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B aaaaoii pa6oTe o6cy)K.((siOTCSI aexoTophie oco6eaaocTH KHHeMaTHKH asyx

<f!oTOHHoro pacna.ua 6eccnHHOBhiX peaoaaacoax/. Kax HasecTHo, npH TaKoM 

pacnaae B pacnpe.ueneHHH no yrny paaneTa <f!oToHoB aaMeTHa CHnbHaSI xoauea

TpauHH cnyqaes B paiioae MHHHManbHoro yrna paaneTa. 3To HBnHeTCSI cnea

CTBHeM Toro, qTo a cHcTeMe noxosr pacrraaa10merocH peaoaaaca ace aarrpas

neHHSI pacrra.ua paaHoaeposrTHhi. 

MHHHMan&HbiH yron paaneTa BbiqHcnsreTcsr no HaaecTHoft <f!opMyne 

(1) 

rne {3 x - CKOpOCTb ( B a.UHHHU8X CKOpOCTH CBeTa) pacna.((81QIUai'OCSI pa30H8H

C8e. <l>opMyny ( 1) MO)KHO aanHC8Tb B 6onee y.uo6HOM BH.Ue: 

( 1') 

r.ue m x H E x - Macca H nonHasr aHeprHsr peaoHaHca. 

BeposrTHOCTb w ( 0, f3 x ) .uayx<f!oTOHHoro pacna.ua peaoHaHca X c 
yrnOM 0 paaneTa <f!OTOHOM BbiqHCnSiaTCSI no H3BaCTHOft <flopMyne ( CM.

1 
Ha

npHMep,/1f): 

x/ 
. npHBe.UeHHhie HH:IKe <jlopMynhi IIpHMeHHMbl H AnSI pacrra.QOB Ha ABa 

<jJOTOHS .llOni'O:IKHBYIIIHX HeCTa6HnbHbiX qacTHU CO CIIH.I{OM 0. 
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w(e,{3x) = 

2 
1 - f3x 
2{3x 

ros(e/2) 1 
:.! 

sin ( e I 2) ..; f3 2 
- ros2 

( e/2) 
X 

( 2) 

B <f>opMyne ( 2) yron paaneTa e H3MeHSJeTCSJ B npenenax OT em no 

rr. nnSJ KB*non CKOpOCTH pe30H8HC8 HM99TCSJ CBOe 3H8~9HHe MHHHManbHOrO 

yrna em H CBOSI KpHB8SI w( e , f3 x ) • EcnH eBeCTH napaMeTp 

~ = sin( e; 2 ) / sin ( (} ml 2 ) , TO aa6op KpHBhiX w( e, {3 x ) nnSJ p83Hb!X 

CKOpOCT9H {3 x MO*HO CB9CTH K onaotl: KpHBOti:1 npHM9HHMOn B lliHpOKOM 

HHTepeane CKOpOCTeti: pe30H8HC8o nng STOrO B <f>opMyne (2) CKOpOCTb f3x 
38M9HHM BenH~HHOti: ros( em/ 2) ( CMo <f>opMyny ( 1)) H nocne UpOCTOrO npe

o6pa30B8HHSJ nony~HM: 

w(~, y ) = _1_; 1 -~ 2 

1 / 
X t X ~2-1 

( 2') 

rne y = E I rn - nopeau-<t>aKTOp peaoaaaca X • napaMeTp ~ HaM e-
x X X 

HSJ9TCSI B npenenax OT 1 no tm.x= sin ( "I 2) I sin (em /2) = y X ( CMo (jlopMy-

ny ll')), <PyHKUHSI Wlc1, Yx) OTnH~aeTCSJ OT tflyHKUHH W\(J,f3x J HOpMH-

1 y2 
pOBO~HbiM MHO*HTeneM -

2 
~ ..; r: -1 

KaK BHnHo Ha Bbipa)KeHHSJ ( 2'), BepoHTHOCTH w ( ~, y x ) BenHKH npH 

~ .. 1 H 6biCTpO Cll8Jl810T npH yBenH~9HHH ~ • nosTOMY npH y X >> 1 

KOpeHb V 1- ~ 2 
/yx

2 

maeTcSJ: 

MO*HO aaMeHHTb enHHHue!fi H (jlyHKUHSJ w ( ~, y x ) ynpo-

1 1 
w<e,yx)"'w(~)=? ..;~2-1 (yx »1). !( 2" >. 

Ha pHc. 1 npencTaBneHhi rpa<f>HKH (jlyHKUHH · w ( ~, y x ) nnSJ Y x ~ 4 

y x = 3, 7 H Y x = 22,2). 3a 1 B3SJTa BepoSJTHOCTb pacnana npH aaa~eHHH 
I 
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- {3} ros ( e I 2) 
'.1 

sin ( e I 2) ( 2) y {3: - ros2 
( 8/2) 2f3x 

2) yron pasneTa 8 H3MeHSieTCSI B npeJlenaX OT 8 m JlO 

CKOpOCTH pe30H8HC8 HMeeTCSI CBOe 3H8'1eHHe MHHHM8nbHOI'O 

BOSI KpHB8SI w( e' {3 X ) • EcnH BBeCTH napaMeTp 

'"(} ml 2 ) , TO H860p KpHBbiX w( 8, {3 x ) JlnSI pa3HbiX 

MO)KHO CBeCTH K OJlHOH KpHBOH, npHMeHHMOH B lllHpOKOM 

TeH pe30H8HC8o .llnSI 9TOI'O B tPOpMyne ( 2) CKOpOCTb f3 x 

H ros( em I 2) (eM. 4JopMyny ( 1)) H nocne ilpOCTOI'O npe

HM: 

w(~,yx) = _1_;1 -~ 2 

ly: 
t ~2-1 

( 2') 

- nopeHu-4JaKTOp pe30H8HCa X • napaMeTp ~ H3Me-

OT 1 JlO tm.,=sin(1112)lsin(8mi2)=Yx (eM. 4JopMy-

Wt ~, Yx) OTnHqaeTCSI OT ¢lyHKUHH W\0, f3x } HOpMH-
2 

eneM - 1- Yx • 
2 v y~ -1 

s Bbipa)KeHHSI ( 2'), sepoSITHOCTH w ( ~, y x ) senHKH npn 

0 Cll8Jl8IDT npH yBennqeHHH ~. no9TOMY npH y X >> 1 

2 
MO)KHO 38MeHHTb eJlHHHUeH H tPYHKUHSI W (~,yx ) ynpo-

1 
= t2 v ~2- 1 

"' 
!( 2"). 

(yx »1). 

BneHbl rpa4JHKH tPYHKUHH . w ( e' y X ) JlnSJ '}' x ~ 4 

= 22,2). 3a 1 B3SIT8 BepOSITHOCTb p8Cll8Jl8 npH 3HaqeHHH 
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l 

rrapaMeTpa ~ = 1,01. KaK BH.UHO H3 9Toro pHcyHKa, rrpH y x>"" 4 H 

1s ~ ~ 2 rpa<jJHKH <jlyHKUHit w ( ~, Yx ) H w ( ( ) ( ecnH B Ka'leCTBe 

<jlyHKUHH w((} 6paTb <jlyHKUHJO w((,yx) rrpH Yx = 22,2) rrpaKTH'leC

KH CJIHB8JOTCSI B O.UHY KpHBYJO• ,ilnSI pacqeTHbiX ueneA 6onee y.no6Hbl rpa<jlH

KH <jlyHKUHH W( (
1 

, Yx ) , rro KOTOpbiM orrpeaeJISIJOTCSI sepOSITHOCTH Toro, 'ITO 

He rrpeBbiiiiaeT Bbi6paHHOe 3H8'leHHe ~I , rrpH pacrra.ne rrapaMeTp ( 

<llyHKUHSI w (~I 'y X) 

IIIHM o6paaoM: 

Bbtpa*aeTCSI qepea <jlyHKUHJO w( ( , y ) cneayJO-x 

(I Yx 
W((

1
,yx)= f w{(,y )d~/ fw(~,yx)d(. 

X I 

( 3) 

l1HTerpaJibl B ( 3) Bb!p8)!(8JOTCSI 'lepe3 9JIJIHIITH'leCKHe HHTerpaJibl 1-ro H 2-ro 

poaa. 

npH 6oJibiiiHX 3H8'leHHSIX rrapaMeTpa Yx (yx >,.4) <jlyHKUHIO w((,yx) 

MO)!(HO 38MeHHTb 6onee IIpOCTOit <jlyHKUHeil: W ( ~) H TO I' .US HHTerpaJibl B 

( 3) Bb!p8)!(810TCSI qepe3 9JieMeHT8pHble <jlyHKUHH: 

Wo((l,yx)=V 
1 -1/ ~12 

'J 
1 -11Yx 

W(~ I) 

y1-1/y 2 
X 

(yx ~4). 
( 3') 

KaK rroKa3biB8IOT 'lHcneHHbie pac'leTbi 1 <jlopMynoit ( 3') MO*Ho rronbao-

B8TbCSI H IIpH M8Jlb!X 3H8'leHHSIX }' x • 
Ha pHc. 2 rrpe.ncTaBneHbi rpa<l>HK 

<jlyHKUHH W ( (
1 

) = v 1 -1 I y ~ • W 0 ( ( 1 , y x ) H rpa<jlHKH <l>YHKUHH W( ~ 1 , Y x ) 

anSI MaJibiX aHa 'leHHA y x • 
l1HT9I'p8Jibl B <jlopMyJie ( 3) Bbl'lHCJISIJIHCb 'IHCJieH-

HbiM CIIOC060Mo .ilJISI BCeX Bbi6paHHblX M8JlbiX 3H8'1eHHit Y x 
OT 1,02 llO 2,1 

rpa<jlHKH <jlyHKUHH v 1-1 I y 2 W ( ~ , y ) rrpaKTH'leCKH CJIHB8JOTCSI c rpa-
___ x_ I x 

<jlHKOM <jlyHKUHH v1-1/y~ W0 (( 1,yx)=W(( 1)· 
A -+ 

3HeprHH E1 H E 2 pacrra.UHbiX <jloTOHOB H yrnbi 0 1 = ( jJ 1 , p x ) 

-+A-+ H 0 
2 

= (p
2 

,px ) MO)!(HO rrpeJlCT8BHTb B BH.Ue <jlyHKUHit rrapaMeTp8 .; 

( if 
1 

,p-
2 

H P x - BeKTOpbl HMIIYJibCOB pacrrallHb1X <jloTOHOB H peaoHaH-

ca X ) • 3HeprHH E 1 H E 2 Bbi'lHCJISIIOTCSI rro ¢opMynaM: 

.. 6 

,.,. 
;~ 
•J\'. 

' \t>. 
'~ ' 
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·It 
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tf 
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~ i 
-a-
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~ -; 
- = = = I; 

R ~ -..: = 
3 
0 
I; 
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..,; 
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.; = 1,01. KaK BH!lHO H3 3Toro pHcyHKa, rrpH y x>"' 4 H 

<jJHKH <jJyHKUHM W ( .f, Yx ) H W (.; ) ( ecnH B Ka'leCTBe 

6paTb <jJyHKUHJO w(.;, Yx ) rrpH Y x = 22,2) npaKTH'Iec-

!lHY KpHByJO • .ilnH pac'leTHbiX ueneil: 6onee yno6Hhl rpa<jJH

' Yx ) t IIO KOTOpbiM orrpenenHJOTCH BepOS!THOCTH TOrO, 'ITO 

MeTp .; He rrpeBbllllaeT Bbl6p8HHOe 3H8'1eHHe .f1 • 

.f
1 

, y x) Bblpa)!(aeTcH qepea <jJyHKUHJO w(.;, yx ) cneny10-

~ Yx 
(o;

1
,yx)= f w(.;,y )do;/ Jw(.;,yx)d.;. 

X I 

( 3) 

Bblp8)!(8JOTCSI qepe3 3llllHIITH'IeCKHe HHTerpallbl 1-ro H 2-ro 

x aHa'leHHSIX napaMeTpa Yx (yx >.,4) <jJyHKUHIO w(.;,yx 

6onee npocToii <jJyHKUHeil: w (.;) H To rna HHTerpanhl B 

qepea 3lleMeHTapHble <jJyHKUHH: 

=v 1 -1/ .;,2 

2 
1 -1/yx 

W(.; I ) 

yl-1/y 2 
X 

(yx ~4). 
( 3') 

,IB8JOT 'IHCJieHHble paC'IeTblt <jJopMynoi\: ( 3') MO)I{HO II0llb30-

JibiX aHa'leHRsrx Y x • Ha pRe. 2 rrpencTasneHbl rpaqlHK 

= y 1 -1 I y; · W 0 (.; 1 , }I x ) R rpa<jJRKR <jJyHKUHH W(.; 1 , Y x ) 

HH Yx . HHTerpanbl B <jJopMyne (3) Bbl'IHCllHllHCb 'IHcneH-

Bcex Bb16paHHbiX MSllblX 3HS"'eHHH Y x OT 1,02 .[{0 2,1 

y 1-1 I y 2 W ( .; , y ) npaKTH'IeCKH cnH BaJOTCH c rpa-
-:--~-X-::-- I X 

y1-l/y~ W
0
(,;

1
,yx)=W(o;

1
). 

H E2 
A -+ 

paCIIS.[{HbiX <jJoTOHOB H yrllbl 0 I = ( jf I , p x ) 

MO)I{HO rrpe.[{CTSBHTb B BH!le <jJyHKUHH rrapaMeTpa .; 
I-> 
P x - BeKTOpbi RMrrynhCOB pacrra!lHbiX <jJoTOHOB H peaoHaH-

prHH E 1 H E 2 Bbi'IRcnsrJOTcsr rro ljlopMynaM: 

.-- 6 

\ 
\~·w 

( 

I 
,) 
I 

:1 

I; 
II' ... 
,j'~ 
,, 

' ~I 

t I. 
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k 1 =E 1/(Ex/2)=1-·y'1-1/e: =1-W(e,) 

(4) 
= 1- y 1-1 /),·: • W

0
(e-

1 
• Yx 

k =E /(E /2 )=2-k =1+y1-1/e 2 
2 2 x I I 

113 Bbipa>KeHHA ( 4) nony'laeM 

y1-1/y; • W0 (e, ,yx) = 1-k1 • 
( 4') 

Kax BHilHO H3 Bbipa>KeHHSI (4'), 3Ha'leHHe cjlyHKilHH W
0
(e

1
, yx) MO>KHO 

Tp8KTOB8Th K8K BepOSITHOCTh 

(4.) 

W1 (k 1 , Yx )=(1-k 1 l(v 1-1/yx2 

Toro, 'ITO npH pacnane napaMeTp k 1 llJlSI OllHOI'O H3 cjJOTOHOB He MeH&We 

HeKOTOpOI'O 3H8'1eHHSI k I =1-y 1 -1/ e: , a 3H8'1eHHe k 2 

roro cjloToaa ae 6on&we aenH'IHHbi 2 · - k 1 = 1 + v' 1-1 I e,2 
• 

fpaHH'IHble 3H8'1eHHSI napaMeTpOB k I H k 2 paBHbJ: 

k,~~ =1- J1-1/y: 

k =1+y1-1/y 2 
2 max lf 

0TaoweHHe a 1 =sin 02 / sin 0 1 = k 1 I k 2 

cjlyHKilHIO W ( e, ) CJleJlyJOIUHM o6p830M: 

a 1 = ( 1-W ( e, )) I (1 + W( e, )) . 

113 cjlopMyJlbi ( 5) nony'laeM: 

8 

.,. 

H 

Bbipa>KaeTC.H 'lepe3 

nna npy-

( 5) 

W(( )= v 1-1/y2 • W ((, y ) =·(1-a )/(l+a ) . 
I X 0 I X I I 

113 Bbipa>KeHHSI ( 5') BHJJHO, 'ITO aaaqeHHe <\>yHKUHH W 0 ' 

MO>KHO Tp8KTOB8Th K8K BepOSITHOCTb 

1- a 1 2 
W2(a 1 ,y )=( )/v1-1/y 

X 1 +a X 

I 

Toro, 'ITO npH pacnane napaMeTp a ae npeBbiWaeT 

a =(1-v1-1 I~ 2 )/(l+v1-1/ e, ). 
I I 

MHHHMan&aoe 3Haqeaae napaMeTpa a paBHo: 

a 
min 

=k /k 
t min 2 max 

napaMeTp {3 I= I k I - k2 I/ (k I + k 2 ) paBeH 3H8'IeHHIO cjlyHK 

2 
f3t = wc e, > = v' 1 -1; rx • w o < e,. r x > · 

113 Bbipa>KeHHSI ( 6) BHJlHO, 'ITO 3Ha'IeHHe cjlyHKUHH W ( ( , y 0 I 

Tp8KTOB8ThCSI K8K sepOHTHOCTh 

w <f3 .r >=f3 ;..;1-11r2 
3 I X I X 

Toro, 'ITO npH pacnane napaMeTp {3 He npeBOCXOJlHT Bb!6p8HH 

13, = v1-1/e~ MaKCHMan&Hoe 3HaqeaHe napaMeTpa {3 pasac 

{3 max = Y 1 - 1/y2 . 
X 
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= E / < E X 12 > = 1-· ..; 1 -1/ e~ = 1- w < e I > 

(4) 
1-y1-1lr: ·W0 (e 1 .Yx 

=EI(EI2)=2-k =1+y1-1fe 2 
2 X I I 

Hit (4) nony'laeM 

y1-1lr;. W0 (e 1 ,yx)=1-k1 • 
( 4') 

aHO H3 Bb!pa:>KeHHSI ( 4') t 3H8'1eHHe cflyHKilHH W 0(e I, Y x ) MO:>KHO 

8K BepOSITHOCTb 

(4.) 

1 (k 1 , Yx )=(1-k 1 lfy 1-1lyx2 

H pacnaae napaMeTp k 1 anSI oaHoro H3 cfloTOHOB He MeHbWe 

3Ha'leHHSI k1 =1-v 1-11 e~ , a aHa'leHHe k 2 

He 6onbWe BenH'IHHbl 2 - k1 = 1 + y 1-11 e1
2 

• 

Hb!e 3H8'19HHSI napaMeTpOB k I H k 2 paBHbi: 

k~~~ =1- J1-1ly! 

k =1+y1-lly 2 
2 IP&X 'f 

1 = sin () 2 1 sin () 
1 

= k 
1 
I k 

2 

1 ) CneayJOIUHM 00p830M: 

a 1 =(1-W(e
1 

))l(l+W(e
1 

)). 

Mynhl (5) nony'laeM: 

8 
_..:. 

II 

Bbipa:>KaeTcSI 'lepes 

anSI apy-

( 5) 

wee )=..; 1-lly2 • w <e 'y ) =·(1-a )l(l+a ) . 
I X 0 I X I I ( 5') 

J13 Bbipa:>KeHHSI ( 5') BHnHo, 'ITO 3H8'1eHHe cflyHKUHH W O ( el , y x ) 

MO:>KHO Tp8KTOB8Tb K8K sepOSITHOCTb 

1- a 1 2 
W2(a 1 ,y )=( )/y1-1ly 

X X 
+a 

I 

Toro, 'ITO npH pacnaae napaMeTp a He npeBbtwaeT 

a =(1-v 1-11 e 2 )1(1+-./ 1-11 e, ). 
I I 

MHHHManbHOe aHaqeHHe napaMeTpa a paBHo: 

a = k I k 
mfn l min 2 max 

(5") 

TiapaMeTp {3 1 = I k 1 - k 2 I I (k 1 + k 2 ) paseH aHa'leHHJO cflyaKUHH W(e 1 ): 

2 
A = w< e I > =..; 1 -11 rx • w o < e,. r x > . 

( 6) 

J1a Bbtpa:>KeHHSI ( 6) BHnH0 1 'ITO 3H8'19HHe cflyHKUHH W ( e , y ) 0 I X 
MO:>KeT 

Tp8KTOB8TbCSI K8K BepOSITHOCTb 

( 6') 
w ({3 ,y )=f3 ly1-1/y2 

3 I X i X 

Toro, 'ITO npH pacnaae napaMeTp f3 ae npesocxonHT Bbt6paaaoe aaaqeaHe 

f31 = ..;1-11e~ MaKCHManbaoe aaaqeaHe napaMeTpa f3 pasao: 

{3 max = Y 1 - lly2 . 
X 
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TiapaMeTp f3 BXO.OHT B 4JopMyily .OilS! Bbi'IHCileHH.SI OTHOCHTeil&Hdt IIOrpew

HOCTH ilopeau-$aKTopa peaoaaaca/2/: 

a f) 2 YJ 2 aEI 2 aE 2 ) 2 ] + ( ) I . 
u.Yx = _

1
_1 f3 [(.E) +( ~ 2tg(0/2) 

Yx - 2 I 

( 7) 

llilSI peaoaaaca C 60il&WHM 3Ha'leHHeM y" napaMeTp f3 H3MeHSI8T-

CSI OT 0 no Pmax ~1 H cpenaee aaaqeHHe fJ "' 0 15. EcnH oTo6paT& 

= 50% pacnaJlOB c napaMeTpaMH k I H k2 ! 0,5 ~ k I ~ 1,0 H 

1,0 :5 k 2 ~ 1,5 1 TO .OllSI 9THX C06biTHft napaMeTp f3 H3M9HSI9TC51 
-

oT 0 no "' 0,5 u cpenaee aaaqeaue /3Y, ·= 0,25. 

TaKHM o6paaoM1 oT6npa51 co6biTH51 c 6ilH3KHMH 9HeprH51MH pacnanH.biX 

«PoTOHOB 1 MO*HO cywecTB9HHO CHH3HT& BiiH51HH9 9HepreTH'I9CKHX OWH60K H8 

B&I'IHCilSieMoe aaaqeaHe napaMeTpa Yx • 

EcnH .OilS! HneHTH«PHKauuu peaoaaaca ucnon&aoaaT& s«P«PeKTHBHyro Macey, 

Bbl'IHCl1519MYID IIO q,opMyne 

mx = y'E 1 E 2 2sin('8/2), ( 8) 

TO T8KOil B03MO*HOCTH yny'IW9HH51 pa3p9W9HH51 H9T! 
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nn51 pe30H8HC8 c 6on&WHM 3HS"'eHH8M Yx • K8K yrroME 

cpe.oaee 3H8'19HH8 MHO*HT9ll51 f3 paBHO 0,5 .Oil51 Bcei! COBOK; 

THil H "' 0
1
25 .OJIH "'50% C06biTHli C 0 ;i k I 5: 1,0 H 

TaKHM o6pa3oM 1 rrpH cHcTeMaTH"l:ecKHX owH6Kax B E 1 H 

napaMeTpa y x B .088 pa3a M9HbW9 CM9W9HHSI 9«P«PeKTHBHOl 

0T6Hp851 C06biTH51 C 6iiH3KHMH 9HeprHHMH paCII8.0HblX 4JoTOHOB1 

K09 CM9W8HH9 rrapaMeTpa Yx MO*HO cymeCTB8HHO yMeHbWll 

TiapaMeTpOM Yx HM88T CMbiCll IIOJib30B8TbC51 TOllbKO 

KorJla peaoHaHC X pO*JlaeTCSI a JlBYX"'aCTH"'HOli peaKUE 
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TT -tp->X +D, 

H 9HeprHSI H8JI8T8IDWHX "'8CTHU ( TT -) H3M8H518TC51 B M8llb1X IIpE 

cny"l:ae nopeHu-«PaKmp y x peaoHaHca X a CHCTeMe 

«PHKCHpoaaH H Ka*tlbiA peaoHaHc X xapaKTepHayeTcH cao1 

"' 
nopeHu-«PaKTopa Y x , Bbl"'HCnHeMhiM no «PopMyne: 
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BXOAHT B !jlopMyny AnSI Bbl'IHCneHH.SI OTHOCHTen&Hdl norpew

TOpa peaoaaaca/2/: 
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.J' 1 H cpet:~Hee 3HaqeHHe fJ ~ 015• 

B C II8paMeTp8MH k I H k 2 : 0,5 ,$; 

0 TO An51 STHX C06biTHA IIapaMeTp 

cpet:~Hee aaaqeaHe 13 y, ·~ 0,25. 
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l3 H3MeHSieT-

EcnH oTo6paT& 

k t ~ 1,0 H 

13 H3MeHSieTCSI 

OT6Hp8SI C06b!THSI C 6nH3KHMH SHeprHSIMH p8CII8!1Hb!X 

SHepreTH'IeCKHX OWH60K H8 

HCIIOnb30B8Tb s!jl!jleKTHBHYIO Macey 0 

!jlopMyne 

mx = vfE 1 E 2 2sinC0/2), (8) 

ynyqweHHSI paapeweaHsr aeT: 
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H3MepSI!OTCSI C CHCTeMaTH'IeCKHMH OWH6-
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- HeH3BeCTHhle CHCTeM8TH'IeCKHe OWH6KHo 

B aToM cnyqae cpeaHHe 3Ha'leHHSI MaCChi mx H nopeau-$aKTopa 

r; pe30H8HC8 6yayT CMellleHbl OTHOCHTenbHO "HCTHHHbiX" 3H8'1eHHA m ,. H 
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nnsr pe30H8HC8 c 6onblllHM 3H8'1eHHeM Yx ' K8K yiiOMHHanocb Bb!We, 

cpeaaee 3Ha'leHHe MHO)I(HTenSI 13 paBHO 0,5 anSI BCeA COBOKYilHOCTH C06bi-

THH H "' 0,25 ansr "'50% C06biTHA C 0 ;i k 1 5: 1,0 H 15; k2 ;;; 1,5 · 

TaKHM o6pa3oM, rrpH CHCTeMaTH'IeCKHX owH6Kax B E 1 H E 2 cMeweaHe 

rrapaJI.;IeTpa y x B asa pa3a MeHhwe cMemeHHSI a!jl!jleKTHBHOH MaCChi m x • 

0T6Hp8SI C06b!THSI C 6nH3KHMH 8HeprHSIMH p8C118.UHblX !j!OTOHOB, CHCTeMaTH'IeC-

KOe CMellleHHe rrapaMeTpa Yx MO)I(HO cyiUeCTBeHHO yMeHhWHTbe 

f1apaMeTpOM Yx HMeeT CMbiCn 110nh30B8ThCSI TOnhKO B TOM cnyqae, 

Kor.ua pe3oHaHC X pO)I(llaeTCSI B aeyxqacTH"'HOA peaKUHH, aanpHMep; 

- 0 
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( 9) 

H aaeprHSI aaneTaJOlllHX qacTHU ( rr -) H3MeHSieTcsr B ManbtX rrpeaenax. B aTOM 

cnyqae nopeau-¢aK'IOp y x pe3oHaHca X B CHCTeMe IIOKOSI ( rr - p ) 

!jJHKCHpOB8H H K8)1(llbiA pe30H8HC X X8p8KTepH3yeTCSI CBOHMH 3H8'1eHHeM 

nopeau-!jlaKTopa Y x , Bbl'IHCnSieMbiM 110 !jlopMyne: 
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I'Jl9 y 0 1/Vl-{3
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,{3 =p_/{E 77-+mP) 
0 0 1T f) X = ( p 7T~ .... 

px ). H 

DHKH B CIT9KTpe nopeHu-¢aKTOpOB y 6yJlyT 03HaqaTb ITOHBneHHe B peaK-
x 

UHH ( 9) peaoHaHcoB. Macc&I 9THX peaoHaHcoB B&IqHcnHJOTCH no <jlopMyne: 

m =my - ym 2 (y"' 2 -l)+m 2 
x

0 
0 X 0 X n 

( II) 

I'Jl9 m 2 
= m 2 + m2 + 2E 17 m . 

0 1T p p 

KpaTKHe B.biBOJlhi 

TaKHM o6paaoM, npH JlByx<jloTOHHOM pacnane 6eccrrHHoBoro peaoHaHca 

c rrpoHaBon&HhiM aHaqenHeM nopeHu-¢aKTopa y x : 

1) pacnpeJleneHHe w( e' Yx ) pacnaJlOB no napaMeTpy 

) ; 6b!Tb OITHCBHO OJlHOlt KpHBOlt ( JlnH y > 4 
X .. 

e MO:lK9T 

2) pacrrpeJleneHH9 W0. ( e I , Y x ) MO:lK9T 6b!Tb OITHCSHO OJlHOJt KpHBOltj 

3) 9HepreTHqecKHe pacnpeneneHHH W1 (k 1 , Yx) pacn8JlHhiX QJOTOHOB 

MOI'YT 6b!Tb OITHCSHbl OJlHHM rpSQJHKOM; 

. 4) yrnoB&Ie pacnpeneneHHH W 2 (a 1 , y x ) 

6b!Tb onHCSHbl OJlHOlt . KpHBOlt; 

paCITBJlHbiX QJOTOHOB MoryT 

5) nnH HJleHTHQJHKaUHH peaoHaHcoB X , o6paayJOmHxcH B JlByxqacTHq-

Holt peaKUHH a + b .... X + c c QJHKCHpoBaHHolt a<P<PeKTHBHolt Maceo!! cHcTeMbi 

(a b ) , rrpenrroqTHTen&Helt Hcrron&aoBaT& rrapaMeTp Yx . 

ABTOp Bbipa:lKaeT 6narOJ18pHOCTb r.H.KoiTbinOBy 38 noneaH&Ie o6cy:lK-

Jl9HHH. 
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