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TeopHH oTpameHHH pa3BHTa B :weKTpocTaTHKe H MarnHTOcTaTHKe 
H cny»<HT y,IJ;o6HhlM MCTO,Il;OM':,IJ;nH · HaXO>K,Il;CHHH noneif 3a.pH,Il;OB H .TOKOB 
a6nH3HHOBepXHOCTCH p'a3.riena cpe,IJ; c pa3nHlJHbiMH £ H IL • HeKOTO
pbie npHMCHCHHH OTpa>KeHHH B ,IJ;HHaMHlJCCKHX 3a,IJ;alJaX MO>KHO HaRTH B 
pa~oTax /1.2;4;.. . . . . . . . ·. 

HH»<e ua npHMepe npocToif MO,IJ;enH 6y,IJ;yT paccMoTpeHhl ycnoBHH 
OTpa>KeHHH 3apH,Il;OB H TOKOB, ,IJ;BHmyll\HXCH a6nH3H noaepXHOCTH.Meninna 

C KOHClJHOH npOBO,Il;HMOCTbiD. 
li3BeCTHO~ 'ITO llOKOHI.l\HHCH 3apH,Il; OTpamaeTCH B MeTanne Ue3aBH· 

CHMO OT npoBO,IJ;HMOCTH nocne,IJ;nero.'"YcnoBHH OTpa>KeHHH npH ,IJ;BH>KCHHH 
·3apH,IJ;a B npHHI.J.HllC MOryT 3aBHCCTb OT aenHlJHHbl npOBO,Il;HMOCTH Me Tan· 
na. B H,IJ;eanhHOM MeTanne/ u = ""·I oTpamaeTcH mo6oH: TOK, B TOM lJHcne 
H llOCTOHHHhiH, npH :JTOM Ha rpaHHI.J.C MC>K,IJ;Y BaKyyMOM H MeTannoM Hop- . . . . . * 
Manhnax cocTaanxromax MaruHTnoro nonH. paana uynro • )J;nx peanLn-
HhiX MeTannoa ycnoaHH Toi<oaoro oTpa,KenHH MoryT 6hiTh BbmonueHhi 

. nHmh ,IJ;nH nepeMenuoro ao apeMeHH TOKa. 
llycTh napannenhHO nnocKOH noaepxuocTH MeTanna c npoao,IJ;H-

. MOCTblO u nepeMeii.J.aCTCH CO CKOpOCTblO V 6eCKOHClJHO TOHKaH HHTb 
Ha paCCTOHHHH d . OT noaepXHOCTH MeTanna, HMCJOI.l\aH B o6meM cnyqae 
_3apHA ua e,IJ;HHHI.J.Y ,IJ;nHHhi q H TOK I fa co6cTaeiinoH: cHcTeMe oTclfe
Ta/. llpe,IJ;nono>KHM, 'ITO MeTann HMCCT KOJIC'IHYJO TOnll\HHY h H ll =l. 
.PaCCMOTpeHHe npoBe,IJ;eM ·B ,IJ;eKapTOBOH CHCTeMe KOOp,Il;HHaT, B KOTOpOH 
och z llanpaaneua a,IJ;onh noaepxuocTH -MeTanminaparinenhHO · v H och 

y napannenhHO. TOKY HHTH. 

* OroaopHMCH, 'ITO B .cTauH:ouapuoM cnyqae 3TO npaBHnhHO, ecnH 
yqecTh npouecc B03HHKHOBeHHH nocToxnuoro TOKa. Bcne,IJ;cTBHe 6ecKo-

l neqno .6onhmoii aenH'firiihi nocToxuuoH:· 3aTyxainiJi ;nnx H,IJ;eanhnoro MeT an-
I.· . na yKa3anuoe rpaHH'lnoe ycnoa~e coxpaHHTCH H B cTai.J.HOnapuoM pemH-

Me. 

3 



•• •l< 

~ 

Tor,na llJIOTHOCTb 3apH,na H TOI<a MO)I(HO npe,ncTaBHTb B BH,IJ;e: 

p qo(x -d)o(z -vt) 

j =fly o(x- d)o(z -vt) 
y 

/1/ 

j = 1Jt>8(x- d) o(z- vt) 
z 

y = (1 - v 2J c 2 )-~ 

Pemeime .frnH 3ap1l.noa (I = 0) onpe,nenHeTCH noTenuuanoM <ll H 
A z -. COCTaBJIHIOI.QeH BeKTOpHOrO llOTeHIJ;HaJia, KOTOpaH, O'leBH.IJ;HO, 

· B .nannoM cny'lae paananpocTo A z ,;; f3<1l • TaKHM o6pa3oM, .nocTaTO'IHO . 
HaHTH <fJ H TOr,na onpe,neJIHTCH KOMllOHeHTbl llOJIH 

. a <fl . 2 a<fl 
E z (X ' z - v t) = -( 1 - f3 ) a;- ' E =-: - ·; H = {J E . /2/ 

X a X y 

Toi<oaoe pemeuue ( q = 0) onpe.nenHeTCH AY - cocTaBJIHIDIUeii aei<Top-
. . 

HOrO llOTeHIJ;HaJia II IIMeeT KOMllOHeHTbl llOJIH 

a A 
=- _·_y 

·az 
a A __ Y_ 

ax 
H (x,z-vt) 

X = -.f:3 H 
X 

/3/ H 
z 

E 
y 

liy,neM HCI<aTb pemeuue B cl>opMe, co.oTaeTCTByiOIUeii pa3JIO)I(eHHIO none:H 
Ha llJIOCI<lle BOJIHbi, HanpUMep: 

+oo 
ilqz-vt) r <ll (x) e d k 

lt. .· . 
/4/ <ll 

-oo 

4 

lloCKOJibKY B CIIJiy/1/ 
'· rH'IHO <fl .. · ,- mlMeTHM J 

.KOBaH HliTb! ypaBHeHIIE 

. . . ··-to . 1 . . 
o(z -vtJ =- f 

. . 2 1T 

J2<1J 
.. lt. 

dx 2 · 

-oo 

k2 - ___ ., 
'y 2. 

Ecnn 3aniiCaTb npa·ay11 
: To pemenne /5/ Tai<oB 

'q . '+oo . e 

<fJ = -- f 
lt. 1T K' 

.-oo 

· 3.necb · A .- npon3ao 
HnTerpan a /6/ nMee 
IIJ;ecn3y, c oco6eunoc1 

. KaK B ,naJibHeifmeM nac 
pbiX He HMeiOT TaKOH. 

· ·c'IHTaTb . I~ =I .: 0 .. 
. Tor.na _c no:Mow 

neri<o noi<a3aTb~, ;'ITO • 

+oo e iK (x -d) 

f dK = 
·-Oo· 

K' +k • /y 

~· .. : 

.D;nii :naxo>l(,nemiH none~ 
TaBJIHIOIQHX none :H .. BH.IJ; 

H 

. 2 . 

. 4 fit. - T•2 { 

. -- lt. ---:-:- 2 
dx 

f . · = · B.· e r.x '+ 
• lt. lt. • 



npe~CTaBHTb B BH~e; 

111 

:H ITOTeH~HaJIOM <IJ H 

L, KOTOpaH, OtieBH~HO, 

[06p~30M,~OCTaTOtiHO. 

fl 

H;, = f3E . 12/" 

ICTaBJIHJOil{eii BeKTop-

/3/ 

;!H pa3nmKeHHIO. noneii 

141 

.I 
I· 
I. 
-i·· 
l 
I 
! 

,j 

. I 
'! 

1.' 
I 

'i 
·! 

llOCKOJlhKY B CHJIY./11 ,A y H; ·A z: , onpe~eJIHIOTCH COBepweHHO ·aHaJIO• 

:.· rHtiHO <~> .. , uaMeTHM xo~ peweHHH ~JIH ·fll • B aaKyyMe, r~e neTHT To-

.KoBaH HHTh, ypaBHeHHe ~JIH. <IJ ITOC.Jie HCITO'llb30BaHHJI 141 H 

1 -too ilc ( z -vt) sr z- vtJ =- J e ak 
. 2 1T 

HMeeT BH~: 

. -oo 
k2 

- - <f> =:' -2 q 0 (X - d) . 
'y 2 ... lc 

151 . 

] . +oo .. . I I "' (x-· d)=--. f·· ei.K(x-d) d. K. EcnH JanHcaTh npaayro qacTb 3 a BH~e u 

. TO peweHHe 151 TaKOBO: 2 1T -oo 

+oo e iK (x-d) 
1/cl 

,q --X 

<I> f - dK + Ae y 161 
lc 1T K 2 '.f.: k 2f,y2 -oo 

. 3~eCb A - npOHJBOJibHaH ITOCTOHHHaH. 

lfHTerpaiJ B 161 HMe{n oco6eHHOCTb ITpH k = 0 , CBH3aHHYIO, no cy
I.QeCTIJY, C oco6eHHOCThiO ITOTeJIUHaJia 6eCKOHetiHO· ~JIHHHOH HHTH; Tak 

K~K B ~aJibHeiiweM Iiac 6y~yT HHTepecoaaTb ITOJIH, Bbipa:>KeHHH ~JIH KOTO

pbiX He HMeiOT TaKOH.OC06eHHOCTH, npH BhltiHCJieHHH HHTerpaJia 6y~eM 
. CtiHTaTb /; =/ · 0 . . 

.. Tor~a C ITOMOI.QhiO HHTerpHpoaaJIHH · B KOMITJieKCJIOH ITJIO.CKOCT•H 

nerKo noKaJa Th,, :"fTO 

iK 
+oo e (x-d) 

I 
-oo 

K + k. /y 

·17 _....;.. __ 

1T 

k/y 

-lc/yjx-dj 
e . 

.. " ' 

k > 0 

171 

k < 0. 

,D;n.i(·Jiaxo>K~emiH noneii :B MeTanne pewaeM ypanueii:He ~JIB: Ct>ypbe - 'coc-
~ .. \ 

TaBJIHIOI.QHX ITOJieii .. BH~~;'· .· 

d2f 
: lc 

0,· T 
.I k 2 .. 4 1Ta k v -£ -- v 

c2 

H 

dx 2 

IBI 
.. 1.,, ,; I 

• ; ,.t 

· .. · 



11pOH3BOnhHhie llOCTOHHHhie B perueHHHX /6/, /8/ H .D;nH BTOpOH BaKyyM
HOH o6nacTH ( x - h) onpe.nenHeM H3 rpaHH'IHhiX ycnoanii uenpephiBnoc
TH Er H 1/r npn X= 0 H X= - h • B pe3y.iii.TaTe OKOH'IaTenhHO 
nonyqaeM .nnH nonH npn x > 0 

Ill 
, ·loo /c - -(x-d)+ik(z-vt) i q -t-oo k 

L' I lJ ,. y dk + - f -
c..'"--. --e y lkl 

z Y l!c I -oo _,_, 

-~(x+d)+iA:(z-vt) F (k}dk•, .. 
e Y E 

OcTanhHhie nonH 3ap.11,noaoro peruennH oTcro.na onpe.nenHIOTCH TaK : 

i 2 iJ E r lJ 
ElkJ "' __ Y z. , II.= (JE ·~ 

Z k c)x y X 

"· 

+oo 

·11 =-i.!_ J 
X y 

k we ll(x-~1 . ) .1• +oo k -~(x+dJ+ik(z.::vt}F(k}dk .. ---+,k(z-vt t { -e y II 
y ' . dk+-y . ' lkl 

-oo 
-oo 

/10/ 

3naH II 
X 

peiUeHHH: 
nerKo onpe.nenHTb H ,npyrne cocTaBnHIOutHe nonH ToKoaoro 

E 
y 

=-{J/1 
X 

II (kJ 

% 

a llx(lc) 

---
k ax 

B ~opMynax /9/ n. /10/ aae,neHbi ~YHKQH~ F (k) n F (k) , KOTOphie 
E . H 

MO:lKHO Ha3BaTh K03~~HQHeHTaMH .3apH,D;OBOrO H TOKOBOrO OTpa:lKeHHH, 
cooTBeTCTBeHJI(), KaK :Bn.nH:o H3 /9/ H: /10/, Kor.na · · · 

F (k) 
E 

1 H F. (k) 1 /11/ 
H 

.D;nJI BCeX k , ,D;aiOI.QHX 3aMeTHbiH BKna,n B HHTerpanbi, H~eeT MeCTO 
OTpa:lKeHHe B MeTanne 3apH,D;a H TOKa, COOTBeTCTBeHHO. 

6· 

/. 

H 
11 ' 

' 

\l 
ll 

3TH·K03~~HQHeHThl 

2 
r v 

F (k} ~ (1 + ·--. 
E 16rr." 

FH (k} = (r 2 y2-.) 

To'IHhie paaeucTBa 
n.nea~hnoro MeTan.na 
HhiX ycnOBHHX OTpa 
CTeneHhiOTO'IHOCTH. 

PaccMoTpHM 
cnyqaii nony6ecKo~e 
Hhl 

F (k) 
E 

F (k) = 
H 

.. · 

1 + 

- 1 

r y:-

. r.y;+ 

0TMeTHM cne,nyiOute 
· BHe: 

4 rr.a. ']. --· ·- ·» -· -·. 
k v (3 2 



I H ,!I;ITH BTOpOH BaKyyM

YCITOBHHHenpephlBHOC

riTbTaTe OKOHl.faTeiTbHO 

lkl ·. . 
·-. (x+d)+ik(z-vt) F (') dk y •, t" • B • , .. 

a onpe,D;eiTHIOTCH TaK : 

lkl k --(x+di+ik(z.::vl) ... 
-. .e · Y F(k)dk ·· 
~I · h 

/10/ 
. 

.~(. , I . 
I 

J 

ITHIOIUHe flOITH TOKOBOrO \.( 

jk) .H F (k) , KOTOpbie 
. . H 

[ ,TOKOBOrc;> OTpa)KeHHH, 

r.IJ;a 

I ' /11/ 

erpan&I, .H~eeT MecTo 

TBeHHO. 

ll 

,. 

2 2 
T V }' 

2 e2Th._ 1 

F (k) ~ ( 1 + 
E 16rr 2 a 2 

) -~------.------·---·· ----
2 T h • k T l' v 2 , k T 11 

}' 2 e (1 - z -· __ ;...L.) - (/ ~ t -- --) . 

lk!lrra 'kl lrra 
I ' 

2Th 

e - I 
/13/ 

2Th 2 2 
(ry+lkl) -(ry-lkl) e 

. Tol.IH&Ie· paseHCTBa /11/ HMeiOT MeCTO ITHllih npH n '·' "" , T.e • .IJ;ITH 

H,IJ;eaiTbHOrO MeTanna. llpH KOHel.fHOM a pel.fb MO)KeT H,!I;TH 0 npH6ITH)KeH

HbiX .yCITOBHHX OTJla)KeHliH, KOr,IJ;a /11/ BbinOITHHIOTCH C ,!I;OCTaTOl.fHOH 

CTeneHbiO TOl.fHOCTH. 
PaccMoTpHM npe)K.IJ;e scero qacTo scTpeqaromHiicH B aHanH3e 

cnyqaii nony6ecKo1Iel.f_Horo MeTanna, T.e. h .• "". Tor.IJ;a F H · F pas-
E II 

Hbl 

F (k) 
B 

F (k) = 
H 

l+i_!:-~
lki.4TTa 

'I- i k ~ 

ry ~ lk I 
r.y + lk I 

!kl 4rra 

/14/ 

/15/ 

0TMeTHM cne,IJ;yiomee sa)I(Hoe o6cTOHTen&cTBO. EcnH B&monHelio ycno

. BHe: 

4 TTU 1 _._ ... _"' ·» -·· 
k v {3 2 

/16/ 

7 



~JIH .:Bcex k ~aiO~H.X JaMeTHhiH BI<Jia~- B HHT.erpaJihl_/9/,. /10/, 
- y . - . ·. . ._ - . . ·. . 
(k<km~' 7 ;, To perneHHH B BH~e /9/, /.10/, /14/ H /15/ conrra~aiOT 
c TeMH, I<OTOpLie MOmHo rrony'-IHTh Ha ocHone rpaHHqHhiX ycnonHii JieoH
TOBH'-Ia. IIocne~mie ~JIH mirnero cny'-laH H:MeroT BH~/cM., HarrpHMep, /J/ /: 

E" 1- =-=- (, H I Y -x=o z x=o 

--
'(, = (1 - i) v .!:..3:_ 

/17/ 
E· I 

% x==O = (,II I ' 
· Y x= 0 4rra 

C rroMo~LIO- /17 I perneHHe ~JIH FH , HarrpHMep, HMeeT BH~.: 

i f3 y + (, .- . - . . .· . ·.. - . 
• Q ;- . , II IIPH·.YCJIOBHH /16/ OHO COBIIa~ae·.T C /15/. 
'~--'Y-s · · · 

F II = 

Cne~ona~eJILHO, /16/ B ~aHHOH Ja~aqe /~nmi<eHHe n6JIII311 rrnoci<o:H 
rpaJIJIUhi/ rrpe~CTaBJIHeT C060H KpJITepHH IlpHMeJIJIMOCTH rpaHHl.JHhiX yc- _ 
nonJI:H JieonTOBH~Ia. IIeperriirneM /16/ n ~pyroM BH~e. nne~H "~HJJiei<Tpii-
qeci<yro npoHHUaeMOCTh" MeTanna ( = i 4rra. - _ 

- (L) 

2 . 
f3 lfl » 1 • /18/ 

B fl!opMe /18/ I<piiTepiiii rrpHMeHHMOCTH ycnonHii JieonToBH'-Ia HBJIHeTCH 
o6o6~eHHeM I<pHTepHH, rrony'-leHHoro B pa6oTe MopoJona I 5/ , ua cnyqa:H 
cpe~ c 6oJILIIIHM rrorno~eHHeM. B penHTHBHCTCI<OM cnyqae ( f3 "" 1) ycno- _ 

-nue /16/ BhiiiOJIHeJio ~JIH ncex peaJILHhiX MeTannon, ouo conna~aeT, fl!ai<-
' . TH1.JeCI<H 0 C YCJIOBHeM rrpeJie6pemeHHH TOI<aMII CMe}UeJIHH ITO cpaBHeHHIO 

C TOI<aMH IIpOBO~HMOCTH ( ...£._ » 1) , '-ITO H rrpe~DOJiaraJIOCb IIpH Jarru-
• " - (L) 

CH ypaBHeHHHIIOJIH B Mi:naJIJie B fl!opMe /8/~ 
B nepeJIHTHBHCTCI<OM cnyqae '/ f3 << 1) , BBO~H rny6Huy CI<HH~ cnoH 
__ c_2 ___ _ 

0 == V -2--k- , MO)KJIO JaiiHCaTb YCJIOBHe /16/ B Tai<OH fl!opMe: 
11 a v · 

8 

j ~ ' 

:.[ 

i 

i l: 
1· 
t 

'-1 
J 

I 
1 

.I 
: l 

t 
j 

··:{ 

. r· 
t 
I 
I 
r 
f 
I 

.I 

l 
I 
! 

\ 

I 
'{ 

l 

I o << -: 'o 
k 

,lJ;OCTaTO'-IHO llOTpe60Bl 

v 
W m = d , TOr,n;a 

BepneMcH i< aHa; 
naeT, '-ITO TOI<onoe OTI 

' eCJIII BhiiiOJIHeHO 

k 

lrl Y 
«1 

B peJIHTHBHCTCI<OM en: 
THBHCTCI<OM OHO COBIICl 

,lJ;nH ,n;numy~ero1 

/14/, 6y~eT HMeTb M 

3TO ycJIOBHe np 
( v « c) ~JIH peanLHh 
I<OM CJiyqae, IIOCI<OJILI<: 

. ' .. ..: 

a -
~JIH MeTanna - >> I 

(L) 

/22/ 3I<BHBaJieHTIIO Tp 

-. ( f3 
··": 

IIepe:H~eM I< CJIY' 
/12/ H /13/ IIOI<a3biB 



HT·erpanLI __ /9/,. /10/, 

14/ H )15/ COBrra,naiOT. 
HH.qHhiX ycnolmH: Jleou· 
~/cM.,HanpHMep,h/ /: 

/17/ 

ep, ~MeeT BH,n_: F ll = 

e)·.c /15/. 

H~eHHeB6nH3HllnOCKOH 

IHMOCTH rpaHHqHbiX yc • 
I,ne; BBe,nH ",nH3neKTpH· 

/18/ 

[ JleOHTOBHqa H·BnHeTCH 
opo3oBa/ 5/ , ua cnyqaH: 
~ cnyqae ( {3 "" I) ycno-. 
IB, OHO COBlla,naeT, !)JaK· 
~eiQeHHH no cpaBHeHHIO 

' .. ' . 

:,nnonaranoc& npH 3anH· 
. ~.' 

so,nH rny6HHY CKHW cnoH 

:J TaKoH: !)JopMe: 

; ·, 

) 

I 

1 
0 « 

k 
·o « A. • /19/. 

AocTaToquo noipe6oaaTL a"bmonueuHH /19/ ,nm1 MaKCHMan&uoH: qacTOThi 

v 
w d , Tor,na 

m 

0 « d. /20/ 
m 

BepueMCH 1< auanH3Y ycnoBHH oTpa:>KeHHH. ~opMyna/15/ noKa3LI· 
aaeT, qTo TOKOBOe oTpa:>KenHe B nony6ecKouequoM MeT anne npoHcxo,nHT, 

ecnH BbinOnHeHO 

k 
«1 HnH dlrl»1· . /21/ 

\ T I y 

B penaTHBHCTCKOM cnyqae 3TO ycnoaHe acer.na Bbmonueuo, a B uepenH· 
THBHCTCKOM OHO COBna,naeT C /16/ HnH /20/. 

AnH ,nBH:>KYIIlerocH 3apa,na oTpa:>KeHHe, KaK noKa3LiaaeT !)JopMyna 

/14/, 6y,neT~ HMeTh MeCTO, ecnH ' 

I rl vy « 1 • /22/ 
4 rra 

3TO ycnOBHe npH HepenHTHBHCTCKHX CKOpOCTHX ,nBH:>KeHHH HHTH 
( v << c) ,nna peanLHhiX MeTannoa acer.na B&monueuo. B penHTHBHCTc· 
KOM cnyqae, llOCKOnbKY npe,nnonaraeTCH BbinOnueHHe OCHOBHOro ycnOBHH 

. ', ... .· ' . . . " 

a · ·_,.,:Jrr'a 
,nna MeTanna -w » 1 ·. :Him:, .nna MaKCHMan&uo~ qacToTbi ·y •;,<, -- d, 

(.' 

/22/ 3KBHBaneHTHO Tpe6oBaHHIO 

({3y/ « 
4 rra d. 

c 
/23/ 

IIepeH:,neM K cnyqaro MeTanmi KouequoH: TOnlllHllbi. AuanH3 !)JopMyn 
/12/ H /13/ noKa3hiBaeT, qTo ol-pa:>KeHHe 3apa,noa H TOKOB B MeTanne 

.. i' 

. ' ......... , ~~ 
·.~~<.: ~ 

- •: .. 



t· ·,· 
-;. 

,-·-

npoHcxo,nHT cnona nHWb npH BhmonneHHH ocnoBHbiX ycnonHii /21/ He 
/22/. O.nnaKo npH KoHetJnOM _·h. noHnnHroTc.JI .nononlmTenhHbie ~pe6o:Ba~ 
niiJi. EcnH /21/ H. /22/ nbmonnenbi, To f~H H · F 

8 
6nH3KH B e.nHnHI:~e. 

BO BCeH o6naCTH cyiUeCTBeHHbiX k , ecnH BbinOnHeHbl COOTBeTCTBeHHO 
ycnoBHH: · · ·· · 

2k 
.. ---

I r-1 Y 

lrl.v y 

·2 rra 

« 1 tll rh 1. /24/ 

« 1 t h. rh 1 . 
'/25/ 

0'!CIO,na. cne,nyeT, tiTO TOniJ..tHHa MeTanna orpaHH'IeHa CHH3Y Tpe6onaHH.JI~ 
MH: 

(' 02 __ m 

d 
/26/ ". >> 

2rra0 }' 

,nn.JI cyiJ..teCTBOBaHH.JI TOKOBOrO OTpa)KeHH.JI H 

h » cf:Jy . /27/ 
2 rra 

- ,nn.JI 3ap.JI,nonoro oTpa)KeHH.JI. _ 
. .B CB.JI3H C /26/ HHTepeCHO ondeTHTb, 'IT.O TOK'onoe OTpa)KeHHC Mo· 
)KeT HMeTb. MeqTo .He TOnbKO B clJH3H'IeCKH OtJeBH,I\HOM cnyqae n. m <·: d , 
o « h I 4/ , no H npH . h << o . ·· · 

m ,ZJ;n.JI TOKa npH ycnOBHH /21/ H m 

h « 0. /28/ 
m 

MO*HO nonytJHTb, pa3nara.JI 3KcnoneHTY n /13/ H. npono,n.JI HHTerpHpona-; 
·HHe n /10/~ cne.nyromee npocToe Bbipa*eHHe An.JI oTpa*eHnoro J!On.JI: . 

2/ K 
II 

;c c y I+ K 
2 

r.ne 2rrah 
K ,., ---fly • 

c 

K ( Z - V t) - :Jii +.J 
y 

(z-vt}2+ (x+dl 
y 
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·[;~-rl'··~·~ ·.~. ;~~· 
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. 
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. I ... , 
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I 
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l 

I 
I 

\ 

I 

IIpH K >> I ' t{TI 

non.JI H,neanbHO oTpa)f(~ 
nbl TOpMO)KeHH.JI . 
na:· 

H 1 · I f =--(-:) 
z dy .c 

Ana.riorHtJHbie Bb: 
EcnH Bhmonneno /22) 

h « min I o · 

TO 

2q· 
E ~- --

z y I\ 
2rrah I 

r.ne p = 
c {3} 

CHna TOpMo*::: .... q Ten 

q2 . p 
fE =--·-· 

z d l+p 

. ·0TMeTHM, 'ITO nony'lell 
/33/ n6nH3H MeT anna 1 

/npH K = J H p "" [ 
H MaKCHMYMbl CHnbi 
na /6.7/ . · 

AnTopbi C'IHTai 
r. M .BonOTOBCKOro H I' 



oaHhlX ycnoann /~1/ ~
aorinnTenLHLie Tpe6oaa-
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6nH3KH B e,IJ;HHH~e . 
>nHeHhl COOTBeTCTBeHHO 

/24/ 

/25/ 

qenacHH3yTpe6oaaHHH-

/26/ 

- /27/ 

To:K'oaoe oTpa)Kenm~ MO

I,IJ;HOM cnyqae n,m '· d, 

: /28/ 

II npOBO,IJ;H HHTerpHpOBa-: 

,IJ;DH OTpa:>KeHHOrO I!ODH: · 

·--· 

/29/ 

.... 

I 

IlpH K >:·I , qTo coana,IJ;aeT c ycnoaHeM /26/, /29/ ,HMeeT BH.D: 

DODH H,IJ;eanLHO OTpa:>KeHHOrO TOKa. lb /29/ cne,IJ;yeT Bhlpa:>KeHHe ,IJ;DH CH-

Dhl TOpMO:>KeHHH /Ha e,IJ;HHH~y ,IJ;DHHbl TOKOBon HHTJi/ B6DH3H MeTan- . 

na: 

/30/ 

AnanornqnLie BhlpameHHH MO:>KHO nonyqHTh .D:DH 3apH:>KeHHOH HHTH. 

EcnH Bhmonneno /22/ H 

h « min I o d l , /31/ . 
y 

TO 

p(z-vt}+ 
X+d --

2q __ P_. ·Y 
. ' 

E ~--
2 x+d 2 z y 1 2 

+ p (z-vt}+(-.-} 
/32/ 

2rrah 1 
y 

r,IJ;e p = ---· c {3y 

CHna TOpMom;:· .. ·~ Tenepb paana: 

E q2 . p 
f =--·-

% d 1 + p2 /33/ 

0TMeTHM, qTo nonyqeHHbie Bbipa:>KeHHH ,IJ;DH CHDhl TOpMO:>KeHHH /30/ H 

/33/ B6DH3H MeTanna MaDOH TonmHHhl HMeiOT xapaKTepHbie MaKCHMYMhl 

/npH K = I H p "" 1 I, HMeromHe, BH,IJ;HMo, TO me npoHcxo:>K,tienHe, qTo 

H MaKCHMYMhl CHDhl TOpMO:>KeHHH a6DH3H nony6eCKOHeqnoro MeTan-

-na I 6, 7/ . 

ABTOpbl cqHTaiOT CBOHM npHHTHbiM ,IJ;ODrOM no6,naro,D;apHTb 

r .M.EonoTOBCKoro H H.JLKopeHeBa 3a none3Hhle 3aMeqaHHH. 
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