
- --- ---- --

1\. 3 6' 
COOBWEHJ1H . 

OB'hE,lJ,J1HEHHOrO 
J1HCTJ1TYTA 

H,ll,EPHhiX 
J1CCJIE,LJ,OBAHJ1t1 

.LlyCSaa 

8 
! 
:; 
ID 

PI - 5357 

n. Kepa'leB 

METO,ll, OOPE~EJIEHHH OAPAMETPOB 

lnEKTPOHHYX H 003HTPOHHYX TPEKOB 

C yqETOM PA~HAUHOHHYX OOTEPb 

1.970 



~
 

K
 

('
) 

t"
l 
~
 

t"
l 

'<
 
~ 

~ 
...

:! t"
l 

0 
1::

:1 

___
 , 

~ 
~ 

g 
il
: 

=
 

·' 1
 

., 
~
 

., 
t"

l 

~-
~.

 
I 

~ 
:s:

 
~
 

~
 

.. 
' 

<D
 

. ~ 
. 

::
I 

:::a
 

1 

..
 

'·
' 

i 
0 

t"
l 

' 
·-

~
 

:c
 

~
 

~ 
;:i~;

 k
 ~ 

0 
o-3

 
53 

., 
,. 

r-~
 

'-

0 
=

 
., 

c~
 
~
 

~~
 

IC
 

:c
 

>
 

-
><

 
:c

 
., 

f
' 
~ 

.§ 
IC

 
>

 
t~

i:
. 

><
 

iC
 

g
w

 
=

 
tl!

l 

w
 

~ 
~ 

~ 
g

w
 

.....
 

t"
l 

g 
tJ! 

~
 

0 tD
 



.,a-

i 

Bae.1:1eH11e 

LlnSI o6c'leTa Ha 3BM co6biTIIli c ABYXMeTpoaoli npona1roaoli KaMepbi 

OHHH Mbi 11cnonb3oaan11 KOMnneKCHYJO nporpaMMY GEOFIT 
111• Tip11 aTOM 

sneKTpOHHbl9 II n0311TpOHHbie Tp9KHX)o6pa6aTbiBSniiCb C y'leTOM cpellHIIX pa

.[(HSUIIOHHbiX noTepb. TaKoli yqeT npoaoo11nCS1 11 np11 o6pa6oTKe co6biTIIli no 

nporpaMMe, on11caHHOli B /3/, 11 a pSIAe .1:1pyr11x pa6oT, paccMaTpi!BaJOWIIX 

npo6neMy o paAHSUIIOHHbiX noTepSIX 15• 11 • 121 , 11Cnonb3YJOWHX Me TOll Bepa

MIITTHepa /13/ II BBO.[(SIWIIX TO 11n11 Apyroe 3H8'19HIIe nopora 06pe38HIISI CneKT

pa paAIISUIIOHHbiX norepb y n = fn ( E 0 IE) ( E 0 - Ha'lanbHaSI saepi'IISI sneK

TpoHoB, E - SHepi'IISI Ha Ani! He TpeKa L ) • 

8 pa6oTe/ 14/ OniiCBH M9TO.I:I, np11 11CnOnb30B8HIIII KOTOpOI'O onTIIMII3BUIISI 

IICKOMbiX napaMeTpOB npOII3BO.[(IITCSI Ha OCHOBe MHOI'OKpaTHOI'O o6cqeTa np11 

'" 
pa3HbiX nopOI'BX o6pe3SHIISI OnSI O.[(HOI'O II TOI'O lK9 TpeKa, 'ITO CBSI38HO C 

0'19Hb 60nbWHM BpeMeHeM C'leTa, 

B ASHHOli pa6oTe c.~:~enaHa nonbiTKa noBbiWeHIISI TO'IHOCTII onpe.~:~eneHI!SI 

napaMeTpOB sneKTpOHHbiX TpeKOB nyTeM BB9.[(9HIISI .[(068BO'IHOI'O napaMeTpa 

B MIIHIIMII3Y9Mblli ljlyHKUIIOHan, BMeCTO Cp9AHIIX 3H8'19HI!li kK , KOSijlljli!UII9H-

Ta Scj$9KTIIBHOI'O yaeni!'I9HIISI pa.[(IISUIIOHHOli .[(n11Hbl 0 II COOTB9TCTBYJOWeli OTCe'l-

KH o6pe3aHHSI K 11CnOnb3YJOTCSI 3H8'19HIISI .[(nH STIIX Benii'IIIH, onpe.~:~enSie-

Mb.J9 KOHKpeTHO AnSI. KSlK.[(OI'O OT.[(enbHOI'O TpeKa, 

B aacTOSIWeli pa6ore .~:~aeTCSI KBK anropi!TM cneu11anbHOI'O 6noKa B npor-

paMMe GEOFIT , y'IIITbiBarowero pa.~:~llaUIIOHHbie norep11 sneKTPOHOB np11 

I!CnOnb30B8HIIII HOBbiX M9TO.[(OB, TBK II pe3ynbT8Tbl o6C'IeTa SKCnepi!M9HTanb-

x)HI!lK9 ace, 'ITO I'OBOpHTCSI 06 sneKTpOHHbiX TpeKaX, OTHOCIITCSI TBKlKe II K 

no31!TpOHHbiMo 
3 
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HblX TpeKOB, nony'leHHble npH npo6"HOM o6ny'leHHH 2-MeTpOBOli nponaHOBOlt 

KaMepbl aa ny'IKe rr -Meaoaoa c HMnynbcoM 2,73 fsalc, a reaepapoaaa-

HbiX Tpexoa, o6pa6oTaHHblX no nporpaMMe, xotopal! onacaaa a pa6oTe 1101. 

§ 1. Baeneaae Y'IHTbiBaJOIIUiX panHaitHOHHbie note pH nonpaaox 

K napaMeTpaM sneKTpOHHblX TpeKOB 

B nporpaMMax, onHcaHHbiX a /1 I H 131, HMnynbCbl snexrpoaoa H npy

I"HX aapl!MeHHbiX 'IBCTHit onpenenl!IOTCl! a naa srana: a) onpeneneaae B Ha'lanb

HOM npH6nHMeHHH H 6) H8XOMAeHHe OnTHManbHOI"O 3H8'1eHHl!, 

a) 8 nepBOM npK6nHMeHHH HMnynbC 06C'IHTbiB8eTCl! HCXO,I:ll! H3 cpe,l:lHelf 

KpHBH3Hbl KpHBOJi, K KOTOpolf annpOKCHMHpyeTCl! TpeK npH HHTei"pHpOBSHHK 

ypaBHeHHll ABHMeHHll sneKTpOHa B HeOAHOpO,I:lHOJ\1 M8I"HHTHOM none, H3MeHeHHe 

HMnynbCa H3-3a HOHH38ItHOHHblX notepb H cpeAHHe P8AH81lHOHHble notepH 

MOMHO Bblp83HTb B BH,I:le 

d P = - [ A + p (I + b ) ] d S , 
Xo kK 

( 1) 

I"Ae BblpaMeHHe A Y'IHTbiBSeT HOHH38ItHOHHble noTepH, KOTOpble 3,1:leCb He 

6YAYT o6cyMAaTbCl!, Btopolt 'lnea B KBBApaTHbJX cxo6xax y'IKTbiBaeT cpenaae 

noTepH Ha Hany'leHHe snextpoaa npa npoxoMAeHHH HHTepaana dS a cpeAe 

KSMepb!, npa 3TOM p - HMnynbC 'ISCTHilbl B Ha'lane HHTepBana dS , b 

= 0,014 11 I, X 0 - paAHBitHOHHal! Anaaa B eM {npa C'leTe npHHHManocb 

X0 = 106,9 CMI1,6/), kK - xoa!jl!jlauaeHT a!jl!jleKTHBHoro yaena'leHHll PBAHa-
' 

UHOHHOA AnHHbl 15 l, YaenH'IeHHe pa,l:lHSUHOHHOli AnKHbl B03HHK8eT H3-38 To-

I"O, 'ITO npH nO,I:lC'IeTe Cpe,l:lHHX p8,1:lH8UHOHHWX noTepb BBOAHTCSI OI"p8HH'IeHHe 

Ha BenH'IHHy K3Y'IaeMOA 3Hepi"HH Ey (PyS::KP). 

6) Ha BTOpOM STane C'leTa HBXOAliTCll OnTKMBnbHble 3H8'1eHHll napaMeT

poB nocpe.IICTBOM MHHHMH38UHH !jlyHKUHOHana x ~ , Y'IHTb!B8IOlllei"O MaTpHUy 

MHOI"OKpaTHOI"O pacCel!HHll, HOHH38UHOHHble notepH H HeO,I:lHOpO,I:lHOCTH M8I"HHT-

aoro nonS!. 

Ha ypaBHeHlll! nopeaua B TOpM03l!lllelt cpeAe H8XOAHM 

4 

f 

... 
dP 

dt 

... 
e ... -+ P dP 

=- [ v H ] + - -- • 
c p d t 

nocne nepexoAa K nepeMeHHbiM P ' f3 • s 13/ MOMHO 

-0,3 rosa 
F(s1)= PI [-H.1+tga(Hxl cosf3 1 + HY 1 sinf3

1
) 

I"Ae {3 I - 3KCnepKMeHTanbHble yrnbl B K00pAHH8THOA C 

sin f3 1 

cos f3, "' 

x 1 -XI-I 

e 1,1-1 

Y1 -yl-t 
---· 
e1,1-• 

HHTei"pHpyll {2) K nepeXO,I:lll B KOOPAHH8THYIO CHCT 

HO nony'IHTb 

{3* (s) = {3* + J F (s)ds, 
0 

y* (s ) = y * + J sin f3 ( s ) d s . 
0 

OnTHManbHhle 3Ha'leHKll napaMeTpoa p, f3 , y * 
!jlyHKUHOHan 

o6pa111 

xl 
BenH'IHHbl B CHCTeMe K01IJlHH8T Tpexa, 0603Ha'leHHb 

onpeJlenl!JOTCll, KBK 06bl'IHO 1,31: 

Yi= Y~ =0; zt = zl 

x.* = -(x 1-xcp)co,.¢+ (y 1 -ycp)sin ¢; x = ; (x
1 

_, 

y~ = (x1 -xcp)sin¢+ (y 1 -ycp)cos¢; y =; (y -• 

sin¢ = (yN -y I) e ~~N ; cos¢= (xN-x I H~.~ 

fi.N = y( XN-XI )2+(yN-yl )2, 

5 



xoa, nony'leHHhie np11 npo6'HoM o6ny'leHIIII 2-MeTpoaolf nponaaoaoll 

Ha ny'lxe rr- -Me3oaoa c IIMnynbcoM 2,73 raa/c, 11 reaepllpoaaa

xoa, o6pa6oTaHHhiX no nporpaMMe, KOTopa.H on11caaa a pa6oTe /10/. 

§1. BaeAeHIIe Y"<~IIThiBaJO!IliiX paAIIaUHOHHhie noTepH nonpaaox 

K napaMeTpaM sneKTpOHHbiX TpeKOB 

nporpaMMaX1 onHCaHHhiX B /1/ II / 3 /, IIMUynbChl sneKTpOHOB II Apy

.HJKeHHhiX 'laCTIIU onpeAenHJOTC.H B ABa sTana: a) onpeAeneHHe B Ha'lanb-

6niiJKeHHII H 6) HaXOJKAeHHe OnTHManbHOI'O 3Ha'leHII.H. 

8 nepBOM Upll6nHJKeHIIII IIMnynbC 06C'IIIThiBaeTC.II IICXOA.II 113 CpeAHefi 

hi KpiiBOll, K KOTOpofi annpoKCHMHpyeTC.II TpeK np11 IIHTei'pllpOBaHHII 

IH.H ABIIJKeHIISI snexTpoaa B HeOAHOpOAHOM Mai'HIITHOM none. H3MeHeHHe 

a 113-38 IIOHII3aUIIOHHhiX UOTepb H CpeAHIIe paAHaUHOHHb!e UOTepH 

b!p8311Th B BIIAe 

=-[A+ PO+b) ]dS, 

Xo kK 
( 1) 

Y'IIIThiBaeT IIOHH38UIIOHHhie noTepH 1 KOTOphle 3AeCb He 

CyJKAaTbCSI, BTopoli "<~neH B KBaApaTHhiX CK06KaX Y'IIITh!BaeT cpeAHHe 

a H3ny'leHIIe snexTpoaa np11 npoxoJKAeHHII IIHTepaana dS B cpeAe 

np11 3TOM p - HMnynbC 'laCTHUhl B Ha'lane HHTepaana dS • b = 
171 X0 - P8A118UIIOHH8.H AniiHa B CM {npll C'leTe npiiHHManOCb 

6,9 CM/1,6/), kK - KOstjJ<j>HUIIeHT stjJtjleKTHBHOI'O yaenH'IeHH~ PBAH8-

An11Hhl !
5 I. Yaenii'I8HIIe paAH8UHOHHOll AniiHhl B03HIIK8eT 113-38 To-

Pll nOAC'IeTe CpeAHIIX p8AII8UHOHHhiX noTepb BBOAHTCSI OI'paHH'IeHHe 

IIHy 113Y'IaeMOll SHepi'IIII Ey ( py ~ K P). 

Ha BTOpOM STane C'ieTa H8XOASITC.II OUTIIMsnhHhle 3Hs'leHII.H napaMeT

encTBOM MHHHMH38UHH <j>yHKUIIOHana X 3 
1 Y'IHTbiB810l!lei'O MaTpHUy 

THOI'O pacceSIHHS11 HOHH38UHOHHhi8 UOT9pH H H90AHOPOAHOCTH M8I'HHT-

ypaBH9HHS! nopeaua B TOpM03.Hl!lell cpeAe HaXOAHM 

4 

.... 
t 

_, 
dP 

dt 

-+ p d p 
=...':...._[; H l+p- ~· c (1') 

nocne nepexoAa K nepeMeHHhiM P • f3 , s 131 MOlKHO nony'IIITh ypaaHeHHe 

-0,3 rosa ] 
F(s1) = PI [ -H.1 + tga (Hxi cos{3 1 + HY1 sin {3 1) , (2) 

I'Ae f3 1 - sKcnepiiMeHTanbHhie yrnLI a xoopAHHaTHoll CIICTeMe xaMephl X, Y: 

sin f3
1 

cos f3 t z: 

XI -xl-1 

e 1,1-1 

Y1 -yi-I 

e 1,1-1 

YfHTei'pllpySI (2) II nepeXOASI B KOOpAHHaTHyJO CIICTeMy Tpexa x/, MOJK-

HO nony'IIITb 

{3* (s) = {3* + J F (s)ds, 
0 

y* (s ) = y * + J sin {3 ( s ) d s . 
0 

OnTIIManbHhie aHa'leHIISI napaMeTpoa p, {3 , y * o6pamaJOT B MHHHMYM 

tjlyHKUHOHan 

x/ B * enH'IIIHhi B CIICTeMe KO~AHHaT Tpexa, 0603Hs'leHHhie -qepe3 C , 
onpeAenSIIOTCSI 1 KaK 06h!'IHO 1,3/: 

Y{= y~ =0; z * ~ z 
I I 

xt = -(x 1-xcp)cos¢+ (y 1 -Yep) sin¢; x 

y~ = (x1 -xcp)sin¢+ (y 1 -ycp)cos¢; y 

l 
=2(x1-xN); 

l 
=2(y1-yN); 

sin¢ = (yN -y 1) e ~:N ; cos¢= (xN-x I H~.1N 
----

fi.N,. y( XN-X1 )2+(yN-y1 )2. 

5 
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j' = :£ 
l,j <Y* ex I 

-I 
-y* )Q (y* 

I lj ex j 
-y * ) j • 

3A9Cb qepe3 y * o603H8'I9Hhl y -Bbte KOOpAHH8Tbl H3MepeHHhiX TO'IeK, ••t 
11epeC'IHT8HHh19 B KOOpAHH8THYIO CHCTeMy TpeKa, y I*= y* (s) Bhi'IHCneHhl 

(5) 

-1 . -1 
110 lflopMyne ( 4), Q = ( G +Dxy E ) - o6paTHaH 11onHaH MaTpHua owH6oK 

(rne E - eAHHH'IHaH MaTpHua), Dxy - AHCI1epCHH 11011epeqHoro CMeweHHH 

OTA9nbHOA TO'IKH 11p09KUHH TpeKa, G - MaTpHua MHoroKpaTHoro pacceHHHH 

c no6asoqHhiM qneHoM, y'IHThiBaJOWHM !jlnJOKTyaUHH TOpMoaHoro aanyqeHHH 

(AnSI sneKTpOH8 H 1103HTpOHa), 

§2, 011peneneHHe 11011pasoK K 11apaMeTpaM 

Ecna Ha'IanbHhte 11pH6nalKeHHH 11apaMeTpos P , f3 H K AOCT8TO'IHO 

6nH3KH K HCKOMbiM (11pH6nHJK9HHhiM K HX HCTHHHbiM 3H8'I9HHHM) 
1 

TO MOJKHO 

orpaHH'IHTbCH TOnbKO nHHeAHbiMH qneH8MH B pa3nOlK9HHH !jlyHKUHH (4) 110 

B9nH'IHH8M [j k , [j {3 H [j K , KOTOpbte HBnHIOTCH l1011p8BK8MH K COOTBeT-

CTBYIOWHM 11apaMeTpaM: 

-1 -1 
Bk .. P -P 

8 f3 = f3 - f3 Ha q, ' rrp, 
(7) 

BK "'K - K 
11p. Haq, 

Torna ( 4) MOlKHO Bblp83HTb B BRAe 

y*(s)·yo*(s)+ ay'(lii) By~+ ay*(s) Bk+ ay*(s) -8{3+ ay*(s) BK, 
ay* ak a{3 aK 

0 

(8) 

rne y ~ (s) - 3HaqeHHH senH'IHHht y* , 11onyqeHHhte H3 Ha'IanbHbiX 11pa6nH-

lK9HHA x/, k = p-I , a 11pOH3BOAHbi9 COOTB9TCTB9HHO paBHhl: 
x/ 

BenH'IHHhl B HaqanbHOM 11pH6nHlK9HHH OTM9'I89M HHA9KCOM (0), 

6 

~ ' 

a y*(s) 

ay; ·=-·. 
,. 1, 

ay* a 
w·jcosfJ*(s)ds. 

ay• p; • a, 0.3 a p 
- •-- • ( ( f - -=:T"' - H(s ")ds ")cO! 
a k a P 

1 
11' o P \s) a s 

as 0 

3necb 'lepea H o!Soaaa'leHo BhtpaJKeaae B xsa.apa 

HHH (2), Ha ( 4) MOlKIIO 110ny'IHTb T8KlK9 H 11p0H3BC 

ro 11apaMeTpa K : 

• a{J*< ') 
ay*(s) -- f cos{J*(s) --

8
- ds,. 

aK o aK 

!l!J!:.J. 
aK npoH3BOllHYIO MOlKHO HaATH H3 Bblp8lK91l 

a{J (s ' ) a F (s " ) aP(s ") .. ----- . ----- . 
aK aP(s") aK 

no.acTaBnSISI B ( 13) !jlyHKUHIO F ( 8 ) H3 (2). 11DnY'I~ 

a{J(s ') • ( 0.3cosa 
-·f-
dK o P'(s") 

H (s ") ds, a P(s ") ). 

aK 

HHTerpapyH ypaBHeHHe (1), 11epeXOllH B 11nOCKOCTb 

peRUHpySI OTHOCHTenbHO 118paMeTpa K , MOlKHO 110< 

7 



-I 
) ( -* 

Qlj Yex 
j 

-* -y, <Y.:I ) . :£ 
l,j 

-y/ 
(5) 

epea Y.:, o603Ha'leHbl y -Bbl9 KOOpllHHal'bl H3MepeHHbiX l'O'IeK, 

TaHHbl9 B KOOpllHHaTHyiO CHCTeMy TpeKa, y I*= y* (s) Bbi'IHCneHbl 

-I ) -1 
yne (4), Q = (G +Dxy E - o6paraaSJ nonaaSJ MaTpHua owH6oK 

- eaHHH'IHaSJ MaTpHua), D xy - llHCnepCHSJ nonepequoro CMeweHHSI 

oA TO'IKH npoeKUHH rpeKa, G - MaTpHua MnoroKparaoro pacceSJHHSJ 

O'IHbiM qneaoM, y'IHTbiBaiOWHM lj>niOKTyauHH ropMoaaoro HanyqeHHSJ 

eKTpoua H noaHTpoaa). 

§2, OnpeaeneaHe nonpasoK K napaMerpaM 

nH Ha'lanbHble npH6nHlKeHHSI napaMeTpOB p , {3 H K AOCTaTO'IHO 

K HCKOMbiM ( npH6nHlK9HHbiM K HX HCTHHHbiM 3Ha'leHHS!M), TO MOJKHO 

Hl'bCH TOnbKO nHHeHHbiMH 'lneHaMH B pa3nOJK9HHH lj>yHKUHH (4) no 

aM 0 k 1 0 {3 H 0 K 1 KOTOpb!e 51BnSIIOTC51 nonpaBKaMH K COOTBeT-

IHM napaMeTpaM: 

-1 -1 
p -P 

= {3 - R 
np. tJ Ha'l, ' 

(7) 

K - K 
np. Ha'l, 

4) MOJKHO Bblpa3Hl'b B BHll9 

=y * (s) + ay"(li) By* + ay*(slok+ ry*(s) -Bf3+ ry*(s) OK. 
o ay* o a k a{3 aK 

0 

(8) 

(s) - 3Ha'leHHH senH'IHHbi y * , nony'leHHhie H3 Ha'lanbHbiX npa6nH-

I k p-1 1 • = • a npoH3BOllHhie coorsercrseaao paBHbi: 

HHbl B Ha'lanbHOM npH6nHlK9HHH OTMe'laeM HHll9KCOM (0), 

6 

.,.. 

•','j, 

~
:';. 
I ,,,.I' 

I 

a y*(s) 

ay; 

ay* • 

- 1, .. .,. 

a;;- • f cosf3* (s)ds 
1-' 0 • 

ay• p~ • • 
ak ·--;nr . J <i 

-;r;-1 0 

o.3 aP 
-p'(;') a;- H(s ")ds" )cosf3*(s')ds '. 

(9) 

( 10) 

(11) 

3aec& 'lepea H 0603H8'18KO Bb!pa>KeHHe B KB8Ap8l'Hl>IX CK06KaX 113 ypasae-

KHH (2) • H3 ( 4) MOlKHO nony'IHTb l'SK>Ke H npOH3BOAHhie OTHOCHTenbHO HOBo-

ro napaMeTpa K : 

a v*(s) • d{J*(s ') ' 
~-- f cosf3*(s) --- ds • 

dK 0 dK 
(12) 

~l 
aK MO>KHO HSitl'H H3 BblpS>KeHKSI (3): flpOH3BOAHYIO 

d{3(s') --=---·---. aF(s") aP(s ") (13) 
dK aP(s ") dK 

floACTSBIISIH s (13) lj>yHKUHIO F (s) H3 (2'), nony'laeM: 

a{3 (s ') • ( 0.3 cos a 
---f-
dK o f1(s") 

H ( s " ) ds , .... a:...;.P~(s~''...!..) ). 
dK 

(14) 

HnTerpHpyH ypasHeHHe ( 1), nepexoAH s nnocxocTb X, Y , a noroM AHcjlcjle-

peHUHPYH OTHOCHTenbHO napaMeTpa K , MO>KHO nOny'IHl'b ero npOH3BOAHyiO: 

7 
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tl 

""" 

aP(~ ~- J" PO +1~- ds "'. 
aK o x cos" ( 15) 

0 

OoacTaBnmr B (12) ypaBHeHIISI (14) II (15), nonyqaeM 

~"(s)=-JI 
aK o 

. {3*(. ') [ J• ' 0.3 cosa H ( . " ) ("Jn P(l+b) d '")d." ]I d . ' cos s --;.r--- s ---- .s s s . 
o I (s ") o x

0 
eosa · ( 16) 

YcnOBIIe MIIHIIMyMa ~yHKUIIOHana (5) aaeT CIICTeMy ypaBH8HIIH: 

a :I a :I a :I a :I 
---- = 0. ---= 0, --= 0, --=0, (17) 
aay* aok ao f3 aoK 

v 

niiHeHHYIO OTHOCIITenbHO oy
0
* 1 0 k I 8{3 II OK • CooTBeTCTBeHHo: 

oy*(Lli:.Q":'~l+ok(L ay* Q~,ay- l+of3(L ay* Q-.'ay*l+oK(L ay* Q-.' ay*) = JJ ; 
o a * •; a * a * '' ak a * '' a{3 a ''a ' Y0 Y0 . Yo ; Yo

1 
i Yo. Ki 

f J I t 

ay*(Lay*Q- 1 ~) ok(L ay* Q-ray*)+8{3(L-ay* Q-:ray*l+oK( ~ ay* Q:-.' ~:.:_),.IJ 
oak •; a-*+ ak· 1;ak ak. ''af3. ak. 1'aK. 2 

I )' 0 I j I J I J 
j 

a* rl..* rl..* a * a * ra * a* a * <18 ) ay*(~~Q-.'-vy-)+ak(L-vy-Q-:.'-Y-)+of3(L-LQ-.-y-)+oK(L..LQ- 1 -Y_) ~ 1J • 
o a{3 '' aY.* a{3 '' a k . a{3 '' a{3. a{3 1

' a K. 3 
• 

i Oj I J t t J I J 

rl..* - r ay* ay * 1 a y * a y * - , ay * a y* - 1a y* 
ay*(L:::.t...Q -l+ak(L-fJ, -)+of3(L-Q ..:..:......)+aK(L-Q;-l= IJ

4 o aK •;ay* aK •; ak. aK •; a{3. a"t aK 
I 0 j I J I J j 

Op11 aTOM KOMnoHeHTbi BeKTopa IJ rrpeacTasneHhl B Blli\e 

8 

II' 

ay* _, 
) . D .. I --Q (y* -y* 

I ay* l,j exj Thj 
o, 

02 =I 2Lo-' <y* -y"'- ) . 
ak, lj exj Thl 

D = I 1r_ Q -t ( y * -y* ), 
3 a{31 IJ exl Thl 

ay* _, * 
- * ) . oc .. I -a-Q (y y Th Kt ll ex1 j 

00 8Hanor1111: 

D = I (y * 5 ex
1 

* -yTJII 

-t 

)Q,l * -y * (yexl Thl 
) . 

BbipalKeHHSI B CK06KaX ypasHeHI!A ( 18) MOJKHO rrpe/lCTai 

sneMeHTbl CHMMeTpii'JHOA M8Tpi!Ubl 

t;l = I ay* Q _, aY' 
a* u --; 

Yo ay 
I OJ 

ay* -1 ay* 
C .. I-Q --· 

u afo 'l a{3l • 
I 

a-1 -1 ay* . 
C2t"' I ak Q,l ay* " 

I OJ 

ay* -• a * C28 =I-Q ~. 
ak u aQ • 

I ~'-'J 

a * -1 ay* • ~ y Q --1 «;I ... ~ 'l ay* 
1-' I 0 l 

II c II 
ay* • 

C12 = I --Q, 
ay* o, 

ay* -
cl4 =I T* Q,l 

Yo
1 

ay* -C =I- Q 
22 ak ,1 

9 

c2f 

I 

I~:Q-1 
ak 'l 

I 

ay* . 
ca2 =I-- Q a{31 I 
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8BITAA B (12) ypaBHBHHA (14) H (15), rrony~BBM 

J'l ·fl*(. ')[ J", 0.3C'osa H(. _, )("J"P(l+h) d '") ~ "]! l , 
:=- ('0~ S ---- S ---- .!iii <IS (S. 

o o 1;2 (s ") o x
0 

<'Osa · 

HB MHHHMYMB ~yHKUHOHana (5) A8BT CHCTBMY ypaBHBHHM: 

a :I a :I a:t 
0, ---~ 0, --~ 0, --=0, 

aok ao f3 aoK 

HYJO OTHOCHTBITbHO oy
0
* • ok . of3 H OK • Cooraercraeaao: 

(15) 

( 16) 

( 17) 

:Q':~!_r.:_l+ok(2 ay* o-:~at >+of312 ay* Q _ _~ay*>+oK(2 ay* o-:.~ ay* l ~ u : 
v * lj a v* a · * 1

' ak a * 1
' a(3 a '' aK 1 

• o • o . ) o i y o 1 ; Yo ; 
I J I I 
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k lj at ak. lj ak ak. 1' af3 ak '' aK 2 

1 oj 
1 

j • j 1 j 

* rl...* a * a * a * a * a * a * 118 > Q-
1 

_"Y_ )+ ak(2_Y_ Q-:_t_Y_) +of3 ( 2-.LQ- 1-Y-) +OK( 2-LQ- 1-y-) ~ D ; 1
' ay* af3 ,, a k . a(3 1' a(3. a(3 1' a K. 3 

I Oj I J I J I J I 

- 1 ay* ay * _ , a y * a y * - 1 ay * a y* - .a v* 
Q .-l+ak(2-Q. -) +of3(2--Q. ~+aK(2--Q. -·-)= ll

4 
1
'av* aK 1

'ak. aK 1' a(3. a"l 'aK. - 0 j I J I J J 

OM KOMITOHBHTbl BBKTOpa IJ rrpeacraaneHbl B BRAe 
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l
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-~ ' 

> 
\~ ·. 

•. nJ>i,.' 

'
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•Y' 

ay* -• 
) . D = I -- Q (y * - y * 

I ay* I,J exj ThJ 
01 

D = I av* Q- I ( y * -y*'- ) . 
2 ak. IJ exj ThJ 

D =I ll::: Q -1 
( y * -y;h ), 

3 atJ. 'l 
ex

1 J 

n ... I ay* Q-' (y* - * ) . 
y Th aKt IJ exJ 

J 

no aaanorHH: 

-t 
D. = I (y * 

i1 ex
1 

* -yT.hl )QIJ ( * -y * Y exJ ThJ 

( 19) 

) . 

8bip8lKBHHSI B CK06KaX ypaBHBHHli ( 18) MOlKHO npeACT8BHTb K8K M8TpH'IHbiB 

SITBMBHTbl CHMMeTpH'JHOlt MaTpHUbl 

~. = I ay* Q _, at 
a* 'J --: 

Yo ay 
I OJ 

a• -•ay*. ~ y Q --. r = ""- 'J a{J "''a ato J 
I 

at _, ay* . 
c2,= I ar- Ou ay* " 

I OJ 

ay* -• a * c23 .. I - Q --2:.... . 
ak u a{J • 

I J 

a * -• ay* . ~ y Q --. G,, ·"" a{J, u ay~ 
J 

II c II 

9 

C ay* -• a * 
12= I -- Q Y IJ--

ayti1 akJ 

ay* _, at . 
c,. = I a* Qu ~ • 

Yo
1 

I 

ay* -• ay* 
C =I- Q -· 22 ak u ak • 

I I 

,., .... a• c2. = I..::~..._ Q- ..!2:.:. • 
ak II aK ' 

I I 

ay* -• ay* 
Ca2 = I a{J Qu ak"'"; 

I I 
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c 
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" oy' _, o)" 
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,. oy* _, ay* 
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oK 1 
1
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Torna peUtel!llP CllCTPMhl ypaBHellllH (18) OTHOCI!TeiJbHO IIOIIpaBOK Oy~, ok, 

0 {J OK MO)KHO nony'li!Tb nocne BLI'lucneHI!SI MaTpllUbi II C -'II , o6par-

nofr Marpuue II C II , ll YMHO)KeHI!SI Ha BeKrop D 

ily ,. 

( n, 
' 0 

0 k 
= II c -'II . II~ 

ilf3 
I (21) 

\ n, 
OK D 

4 

!1CIJOIIb3ySI 0603Ha'leHilH (19), AilS! 3Ha'leHI!SI cpyHKUI!OHana (5) B MllllllMyMe 

2 

X IIpllBeLteH!IOI'O K OLIHOH creneHil CB060Ahi, MO)KHO l!OIIY'li!Tb 

x 2 = (IJ
5 

-oy
0

D
1 

-okD
2 

-o(JDa -oKII
4 

)/(N-1), (22) 

rne N - 'lucno ro4eK Ha crrene, a 4 - 'lucno HeuanecTHbiX napal\1erpoa 

cpyHKUilll (8). 

Ha OCHOBe (7) ll (21) I!OIJy'la!OTCH HOBbie 3Ha'l8HilH napaMerpon, KOTO

pbte ucnonb3YJOTCSI KaK Ha'lanbHLte BO aropoti urepauuu. Dpu cqere ~lJJK1KTya

uuti TOpM03HOI'O ll311y'lei!HSI 1 BXOLIHilliiX B MaTpllUY pacceHHil51 1 llCI!OJlb3YIOTCH 
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HOBbie 3Ha'leHI!SI LIIIH K03cpcpllUI!eHTOB K 05bt'IHO Heof 

nony'laercSI nocne nayx-rpex I!Tepauuti, a MaKCilManbHO 

MOTpeHHOe B rrporpaMMe, paBHO I!S!Til. 

§3. DpoaepKa acpcpeKTilBHOCTil Merona y'lera p 

rrorepb 

3tP<!JeKruanocTb Merona y'lera panuauHOHHbiX nore 

rryTeM llCCITeJlOBaHilSI TO'lHOCTil BOCCTaHOBIJeHHSI I!CTilHHb 

poB aneKrpoHHhiX u rroaurpoHHLIX rpeKOB. TaKaS! rrpoae1 

rronHeHa crrenyJOillllMil crroco5aMI!, 

1) Do nporpaMMe !'eHepaUill! TpeKOB /JO/ 5btnl! C 

TpeKOB l'pyrrrraMI! ITO 200 TpeKOB Ilpl! pa3Hb!X 3H8'leHI!SI 

Horo llMrrynhca ll "uaMepSieMoil" Jliii!Re rpeKa B ornenb 

TpeKI! o6pa6aTbiBUIIIlCb 2 paaa: BO-rrepBbiX, Ilpll llCI!OIIb-

60T /1,3/ - C y'leTOM cpeJlHilX paJlllaUilOHHhlX IIOTepb; 

Hef!HeM MeTOJla 1 Olii!CaHHOI'O B HaCTOSIIlleH pa6ore x/ • 0; 

'lllCIIO I!pll !'eHepaUilll cny'laHHb!X 'lllCerr JliiSI KaMJlOli I'p~ 

6panocb OllHI!M ll reM Me, 3anoMeHHbre aKcnepi!MeHram 

0,011, :\y = 0,018 or, L'.z = 0,07. 

nony'leHHhle cpeJlHI!e aHa'leHHSI I!Mrrynbca u ero c 

KaMnoll rpyrrrrhr rrpHBeneHbr B ra6n. 1 • .ilaHHbte ra5rri!Ubl 

MeTOJl II naeT Xopomee BOCCTaHOBIIeH!le I!CTI!HHOI'O 3Ha 

BCeX rpynil'j B TO BpeMSI KaK MeTOJl I naeT 3aBbiUleHHbl 

ITLIX llMrrynbcax 11 aaHI!Mef!Hbie - np11 5orrbUJilX. Dpu ar' 

CIJy'lae CpeLtHI!e 0Ulll5KI! llMIIyiJbCOB HeCKOIIbKO MeHbUJe, 

n 0 pacnpeneneHI!SIM X 
2 

xy 
B HeKoropoll creneHI! 

HOCTil annpOKCI!MaUilll TpeKOB K COOT~eTCTBeHHO paCC'l~ 

2 
'leHI!SI X xy 

HI! CB060Jlbl 1 

2 

X 
xy I 

, nony'leHHhre o5ouMH MeronaMil 11 rrpuBe. 

paBHLr: 

~fr min 2 ~II min 
~----- ; x,,.n =-----

"l-:~ "l-t 

x) B narrbHellmeM aru MeTOJlbr o6oaHa'-!el!hi cooraeTCTE 

11 
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--IJ ---. 

iiK
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r; dk ' 

ilv* -1 ily* 
c = 2 _, -'Jtj ---

44 ilK I ilK, 
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('!11!0 CI!CTPMI>I ypailH81!1!H (18) OTHOCI!T8J1bHO l!OI!pailOK By~ I ok, 

Mo~<HO nony'lH Tb nocne Bl•l'lHCneHII51 MaTpiiUbt II C -'II 1 o6paT-

II yMH0~<8HHH Ha B8KT0p [) 

n, 

II c _,II · I D~ 

I (21) 

IJ3 

u 
4 

06031!8'l811HR (19), AJ151 3H8'l8HI!R ljlyHKUIIOHana (5) B MIIHIIMYM8 

llpi-1Fl8A8111!0f'O K OAHOH CT8l!81!11 CB060Abl 1 MO)KHO ll0J1Y'!I!Tb 

(II 5 - 0 Yo n, -0 k IJ 2 -0 (3 IJ :J - 0 Kll 4 ) I ( N-1}' (22) 

'lHCJlO TO'l8K Ha CJ18A8 1 a 4 - 'liiCJlO 1181!3B8CTHbiX napaMeTpOB 

8). 

CI!OBe (7) II (21) !IOJ1y'la!OTC51 1!0Bbl8 31!8'l8HII51 ll8IJ8M8TpOB 1 KOTC>-

h3YJOTCR KnK Hrt'laJJbHhre ao BTopoti HTepauHII. Op11 C'leTe ~lnK>KTya-

3I!Of'O H3J1Y'l8HHH 1 BXOAHmHX B MaTpiiUY pacceRHHR1 HCITOJ1b3YJOTCR 
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HOBble 3H8'l8H1151 AJ1R KOS!jlljJIIU118HTOB K 06bi'lHO Heo6XOAIIMOe I!pii6Jlii)K8HIIe 

nony'laeTc51 nocne ABYX-Tpex 11repau11il1 a MaKCIIManbHOe HX 'lllcno1 npeayc-

MOTpeHHOe B nporpaMM81 paBHO l!51TII. 

§3. OpoaepKa sljlljleKTIIBHOCTII MeToaa y'lera paallaUIIOHHhiX 

noTe ph 

31jlljleKTIIBHOCTb M8TOAa y'lera paJlllaUIIOHHbiX ITOT8pb MOli<HO rrpOB8piiTb 

nyTeM IICCJ18AOBaH1151 TO'lHOCTII BOCCT8HOBJ18HH51 IICTHHHhlX 3H8'l8HIIH napaMeT

pOB sneKrpoHHbiX 11 noa11rpoHHbiX TpeKOB. TaKa51 npoaepKa HaMil 6bma Bhr-

nonHeHa cneAyJOmiiMII cnoco6aMII. 

1) Oo nporpaMMe f'eHepaUIIII Tp8KOB /10/ 6h!J111 CMOA8l111pOBaHbi 1200 

rpeKOB rpynnaMII I!O 200 Tp8KOB I!pll pa3HbiX 3H8'l8H1151X 38A8HH0f'O H8'l8Jlb

HOf'O IIMnynbca 11 "H3Mep51eMoil" anHHe TpeKa B oraenhHhtX rpynnax. Bee 

Tp8KII 06pa6aTbiBHJ1HCb 2 pa3a: BO-ll8pBbiX1 I!pll IICI!OJ1b30B81111H M8TOA8 pa-

6oT /113/ - C Y'l8TOM cpeAHIIX p8AH8UIIOHHbiX I!OTepb; BO-BTOpbiX 1 C I!piiM8-

H8HII8M M8TOA8
1 

Olli!C8HHOf'O B H8CT051mefi pa60T8 x/. 0pH STOM CT8pTOB08 

'liiCIIo npH reHepauHH cnyqafiHbiX 'liiCen anH Ka)KAOii rpynnhi TpeKOB o6a paaa 

6panOCb OAHIIM II T8M )1(8, 3ai10)1(8HHbl8 SKCI!8piiM8HT8/lbHble Omii6KI!: ~X= 

010111 :\ y 0 1018 Cl\1 1 t.z = 0,07. 

nony'leHHhre cpeAHHe 3Ha'leHII51 I!Mnynbca 11 ero cpeAH5151 omi!6Ka AJ151 

Ka)KAOfi rpyl!Obl I!pi!B8A811bl B Ta6n, 1. naHHbl8 Ta6ni!Ubl I!OK83biBaJOT 1 'iTO 

MeTOA II aaer xopowee aoccraHoaneHHe IICTI!HHoro 3Ha'leHH51 I!Mnynbca A/151 

acex rpynn, B TO apeM51 KaK MeTOA I aaer ·aaahrweHHbte 3Ha'leHII51 np11 Ma

/lblX HMnynbcax 11 3aHI!)K8HHbie - np11 6onbWI!X. Op11 sroM, OAHaKo, ao 2-oM 

cnyqae CpeAH118 OW1!6KI! I!MliYJlbCOB H8CKO/lbKO M8HbWe. 

n 0 pacnpeaeneHIISIM X 
2 

xy 
B H8KOTOpOH CT8I!8HII MO)KHO CyAI!Tb 0 TO'l-

HOCTII arrnpOKCHM8UHII rpeKOB K COOTJi8TCTB8HHO paCC'li!TaHHbiM Kpi!Bb!M, 3Ha-

2 
'l8HIISI X xy , nony'leHHhre o6oi!MH MeTOAaMI! 11 npi!BeAeHHhre K OAHOH crene-

HI! CB060Ahl, paBHW: 

2 

X 
xy I 

~fl min 

~-:l 

2 

xxyll 

~II min 

N-l 

x) B aanbHetiweM STH MeTOAbr o6oaHa'leHhr cooTBercraeHHO Ul!rppaMI! I 11 II 

11 



II 

! 
• 

~ 

-2 
B Ta6n, 2 npellCTasneHbi cpellHHe 3HS'ieHHSI Xxy JlnH pa3HbJX rpynn npH 

o6pe38HHHo COOTBeTCTBYJOJUeM 1% ypOBRJO llOCTOBepHOCTH. 

J.13 BCeX nony'ieHHhlX pacnpeJleneHHA ]lnSI HMnynbC8 H ero OJUH6KH H8 

pHC, 1 H 2 fi0K838Hbl TOnbKO Te, KOTOpble HMeJOT H8'18nbHoe 3H8'ieHHe reae-

pHpOB8HHOI"O HMnyn&ca Po = 800 Maa/c H Jlnaay 'H3MepeHHH' TpeKa L , 

paBHyJ030 H 60 CM, BHilH8 npHMeHHMOCTb MeTOil8 n npH 6onbJUHX 3H8'ie-

HHSIX L • B ::~TOM cnYtfae npHMeaeaae MeTOila I npHBOilHT K 6on&JUOMY H 

HeCHMMeTpH'iHOMY pj!36pocy HMnynbCOB, 

Ha pHC, 3 nOK838Hbl pacnpe]leneHHSI x:y . nony'ieHHhie npH Po -

800 M::~a/c COOTBeTCTBeHHO MeTOil8MH 1 H n. BHilHO, 'ITO MeTOil II JlSeT 

pacnpeJleneaae, 6onee 6nH3KOe K TeopeTH'ieCKHM pac'ieTaM, 

2) ScjltjleKTHBHOCTb Me TOllS y'ieTa pallHSUHORHhiX noTepb npoaepHnac& 

eme cneJlyJOJUHM cnoco6oM, EbinH H3MepeHbJ H o6pa6oTSHhJ ::~neKTPOHHble H 

fi03HTpOHHhie TpeKH, nony'leHHhle / 4 / npH npo6ROM o6ny'ieHHH llBYXMeTpOBOA 

nponaaoaoA K8Mepbl /2 I ny'IKOM 1T- -Me30HOB c HMnynbCOM 2 '75 r::~a/ c. 

Bee TpeKH 6binH o6C'IHT8Hbl no nporpaMMe /1 I MeTOil8MH 1 H n. 
Ha pHC, 4 fi0K838Hbl llB8 TpeK8 0 HMnynbCbl KOTOpbiX CHnbHO OTnH'i8JOT-

CSI Jlpyr oT Jlpyra ( P 0 = 1087 M::~a/c, P 0 • 40 M::~a/c). KpasaSI (0) npose-

JleHa 'iepe3 npoeKUHH 3KCnepHMeHT8nbHbiX TO'ieK B KOOpllHH8THOil CBCTeMe Tpe

K80 a KpHBbie 1 H II HBnSIJOTCSI annpoKCHMHPYJOJUHMH KpHBbiMH, onpeJleneHHbJ

MH C fiOMOIUbJO MeTOJlOB 1 H ll , BHilRO, 'ITO annpOKCHMHpyJOJUHe KpHBble0 no

ny'ieHHbJe MeTOilOM ll , nelKST 6nHJKe K 3KCnepHMeHT8nbHbiM, 

B Ta6n. 3 npaselleHhi cpellHHe 3Ha'ieHHSI HMnyn&ca B aa'ian&HOM npa6-- - -
naJKeHHH P Ha'i. , cpellHHe onTHManbHbie 3Ha'leHHH p

1 
, p

11 
, nony-

1 
'ieHHbie MeTOil8MH 1 H fi , HeCMOTpSI H8 ae6on&JUyJO CT8THCTHKY ( 48 TpeKOB) 0 

Mbl MOJKeM CllenaTb cneJlyJOmee 3aKnJO'Ieaae: nony'ieHHbJe MeTOilSMH 1 a n 
np8KTH'ieCKH paBHbJe pe3ynbT8Tbl fiOK83biB8JOT, 'ITO ycpeJlHeHHbie 3H8'ieHHSI 

JlnH IUHpOKOI"O HHTepsana HMnyn&COB (npH y'ieTe CpellHHX P81lH8UHOHHblX no

Tepb) COBll8Jl8JOT CO 3H8'18HHSIMH0 nony'ieHHbiMH npH y'leTe noTepb B K8lKJlOM 

TpeKe, SToro H cnenyeT OJKHil8Tb npa npasHn&HOM non6ope OTCe'iKH 

o6pe38HHSI, 

12 

• 

BhiBOI1bi H 3aKJJJO'HlTenbnJ,J<' 3a~J<''IBHH 

npenno:>KeHHbiH MeT0/1 Y'ICTL1 panHBUIIOIIllf..!X fiOTe 

fl!!p8M8TpOB SJieKTpOHHbiX ll fl03llTfJOI!HbiX T[>CKOB iWOl 

TO'IHO BOCCT8HOBllTb HCT!li!I!Oe 3HB'IOH!le llMfiYJJbCO, '11 

sepKoll:, nposeJleuuoii 118 reHepHpOBEJHHJ.IX rpeKax. 

PacnpeneneHHH HMrrynhca, rrony'!eHHhie rrpH pa3H 

TpeKOB, fiOK83blB8JOT llpll~lel!llMOCTb STOro MOTOU8 flpl 

B 38KJJJ0'!8Hlle aRrop C'!!lT8eT npHHTHhl~t uonroM 

6JI8l"OUapHOCTb K8HIUH1aTy qHl3HKO-M8T8M8T!l;JeCKllX H!.l 

BCeCTOpOHHIOJO fiOMOlllb llpll Bbl!IOJIHE'Hilll H!.lCT05!UleH pn 

nea TaK:>Ke H8y'!HHM coTPYI11lHKaM K.n. BHwHescKoii H 

38 npenocraeneHHe H03MO~<HorTH Hcnonb30Ba Tb nporp 

KOB H Jl86opaHT8M T. 6up:!Clllll)J1, 11. flepsyUJHHOii, r.A 

BeneHHe TeXHH'!eCKOH 'lnCTH .'l1'011 pn60Thl, 
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-2 
86n, 2 npellcTaanellbi cpelllllle 3118'1ellllll Xxy 

llJIH p8311bJX rpynn np11 

38111111
0 

COOTBeTCTBYJOUl9M 1% ypOBIIIO llOCTOBepiiOCTII, 

H3 acex nony'lellllhiX p8cnpeAeneiiiiA llJIH IIMnynbC8 11 ero om116K11 118 

1 II 2 nOK838IIbl TOJibKO Te, KOT0pb19 IIM910T 118'18Jlblloe 3118'1eHIIe re11e-

B811110l"O 11MnyJibC8 
P

0 
= 800 Maa/c 11 llJIIIIIY '113Mepe1111H' TpeK8 L , 

8111lll8 npHMeiiiiMOCTb MeTOil8 fi np11 60JibUliiX 3H8'1e-
yJ030 II 60 CMo 

L • B aTOM cny'lae np11Me11eH11e MeTOilB I npiiBOiliiT K 6onblllOMY 11 

MMeTpH'IHOMY pp36pocy HMnynbCOB, 

Ha pHC. 3 nOK83811bl pacnpelleneHIISI x:y , nony'lellllble np11 P. -0 

0 Maa/c COOTBeTCTB9HIIO MeTOil8MII I II n. BIIAHO, 'ITO MeTOil II ll89T 

peAene1111e, 6onee 6nH3Koe K TeopeTII'IecKHM p8c'leT8M, 

2) 31jlljleKTHBIIOCTb M9TOil8 y'leT8 p8A118UIIOHIIbiX noTepb npoaepHJ18Cb 

cnenyJOUlHM cnoco6oM. 5hinll 113MepeHbl 11 o6p860T8Hhl aneKTPOIIHhle 11 

IITpOIIHble TpeKII, 110Jiy'le11Hhle / 4 / np11 11p06HOM o6Jiy'lellllll ABYXMeTpOBOit 

na11oaoit KaMe phi /2 1 ny'IKOM 11- -Me3oHOB c IIMnynbCOM 2, 75 faa/ c._ 

TpeKII 6binll o6C'IIIT811bl no nporp8MMe /1 I MeTOA8MII I II n. 
Ha piiC, 4 nOK838IIbl AB8 TpeK8, IIMI1yJibCbl KOTOpblX CIIJibHO OTJIII'1810T

Apyr OT Apyra ( P 0 = 1087 Mas/c, P 0 • 40 Mas/c), Kp11B8H (0) npoae-

8 'lepe3 npoeKUIIH aKCnepiiMeiiT8nbHblX TO'IeK B KOOpA11H8TIIOit CBCTeMe Tpe-

8 KpiiBbie I 11 II HBJIHJOTCH annpoKCBMBPYJOUlHMII KpiiBhlMII, onpeneneiiHbl

c noMoUlbJO MeTonoa I 11 n . B11nHo, 'ITO 8nnpoKCIIMIIPYJOUllle KPHBbJe, no

eHIIbJe MeTOAOM ll , ne>K8T 6JIH>Ke K aKcnepHMeHT8JibHblM, 

B Ta6n. 3 np11aeneHbi cpellHHe 3118'1eHHH IIMnynbC8 B HS'IanbHOM np116-

e111111 p 118'1, 

llble MeTOil8MH 

cpelllllle onTBM8Jibllble 3H8'1eHIISI PI PII , nony-

11 II • HecMoTpH H8 11e6onblllYJO CT8TIICTBKY ( 48 TpeKoa), 

,J MO>KeM Cll9JI8Tb cnenyJOmee 38KnJO'IeHBe: nony'leiiHble MeTOA8MII I II n 
KTII'IeCKII p8BHbie pe3yJibT8Tbl nOK83blB810T, 'ITO ycpenHellllble 3H8'1eHBSI 

Sl UlllpOKOl"O HHTepB8n8 IIMilyJibCOB (npll y'leTe CpeAHHX p8A118UHOHHblX no

pb) COBnBilSIOT CO 3H8'1eiiiiSIMH, nony'leHHblMB npH y'leTe nOTepb B K8>KAOM 

eKe, 3Toro H CJiellyeT O>KHA8Tb npll np&BIIJibHOM non6ope OTCe'IKB 

pe3811HSI, 

12 

... 

8hiBOilbl II 38KJIIO'-IIlT8Jlbll!,l<' 38~10'-18HIHI 

npellJIO>K9HIIblll MeTOil Y'ICTL1 pallll8UIIOIIII!dX norepb npu onpr'Jl8J181!111l 

napaMOTpOB 3Jl9KTpOHHbiX ll ll031lT[lOIIHblX T[l8KOB ,lelOT B03'V!O>KHOCTb 6onee 

TO'IIIO BOCCTaHOBilTb llCTilHHOe 3H8'-18Hil8 11MIIYJlhC8 0 '1TO fJOilTB8pll11JIOCb 11pO

B8pKOi1., npOB91l8HIIOll HS reHepupOB8HIIb!X T[lCK8X, 

PacrrpeLteneHUH IIMIIyJJbca, rrony'leHHhie npu pa3m.rx 113MepeHIIHX J~JIHHH 

Tp8KOB
0 

llOK83biB810T 11p11~181111MOCTb 3TOl"O ~lCT0/18 npu 60JlhWIIX IUIIIHAX, 

B 38KJJJO'IeHHe asTop C'lUTaeT npusnHI>II-t nonroM BI>IfW3UTh I'ny6oKyJO 

6naroLtapHOCTb KSHilUilaTy cjlH311KO-MaTeMaTu~JeCKIIX HayK Hrycny !lun Tht 3a 

acecropoHHIOIO noMOUlb np11 Bbi!IOJIHE'HHI! nacromnei1. pa6oThl, Arnop npu3Hi!Te

nen TaK>Ke Hay'!HhiM corpyAHIIKBM K.ri. BuwHeBcKoii 11 A.Y. A6nypaxu\tOBY 

38 npellOCT8BJ18HllC !103MO~<IWCTII 11Cfl0Jib30Il.1Tb nporpaMMY reHopaUHH Tpo

KOB 11 na6opanraM T. Eui""'"'"'ii, 11. flepByutHHoi1., r.A. KoporKoaoii 3a npo

l'leneHHe T8XHII'I8CKOll '1!1CTI1 .-n'OII p:t60Thl, 
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IS. Behr and Mittenep. NucLinstr.Meth., ~ 446 {1963). 

14. D. Morrellet. Int. School of Elem. Part. Herceg Novi (1968). 

PyKOnHCb nocrynxna B H3A8Ten&CKHA OTAen 

15 CeHTH6pH 1970 rOA8o 

14 

t 

feaepHpOB. 
HMnyn&c, 
Maa/c 

100 

300 

800 

1500 

Po Maa/c 

.Unxaa TpeKa 

L CM 

2 
)(xy I 

X 2 
xy II 

p aaq. 

Maa/c 

350,3 

Ta6nxua 1 

Cpeaaxe 3HaqeHHH HMnyn&coa H 

.0nHH8 CocqHT&HHbie HMnynbc 
TpeKa, 

CM Maa/c Maa/c 

30 115 107 

30 336 S02 

30 788,5 808,4 

60 743,7 808,8 

30 1350 .1510 

60 1380 1540 

Ta6nxna 2 
2 

Cpeaaxe 3HaqeHHH Xxy 

100 300 800 

30 30 30 

1,25 1,37 1,22 

1,42 1,18 1,08 

Ta6nxua S 

Cpeaaxe 3HaqeHHH HMnyn&coa H 

P, pll 
Maa/c Maa/c 

359,2 359,7 

15 



13. Behr and Mittenep. Nucl.Instr.Meth., _gQ, 446 (1963). 

14. D. Morrellet. Int. School of Elem. Part. Herceg Novi (1968). 

Taonaua 1 

CpeAHHe 3H8'18HHR HMnynbCOB H HX OlllHOOK 

feaepapoa. .llnaaa CoC'!HTaHHhie HMnynbChi OmaoKH C'leTa 

I 
HMnynbc, TpeKa, gMnl:maca PyKOnHCb nOCTYnHna B_H3AaTenbCKHA OTAen 
Msa/c CM Msa/c Msa/c Msa/c Msa/c 

15 ceHTR6pa 1970 roAa. 

• 100 30 115 107 8 12 

300 30 336 302 22 38 

800 30 788,5 808,4 15,4 44,0 

60 743,7 808,8 52 58 

1500 30 1350 .1510 180 240 

60 1380 1540 90 112 

Taonaua 2 
2 

CpeAHHe aHa'!eHHH Xxy 

Po Maa/c 100 300 800 1500 

.llnaaa TpeKa 

L CM 30 30 30 60 30 60 
2 1,25 1,37' 1,22 1,26 1,73 Xxy I 

X 2 1,42 1,18 1,08 1,43 1,12 1,48 
xy II 

Taonaua 3 
2 

CpeAHHe aHa'!eHHR HMnynbCOB H Xxy 

p Ha'l. PI Pn 2 
x2 X 

Msa/c Maa/c Msa/c xy I xy II 

350,3 359,2 359,7 0,75 0,81 

14 15 

.... 
' 
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o:a 
Puc. 1. PacnpelleneHHe KMnynbCOB, Bbl'IHCneHHbiX M9TOil8MH I H n ' npH aa
'lanbHOM aaa'leHHH renepHpoaauuoro HMnynbca 800 Msa/o! a) -npH L = 30 eM, 

6) - npu L • 60 eM. 

16 

• 

u e:o p 
PHc. 2. PacnpeneneHHe owH6oK onpeneneHHSI HMn 
TO.Q8MH I H n ' npH H8'18nbHOM 3H8'1eHHH reHepH) 

17 
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u:c. 1. Pacnpe.neneaee HMnynbCOB, BbPIHClleHHbiX MeTOll8-MH I H n ' npH Ha-

HOM 3Ha'IeHHII reHepHpoaaHHoro HMnynbca 800 Maa/c! a) -npa L • 30 eM, 

- npH L = 60 eM. 
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ll 

PHc. 2. PacnpeAeneHHe ow116ox onpeAeneHHSI HMnyn&coB, Bbi'IHcneHHbiX Me

TOil8MH 1 H ll 
1 

npH H8'18nbHOM 3H8'19HHK reaepHpOB8HHOI"O HMnynbC8 8QOM9B/C, 
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X' 

PHc. 3. X ;Y - pacnpeAeneHHSI no ~~min /N-3 H ~II min / N.:.4 • 
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Pac. 4. AnnpoKCHMHPYIOWHe TpeK co> KPHB&re, nony• 
BSHHH MeTOAOB I H II B KOOPAHHSTHoA ClfCTeMe TpeKa 
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P11c. 4. AnnpoKCHMIIPYIOIIlHe TpeK (O) KPHBbie, nony'leHHbie npH gcnonbao-

BaHHH MeTO.QOB 1 II ll B KOOp.QHHSTHOA CIICTeMe TpeKSo • 
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