT 1113 ( 25)' TO ·--?.rt_· v- tr.~=' V-pii,, 
C C GJ., C2 I 

(53) 

- -1 F -r Ae /Z.,= 1'o K., . Bc11eACTB111~ Toro, 4TO IL~ 1/'lr , eA111H1114Hbl£1 
➔ .... ""!/ 

BeKTOP /l.Q MOlKHO npeACTOB111Tb KOK rz.= 'lft"lr, 003TOMY 1113 npeAblAymero 

COOTHOWeHll1ff no/lJ4111M 

'lrt/c = r il/c2
) 

111 (53) np111BOAll1TCff K B111AY 

t' t -rv/ca. v(- .J3e. (54) 

CooTHOWeH111e (54) ffB/lffeTCff pe/lffTll18111CTCKll1M npeo6p030B0Hfl1eM speMeHll1 

OT HeWTPll1XOBOHH0£1 Cfl1CTeMbl OTC4eTO K WTPll1XOBOHH0£1, A.Bll1lKYme£1cff OTHO-... 
Cfl1Te/lbHO Hee co CKOPOCTblO tr. Ero, MOlKHO 300111C0Tb B B111Ae 

t.'= t:. 1 lri}---c2t.(f-\ft-_ft2}}. (55) 
c2 Vi-.fi2. \.' 

-~ -TOK KOK lr.=-Wo/C /Z,, , TO· 1113 YPOBHeHll1H i)pOHTO O/IOCKOll1 80/IHbl 

(2~) OO/IY4111M . 

/r/2= c2 t 2 

' 
111/1111 

52= x,2+ ya+ c2.-c2te =0. 
(56) 

nnff WTPll1XOBOHH0£1 Cfl1CTeMbl OTC4eTO 6yAeM 111MeTb 

. S'2= :i/+ !/'_; 2,2- C'2i:'i!= 0. (57) 

Bb1POlKeHll1ff (56) 111 (57) ffB/lfflOTCff KBOAPOTOMll1 111HTepBO/IOB MelKAY C06bl-

~ -Tll1RMll1 B HeWTPll1XOBOHHOA (MelKAY (; =0 111 r) 111 WTP111XOBOHHOA (MelKAY 

7!' =0 111 r-·) Cfl1CTeMOX OTC4eTO. EC/1111 ABO C06blTll1ff 6eCKOHe4HO 6111113Kll1 

APYr K APYrY 111 CKOPOCTb CBeTO B 06e111x Cfl1CTeMOX OTC4eTO OAll1HOKOBO, 

TO cnpoBeA/111180 COOTHOWeH111~ /2/ 
IO-

II, 

c/S'd= else., 

111/1111 
-I, ,a. d 2 ,.J ,2 a -' ,2. ,,l a 2 a. 2 e 

- ll-X. - !/'- q';,l, + C C/1::. - c/X-d.l/-d~ + C 'cit. 

~3 (58) C/leAyeT C/leAYIOmoR Cll1CTeMO YPOBHeH111A: 

( r):x_')2 ('fJY')2 cu·l.')~ c-i(!J.K)2-
0X + lJX + OX IJX -1 > 

(ax12 /JY~IJ (<lz')~ 2(c7t'l":: I 
ifV + ~fJ'!iJ.+ 8Y (; QI}/ J 

(a:i:)2. (OV'l2 (ell')':. 2ri1t~\~f ua +, oi J + ez/ C: fJ'l.J , 

(fl:x)' 2. (rJY')a (82'.):i c,21at1 \2. _ c2 
[Ji + 8t + f}t / - Wft/ - - 1 

ux' ax' oY' o ?J' fJi' 02 1 2 at.· at' 
qX f)-t: + OX 'ff[+ f/X.lit-C f}X f}f: =OJ 

a:x'ax' iJ'V'oY' a~'112· c2fJt'oe 
f)Y 7f[+"lfii w+ fJYM - {}lj tfl =0, 

ax' uX' lJY·eJI.+ aa1llz' _ caat.' iJt.'= o. 
llt- 0t + 81. fJ-t. flt. 7ft f/l at 

(58) 

(59) 

npeACTOBll1M npeo6p030BOHll1R KOOPAHHOT no OH0/10fll1H C (55) B Bll1Ae 

:.C'= X+i,(fa)t + fe(fi}(riJ), 

!/'= y+_9s(fi)t + 94(/3}(ril) J 

(60) 

-.e:': :c +_90 Cf>Jt +i6 (J}(rifJ, 

11 



r Ae $- 9,6 - KosH11tHl8HTbl, n0Ane1trn111L-1e onpeAeneHL-1t0. Bhl4L-1CnsH1 L-13 

(55) L-1 (60) npOL-13BOAHb18 L-1, nOACTOBnRR L-IX B (59), nony4L-IM 

20. + fr-2+o2+o2')Y.;- 7.r.. -O -./2 \-?c? ;JY ,,, X C2(1-f?)- 1 

2t +(f!i+ fj;+t)?!y- c2~-p2) =O, 

216+ (g;+{J;+(/4,?fi - c2~- t>'f' 0, 

i,+ (?,9e+~9v°''f1,r/o/llr+ f~a; 0, 

£+(£92+£fj,;r£fo/l/y·I- f~'1 =0,o 

.f5+{9'9a+£~v+9~7Ji + f-),:z =0, 

0 2 0 2 na ,2( I 1) 0 : 
,f(..,.;Jd+if.,;-C 1-132·- ;= .· 

BB8A8M 0603H048HMR 
r 2. 2 2. 
7 ~ =-,a.+fv_+fj, , 

., 

;:.i. = P,Pa+£9.,+ 1159(; I 

TOrAO L-13 (61) nony4L-IM 

y;. =0, 2fe.+f,'ll;.-C2 (1-f?} 

7fil =O ,. 2j,, +:f, ?Jv- C2 (1-f,2} ' 

lli -o, 2~+ ://Iii - C3.(f- fl}· . 

· 12 

c, 

( 61) 

(62) 

(63) 

ill 

a, +:/4. 1/i + 1/ic. a = 0 , 
?• . I- /3 

. ?r., 
o,,+f2¼...,. i1 = o 
a:. I- 132. , 

l'i +-:/2 ~ + { ::"pa = O, 

f/+i/+ Pt-: c2
(-1~ 13e.-!J;,,o. 

~3 4-6 ypOBH8HM~ CMCT8Mbl (64) MM88M 

[/4 ~ - (f e 1/4-t-_ i-~p) I 

0 =- f.fa 1Ty+_l!it_, if3 ,., 1-13211 

9s=-(.fe7J;+ 1~:i) . 

noACT □ BnRR (65) B nocneAHee iP □ BH8HL-18 (64), 6YA8M MM8Tb: 

?F'(h. +1j(,-J>l·)/- c2(1/ (t-:/J2}-f} =O. 
PeweHM8M 3Toro. YPOBH8HMR RBnReTCR 

I I 
. fa= - {- At! ± 1r,--;;£ . 

.r v1-/P-

(64) 

( 65) . 

(66) 

Bw6MP □ R B (66) (B ewpameHMM c KOpHeM) 3HOK nntac M nOACTOBnRR ero 

B (65); nony4MM 

£= lEc 

Vt-P I 

f/.3= .:.._lfIL v,-p-
1li 

fls= - v,-p 
13 
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~3 (63), C Y48TOM (67), 6YA8M HM8Tb 

fk 2£ + 9/liy + j,/lli = ( VFJ) -? . ( 6 8 ) 

BBeAeM HOBbl~ nopoMeTp !J(1IJ H npeACTOBHM K03g)g)Hl.lH8HTbl /12. ' f/v, 96 
B BHA8 

~=J?J:c; f}v=j?J;,; 96= flh · 

noACTOBnHH (69) B (68), nony4HM 

o=..L r_ f _,) 
,/" 7r cv,-.,82 1/ · 

CneAOBOTenbHO, K03g)g)Hl.lH8HTbl ia. , iv , !16 POBHbl 

fa= ~~('IRJa-1) I 

Pv = 1;.i ( ;;j,_
13
" -1) , 

( 69-) 

(70) 

( 71) 

. ~,.. ~2(-0-:--tJ· . 
Mo11rno y6eAHTbCH, _4TO KoaffiffiHLlH8H~(67) 1-1 (71) HBnHIOTCH pe111eHHHMH 

CHCT8Mbl ypOBHeHl-1~ (64). noACTOBnHH (67) 1-1 (71) B (60)i 6YA8M HM8Tb 

X'=X+ J/,je t V:-.13a-j(irr- C
2

( I+ Vt-~9,~, 

fl':; y+ 7{;:a ( V~-.# - Q ( il-P - c2 (1.,. Vt-fl-)t) J < 72 ) 

%' =~ + 11z. L.L_ - f)( irP- c2(1-t- Vt- /P- I:.}. 
z,-2 r V1-J1.i J 

3onHCblBOH YPOBH8Hl-1H ( 72) B BeKTOPHO~ ffiopMe H npH60BnHH K He My ( 54 ), 

nony41-1M 

ff~ r+'if(( rtax v,-,82-v- ~), (73) 

i' = t - ril/ca. v,-..a2 
npeo6p030BOHl-1H (73) HBnHIOTCH 06m1-1MH npeo6p030BOHHHMH nopeHl.lO, Kor

AO CKOPOCTb 7r UITPHXOBOHHO~ CHCTeMbl op1-1eHTHPOBOHO npOH3BOnbHO OT-
. - ~ 

Hoc,nenbHO HeUITPHXOBOHHO~. EcnH ?r= Z,-l, • TO H3 (73) cneAYIOT 

H388CTHble 40CTHble npeo6p030BOHHH nopeHuo: 

14 

X'= X-'- ?rt 
V1-.fo'2. 

Y'= 1J ; 

t' = t- ?r:X:./ca 

V1 - /32 

:C'= ':e 

06mHe.npeo6pa30BOHHH nopeHl.lO (73) MOfflHO TOKme nony4HTb MeTOAOMH 

reprnoTuo./ 3 / 1-1n1-1 Mennepo / 4 / H3 40CTHblX npeo6po3osoH1-1~. 

4. 3AKnl04EH~E 

B po6ore noK030HO, 4TO. YPOBHeHHH MoKcsenno AnR aneKTPOMOfHHT

Horo nonH B BOKyyMe, BMecre C onpeAeneHHeM nonH KOK HCT04Hl-1KO ABH
b 

meHHH 30PHAOB, HBnHIOTCH npOl-13BOAHmHMH YPOBHeHHHMH H3 KOTOPblX cne

AYIOT yposHeHHH ABHmeHHH HblOTOHo-nopeHl.lO, BOnHOBble_ CBO~CTBO 40CTHl.l 

C MOCCO~ OOKOH, OTnH4HO~ OT Hymi, -3g)g)8KT Aonnepo AnR aneKTPOHO H 

npeo6p030BOHl-1H nopeHl.lO cnel.lHOnbHO~ reopHH OTHOCHTenbHOCTH. noaTOMY 

eCTb OCHOBOHHH C41-1TOTb, 4TO YPOBHeHHH MoKcsenno HBnHIOTCH eAHHblMH 

YPOBH8Hl-1HMH, HO OCHOBe KOTOPblX CTPOHTCH KOK KnOCCH48CKOH·3neKTpo

AHHOMHKO, TOK H penHTl-1BHCTCKOH KnOCCH48CKOH H BOnHOBOH MeXOHHKO 

40CTHl.l ■ 
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