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BBEAEHHE 

B A aHH o~ pa60Te on ~ c a H~ np~Hu~n~ B~4~cne H~R ¢YHKU ~ ~ pa3p ewe
H ~R c ne KTpo MeT pa no BpeMeH ~ np oneTa B o6 paTHo~ r eOMeTp~ ~ AnR 

.' 
c ny4aR HeKo r epeHTHor o p acc eRH~R He ATpoHoB . npeAnar aeM~A Me TOA 
B~4 ~cneH~ R xapaK T ep~3yeTcR c neAYOm~M~ OCHO BH~M~ oco6eH HocT RM ~ : 

~c n on b 30Ba H ~ 3 Kc ne p ~ MeH Tanb H~e xa pa K Te p~C T ~K ~ B p eMeHH~x ¢YHK 
u~~ pa cnpeAeneH~R He~TpoHoB Ha ~MnynbcH oM pe a KTope H6P- 2 B nH¢ 
OKRH ; pa3n~4H~e ¢YHKU~~ pacnpeAeneH ~R He~TpoHoB a n n pOKC ~M~ PO

BaH~ 3Mn~ p~ 4ec K~ M~ ¢YHKU~RM~, KO To p~e n03BonR OT a Han~T~4eC K ~ 

B~4 ~ cnR Tb 6onbw~H c TB O ~HT erpan oB ; 3TO pe 3KO cOK pa T ~no Bpe MR 
pac4eT a ¢YHKU~~ p a3p ew eH~R Ha 3BH. P a3p a6 o T aH H~~ Me TOA np ~M eHeH 

' 9 1 
AnR pa c4eTa ¢Y H K U ~~ pa3peweH~R c ne KTpOMe Tpa KAcor-H ' - Ha pe aK-
Tope H6P- 2 . 

1. OnPEAEnEHHE H PAC4ET ¢ YH KUH A PA3PEW EHHR 

1 . Ha p~c . 1 nOKa3a Ha cxe Ma c ne KT pOMeT pa no BpeMeH ~ np on eTa 
B 06 PdTHOA r eOMeT p ~~ . YCT aHoBKa ~ MeT OA ~ 3Mep e H~ R nOAPo6HO on ~ 

c a Hbl B '1. 2 ' , np ~ 3a AaHHoM yrne O T pa>t<eH ~ R 0ll MOHO K p ~ C T a nna M 

O T HOC ~Ten b HO c peAHe ro HanpaBneH~R pac ceRHHor o ny4 Ka C ~CT C Ma 

MOHox pOMaT ~3a u ~ ~ , T. e. MOHoxp OM a TOp ~ K onn~M aT op 1M , K/, o6e c
ne 4 HBa CT MaKC ~ManbHoe n ponYC Ka H ~e npH An~H a x BonH Auo I c 3 HC p
rl 1C~ ~: eo I pa c c enuuux He~TpoH o B, xo r o pue o npe nenao r ca y cnoB ~eM 
,' :!O. ~ds i lll/l l ' r n e d - Me llmnOCKOCT Hoe pa c c r o a awe . Ka>t<AoMY KaHa
n y aH an~3(lTO pa C HOMepoM N () coor a e r c r aye r BpeMR np on e r a To. 
KOTO pOC np ~ pa c c eRHH~ C nepeAa4e~ 3 He pr ",,~ ( o n peAenReTCR COOT -

o 
H owe H~ eM 
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- IE ( )l / ~ E 1/ 2 
eo 0 eo 

r'n e L l ' L ~ - np on e ruue nYT~ AO ~ no cne ofi pa a ua , T - w~p~H a 

SpCMCHHoro KaHana , 'I' z - BpeMeHHaR aaneox xa ~ r: 2 : (ml2) 1/ 2 

22 86 . 5 l e c n ~ BpeMR ~3MepR eT CR B MK C, An~H~ np one Ta He ATpoHoB 
B M ~ 3H epr~R B M3B/ . OAH aKo B KaHane No C oTn ~4Ho~ OT HynR 
BC pORT HOCT bO p c r~ cT p~p YOTCR TaK>t<C H e~Tp o H~ C APy r~M~ Bp eM eHaM~ 

n pone r a T o ,\ '1' . Heonpen eneuuo c r s BpeMeH ~ np one r a 1\ '1' c BR3a Ha , t 

C OAHOA CTO pOHbl, C HeonpeAene HHocTb O B nepeAaHHo~ 3 H e p r ~ ~ 

~. C APy r o ~ CTOPO H~ , c ""H c TpYM eHT anbH~M~ He onpeAeneHHo cTRM"". 
Cp eg~ no cn enuax Ha",,6once Ba) ;(H~I~~ flBnRIOTCR Hc onpeAeneHHoc Tb ope

1© 061.e,qHlIe.JIBYA tm CTlfTYT llACPm.a: UCc.nCAOJllUlllA AYCua.. 1985. 
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Kp Il C T ;1 .I1 .r IO M- ~IO II o xpo ~laTopoM . II - It ~m YJ11 , c lI [" ii 1I<:'I' C1 I I I Il l( Gl,lt" l'p l.IX n er rr-: 
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PO liO U . 3 - :3;1MCt\JII i T CJIl.o. 0 - o Op a ' l e l\ , <!I - Oep lfJlJ1lW ll f,l i i I\!H JlhTP. 

H - MO II OK IH i C 'I'[W J1 1I' P ;1t!1I1T 11J IIt lUlI tJ, l , .Ll - n e r e ic-r op • 

~ 

Pnc . 2 . 3allllCI1MOCTb OT (0 IIJIJI 0'1' 

no iueuun x ~ \ IlA20pa3n11tlHblX lJKna
ADa no npcsreuuyro IlCOllpeAeJlCIIIW C'l'h 

AT . oGYCJlO HllClltlhIX : I - MO IIO ~:PO

MaTopOM, 2 - p03MepOM 0 6pn3l\il 

Il nCTCKTo p a IIICOnPC,uC.ncll ll o r TI, 

Wll1l11,1 nY'l'1I t\ I. ~ 30 cn ] , 3 - ,l.\1lH 

T eJ1hIWCThJO Il ~IIIYJlhCn 33IoleAJ JeIllI f,tX 

n eu-rpou o u • P.1 3J111tlllhle £11'1111).1.1<1 r y~
MlIpyHJT CH n , ' I1Y C C OllC KClM npli6JIIl 

o.	 «e uun . C:Y~IMil tI Cp HOl 'O II "PCTh" ( 0 
0,1 0,4 0,6 0,11 

IlKJ ta~l,a YK<l :Jlll a K P IIBOii t~. a C.yMI,13
)( . 

Bee >: llKJI.lJj,oa - II YIIK TH P lI o ll I\pH-
SIlO 100 1, 5 3 1 0 liOIl 5.10 

.. ' 0 1M113/ 

M eH~	 BwneTa TennOBoro HeATpoHa ~3 3aMennHT enR ~ w~p~Ha $YHK4~~ 

npon Y CKaH~ R C ~ C T eMW MO HoxpOMaT~3a4H~. KpoMe Toro. 3aMeTHY~ ponb 
MoryT ~rpaTb KOHeYHwe pa3Mepw 3aMeAn~ TcnR . 06pa 34a . MOHOKP~
CTa nn HyeCKOr O MOH o xpoMa~ opa ~ AeTeKTopa. a TaKme y rn~ KonnHMa
4~~ naAa~~ero nyYKa. Ho AnR Kp~cTannOB-MOHo xpOMaTopOB, ~ cnonb

aye Mwx B npaKT ~ Ke . H npH OTHO C ~Ten b HO 60nbwHx wHp~ H ax ~Mnynbc a 

T ennOB~ X HeATpoHoB I Y TO xap a KTepHo AnR ~6 P-2 1 3THMH 3~~eKT aMH 

MomHO np eHe6pe Yb. ~eA c T B~ Ten b HO . He on peAene HHoc T ~ Bpe MeHH np o
neTa ~T , B oaH ~K a~~ H e Ha-a a He HAean b HOC T~ KpH CTanna -MOH o xp OMa
r o pa H pa a6 po c a AnHH npone r a L -l AI. ~M eIQT BHA 

,\ 
(t\T) = 2,35 c l M ctg () ,\ I L (--lQ. ) + L Jtq) HCT	 B 20 1 o , /2 a / 

~20 ~ 

,'I,L \0 
( t\ T ) = c\ (--) '\ o(L \ - - -l L ) ,	 12612nv r s L >'20 

r Ae AO - y r no BaR HeonpeAeneHHocTb . aaBHC R~aR OT M0 3ilH4HOCT H 
KpHc Ta nn a H yc noBHA KonnHMa 4 ~ H , = rn/ t2 1T1l ) = 25 2 . 77 8 ; '\ \ 0 

AnHH a BonH~ n aAalQ~ero HeAT poH3 . 
Ha pac , 2 no xa aa aa aa Bl1C Io1 MOC Tb 3 H1X B en~ YIo1 H OT x >. \ 0 I it 20 

I Kp~ B~e 1 H 2/ . a Ta Kme 3aBHC ~ M OCTb OT x WIo1P~HW HMn yn bca Tenno 
B~X He ATpo Ho B Ha aaMeAn~ T enR I Kplo1 Ba R 3/ . Kp~Ba R 4 Ha plo1 c. 2 AaeT 
CYMMY BKnaAOB OT K P ~ B~X 1 101 3. a Kp~B aR 5 - OT 1, 2 H 3. nnR 
0 4e HKIo1 6wnH Hc non baOBaHW cne AY IQ~~e AaHHwe : AnR Kplo1CT ann a MOHO
xooaaro oa I r p a~H T I C OT p a lKa lo~eA nnOCKOCTblQ 10021 n = 38 " 
1 >" )0 = J~ . 12 IV . t\(J = 1" . 1. ( = 29. 68 M; L 2 = 1. 35 M,B MJL =O,Ol 
1,\ [ :. 30 cM/, BIo1 AHO, 4TO AalK e AnR npeyae na-re uuo r -o no c pa aue 
H~ IO c pe a nbHbll"H1 a H a Y eH~R M~ j.\L np OCTpa HCTBeHHbl e 3~oeK Tbl a anao r 
CR np eH e6p e >K ~ MO Man~MM BO Bc e A 06 n a CTH ne peAaHHWX 3He prlo1A. M3 
pHc . 2 c neAyc T , 4 TO npH Manwx ne pCAa HHW X 3 Hep r lo1R X pa 3peweHIo1 e 

C l 

o n peAc nRe TC R. rnilBHW M o6pa 30 M. Ka4eCTBOM C ~C T eMW MOHo x pOMa TH
3a 4HH. il npH cpeAHHX H Go n bWH X nepeA il HH~X 3 Hep r HRX np a K T H 4eC K~ 

Ton bKO WH pHHOH H e ~T poH Horo HMnyn bc a , 

2 , npc HcGper a R YKa 3 a H H~M Io1 'l poc r pa HC T BeH H~M Io1 3$$eKTilMH. CKO
POCTb CYCTil He Ko r e pCHT IiO pa CCCRHHblX He ATpo Ho B B xauane No 
MOlKH B~ P il 3 ~ T b ~opMynoA 

L ' r 
"'F ' E
 

ItNn ) -, I I I "~ I eIJ I r:1 ) I" dt PiE \ ' t ) J dE 2 \ / ~ IT (I': \ - E 2 )F (E ) M(AE )A(/\T),

2 2 

l) -"" 0 E 1 / 31 
Ae !I I(E 1) - nOTOK n ilAa~~~x HcA TPOHOB ; PtE \ , l) - HO PM ~1 po BaHHo e a pe 

MCHHoe pa cnpCn c ne Hlo1e He Al pOHo a Ha BWXOAe 101 3 3a MeAn ~ T enR ; 

" IE I - E :! )- aa xo « HC Ko r e pe HTHo ro He y npy r o r o pacc e a uaa HCI1TPOHO B; 
F(": ,») - 4JY H K4~R npo ny c K a H ~R $ ~lnb r pa C nocoro e oa 3He p r~eA E F ; 
M(AE 2 ) - $ YHK4 Io1 R nponYC Ka H ~R c ac r e -iu MOHox pOMaH13a 4101~ B 3 Hep
r e T ~Y eC K OM MaC l:n a6e 11 A(~ T)= 1,eCJ1101 II\TI 5: 7/2 , H paBHO 0 B npo 
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T~BHOM CnY4ae, r~ e 

M: I\ E 
l1 T = I -C A10 -~

1 .• C LA _ --2..- ;41 1L 1 1 2 20 2 E ' 
2E 10 20 

r e • l1 T - e c r s pa 3HOCTb M e lK~ Y Oa Kn14 eCK~ M 1-1 HOMI-1HanbHbll-\ (To)i 

BpeMeHe M per"'CTpa~ ",,,, He~T p o Ha aHan"'3a TopOM. 
Il oc rie 3aMeHbi nepexeunux "' H T e r p ~ pOB a H "' l'l B 131 E 1 = E 10 + ,\ E r 

E2~E20 + L\E l - l1 ( ~ Y4eTa r o r-o , 4 TO et>YH K~"'H P (E 1 , I ) cna60Me 
HHeTCH C 3Hepr yt e~ E l ' nonyua e-i 

i\ E t E /,- - - 
oc 1 20 . E 20 + L\ E 1 - 1:\,

1(N 0)- T J d(M:) <\l (E + I:\E ) ( d(L\d v --- - - - ------ x 
_ E 1 10 l ' E + L\E 

10 E 10 1/51t\ E 1+ E 2 0 - r 
l( a ( , + Ar ) F (E + l1E - /). , ) M(L\ E .. L\, ) P (a L\ E - b il ,) ,o 20 1 1 7 1 

r~e '0 ~ -- E 20 ,E 10 
a
 

L2,\ 20 L I... " A" 0
 ,\ 1o_) ;a = - ---- ( 1 + _ 1 
:l 

h (' - -=---::..._- 61 
1 2E 2 0 , 1 2E 20 L ;! ,\ 20 

'" P 0603 Ha 4aeT c Be pTKy Yl Mn yn bca H e ~ TpOHOB C et>YH K"~e~ A( L\ 1') : r 

P r (E 10' t ' ) ~ r " 
1 J P (E 10 ' t ) A (1 - , ' )dl . /71 

Me HHH nopH~OK ~ H T erp Yl p OBaH"'H B l SI 1-1 BBOAH Z = ilE 1 - , no n y 4 a e M 

E 20 
I(N ) -, <1> (E 10 h I "E- f d (,\ t)a «( 0 + /). .) R «(o' L\c). 181 o

10 - ( E H )r 0 

r~ e R( , 0' ,\ , ) HBn He TCH <pYHK ~ l-1 e~ pa apeure a ua , C OOT Be T C T B YIOU\ e~ KaHa
n y N o : 

E r oo E 20 <\l eE + L\r + z) 1 + l. / E 20 _ _ _ l Q . . \ , R (, o, (\, .) ~ r f d Z - ,.- - - - --- - - - - - - x 
- E 

20 
<11 (E 10 ) 1 + (L\{ + z)/E 10 

191 
x F (E + z ) M(l. ) P (E 10 , 31. + c L\, ) 20 r 

1-1 BBeAeHo 0603 Ha4 eHYl e 

L 1 A10 
C = 3 - h = c - - - -- I 101 

I 2E to 

nepB~e TP~ nOAW H Te r pan b H~X MHOlKl-1TenR B / 91 cn a60 3a BI-1 CHT OT 
nepeMeHHo i1 z no c paB He Hl-1 1O C 3aB I-1 CI-1 MOCTbIO ~ Y HK~ I-1 i1 M Vl Pr ' 
c ne AOBaTe n b HO , I-1 X MOlKH O BWH e CTI-1 1-1 3- nOA I-1 HT e rpana . 

4 

CBe pTKY 181 MOlK HO BW4~ cn VlTb B APy roM BVlAe, 3a MeHHH nO,Q WHTe r pa n b 

HylO nepeMeH HYIO 1\ ' -, . - 1:\ T i c : 

rr;::-- C( E +( )
f E 20 F 0 t\ l' 

l(To ) -eJ1 T (E lo )y ~-- J c1 ( L\T ) u ( ' o ' - -,- )R T ({ o ' L\ T ) , 13 '/ 
E 10 - N C 

r n e <\l T - na~alOutVl i1 Ha otipa aeu nOTOK He i1 TpoHoB 1-1 R T - et>YHK ~ I-1 R 

pa 3peWe HI-1H BO Bpe MeHHoi1 WK a ne : 

'Il (E 10 ) ~ <II (E 10 ) / c : R T( ( o. L\1' ) '"' R (, 0' .-1\T /c ) _ 19 ' 
T . 

Ec nl-1 Kp l-1 CTa n n - MoHo x po Ma To p OTCy Tc TBy eT , 3aBI-1 CI-1 MOCT bIO OT 1. nep 
a wx Tp e x et>a KTopoB n OA I-1 HTe rpa n OM 191 He n b3 H npeHe 6 p e4 b , B 3 TOM 
cn y ua e nl-1H e i1Hoe n pVl6n~llK eH l-1 e Me lKAY 1\ ( 1-1 1\T HaAO 3aMeH ~1T b T0 4 
HblM BblpalKeHl-1eM ",x OTHOWe HI-1R '" BMe CTO E 20 CTa BI-1T b E F . 

2 . AHAJl l13 PA3HbiX BKnAAOB B 4JYHKl\lIKl PA3PEWEH HR 

et>YHK4 I-1H pa cn peAene H ~ H a peMeH Vl Bwn e Ta Te nn OBWX He~TpOHO B 1-1 3 
3 aMeAn~TenH p(AI' t ) flBn He TCH c a ep r xosi Bpe Me HHor' o oa c noene n e u a a 
6W C T P~X He i1Tpo HoB y~ ) B I-1 Mn yn bc e pe a KTo pa C <PY HK 4 Mei1 3 a Me Ane 

HMH Z ( '\ I ' t ) : 

I 

P( ,\ i ' t ) ~ r Y (I . ) Z ( ,\ l' 1 - I ' ) cit ' . I II 

1. <POPMY I-1 Mn y n bca 6WC TPWX H e~ Tpo HoB y et ) MOlK HO On l-1 Ca Tb aHan~ 

TI-1 4eC KVl C nOMOut b~ 3 KcnOHe HTW, nOKa aa Te n b KO TOPO~ n peAC Ta Bn He TCH 
nOn l-1 HOMOM r pc r se a CTe ne HI1 '3/ , OAHa KO et>YHK 4 ~R r a xo r o r a na He YAo 6 Ha 
np", BW4"'Cne H ~1-1 I-1H TCr pana / 11/, n0 3 TOMY 3AeCb Bw6~pa eTc R cneAY~

uta H $Y HK4 I-1 R: 
- lJ ( t • . t) 

a l e 11 t ::; 1 
1 

2 3 4
Y(I ) ~ I l 1 - {1 I - y t f 0 t t l :S t s t 2 112/ 

·· lJ ( t a e :! - I ,, ) 
:.! ... I .- 1

2
, 

YcnoB~R He np ep W BHO C T~ ¢ YH K4 I-1 Vl ~ ee n p O~ 3 BOA HO~ B T04 Kax I . H I : 

n03BonH IOT COKpa'~ T b 41-1CnO n a pa MeT pOB AO Ce MI-1 10A ~ H 1-1 3 H ~X , TOT , 
KOTOpwA onpeAenHe T n OnO~ e H l-1 e MaKC~MYMa ¢YHK 4~ H, B 112/ He npl-1
BeAcH/. nOAr oHKa $YHK4 1-11-1 1121 K ~3Mcp eHHOMY pacnpeAeneHI-1~ npl-1
BOAIH K cne AYlOutl-1 M 3Ha4 eH~HM napaae r poa : 11 = / - 148 , 6+ 0 , 5/ I~ K C , 
1 2 = 1 172. 1.:!:.O, 51 MKC, a 1 = 0 . 329 7.:!:.0. OOI I~; 'l 2 = 0, 1 96~.:!:.O, 0 006; 

hI = I O, OI51 5.:!:.O,OOO I4/ MKC -
1

• h2 = IO.OI 495.:!:.O , OOOI 51 MKC -'1 ;
 
·- 4 .. 2 - R - 3


fJ = IO, j,4 ~.:!:.O.OO7/ ·10 MKC ; Y = 10,4~':. O, 1I · 10 I~KC 
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PHc.3. BpeMeHHOe pacrrpeAen e mie 
Y(t) HMrrynbca 6blCTPblX Hel1TpoHoB 

r 2500 

J \, -I 

Ha peaKTope HBP-2 . TO~KH - 3Kcrre
pHMeHT, rryHKTHpHaH KpHBaH COOT
BeTcTByeT raYCCOBCKOA ~YHKQHH, 

2000 cnnomnaa KpHBaH - ~YHKQHH 112/. 
N - aoue p xa na n a ImHpHHa KaHa 
na 4 MKC / , I - c~ e T AeTeKTopOB. 

'500 

'000,-

-9 -4o = 10, 60+0 ,2/·10 MKC 
5001 l-1 Inocn e HOPMl-1poBKl-11 a = 

= 0,389, 10- 2 MKC- I . n p l-1 3TOM Be
JH1 l H' Ha X 

~ Ha O;:\HY c r eneus cB060Abi 
OKa3WBaeTC R paBHO~ 1,5 . Ha pl-1c.3 
npeACTaBne H pe3ynbTaT 3TO~ nOA
rOHKl-1. AnH cpaBHeH l-1H npl-1BeAe H 

pe3ynbTaT nOArOHKl-1 C rayccoBcKO~ ¢YHK~l-1e~, AnH K O TOPO~ COOTBeT
cTBy~~aH Benl-14l-1Ha X2 OKa3anaCb paBHO~ 7. 

2 . H3BecTHO aHanl-1Tl-14CCKOe Bblpa*eHl-1e AnR ¢YHK4Hl-1 3aMeAneHl-1H 
Z(A . 1) B cnY4ae 3aMeAn HTcnH C 6ecK oH e4H o ~ Ton~HHo~ !4 !. XOTR 3T~ 

1
Bwpa*eHl-1C YAo6HO AnR Bbl4l-1CnCHl-1H MHTerpana 111/, e r o Hcnb3R HC
nonb30BaTb AnH 3aMeAnl-1TCnH C He60nbwo~ Ton~ H Ho~, T.K : OHO AaeT 
HepeanbHblC BpeMeHa ml-13Hl-1 He~TpoHoB B 3aMCAnHTene l-1 CABl-1r nono
*eHl-1H MaKCl-1MyMa pacnpeAeneHl-1R . n03TOMY 6blno ~PHHHTO cneAy~~ee 

3Mnl-1pl-14eCKOe Bwpa*eHl-1e: 

3 c 4}' 1 _. () I o ::. I " o 0 II
 
Z(t) = --b (l- t ) 1131
a o { e O ' 0 I -, I 

- 0 

H3 ycnOBl-1~ HenpepWBHOCTH 3TO~ ¢YHK4l-1H H c e np 0 l-13BOAHO~ B T04K e 
to cneuye r 

3 ') 4 b ;33 ,y = 4 /1. ' + b II ~ o . , I + I . 114a,61o 0 0 O· o o 0 0 

a HOpMl-1pOBKa AaeT 

2 c 
a = 20b / (20+ Sb I + b 1 - ) . 1148/ o 0 00 00 

TaKHM 06pa30 M, ¢YHK~HH 1131 COAepmHT TonbKO ABa HeH3BeCTHblX 
napaae r pa - to l-1 b ' KOTOPblC 3ClBl-1CRT OT Anl-1Hbl aoru-u H e~ TpOHOB A.o 
napaMeTp to npeAcTaBnReT c060~, npl-16nl-13MTenbHo, nono*eHl-1e MaK
cHMyMa pacnpeACneHl-1R, l-1 AnR 3aMeAnl-1 TCnH KOHC4Horo pa3M epa OH 

6 

HBnReTCR OrpaHl-14 eHHb1M npl-1 A ... ""; aHanOrl-14HO, OrpaHl-14eHH i>lM np« 
A ... "" HBnHeTCR H napase r p bOo AJlH to l-1CnOnb30BanOCb BblpameHl-1e 

t.0 = ~ 1'\3 
,~ 1 + (2'\

3 
)	 1151 

/~ 
H AnH b0' B COO TBeTCTBHH C , Bblpa * e Hl-1 e 

· · 1 -(4A 
b = ( (1 - e ) .	 1161 

o 3 

napaMeTPbl'i i i = 1 , . . . , 41 6blnH nonyveua C nOMOll\b~ nOArOHKH 
no MHK ¢YHK4l-1M 1131 K 3KcnepHMeHTanbHWM AaHHWM AnH rpe6eH4aTo
r o 3aMeAnMTenR / 6 / . nOArOHKa npOM3BOAMnaCb cpa3Y AnH 4eTwpex Anl-1H 
BonH 10,96; 1 , 28 ; 1 , 93 l-1 3 , 82 AI. QOH npeACTaBnHJlCR B BMAe AByX 
c narae-iux : Aexp!-a(t +T )]+B 1 ; T j = G, L A1·/ j = 1, ... ,4 - HO

J I .Mep COOTBeTCTBYIO~~l-1 X AnMH aom- , napaae r pu KOTOpblX r akxe onpe-
AeDRnMCb B XOAe npo~eAYP ~ nOArOHKl-1 . B pe3ynbTaTe 6 b1nM nonY4eHbi 

<J - 3	 ° _
cneAY~~l-1e 3Ha4eHl-1H: (1 = 169,4~1 ,51 MKC	 A ; '2 =/0,491~0,016/A 

,,- 1 2 
(3 = 1131,7~1 ,51 MKC l-1 '4 = 12 ,86~0,37/.u. , npn X Ha OAHy 

CTeneHb CB060Abl, paBHOM 1 ,58 , M Hal-160nbWHM R - ¢ a KTo pOM AnR OT
genbHblx Kp MBWX 1 ,7 ~. Ha pMc .4 nOKa3aH pe3ynbTaT nOArOHKM . Hc
nons aya 3Tl-1 MOAe nM An H ¢YHK~M ~ Y l-1 Z. CBepTKa III I MO}!{eT 6blTb 
Bbl4McneH3 aHanMTM4eCKM. npM 3TOM nOJlY4alOTCR pa auue ¢opMynbl AnH 

n HTl-1 l-1HT epBanOB: l .s ' I ' t I SI S' 1 -+ 10' 11 " , o:::t s.t 2' 1 2 : 1 : 12-+10' 
,~ 1

2 
-+ to IBcerAa BblnOnHHeTCR t, + 1 

0 
,; r ,./. QAHaKO AJlH ~HTep

aana 1 1 .": 1.$ '2 + 10 MomHO Bblpa3MTb ~HT erpan C 04eHb xopoureu T04
HOCTb~ OAHO~ ¢opMyno~ InonHHoMoM weCTO~ CTeneHl-1/, Y4MTbiBaR ycno
BMR Henp epblBHoCT~ ¢YHK4~~ ~ ee nepBO~ npOM3BOAHO~ B T04 Kax r 1 ' 
I fII - nonoxe-o-e ,~aKCl-1'~YMa ¢YHK ~l-1 l-1, 12 + I 0 l-1 coxpaH eH~H nnOU1aAl-1 
nOA KPl-1B O~ B 3TOM MHTepBa ne . B pe3ynbTaTe $YHK~ M ~ P ~MeeT B~A 

h I 
(; 1 (. 1 -: t 1 

1'( .\. t ) -
u 
~ q k 

k ~ (J 

(I 
k 

( 
111

) 1 <' 
1

t I 2 t 1 0 1171 

- h I 
eo" 0 P e  h ,} 

~ 2 .... I 2' t o' 

nonY 4 a~~ l-1e C R BblpameH MR AnH napaMeTpOB rpOM03AKH l-1 n03TOMY 3Aecb 
He n pl-1 BOARTCR . Ha p ~ c .5 npeACTaBneH BMA ~YHK~Ml-1 P(A . I) AnR He
KOTOpblX AnMH BonH . Ha pl-1c .6 npMBeAeHa 3aBMCl-1 MOC Tb rna BH~ X xa 
paKTepMCTMK OT AnMHbl Bon Hbl : nono*e HMe nMKa - 1, ~eHTp TA ~ eCTl-1 
2, W~pl-1Ha Ha nOnOBl-1H e BWC OTbl - 3 , AMCnepCl-1H - ~ , aCMMMeTpl-14
HOCTb - 5 H 3Kc~ec c - 6 . BMAH O, 4TO npM A > 2 ~ Bce x a pa KTe p l-1 
CTl-1 Kl-1 CTaHOBRTCR nOCTORHHblMl-1. 

1 . 
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A :1 .28 A 

A: 3,82 A 

A:0.96 1. 
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P lI C • .). Bpe l>1 C IIIlO(; p a c n p e n e .n e u u e 

N C? I I,.T IC' II I IIoIX II C rI TP OJ~OB np u p a an n-u nex 
nnu un x i<OJl lI ,\ , A, n orry ueu uo e 
Ci<ep 'I'I<o i't (! IY Il K HHI1 3a~te ,!J,ne lll HI H H W

I I YJl b C;J UI>Il"' I' P h IX lIC lt T PO llOB . 
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3. MMHMMan b Ha R w~ p M H a $YHK ~ Mn P(~ I ) 236 MKC InpH A • 0/ , 
no a r oay $Y H K ~ 111O t" lA(t ) nOA Io1H Te r p a JlOM 171 MOIK HO np enc r aaa r s 13
~Y H K~ l1 eA . e c n M W ~ P~H ~ BpeMeHH~X KaH a n OB Me Hbwe 3 TOA B enM 4 MH~ 

IH a n pMMep, , S 128 MKc/ . B n pOT..,Bo no n OIK HOM CJlY4 a e CBepTKy 171 
MOIKHO n e r KO B~ 4 Hc n~ T b, MMeR 13 B ~ AY n pRMoy ronbH~A npO$Mnb $YHK
4 HH A( t) . 
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Puc , 6. 3 a BHCJ1~I OC Tb OClIOB Hbl X x a p a K T epHC T H K apesre uno r-o 
pa c np e n e n e u a a 3 a Ne.o.ne H Hbl X H e ii Tp oH OB : 1 - no.nox e na e MaK

CI1N YMiJ, 2 - uea -r p THJKeCTH , 3 - tnapana na non omnte B bJ

COT~ , 4 - l Uicnep CHH , 5 - aCH MMeTp H H , 6 - 9KC U C CC. 

4. ~YHK~MR n po ny c Ka HMR CI1CT eM~ MOHoxpOM aT H 3a~ M H M( AE J . n p M 
Ha n..,4MM To n bKO OAHoro Konn ~ M aTopa . B 3HepreTM4e CKOM Ma c wT a6e 
MMe eT BMA 

i\E, 
M( L\E ) =JfR(y -(,, + --.£! tgO) T ( y) T «(,,) d y d w • 11 81 

2 c 2E B e III 
20 

r Qe Rc(6)- K03$$M4MeHT oTpaIKeHMR KpMCT anna, Tc( Y) - $YHK~H R npo
nycKa HMR KonnM MaTopa l-'l TlI l w ) - pacnpenene -u-e opMeHT a~M A o r nert s 
H~X MOHoKpMCTann M4e CKl-'lX nnaCTHH, M3 KOTOP~ X COCTaB neH MOHO
KpM CTann-MOHoxpOMaTOp, OTH0C HTenbHO MX c peAHe~ opMeHTa ~ MM. 

Or oaxaoura» cnoco6HOCTb MOHOKpMCTaJlna B $ op'<le nna c TMHKM , xo r o p aa 
pa cnonome Ha cMMMeTpM4Ho OTHOCMTenbHO n aA alO~ero M pa CCe RHHo r O 

/ 7 / ny4KoB nOJlY4 a e TcR n o M3 Be cTHoA $OpMyne : 

11 (1 i · I' + 1'1 cth 1'1 s ) It a 

R e( t\ ) = "	 1<3 1s / (1 + __ ){ 11 a 

C 0603Ha4eHMRMM 
,- - ---

s = Dod Al/ Sin OB > r = /d a (M . ~ J )!J' t r ~ ,,( t\) ~ OW (,/ , A }, 

rA e Do - T on~ MHa xpuc r a n n a , It - t<03$ tlJ MI \I~e tH no r n OU\CHMR , Q 

c e u e u a e p a c c e a u u a eAM H L1 ~ l>1 06beMa M W( 'I . A ) - M0 3a l1 4 Hoe pacnpene
~ n e HMe Inp MMe HRe TcR ra YCCOBCKa R ~YH t< ll M R I C AMc n e p c Mc A lJ • 4>Y H K ~ MR 
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npon YCKa H~H KOIlIl ~Ma T Op a ABIl AeTC A T peyroIl b Ho~ ~YHK~ ~e~ C W~P~

H O~ U C: 

T c: (y ) = 1 I )' I l a c Iyl :: u c' /2 0/ 

Pacnpe Ae n eH He opHeH Ta~ H~ OT,Qen b HWX MOHOKp HCTann H4 eCKH X nnaCTHH 

HeH 3 BeC THO , HO Mom HO e r o np HHATb npAMoyro Il b HwM HIl H Tpey ron b HwM
 

C W HPHHO ~ 13m.T 04Hbl~ BHA a r or o pacnoencneuwa c nafio ana a e r
 
Ha p e 3 y nbTaT . CBepTKY /18 / BW4 HCn l-1 T b aH an HTH4 e CKM He YAae TCH ,
 

HO 3 Ty T P YAHOCT b MomHO 060~ TM , Hcnon b 3 YfI np H6n MmeHH e rpaMa -4ap


n Me p a ( Gr a m- Ch a rl i e r ). AnA cHMMeTpM4Ho ~ $ YHKQMH M:
 
2 2 

- A,) II 
M(lI ) = -« ~ 11 •. AiI 4(A 11 ) + AllH 6(A 211 ) ~ .. ,1. /212

r Ae u - i\ E :lll:() B / (2 E 2ol H H k - n onH HoMbl 3pM HTa . K o~<lJ<lJVI ~~ 1 eH T L I A k 
Bwp a malOTCA 4 epe3 nn o~ aAb IlIO H ~ eH Tp aIlbHw e HOpMHpOBaHHwe MOMeHTW 

<lJY H K ~ Vl M M /1. (/ . II : 
2 4 6 

~ - 1 
1TI / ( 2 77 {1 ',!. ) 1/ '.!.An 0 A :!. (2 /, 2 ) 

22 
A ( 11 -- :l l' 2 )I( ~i /' - ) ; At; ~ I{ IG - Hi {I:!.(I' 4 - 2 /, ; ) 1 ! ( 576 0 1 1 ~ ) . 

'.!. ,) .J :3 

4 4 

3 H l MOMCHTbl BbI 4~1 c nAIOTCA 113 MOMCIH OB QJ YH KU~H1 R .. , T c ' 1' 111' Ka K 

c n c Ay e T 113 CBCp T KI1 / 18 / . MOMCHTW QJY H K ~MI1 R.. on peAen A ~ TCA 411C 

n CH HWM I1HTCr p l1p OBa HMCM I MCTOAOM r a y c c a - 3 p MI1Ta /, a MOMeH TW <lJ YHK

Ul111 T" (1' III ) Io1 Met0T B c nH 4~ 'lHY " :!. / (j , II 4/ 1;l ~1 II (j I~ l'; ( {1 :!./ l~ , f'i .l / RO6 - e (: t - III III ~ 

Iln/ 44S, e cru- 1' 111 - n p AMo y r o nb Ha A) . 

5. B c n Y4 ae Gon b WO ~ M0 3 a M4 HOCT I1 Kp HC Ta n n a- MOHo x p OMa Topa 

I MnVl np H e r a OT Cy TCTBHH/ KOHK P C' H~~ BHA ¢ YHKQHH npon YCKCl HI1A 
6 epVl n n He Bo r o <lJ Hll b T pa F O':) ~1 <lJ Y I; K~ I.1 H III (E ) B ~1 H T c r pa rte 191 0 1J1bliQ 

Bn HAeT Ha p C3 y n b TaT BW4H c neH M~ . 

nnR F(E) 6wno n o n y4cHo aHa n l1TM4 CC KOC B ~pa * e HIlC n YT CM a n n pO K

CIo1 Ma411 V1 A2HH WX , H cnanb30 BCl HH ~X 0 ' H~ n o n lo1 HOMOM we CTO~ CTcn C HH 

/ c R -<lJa KTop o M - 0. 3 3~/ : I.' (E ) = O, 563 E - 0 ,1 91",:: 2 ; 0 , 377 E :I 
4 

- O, 164 E + 0 ,0266 E ') - 0 ,O OI 5 E D An A r:::: E = 5, 12 M3B . r 

3. CP ABHE HHE C 3 Kc nE P ~lME HTO fl 

nJlA c p a BHe HI1 A B bI 4 ~1 c ne H HOH ~YH KI.\ I.1 I1 p il 3 p e WCH.1A C 3 Kc nep VlM e HTOM 

MO* HO ~c n OIl b 30B ilT b yn py r ~~ n l1K eaH8 AMR , B 3 TOM cny4ae 3il KOH pac

ce .9H I1A f1BIl fl CTCR ~YHK~ 11e ~ L1 !popMyn a 18 ' / I1 MCCT ~~'A 

E 20 
I(T 0) - c1> T (E 10) c ,! - ,-- Rl' (- " To / c , - \ T o) ' ;' 23/

E. 10 

10 

ne L\ T o - pa3HOCT b Me }KAY Bp e Me HeM n porie r a TO ~ BpeMeHC M n p one r a , 
COO T B eTC TB YIi)~~ M yn pyr o xy pacc eanao . MeTOAOt~ Ha~MeHbW~lX KBa Ap aTOB 

~ YHK~~A / 23/ nOA r OHAn a Cb K 3Kcne p~MeHTan b HO on peAeIleHHWM Aa HHWM 

y n p y r o r o n ~ Ka , KOTOPW~ ~ 3Me pHnC R B np~c yTcTB~~ ~ 6e p~ Iln ~eBoro 

~~Il b T p a, ~ MOHOKp~CTaIln ~4eC Koro MOHo x p OMa To p a , ~3 rOTOBneHH OrO 

11 3 n~pOn H T H4 eCKO rO r pa¢~ Ta . ~OH On HCWBanC A n ara60n ~ 4 eCKO~ ~Y H K 

~ ~ e~ . nOArOH04 HWM ~ n apaM eTpa M~ c Ilym~Il H : aMnn ~ T YAa , 6p3rrOB C K M~ 

y r o n 0B' M0 3 aHu HOCT b 1/ ~1 WHpHHa pacnoen en euws Op~eHTa ~~ ~ OTAcnb 

HW X Kp~C TannM TOB ~m' KOTO pOe n p e,Qn o n ar an OC b T peyr on b HWM. Pacxo 

A~1 '~OC T b KOJln ~Ma T O pa 6 blJ1a GJ ~KC l-1 pOB a H a , HO TaK Ka K <lJ YH K ~ ~A pa c 

n p e Ae n CHHA 1~ ~ ) HeH 3 Be CTHa , TO nO ArO HKa npoBOA~na C b n p ~ He CKOn b 

KHX 3 Ha 4 e HHAX « c 0 AM a n a 3 0H C OT 0 ' AO 180 ' . np ~ 3 TOM n apa Me T pw 

ClJo Ha ~1 0 B n p aKH14eC K~ He Me HA n~C b , HO 7/ 1-1 f3 m MeHAnHCb B n pe
Ae na x 12 H 36 MI-1 H COOT Be TCT BeHHO . Ha l-1 n Y4 wa A n OAr OHKa nonY4 Hn aCb 

n pn It c = 140 ' C R.-<!J a KTo poM 2 , 7% H na pa a e r p a a u = /38 , 67.:.0 , 03/ ° ,0 13 
I] = / 38 , 5.:.0 ,6 /' H /'{ m = / 140, 6.:.1 ,2/ '. 
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