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B C HHxpouHKn OTpOHe H 3 - 3a neo6xonHMOCTH MonynHpoaaTb l.t acToT y ycKr>P~TIOlllCJ~o ua-

npsnHeHlHI 1 K8K npaBHJlO, H C TI OJlb3yeTCSI TOJlbK O OilHJ-1 ilYBHT. 0pOTHB nya J-IT.:, • ·unxpOUHKri O-

TpOW 06blt.JHO fl0 M9Jll8lOT paMKy , 3 1l e KTpHt.I eCK H COBI-l HHe HHytO C KpbiWKBtdH y C KOJ.HfTe.'lb iiOii 

K 8M9pbl . Vf 3 - 38 OT CYTCT BHSI C H MMeTpHH fl01l51 OTH OCH T 91lb li0 aepTHK81lb iiOii TIJlOCK OC'rH, 11 pO

XOllSHUefl napannenbHO KpOM K e nyaHTa q e p e3 ueHTp C HHXp O UHK1lOTpona , pa c t.J e T ycKopSitOJllero 

n onSI n pencT aBn STe T o npencneHHbte TpynnocTH. Opu nanH'-IHH npOTHsonyaHTHoH paMKlf .a nst 

J1'tlC'-16Iil'll MO>IU·I O DOCTI 01lb30B8TbCfl ¢opMy11BMH, BbiBet.te iHibiM J.-1 npH fi OMOUlH MCTOJI[l KOIIciJOpM -

HbiX OT06pa)KeHHi1 Il1l fl UHKJ1 0 TpO H a
11 

I . npH 3 T OM npnXO[I IITCSI npe ne6peraTb DiiiHIIIHCF\1 Kphl-

w e x K aMepbt, HaXOO SilllHXC51 noa T eM >Ke n o T e HUHBliOM , t{T O li paMKa, n a p a c npeneneuu e 

sne KTpn'!ecKoro non~ a ycKop<~JOllleM npoMeX<yTK e . B pa6oT e 6nna
121 

npoaono11 n onpo6 uhJil 

p acqeT 8lleKTpHt.I 9C KOrO fi OJl Sl li flOT e HUH8J18 Hil98Jlb H Ofl UHK1l0T pOHHOH r e OM 0 Tpll11 OilS:! p5108 

3 H 8 1.:! 8 HHi1 OTH O W 9 HH51 anepTypbl nyaHTOD K B9J1 Ht.1JtHe yCKOpSIIOUlCrO 11 p OM9>1<YTKa . n peHCTBD

li9HHbl MH B BH09 T BfiJl HU pe3yllbTB T 8M U M O )K HO BOCilOJib30DllTb C s:1 01151 llll X O>KJlCI£1151 TI OJISI ,'lyfi ii

TB C HHXpOUHK Jl0Tp OH 8 C npOTH BOllYBH TH Oit p ar-..JKOH. n orpewH OCTJl II C:1 11 £P ·IHTe!Jb JII ,J1 C' C"ll H a n cp

Typa Ka r.. tepbl a n ecKOilbK O pa3 6onbwe yc K opmoutero npo r-..te>:.: y TK a Hn u anep-ryp1>1 IIYD HTll . 

npu 3TO ~l CJICnye T H ~leTb B D lfllY 1 qTQ 

v 
v. .&~ Y, E 

rne V 11 & - n o T e uuua n H Ha npSI >~ < eHHOCTb nann a c uuxpouuKnoTpoH e , a U ll E - n o T CJJ -

U11 8 il H H .0 11p51)K8 1111 0CTb nOn51 B UHKllOTpOH e . 

3KCnepHMeHTllllbiiJ.I e H T eOpCTHY OC KH e HCCJ1 9 00Bll Hiis:1 /
3

, 
4 1 

Tl0K8 3l1J lll 1 liTO Sl!ul ~eK TIIBII OCTU 
.3EI XBt:lT8 B C HHXp OUHK llOTp OH (;: B03pacT aeT C ys e !li!11 C l-lll eM a~xf •C KTI-IBHOit Wilpllllhl YC K OpS:UOI/lCrO 

rtpOM9 ii \. Y TK 8 . J\'\aKCHM81lb H O YB9Jll-!l-lHTb WHpHHY npOM9)KYTK 8 MOii<H O , YL\8l1 H B HpOTHDOFl yll iiTII yJO 

pa ~J K y . B 3 TO M cnyy:ae C H!lOBbiC llHHHH c n yauTa 3BMbiK8tOT C5I u e n oc p enc-rae lll-I O H D KJlOIWK H 

ycKopuTenbHOH KaMe pbl. AHa n H3 O BH >I\:€ 111-tSI q acTuu o T a KO r-. t non e npenc T aBJJ51eT 0 H LI' IIITCilb-

Jl blii OHTe p eC C T O '-I KII 3 p e HIJfl y aenJ.IqeHIHl 3$<!JBK THDH OC TH 38X Ot:l T 8 , T ll K K DK llpH 3 T OM 11 3 /'v!C-

HS110T CS1 38BHC H MOCTb MBKCHt.lBJ"lbHOro Ha6opa 8 HeprHH 38 o6opOT OT p llD H YCll , a CJIC!l OB< .. "t'CJJb· 

HO, If ycnoauSI ¢aaosoro n aH >J\eH IHI HOHoa. Kpo r..te Toro, c yULecTseHHO DHLlOH3Me Hs:tc Tcr~ xo-

p 8 KTep BCpTHK81lbHbiX C Hll 1 o6ycnOBJJe HHbiX yCKOpmOlllH M H ll np s:nKe iiH 8r.·t U flOCTOf!HII b l fo.l 0Tp11-

UB T 8JlbHbi M CMO LU 9 1HleM H 8 JlYDHT8 . P ac npeneneHHe 3 ll9KTpHY:8C K OrO TlOJI51 H TlOTC IIUH 8J18 T O

KOii onnonyauTH OH cucTeMbJ MOli<HO H3Y'IBTb np11 noMOUlll sneKTpormTH ' I CC Ko i i '"'""'/
5 1 

On-

IWKO O lla H e B93ll9 H Me8T C51 0 HllllHl.fiiH , a pe3y! IbT B Tbl Jl0ll Y 1.f lllOTCH TOJlbl<O D rpa t ~ f Jil.J ('C K0 :-.. 1 

3 



Dli,LlC. no3 TOMY /KC'J!Lt T 0Jlb H O npOD CC TH CTpOrHH 8H81IH THlf8CKHfi pac1.reT 31I8KTpH'-1 8CKOIO l101ISI 

H rJOTeHJ.lHll.riB i1YL1 111"'ll C H11XpOUHK J10TpOH8 6e3 npOTHBOllYBIITHOii p8MKH . 

8 Ulli! JI OH pa60T C JlJHI p 8C '-I GT8 yCKOp5IIO!U810 llOJISI CHHXpOUHKll0TpOH8 npHMeHeH Me

TOil KOHcpop"HbiX npeo6pa300811Hii, nyTeM peweHHil HIITe rpana KpKCToljxjlenH-lliBapua " ocy-

IHOC TBJI C!IBifl pS1tJ. 8 l10Cli CllOB8T8JibHbiX npeo6pa30B8 HHJ1: nonyYeHbi paCY8THbi8 cflopMyJibl J]JISI 

nsyx cny '•acs: c s e pTHKilnbnon c Te nKoii KaM epbl (pHc. I a) " 6e3 Hee (pHc , 2a ) . PaccMoT-

p 11M OJHP-18 11 8 nepBbiH C11yYaH . 

Ha pHc, I a c xe Ma TK'I CC KH K3o6pa>KeH pa3 pe3 ycKopHTcnbHoii KaMe phi " ayaHTa 6e3 

llpOTHB0JlY8 11THOfi p8MKH . ¢>yHKUHSI 

W= 
11-h 

211 

Y2( z + ...!.._) + a 
1 z ln _______ _ 

Ita y,(z + ...!.._) 
I z 

Y,(z + _!_)- a 
h z 2 

+ 'j;- ln -----
1- a ·ll(z + ...!.._) 

2 z 
ril e a

1 
11 a 

2
- llOCTOSlHHLi e , onpeneJIH8MLie C HCTGMOti y paBH GIIHH 

~ h 
a 2 2 

1 ·a 2 

___, 
~ e 

(II - h)(_!__ - a 1 ) ~ h ( _!_ - a 
2 

) , 
at a2 

( I ) 

(2) 

OCyt 11 8CTBJIS"I8T KQH(p0pMHOe OT06p8 i i<G HJ-18 BepXHC(I llOJIY OJ!OCKOCTll (pH C . 16) Ha BHyTpeHJIOCTb 

1\ IJIOroyJ~oJJbHilKfl AEO:JD 06llfl:CTII w ( pHC, I a ). B e puniHLI ' ""oroyronbHHKa EO D 

IH.:peBOJJHTCSI D TOYKH - J 1 1, 00 OC U 
/6/ 

• HynH 3 11HMeH a -renei; .'lora pu<f>M H'"I GCKHX Bblpa -

;.; \ e llllii B ( }) C Y 1 1 CT0 ~1 !1 ,1 Tip rt B!l8HIHI 06X0.0.8 C TOpOH MH010yrOJibHHK8 onpe{1e!l51.10T Ha OCH Z 

TOYKJI z If 
A 

z" , oTo6pru:~ alOI.UifeC s:J a 6eCKOHeYHO ynane nHu e aepwnKhl A .. B , T aK 

Ktl l( Z A 11 Z H B e l!lCC T B(! JIJTbiC 1 at::;_ 1 1 a 
2 
~ 1 ; 

z 
,\ 

- __!_ - \ ' ~- 1 
a I a i 'n 

fip1 1 JJ(I :-._ \OIJI U Tp .'IIIC .' IJl AI ;lJTIJ II 

pz u -I 
z H:IJ.f 

+ I I 
a2 \ 32-

1
· 

2 

z -z 
II 

1/U J I Y IJ.liO• ~ I\OCTI, fmz · 0 OT06p:HI\f1C T C5t KOJi~lOp !--.11 10 HB ITO!Iyli . H)t.: l~O L" Tb 

(3) 

{4) 

17 ! 
(puc , I s) ; 

11p11 .,To ·.1 e ot) :tn c ru OTOGpa >K8HliC T011KII B H aXoJUJTc ~~ n fi e c KolreYHOCTH , TOt.tKH. D 

- {l u' T O'WK A, E, 0 

p ~ 
,\ 

- COOTOO T C TBCHHO I) 

ro ~ 
B 

z - z R A z 11 + 
If Po 

z n -1 

lfur ·ho. Jh h.y np sr.ws1 Ol3 SlH Ji stGTC~I OCb!O C H~. L"-IC Tpllll otl: w c 111 , 1\ I<CIT O p Oii H IUer-..t TT O:!C , 

n n! l flll " •.'li iiH ( 1) 11 ( 1) yJlonneTnopSilOT ycnoBHSll\1 npilHI! ll nn cn:. ' ,\l 0Tp1HJ, O IIH OCyuteC' TB. l H-

'· T IJ T (J(ll ' :t '; . e tllie :-. t H 1 1 T'o y ron~:.HTII\8 o6nacTn w ff El II O JJ II Y loJ ll II Jt 1\ 0 C Tb c Obl6pourr: u -

.! ' ' 1'· ' : J l\1.1( ) '.· UD.\EU • rJpooGpn~on.·:urue 

nepeBOJ]HT OCb CHMMeTpHH 

llDAEO - a nono>KHT eJ 

npeo6pa3yll P.flOCKOCTb C e 

Bblpa>KeHHe 

npeo6pa3yll nonynnocKOC Tc 

B 110110>KHT81lbHYlO H OTpHU 

TOlfKB A H8XO,O.HTCH B Hat: 

llliOCKOCTH 71 

HaKoHeu, nonoca 

nnOCKOCTb lml) > Q np> 

nepeao.nnw.eii 3KBunoTeHUH". 

6eper nonynonoC b J unt pHHC 

xoasuuerocS1 non e.aHHJP-tHbJ 

06oeu HIHIB npeo6pa3 

6palf< e HHe o5nacTu w 

w ~ 

rae 

Y ~ Y,[zR-

3a!l8BBHCb T01.J.KO M H 3KBIII1 

rrp51Mbte, napannenbHhle c 

nocpeUCTB8JlHO K8pTHHy 3 

3!18KTpOCT£1Tl11.JeCK0 0 none 

dw 

a.~ 
v'r!!.: 

2 



ac1.1eT 311eKTpH"l€CKOro nOilSI 

•BM KH . 

HKilOTpOHB IlpHMeHeH Me-

pHCTo<jJ<jJenH-Waapua H ocy

pnc'!eTHbJe <jlopMyllbl an" 

e3 Hee (pHc , 2a) •. PaccMoT-

HOJ1 K8Mepbt H llY8HT8 6e.3 

1._) 
(!) 

z 

(2) 

(puc , 16) l!a BHyTp€HIIOCTb 

!I.HroroyronbHHKa EO D 

2i; ~orapH~MHl.JeCKHX Bblp8 -

iiJfKCl OilpenellHIOT H8 OCH Z 

f\epw HKbi A H B , TaK 

'- l. (3) 

(4) 

)t_ 'I b p 
17 1 

(pu c . I s); 

z n -1 

~\ 1\ nTopofi HIJ.t er..t rr one , 

\,0Tp!III, OJil-1 OCYIHCC TB.l5l-

. I,OC Tb C Dhl6poi/Jr: u-

2 
P ~ Po - q 

(5) 

nepeBOll.HT OCb CHMMeTpHH OB o6nacTH p B MHUMY~ OCb HB Q , a aaa 6epera pa3pe3a 

BDAEO - B flOilO>KHTellbHYIO H OTpHUBTellbHylO nonyOCH neiiCTBHT€11bHOfi OCR q 

npeo6pa3yg nnocKoCTb c Bbt6poweHHhlM ny'IOM 

BbtpalKeHHe 
7) -I 

q :::q , ___ ; 
A 7) + 1 

(7) 

B nonynnOCKOCTb Imq > 0 

) . 

(puc, I rl, 

(6) 

npeo6pa3yg nonynnocKoCTb caMy a ce611, nepeaoa uT 9KBHnoTeHuHanu AEOE'A' u AD3D'A' 

B IlOilO~HTellbHyiO R OTpHUBTellbHYIO nonyoCH neHCTBHTellbHOH OCH ry (puc, I a) . npu 91'0M 

T01.fKB A HBXO.OHTCSI B H8"-1811e KOOp.OHHBT, B T01.fKB A' - B 6eCKOHel.JHO ynaneHHOit T01.fK e 

IlllOCKOCTH TJ 

HaKoneu, nonoca ,; BbiCOTOH j V 
9 (puc . 1e) npeo6pa9yeTCSl KowpopMHO a nony-

nnoCKOCTb Im 7) > 0 npH flOMOlUH Tp8HCQlOpM8UHH 

!L 
7J = e \!, (7) 

nepeeo.nHLUeH 3KBHnOTenuHanH AEOE'A' H ADilD'A' COOTBe TCTBeHHO B HII~IHiii H oepXHIIii 

6eper nonynonoCbl wnpHHOti V9 • B nanbHeilweM 6yneM paccYHTbiBB Tb none uya HTa, Ha-

xonHweroc51 noa e.nHHHYHbtM noTeHuHanoM, no3TOMY C~ Im (; ~ 1 . 

06beJ1HHHB npeo6pa30B8HHH, npoeeneHHble IlOC11CJlOB8T01lb H O , IlOilY'-IHM KOH<Popl\11-lOe OTO-

6p8lK8HU€ o6naCTH w Ha nonocy o6naCTH ·~ 

H-h y +a I 
In 

y- a 2 

w ~ In 
~ 

+ 
2rr 2rr I - a2 y 

(8) 

rae 

y ~ Y, ( zs- + 
2 ,.; 

Po - q2 th z -
q2)h ·~ A' 0 -2V 9 Po A 2Vg 

(9) 

3anaB8SICb TO"--K<.lMH 3KBllnOT€11UHB11ei1 H ClfllOBI>IX JlHHHii B nJlOCKOCTII < ., ( 0•1el311!lHO, 3 TO 

IlpSIMble , nap8IlJl€IlbHhl9 COOTBeTCTBeHHO OCH a6CUIICC U II OC H Op0 llll8T ) , IIOllY'-111 ~1 J-JC -

nocpencTaenHo KBPTHHY 3KBnnoTenmwneii n cunoohtX JHtHH ii a nnnct..:oCTII w( x, y) • CaMo 

3JleKTpocTaTH'-IeCKoe none E onpenenHeTC51 113 cooTHow e uuii 

E = j (10) 

( ~w ) 

1 -a~ 
rr.,.-

1- a 22 il w ~ y'(ll-h 
~ h 

I + 
a.~ 2rr (Y; a 

1 
)( 1 < a 1 Y) 2rr (Y - a

2 
) ( 1 -a

2
Y) (1 1 ) 

5 



Y' = 

2 ,.; 
q , IT th _ 

A · 2 Vg 

2 1: 2 2 IT~ ) 
2 

2 V ch _IT'>_(p - q ,th ..,....,--
9 2V

9 
0 A < V 9 

1 2 - ·11 •. 

Po-\""% ) 
9 

( z B - ( 12) 

B ( 10) q epToli , K8K o6bt'!Ho, o6oaHa'!eHa corrpHlKeHHaSI aerrH'IHHa . K aK BHilHO, rrony'leH

Hoe CTporoe peweHHe TIOC T BBneHHOfi 3anaqH npHBO.UHT K llOB011bHO rpOM03UK HM ~OpMynaM 

an~ onpeneneHHH sneKTpH99CKoro nann. EcnH n p eHe6peqb anHRHHeM nanbneA cTeHK H EE' 

yCKOpHT911bHOH K8M8pbl, TI011Y9HM ynpOlll9HHbl9 cf>opMy11bi 1 rpaHHUbl npHMeHHMOCTH KOT OpbiX 

onpea.enH.M H3 HenocpencTBeHHoro conocTasneHHH peaynhTaT OB pacqe Ta . CxeMaTHqecKH paa-

p ea yCKOpHT811bHOA K8M9pb1 H nyBHT8 B 3TOM cnyq ae TIOK838H H8 pHC . 2a, 0To6palKeHHe 

aepxHeli rronynrrOCKOCT>! lm z > 0 (pHC, 26 ) H8 BHyTpeHHOCTb o6naCTH B IIIIOCKOCTH W 

(pHC, 2a ) OCyweCTBIIHeTCSI/
7 / ~YHKUHeli 

w = 
H-h 2 h 
__ In (z - •I) + _ In z + C 

21T IT 
( 13 ) 

tlepeaonsrweii TOqKH A 
1 

, B 1 

ocH z • 3necb 

A2 , B2 ,A 8 ,B 8 B TO'IKH -I ,-b 0 b 

npeo6p830B8HHe 

H - h 2 
C = - __ In(l-b ) 

21T 

h 
b ~v' lf 

w - 1 
z = 

w + 1 

In b 
IT 

nepeBOOHT nonynnOCKOCTb CU {puc . 2a ) B rronyrrnOCKOCTb 

9 KBHIIOT e HUHanu A
1
B3A

3 H A ! B lA 2 B 2 A 3 o6naCTH w 

(14) 

{15) 

{pHC , 2 6), n pH 9T OM 

rrepeBOilHT CSI IIpH IIOMOWH 

{) 3 ) H { 15 ) COOTBeTCTBeHHO B OTpHU8TeiibHYIO H IIOIIO~(HTenbHY!O IIOIIyOCH aeilCTBHTeiibHOil 

OCH (t.l • T o'IKa A 1 rrepeBOilHTCSI n Ha'!ano KoopaHHaT (0) , A 8 - a 6ecKOHe'IHOCTb ( ~ ). 

H a KOHeu , TpaHc~opMaunH 
ITl: 

* w c e 

auanorH'!HO {7) B cTporoM peweHHH ocyweCTB/tSieT npeo6paaoaaHHe n onyrrnocKOCTH w 

{puc . 2a ) Ha rronocy l: 

'• Bbi COTO~i j Vg {pHC , 2r). 

{1 6 ) 

0KOH\.f8TeflbHO H3 {13), { 15 ) II {1 6 ) nonyqaeM OT06pa~<eHHe IIOIIOCbl o6naC TH 

f. (puc . 2r ) Ha o6naCTb w {puc , 2a ) : 

w c ~':_ In ( th 
2 3.__ - 1 ) + ....':... In th ::.!_ + C 

2 1T 2 V9 IT 2 V9 
(17) 

6 

nnu w ~ In th . 
IT 

CooTHOWGH~< H ( 17) 3H89 l 

UHPYSI w no ,; , non y"~Hi 

non H a o6naC TH w : 

rae 

E 

O ocne .anHHHhiX , ao Hec. 

aw 
a~ 

H-h 

-z--
2m> IT 

(e - 1)(ke 
------

J13 ~H311'1 eCKHX C006p8 lK 

Holi (8) H rrpw6nu meHHOli (17 

KpOMKH JlyllHT B 6yneT MBKCWh 

( t-.18 K CHM811bHOr O OTHOW8HH~ 

na cepHH 3 HaqeHHii napa MeT p 

" YII8M {8) H {17) 9 KBHIIOTeF 

p8Cl!8T8, 3 H890HUH K00p !1 HH8' 

0 ,005. n o9 T OMY B ll8IlbHefiW• 

Ha pHc . 3 KpeCTHK BM H 

TI110CKOCTblO, nonyqe HHble np 

aanHe
151

• H eaHBl..JHTenbHOC o-r 

TIO- BH LHfMOMy, H eKOT Ophli\l OTJ 

Toii npu p acq e Te . 11 3 npuBCl l' 

yM eHbW€ HH eM anep T )'pLI yCK I 

311€KTpOCT8TH99CKOrO TIOllH B 

KpOMKH nye HTa . O n u oapeMelu: 

eTCH He HIOK9 3H8\.f8HH~ 0, 95 , 

3H8 l.JHT9nhHO o 06naCTb, B KO' 

BHyTpb nyaHTa npH J\..19 pH O 

ycKOpHTe11b H OR K8MepLl o 

3H8l..J8HH SI H8Tip5H1<9 HHOCT! 

B 38BHCHMOCTH OT paCCTOstHH 

neHbT a T a6n uua x 1 H 2 . 



-11 '· ---)-2 

'1ft2% 
. 9 

( 12 ) 

L.JHHa . K aK BH.llHO , rronyqeJ-1-

rpOM0311KUM ¢opMynaM 

eM nanbHe~ CTeHK H EE ' 

I TipRM9HH MOCTH KOTOpb!X 

cYeTa. CxeMaTHqecKH paa-

)naCTU B ITnOCKOCTH W 

( 13) 

II -J,-b 0 b 

(14) 

(15) 

(puc. 26 ). npu 3 T OM 

·peBO.UstT CSl npH TIOMOllUf 

TI Oll yOCH Jl9i1CTBHT9llbHOff 

- B OeCKOHC4HOCTb ( ~ ). 

( 16) 

e nonynnoCKOCTH w 

i< 9HH9 TI011 0 C b l 0 6!18CTH 

(17) 

HflH w ~ h !nth ~ 
TT 2Vg 

~Inch rrf.. + j H-h + C 
" 2V

9 
-2-

CooTHOWGHIHI ( 17) 3Ha•mTenbHO rrpome cooTHoweHuli (8) u (9). 11 3 ( 17), ll HQrjlcpeH-

UIIPYSI w ITO ,; , ITOllY'lHM IT pH TIOMOLUH ( 1 Q) Bbtp8:>K8HH9 Jlnfl an e KTpOC T 8 TIP-l9 C K O r O 

IT01151 B 06118CTH W : 

rae 

E 

Docne .UllHHHbiX 1 HO H9CllO:tKHbiX npeo6pa30B8HH it rrony qaeM B pa3 BepHyTOM B H Ue : 

aw H-h (e""" - 1)(ke""oos!TV- ·e"""- 1)+j(;" sinrrv(4e"" oos7TV--k e"""- k )J 

----z-
'"" e 

:J7u 
- 2e 

k ~ 2 H+ h 
11-h 

cos 2rrv + I 

( 18) 

( 19) 

J.13 Q:H13lP.l 9 CKHX C006pan<9HH fi SICJ-10 1 qTQ pa3HHU8 B 3H8 l.J 9 HJISIX , Bbi4:HCneHHbiX IT O T 0 \.1 -

HOil (8) H rrpHOITII>I< CHHOli ( 17) ¢opMynaM llriSI 3811BHHOrO paCCT051HII51 L\IWbHeil CT e liK II OT 

KpOMKR .O.Y8HT8 6y.ueT M8KCHM8flbHOi1 B cnyttae M8KCHM81lbHO i1 Bb!COTbl y C KOpHTBnbH Otl K8 M9pbt 

H 
(M8KCHM8llbHOr O OTHOW9 HR~ ~ -

H3 CepHH 3H81.f 9 HHA napa MeTp8 

) • noaTOMY .llllH Cp 8 BH9HHH K8 pTHHbl TIOll Sl B 0 60HX Clly t.t B fi X 

H H h OblnO BblOpalto OTHO W e HH e 11--5 • n ocTpOeHI!ble n o ~lO p-

"yna M (8) U ( 17) 3KBHITOTe iiU l!B ri H (puc . 3) rrpaKTH'IeC KII n OIT HOCTblO COBnBilB JOT, n o L\B Hllbi M 

p 8 C1.f 9 T8 1 3H8 Y 9 HHfl K 00p .U HH8 T OTl! Ht.£ 8 IDTCfl T OllbKO B C9Qb MOM 3 H 8 K 9 nn H 3KBHTI OT 9 HUH8liH 

0, 005 . n o 3TO M Y B L\BflbHeHWCM p acq e T b l rrpOB011 51TC51 n o ¢op MynaM ( 17) 11 (18). 

Ha pHc . 3 KpeCTiiKBM H OTMe1.f e HLI T 0 1.fKH n e p ece• re HHH a KBHnoTeHuHa lle ti c M e.U H B HHOH 

flliOCKOCTblO, n o nyqe HHbl 9 npH ll3Me p e HHH pacnpeaen e HHH TI OT 9 HUH8ll8 B 3 11 9 KTpO~HTHY8CKOA 

ea H He
15 1

• HeaHa YHTenhli OC OTJIH'-IH e a n o no>K e HHH KpaHHHX 3 KBJ1IIOTeHuHan e H o6bHCH5IeTcS1, 

TIO-BHJlHMOMy 1 H 8 KOTOp h!M OTKll011 8 HH 8 M pC13 MepoB M8K 8 T 8 OT H.U9 8 llbHOif reoMeTpHH , npHJISl

T O il np11 p a c'! e Te . 11 3 n p HBe!leH HbiX r pa<jJUKOB (pu c . 3, 4, 5, 6 , 7 , 8 U 9) BUilHO , 4TO C 

y M eHhW e HHeM arre pTypLr yc K o pttTellbH Oh KB Mepbl ~1 aKC H M8JlbHoe 3 Jt a t.t e HJi e H a npHmeHHOCTII 

8 li 9 KTpOC T8TH1.f9CK O r o TI OJ1 S1 B M8ll ll8HHOii rili OC K OCTH B 0 3p8 C T8 9 T W CM 9 UI8 9 T C fl B CTOp O Hy 

KpOMKH O Y 8 HT8 . 0 .U H0Bp9M9HH O npO U C XO.[l H T C y >I<9 1Uf 8 06J18 C TH 1 B K OTOpOH. TIOT9HUH8ll OC T B -

eTCH He HMme aua1.f e HHR 0, 95 . P acnpene ne Hite non H BIIYTPH .nyanTa 

3 JI81.IJ1T911bHO . 06.J 8CTb, B K OT OpOI1 3 8 K 11 10 1-i 9 H noT eHUHll 11 OT 0, 05 Jl O 0, 95, npOCTHpaeTC H 

BHyTpb ayaH T a npH !v!O pHO HB IlO!lOBHH Y era anepTyp bl, a eue ero - Ha a n e pTypy 

ycKOpHT911bHOil KBMepbl . 

3H8 Y 9 HHR HBDPfl*eHHOCTM 8119KTpH t.t9CKOrO TI 011fl Jf noT 9HUH8118 B M9.llH8HllOn TiliOCKOCTH 

B 3BBH C HM OCTH OT paCCTOfiHHfl .llO KpOMKH nyaHT 8 Jlllfl pa C C M OT p9HHbiX BLIWe CllyY89B np uoe-

09 H bl B Ta6rmuax 1 11 2 . 
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npeucTa BnHeT HHTep ec npOH3BeCTH no nony'!eHHbiM ¢opMynaM p8C'!eT 38BHCHMOCTH 

M8KCHM8nbH oro Ha6opa 3HeprHH sa o6opoT oT paaayca ans1 pa3Hbt X 3H8'1eHHli napaMeTpa 

~ • H eTpyaHo nony'IHTb (eM, pHc, 10 ) Bbipa"'eH;,e anSI MBKCHManbHOro Ha6opa 3HeprHH 

38 o6opoT eVmax C y 'leT OM 38BHCHMOCTH OT BpeMeHH yCKOpH~mee none 6yaeT 

E" sin a , a e ro TaHr e HuHan& HBH npoe KUHH paBHHeTCH E • 2 
s1n a 

Tor a a 

v 
max 

" 2{f., sin a Rda - :_ { E sin a da 
R X 

·R 

R 
R 2 2 

~ { E yR - x dx. R ' X 
·R 

(20) 

Jln11 MeaH8 HHOii nnOCKOCTH ( U ~ 0) npH y
9 Bbtp8)1{eHH!! ( 17), ( 18) 3H8'1HTenb-

HO ynpOllt810TCH H Mbl rronyqaeM: 

E. c 

w~ 

h tg ;;y 

rr1nj 2 
(cos ;rv )H-h 

-r" 

. H-h + ~) 
W = X+J(z- 2 

-j 

j sin rrv 

H-h .
1 

rr v 
-2- J g -2-

+ c + j~ 
2 

. H 
X+ JZ 

sin TTv 

I! -(H - h)cosrr v 

(2 1) 

(22) 

TaK KaK H3 ( 2 1) " (22 ) v Bbtpa"'aeTC R qep ea x Tp8 HCU8 HJ]8 HTHbi M YP8BH8HH8M, 

'lHCneuuoe HHTerpupoaaHH e BbJpaxceHH!l (20) CBSI38HO c onpeaeneHHbiMH Tpya HoCT!lMH, Jlns1 

TOrO , YT06bt H368BHTbCH OT HHX 1 38M8HHM nepeMeHHhl8 8W8 pa3 . 

nocKOnbKY iJ x 
a;- SlBllst9 TCst B9JlH'4HHOfi, o6paTHOii TIOJllO 

M8HiiOfl HB nepeMeHHY~ V 

vma x 

nonyqaeM 
V

2
(R> __ _ 

2 2 2 
R ( V R - xdv 

V ( · R) 
I 

E. , nocne 3aMeHbi n e pe-

(23) 

r n •' - 5!Bil8SI ¢YHKUHSI V onpeaenSieMa n na (21). 3aecb npn 'IIICneHHOM HHTerpHpo-

BEJHIHf 3 11 848HH8 TIOnhiHTerpBllbi-I Of"r QlyHKU HJ.t f10LlCT8BliH8TCst H8TI0Cp8.UCTB8HH0 1 8 Tp8HCU8 H-

neH T HbiMH ypaBH8 1HfstMH 0ITp8.D,8liHJOTC S1 TOJlbKO rpaHHUbl V t H V 
2 

• nony 1.J: 8 H Hbl8 T B KH M 

06pa30M rpacJmKH 38BHCI1MOCTH OTHOC U:T8llbHOf'O Ha6opa SHeprHH 38 060pOT OT paaHyca .Ul! SI 

p83HblX 3 H 8Y.J.8H H i1 OTHOW9HHSl -#- fiOK838Hbi H8 pMC . 11 J 8 1{H CJ18 HHbl8 p e3yllhT 8 T bi pacqe-

TB npHB8Jl8H b l B T a6n uu e 3. C Y M9HbW9HI-f9M 3 TOf' O OTHOW8HHst KpHBbl € C TBHOBSITCSl Kpyqe . 

C yeenH'Y:eH Hef\-1 panHyca ace KPHB&Ie aCHMITTOTJP-recKn n pH 6n H :»<aJOTC5J K enHHuue. 

H a pHC . 12 llllfJ Cp8BH8HHfJ n pHB8ll8 H 8 K p llB8Sl 2 OTHOC HT8llbHOf' O H86opa 3 H eprHH 

38 060p 0 T, paCC 1.HfTB HH85J HO l10llyt.t8HHO M Y B 9118 KTp Oll HTHt.t8C KOfi B8HHe p acnpeaelleHHlO 110/l Sl 

8 

nyaHTa npH HanH1.fHH nnaa Mer. 

o6pa3oM : nn H ps:~na aHaqeHu. i 

KpHBbi e HH¢<jJepeHUI!pOB8nHCb 

y q e T a 38B HCHMOC TH yCKOpHIO 

n ony t.t88M 3 J1 8 1.f 8 HH8 M8 KCHME 

0 THOC!l aemi'IHHY evm. 
OTH OC HTenbHbli:\ H860p 3Hepr 

npH HCYI Onb3088 HHH HOHH OrO 

HOB B y C K OpeHJI8 1 B MOM8 HT 

noao6Hy~ paCC'IHT8HHOJ! B aa 1 

pbi H pacnono il<e H Ha Kp btW K 

rHu OT paa Hyca 6yaeT onpe1 

Kp HB8 !l 3 H800pa 3Hepri!H 

KOTopaH nonyqeHa B pa6oTe' 

>K8 Hil8 M 

Ha pu c . 13 an n cpaBH 

d (...':_) cf( 
dx V9 

2) . KpHBbre c 

'4. 8C K OPO YI OJHt 

(26) (KpH B85! 

Oa naKo, npHHH M8 Sl BO 

(pH C. ! 2) 118 11 8' I.1nbHOM y~ 

B8Tb np n p.:JC1.J8 T 8 cfJ£130BOrO 

( B T 8 4 C HII 0 OpC:-- l OIIH 3.:J XB8 'I 

npeU8li8H II 8 KOT OpOrO OTIHCb 

AnTopbl Bhipa t~< aJoT 6n; 

~OCT8HOBK8 nB HH Oii 3808 411. 

I. A. t· • CTpawKeBH'I . 3n e> 
oceeon cJu.. :r-.·,eTpH cli . c:PH. 



lM pacqeT 38BHCHMOCTH 

biX 3Ha'll eHHit napaMeTpa 

•anbnoro na6opa 3neprHH 

:op SIJOIUee none 6yaeT 

.X • (20) 

lSI (17), (18) 3 H8'1HTenb-

(21) 

(22 ) 

U9HJl9HTHbiM yp8BHeHH9M , 

~Hbi MH TpyU HOC T51M H • .fl.llfl 

, nocne 3aMeH b l nepe-

(23) 

pn YitcneHHOM HJiTe rpnpo-

9UCT B9HHO, ll Tp8HC UeH-

2 • nonyt.JeHHble T8KHM 

•a o6opoT oT paa><yca an" 

;neHHbte p e3ynhT B T bi pacqe-

~pHBble C T8HOBHTC51 KpyYe . 

CSJ K enHHHUe . 

Jlbiioro Ha6opa 3 H eprHH 

BBH H e pacnpe.a.eii e HHIO nons:~ 

llY BHTB rrpH H8JlH'liHH f1J183 M9 HH0 f'O CTOnt5a HOHHOf'O HCTOttHHK£5 ~ P acqeT npOBO!HfJI CSl Cl!enylOtUH 

o6pa3o M: an<~ pSiaa 3HB'Ienn~ paa ><yca op6HTbl CTpo><nHcb KpHBbte v = £1 (a) 

KpHBble a H!jJ<jJepeHUiipOBBnHCb a n!! HBXOJKaeHH!I ~ = f 2 (a} YMHOlKBil f 2 (a) 
da 

y tt eTa 38BHCHMOC TH yCKOpS1lOW9f'O H8flpSDK9HHSl OT Bp9 Me JH1 H HHTe rpHpySI TIO 

1 38T 9M 3 TH 

HA s in a J]JHI 

a OT 0 JlO TT 1 

nonyttaeM 3H81.J:9HH9 M6KCHM8JlbH0f'O H860p8 3 H e prHH 38 060p0T H 8 fl8 1-1H 0~\ pA U HyCe 

eV 
max 

" 
2e r~ sin ada • 

0 
da 

(24) 

0THOC 51 eenHqHHY eV max K 2eV 9 , r.a.e V9 - H a np snKei ru e na .n yaHTe, non y LIDQj\1 

OTH OC HT8JlbHbtfi. H860p 3 H 9pf'HH H OHOM 38 Ot50p 0 T H B 3 TO M p8J:U1yCe . CnenycT OT MPTHTb, 'I 1'0 

npH HCflOJlb30B8HHH HOHHOf'O HCTOttHHK8, pa60T8JOlllef'O TOJlbKO B T e l.J. eH H e opeMeHH 3DXBOTD 110-

HOB B yCKOpe HHe, B MOMeHT raweHHSI pa3pSill8 3J19KTpHt.I8CK09 f10 J19 npH 06peTaeT KOHcf>HrypBUHIO, 

noa o6ny10 pacC'!HTannol! a aannoil pa6oTe (pnc . 3). ecn n HOHHbtil HCTO'IHHK HMeeT ne6onbWHe pa3Me 

p b l H pacnOJlO /K9H H8 Kpb1WK9 K8 M9pbl. npH 3TOM 38BHCJit.,.!OCTb O TI-I OC HT9Jlb H 0f'O HD60pL'l 3 H C p -

rHH oT paa nyca 6yaeT onpea enllTbCil KpHaoil H a pH c . 12. Hn 3 T OM *e pw cy HK e npHeene Ho 

KpHBB!I 3 Ha6opa 3HeprHH , p8CC'IHT8HH8!1 no !jJOpMyne: 

e V 
~-
2eVg 

h 

rrR 
(25 ) 

/4/ 
KOTopa51 nonyt.JeHa e pa6oTe , r .a.e pocnpeneneHn e n on5t nyanT a a nnpoKC H M Hpoeanocb BhlpD -

>Ke HH9 M 

H a p>< c . 

t.J ec Koro nann 

(26) (KpHB851 

I;; = 

h[ l+(E2'- ) 2
] 

h 

{26) 

13 Ullfl C p 8 BH9H H51 TIOK838Hbl rpacf>HKH OTHOCHTellhHOi1 H 8 Tip 5DK9 HH OCTJt 3Jl€KTpH-

~ (...::.._) = f(x), paCC"'HTBHH ble B aaHHOH pa6oTc ( Kpnaa<~ I) u no ~>opMyn e 
QX Vg 

2). KpHBbte cyu;ecTBeHHO oTnH'!BJOTC!I apyr oT upyra . 

0Jl H 8KO, npHHHM8SI BO BHH}. ' B Hl-1€, '-ITO KpHBbi e OTHOC HT C llbHOrO u a6opa 3 IIeprHII 2 H 3 

( pHC . 12) 118 H8'1<lnbHOM y'laCTKe OTnH"!BJOTCII HeHBMHOrO , !jlop'q II)' (26) MO>K HO HCf! Onb30-

88Th npn paCt.Je T e £Po30BOf'O !lBlOf<9 1IH51 B T e1.1eH ll 8 epeMeHa ne i1CTBTHI HOHHOf'O H C T0411HKfl 

{ n T e Y e HH e epej\:e m ·l aa xna T a ), nocne t.J ero aen>Kenne c nenyeT paccMaTpnsaTh e noi 1e , p:Jc

npenene Hit e KOTOporO OTIHC MB89TC 51 ¢opMynofi (22) , n onyq eH HOA B U811HOi~ paGoTe . 

AnTopb! Bhlpa>HaiOT 6 na r onapH OCTh B. VI . Lla !H111 0 BY H P. T . ileHt.Jeay 38 cone i~ c Taue n p u 

ITOC T 8 HOBKe !J8 11HO H 38U8 1.f lt. 

iiHTepaTypa 

1 . A. 1'- ' . • CTpa wKe BH't!. 3ne KT!JOIUI8S1 on T HKB 3 JieKTpoc TnTH'--l CCKHX non e H, He ot5naLHliOII!HX 

oceaoll c" '"·.eTp!i c il. 4>wa MaTrH:l, 1959. 
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OKTHCTOB. P a cqeT H8lf8nbHOA 06fl8CTH ycT oAqRB biX ~30BhiX KOne6 aHHA B CHHXpOUHKflOTpo

He, npenpHHT 0115111, P-1448, Ily6aa, 1963, 
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'-, H{fH) _________ 
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- I 8 O, OOIO<J5 O, C 
-I6 0 , 00Ii3'1!l o,c 
- Ill 0 , 003ll 9 o,c 
- I2 0,00526I O, l 
- IO 0 , 008858 O, l 
- 8 0 , 01 4fl4 7 O, l 

- 6 0 , 02'15fi 'l O, l 
- II 0 , 03926I o, ( 

') - '- 0 , 057736 o,c 
0 0 , 072106 o,c 
2 o, 0727117 0 , ( 
4 0, 060422 o,c 
6 0 , 011111187 o,c 
8 0 , 030800 0 , ( 

10 0 , 020723 0 , 1 
12 0 , OI3766 0 ,1 

1'1 O , OO~OSlll 0 ,1 
16 0 , 005993 0,• 
IS 0 , 003<Jit5 0 , 
?0 0 , 002596 0, 
25 0 , 0009II 0 , 
20 0 , 000320 0 , 
35 0 , 000112 0 , 
ItO 0 , 000039 0 , 
115 o, 00001 4 0 , 
50 0 , 000005 0 , 
55 0 , 000002 o, 
fiO 0 , 
65 
70 



tn Idealized 
'PA SJH!UA I 

~ctober, 1961. 

anbllbi X yCnOB HSIX 38XB8 T8 _1_ { _!!__) = f' (x) h = 12 C"'T 
Jly6Ha , Hl61. dX J,j I 

'--:__ H[cH)----- -----------------------------------
A . H. Cacj>oHos, E. B. <l>e- J( [c~ ,' 15 1 6 re ?.4 36 '1 8 60 

1e6aHH fi B CHHXPOilHKnoTpo- - -- ---------------------------------------
- 20 0 , 0000'17 0 , 000()4/1 0 , 0000'10 0 , 000032 0 , 000025 0 , 000021 O, OUUOl 'J 

OITQ B U9HTpBilbHOfi 06- - 25 0 , 000175 0 , 000165 0 , 0001'' "' O, OOOI20 () , 000()<)2 0 , 000078 0 , OOOO(i'; 
~ BB HHbi . OIUII1 ,El-1543, - 20 0 , 000611Y 0 , 000610 0 , 000550 0 , 0001143 0 , 000341 o,ooo2ee 0 , 0002511 

- I 8 O, OOIO'J5 o , our 02'J O, OOOY29 o , 00074'.! 0 , 000576 0 , 000'11::!6 0 , 000112CJ 
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IO 0 , 020723 0 , 0227'17 0 , 025':109 0 , 030610 o , 0311171 0 , 02Y7H' j 0 , 0?.7!J'J7 
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30 0 , 000320 0 , 0001158 O, OOOHIJ 0 , 002322 0 , 005571 0 , 007780 0 , 009026 
35 0 , 000ll2 0 , 000172 0 , 0003110 0 , 001207 0 , 003601 0 , 0055'!8 0 , 006'!07 
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11 5 0 , 000014 0 , 0000211 0 , 00005':! 0 , 000326 o , 001505 0 , 0029011 0 , 00'1070 
50 0, 000005 0 ,000009 0 , 000025 0 , 000169 0 , 000973 0 , 002093 0 , 003128 
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~= {.{x) 
~ 2 

h = 12 ur 

~::: ~-ffi------------------------------------

dc_M)~ Jc::.!._ __ ~ _____ 1_6 ____ ~----~-'1 ___ ~6-----~---60-
"-:.-:__H[ci1) --------
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-25 0 , 99933 0 , 99937 0 , 999'13 0 , 99S511 0 , 99965 0 , 99970 0 , ')<)<)711 
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-I 8 0 , 9<.1582 0, 99607 0 , 996 45 0 , 997111 0 , 99780 0 , 998111 0 , 99836 ., 4 0 ,41303 o,: 
-16 o , 9929'1 0 , 99336 o, 99401 0, 99517 0,99628 0 , 99686 0 , 99724 6 0 ,56343 0 ,' 
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