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8 p a60T SX ' 6 b!Jll1 noLlpo5u o P IICCMO'l'PG II b l 3 KCllGpHMeHTS!IbHb ie 11 T eop e TH-

'feCKife LlS HHb i e n o Ce'feHIHlM l:l381fMO.I.l f' /!C TUIH I 3.'1eM C' IITIJ pl! bJ X 'fBCTJH.(, 0LlH8KO 8 3 THX 

pa50TSX p a 'lb WJIS JlHWb 06 IHITOT'pllJlbHI IX ll0 1H1 ' UIIIIIX c~n 
1 

Clc p 
1 

a

1 1 
llpOCyMMHpOB~n-

H blX no Yf'JISM If no BCeM B03 MO}J{H bJM K l:l lll:l llfiM p O OKI.(H f.!: 

(T, 
tn 

(i) 

~ , ; '~ r - r " .. r 1 o) do 
In ~ 

3HS'flfT e JlbHO 6onee LleTan bHy!() lfHfi J<>pM .:ll.(lf iO 0 83ll lf M OLleliCTB I!SlX 3JieMeHT8 pH bl. . 

'f llCTifU Mo>xHo non y'IHTb H3 ana nuon llilfJrw anbubrx Ce'le uu.A ,(i> 11 y rnoawx p ac-
in 

npeLlen e HHI! y n p y r o r o pacceRlliHI 'fBCTHu ~r (0\ . 0 T CIOLla M <»~< no non y'IH Th cae.aP.H H S! 

K 0 BHyTp~HHOM CTpoeHKH 'ISCTH I.( , 

8 H BCT OSIU.tee apeMS! H e T TeopHH , K o T o p aSJ Gbr n ocn eLloaa -ro.mbuo o n ucbJaan a 113<1itM J

JlellcT !UtS! npH 6 o nbWJtX <~HeprlfS!X , 8 3TOI! o6nuCTH 3neprul1 OC H oauy JO pon b n r p a10r 

COCTOSIHHS! C 50JlbW ifM 'llfCJlOM B381fMOLlGiiCT B IIYIOlJ..tll l( '18CTIIU
1 

Lli!Sl OfiHCLIHJHI K OTOpbiX 

K3BecTH ble MOTOLlbl TOOpHH flOJISl Jl lt50 HQ npH\-JC'HHI\fbl , JflftJO C B S!36Hbl C OrpO.'I.1Hb i M H M a 

T e M STH'IeCKifM H T p y LlHOCTSlMH, 11 03TOMy lfCilOJl b 3 y e M b!O LlJlll OJlH CBHli SJ 3KCnepHMeHTI:lJ11,

HbiX LlSHHbiX T eOp lfH H MeJOT MOLle JlbHf, IJf 1 cflG HO M O l! O!IOI'If'IOCKH I! Xl:lpS KTe p H COLlepma T ll:.lpa

M e Tpb11 3 H S 'f0 HHS! K OT O p bJX flOLl6Hp810TCR H3 C p llBlle l!liS! C Oll b!TOM , 

O 'fe H b 6onbwo l! K HT epec npeLlt:T8BnHe T HCClleLlonauue y u pyro ro li ueynnyroro 

B 3 811MOLleltc TaHSl 5h!C Tpb! X 3 JlOKTpOHOB C rrpOTOIIQMif If Ll6 1tT OH8MI1 , Vf.3 3KCnOplH vlC'II T il,·i. 

llblX Ll 8 HHblX D 3 T OM Clly'fae YLlAe T CSl TI 0 1lY'IH1'b MIIO r O B £l )l<Hb1X OBKJl!O'fe lilrJi 06 3Jl€' KTpO• 

M &rHHTHOI! CTp y KTyp e npoToH.a 11 HeJ1TpoHa. I I OLl p o6H bllt LIH ttllH3 K T eo p e Tit q ecKyiO 1w -

_ / 3- 5/ T e p npeT SUKIO 9 THx 9 KcnepllMeHTOB M O>K ao uai!TH e oG.:-~opH~>Ix p aooTax 

6onbwoQ lfHTepec nposrensteTcst B H.:JCTOS! tueo npeM R T ll K ,,,e K HCCJ1~ L10IIa:t t~ Jv 
• cnat5blx B3SHMOLleAcTa lfA • np11 60il bil.IHX a u cpntsL\ , Ce•r e uuSJ TOK it X B 3<Ht MOLlellcTe:lil 

t5blCTpO B 03p8CT810T n p n y D eJlH'IeHifH 3Hep r ll!t 'IHCT HU If C T lll!ODSlT CSI .UOCT;'IIH P!v<ll 3KC"ll •""-

Htllle RTbCSI H 8 ycnew n oe TIOCT pOeHI!e T eOpH H . flo 'I JI<>DH OMy 115Cy>t<LleHIIJO ::ITO It llpOU/IC'M!,) 
161 

TIOCBSIU.teK C60pHKK pa6oT • 3~tcnepHMe!IT8Jl bKblX .USHli h!X .3lleC'b fl0K 8 E?IUe H E'T. 
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L.la.'lee 6y.ayT no.apo6HO pllCC:vt0Tp9Hbl 3KCn9pHM9HT8llbHb!9 II Te0p9TH'f9CKH9 

.[18t!Hbt9
1 

K8C8!0lllii9CSI ynpyroro p8CC9SIHIISI CHilbtiO 838HMOD.9ACTBYIOllliiX '{8CTHU TT II 

' -M('30•IOB, HYK1IOH08 It 8liT.t H YKllOHOB. 

,\\:,t orpaHtt'l.tMCII saaHMO.aeAcT Btt S!Mtt npH 6onbWJIX aKepntiiX, Kor.aa .amtHbl 

D.€' ' 6poi\1JOBCKIIX BOllH B H9CK01lbKO p83 M9H bW91 '!OM reOM9":PH'l9CKH9 p83Mepbl B38HMO

JlPHCTBytOlllltX '!8CTHU, 06weA '19pTOI\ t;CE'X T8KHX B38HMO.!l9HCTBHH SIB.'ISI9TCSI C H11bH09 

~11HIIHH 9 BHyTpOHHOI\ cTpyKTyphl '!8CTHU, 8 K8'fOCTBe HH*H9H rp8HHUbl Bb16epeM 3 H9p

rttl0 T _ 1 Saa, np11 KoTopoA .!lllHHbt .ae' 6poAneecKHX eonK y•e e 4 - 5 paa M9KbWe, 
-1 3 

'lf?M xapaKTOpll biH p83Mep M930 liHOr'O 00118 K8 B IIYK110HC tr/w:: ~ 1,4 •1 0 CM ( CM, pHCe l ) , 

11. 3KCII9pHM911T81lbllbl9 A8HIIb!9 

J\1\ot 6yA9M .aane9 HcnonbaoaaTb Te >l<e onp9.ae.'le HH51 ce'leHHII ynpyroro paccest-

/ 1 2/ 
111151 H erO COCT8BHblX 'f8CTeA, 'fTO H B p860T8X 

1 
, npH 3TOM n011K09 C9'f9HH 9 yn-

pyroro paCC951HH51 H8 9AHHHUY T9119CH0r'O yr118 l A9M 0003H8'f8Tb KBK U (0) t onyCK8SI 

4.'151 Kp8TKOCTH HHA9KC "er 11 

fl p H 8H811H39 CIIH HOBOA H H30TOnH'f9CKOA 38BitCHMOCTeA ynpyroro p8CC9SIHHSI 113 

. rJ.·t ., oro CO'l9HII51 a({J) OK83bl B89TCSI H906XOAIIMbiM BbiA91111Tb C9'f9HH9 ynpyroro pac

C911HHSI c nepeeopoTOM cmt HOB as (0) 11 ceq eHHE? nepeaap!!.!lKH aex (!}\ • B HeKoTo-

p h tX C.1y'I8SIX 113 ,y(IJ) H900XOAHMO T8K >t<9 BbtA9JlHTb C9'f9Hl!9 ynpyrorO H9KOrepeHT-

IWr'O pacceAIIHSI a
1

c- (0) • Bo acex T8KHX cny'l&SIX 6y.aeT cneuH&llbHO oroaopeHO, 'ITO 

cne.ayeT noHHMllTb non ce'ICHH9M ynpyroro pacceRHHII , 

/2/ 
(8K >1<9 K8K D pa6oTe 1 yCnOBIIMCSI IICII011b30B8Tb 

Cll9AY!OlllH9 COKp8lll9 HllbJ9 

0003H8'!9HHR MOTOD.OD, C nOMOlllblO KOTOpbJX IIOllY '!O Hbl 3KCnepHMOHT8!JbHbl9 A8HHbl9: 

13-IIK - 30AOpOA!l811 ny3btpbKl>B8R K8Mepa ; 
n-n K - .aeATepneaaR ny3u!pbKOB8R 

KaMepa; 
n - Il K - t1p0111lli088SI IIY31JipbKOB8SI K8Mepa ; B-LlK - ao.aopO.!lH8R nHcj.lc;py-

3110HHllSI K8Mepn; Ll-LlK - neATepH9B8SI .!lHcPcj.ly3HOHH8SI K8Mepa; 
C - C'{9T'lHKH; 

<P - aHanHa B38HMo.ael\cTBHII nepeH'IHbtX qaCTHU a cj.loT03Myn bCHH ; B<P - n epBil'fHbte 

'!8CTHUbl, p8CC9Sitltlbl9 H8 BO.UOpOAIIOII MHW9HH, geTeKTHpyiOTCR cj.lOT03MYllbCH9A ) 

H - MPTOD. H3M9p9~'11A He yK838H, 

8 T9X C.1yt.t8SIX , KOr'D.A npH OAHOM » TOM >1<9 3H8'19HHH () 8 3 KCnepHM9HT8nb-

Q2 

07 
PKc:· 1 • .UnH Ha 

B e pxHs 

3 H&'I9} 

lUKX 
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Puc:· 1. Ll1111Ha .ae'6poltneecKo lt eonHbl e CHCTeMe ueHTpa Mace . 

tDD 

10 20 

BepxM!IR KpU!!SSI - 11-\1 ; n yHKTMpHaSI KpH88SI - k-'1 ; HIOhiiiHI KpHR811 - 'I''!. 
- 13 

3 Ha'leHK SI ;!( .a aH bi !I e .aKHHu ax 10 CM, T - KII H9Til'l9CK8SI ~Hepr w R nanaK>-

W HX lT-, k -M930H0 8 II HJKllOH/.1 8 11800p8TOpHOl! C H C T 9Me K OOp .UifH8T !'o 6~8. 
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HOA p860Te KM89TCH UB8 ( anK K9C K OnbKO) H938BKCHM~X peaynbT8TOB K3M9p6HKA, 

6yUeM npHBO.QHTb ycpe.QH9HHOe 3H8'1eHH e a (0) t 8 a (0) 

( 
2 2 

_!!_t_ ~a2 ) +<r2( 8 a 1 ) 

( 8 at )2 + ( 8 a2 ) 2 

8a1 8a 2 (l) 
( l ) 

8a a = v < 8 q r + < o a2 ) 
2 

Ecna s aKcnepKMeHTSnbHoA pa6oTe He yKaaaH~ owK6Ka 0 (T (0) , 6y .a eM npK-

BO.QHTb Cpe.QHKe C T8TKCTK'IeCKK 6 OWK6KH 

o a (!)) = a (0) .. ¥E@T +--?- \2) 

r.ae N ~ f N (0) d n , a N (0) - 'IHCno ynpyro pacces:mHbiX 'ISCTHU, aaperHCTpKpo· 

88HHOe n o .a yrnOM (} • 3Kcn epKMeHT8nbHble .Q8HHbl9 6y.ayT npH89U9Hbl 6e3 OWK60K 0 

ecnH 8 COOT89TCTBY~WeA OpHrKH8nbHOA p860T9 HK'Ie ro He C K838HO 0 'IHCn e 38p91"K

CTpKp088HH bi X C06b!THA, 

2. 1. BaaY M o.ae ACTBKe Hy!CnO HOB 

B Ta6nuuax l u ll npKseueK b i aKcnepuMeHTSnbHbie .aaHH~e o c e'!eKKHX ynpyroro 

p -p H p-n B38HMO.QeACTBKA, ~nR y.ao5CTB8 Teope TH'I9CKOA KHTepnpeTSUKK ace .Q8HH~E 

npHBe.Qt!Hbl B CHCTeMe U9HTp8 M8CC CT8nKK88~WKXCH '18CTHU, 

B cny'lae p-p-saaKMO.aeAcTBHH s cKny TO*.aecT~eHHOCTK '18CTKU 

a (0) = a ( rr - 0 ) . (3) 

( (03TOMy see 3KCnepKMeHT8nbH~e .Q8HH~e, nony'leHH~e 8 OpKrKHSnbK~X pa60T8X 

0 0 0 
tlnll yrnO B 0 > i}Q , 8 T86nKue l npHBe.QeHbl COOTB eTCTB9HHO ,ang yrnOB 180- (} ~ 00 , 

YrnoBbie pacnpe.aene HHR , npKseueHHbie s Ta6nauax l H ll, HOPMHpoaaubi Ha Te 

*e 3H 8 '19HHR C&'leHKH (T~ , 'ITO H B COOTBeTCTBy~WHX OpHrHH8nbHb!X p860T8X • 

O.aHaKO B H8CTORwee speMR H389CTH~ 6onee :ro'1H bl9 3 H 8 '19 HHSI a er • fl03TOMY yrno

BbJe pacnpeueneHKH cne.ayeT nepeHopMKpoeaTb: 

a((}) RQp~ttOtM. = k a ( 0) (4) 

B Ta6nauax npaee.aeKbi 3H8'19KKR Koa<P<PauKeHT a n e peHopMHpOBKH 

k = aee I aee (5) 

KHHe l 
Ka.H :; 
r HH E 
CHCT, -----

O,t 

O,E 

0,5 



9KMII 1 

(l) 
(l) 

;eM npn-

'HC TpHpo· 

9perM-

tnpyroro 

~ L18KHblli 

(3) 

K8 Te 

ax. 

f yrno-

(4) 

9 

TaOnHga I 

----------------------------------------------------------------KHHeTHqec- MeToA; Yron 
Kaft 3Hep- K03¢H~HeHT pacceHHHfl Gr{6' r~_ 
rKa B naOon. nepeHopwt- (r I ~ 
£!!£!!._'£_~~~----------~Q!HHL _________ f} __ £~8r2~J-------------------

0,8 cliO; II/ 28 ,5 7 , 60 !:. 0 ,2 

K=26/2I , 5 49 , 8 3 , 44 ~ O,I 

90 ,0 0 , 89 + 0 , 05 

o,ar B-mlr-2; 131 o + 16,25 I1,4 + 2,s 

0,92 

16,25 + 23 , 1 

23,1 ... 32,9 

32,9+36,9 

36 ,9 .... 40,5 

40,5 + 47,2 

47,2 + 50,2 

50,2+53,1 

53 ,I+ 55,9 

55,9 +-58 , 7 

58,7+ 61,3 

61 , 3 + 63,9 

63 , 9 + 66 , 4 

66,4 + 73 '7 

73,7 +- 76 , I 

76,1 +- 78 ,5 

78,5 .... 87 '7 

87 '7 + 90,0 
.=-:-----

c/!3/ 49 4 , 
K= 1* 72,1 

• 
88,3 

+ 16, 4 3,7 

9 , 3 !:. 3 , 3 
+ 4,3 1,5 

5 + 1,7 

2 9 
' 

+ I,I 
1,8!:. 0,7 

4~3 !:. 1,B 

1,8 : 0,? 

I ,O!:. 0,5 
+ 4 ,3 - 1,H 

1,0 : 0,5 

2 , 9 + I,I 

0 

1,0 ! 0 , 5 

0 

r ,o : o,s 
2 , 9 + I , I 

3,3 

0 , 76 

0, 45 



1('l 

0,925 q/I5/ 0 • 33,5 8,9 ! I,3 

K=25,3/I7 33,5 • 48,25 4,6 ! 0,9 

48 ,25+ 60 I,O ! 0,4 

60 • 70,5 0,8 ! 0,4 

70,5 • 80,5 0,4 ! 0,3 

80,5 • 90 0,4 ! 0,3 

0 ,93 rr-rnli6/ 0 .• I2 I6 ! 4 

I2 • 24 9,4! 1,7 
K =. 25,') /2 ', 6 24 • 36 + t ' ] 5,7- I 

36 • 48 5 ! 0,8 

48 • 60 3 + - 0,5 

60 • 70 2 + - 0,4 

70 • 80 I ! 0,3 

80 • 90 0,8 ! 0,3 

0 ,97 Jl-JUII7/ 0 • 10 14 ! 3,7 

IO • 20 ra,5! 3 

K=25/25 ,9 20 • 30 8 + - 1,5 

30 • 40 + 5,8 - I 
' ' + I I 40 • 50 J - o, 7 I 

50 • 60 2,5 ! 0,6 

60 • 70 2 ! 0,5 
' 70 • 80 + 0,5 - 0,2 

80 • 90 0,4 :!: O,I 

0,97 B-.mliB/ 0 + I3 13 ! 2 

I3 • 25 IJ,6! 1,2 

K=25/25,8 25 • 37 8,4 ! 0,8 

37 • 49 4,9 ! 0,5 

49 • 60 2,4 ! 0,3 

60 • 7I I,6 ! 0,2 

71 • 81 1,4 ! 0,2 





2 ,24 cf21/ 14 ,75 20 ,8 : 1,2 

23 ,6 11 ,6 ! 0 6 , 
K=16 ,9/16,9 29 ,2 

~+ 
6,64 - 0 ,61 

44 ,0 1 ,12 ! 0 ,098 

57 , 6 0 ,428! 0 ,060 

70 ,3 0,255! 0 ,034 
' 

86 ,5 0 ,1455 ! 0 ,00280 
' -

2 ,75 B-m/13; 22/ 0 • 16 ,25 28 + 6 ,. 
- , :.> \ • 

16 ,25 • 23 ,1 21 : 5 
• 

K=16/I6 23 ,1 • 28 ,3 5 : 2 

28 ,3 • 32 ,9 7 !.: 2, 5 

32 9 
' 

• 47 , ? 0 

47 ,2 + 50 ,2 2 ,5 ! I 2 , 
50, 2 • 53 ,1 0 

53 , 1 • 55 ,9 1, 1 ! 0 7 
' I • 

55,9 • 71 ,3 0 

71 ,3 + 73 , 7 1 ,0 : 0, 6 

73 ,7 + 90 0 

2 ,85 .u-.w/23/ 11 ,8 • 14 ,8 30 ! 3 

14 ,8 • 16 ,8 27 : 3 

K=15/l7 ,3 16 ,8 • 18, 8 23 !. 3 

18 ,8 • 20 ,4 19 + 2 

20 4 , + 22 16 : 2 

22 • 25 ,1 IJ ,2 ! 1,7 

• 25 , 1 + 29 , 5 7 !. 0,7 

29 , 5 + 35 ,3 3 ,5 + - 0 ,5 

35,3 • 45 ,5 1,0 !. 0 2 , 
45 ,5 • 54 , 7 0 , 4 ! O, I 

54 ,7 • 90 0,08 ! 0 ,02 

' 
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2,9 ~24/ 2,5 • 5,5 60 + I2 -
5,5 • 8,5 49 • 10 

l\=14,7/12,5 8,5 t11,5 26 ! 6 

II,5 t14,5 29 : 6 

14,5 tl7,5 23 ! 5 

17 ,5 t 20 ,5 8 + - 2,5 

280 20,5 t 23 ,5 4 ! 2 

• 23,5 t 26,5 2,5 ! 1,5 

26,5 t 29 ,5 2 '!: 1,5 

29,5 t32,5 1,3 + I -
3 ¥25/ 0 t25,8 14,9! 8 

K=I4/89 
I 

25,8 •36,9 6 ! 4,1 

36,9 t45,6 0 
, 

45,6 t53,I 1,5 + 1,6 -
53,1 •90 0 

.. 
3 JW'26/ 1,61 155 :t 1?,5 

1,96 86,4! 9,7 

K=?* 2,18 79,6't 9,7 

2,54 64,0'!: '7,8 

2,83 64,o:t 7,8 

3,47 59,2! 7,0 

4,49 + 51,4- 5,8 

4,56 l~7 ,6! 6,0 

5,84 48,1!: 3,8** 

6,13 40,8! 4,9 

7,38 40,1! 3 ,1** 

8,99 :n,3: 2,9 

10,3 34 ,0! 3~8 

11,8 3o,o: 2 1K~ . , 
zz,o! ..... 

13,5 3~0 
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3 , 49 c/27/ 34,2 . 1, 7 . ' 8 ,2 j . • . 'Y 
K=?* 49,2 0 ,26 

64 , 4 0,07 . 
78 ,5 0,06 

4,4 c/21/ 10, 6 20 ,5 + - 1 ,1 

14 ,2 18 ,3 + - 1, 4 

l\=10/9 17,5 12,73 ':!:. 0 ,90 

21 ,3 6,01 :!:. 0 ,52 
... 

2,96 ! 0 ,33 ~ 24 ,5 

• 
28, 5 1 ,99 :!:. 0 ,23 • 
37, 4 o, 473":!:. 0 ,063 I . 8,5 . . • . ~ . 

I . ' 

.53 ,2 o , roo: o,029 

69 ,o 0, 0.3.82:!:. 0,0156 

6,15 c/21/ 7,6 27,7 ! 2 ,8 

• K=9/9++ 11 ,6 24 , 6 ! 2,2 
~ 

15 ,2 10, 1 + - 1 ,3 

20 ,0 5 ,51 ! 1 ,10 

20 ,8 3 ,06! 0, 70 

23 ,6 1,31 ':!:. 0 ,31 .. . 24 ., . ..._ 

' 27 ,6 0, 651! 0,293 

6,2 q/28/ 0 • 12 ,83 40, 4 !ro, 4 

12 ,83 • 18,2 12 ,7 + - 4,1 

K=9/8 ,8 18 ,2 • 22 ,33 1,3 :. 0,8 

22 ,33 • 25,8 1, 4 + - 0 ,8 

25 ,8 • 28 ,95 0 ,6 : 0,5 . ~ . ,: ' - * . . ,_ 

28 ,95 • 90 I 0 

6,2 q/29/ ~ 1,32 • 2 ,5 143 :. 36 
~ ** 

2,5 • 5, 5 87 ! II 

K=9/9,5 5,5 • 8 ,5 51 + - 6 ,5 . 1 + 
8, 5 •11 , 5 19 ! 4 i -r~ ++ 



!5 

8,2 cp/31/ 1,5 + 2,5 149 + 27 -
) 120 + 2 ,5 + 4,5 - 13 

K= 9/8?4 4,5 + 6,5 93 : 9,6 

6,5 + 8,5 59 ! 6,3 
1,1 8,5 t l0,5 35,9! 5,5 
1,4 10,5 t12,5 13,3! 2 9 

' 0,90 12 , 5 •14,5 + 6,5- 2,1 
0 ,52 14,5 • 16,5 + 4,0- 1,5 
0,33 16 ,5 •18,5 I,O! 0 ,7 
0 ,23 • 18 ,5 t 20,5 o,s:t o,s 
0 ,063 

8,5 q/3()/ I l· 2,5 101 :t 72 
0 ,029 

K=9/~6 2,5 + 5,5 70,5! 31,5 
0,0156 5,:> • 8,5 55 ,5! 21 

2,8 8 ,5 t 11,5 22 ,3! 11,2 
2,2 11 ,5 •14 ,5 21 5! 9,6 , 
1,3 

, 
14,5 t l7,5 3 ,5!: 3,5 

1,10 17,5 •20 ,5 6QO! 4,2 
J,70 20,5 t 23,5 2,6! 2 , 6 
J,31 

24 B-nK/32/ 1,71 • 2 ,23 450 : 260 
J,293 2,23 • 3,7 1 517 : 130 
) ,4 

K=9/9 3,7 t • 5,20 490 ! 110 • 

~,I 5, 20 • 6,68 198 :t 56 
),8 

6, 68 • 8 ,16 139 ! 33 
),8 

8,16 • 9 ,64 87 :t 34 
),5 

* Ce'leHHe o',t , He. KOTOpoe HOpMMpOBaHO (]"(6) , He M3BeC THO , il03-

rowy K03¢HUHeHT K ocraerca Heonpe~eneHH~M. 
16 

** YcpeAHeHo no pe3ynLraraw ~syx He3aBHCHMHX H3KepeHH~ H3/ 26/ 

:1 ( cw. ( I)). 

;,5 + llony'leH'e 3KCTpanonauHett aKcnepHweHranbHWX A8HHliX. 

++ ilony4eHO HHTerpHpOBaHHeV 3KCnepHMeHtanbHOlt KpMBOVt. I! pH 3'IOM 

3Ha4eHKe a"{o} = 83,7 w6 nony4eHo no ontH4.ecKoll reopeMe. 
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. Ta6JIHga n 

p -ft B38HMO,JleACTBHe 

-------~----- ----------------------------------~-----------------KHHeTMI.IecKas 
3HeprHa B 
Jia6opaT. CHCT. 
T B3B 

MeToA, 
K03iPHlUieHT 
nepeHOpMHpOBKH 

Yro~ pacceHliHH 
(;) \rpa,llyCbl) .,)lb 

<T(9)~ 
------------------------------------------------------------------
0,97 .u-ml17/ 0 • 25,5 4,8 ! 2 

25 ,5 • 48 . 2 ,5 ! 0,9 

K=I6,2/I6 ,2 48 • 69 o, 7 ! 0,4 , .. . 

69 • 108 0 ,3 ! 0,2 

108 • 126 1,0 ! 0,5 ~_' -~. 
126 • 141 1,3 ! 0,6 •/ 

141 • 162 + 3,8 - 1,5 / 

' 

162 • 180 0 

~----------------------------------------~------------------------

-
' 

.. 

( 
'--

~ 

~ 
~ 
"-.. 

~ ~ . - ---- ··- ~ .-_. l . 
'•=-"""""-

r .ae 

H8Hn 

K aM 

KpoM 

npaa. 

poaa 

1-13:: 

KOHne: 

HOSH' 

xapa: 

COpT• 

KB83 M 

no Y' 

c .ae1 

CT&e H 

WHJit y 

ue 11 

ynpy1 

HHH C 

(no.c 



------------
cJ(9)~ 
~ 

------------
~,8 + 2 

~ ,5 + 0,9 

) , 7 + 0 4 . ~ ' , . 

) ,J + 0,2 
+ 

~ ~ : ,o 0 ,5 . 

~ : ,J + 0, 6 •/ 

+ I ,8 1 ,5 -- "-.... 

----------... 
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r.ae <flee - 3 H8'1eHHe eeqeHHH ynpy ror o p aeeeHHHH 0 eHHT Oe e KpHBOA 

H8K11y'IWHM o6p830M a n poKCHMHpy!OWeA SKe n e pHMOHT8 11 bH b!O 3 H8 '1eH.H9 

u ef u cf (T) 
u 12 1 

ef 

KaK BK.aHo, HaH6onee TO'IH bJe peaynbTSTbt n o ny'le Hbt e noMOWbiO eqeT 'IH Koa. 

KaMepHbte H cpoTOSMynbCKOHHble .aaHHbte co.ae p >t<aT 3 H8 qKTe nbHO 6onbwKe owH6K H 0 

KpoMe TOro, .Q8>Ke npH O.QHOA H T OA >Ke 9 HeprHH 9 Ke nepHMe HT8 1lbHbte .QSHH bJe, K8K 

npaaHno, y~taaanbi .ana paanH'I810WHXC SJ yrno a btx HHTe p aanoa, 'ITO a aTpy.aHSJeT e yMMH

posauHe eTaTHeTHKH H Teope TH'IOCKYIO 0 6 pa60 TKYe 

YaeTb nepeHopMHpoaaHHblX s Kene pHM9 HT81lbHblX .aa uHbiX npHse.aeHa u a pHc ,2 H 3. 

l-13 STHX pHCYHXOB XOpOWO BH.QH0 0 'ITO e y aenH'IeHHOM SHe prHH ynpyroe p a e eesJHHe 

KOH UOHTpHpyeTCB 8 06118CTH see MeHb WHX H MeHbWHX yrllOB e KapTHH8 p8CCeSIHH R eTa

HOBKTeH THOH'IHO .QHcpp8KUHOHHOA, TaKOO n o n e.QOHHe ynpyroro paee eSIHHSI SI811He TeSI 

X8p8XTOpHbiM He TOllbKO .llliSI HYK110HOB 0 HO H .ansi 8 3 8HMO.QeAeTBHA '18CTHU .apyrHX 

eopTOB ( CM, .aanee) • 

Bee ceq euHa p - n paceeSJHHH, npHae.aeHHblO a Ta6nHue u . nony'le Hbt H3 a Ha nH3a 

KB8 3Kynpyroro paceeSJHKSI npOTOHOB H8 HOATpOH8X B SI.Qp8X .aeATepHH, YaeT b Ll8 HHbl X 

n o ynpyroMy p-p .paeeeSIHHIO T8K>Ke nony'IOH8 K3 8 H8 n1138 B38HMO.aeAeTB HA n p OTOHOD 

e .aeATepKeM, TaK x ax 9Tif .aaHH bt e x o powo eorn a c y JOTCSI c p e3yn bT a T aMH Henoepe.a

CTBeHHblX H3MepOHHA p - p paeeeSIHHH B B O.QOpo.ae ( p 8 3 1lK 'I HO 3 8 MeTHO 11HW b B 06nae TH 6on&

WHX yrnOB) 
1 

TO MO>KHO O>KK,ll8T b, 'ITO Ce'ICHIHI KB83 Hynpyro r o p - n paeeeHHKSI B T861lH-

UO 11 T8K>KO 6y .QyT 61JH3KH K e e 'leHJJSIM ynpyror o p - n p aeeeSIHHSI , 

l-13 C006pa>KeHHA 38pSI.OOBOA eHMMOTpHH MO >KHO nony'IHTb e BSI3b ee'l.eHHA 

ynpyroro p - p H p- n paeeeHHHH upp ( 0) H "pn ( 0) c c e 'le HHeM ' ynpyroro p a c CP\1 

HHH c nepe3apa.ax o A ' 

(yu (8) 
pp 

u ex ( 0) : 

- -2 -yu (0) 1 < (1 ( 0) < (y~ 
- ex - pp pn 

(9/ 
(no.apo6HOCTK BbiBO.Q8 CM, 0 HanpKMe p, B ). 

EenH Kcnonb30B8Tb onTH'IecxyiO Teo p e My • 
u ( 8) < ( (1 " 

4 rr lr 

KHEiilKWH t.ISCl 

11le_lt81U CCCJI,. 110,_ n lo 

6H6!1Ht"HE:KA 

2 
) 

-- 2 
+ ya ( 0 ) 1 • 

pn 
(6 ) 

(7 ) 

• 
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ct(eJ 

15 T =0.81 

tO 

5 

72 

36.' 
' ' ' 

T=Z.9 T=8.2 

o 1 I I • • 'T T r flrtJJ 1 . .~ ~> • JJ 1 . .~,'" --l 

15 ' 

10 

5 

0 

• T=1 
• T=1.01 ',, f 

\ f 
' \ 

\ I 
\ • 

\ 

' 

48 
' ' \ 

T=6.15 H 6.2 
T=2-4 

; 

' 
\ •f 
' 
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' 

24 1~0 
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' '• ~ 0 ....... ....... ... --- 0 
iO 60 80 10 20 30 6 12. 
.P11c. 2. Yrnosble pacnpe.aeneHRSI npoTOHOB npH ·ynpyroM p acceaHRH ( nepeuopMRpOB&HHble •) . 

nyHJtTilpoM flt838Hbl yrnOBble pacnpe.aeneHHSI, Bbi'IRCneHHble .ans 'IHCTO MKHMbiX !Pa a 
( c;:u,§ 8 ,2 ), 3H8'1JtOM 0 DpH 0•1) OTMe'leHbl ODTH'Iec!lHe T O'IU u (O) •(ut/4rr~)~ --

:c 
'< ::s 
~ )f' 

'U 
:s: 
0 . 

18 e 
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PKc . 3. Yrnoaoe pacnpe.aeneHHe npoTOHOa np11 ynpyroM p - n pacceHHHR • 
.LlJ'IR cpaaneHHSI nyHKTHPOM yKa3aHo yrnoaoe pacnpe.aenenHe Kaa::mynpyroro 
p-p p8CCeSIHHSI a .aeRTepKHo 3H8'1Kil~l! 0 H e npH () : Q OTMe'leHbl OfiTH-
qeCKHe TO'IKH u (I)) = ( u I tl.rr 'X ) cooTaeTcTaeHHO .anSI p-p 11 p- n 

t 
pacceRHKR. 
KnHeTH'IecKaSI sHeprHsr nepBli'IHbtx npoToHOB T• 0,97 Baa. 

C KcTeMa ueHTpa Mace. 

>.- - .anKHS .ae' 6poaneacKoA aonHbt npoTona), TO a 'lllCTHOM c.ny'lae pacceRHHSI Ha . 
Hyneaoll yron 9TO COOTHOWeHHe MQ)I(HQ 38fiHC8Tb a BH.Oe: 

2 2 2 
[ u 

1 
( pp) - u 

1 
( p n ) ] ~ 16 rr 2 lt- uex (0) ~ [ u 

1 
(p p) + u 1 ( p n ) ] • (8) 

B npHnO)I(eHHSIX 'ISCTO oKaablaaeTCSI noneaKoll T8K)I(e <PopMyna 
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o;, p ( 11/2) ~ !4 (Jpp ( IT /2 ) {9) 

KoTopyJO nerKO nony 'l ttTb H3 npe.abt.llywe r o H e paaeHcTsa, ecnH y<~eCTb, 'iTO pacceRHHe 

C n e p e38 pH.llKOft MO}I(HO p 8 CCM8TpHB8Tb K8 K ynpyroe p8CC8SIHH8 B 38.llHIO IO nonycci>epy : 

uex (8) = upn (11 -0 ) . ( 10 ) 

3 Kcn epuM8HT81lbHhl8 .ll8 HH bl8 B T a6nHU8 11 y .llOB118 TBO pS! IOT H e p 8B8HCTBY ( 7 ) • 

V1 3 T 8 6 11HU H H3 • pMC yHKOB B H.llH0 1 'ITO yrnOBbl8 p acnp e.aeneHH S! n pOT OHOB, y n pyro 

pacc e S!HHbiX H8 118ftT pOH8 X H H8 npOTOHSX n p11 T - 1 6 a s, c HnbH O paam.PISJOT C R. 

60n b W08 'IHC110 Hll611JO.ll8HHblX cnyqae a , KOr .aa n p OTOH n o cne p - 0 - C T011KHOB8 HHSI 

0 
Bblll8T08T 8 3ll.QHIOIO nonycci>epy (J > 90 , yK83biB 8 8T, 'ITO n pM 3 He p rH SIX B H8CK01lb-

KO B ~Hl a e n H KO ynpyroe p a cceRHKe c nepe3apR.aKoA. 3aaHCHMOCTb s aaHMo.ae ltcTsKA 

OT H30TOnH'I8C KO r O Cni!H8 OCT88TCSI npH 3 THX 3 HeprHRX ewe 0'18 H b 38M 8 THOit , 0.llH8KO 

C pOCTOM 3 H e p r uH C8'i8HH8 UeX 

/ 37 I 
6 b tCTpo yMe H bW S e T C R. T a K, np11 T • l O 6 9s a pa6o

T~ nony 'I8 H 8 B8pXKS!S! OU8 KK8 
l ) 

; OU 8 H KH B 8 11H'II!Hbl Uef (1 < 0,07 (1 
ex ef 1321 

n pH T .. 24 6as, Bbl n OnHeHHbte ue.aa s Ko B CERN , .aanH s .as a p aaa M 8 Hbw e e 

3 H 8 '1C HHC . 6 h!CTpOO YM8Kbill8HH 8 B811H'IH Kb l U BK.OHO T 8K}I(8 K 3 cPOPMY1lbl ( 8 ) , ecnH .ll11S! 
ex 

11 0 11H biX C 8 '1011Hft lfC1101lb3088Tb 3KCnepKM8HT 8 1l b K b l 8 3 K 8 '18HHSt, npH 8 8 .Q8 HKb l 8 B T8611H

/2/ 
~nx 1 H 1Y pa6oTbl • 

0TMP T IIM , 'ITO COOTHOWOHHSI (6) - ( 10) 0 CT8JOTCS! Cnp8B8 .ll11H8 biMH 1 8C1111 c.ae-

118Tb 3 8M 8 KY 

P -+ n n .. P ( ll a) 

llflH 

p .. p n .. n 
( lis) 

'IT O RB11H81'CSI llpSI M biM CJlO.llCTBHOM 38pSI.OOB Oft CHMMOTpKH H HH8 8pH 8 HTKOCTil 110 OTK0 -

/2/ 
w e HuJO K a a p R.aosoMy c onpR}I(OHIIJO, ( Cp. paseHCTBii ce<~eHuA a § 2, 1 p a6oTbl ) • 

8 K~CTOS!LU88 B p 8 MS! ewe 0 '18 K b M8110 113B 8 CTHO 0 C11HHOSO A 38BKCHMOCT H ynpy

rux B 3 811M0 .081!CTSKA npH 60JlbWHX 3 HeprH S!Xo 8 3TOA 06118CTH HM 8JOT C SI 11Hillb paa -

1 ) 
Cne.ayeT no.aq e pKKYTb, 'ITO oue HKa 

H8 H 8 pSI.ae npe.anOfl0}1(8KKA, 

aenH'IHHbJ 
/37 / 

q B p 860T8 OCHOBa-
ex 

po. 

T H 

.ae 

3 HI 

T• 

pa 

38 

3 8 

HI: 

e9. 

HC 

rK 

Cl 

T 

cPt 

HC 

11 

6 · 

K 

p 

.ll 

H 

p 

c 



(9) 

·o pacceSIHHe 

) nonyc<Pepy: 

(10) 

(7 ). 

·oHo5 , ynpyro 

:H'IIl!OTCSI, 

OJIKHOBeHHll 

'toil, O.aHaKo 

35 a pa6o-

I'IHHbl 

"'eHbwee 

, ecn11 .anll 

1e a Ta6nH-

ecnu c.ne-

( 11 a) 

( !Ia) • 

:Til no OTH0-

/2/ 
60Tbl ), 

40CTH ynpy-

I!Wb paa-

37 I 
OCH088-

:.!1 

p03KeHHble .llllHHble C 60JibWHMI! 3 KCne pKM9HT8JibH bl MH OW K6KaMH. V'fa 06WHX Teope

TK'IQCKKX C006pa>t<eHKlt MO>K HO O>K H.ll8T b 0 'ITO C pOCTOM aKepl'Hif 388HCHMOCTb 83811MO· 

/ 2 / 
.aeAcTaHA OT cnHHoa 6y.aeT ocna6nHTbCll ( no.apo6Hee CM, § 3,5 a ) , O.aHaKo npH 

a HeprHliX T- 1 B35 3Ta aaaHCHMOCTb ocTa&T Cll ewe cywecTa eHHOii, T a K
1 

npH 

T •1 ,7 Baa MllKCHMilnbHOe a Ha'leHHe nonepe'IHOA n onllpHaauHH npoToHa 5 ynpyroM p-p 

p8CC9liHHH COCTilBJilleT e w e OKOJIO .llBYX TpeT&A OT MllKCHMilJibHOA nonepe'IHOA nonllpH-

/33/ 
38UHH, H86JIJO.ll8eMOA npH MeHbWHX 3HeprHSIX , V'fMeJOT CSI TllK >Ke YK838HH SI Hll 

31lMeTHYJO nonS!pH38UHJO a p - p pacceSIHHH npH a u e prHH T • 2,85 B3a
1231

• 

He.naaHO a .Lly6He 6hina c.aenaHa nonbiTKa o6Hapy>t<HTb nonStpH38UHJO pacceStH-

/34/ 
HhlX npoToHoa np11 aHeprHH T• 9 B3B • 8 aTHX onbtTax npoTOHhi OT.llil'IH c 9 HeprH-

eA T = 135 Maa, o6paaoaaawHeCSI npH ynpyroM pacceStHHH nepBH'IHOl'O ny'!Kil npoTo

HOB H8 ao.ao pO.llHOlt MKWeHK 0 .aeTeKTHpOB8JIHCb a 4JOT03MyJibCHH, Cpe.llH BCeX 3 8pe

rHCTpKpOa8HH blX 3Be3.ll OT6Kpilnl!Cb c ny'laH ynpyroro pacceSIHKSI H8 S!.llpax 4JoT03MYJib-

CHI! , .llJISI K OTOpblX H3MepS!JI8Cb llCHMMeTpHS! 

(1 un,,..&oe - (1 ( 8) ~-~e e __ ...:.:... _ _ ___ _ ....:.--=--=-
u ( O)apcltot + u (O) ueoe 

T~K KilK nonStp H38UHSI npoT OHOB c 9HeprHeA T = 135 Mas np11 p a cceStHHH Ha H.apax 

/35/ 
4JOT09MYJibCHH p em 113BeCTH8 0 T O OTCI0,£:18 MO>KHO a bi 'IHCJIHTb fiO!lS!pH36UH IO n poTo-

HOB a nepaoM p - p pacceHHHH P - ~/Pem" TaKKM cnoco6oM 6hinH npoaHanHaHpoaaHhi 

100 3Be3.a , y.aoaneTaopStawHx see M KpiiTepKstM ynpyroro pacceHHHH, K co>KanenHIO, 

60JibW8ll CT8THCTH'IeCKilSI OWH6Ka He ll03aOJISieT fiOKa C.lleJiaTb K8KKX-JIH60 onpe.aeneH

HblX 3 8KJIJO'leHHAo 

3 KcnepKM9HTilJibHhle 3H8'1eHHSI nonepe'IHOA llOJIHpH38UHH npOTOHil 8 ynpyl'OM p-p 

pacceStHKK npH a HeprKHX T ~ 0,8 Baa co6p a H bi a Ta6mtue 111 11 Ha p11c. 4 , Bee 

.ll8 HHblQ OT HOCSI TCSI K CHCTeMe UeHTp8 M 8CC H Q S: 9Qo ( Cp, ( 3)), 

\.{TO K8CilQTCSI ll01IHpH38UHH B p - n pacceStHHH, T o npH aHeprHsx T ? 1 B3a 

He BbmonHeHo ewe HH o.aHo r o TaKo r o K 3 M epeHKSI, 

2.2. BaaHMo.neAc TaHe llHTHHyKno Hoa c HyKno HaMH 

3 K Cn e pHMeHT8JibHble .llllHHhle n O yrnoaOMy pacnpe.neneHIIIO 8HTHnpoTOHOB0 ynpyro 

paccesHHbi X Ka npoToHax , npHae.neH bl a Ta6nHue 1 Y u Hil p11c, 5, Bee .naHHbie npHae

.ll&Hbl a cKcTeMe uP.HToa Mace. YKaaaHbi 3 H 8 '1eHKH Koa<P<PHuHeHTa neoeHopMKPOB KH K 

(eM, <Pop Mynhl (4) H (5)}. 
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Ta6JIHUa l1l 

nonapH3aUHS B P-P paceeaHHM 

KHH8THt.t8CKa8 Yr04 pacceSHMS p ( e ) 
3HeprHH B na6. 9 t_ rpa.zr.ycH) 
£!2!~~~---T_[}_~---------------------------------------· 
0,97/36/M 23,75 -0,066! 0,06 

26 ,9 0,06 ! 0,05 

30,6 0,24 + - 0,05 

36,25 0,3 ! 0 08 . , 
48,75 0 ,42 ! 0,16 

60 0,45 ! 0,15 

70,6 0,18 ! O,I7 

82,5 0,20 ! 0,23 

1,7/33/ 8 ,75 
. 

0,161 ! 0,042 

14,25 ' 
0,121 ! 0,042 

20 0,118 : 0,047 

28 0,186 ! 0,031** 
38,25 0,337 ! 0,039** 
45,25 0,266 ! 0,045 

53,75 0,313 ! 0,063 

68 ,75 0,026 ! 0,097 

72 ,1 -0,061 ~ 0,182 
g/34/ 13,4 • 17,4 0,34 ! 0,36 

H llpHB8~8HHaa OmK6Ka 8BJJSI8TC8 CyMYon Cp8AH8H CTaTHCTHt.t8CXOH OWH6-
KH H OMH6KH H3-3a HeTOt.tHOCTH B onp8A8JI8HHH OC8BOH JIHHHH 

A9;::, q ~ 0 ( cw. pHc. 3 B/36/). 
llonapM3aUHS nyttxa npotoHOB noc~e nepsoro pacceaHHS npMHSTa pas

HoB 0,33. 

** YcpeAHeHo no pe3yJihTataw ABYX H83aBMCHMiiX H3MepeHHH Hal33/ 
( cw. ~OPMYJIIi ( I)). 

)(9) 

1 

0,5 

0 

-05 I 

-1 
G 
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PRe. 4. nonSipH38UIU1 opoTOH0.8 B ynpyroM p-p pacC9SIHHH, 3 H8'iX8 M K • ' 0 H ..:) 

OTMe'leHbl COOTBeTC'J'BeHHO 3H8'i6HKH .anH 3 H9pi"'HH npOTOHOB T•0,97; 1,7 K 9 6aa, 
C wcTeMa ueHT pa Mace, 

• 
.. 

\ 
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Ta6JIHU,a 1Y 

1f- p B3aHMO,geUCTBHe 

KHHeTH4ecKa .H l~lero,g Yron pacceSIHHSI """c:;-
;)HeprHH B JIU6. KOG¢HUHeHT 9 l,fpa.JzyCbl) O'(e) -::::-
£~£!g~g __ I_~~~---n~Q~~QQ~~QQ~~~--------------------------~~~ 
0 ,96 B-ilK/JS/ 10 + ~4 c9 !. I 

K=-JJ/JJ ~4 + Jb 14 !. 0 ,8 

Jtl • 5~ J !. O, J 

5~ + 66 1 ,5!. 0 ,3 

> 66 ~!. 0, 7 

1,0 c/39/ 

i\ ::3~/J:J 7 6B !. 34 

11 62 !. IJ ,6 

. 14 J5 !. 10,7 

17 33 ,6!. 5 
~ 22 17 ,9! 2 ,1 

'j4 'J , ? 

43 1,4 

5~ 0 

6J . 0 

71 0 

o4 0 

1 ,25 ciJ9! 

u 6I ! 47 

K=28/I'B II • 59 !. 21 

15 4J ! 14 ,3 

IlJ 28 !. 7 9 
' 

ct• 14,3!. 3 , 6 

34 + 3,6 - 1, 4 

44 I 0 

53 0 



0' (&) ~<i> c.,er 
-----------
~y !. I 

14 !. o,e 
3 !. 0 ,3 

1 ,5!. 0 ,3 

~!. 0 , 7 

5B !. 34 

52 !. 13 ,6 

35 !. IO 7 , 
3 ,6!. 5 

7 g!. 'l I 
' t:. ' 

'J , 7 

1, 4 

u 

u 

0 

!. 47 

!. 21 

:!: 14,3 

!. 7 ,Y 

J!. J 6 , 
.. 
0 

0 

1,4 

2 

; 

2!5 

64 

72 

84 

12 

16 

20 

29 

40 

50 

60 

70 

82 

.... . ·: . 

0 

0 

0 

76!. 30,7 

26 !. 24 ,3 

20!. 13 ,6 

4,3! 3, 6 

1,4 

0 

0 

0 

0 
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Yr~oBbie pacrrpe,aeneHIHI aHTHrrpoToHOB rrpH yrrpyroM p-p paccemiHH (,r:iepeHop\m--
poaaHn6Ie). , .... \ ' · · ~ · · 

'nJHKTH:pOM yKa3aHbl yrnOB!>Ie pacnpe,n:eneHHil,\ Bbi'IHCIICHHhle AnSI- 'IHC'r0 MliJ~MhiX 
rJJa3 (eM. § 8.2). 3Ha'IKOM 0' II pH (},dl) OTMe'!eHh! OIITH'!eCKHe TO'!KH. ·' 
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.. KaK n: . B cnyqae ynpyroro N-N 
r'·,· 

npoTOHOB 8' ocHOBHOM cocpe.D.oTo'I~Ho B · o6nacTn: 
' / -' ,- . -. ~' ". . . " ' 

ManhiX yr.iwa: npn: T =0,96 Ess B · 

38.llHIOIO nonyccpepy pac~euaaeTcSI ac~ro nn:w~ 1 
~ ' . - 2. % OT BC9X 8HTHllpOTOHOB, npn: 

6 . -· < . - ;;: - . . ·. . ·. 
60llblllHX SHeprHSIX pacceSIHHSl 11838!1 B006We 'He ,Ha6JIIO.ll8li0Cbo 

J.-13. coo6pa:lK9HHH 38pSI.llOBOH CHMMeTpn:n: nerKO nony'IHTb CBSI3b M9:lK.llY C9'19Hn:SI-
'· 

MH! 

[y'a. (O) -va.:... (0) ]~< a. (rJ) <[y'a_ (O) .· + y'a_ (8) ]
2

-
• :· [!l'p . . p~ - ex. - pp pn, ( 12) 

8 '18CTHOM ?n.yqae 8 = 0 STO COOTHOlllelin:e MO:lKHO 38llHC8Tb B BH.lle, 8H8JIOI'H'IHOM 

. · (8).· CooTHowe-HHSI Me>K.oy ceqeHHstMH :coxpaH_suoT cHny,-- ecnH C.LJ.enBTb 3aMeHy- · 

(13a') P -+ n . ' 
I n ... , P , 

--· 
HJIH llOM9HSITb M9CT8MH '18CTHUbl H 8HTH'I8CTHUbl! 

p -> p n·-> n (13s) 

npn: SHeprn:SIX llOPS1.llK8 HeCKOJibKHX EsB C9'19HH9 . a COCT8BJISieT .exue OKOJIO · ex 
'19TB9pTH OT C.e'leHn:SI a ee ' ( CM, Ta6i:muy Yll . B 

121
). 'ITO YK83b!B89T Ha' 38M9THYIO 

38BHCHMOCTb 
\ 

N-N 
' ' 

saan:Moaei!.cTsn:i!. oT naoTonn:'lecKn:x cnn:Hos. , 

Yrnoaoe pacnpe.zieneHn:e aHTn:npoT~Ho~ ripn: pacceiHn~ c nepe3aps:t.llKOi!. TaK:lKe 

COCpe.llOTO'I9HO npen:MyiUeCTB9HHO B 06naCTH MBrihiX yrnos, O.llH8KO 38BHCHMOCTb OT 
I .· ' ' • 

yrna SIBnSieTCSI B STOM cny::ae 6onee nnasHoi!.. Hanpn:Mep, npn: · • T ';'0,9 Ess ce'leHn:SI 

a (8) .n: 
ex 

( CM, pn:c. 6) • 

a eP ( 0) · cpaBHHMhi no .csoei!. semi'IHHe y:lKe npn: 8 > 45° 

npn: SHeprn:SIX T ':" 1 Ess OK83biB89TCSI cyxuecTB9HHQH. n: cnim'oaaSI 3asn:CHMOCTb 

N N . . " -- .... B " 6. /38/ . . 
- B38HMO.ll9nCTBHno · . H9.ll8BH9" pa OTe , H3 8Hann:aa . .llByKpaTHOI'O ,p-p pac-

C9S1HHSl a. 6onhwoi!. B;.llopo:O.HoA nyahipbKoiioif.:, KaM~pe npn: T= 0,96 Ess .llliSI noriepeq

HOH !lonSipn:aaun:~ aHT:n:n~oToHoB nonytieHbi aHa'leHHSI: · · 

p ( 8) 0,05 ± 0,19 

p (0) ·= 0;49 ± 0,08 

(a CHCT9M9 U9HTpa M8?c): . 
·, .---
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·. . . - . . ·, ! - .-- ~-"' ! . . . . . '. ··,-!· 'I I 

110 0}KHJ.l8Tb JIUWb B •OOJI8CTH B3aHM<fn.eil:CTBHH "KepHOB"-. 'l8CTHU p; ,.Q, t .rJ.le · B:MBJIOM 
, '.I ~ " • . .\ I ' . , , ' . . '. " _' :', . -;, ,p~ 

06be1).1'e \YfOryT pO}KJ.l8ThCH- BllpTyBJibHbie 'l8CTUUbl pa3JIH'lHbiX- M8CC U rpaJ.lHeHT. I!JIOT- · I ' 

• < • ' ., • I'' • 

IIOCTH HJ.lepuoro newecTBa MO:lKeT Ob!Th O'leHb 6on'bWifMo'· O.dnaKo 9T8 oonaCTb J.l8eT ., 

. oqe!l ~ MllJlblf BKJIIlJl i cetieHHH ad 
1 

1 ~~~- •, a;,;.· ( C~. I!OftpOfSHe,e- § ·8,2 U, 8,3 ). · 
', : : . , ·, . • , ·., . I ' . ; • 

TO lf3 Bhlpa:lKeJlHH ( 35) CJieJ.lyeT1 'ITO rrpH OOiJbWifX 
\. . , I , ' 

EcnH x( T: P.) .::. ·x ( ~ l 
9He(H'HHX '<Pa3a' [) ~ 0 · , , 

flOJ.lCT8BJiflll IIOJiy'leHtlbie pe3yilhT8Thi B Bblp8:lKeH)fll \ 3Q) If· ( 3}) 1 llOJly'lHM 
·.' . . .· . ·. ' ·. _. . /62/ /63/ 
UCUMIITOTH'leCKife COOTIJOWeHI{fl : . .' > c ; . 

\. l' ·' '' 

i ' 
\ ), 

\' 

.- :>. 
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l- ' 
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I 
/' 

.Um 

'MO) 

I 9KC 
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' - ' ' ----------
OHaHCHOrO 

JYJ<!YPY H. 

~Ylti.L~~o,··. 
b OT p MO)Kl. 

~ne ·' B · M81IOM 

H9HT.U1IO'!'-· 

18CTb · Ll89T , . 

8.3) •. 

,r: 

) -

49· 

. '< 
,/ 

D(T;O).< Canst J0(Tp'S.in0) T: 

_: ' - 2 . 2 2' 
u(T;O)=!F(T;O)I =Canst J

0 
(Tp'SinO)T 

.UnH pacce.IIHH.Il ua: uynemoii yron J0j Tp_'Sin 8) = l 1 
a ll1I.Il 8> 0 . 

jD(T;8li'<Canst VSin~' 

l'I (T;O)j~ Canst·.·;,; T : 
· .. ··~ 

T 
u ( T; t1) <Canst_ --

. Sin 8 

(36a) 

i ·' 

(36a) 

J.13 CpllB~9UIISI <jlopMyir (30) li .· (35)' C1IeLiyeT0 'ITO B. o6naCTU · 60JibWHX 9H~priu1 

Momuo ~pu'6nli)Keliuo ~aan~caTli: 

"· ' • . . . . Y2 
D ( T;· !J) = Canst T u 2(TJ '.f>_ ( T p 'Sin 0) . 

(37) . 
• ~ - j · ·· nd 

K co~aneumo1 .. cTeneHb y6hl~a-Hn.ll' ceqeuu~ u (T) B uacTo.llwee :BpeMSI eme uenaBecT-
\ . . . 1 .· nd ·· · 
' aa._ Ilpea.cT~aneu~e __ o6 auepr,e~nqec.Koi!: .aaBnCHMOCTH u ie M_omuo nony'IUTb na cTa-

THCTH'IeCKHX .1-eopnil: (cM.Ta6nnuy•. Ylll) • o.nuaKo LI1I.Il oueiiKn noTeiiunanbuoii qacTn u. 
- . \· · ' ~-·- - .~! , ,nd 

neT ya.oBneTBOP!ITenbHhiX MeTOLlOB • 
• -- z -·. ~ • 

Cnea.yeT noLiqepKHYTh1 'ITO. Bc_e npuBeLieHHhie BhiWe paccyma.emiii ocuoBaH~I ua 

sKCTpanon.llunn naaec::TuhiX sKcnepnMeHTaribUhix LIBHHbiX B o6nacTb oqeub 6onbwux :aueprnlt 

H c· aTolt TOtJKH ap~HH.Il H~ .IIBnnioTc~ MaTeMaTn'leCKH CTporuMu. TaKoe nqnomemie n H8C1'0SI' 
. • • , : '""·r -"' •' ' . ~ • ' .. --. ~ •. ~ ..,. .. 

mee Bp9MSI .IIB1ISI9TCSI xapaKTepHbi~ Ll1ISI lPH~HKll BbiCOKHX 9Heprnii. . J ·- . : - .. · . -. ~-. . "•-'" . " -· '- ':' ~ . 
·-

/ 3~cTpanon.IIUHSI ~B o6naCTb 0'19Hb_ 6ono~HX9Heprnil: M~me·r 6b!Tb onpaBa.aua, ecn:u 

uoaeLieu:ue cpnanqecK:UX' aen:utinil B aToii o611acTn ue cnnbHO CKa3biBaeTc.ll 11a ·peay1IhTa-
_,_- ', ~ ..-: • F 

TaX pa7qeTOB npn M9HbWHX aueprH~:l(• -~ 9TOM cnyqae ·oTK1I0~9HHSI OT 38K~HOB 1 npea.no-

. nomeHH~;x Ll1ISI o6nac'l'n 'o~eHb '6onbWHX aneprHfi, .u.e CJIHWKOM ,cymei:::TBeii~~;. B npOTHB-" 
• ' • . ~ \ ·• l --' ' .-, • ' , •• 

noM ·cnyqae 

1I8CTH2) 
0 

,-

ueo6xoLI:UMhi _cneimanhHbie cnoco6bi LIJIH ncKniOqeuu.ll BKnaLia oT aioif o6;_ 

' '' 

1 ; xl. HanpuMep, B a.ncnepcuouuw( cooTHoweHHSIX BKnaLI.' o6nac1-:u oqeuh ~onhw'Tx 
\ SHeprHit YL186TC.Il :UCKJIIO'IHTh U9HOH BB9Ll9H:USI H9CK01IhKIIX llOCTOSIJIHbiX, .. ,3Ha'I9H:UH. 
- .KOTOpb!X , Ollp9Ll91I.IIIOTCSI H3 OllbiTa. 

/ / 

.. 
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lY. Ynpyroe paccemme no.z:t.HyneBbiM 

Ewe 6onee .z:teTanbHbie cBe.z:teHIIH .o noBe.z:teHIIII aMD)IMTY,Ilbi F ('T; () r B o6nag~II~ 

6onbWIIX :mepriifi MO:lKHO nonyqiiTb C 'DOMOlilbiO .llHCnepCIIOH~blX COOTHOW9HHH 0 Pac- ... 
' . . ~ 

CMOTpiiM npe:>K.z:te Bcero paccenHIIe Ha·"HyneBo.ii yro·n. B_ 1aTOM cnyqae KaK M::imMy!O, TaK· 

II .z:teiicTBIITenbHYIO ·qaCTb 8MDn!fTY.llbl Y.ll89TCH .Bblp831ITb ep~3-tlOnHoe ce~?HII'e ut (T); 
I . . . . . ·. . . \ .. 

nepByiO - C DOMOlilbiO ODTIIqeCKOll T90p9Mbl 0 'BTO~yiO - C DOMOlilbiO .lliiCD9pCIIOHHOI'O . 

COOTHOW9HIIH. 0.z:tH8K0 0 K8K YBII.lliiM .z:tan~e0 ,lla:lKe B aTOM C8MOM npOCTOM cnyqae· ,l:lnH 
'' 

nonyqeHIIH qiicneHHbiX pacqeToB HEW6XO.lliiMa, B006ll:!e -roBopn, nononHIITenbHan TeopeTII- ;·/. 

qecKan IInii aKcnepiiM9HTanbuan uHcpopM:aunn •.. 

4.1. Ynpyroe paccenHIIe HyKnOHOB II HaHx_Knouax 

: ----
B na6opaTopuoii CIICTeMe KOOp.lliiHaT neiicTBIITenbHan qacr-b~MnniiTY.llbi·ynpyroro 
--· \, ··~- ,".'-"" _J ~ ~ ' • . • .. 

,.. p-p II p-p p8CC95IHIIH onpe.z:tenneTCH .lliiCnepCIIOHHbHvl COOTHOW9HII9M 
~ ' '· ' . -~" . 

1 

. D ( E . . r i ) =. ~ ( oo + oo' . . ., ~- + __ l+E/2M( o;-oor+ £2 ''F . -2 fl. . --~ ·+ '<asL 

+ k2 ~P F dEl J··u± <El+. u i<E ll r 1 

-:r172: 
0 
~ .~E -EI+ E 

r.cie. D~EJ2 O±(T;O); D~"' D±·(M); ·E=.Tt M .-nonuaii aHeprnn pacc~uBaiO_-: 
.. . . ·. . . ·' 2 2 2 .. ' .. •. .. ·.· .. , ·. 

werocn npo,ToHa (aHTIInpoToria( i, k ~E -M ; . fl. .-, M_acca .. 7T ~e3?Ha UL ~ Ut (pp); ,' 

u _;:; ut (pp) !YI~i:teKc( + )Be3.z:te' OTHOCHT~n: K p-p pacceH~IIlo0 IIH.ll9KC. ( -)K rp .. p~cce7 
HIIHIO .•. t ·=·C.= 1 .... ' 

. . J . . • / 

·. . '· . .. . . . . '• . "," :.. . . . . . .· .--...._ 
· ~l'.q ... pucnepCHQIIHOe, COOTIIOW9111I9 ODIIbbiB89T B38HMO,ll9HC:TBII9'HenonnpH30B~IIHblX 

. ;( 3)/. . . 
qacTUU' . . \ 

0 pe.z:tno.naran·, qTo npii . 6onbin'IIx·. · aHeprnnx u± '~( E) ... u ±. Const, 

COOTIIOW9111I9 (38) MO:lKHO pa3nO:lKIITb B pH,ll .nO CTen'eHHM · .E 
.I. 

cnyqae B381IMO.z:teil:c1-arrn nonnpu30B8HHbiX qacTIIU aMnnuTy.z:ta · · N .:.. N · 
PB(:C~HIIIIH onpenenSieTCH .z:teC~!biO H938BHCR~biMH ,Ko~¢;%urre,uTaMrr, .z:tnH Ka:lK.O:oro H3. 
KOTOpb!X MO:lKIIO 118DHC8Tb ,llHCDepCHOIIHOe COOTIIOW911H9 ... 4 •• AMnnn:Ty.z:ta 0 (T) B'.llHC7:. 
nepcnoHHOM cooTuorueurru . ( 38) nann eTCH KOM6rruauaeil: aTrrx • KoacpcpM:urreH~ot . 

) 

/ ~. . . . - ' . . ·, . ' 

,~-' 

• I 

·.·/' . 

\ .. 

., 

:. ~-

l .. 

:-

.. ' ~ 

\ 
\ ., 

rne ·B co< 

·. ~\ 

.~~ 

Yqe1 

Ecnrr ·Ii~

He6onbw 

cTnrrqaT 

~~ D±_:::,.a 

HCTHHHbi: 

no 
38DHC811( ---

I . \ 
D:! 

--n 
/ 

r.z:te p 

nprr E·, 

4:1 



:acTH 
-'"f _!'" 
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01 _TaK 

7((T); 

~0 

r A-JUI 
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lyrpro 
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(38) ~.·-
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Baro-

1 pacce-
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aHHbDS 
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D± ( E-);= A±ECn E+B± E :~ R± C?) ; -
.,_:_ __ . --·------,----·---- ·:,....._..~ •·. -~-: ·~ 

·. (38) 

rJle B COOTBeTCTBHH C aCHMUTOTH'leCKHMH ycnOBHHMH (S6) . 

(40) 

_• . ...:_ 

(41) ' ... 

>E·-+oo• 
(42) 

- j 
' ·-" " "· /.'-'· " 

Y'leT paneHcTaa (41) · qpea6bfqaltHo Ba:>keH npH Bhi'lHcneHHH aHa'leHHlt 0+ (E ) . 
- -- ~ .. -~..........,.... ..... ..,..._.. •• ,_ _-----.-----'"';t--- ----~--:_·--- ·-,..·---~~---

Ecmr ae Bhi'leCTb qneHa B~ E .. H3 .alicneiJCI10HHOro c.ooTHoweHHH.(38),. TO .aame 

ae6~nbwaH HeTO'lHOCT:b a aKcnepH-Me~~.anhHhiX .aaHHbiX, acne;cTaHe.~Ko~opolt - B± 6y.aeT · 

CTnH'l8TbCH OT HynH Ha O'leHb Manyro aenH'lHHy. a· , .aacT B ~3.H8'leHHe 0± (E) BKna.a 

HaMHOI'O 6onhwe 

., " '/ 

nocne Bhl'lHTlHiHH qneHa s±·E . .ancnepcHoHHoe _coo_THoweHII,e ~asr MomeT 6hiTh-· · 
- - . . 

38llHC8!10 B y .ll06HOM .z:tnH 'lHCJ!el!HhiX .pacqeTOB BH.z:te: · 
~ --~--- ---: -- ::'-:''-:_~~-:-:~· . . . " ' ". . .. · 

0 '(-E)= If, ( o~'.;:oo)- £
2 
•. 

± _ .. z - + - - '-;;z ";,. . .. fl. 

l 

} 

r.ae 

. - I 
.s " 

·+1 pfdE'[ 
4112o~_ 

p ;,y&(F,;~2M) 
. -. .· . i:: 

npH E ' :::::.· ,, , 

. " . •2 . ' 2 J 

E'E- M (E.')_ ·E'E +:M r a ( E')] 
1 

E~..:E~-a± E'+E + 

. . 

4TO~bl onpe.aenHTb aCHMllTOTH'leCKOe noae.aelme .cpyHKUHii R" (E) '~ aeo6xoi:u{MO 
~.-..-•. ~.··''"' .. <...... :~-/' ·'·-·-······- ... :----~-~--~--·.<---~--->::~.- .•. _;!: ..... ·-··· ... ~ .. ·· 

3!18Tb ~HepreTU'leCKYIO 38BHCHMOCTb '. :~JE) (cMo BhiWe )~ 'nH6o· c.aenaTb onpe.aeneH-

I , 

.. --, 
' '\ 

j 

·' 
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Hbie npe.anonoJKeHJur' o TOM, ~aKHM ·. o6paaoM cetieHHSI · . a± (E) <::TpeMSITCSI. K. CBOeM)' 

npe.aenbHOMY 3H8'lf:mHio a · • Ecnu • HanpuMep, · npe.aiwnoJKHTb0 'ITO npir· 6onbumx . 

3HeprHSIX 

. a 
r.ae 0 .( E )/E ... 0 

.. c+ 
a·{E)= a+. Eii ±- . ' . 

npu . E .... oo . u 

'" 

(44) . 

TO H3 paanoJKeHHSI .LlHCnepCHOHHI,IX COOTHOWeliHft (38) H .(43) no, CTeneHSIM E· Ilony-
,· 

· 'lHM:·. 

f 2 ' ' . . 

-, 

=~(D:+p:)-Jii_(M-,l/2M)·+_ 2~ 2 ( £ +.M 
.. ~ (45) .·· 

· .. 

'I 

·,_-,._: 
- l_. 'EdE. . . · .:-::fi72. f ---k-. [a+ (E) + a_ (E ) • · 
........... -~ 0 ...... .:. "'" . ~-" ,·-" 

~ 

.Llpyrue npe.aiionoJKeHHSI o a± ( E ) n'piu3-~.riSIT"' K aoapacTaiOIUHM 3Ha'leHHSIM 

. HanpuMep, ecnu a, ( 44) cTeneHh ,a= 1 . ~• TO npu : .. ·E 

-~ -" .. · 

ecnu JKe o<a<l, '1'.0. 

D±{E) ·.- fn E 

.1-a 
D± {E)~- E/ 

...... 
I 

... 00 

D (E) • 
± ' . ' ~ 

(47) 

(48) 

. . '•; ' . ..· :. /65/ ·.· . ' ' .. 
He.aanHo•YI.M.lleauHTony c coTp)':.LlHHKBMH y.aanoch noKaaaTb · ,. ;· 'l!O Heo6xo.aHMbiM 

ycnOBHeM nOCTOSIHCTB8 0~ ( ·,E ) . IlpH ··E.·-> oo SIBnSieTCSI CXO.LlHMOCTh HH~erpana 

'00 

'f (a+ (J::)+a,...(E)-2a]d~ =C(Ea)~.oo . ·o . . . ·. . .. · . .. . '· 
. {49) 

A . . . . Jl /66/ 
HanorH'lHOe aaKmo'leHue nony'IeHo .• TaKJKe eMaHoM.- ...•. 

Via cpopMynbi (37 )· '?ne~yeT, .'ITo _cooTileTcTneHHo TpeM · ;~ccMoTpeHHbiM Bbiwe 

npe.anonoJKeHHSIM o6 acui\.tn.foTH'lecKorvi au.ae ( E) · CErqenue uef.lu¢paK:uuoHHoro • 

'pacceSIHHSI . -2 
T .. . 

,. 

a
nd 

(T) ... ~j (rn.;T/T) 2 .• <Boa>. 
T -~2a" --.-~ ... 

·' 
'7-

---:-.. 
T.e. no .acex cny'IaSix 

~ ·~· .. 

,. .,.~~ • .f•' 

I ,. 

~~ 

, .. 

Ta 

TO 

pac 

CTE 

He. 

'In 
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TO 

9KC 

Go. 
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(50n) 

TaK KaK 3aBHCHMOCTb .I'Je·(T) SIBJJSI8TCSI 3Ha'IHT8JJbHO 6onee CHJJbHOH (eM. Ta6n~ ~111) 1 . 
TO llpH 60JJbWHX ·aHeprHSIX C8'18HH8 .Cf,d B OCHOBHOM onpenemieTCSI. nOT8HUHaJJhllbiM 

pacceSIHHeM. 

4ncneHHble pac'leThl D ± . ( E ) no ct>opMyne · ( 43) ocno)!(ileHbl TeM o6cTOSITenb-

· CTBOM
1 

'ITO '3Ha'leHHSI ce'lel!liii a± (E). n H'eqm3nqeCK()ll o6nacTn aHepruii E <' M' HaM 
' ·•. ' ...... : ., ' 

neu3BeCTHhl. OnHaKo, npn 6oiibwux aueprngx·aKnan aToii o6nacTH. c TO'IHOCThiO )lo. 
'. ' 

qneiioB nopS!nKa (aM I E ). 1 ~p.e' a< 1 cno:UnTcSI K riocTOSIHHoii: 

f -+ C + 0 (•a M/E). 
0 

B nplmu~ne, · 3HaK n nennqnuy aToii nocTOSIHHOii MO)KHO onpe)lemtTh ·u3 · onhiTa npa HeKo

Topoii auep~nn ·E> > M • K. co)!{aneHHIO~·-T?'IHOC;bH.3BeCTHbiX n ua~TOHruee npeMH .: 

9KCllepHM8HTaJJbHbiX )laHHbiX ew.e 0'18Hb Mana H M0)K.Il0 'JJHWb yTBep)!<)laTb1 'ITO. npn_ 

6~~ ~H~H~ I~\«. I 0 . 
Ha pnc.- 10 npnse)leHb{ Bhl'l~CJJHT8Jlbllbl8 3Ha'leHHSI ' I D± (T) + .c ± 

4) 
• Vlcnon,h .. 

. 30Bannoe npir pac'leTax ceqeun,e 

Wl!X aueprufi • a ''(T) Bhi'IHCn~noc h no Teopmi aq)(peKTHB.noro 
. ' .+ . . . .• ' . : ' ' . " 

0, J Ban 11 · np11 T > 1 0 Ban. Ce•JeHne a _(T} H8H3B8CTJIO B o6nacTH 'MaJJb!X 8neprnii . T ·< ' 

TaK KaK nKna)l nnTerpana oT ·.a__, .no ~6nacTu MBJJbiX 8Iieprnii c x,opoweii To<mocThio 

(::~TO nO)lTBep~,OeHO pac'leTai\m) MO)KllO aaMeHHTb noCTOHHHOH 1 T0,·3I~aqeHI151 a_ 3)l8Cb 

)lJJH' T > 10 Ban nonyqeHbl 9KCTpa.:.. 

nonSiuueii aKcnepnMel!TanbHhiX ceqellltii;, npn aToM npennonaranoc61 'ITO a+= a_ ~40 M6 

. np11 T :::,) 5 Baa. B ~poMe)KyTo<iHoii. o6nac1·11 a_ nonyqeuo cp~nHeKn~npaTH'IIIOil IIH-

. • 12/: 
TepnomiUHeil 9KCpepHM~HTaJJbllbiX 3Ha'leHHfi . . ·i 

. I 
nocTOHHllaH .: • c + ua p11~. 10 onpeneneua 113 ycnOBHH, 'ITO D+ =I)_ npn T=J'3 Ban 

' - /26/' 
B COOTB8TCTBHH C: aKcnepHM8HT8Jlbllh~MH __ )laHHhiMI1 ~ 3THM yCJJOBHe~ onpe~eJJH8TCSI ' 

T8K)K8 H HOCTOSII!HaSI C _ 
1 

TaK ~aK npn HaW eM BbJ6ope BC!li'WTOTHKH a± ( £) 

C panHhi (cp·. (45) ). 

4)n .·... . /63/ , pnaeneHHhie B pa6oTe 3Ha'lemrH D (T), BhiqucneHhi c acnMTOTH'IOCKHM 
ceqeuneM ·'a · =; 30 M6"" OnuaKo 6onee no3n11ee n5MepeimSI noKa3ann,. 'ITO · aTo ana•1e1me 

a cnenyeT,ynenu<mTh npn6nn3HTenbiiO Ha .. 1 0 M6/2/. . 
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Ric. 10. 3H~pr'e~H'IeCK8ll aaBHCHMOCTb .lleitCTBHTenbHOH qacTH SMITniiTY.llhl ynpyroro p-p 
, H p- p' pacceaHHll (cOOTBeTCTBeHH0 1 c'niioumag H nyHKTHpHbie KpiiBhie). 

c± =.:.D+_(3) · -; __ , _
13 

· · · 

. 3~aqeHiill D± ( J) .ll.SHhi B e.llHHHUax 10 eM. 
T - 'KaHeTaqecKaH aHeprall pacceasaromaxcg qacTau B Eas.' ~
na6opaTopHal! CHCTeMa KOOp.llHHaT. 
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TaK KSK no.LliiHTer:panhHOe Bbipa:lKeHHe B _ (4)) ,IIMeeT 6onhlllYIO ~enH'IIIHY H .paa-
. . . ·- - . - - .. ·. I 

Hbie 3H8KH a6nn3H TO'IKH : E =: E' .· , TO np11 Bhi'!Hcnemill rnaaHoro aHa'!eHHSLMO:lKeT 

npO!!CXO.LlHTb- 6onhlll8SI llOT9pSI TO~HO~Tiie LJ: T06bl liCKniO'IHTb aTb HenpiiSIT.H09 66cTOSITenb)_ 

CTBO, rnaBHO~· _3H8'!9.HHe. Bbi'IHCnSIDOCb <wp~3. ~p0113B~.LlHYIO 'B TO <iKe .. E ~ = E • '' l ._., 

5;_ 

f(E') -IEE-E') ;_LE'+J-_f(E') 
E~- E . .. . E'-,E 

\2E --

f('E') 
P. f - dE-, =·p f .. ·· 

E':-.E 
. '1-f .... ),'tf 

dE'= 

,·'tf 

(51) 
E·A 

f(E') -f(2E-E') 
E'- E =J 

" . . 2 
r.oe f(E')=(E'E-M )at('E.') /k' · 

1 
a·· aenH'IHH8. -~ Bhi611p8n8Cb H8CTOnbKO Ma- _ 

noi!,_ 'IT06hi .Lla.ribH.ei!:wee ee yMeHbllleHHe He· H3MeHSino aenii'IIIHhi HHTerpana a npe.Lle-

_Ha pnc. 10 BH.LlH01 'ITO 
.r ,~ . 1. 

0 ( T) o<ieHb Me.LlneHno H3M9HSieTcSI c aneprneif 11 oTpu-
- .... ··--. . . } ' . ' 

( T) HMeeT MIIHIIMYM; a o6nacTH 

T:: ts:EaB·. 6.naaK0_ aelnili~Ha ~-· noh~:~eHHe; aToro -MHHHMyMa 38Me~THO H3MeHSI~~CS! B . ' 
. .. . . , ~- '. 

38BIICHMOCTH OT CITOC06~ SKCTpanonSIUHH Ce'!eHHSI a npu'T? 10 Eaa. 

np11 " T .... 00 
,-

(oo),;, C"oo l :::.-2 
~13 

0 0 10 (52) 
+ \.- -

B QHCTeMe ueHTpa Mace 

(53) 

- .- -13 
( 'AO ;, 1,41 10 C:M i ~~(T )- .Lle'6poil:neacKaSI .LlniiHa aonHhi1 . pacceHBSIOlUeil:cSI 

qacTHUhi B cnc-r!~Me !leHTpa tdacc)~·- Peayni.TaTbi pac'!eTOB npHBe.LleHhi a Ta6nu-ue 

IX 11 Ha ·pile·~ ll, .12. --· 
.. ) 

KaK BH.LlHO, npH 6onhlllHX aHeprH~x BKna.Ll peanbHOi!: qacTH aMnnHTY.Llhi. B ce'!e-: 

HHe· a(o) o'!eHb Man. 

/ 

. ~ 

neHHoro. Bhi6opa :nocTOSIHHhiX C ·H cripaBe.LlnHBhi liHillb c TO'IHOCTbiO .LlO ·oT6polliiiien-
- .· ± c, ·::<,.- .·· '·- ., ... . . . . 

HhiX qneHOB 0 (aM/E) • Ecnu 6y i:I.y_T' lia~ecTHhi 6onee TO'IHbie aKcnepiiMeHTanhHbie . .LlaH~ 

_, 
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Hble, TO npHae.aeHHble El Ta6nHue IX H ua pHCo lQ-12 aenH'iHHbi nerKo nepe:aopMHpOB8Th •. 
. .· . . r. , . . . 

npH aTOM ~enH'iHH8 nOCT~HHHbiX / C ± MOX<eT . 3~8'iHTe~bHO H3MeHHTbCH1 eCJlH npH 

T=3 I;las a HHTerpan f ; 3H8'iRTEmhHbiA aKnari. .aa10T 'ineHhl c · 0 (a M/.E) ~ ·. 0 . . . .· ' . 

He.aasao ~~~. aaannsa onbtTos no· ynpyroMy paccesa~10·, npo:oaoa aa yrnepo.ae np~ 

aaeprHH T.;. 665 ~Mas M.r:. MewepHKOB c 'c.oTpy .OHHK8MH : nony'iHnH .an~ ycpe.aae!laoa 

' no cnHHaM .H H30TOnH'ieCKHM cnHHaMpeanhHOit 'i8CTH aMnnHTY.Obi ynpyroro N- N 
' . . ·.• . ,' -13 /52/ 5) . . ' ' . ·. . 

pacceHHHH aenH'iHHY D . =.;..0,45·10 ,eM~·-/ • EcnH saa'ieHHH- D+ npH p-p H 
. + . --·--- '• . ' .. 

p. n pacceSIHHH He CHJlbHO p83JlH'i8IDTCsi~ TO aTOT pesynbTaT, 03H8'i8eT1 'iTO B o6nac.TH 
. '. ... . \ . / ' . ; ' ' . ,. ' . . 

aaeprHA nopH.aKa aec:KonhKHX Esa aKna.a oT6poweHHbiX 'i.J1eHoB O(aM/E) HBnHeTCH 
.-" / ,, . . . . . . . .· 

o~eHb. cywecT~eHHblMo A6conlOTHaH. senH'iHHa noCTOHHHbiX C ± , a BMecTe c, TeM u 
. '• ' ,· ' . -13 

3Ha'i~HHH-. D;, .z:tnH ·; :T»l Esa yMe.HhwalOTCH .fiPH 9TOM npH~nHsHTenhHO aa ·t,5•10 , \CM~ · . 

8T~T -Bonpo~' Tpe6yeT .a·ani,aeitwero "Hsy'ieHHH. ( 
I,, , ' ' , -.' 

. -: ' , '· .. , I " .. 
lJ.HcnepCHOHHbi9 COOTHOllleHHH MOX<HO. npHMeHHTh T8KX<e H .0JlH 1 HCCJle.[lOB8HHH 

ynpyror6' pacc~HliHsi npoToH~B H aHTHnpoTOHOB .· H~. aeiiTpoaax~ B sT6M cny'iae non10c-
. . ' -~ . . - - . . ' ~ 

Hbdl: 'IJleH B (38) cne.ayeT yaenH'iHTh B.OB()e, lit KpOMe TOr0 1 BBeCTH ewe. nOJllOCHblil: 
. . . . . - /64/ 
'IJ19H. OT .aeftTOHHOrO COCTOHHHH • ... 

§ 4.2. Ynpy~oe 

, .... 

' \ 

TT -Me30HOB Ha HyKnOH8X 

nHpH30B8HHbiX npoTOH8X' 1\ na6opaTOpHoil: _CHCTe~e KOOp.OHH8T onpe.aenHeTCH .OHCnepcn-
-· ' ,.' . 

OHHbiM COOTHOllleHHeM. 

D ( E)=~ (D0 +D0 )+..£' ( 0° 
± . . + . _, . 2p. '. . ± -- - ' ·., 

2 2 ,. 
· I)o) _ 2£ . I k +' . 

- ~ .:..;(-,,2;....,/=2M~) -----..,. E=--
+:: r ( r + . 

u:r. (E ') 
E'+ E 

(54) 

1 

S) AsTop ·. 6ilaro.aapea, • M.f'~MewepHKoay. sa riO.apo6I~oe o6cym.aeHne sTiix 
aonpo60a ~ H · ueHHbie >cOaeT,hi~ , 
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,',.. ," 

/ 

•' 



... 

;"\" 

.. 

._. 
', ".1 

'I , ~) 

•,' ~ ' 

60 "·:· 

, __ ,..,_..._,-

~. ' . 

r.lle •. 0~ = O±.(JL)~ ; ·· E =,T + JL .~ nonHas:z .s~Jepriut pac:ceHa~ro;uerocs:z 11 :.: r 
. 2. 2 2 • . ! . I 

Me3oHa; . I< ='E - JL , M. H JL ·- Maccbi, HyKnoHa _H TT • -Me3oHa; f - nepeHop.;;-· .• 

MHpoaaJiHa~ noc~OHHH8SI M'e30H_;HyKnOHH~it. CBB3Hi. 0' ± = ut(~ ± p) • 'VIH.lle:K~( +)a~3Ll~. . /. 

_oTHOCH~?SI K TT+_: p B38HMO.lleiiCTBHI0
1 

HH.lleKc(-..JI< 1t-- p .. . B~aH~O.lleitCTBHIOj; tr '7'C ,;,: 1 •. 

npe:Ononarasi CHoaa, ''ITO npH 6onbi.IHr~ 'sH~prHHX ·0' . (E) .... u .=. Canst' . ·,· .. --,...~~ '":) 

. rrony'IHM .llnH rrepBblX KOScpqlHUHElHTOB. ac;MIITOTH'IeCKoro ;e3nO:lKe~:r 0~ (E)~~~ ( 
. ' ' '· 

I A·= .1· .· ... 
± 47 ( u+ -o± ) ~ 0 

;··--

·I 

·· ·· . 2 -~ . ·. •~ oo · ., A · . •.· . 
. :8 =-1- ( 0° .;... 0~) ± _l!_ -~1- J __9_g_ [a· (E) -o;:.(E)] = 0 

· · ±. 2JL ··· t..·· • + JL 2 A11 2 JL. k ·· ·· · ± · · .. + · · 

.. •'\ . "· 
' .'(5gj) 

vf3 paaeHCTBa 1(56) M'o:lKHO O'IeHb ,TO'IHO onpe,llenHTb 3H8'IeHHe IIOCTOsiHHOlt ,, 
PacqeTbi1 ocHoaauubie 

/63/ , a± . t IIOK838nH, 

Ha C1'aTHCTH'IeCKOM' 8H'anH3e SI{.CIIepHMeHT8nhHblX, .ll8HHblX 

'ITO 
2 .... ·. • 

t :" 0,08 ± 0,003 .. ., ·' 
nociie Bbi'IHT8HHSI qneua . 8~ E -~ .llHCnepcHOHHoe COOTHOWeHHe '(54)'HMeeT 

~· 

. . ~ 

' 
0+ (E) 0 0 . T ' '. Ln . ·' I 

L 
+· 

.·._,.. 

fE· T ~M-v·. •. uk. ·~ :1' p ~ k'·· ~(,O++O_)~ 2ME 2 ·-:~' //~ 
'• ~'-, . . .. }'~·? . ,0_: . '\ . 

&· .. ·.'2 .. 6 !"':"",. 2. 
+ •. 1 P f dE' [. E'E.:..JL u (E:) + E,E+fL ·u_ (E ')] , .. 
~ .·.K""" · E'-E··· +· E+E + TT .JL . . ~ - - . 

(57) 

.l 

.., 

r.lle p ·-~ v &(& + 2fL) u+ (E')- u_ (E") :" u 
.· 1 

. E' >'~& :: • :~. ) 

fioHSITHo, .'ITO Bee. paccy:lK,lleHHSI· o6 '8CHM1lTOTH'IeCKOM · IIOBe,lleHHH 

ae,lleHHbie B -~pe.llbi.llyiueM naparpacpe (eM'.' cp~p~ynbi (44)- (~0)) 
1

; ~npaae,ll~·HBbi He. 
. ' . . . . . ; . . ' '· '·,. ... . . '" . . ; . . . . . ,. . . :, . . .. 

O+(E) , .npH-

TOnhKO .llns:z N -·N. B3aHMO.lleiicTBH:ii, no H .llnH B38HMO.lleiicTBHit. 'IaCTHU .llpyrHx .cop-
, . ' . . ' . . . . . . . ~ . ~ . ~. . ; ... :_·-. . ' :/ 
~Toa, a qacTuocTH - .lln.I'I "·- N . 'B38HMO.lleiicTBHit• 

1 

· Ha puc.· 13 rrpnae.lleHbi 3Ha'IeHHH _'o+ ('!') 
... _-..---~--:--~, ,. 

•1, 

,t 

'~ - ~\ 

I'~' 
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. ,· 
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v· 
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• -->. 

no cp~pMynaM t57)~H 
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. ·-6· --}/ .· ·•··.. . /63/ . 
(51). no Cp8BH9HHIO C pa60TO~ . - " 1 :3TH 

/ . ,,". ; 

r Hh!M C9'!9HHHM:: a± E(T) 1 KO~Ophre_ 

. ,. 

l 

:3KCII9pHM9HT8nbHb!X C9'!9Hllfi 

T24 Ba.a a ·=a ''= 29 --- -. --.+---·------~- ...... 

; I 

0° ll . 
±-2 

f 

TaK KaK rrpn 6onhuinx. aHeprnSix cyMM/:lPH~rii aKna:O. qneHoa c rroc'ToSIHHhiMH_ 

Man·, .. To aoaMO)!{~hre · HeTO'lHOCTH a · aiia'leHHSix aTnx rroi:::ToSIHHhrx oqeHb Mano naMe- .· -

i. H_H~T aenu'lnHy. D+ (E)r • 0.LJ.H8Ko, ecnn .LJ.nSI Bhi'lncne~ltii nc~onb3~BaT~ .LJ.ncnepcnoHHoe_ 

( cooTHolllemie · (54) 1 ,TO . .LJ.8)!{9 He6onhll1oe _HaMeHeHne- .~ D~ ' n A f ' MO)!{.eT rrpnaecTH. 

D+ (E) 
-: . r· 113 puc, ·~ BH.LJ.HO, :~o aen~'lliH8 D±( T)' 6b!CTpo li3M9HSI9TC~ B o6naCTU aneprnii 

~ __ J_· .LJ.O T::: 2 - a 'Baa·; _II?H 6onbWIIX, ari'epi'HSIX - aH8'!9HHSI D± ~!) B COOTB9TCTBHH c Bhi-

' -L6paHHOii rrpn 'pacqe!;ax 8CliMir.TOTHKOii ce'!eHHii a±(T), MOHOTOHHO CTpeMSITCSI K IIOCTOSIH-

HOMy' 3H8'!9Hiil0' .• 

,'_ !' D ( 1oo) = D + . 

' .. .. -13 (58) 

·. ::_ ·:-·.9.37 .. '_10 CM 

,\ 

(59) 
I' 

' . ' 

PeaynhTaThr pacqeToa rrpnne.LJ.eHhr a Ta6nuue X: u Ha puc, 1'!,15. _KaK an.LJ.no np~ 
I - . - 2 . . . .. . -~-:-..-":---'·'·'·; . . . . . . . . 

T > f b~ll D+ <<a+: (o) , --~ .lJ.nSI cpaBH~HHSI Ha puc~ 15 yK838Hhi aKcnepi{MGHTBnbHhie 

3H8'!9HHSI a -(o) -~CGM.Ta6n. Y). T~opHSI -~~ aKc~epnMeHT ccirnacyroTcSI. -. -. " '"' ' . . '. ~ -

' I1crronbayH Bhr'lncneHHbie aHa'leHHSI D + (T) , no !popMyne (16) MO)!{HO onpe.LJ.t:mi!Tb 

I' C9'!9Hll9 nepeaap~nim a '<rr::p).LJ.nSI yrna 0 = 0 .· (CM. puc~ 16)~ B o6na~Tli anepruii 
· ex .. 

,.: ,.-
,· ;/·r -":'"--

,(2· ') ,_ 
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PHc. 13. 3~epreTH'IecKaR 3BBHCHMOCTb .rieAcT~HTenbHoa qacTH aMnnHTY.llhi ynpyroro 
11--p H ·IT+-p pacceS!:iiHR (cooTBeTCTBeHHo cnnowHaSI H: nyHKTHpHaSI KpHBhre)~ 
3Ha'IeHHSI .·. D±( T) .llBHbi B e,llHHHuax .w-13cM. ::.. . 
T - KHHeTH'IecKaSI sHeprHB pacceHBarowHxcR.IT .-:-MeaoHOB a EsB~ 
na6opaTOpHaSI CHCTeMa KoopaHHBT. . I . 
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TadJIKUa X .· . I . 

. ite~cTBKTeJILHan qacTh aMIIJI~TY,l!f>I. ynpyroro tjft p paccenHKH 

B CKCTeMe geHTpa MaCC 
J,.._ 

). 

I----~----~---------------------------------~-----------------'·~. 
KKHeTHqecKan . · . 
:meprHSI B Jiad o . "1\c,'. J 0 !'~ · '1'\ C.,. 1 o'"!> . 
CKCTeMe , .11+ 1. '~ . . , JJ- . 'I ~)A ·. ·. · 

____ .:...I..,~~f} ________ . __ .;::_ ____ ~------~-----------------:-'------
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'0,975 :-0;016 -0,381 
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1,025 0,009 ,:-0,338' 
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1,05 . 0,023 -0,321 ( 
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1,075 0,037 -0,304 

~ 0,048.,. -0,285 1,1 , .. 
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1,175 o,o76 -0,2~7, '. 
\'! 

' 1,2 0,070 :-0,241 

'1,225 0,050 -0,235' .. ·.· .. 

' 

:.o,·231 
! •. 

' 

1,25 0,016 

1,275 . " . ~-o,03o -0,229 
(? 

I 3 -0,082 .;.o 228 
; , ) ' . 

1,325 -0,137 -0,22$ 

; --
' 

1~35 '~.0,177 ~-0,230 

'-~. ·r' I -...-



64 . ' 1,375 · ... -0,206 
1;..0~234 , 

1,4 
1 

I -b,25~l ' -0,238 

1,425 -0,3II. -0,243 

1,45 
" 

-0,328 ... -0,248 
, 

1,475 . . ·. -O,JJ3 " . · -0,252 . 

1,5 -0,330 ~-0,255 
~ 

1;55 -0,320. ·, J 
-0,254 

~ 

1,6 -0,302 . ::0,249 
. ' 

.1,65 -0,286 ·-0,246 

1,7 . -0 270 
" -0,240 ' ·' 

1,75 ~0,253 -.Q;232 
.. 

1,8 ·. ;..0,238 ;' -0;228 

1,85. -0,225 -0,222 '1, 

1,9 -0,212 -0,216 
.. 

I 95 . -0,197 -0,2II 
' ' 

. 2.,0. ~o,IB2 -0,2?5 

2 ':r ' .. .· .... · .. --0,164 . -0,197 

- ., 
2,2 • -0,150 .. -0,19.1 

' 
. \ 2,3· -0,144 -0,186 

-
2,4 '. 

-0,144 -0~179 

>-· 

' 
2,5 .· .· '. ·:~0,139 -0,176 

' \ 

•, ' .. ' 
1-' ' 

:.:o,I24 3 ~o.,1n 

·3;5 - -0,107 -0,160 

.· .... 4 .-:0, IOI · -0,150 
,.·\ 

4,5 - -0,100 ~o,D2 

5 -0;100 -0,122 . ' 

6 
.. •0,093 '-0,109 

7 ' 
. -0,08? -0,099 

.. 

8 .' .-0,0~2 -0,092 

- ':"0,077 -0,090.· 
9 

IO 
·-0,075 . -0,082. 

15 
' . . -0,063. -0,066 \ ·' . ' . . 

., 
:..o,o55 

20 
. -0,057~ 

- " 
·.·/ ·, ::.o,o45 ._.;.o,B46 

50 
' . . -0,035 

·' _-0,035' 
50 .. \ 

/ 

I .· 

.. 
:..> L 
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Pee. 15. he¢¢epeuueanbHoe ce'leHHe ynpyroro rr--p H rr + -p paccesHHB u :1: (0) ""D~ + ~ 
(coOTaeTCTBeHH~ CIInowep H uyHKTHpHas KpHBble). OT.nen&Ho yKaaaH BKna.n 

.neACTBHTenbHOA 'I? D":l: • 
3H8'19HHSI 0':1: R :1: .llaHhl B M6. 
T - KRBeTH'IecKaSI suepres, pacceeaaiOIUHXCB " -MeaoHoa a Baa. 

T. 

C) 
C) 
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" f. II 
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,' 1 I I I ... ,. 

#, ' ' r' J ., 
~· 

j 
0,5 1 t,5 T 

PH c. 16. CeqeaHe ynpyroro rr- -p -pacceSIHHSI c nepeaapSI.llKOft Ha yron fJ ·"' 0 

[IYHKTHpOM OTMe'l:eH BKna.n .neii:CTBHTenbHO.lt qacTH ar.mnHTY.llbl. 
~ ( c c 2 . 
.&.._a D+ -D.;_) • 2 

3aa'l:eHHSI u H I .naHbi B M6. 
ex -

T-KHHeTH'l:ecKaSI aHeprHSI rr -MeaoHoB B Ban. 

CHCTeMa ueHTpa Mace. 
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T .. 1 - 1,4 Baa aTo ce'leHue O'leHb 'IYBCTBHTenbHO K aenn'IHHe D± 

HaMepeHHe MO:lKeT 6h!Tb O.LlHHM 113 cnoco605 H3y'leHHSI '3- (T) • 

noaToMy ero 

§ 4.3. Ynpyroe pacceHHHe k-MeaoHo5 Ha HyKnoHax 

.IJ.ncnepCHOHHOe COOTHOW9HH9 Lll!SI .aeil:CT5HT9l!bHOil: 'laCTH aMnliiiTYLlhl ynpyl"OI"O 

pacceSIHIISI k -MeaOHOB Ha HenonHpH305aiiHhiX npOTOHaX 5 na6opaTOpHOfi CIICTeMe KOOp· 

.anHaT Mo:m:eT 6hiTb aamrcaHo 5 5H.ae: 

. 2 2 
D (E)= ~(0°-0°)+_E_(0° -·0°)+ 6 k +.C'._ k + 
+ · +- 2m ± + ;\E+E -~E+E~ (60) 

r.ae 0° :! D (m) 
± ± 

k= vE2-m2 

- A - ~ 

k
2 f dE' [ u ± (E ') + u * (E ') ] 

+4,17 P k'" E'- E E'+ E 0 

,., 

E = T + m - nonHaH aHeprug pacceuaarownxcH 

2 
gy 

Gy=.± ~ 

1 
Ey= 2M 

2 2 
m -(My-M) 
m2 - E 2 

y 

2 2 2 
(My- M - m ) 

k -MeaOHOBi 

( EA= 0,107m; E~= 0,268m ; MA, M~, M, m, p. -Macchi A n!- rHne-

poHoa, HyKnoHa, k 11 rr ,..MeaoHoa; g~ H if'£- nepeHOpMnpoaaHHhie nocTOHHHhie_ ANk 

u . :t N k - aaanMo.aeficTanil:; u ± :! q( k± p ) • YiH.aeKc( +) aea.ae OTHoqnTcR K k± P , 

a HH.L19KC (-) K k--p B3aHMO.Ll9fiCTBHSl:M 0 il =· C = 1 0 

B ( 60) npe.anono:m:eHo, . 'ITO 'leTHOCTb ! H A - runepoHoa o.anHaKoaa 11 o6paT-

Ha '19THOCTH k -MeaoHa (ncea.aocKanHpHhifi k "MeaoH). Y:To6hi nepefiTH K cnyqaro o.au-

HaKoaoii 'leTHOCTH qacTHU ! , A rr k , a qrrcnrrTenRx nonrocHhiX 'lneP.oa a ( 60) 
2 2 

cne.ayeT · c.aenaTb aaMeHy: (MY- M) -+ (MY+ M) • 

JlncnepCHOHHOe COOTHOllleHHe ( 60) npHM9HHMO TaK:m:e 
o -o 

k - H k -MeaoHOB Ha npoToHax, ecnu c.aenaTb aaMeHy 

K ynpyroMy pacceuaaHnro 

/ 

/) 

'• 
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TaKaH saMeHa npe.zinonaraeT sapHaoayro HesaaucrrMOCTb YNk 

B npoTrrBHOM cnyqae cneaye~e saMe!.f!ITh , · 
B38HMO.!l9.iiCTBl!il: i · 

• gA -+"2<fA g~ -+ e2 gi I' 

rae gArr g};-"no~To~_HHbi9 YNk0
-asaHMOll;iic;arr.ii1 OTnii'l:Hbie OT .. g A H. _q~169~. 

Y'IHTbiBaH .acnMnTOTH'Ie~KHe paaeilcTaa 

(61) 

B - :_1_ (D. +0-·-D· _0 )e G G 
-+.~ = - A- - . ·.~ 2m -·. ,+ ,. 

1 oo dE . 
- f ~. [u, (E)- u (E)] =0 

4n-2 0 - k ':!:, + 

(62) 

llHCUepCHOHHOe COOTHOlU9HHe. ( 60) MO:lKHO. np9-llCT8BHTb B· BH.!le: 

D+ (E)=~ ( o;""+D~)+ --· . -. ·. 

'~ 
' I• ~·-

+G. EAE·±. m
2 

+b E~·Et m
2

· .+ ·uk en\ P + k I+ 
A E.E ±EA. !. E ± E~ -~· . p~k 

(63) 

& .'· \ .• . / 2 . 
1 dE ' E 'E - ~2 

u (E ')...; E 'E + m u (E ') ] + -;cr pf -k, + 
411 o · E' -E - E'·+~E + 

r.ae caoa8, P =.V& (&i-2m) ~~ u.f: ( E ') :::. u ;;_ ( E ') . ripu E' -~ & ·. 
·. npli.• 6onbWHX. SHeprl!HX J KBK If B cnyqae N- t-1; .. ll38l!MO.!leiicTBIIil:.# BKnaa o6naCTH 

He<!JusHqecKHX aH?pruil: E < m MO:lKHO · npH6nH:m:eHii:o saMeHHTb nocTOHHHbiMH C.f. • 

3TH llOCTOHHHbie y<iH.Tblll8IOT Ta~:m:e H9TO'IHO~TH ll nnOXO H3~9CTHbiX ilOCTOHHHbi~ ~2 H 
2 ' · · . '. ' · ·· A 

, g l: H ~ :BenH'IHHe C9'I9HHll: U.f. npu ManbiX SHep_rHSIX
0 

. , 

3Ha'I911HSI ·I D+ (T) + c+ I , . i llbi'IHCneHHbie no <PopMynaM (63) If' (51), npiiae...;' 

aeHbi Ha pH c. 17. I1cnonb~oaa"';:m£,ze. npn pacqeTax ce'i~HHH · · u + (T) nonyqeHbi cpeaue- . 

. -. 121 KBallpBTH'IHOil: ~IITepnOnSIUHeil: SKCnepHMGHTanbHbiX ll8HHbiX HG . o6sopa ; llnH Sllep-' 
I 

rnli T >:'12 Baa· npeanono:m:eao, 'iTo u = u = 19 M6. 3To. npeanono:m:e'Hile 
' ; ' - ..... , ' . ... ·, 

1.,: • .. ··-

. \ 
\ . ~ 

\, ., 
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3HepreTH'leCK8R 38BHCHMOCTb .!l9.l!.CTBHT9llbHOfi, 'l8CTH 8MIIliHTy .!lbl. yrrpyroro 

. k-- pH ·k+_: p pacceRHHR (COOTB9TCTB9HliO CIIliOWHSR H_ IIYHKTHpHSR KpHBbie). 

C+:"-D.(l,S) +~0,56 • _ · -IS 
3Ha'le~Hs D±(T) .!lSHbr a e,llHHHnax 10 . eM • .. _... • . 

. T -. KHH9TH'leCKa9: sHeprHR, pacceHBaiOWHXCR k-MeaoHoB · B EsEI. 

na6opaTOpH8R C~CT9M8 KOOpi:J.HH8Te · . 
.' '~ . ' . 

. ,·:. 

".t 

T· 

c1 

.,, 
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71. 

.IIBmieTc.ll aecbMa npou~aonhHbiM1 TaK KBK· npu T=7,4 .Eaa ·-u--.r+ ~4,9±_2,2 M6, a 

IIJ>H 6onbWHX ~HeprH.II~ C9'i9IUI.II o.±. H9H3B9C.THblo no;TOMy K 3H8'i9HH.IIM' _o ~ ( T ) 

Ha puc. ~17 .. He(cne.ayeT OTHOCHTbC.II O'i9Hb cepb93Ho'. 
·. . . -13 . 

nocTO.IIHH6Ie c± onpe.ae~eHbi 1{3 ycnoau.ll, 'iTO D_ =-: 1,32 •10 ' CM npn: 

·. T .. l,5 Eaa a cooTaeTCTBHH c aKcnepnMeHTMibHoit ollea~oit,· nony'i~HHOit .a pa6~Te/~O/~ 
. . .· . ' ' , I ' •. /60/ 

3HaK y D- (l,S)Bbi6paH OTp~riaT.enbHbiM (,a pa6oTe ' onpe.aeneaa nHWb a6corpoTH8.11 

BEMH'iHHa 0_(1,5)'); npH aT?M, a .. o6nacTu' 6onhWHX aaepruit . D+·_(T) <'~ . TBK 2Ke KaK 

. I{ B cnyqae IT- N' I{ N - N B3811MO.D.eitcTBHit. ( Bbr6op no~o~HT9lrhHOro 3HaKe y 
l ' I . . . ·. ~~3 . 

··D_(l;S) ·' yaem~quaaeT ace aaa'ieHH.II .· D±(T) Ha ~ D± =0,84•10 ·. eM). 

AcHMIITOTH'ieCKH. npu · T ... oo 

. D+ (oo) = D.:.. ( oo) 

' 

, .=·~ (.D~ + D~) 4. 2~2 (~+ m l'f"G A EA+' G~I 

' 
-13 

[u+ (E)+ u_ (E)]:::: .:1.9. 10 

<64) 

; n<;'H.IITHO, 'iTO TSKOe/rioae.aEmHe 

acuMrrTOTHKH ceqeauit a+ ( T) • 

D_;.'c T ) npu T ... oo o6ycnoaneao uawHM ·abr6opoM 

c 
?± (T)= ~ ll 

X (T)' k 
C I 

-13 ' ' 
D+ (T) ... y __21_ D+ ( oo) =- .:J...J. 10 C:lo( (65) 

- T->oo 2T - yT 

. npuae.aeahr B'Ta6nuue X1 u ua puc. 18. Ha puc •. 19 npuae.aenbr cooTaeTcTayrowue, 

3H8~9HH.II C9'i9HH.II' ~ ( o) 0 

Y. Ynpyroe pacce.lluue'aa yron 

JlncnepcHoHHbre 
I .~ . 

COOTHOW9HH.IIr B , IIpHHUHrre/ M02KHO IIpi1M9H.IITb .D.n.ll Bbi'iHCneHHSI · 

-P < T; ~) H. npu 0;10 • Oa~~KO peaynhTaTbi pac'ieT~B B aTOM cny:qae O'i9Hb • H9TO'iHbii 

T8K. KBK IIpll. 13 ,? 0 I ( T ;0). n:aaecTHi>r nnoxo • 
. , . 

H9T OIITH'i9CKOit TeopeMbi H ~H8'i9HH.II 

Eonee TO'iHO. aenH'iHIIr ·,0 ( Tf 9), 'M02KHO OU9HHTb C IIOMOIUbiO OIITH'i9CK01i MO.D.eiiH 

(eM. § 8.2). 
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\ 

Tadn~ua XI , . 

. )le~CTBHTeJI:oHaR qacTb aMnJIHTY,IJ;hl ynpyroro \/(r -P. pacceSIHHSI 

B : c~c'TeMe ueHTpa Mace 

------------------------~------------------~--~-----~~-~---K~HeT~qecKaSI · · · 
3Heprt-~SI B nad. _ .ll\c... 10r3 Ci:\c,10 •?> 
cncTeMe ov+ ·r c..J-t ou_ ., c,~-~ ____ 1:._~~~--------------------.:.. ____ .:_ ____________________ ...j __ 

o,s -0,81 -0,58 . 

0,9 .. -:0,82 --0,57 

I .. .. -0,83 '"'0,57 

I,I -0,84 -0,56 

1,2 -0,85 -0,5.6 

l,J -0,85 .· -0,56" i 

1,4 -0,84 ::-0,56 

1,5 -0,82 ·-0,56 

1,6 .,..0,80. -· -0,55 
., 

-0;77 ':":0,55. 1,7 

1,8 ..;.0,73 -0,55 

.. I ,9 · -0,69 -:0,55 

.2 -0;66 ·:-0,55 

2,5 . -0,54 -0,56 
\ 

3 . -0,49 -0,57 

3,5 .:.0,46 -0,58. 

4 ·:.o, 44 .. -0,59' 

4,5 . -0,43 -0,61 

5 , .. .:.o,·42 -0,62 

6 . . -0,40 -0,62 . 
/ 

7' -0,38 -0,62 

8 :.:.o,37. · -0,60 

9 .:..0,36 -0,!}4 
'. ·,,, / . 

10 · .. ·:.:.o 35 ;.:o,s .. . . '. .. -0,28-
25 . · ·, ~o,25 

;' 

50 ..:o,ra ,., -0,19 

roo 
..;.o,D -:O,:i:35 .. 

'·200 -0,092. -0,092 

l 
'I 

' / . . 

\. 

./)'. 
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.[lH!J>!J>epeHUH81lbHOe ce'leHHe k ·- P H 
(coOTBeTCTBeHHO CII1IOIUH8H H nyHKTHpH8H . . . . 2 . 

. - p pacceHHHH u± (0) = D,t +I± 
KpHBhie)~ OT.aenbHo yKa3aH BKna.a ·• 

.aeilcTBHTenbHOii 'IBCT~ D± ~ . 
- -. .3Ha'leHHH 17±:. H · D± .lll:'lHhi B M6. . . 

T - KHHeTH'lecKasi :9HeprHH, · pacceHBBIOIUHXCH 
CHcTeMa .neHTpa Mace; · · · 
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75 
·.~ 

· ·· B nocnei:iHee a peM_si 6bmH npe.onpHHSITbi nc>nhiTKH uccne.ooaaT,b acnMnTOTIPiecKoe 

'F(T;8) C iiOMDlilbiO COBMeCTHOro pacCMOTpeHHSI YC/lOa!LSI · 
' ~71/''· 

1 YHHTapHOCTH H ,OHCnepCHOHHbiX COOTHOWeHHfi .MaunenbCTaMa. TaK B pa6oTax o.!..!!J 

· · nonyqeHa . acnMnTo'l'uKa 

F ( T; 8)- £ (q). T. CTt ( T). en T 

. r.oe · q = 2k Sin8/2.;.. nuaapuaHTHa.II nepe,aaqa nMnynbca, a yrnoaoe 1 pacnpe,aeneHne 
I . .· . \ 

nMeeT :Onc!JpaKUHO!Illhifi xapaKTep. Ecnn ·He ~,TK8;:lbi~aTbC.II oT KoHe.'IHoro p·a.onyca .II,aep-

HbiX B3aHMO~efiCTIHlfi 1 TO STOT pe3yllbT8T MO}!{HQ IfOH.IITb1 llHWb p;ouyCTliBt 'ITO 

u (T) .( const .. · 
. ·en T . li 

' \ 

O,auaKo' Bb!BO,O aCHMIITOTHKH 
~- 170 711 

F ( T;e) B pa6oTax ·' . ocHoBaH Ha uenoM p.II,ae· 

upe,anono}!{eHnfi H a HacTo.IImee :BpeM.II ewe, He .IIBn.IIeTc.II ·y!)e.onienhHhiM. 

'' 

Y 1 •. <Pa3oa~orfi · aHanH3 

'\ 
no H3BeCTHb!M 9KCnepHMeHT8llhHb~M 3H8'1eHH.III\{ a (0). MO}!{HO . onp~,aenHTb . 3Ha- · 

'.{eHU.II KOMimeKCHb!X cP83 TJ e ' .T.e. Bb!llOnHHTb cP830Bhlfi auanH3. ~icnepnMeHT8llbHbl; ' 
, . . , . I , 

, .,aaHHhrx. no~Hhrii ·ua6op c!Ja3 nonHocTbiO onpe.oen.~teT a3aHMo.oeficT~il:e · qacTnu ( cp~rnr 1111), 
.,,, ··~i 

npn 6onbWHX' SHeprH.IIX cP83bl TJ e npoCTO CB.II38Hbl T8K}!{e c BennitHH8MH, .xapaKTepu- \ 

. 3YIO~MH B~yTpe}l,Hee CTpOeHHe '18CTliU:_ HX. re~Tpuqec'KHMH pa3MepaMH 1 UllOTHOC:::TbiO, • 

,'.II,aepHoro · aemecTaa· n T • .o. nosToMy Bhi'lHCJiefme · c!Ja3 no sKcnepnMeHTanbHhiM .oaHHhiM 
r . < .. ··. ' .· /- r'. . . , 

.IIBll.IIeTC.II O,OHOH li3 QCHC>BHhiX··3a,aaq ,qli13liKH 'Bb!COKHX SHeprntl.' , 
' ~ '_.,./' ' 

'' B '· 'o6meM cnyqae Bbl'lliClleHHe TJ f , CBO~HTC.II . K. peWeHHID CHCTeMbi KBa,OpaTHbiX 

1 
~p~c):_MHOr.HMH-HeH3BeCTHblMH;"-PeweHHe STOH QUCTeMbl ,aaeT HeC~OllbKO B03-

M0}!{HbiX ua6opoB c!Ja3. B.bi,OeneHHe nannyqwero' Ha6opa caM:o no ce6e npe,acTaBmieT 
' ' ·' ,, ' ' ' ' ' ' ' ' : / ', ' ' ' ' ' , 

CllO}!{HyJci 38,08'1Yo .lla}!{e npu cpaBHHTellbHO llli3KHX SHeprH.IIX nop.II,OK8 HeCKOllbKliX 
,• - . . \ ' . . - . ' -

coTeH. Msa, Kor.oa cymecTamiHo nnwh. Ma.noe qncno ·cPa31 c!Ja3oa~oifi ana,nn3 Tpe6yeT 

npHMeHeHH.II 6b!CTpoilefiCTBYIOWHX C'leTHbiX M8WliHr n pH YB,~lllf'leHHII · ~HeprHH' Tpy ,OHOCTH 

6hiCTpO .)303pacTaiOTo 

f!acqeTbi na sneKTpoHHhiX Mawnnax . ~CTp~na" n' "M-20", noKa3ann 1 ' 'ITO. 6e3 

yqe.J.a H3~TonnqecKoii n · cnHHoaoii cTpyKTyp~oi ao3MO}!{HO a~oiqHcneHne KoMnneKcn~oix 
' ' ' ' ' ' / ~ , •. j • • r , 

c!Ja~7le3l1@!!~.7_.go...__C= 1.!2_. CUn~ Bhi,aeneHn~ onpe,aenermc;>ro Ha6opa 'c!Ja3· npa aToM 

HCnOllb30B8llHCb HeKOTOpb!e cPli3H'leCKHe· Tpe60B8HII.II; Henpepb!BIIhlfi nepexo,a K qepHOMY 
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Teny ~ ycnOBIIe X e ~· 0-. II T<D.. ). On.H~KO 5onee scpcpeKTll~Hb!Mll 0Kll3,b!B810TC'SI npii

OlllDK9~Hbie MeTC>D.bi (cM.n.anee); ocooeHuo, ecnii y'ieCTh cp'a.eHHTenhH~ HIIaKyiO To'i

noCTh ll3B9CTHblX II H8CTOHIU99 Bp9MSI SKCnepHM9HTanhHbiX D.8HHb!Xa 

6.1.· Miui:~MMhHOe ~IIcno cpaa 

··f 

npu 5onhlliiiX SHepr.IIHX, . Korna D.niiHa ne'5poil:ne5CK0ll BOnHbl 3H8tlHTe;tbHO M9Hb;.. 
.. . -- ·. -..., . ' ,. ,• 

lll9 paaMepoB 'i8CTHUbi-MIIlli9_llll II ilpiiM9HIIMO K883IIKnaccii'i9CK09 npHonii*eHIIe( cpaaa 

\ 

11 .onpenenHeTcH a ociloaHoM aaaiiMonelicTaiiHMII; · npoiicxon.HWIIMII 5 .uiim!HD.PII'ieCKOM e - . i •. .,. __ .,._,-,.,.,-·_.-~,.---.·--n--·------~ 

. cnoe c p_aD.IIYCOM p = ;r .ye ( e + ~ ) II TOnWIIH~H .l p ·= it ( ~p.piic. 20). noKa~u:... L - . , . - . / . . . . . 

3ltUIISI a3anM6LieliCTBllll B cnoe '..\ P"' ~ ' SI:6nHeTCSI TeM oonee TO'iHOH, '19M M9HhJ.U9 
. - . 

\ D.nHHa' BOnHbl "i\ • ,lloKaaaTenhCTBO STOI'O yTaepmn,eHIISI .D.nH HepenHTIIBIICTC
1

KOI'O cny-
c . . • · .ll ,,. E · . !72.! . . , . 
'i8SI npHBOD.IITC51 1 HanpnMep1 B ll3B9CTH()ll KHIIJ;'9 oYl~ nOXIIllU958 . ' IInii 1 6onee ilOD."':'. 

' .. ·. . (' .: .·· 173/. . . ' . . . .· .. 
po5Ho, a MOHorpacpHII MoTTa II MeecH •· .lloKaaaTenhCTBO MOmHo o5o5WIITh II Ha 

. cny'iail. aaaiiMon.eil:cTBIIH penHTIIBIICTCKIIX 'iaCTIIU. 
'· ·: ., 

K STOMY Bonpocy 'Mbl · BepHeMCSI a' rri."~/111. · B CBH31I C paCCMOTpeHII9M OilTll'ie-. ·~·· '• 

CKol1 Mon.emz. 

'" 

'\ 
.\' 

\ 

·.eo· 
. \ 

\. 

' __ l 

~ 
.ar 
·v 

cO' 
\ . 

' I ( ' ... ~--· 
~--

Pnc.20. PaccesHIIe 'iacTIIU~ 5 KaaaiiKnaccii'iecKoM · npii6niimeHnii. ·Y:acTHUbi c napaMeTpoM' 

y napa · p pacceiiaaroTcH Ha yron 0 • R - scpcpeKT~BHbiil: pan.Hyc snepHbiX ciin~ · 

. /:· 

\ . 

. , 

I. 
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B cnyqae KopoTKO.lleAcT!SyJOlllHX. cHn o~HOI'.IHOH 5Kna.ll · .ll810T 5aa1u • .fo.lleiicTBIHI. c 

napaMeTpaMH y.ciapa p < R, r,lle R ·~>sct>ct>eKTHBHbiH pa.llHyc 9THX CHJI. -nosTOMY ceqe..:. 

HH.Il :( 2t) - (25) onpe,lle:.ll~TC.Il 5 o_CH05HOM .ct>aaaMH / "e : n_ pH •· e \ :5 L :::' R/L • ? 
. \. 

¢aabi c 60JiblllHMH 3HS'IeHH.IlMH: e : .llSIOT nHWb M8Jlb!e· nonpaBKH~. Oi:tHaKO .npH al!anH.:.. '. 
' . -. ,· ' . ' ' ~ ' ·. . ; ' ' . 

. se ;!lOCTSTO'IHO TO'IHbiX 9KC1IepHMeHTSJibHbiX .llaHHbiX 9T~ nonpa5KH CJie.llyeT y'IHTbiB8Tb~ 
.; ' . ,· .. -' -.. -· ... ' 'I ' 1, t 

0ueHK8~ MHifHM8JibHOI'O 'IHCJia ci:>aa, HeOOXO.llHMbiX .llJI.Il IIOJIHOI'O OIIHC8HH.Il,9KCIIepH!¥1eH- • 

: TanbHbiX .llaHHbiX ( oueHKa CHH~y), a.nepabie 6.b1na. nonyqeHa Papwra H ill5e.lloM
1741: ,' . 

'J 

(66) 

\ (67) 

.. 

( L + .1) 2 . . , 2 . .. 2 . . . .. . , 

1 
.,.. Cos2 8 

[ PL( Cos_fJ) + 1,+ 1 (Cos()): -2 Cos() Pr..' (-Cos()) PL + 1 (Cos,()) ] • 

' . 

. neaa'st 'laCTb 9TOI'O Hepa8eHCT5a .llBJI.IleTC.Il MOHOTOHHo' BOapacTaiOIUeH cPYHKUHeA L 

·' HepaneHc~no 6y.lle'T BbmonH.IlTbC.Il ;.onbxo npH L 1 :oonbwHx fleKoToporo L:in 1 'KoTOpbe 

i ~~JI.IleTCH MH~HMaJibHbl~ ~HCJI~M 1 ci:>aa, Heo6XO.lllfMbiX '.llll.ll IIOJIHOI'O OIIHCaHHH s.xcnepn-

' ; , . 
.: ':{_.[(; .. , •, . · .. · 

HepaneHCTBo · ( 61) ynpomaeTcsi: · • .. 
• 

,.i' 

I , 

IF(O)I-11; (68) .. 

... 
<?.llH8KO C;aHOBHTC.Il 6~nee CHJibHbiM 1 'qe~ npH. () f, 0 TaK·KaK .llJIH pacceHHHH Ha 

e .• 
) . '· - ' 

I -

.. ''LlitLS!.f!ell!ibi}L53aH,!':!g.AeiicTn~it · npH · 6onb!llHX: sHeprHHX, 

. , IF(O)i'= Im'f(O)~u{/4":t~ 
nosTOMy, HepaBeHCT!SO. (66) flenocpe.llCT5eHHO ,llSeT OUeHKY 'IHCJia ci:>aa 1 onpe,lleJIHIOllUIX 

6HJibHOe(H,llepHoeJ 538HMO.lleiiCTBHe1 5 TO spe~~·'KaK; HepaneHCTJSa (67) n'(68) BKnJO-
, " _. . ' ' , ~ . '. ' ,•' 

. ''i 
'ISIOT TaKme BKJIS.ll KYJIOHOISCKOI'O pacCe.llHH.Il1 .llJI.Il', OIIHC8HH.Il KOTOpOI'O cyiUeCTBeHHO 

i 
.. ··. 
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,J 

{ ,._, ... 
'.~ ,, 

O'leHb 60JlblliOe 'IHCJlO <fla3 ll p83JlO:lKeHne B 'PH.ll no IIOJlllHOM8M 'nJ:lK8H,llpa OK83biB8eT-
~ ' . ,) 

CSI • Hey.llo6~biM ( CMo rJ"!~ :fll) o I,: 

> I 

npaKTH'leCI<H. Ce'le,Hne a ( Q) . qaCTO Onpe.lleJlSI9TCSI 9KCTp8IIOJlSIII,Hei1 9KCnepnMeH-

Tanhuhrx 3Ha'len~i1 a ( 0) H3 o6nacTn yrnoa, r.lle KynouoacKoe pacceSIHne · eme ue 
I 

j, ,. ' .,' ' . . ' . . . i J 

cymeCTBeJIHOj 5 9TOM cnyqae''uepll!'l.e!ICTB8 (67) 'n · (68) IIpHBOtl,HT K 6nn3KHM pe3yJlb:_ • 
: ' • • ' ' ' :· • _. j' 1·. ~: ' • ' '. ' ' ' 

TaTaM • .B .llpyrnx :lKe cnyqagx .llJlSI oueuim qncna H.ciepHbiX rpa3· cne.llyeT .ncnonb3o5aTb 
' . . '. ' .\ ' ' 6)' ' ·.' . . . .. . . ' . . ' 

uepaaencrao PapnTa-;-Wne.lla ( 66) . • 
J 

'Eoriee Toquo. Bennqnuy. Lmin MO:lKHO oueun'Tb c IIOMOlllb!O co'OTIIOlli9HHi1. HCIIOJlb-' 

3Y!OlllHX 8KCrrepnMeHT8Jlbllhie 3HaqeunH a ( fJ) . ~pH HeCKOJlbKHX y~;nax (} f (Jl ; 0 
2 

; :: • . 

O.b.uaKo ,cno:lKHOCTb. pacqeToa npn aToM 6brc1-po ao3pllcTaeT. B cne.llyrome~ rlaparpa<fle , 
' \ . ' ' ' 

6.(.lleT OIIHC8H npu6nu:lKeH!Ihlll cnoco6 -~830Boro 8H8JlU38, npn KOTOpOM 3Jiaqellue. L ~in '. 

onpe,llenSieTc,SI. anToMaTuqecKu. 

I ' ' . .. ' 6.2 • Bhr'!ucneune ¢a3 npu 6onbwux auepruSix 

,·, '\• -.... 
c:t>a3oBhri1 aua:rm3 3uaquTeJlb~o ynpomae':z-cg, ecnu MO:lKHO npe.lliiOJlO:lKUTh1 . qTo 

' peanbii&Ie '18CT~ <Pa3 MH~ro. Me!! brtie ux' MHI!MblX qacTeil: J'e <<X e. • 8 aT6M 'cnyqae . ' 

· aMnnuTy.lla · ~ (0) onpe:cienSieTC~ ~enocpe.llc~~euno qepe3 aKcriepuMenTa~bH;e . . . . . . . ·.' ceqeurre· 
I. 

a (0) 

F ( 0. 'Fya( 0) : 
''· 

(69)'' 

Pa3narag 8TO Db!pa:lKeHue 'no nonuHOM8M. ne.lli:aH,llpa, 'MO)KHO Bbl'lllCnuT~ cpa~bl . 71 e = ix 
' • ' / I '~)• •.'' 1T / • (' •, '.. 'j\ ' ' : I \• I ,• ' ·' ·~. 

xe=-·~ en I L-1/X .~ yaC0)1
'Pe,(Cos 0) SinO dO 1 .. ·'. .. . . f 

. - 0 ' ·.. . - .• ..•. ( 70) 

' I 
Hau6onbwee 3Jiaqeurre • cp. 6~1) onpe.llenSieTcSI nprr aToM TeM ycnoBrreM, 

' . 

·'!To. B npe,llenax aKcm3puMenTanhHhiX owu6oK, ~i . L"' 0 .• 'T_ oqnocTb npu6~n:lKe~usi npo-e > . . . . . 
nepSieTcSI cpaBueuneM c1 onhrToM c'eqenrrii: a( 0) , .lf in • at.~ ' ai.rqucneuuhrx JIO uail.deu-

HblM . 3H8'19.HUS1Jd <fla~, , 71£ • ,., 

' KaK IIOK838~0 5. npe.llbJ.llylllUX . p83.ll?nax, npelietspe.:lKeHne ¢a38MH. .o e 
. ' \ . ' . ' . 

xopowrrM npu6nu:lKeurreM. npn 6onbwrrx ~ueprSI~· Eon:? Tor.o, --:T·ai 1 KaK. P,ean.~u~~ qacT~ 

6) . . 17 5/ . . ' . . ( ) . . . ' ' \ 
· Bhrqncneu_uoe· a· . no <PopMy_ne 66 3Haqerme L_ 

1
. .llnSI p-p pacceSIHU.II · · m n . . 

. nprr T = 8,5 Eaa. 5tsnSieTCSI .cunblio ~aHu:lKeHHhiM,· TaK KaK .nprr .pacqeTe ncnonb3oBanocb 

SIBnSleTCSI 

ueaepuoe 3lla'!eHue 
' . 

', "!' ,at • 

. { 

/- \' 
.o 

,.,··' 

)'--: 

j 
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,, 

'1.: 
aMnnHTY.llhi · nponopuHoHani.Ha Sin _d'; a MHHMaSI T.faCTb •3aBHCHT oT Cos8 1 TO 
' ' :·2" .. 2" . 

D (0) <<I (0) . .lla.>l\8 ec:::nwcp83bl "se 3aMeTHO OTnf!'iHbl OT. HynSio noaTOMY 
. ' . " I. \ ·. ' '\ ,, 

cpo~My~oil: ( 70). MO:iKHO nonb30BaTbCSI . .llmi Bbl'if!CneHHSI 3H8'ieHHil: • X e 1{. ,npn 8 e ejl);: 

penn e>> 1• I TO nonnHOM Jle:iKaH.llpa a 6o> Y.ll06Ho. 3aMeHHTb . <PYHKUHeil: Bee.:.. 

eenSI (eM. (32) ). -
. . . 

O'ieHh Ba:iKHO Bbl'iHenHTb 3H8'ieHHSI cpa3- npu B03MO:iKHO 60~bWeil: SHept'HH 1 T8I'. 
j ' ••·• '. • ' '< - . • \ ,·_ •. ' 

KaK npw aTOM .llnHHa-.aomihl.._:~...:!Jt • .::... n · U3 auamwa .MO:iKHO nony'iUTb 6onee onpe.lleneH~ 
' ' "/, I ~-~ . .," ' . 

Hbie cae.lleHnH o cTpyKType B38UMO.lleil:CTBYIO!.UHX 'i,acTnu.· .O.llHaKo c poeTOM sHepruH 

. ynpyroe ,paceeHuHe eocpe.llOJ'O'i~BaeTeSI a o6naeTu ace MeHbWUx yrnoa, r.lle cyme-

CTBeJ~HblH BKn8.ll LiaeT Kyn'ouoacKoe··a3aHMO.lleiic'l:BHe H npocThJe .MeTO.llhi .cpa3oaoro · , 

aHanu3a y.N'e. He IIpnro.O~b~ "( CM~. rri.YII): C aioii: T~'IKir 3peuHH · H~uny'iWUMH 13 H~CTOSJ~ 
ruee 13peMSI. SIBn>IIOTCSJ. 3Ha'ieHHSI cpa3 1 npHae~eHHb~e 5 "Ta6nnue XU. 8TH 3Ha'ieHnSI 

• < ' ' I •, ~ 

Bbl'iHCneHbl no ne~l!ROB..~.!:IHbi_M~~!I.!!.~~-"" a_,L~t:=Js;~uo~(OJ. ' 1!3. rn.ll. B o6nacTa 

Manhlx yrnol'! ce'ieHHSI ~P~!!9.lll!P~!!!'cl:,> K 'O.nTH'ie<?KHM TO'iKaM;. ucnonb30l'!aHHbie. 
. '. ,. . - • \. -. . : • .• . . . ., 1 

npu STOM 3Ha'ieHHSI! a( nony'ieHbl epe.llH9KBa.llp8TH'iHOH HHTepnOnSIUHeii 3KCnepuMeH'r 
. : . . ' . . /2/ 7) . • I . ,· \ 

TanbllblX .ll8~Hb!X H3"-e63opa _ 0 n,epeuopMnpollaHIJI:>le . .:.H-HenepeHOpMHpoBaHHbie cfl~3bl 
.· _.\ -- . 

CBSI38Hbl. COOTHOlli911HeM 
'. -------··-'~. -.. ---------:-'--1 

• c cg::-~ e~ (l-v'k [1--e~?~~J l, ... · 
' . . ~------···-·"'-'" ~" , ... 

(71) 

B . Ta6nHue . Xu· npuBe.lleHbl. TeopeTH'ieeKHe "3Ha'ieHHSI ·. ~el'i9HH~ . a ee . • ~n ~ • at·: 

Bhi'iHcneunhie no cpa3ait x ~: . , KaK B~~uo, B~I;H_cneHHbie 3u"at{emiH 6nH3KH ;K aKciiepu

MeitTanbHbiM. Ha 'pHc. 2,5, 7 H 9 ·: npnaeJleH~,- .0>~¢cpe.peHuua.nLHbie eeT.feHnSI· a(0) 1 lloc

cTaHoaneHHbie no cp~3aM ··X V. · 8Tn' : :ce'ieHP.SI TaKMe xopowo cornacyroTcSI c aKcnepn-
-r· 

MeHTanbHbiMifo 

. npu :t....~~~JlH~.P..I::.II.!!,...!.'?.~!!?C'!'b_cpopMyJ1bl ( 70) yx~ :awaeTCH. PaeT.feTbl noKll-

3anH, 'iTOr B cny'ia~ p.:.p-p~ccesiHIISI npu" . T < 5-6 Baa Bb!pa:iKEmHe no.ll' nor~pucp-
• / 1 . . • 

. I 

MOM B cpopMyne ( 70) CT811051fTeSI OTpHUaTenbHbiM, .OnSI ManbiX 3Ha'ieHHil: e 1 T0 8 0 cpa- ' 
' . . ' . : . . . /78-81 I. . . . '·.. . . : . i . . ' ' • . ' 'I 
3hiX C· KOMnneKC~b!MH • 8To. l'IH.llH01 u~npnMep, 1!3 Ta6nHUhi Xlll, r.lle npnBe.ll~~~ 

pe3ynbTa-x;h~ Bht~ueneHHii .llnH S · · ..;cpa3bi~ 

7) .' :-, /76/ · \ . ·· . > · _: ·.-. . ·· -· . -· bvi\t':.c.:,v .... , .. 
_ 'B_ pa6oTe . _ npn Bhi'ilfcneHun. cpa3 p:-p-paeceSIHIISI _ucno[Jb3oaanocb ~ea.:- ·, . 

HOe 3Ha'ieHHe -~t i noaTOMy pe3ynbTilThl,: no.ny'ieH!lbie .B STOii ·'pa6<;>Te; OTnH'iB!OTCSI OT 
.llBilJ.IbiX Ta6/UUtbi Xll. C .llpyroil: CTOpOHbl 1 3Ha'ieHHSI cfJ83 _ring 1T• -p paceeSIHIISI npaKTH~ 
'19CKH .He OTnlfqaiOTCH: OT _nony'ieHHb!X 8 pa6o.fe/77/. . . . 

. ~ "' 

/ 

. '· _./ - :~.-
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; .-

8,0 

· Ta6mn.Ja :xrr 
~a3u ·'"'X e. 

J -
'· 

• • J ' 

::---------p-.:-p-7------=~i=-,;---------:i=~_-?----------K:-_:-p-·------· 

e T=G,15o~e, Ti-=.26~~. T::0~1 65'5~e. T::.I,S1Sz,a. 
----------------------------------------------------------------- _.::., 

. oO . 
o· I,JJ o,78 ··0,22 

I/ I,I2.. o<> · O, 7.3 O,I8 

. 2 0,87 · oO 0',64 · 0,12 

.3 Q,65 . ~ o, 78.'2 .. '0,5.3 .. ' 0,06 

4 0·,'48 ' ' 0,41 '0,4.3 0,02 

. 5 · . 0;.34 · · 0;22 o,JJ · ·o,or .. 

6 \ 0,24 ' 0,12· .·· :: 0;25 .. ' 

7 · O, I6 0;066 . O,I8. 
• ··~ ;, !--~ ':'~ • 

8 · .. · ·· 0, I 4 0, 044 · · . 0, I2 
' • j ._ .• _· ' .. • • :_' 

. 9 . 0,085 . 0,0.37; 0,08 
- ' \ ,, 

IO 0,049. ·o-,020 -~,05· '(· 

II · , 0,025 ' 0,02 ~ 
. ' . 

I2 .. ·. O,OIJ . .· O,OI . {·· 

IJ. ' ... 0,007 J 

' J 
I 

I4 ~ 0,006 -

~. · . 

_: .. 

_\ 

--.-;;;~~--------------------.;. _____________ .;.. ___ ~---·--~----------· A, 

TeOpMSI .38 8.3 ·.•· .30,8·. 3I. 
OllHTx- 42.!. I 8I ! 6 . . : 29 !. I . JI ! T . -----------~----~----------~-------~----------~----~----~------- ~. 

cr'lv..~ 
TeOpHSI 
onuT* 

29· 
.3.3 .!· 3 

59 
\ .·, ·. 

. + 
56 .. - .3 

~·--

24,2' . 23,1 
, /' 

. . . + 
2.3,5 -·2 ":"2.3 

------------~--------------~--~---------~-~----------~-------~-
·cr~~~ .. 

:Te.OpHSI. · , '9 .. . 24 ; , , . 6,5 . 7,9 . 
onuT* .. 9. !. 2 · ·· 25 ·! ·4 ·:s 5 :!:·.I .. ,..,8 · · .. 
--------------------------------------~------------------------>' ' \ ·\ I ' :.-' '· ~ ' 

*JnonY.tieuo cpe,ri~eKBB.,Itpa!w:u{oil · ~HT~pnoisn~HeH aKcnepH:u:eatanLHHX ·· 

· ,n;aaHlix/2/. 
' I o 

. .,. . ~· 
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T a .6 n H u a Xlll. 

:---------------~--------------------~';.. ___ :_ __ ~~------.;..-.;.._~----' , r " , I ' • > ; -

.\' 

. ' . .··. ' ' . . . 
---~----------------~~~~---~~---~-------~--------~----------~ 

·I,5 ·. -0,5 

,2,24: -0,55 '\ 

,·,.. 
2 75 . , . .:.o,4 

.4,,4 -0,2 

6 15: 
., 

OOt , ·\ I 

I ' ~ , 

--------------------------------------------------------~-----• • 0 - ~ ' • 

*) BHllHCJieHo no· nepeaopMMpoBaHHhiM ceq,eaHSIM. Cr{9} . · 
Opowe Bcero 9TOT 

peanbHOH 'laCTH aMn.1IHTYLlbl 

pe3y.1IbTaT MO:>KHO 6hinO .6bi 'o6'bHCHHTb 6onbWHM BK.1IaLlOM 

D ( T; e) 178- 80 <; ohHaKol aH8.1IH3 miTep¢epeHUHH c Kyno,-

HOBCKHM pacceHHHeM npH T= 3 E9B noKa3an, 'ITO o'J T ; e) B aTOM o6nacTH oqeHb 

/26/ . ' . . . . . ' 
Mana • ( Cp. § 4.1 rn.Yll ). B HaCTOHWee. BpeMH 6onee aepOHTHbl!"f npeLICT8B.1IH_eT-

( . . . 
CH .LlOnyCTHTb1 .'ITO npH 9Hepi"lfSIX T ~ 5 Eaa cywecTBeHHhrH. sKnaLI LiaeT pacceHHHe 

• • • J \ ~ • 

c. nepeaopoTOM cnHHa (eM. § 6.4). 8TO nOLlT!lep:>K,aaeTCH T8K:>Ke 9KCnepHMeHT8.1IbHblM!i 

,aaHHb!MH no n0.1IHpH3~U~H npOTOHOBo 

,Bbi'IHC.1IeHHbie no qiaaaM· . )( Ce'leHHH at 1 Ui H U {'f}) ;eM ~e M~~~e. OKa3bi-
. . . . . . f ?78-80/ .. · .. . . 

B810TCSI· 6m13KHMH. K 9KCnepHMeHTa.1IbHblM 3Ha'leHHHM 0 Oo-BHL!HMOMY OWH6KH .B 
·. ' . . . ' " . ) .:, . 

HaH6onee sa:>KHbrx· '<Pa3ax iie ~qeHb aeixHKH~ Eonee· TO'IHbre pe3y.1I~TaTbi MO:>KHO ·nony-

'IHTb C nOMOlllbiO onTH'leCKOH MOL!e.1IH (eM. § 8.4 ). 
-/ 

\ ;. 
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B cnyqae pass.a HHSI. " -Me30liOB Ha HyKnOHax TQqHQCTb cpopMynhi, (70) OK83bi-
;'82-85/ . ' . . ' ' ' • . 

~Ul - .. -, -. ,-.Lla:a<e npn T::.. 1 Eaa, BhxqncneHHbie aHaqeHHH Xe .LleiicTBn-:-
, -( . -2xo ) · . · 

TenbHhi. HanpnMep1· npn T=1 137 Eaa e -~---::::.9,27. • · ·· 
' . ,... ---~-----. ...........,_-:_,..-- ' 

/ 

Ha pnc. 7 1lnH T=OI915 ll 1101 Ea:a npnae.LleHbl ceqeHH.SI '·a( 0) I. BOCCT8HOBneH-
. , . ; _. . . · _ : . . I 

.Hbie no que To M:IIriMhiM cpaaaM. KaK .BH.LlH01 STH ceqeHnH xopowo cornacyroTcH· c .SKene-:-·-
• I . ' • '· . 

pnMeHTanbHblMH, 

Cne.LlyeT O.LlHaKo no.LlqepKHYTb1 qTo ToqHoc~b aKcnepnMeHTanbHhiX .Ll8HHhiX eme 

oqeHb HH3Ka0 noaToMy aHaq~HHH cpaa onpe.LlenHIOTCH oqeHb npn6n~:a<eHHo. Y:~o6hi nony:...' 

I · qnTb npe.LlCTaaixeHne :o aennq~He own6oK .± ~ x 1 -aHaqeHHH cpaa ·• 6hrim :abxqucn~Hhi oi-e . , -. . .· . 
.LlenhHO .Llnll cnyqa§!:a, KOr.Lla aKcriepnMeHTanbHhH}. ceqeHnH· ~(0) anpoKC~MHp~san~cb . 

. . . - ' . -·. . /84 85/ ·. . ' ;.- . 
• KpHBhiMH c HanMeHbwea n Han6onbti:Ielt Kpn~naHolt. (Cp. · ' ; ). Ha pnc.21 

:a Kaq~cTae npHMepa npn:ae:OeHbi, peaynbTaThi TaKni Bhi'IHCneHnlt .Llnll T = 6165 Eaa. KaK 

BH.L1H01 Hanoonee ToqHo onpe.LlenHIOTcsi cpaahi nim 
I - • .-

Cpe.LlHllX 3HaqeHHl'IX e • TaK .K'aK 
' ' ... 

HMeHHo· aTa qacTb cpaa .LlaeT ocHOBHOil: 'aKna.Ll, a ce'!eHnll (eM. pnc.•23) ·,.TO peaynh-.,· . . ' ' 

T8Thl pacqeTOll OK83hiB810TCll GnH3Kll .K aKc'nepnMeHTanbHblM .Ll8HHhiMe 
• • J ' 

;· 
' ~ ' ' 

0 TO'IHOC.TH cpopMynhi. (70) B.'Cnyqae k-- p H p-p B38HMO.LleHCTBHH erue. Tpy:li-
' . . . 

HO CK838Tb 'ITO':"'i:m6o onpe.LleneHiioe1 T8K K8K oqeHb aennKH own6Iill: naMepeHnii. 
I 

6,3. 3~~HCHMOCTb cpaa OT SHeprHH 
,-
\ 

B rn,lll y:a<e OTMetianocb,. qTo npu _T>::>-1 Eaa ceqeHHll aee ' ain Hat 38BHCl'IT OT· 
I' . . •. . . .. . , , , . 

aHeprnn TOnbKO nnw b -~epaa cp~3hl. X e -~ X ( T: p ). To, 'ITO' STH ceqeHHll c~aHOllll:I:Cll 

i .- llOCTOl'IHH,hiMH · npH 6onbWHX SH?prHHX1 yK83blll8eT Ha/'oqeHb cna6y10 38BHCHMOCTb- Cp83 --· 

OT SHeprHHo -; 

. B cnyqae IT -·N · 5~anM6.Lle~cTanil: _ciJaahi Xe cTaHoBSITC5PgP.aKinqec~n Heaal3..!!CH- · 

IUHMH 'OT ~~_I.I"7y:a<e .2:.PH T~~_!3_:jj_fle_;_;?_'!'_() xopowo Bll.Ll~0 1 _Ha11pHMep, ·na_' p~c. 221 

r.Lle aKc;;;pnMeHTanbHhie c~qeHHH ~t 0) • npnae.LleHbi a aaaHCHMO~TH ' /. ( Stn . 0 I*:·) , , -

Ecnn , X (T:p):.x(p) , T·o, npoHaae~eune ~2 a(O), ·aaa~CHT OT aueprnn 'Tonhita qe-
. . ' I , - '- ' "')' , • • ' 

pea cpyHKUHIO Eecc~nll (cp •. ( 22) n ( 32) 'n ceqeHHH .'! (0) , HaMepeHHhie npn , paannqHhix 
/ • ! 

SHeprY.HX1 .LlOn:a<Hhl yKna.LlbiB8TbCSI Ha,. O.LlHYIO .H' Ty iKe_ KpHBYlO 

2 ' : 
[*: a(O)]= f( 

'I·"" 

1
Sin 0 
~ 

) . - . 

I ' . 

. (72) 

I . 

/ 

I 

! .• 

. . 

'l 

..J 
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0 

Pn:c, 21, 3Ha'leHHS1 · qiaa1 Bhi'ln:cneHHbie .onB ,KpaiiHux aHa'leHH,ii 
.rr-p · pacceSlHHe, .T = .6,6?. Bae, 

I ' 

' a(O) · 
•,·r'"' 

KaK l!lli.llH0
1 

OTKnoHeHnSl Ha6mo.oaiOTCSP imlllh np11 H~6onhlli1IX aH'eprHS1X1 Kor.oa ·.ce'leHIIll 

~eP. H ~t eme aaMeTHo a3Me~SliDTCSl 'c aHeprneil • 

. ' .. no'cTpoeHae', KPHBbiX (72); SlB~Sle.;CSl y.oo6H.b!M cn6co6~M 8KcnepHMeHT81lbHOI"O 
' . ' 1 • • j • : •• ' • 

. · n:ccne.ooeaHHst aHepreTH'IecKoil · aaBHCUMOCTH ¢as X (T i P ), 
' • •' ' ' '. I 

napu~~nb~b~e ce'leHHSI TT - N . B381IMO,ll'eiiCTBHi1 . ~n (p) II a ee. ( p f 
· (uin = :to-in(p);_ uee=:t ueP.(p) •. . p=7\:v~<.e+~) "'H) 

TaKme \ CT8HOBstTC51 npt:&Ta'leC~H HeaaBlCIIMbiM~ OT. ,a;Iep~l{H, ecnn:. T > 2 Baa, npn 

; . 

aTOM ocHOBHOli: BKna.o e ce'leHHSl .oaiOT BsanMo.oeiiCTBHSl. nponcxo.oSllllHe a HHTepaane. 

p£ (0
1
2:..0

1
8)•10-l3cM JcM~ pHc,,23);. ,Ang· ynpyroro B~aHMoilell:cTBHSl cpe.oHee aHa-

'., 

1. 

! 
I 

I. 
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.84 
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~6(9) 

Jil I 0 T=1;3 .. -, .. 

a ~tr 1. L ~A T=£5,03 
' . - . "·· . 

'v 

•- T=665 . I 2 ~ . • .. - 1' '-' 

J.· I .oL 

: 

I . ""' . 
' I • > 

AL~ 

8in8 . \ 

'· ' . ---:t . i 

"' 

Pnc. ,22. _3aailCHMOCTb <Pas .. Xe .· OT. 3Heprnn. TT ~p :-. a~aHMO,lleitc~ane. 3KCnepnMeH:
TaJlbHbie · . .a:aHHbie. _npn pasHbiX aHeprHHx yK_na.a:biBaiOTyH npH6nHSHTen~Ho Ha 
O.llHy .H TY. :m:e KpHBYIOo 
T - a~eprnH pacceHBaromer:ocH rr . -~esoHa. 

' . . ...:13 . .. . . •' . . . . - . ..· -13 . 
'ieHHe . p.' =. 0,4•10 ' CM1 ,llJIH Heynpyl"HX B3~!f~_().ll9jiCTBH.lt p = 0,6 .10 . CMi :e 110-: 

~----,-~:~ .. ,-· .... -.---····--·-. . "-.. " . ........... . ' . 
cne aHeM · cnyqae 6onbwyro J~.~~-~~IOT nepH¢2Jll!~.C3 .. C!,!f.e_B~lilfMO.lle.ltcTBHsr.-3'r~~ MO:m:Ho .. 

IIOH,HTb ... eCJllf npe.a:nonc).:H{IfTb1 'ITO llpH yn~yro~ :esaHMO~e.lt~TBH.~ CyllleCTBeHHbl ~pOII~C_: . r 
Cbi c 6~nbWHM 'iHcnoM npoMe:m:yTO'iHbiX Mes~Hoa, "!eM !}PH HeynpyroM -asaHMo.a:efJ.cT:eHY4J 

. . · ·. . . -· . -· .:--·--1a · - · ·. · ·>.-- · ·. · . 
Cpe.a:HHH :eenH'iHHa p =· 0,6•10 CM 'H:enReTCR rpy6o~ oueHKO.lt reoMeTpn'ieCKHX · 

pasMepoa cTi:tnxn:earomHXCR qac;Hu; ee MO:m:Ho HcnonbsOllaTb . .lli!-H oueHKH MHHHMMb....:: 

Horo ~mcna cpas~ 
.), .. ;.,-·. "-~-~-- ·"'····~ 

(i..~ln ."" 2 p/'i.)~. (73) 

· lJ:TO KacaeTCH 3HepreTH'ieCK~A-3'a.llHCHM·~~TH cpa~ npu BSaHMO.lleitcTBIIH HYKJ10HO:e , 

TO C 3KCnepHM9HTaJlbHO.lt TO'IKH 3peHBH CHTyaUHH s.zlecb H!IJIHeTCSI MeHee HCHOfJ.. Ceqe-

HHSI U t H' qef. !I STOM .CJiyqae CTaHOBSITCH IIPIIOJ1H3HTeribHO .IIOCTOSIHHblMII JIH.Wb np~ 

''-, 

i 

·......:· 

· .. 
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·T=665 , 

' . ., 
' 

~'" v"•--.----·-"'-~ .. ~- H- ..... 

~ .. ----~ 

' ', ..... , I /. ~ -o{ - , .. ! , , ,, .. .... 
I r ' ' - 1\.· 

' ', 
' ..... ........... 

. ..--'--........ 

30 

.. 
tO .. .. . ... 

" .. .. .. 
o· 0,3 

.. .. -.. 

0,6 a,g 

P~P 

T;:2 

........ ""' 
',> ........ 

.' 

..... 
..... ~- .... 

,;' .... 
/ 

. .. 

..... .... . ..... 
...... 

'· 
0 0,3 

...... ... 

/ \ 

,,- . .. 

.06 
. I . 

' ' 

D,B 

' 

K--p· 

T:::f"5 
.. . . , 

' ' 

I: 

' /, . 
' ' . 
1,2 

Puc. 23 •... 0TilocHTenbHbrit axna.n napuifanl.Hbrx ce'leHirfi ~ef = ~e<P )/aee (cnnoriiHaH 
xpuaa~d ~ ~in= .qJ p) I a in ( iryHKTHPH.a.sr xpusaH). · 

T - q:n:naH sHepruH nepBn'luon 'laCTHUbi. 
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Puc. 24. 3aBHCHMOCTb <P83 X OT aHeprHH~. p-p B3AHMo.aeACTBHeo . 

3KCUE!pHMeHTan&Hbtee .OAHHble, H3MepeHHbie DpH pA3HbiX zmepriUIX~ He yKna-· 

.ObiBAIOTCSl HA O.OHY KpHBYIO• ' 

T - sHeprHSI pacceHBAIOIUerocSI npoToHa. 

' 

·, 

. ' ;· 
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t .. : 
t I ',_, -::-~ ' ~· 

. aHeprHHX T ?. iO Baa~ xor.na · qacTHUhi pacceHBaiOTCH Ha oqeH b Manhre yrnhr H ·neo6-

- XOAHMO Y'lMTbll!SaTb KyriPHOBC_KOe p~CC9l:IB8HHe. 3a~irc~MOCTb c~~eHHH a.( 0) OT aHep-/ 

• f'HH CT8HOBHTC: npH aT~onee :::~o.it (c~: rn.Yll )~ no~TOMY HH~ llJlii MUJlhiX,' Ill! 
1 

. 
.' ' ' . ,_.. ,' ' . . 

npu, 6onbWHx aHeprnHx axcnepnMeHTanbHhre ceqeHHH a ( 0) Hen baH oriHcaTb o.nHo.it 

KpH!SOti (72~. 3To xopowo ~HAHO H3 puc. 24 • .Lln~ uccne.noaaHiU:I aHepreTuq~cxo.it' 
3aBHCHMOCTH H.z:tepHb!X cjlaa H3 9KCnepHM9HT8nbHhiX A8HHbiX He06XOAHMO npe:>!<A9 l3C9f'O 

. -. ) . / •. ~ '. 1 

5hl'l9CTb KynOHOBCKOe paCC9H58HH9o -K ·c'q)!(aneHHI01 H3B9CTHb!9 B H8CT0Hlll99 BpeMH 
. . • . . . . ' • . l • 

axcnep~MeHTa~~Hbie .n:aHi;hre 6nuw!CoM 'HeTO'lHhr, 'IT06hr c.nenaTb xaxue.:_nu6o onpeneneH-. . ' ' . \ 

Hbre. aaxnroqeHHH. Mo*HO nHWb yTaep*itaTb~ :'ITO 9TH .naHHhie ·He npoT~aope'laT npe.nn()- · 
,. . I • 

n0)!(9HHIO 0 nOCTOHHCTBe ljlaa x(T;p·).=·x(p) 'npu aHeprHHX T? 10 Baa • 

. Ha puc. 23 :en.nHo1 . 'ITO ao.,:ecex •cnyqagx'ocHOBHOH BKna.n···.naroT :eaauMOAell:-
.. -13 . 

CTISHR C napaMeTpOM y,napa p· :::~ 0,6•10 CM 0 npu 9T~M .z:tnH. HeynpyrHX B38HMO.z:teti-
' . 

· CTBHA OTHocuTenbHO 6onbwua sxna.n A8IOT · nepmpepH'l9CKH9 B3BHMOlt9iiCTBHH. 
'·' ' I ' . 

6.4. CnnHOBaH. u H30TonuqecKaH aaaHCHMOCTb cpaa 

' :. . . . . .· 
B .o6meM cnyqae, Kor .na y'lHT.br.eaiOTCH ·. cnHH.bi H uaoTonuqecKue cnHHhi B38HMO

i 
. .dettcT:eyromux· qacTil:u, aMnnnTy.cia 

' . f 

, . . ,·· 
F ( O)cTa~oaii:TcH. MaTpiiuea. a· cnnHosoM u. uaoTo- ~ 

nuqecKOM npocTpaHCTaax. HanpHMep,· cnHHOBaH aaaHCHMOCTh aMnnHTYAhi pacceHHHH 
• • ' . f • 

'18CTIIU.bl CO CllHHOM ~1 :" 1/2 Ha, qacruue CO,: CllHHOM S 2 ""Q· HM99T BHA 
\ . • • - l 

F(O)=f(O)+~ng (0) 
(74a) 

.·. . 21 +·. '·i i - . . . 

f(O) =..\/21e;
0

l<f+ l)e 
77
t+fe 

778-:-<ZP.+ l)J Pe. (CosO) 
\,· 

(74a) 

. 21 +; 211c 1 
g(O)=?./~ ~ le 71e:.:..e e'llf (CosO) 

.. - · .. e=:-o · (74c) 

r.ne n 
• 1 

9AHHH'!Hhlti 'BeKTOp; pf npircoe.z:tHH9HHhiA .nonHHOM fle)!(aH . .npa nepaoro '. -. ' ' . 
~· nopH.nxa. AMnnnTy.z:ti>i f (O)' u g( 0) aaaucHT oT uaoTonuqeqKux cnnHoa. 

/. Eme 6onee cnO)!(Hbiti BHA HM99T 8MnnliTy.na 1 ecnH CllHH 'o6eux 'i8CTHU OTnH'I9H. 

! ; .. OT HynH. 
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L[ T06bl nony:HTb C~e,aeHH~ 0 CUHHOBOA H HSOTOUH'leCKOA SaiiHCHMOCTstX. <Jlas fl f. t · 

H eo6xo.aHMO ~H~Tb axcnepHMeH,TMbHwe sHa'leHHst ce'leHHA ynpyroro paccestHHSl}B pas-
, . . ', ' . , ~ ' . II . ' ' . 

llH'lHbiX CfiHHOBbiX H HSOTOfiH'leCKHX COCTOSIHHHXo TaKHX ',aa}IHblX. B HaCTOHutee BpOMH 

e~e · He' HMeeTcs.: · B · HexoTopbiX · pa6oTax ,aenanHcb · nonbiTKH nony'lHTb . cae.aeHHH 'o 

CUHUO~OA SSBHCHMOCTH <Pas HS i axc~ep~MeHTa1i'bHbl~ .iiaHHbiX JlllH BSSH~;,.aeACTBHH 
_j ' \, "1' - • '- - ' •• '' ' , ' i , 

HenonspH'soaaHHbiX 'lElCTHil, O,aHaK_O Taxoft fiOJlXOJl HeOJlHOS Ha'leH H pesyllbTaTbl 
. . . /86_;88/ . ' -' .. ' 
Bbl'lHClleHHA HaJle:H<Hbl . ' · , 

Vfs. o611lHX coo6p~:meHKA MO:H<HO O:H<HJlaTb1 'ITO npH ~T>>' 1 Baa· saBHCHMOCTb · . 
. · :· . . . .· ''· . . 12, 89/ 

BSaHMO,aeACTBHA OT .CnHHOB 'If -HSOTOfiH'leCKHX CUHHOB 6y,aeT HecyuteCTBeHHOA ; 
0 

• 

' ... ' ' . ' '. .f ' . 
B qacTHOCTH1 nerxo noxasaT&1 'ITO npK 6onl>WHX aHeprKsx, xor.i:ta <Pasbi cTaHoasTcs 

/ , . ' ' . . ' . , " 

'lHcTo MHHMbiMH, ·nonslpusanus paccesHHbiX .'lacTH:n' o6pamaeTcs 'B Hyn&." HanpKMep, . .. . . -- -,-:_....- . . ·. . 

' ; ./5 paCCMOTpeHHOM . Bb!W.e. cnyqae. BSaHMO.zx~·ACTBHH qacTHil co CUHHBM~ sl ~·~ H sr:~q ' 

. ; 
'! 

• I , , . . 

UOllSlpHS8UHH 

,P• ,.£ g*-.!f*q 
I £12 +·llql2 .. ; (15) 

TSK Kai< npH 'lHCTO MHHMbiX <Jlasax· 
., 

I' 
£*(8) -- f (8) ·J{ g"'(0)•1g(0) I: 

~ . .. . 
.To P <?> "'0 ,":'AHanorH'lHoe nono:me.HHe HMeeT MecTo H n.,apyrHx, cnyqasx., 

ny'IOK na,aaiOutHX qacTHil npH y'leTe CUHHOB H HSO.TOUH'l~CKHX CUHJJOB HBllReTCSl 

: . c_Mec&IO oT.aen&HbiX. uexorepeaTuwx:Mem,ay c~6oA cocTostHHA. EcnH TaxoA ny'loK nocne 
' 

pacceSIHHH nepeXOJlHT B H9KOTOpOe KOHe'IHOe,COCTOSIHHe k . '., ·.' t To ceqeuHe Taxoro. nap~-

xo.aa 

duk ~:r IJ duik . (7a> 

r.ae P1· - o~·~ocK~en&Has JlOli~ :
1

1 -ro cocTosiHKH s na.aaiOuteM ·nyqxe, a duik · ~· ceqe- i· 

Hue nepexo.aa Hs 1 -ro a k -oevcOC'I;OHH~e. B 'ISCTHoc~~: .ans pacc~SIHHH Ha uyneeoa'' 

yron 

'' 

u (0) =I,~. •ui J(O) a 
. .. . 2 I . 
~r ) lk(O) + oi2 (O) I = ·,) 

. ;;; ... · a t: 2 . -2 . 
~.B_IL.J, .. ) + D, (0) I 
1·•. ·4"* ·. · • -. 

' ' 
'· 

:.-:• 

' /, 

I 

<77) 

7' 

' ·' 

r /, 

, ~ ; 
·:·r. 

' 

!-

•t'.:;. 

-" 
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soA·, 

7) 

89'·· .. 

r r· 

, ~' " 

: 3:aecf:. · o1 (o) H ,. ' 

JL_(O)_· - AeilcT~~TenbHaH H: MHHMaH qacTH aMnnHTyll.br pacceHHUH 
~ . . . ' . .· /90/ ... 

' · '18CTHI.{Ha l -ro COCTOHHifSIO,. ai,( HX IIOJIHOe Ce'leHHe B38HMOJl9fiCTBHSl o 

·, 

r ll_·,_e I qt· ~ nonHOe ceqeHHe aaaHMOJleitCTB~~. H3 paaeHCTBa '( 77) MO>KHO nony'IIITb 
. ·/90/·. 

06I.Uee Bb!p~>K9HHe. OIITH'I9CKOi1 TeopeMbi ·: 

2 
a (O) > ( _a:::.-~;t~ ) . 

. I 4~ ~-··· 
(79) 

. 8TO 1 Bbtpa>KeHHe. '18CTO OK83biBaeTCH O'leHb IIOJr93HbiM. II pH 8H8JIH39. SKCII9pHM9HT8Jib

HbiX Jl8HHbiXo 

Yll •. pacceHnne 

'· 

\ . 

np11" pacCeHHHH ·aa'pH:meHHhiX '18CTHU KpOMe Slll9pHhiX CHJI .. Jlei1CTBYIOT T8K>Ke 

~yJIOHOBCKHe CliJihlo 0JlH8KO STH CIIJlh~ t<fOry.;,_. KOHKy_In{poaa;b C SIJlepHhiMII JIIIWb, B cny· · 

'18~ .· CTOJIKHOBelma .·~ • 6onhWHMII riapaMeTp8MII y Jlapa •. noSTOMY anlrmme KynoHoac~oro 
. . ··. . ' . . . . ) . . . . . 
pacceHHH~ aaMeTHo nnwh a 66naq.:ril: ~anhrx yrnoa

8 
• C pocToM sHeprnu sTa o6nacTb 

•' ~ . ; . ' . . . . . . 

BCe 6o~ee .C>KHM8eTCH1 T8K ·KaK JIHWh. npH_.O'IeHb Jl8JI9KHX CTOiiKHOB9HliHX. KyJIOH08CKlie 

. ' 
' : Ecmt: ripeHe6peiri, · c.nmiaMn, .To almHmi:e 'Kyni>H~acKIIX cnn • Mo:mno yqecTh honon'-' 

- I ' , . , . .', . . ,' • 

imTenbiibiM. CllBHT'OM · <fJaa '1/ cC. • -~ liMIIJIIITY Jle ynpyroro pacceHIIHH: 

F(O) ="Xi S (2P.+lf[l:._ 'e 2i('f/c~·+'f/. nC)_]P
0 

(CosO) 
. . · 2 e=: o L (80) 

\ 

)P ~ (Cos B) , 

; s)-
KoHe'IHo, IIpH .pacce~IIHH TO>K.i:xeCTB9liHhiX '18CTHU B CHny HX Hep~3JIH'IH-. 

MOCTH· anHHHHe KynoBOBCKHX crin ~6yJleT _cywecTaeHHhiM TaK:me H' a .o6nacTu :z:tononHH
. TenbH.hiX yrnoa ( rr- B) · • , 

J 
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Pn~. 25. KynoHOBCKOe B38HMO.uejicTBHe .uayx qacTHUo · 

.. / 
, . 
\' 

<t>eiiMaHa .um1 KYn,oHoac;:Koro B3atiMo.ueii~-Ha pnc~ .25: n3o6pa)!{eHa .unarpaMMa ' \ ' ' ' ' 

CTBHSI .uayx qacTuu. <t>opM-ciJaKTOpbt . F1 (q) · n F2 ( q)' onnchtBaiOT yacnpe.ue~emie 

aneKTpll'leCKOrO 38pSI.U8 B '18CTHU8Xo VI3. 9TOH .UHarpaMMbl ~ll.UH~,-. 'ITO I!OltHBSI 8Mnnn- :, ' . ' . . . . . - . 

. \ 

'·· 

, TY .ua F (8) nponopunoHanbHa aMnnnTy .ue pacceSIHHSI 'qacTHU c . To'le'IHbtMH 3apsinaMu F~(e): · 
1 

·,, 

F, (8) = F0 .(8). F (q).; ·(81) 

r.ue .. 
F (q)= F1_<q) F 2 (q) ; 

I , . 

q= ( p' - p ) =-(p' - p ) = 2p Sin 8/2 ,.. 8/1\ 
' 1 1 2 2 ~-- ' 1 '' ·: ' 

nepe.uaqa aMnynbca~ ', . ' ' 

Tali: KaK npa cTonKHoaeHHSIX c 6oJibuni:MH napaMeTpaMn y.napa aenn'IHHa ,q Mana, 

·. 
TO 

'2 
F 1 (q)= r.-.1!6(a 1g) + ... 

'j 

~ ' ' 

··· .. l 
1 .. l . 

II pe3ynbTaTbi' pacqeTOB cna6o, 3aBHCSIT.· OT K(JHKpeTHOrO 'BH,lla ,ciJopM-ciJaKTOpoa;' · cyme-
\ . " . ·,__ . ' 

CTBeH~biM · smnSieTc~ nHWb Bbt6op aenu'IHHbi cpe.nHero Kaa.npaTH'IHoro pa~Hyca. ~fs ._. ', . 
YI3 Ol!b!TOB C 6~ICTpb!Mli aneKTpOHaMH 'H3BeCTHO,, 'ITO ,llnSI l!pOTOHa ~p -:... 0,8•10. CMo 

PaoMepbt: rr -Me3oHa a HacToSiuiee apeMSI H3B_ecTHbt oqeHb nnoxo.· O.nHaKOi no-an.nw· · 
. . .: - . ,. . \ . . " :, ~ ' -' : . . ·~ ' 

. MOMY • Mbt He c.nenaeM 6onbWOii orn:n6KH, ecnn npe.nnono)!{HM '· 'ITO a" ... a i) 

(Cp. § 2,5 H3/2/ ). 
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·i :, ' 
npu' MBnblX yrnax pacceSHIH_H B~Ip8)KeHrie (81) HBnHe,TCH XO!DOillHM npu6nH)KeHHeMo. 

npu' pacce.HHIUI H8 6onbll1He yrnbi CneayeT Y'lHTbiB~Tb pa3nii'!He ::meKTpn'leCKOro II Mar~ 
- ,.,,, .- ' /3/ ' ' _, ' ' /91/' 

· HHTHOrO cPOpM~cP8KTOpOB. 1 ll3MelieHHe Cp83 1) cf 1 H3-.3a, 8Kp8HHpOBKH 38pHaOB , 
I, ; , J/73• 92/ 
· ~ H penHTHBUCTCKHe nonpaBKH . '., 

I I 

., AMnnuTyaa'KynoHOJ3CKoro pacce5InuH na TO'le'llioM GapHae· MO)KeT 6biTb 'npocyMMW. 
',, ) n3· 92; . , - . . 1 , ,· ' , ,r 

'pOB8H8 ,TO'lHO , 1 · • ,B o6naCTH!MBnbiX yrnOB :xopOillllM npu6nH)KeHHeM S!BnHeTCH Bbl-
' . . . ' . ' . . .· ' '/ ' 

'' '• ' ' 2 
, F 0 ( 0) =- _e_. 

,v 

~·-. e{2ie\v)(~!1 Sin 218, -0,_577) 

2 Sin28/2' 

:'. 

rae v CKOpOCTb1 pacceHB810IlleficH ''l8CTHUbl B na6op8TOpHOH c_ucTeMe K0,9paHH8T 

(v=p/E( 

b.nR ~bi;mcnenuH _ocianbHOfi qacTn a!'mnuTy ahi y ao6no BEiec'l'u , cpeamrfi caBur 

. i <P~3 , (8) :. · ' . . j 

,, ': · 17nc 

(83a) 

I' 
"" ' ' 

,. , "\c(O) =e=~~F;i~0)77ce/Fn(8),, .. 

1 rae 
. ,I . 
'.( (CM. 

Fn (8) ~~r~o Fnr eel') - ~~nnu'.ryaa.'lHCTO Haepnoro pacceHHUH. 

cj:JopMyny' (22) ); BenH'lHHY 1) (8) MO)KHO Bbi'lucnuTb no H3BeCTHbiM 3Ha'leHHHM 
", nc , l 

i, >laepHbiX cj:Ja3 1) nf II, KynOHOBCKHM cj:Ja38Mo 

•, ' I!' 
:- lr. 2 

e ' en .e 
TV 

(84)' 

:6
, /91/ 

JlnH cnyqag pacceHHUH npo~OHOB )Ha nerKux Hapax. aTe . 
J 

~c tr~: Cn { '(2/3 a/~ ), 1 
(85) 

\' 

. ~-

; ,. 
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'l - epeJlHn:il: KBaJlp~Tin!HbiH paJlHY9 siJlpa. 3Ty <jlopMyny Mo.miw "I'Jle ' uenonb3oBaTb 

.ctnSI OUeHKH BenH'l1H~bi ~ n~ H B enyqae. B3aHM?JlefieTB~~ 91!~MeJIT.a/})Hb!X : 'l~CTHU1 eenH l 
nMeeTo a noJleTaBHTb aHaqeHne HJlepnoro paJlHyea a3aHMOJlefieTBYIOIUHX qaeTHU 

(nanoMknM,.•'l;o paaMe~ qaeTHU aeer.lla o~pe)len~eTest no OTH~wenu10 K onpe~enenHOMY 
< • • •• • • , •• ~-~, /3/ . . ' . < ,· i . . . 

BHJlY B3!1HMO)leifeTBHH . . ) • 

· :. TaK KaK. npn sneprnHx, .JloeTH.>KHMbiX .na eoapeMeHHbiX yeKopHTenHx, aenuquna 

·, 

·,. • Bbi'IHeneHne aMnmrTyni.r- F (e)' eme 6onee ynpoeTnTeH, eenu yqeeTh1 'ITo a o6-
. , . ,a ,. . •. . • . 

nacTH ManbiX yrnoa; rJle TonhKO H aaMeTHO ami:HHne KynoaoaeKnx cun, HJlepnoe pac--
" " • • • ( • I • • 

eeHHHe_ aaancnT oT yrna· ()'IeHb ena6oi _., <' 

F ((J) . .,. F . ( 0 ) . ( P 9· ( Cos 8) "' 1 8 "' 0 ) ~ 
. n ~ J • , •• -. 

0KOH'laTenbHO eeqenue ynpyro~o · paceeHHHH e yqeTOM KynOHOBCKHX CHn B CHCTe-

Me uenTpa Mace Mo.>KeT. ObiTh aa~mcaHo a BHJle: 

2 ... ·· . . . , 
cr ( 8) ~·I{q) I ~n (0 )+ere ( 9) ; . ...:~vue( 8) [On ( 8) Cos 2., ~8) +In (0) 

. . . .. . ·'. . ·. . . . - .· In .. : . ·, 
Sin2'flnc(8)]1:: · (136) 

.. • "2 . . 

"',ll-1/3(~J2Hcr (O)+ (2_a?..' z)- 4ai\" (D(c)).:.. 
. i\".. . n . . {3 8 . . fJ 82 ' 

\ . '- ' 

• aCTt 
217'/3i\" ,. 

en~).] 
i\"' 

rJle cr~ (0)·= D!(O) +I~ (0) ,.. eeqe~me qnc:ro ·H.ll";PHoro pacceHHHHi :Tt ;..o 

e.~'lenne B3aHMO)lefieTBHRi a= e~/-h C~. i {J =,v/c , '; a_.::[ya:+ aj i 
41,: 

non Hoe 

a H a r · 2 

-. cpeJliiHe. KBa)lpaTH'lllbie sneKTpnqeeKHe paJlHyebi B3aHMOJleHCTByiOIUHX qaeTHU; . a 
· .. : .· ... :. ·. . . . • . ·' ... . . ... . . n 

IIX epeJlHHH HJlepHbiH paJlHye. 

B 6oni.wnncTae npaKTH'IecKn nnTepecnbrx enyqaea · KynonoBcKHfi e)lanr 'f/~c (8). 

O'leHb Man H norapn<iJMH'Ie~KHM qneHOM B· Bbipa.meHHH \JlnH cr( 0 ) .. ·- Mo.mno npene6pe'lho 
• j • 

Pe3ynhTaTbl. pacqeToB no. <jlopMyne ( 86) npHBeJleHbl Ha . puc. 26-28 •. · n pH Bbi'IHCne· . 
.. ' . .·''. , ... - ' . . 

nuHx ncnonh3oBaHbi ceqeiiiiH cr · , rlonyqennbre epeJlHeKaa.itpaTH'IHott nnTepnonHunea 
- . t ' ·. • . /2/ : . .. . . . I •. C ' ·• • •.· • 

·: SKenepnMenTanhHbiX JlaHHbiX H3 o6aopa ; 3HatJeHHH cr ( 0) H · D ( 0) B3HTbi !f3 
. .,. . .· . . . . . :. . · .. n. n . '13 , 

rn. 1 Y;, )J.nSI paJliJyCOB a 'n, an Bb!Op~Hbl allaqeHHH : ' a = y, 2 ap = 1,1_ • 10- _ CM 1 

. . -13 . a - 0,8•10 eM0 n- . . ' . . 
:\ 

\ 
.. 

\ .. 

). 

.4 

,\ 
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Puc. 26. Ce'!eHHe ynpyroro p.;.p-pacceHHHH c yqeT~M xynoiioscxoro B38HMo.rieAcTBHH. 
Yxaalma sHeprHH nepBH'IHoro npoToHa T B Ess •. Yron pacceHHHH. 8 s: rpa:.. 
,aycax. nyHKTHpOM OTMe'!eHO. Ce'leHHe 'IHCTO HtlepHoro pacceHHHSI~ 
CHcTeMa u~~Tpa Mace •. · · · · 
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T=12 ~~:::;;;:~--~ -r;B 

·--
T~2 

· ~' i · !2 · · B 

Ce'leHHe ynpyroro p-p pacceSIHHSl c, Y'l9TOM xynou~acl:oro. B3AHMO.Il~ACTBHSI. 
Yxa3&Ha aHeprHH nepBH'IHoro ~uiTHIIPOTOHa T B Baa. Yron pacceRHHsr· 0 
B rpa.llyC&X. nyHKTHpOM. OTM9'leHO C9'19HHe 'IHCTO RJl9pHOI'O paCC9SIHHSI, 
CHcTeMa ueuTpa Mace, · · · · · 
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:• '/. .·- PHc. 28.· CeqeHHe ynpyroro,. ·1! - P paccenHHH :c yqeTOM · KynoHOBCKoro·· BSaH~WLleitcTBI!SI;-
' YKaaaHa s!wprHH nepaa.:moro "- .-MeaoHa a T. J3 EsB. Yron' pacceSIHH.H (} · 
. B; rpanycax •. nyHKTHJHlM OTMeqeuo ceqeHH'e 'IHCTO. H.llepu'ciro pacceSIHH!I • 

Ci6CTC•Ma· IWHTpa.: Mace~ · · · · · · 
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•Ka~ ~H.llH0 0 npH .,ManbiX yrnax .· pac~~SI~HSI - u ( 0) >~un( 0): npnae.neH~·bie Ha 
' . ' I 

pi1o. 26 aKcnepnMeaTanbHbre .naaaore· xopowo' cornacyroTcSI c Bhi'IHcneHHhiMH. aaa'!eHHSIMH 
" • . ,':1 • - . • ' 

(J (0). 
..; ,, ~ t"' 

. . ··•· .. . . . "· :. . . ' . '' ' '' -· ' . '-4 
3a ncKnro"'eaneM o6nacTil: o'!eHb ManhiX yrnoa, rite ocaoaaoft BKna.n .naeT. 'lnea c, 0 

' • " ' ,. ' . \. -· . • ·. • . •' ', _· ' . ; -:;._ :". .·... . -'~' ' ·' ~ i : • - . 

. 1i HaMeHeHUSI··' Dn( 0 )cKa~biB8J?TC~. Mano, · C~'leH1fe. tiyBCTBUTenb,Ho K aemf'IUHe ,Dn(O).', 
•.. l ~ : , ;' • ' ..,, ·' \ ' > • ; • , • _ • ' • ' • , '~ • ' ' '. ' \ •• ' 

3l'O MO:a<eT 6b!Tb HCDOnbaOB8HO .llJlSI UaMepeHI{SI lit( 0) •Ha. on~ie~ I_<p-;,~e TCII'O~ ~~ aa~-
' • ' ,r " _, ") ,. • •• 

•nuaa HHTepcpepeaunoHHbiX ·'lneaci5 Mo:a<:Uo nony'IHTh 7oueHKy ·aneKTpnqecKoro· pa.nnyca a·· . ' ' : .'• . . - ''· . ._.,. ~ --· . . . . .. ., 
< ':' -<' ·' 

. .,. / . 

. nim. 6onbWHX SHepi'HSIX1 KOI'.ll8 npUMeHUMO KB83HKnaCCH'!eCKOe ~pH6nH)I{eHHe 1 .,_ ' . -· . . . 

.na'u*eune paccenearoruellcH qacTuuox-'MuweHn aa:rnSI.nao. MO:a<Ho paccMaTpuaaTb KaK • 

. nponc~O.llSIIUee no· Tp~·~KTopuu (no nyqy) ~ ~pe~e c · K?a<P¢~uireHTaMH ·~ornorueHH~ k( x)' 
H npen OM~eHHSI . n (x) : ·~E~n~ ~a~~He~HSI' 9TiiX .. Be~H'I~H Ha U~OTSI:a<eHHH ;:n~Hbl .BOn~bi, 

•. • -- - • -. t ' 

' ~- . ' "'. ~ . 
' -7: . ¥anor1/ ' - ' ' • ~,/I;, • 

~k I k <(<1• { .··~n/n'·<<'l (87) 

·' 
\ .--: I 

I' ' -··, 
' 

~~ .. '18CTHUY..;,Miilu~JU) MO:»{HO ip8CCM8TpHB8Tb 1caK OUTl£tieCKH 'HeO.llHOpO.llHYlO Cpe.n:Y. C ' 

.nocTaTo•mci niiaaa~iM:n ·u3MeaeauSIMH ee<caollcTa :n ripirMeHSITb 'K, pacceSIHHIO qacTllu 
. !'. ·:~. ' ' . :. - ,_ .' ~- . ' ; ., . . . . .t. ' :~ ' . ., • . : : .: .·.- . ; . ~- f . .' . ' '" ' . ' -,_. ! . . • < 

.:-", 

'£, ~: .~a~OHhi,reoMeTp~<ieCK?ll OUTHKll.~ cf>aaa .71f, _COOTB6TCTBYIOIU8SI napaMe~py, y.napa 

',; ' :> < p '• = ·~ v e{e + ~) 2 H ~- B STOM cny..{ae' uenHKOM onpe.nenseTCSI no~nomeimeM H. p8C7 

~~:!llieM na~aiOLUHX <lilC;HU Ha ·HX :nyT~ BHYT~~ '18C;IiU~I~M~WeHH (eM.:. PH~.29). noaTo~y _..J 
' ' . . ~·. •. ~ ,· . . . . ·.. .. .• ... ' .· .:· . .J ~ . - rr:· ' • ' . • ' ' ' . . . . 

~ /• ecnH .'!epea k(r):H n(r) o6oa-~aqaTb:Ko~cpq>~uHeH;bi nornoiueH~SI-H'~penoMneHHSI ~a-·• 
pac·c~oSiauu r ;, V p2 + S•2. ' ' • oT u~~Tpa 'iacTUUhi,;,;M~LI.Ieau~ To .Mo:a<ao aa~ncaTb i.'opowc 
. . . :' ' ; ;. "'. l ·>: '' ' ·>'·· ' ' .. :· . ..,,, 
H3BeCTHbie H3 OUTHKii Bb!pa:a<eHHSI:' ./ ' ' ., ~.:. ' .. ,· 

\ 
. \ . X.·~.~ J~k ( y p 2 +·S 2) dS ·,.·· . e. , o : . . : . . • .; .• 

(88a), . 

,. 
<ss5>. ' l' I 

~ J c 
1
8 o =('on <vr-· p_..,..:zt-·.""'"S2)"'dS ., 

. ,. 0 
,• 

,·,,, 
-... ' .< ' ~ . 

;#. \' 

'· .. ,. .. ~ . ~ 

unw · < .'I 
'·· 

~ .• 
oo·:~' 

' t 

. . rd r . .. ·, 
,y r2...;;p2 · · 

. .,.,. 

K ( r). • 2 n'( rft'ik ( r ><.·' 
.~-+'~ ..... ---~-~·"':-~ ... ~·-·--;,., 

Tf(p) '= ~J 'K(r) 
p . 

r.ne 

/--_; ,· 
,;.· ';· 
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nyTh rr '-Me30Ha BHYTPH HyKnoua. p - 'napaMeTp y .oapa. r - paccTOHHH(;! 
.oo· neuTpa uyxnoua. Ha :Onuue ab Me30Hhi nornomaioTcSI. npo3patiuocTb 

·pa~Ha 'D(p) =·~XI? f ~.2~:<p )~I . a'ue<HYK.n0Ha D(p~=l~· llncPP~KIUf·S{, B03Hir~· 
· xaromag·acne.ocT~HH orpaHH'IeHuoti npo3pa'IHOCTH Hyxnoila. B TO'IHOCTH Taxan·· 
: :>Ke,: K8K H .OHcPP8KllHS1 OT OTBepcTHH B. axpaue' C np03p8HHOCTbiO 

1> -x ( ~.) ~ 1 e ~ p { ~ ~ 2 ( ~) 1 
' J' 

1 .+ n (r) 

-...:, 

\-
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ripe.ano)KeHIIe paccMaTpHBaTh HaCTHIIY xaK nornom:aiOruyJO H npenoMnsruyJO cpe.ay . ., . : . . . 
/ . . . . . ~ 

OTnH'I8eTCSI npOTOTOH II HarnSI.llHOCThl0 1 HO BMeCTe C TeM He nHIUeHO H.· HaHBHOCTH, Bo 
. ; ., -- ' ·-. . ' .. ' :-<f. ; . -

/ BCSIKOM cnyqae' STO npe.ano)KeHHe Hy)K,a8eT(;SI_ 13 cepbe3HOM TeopeTH'IeCKOM o6oCHOB8HHH, 

. ·. /' --
§ 8,1. YcnOBHSI cyrueCTBOB8HHSI KOMnneKCHOI'O llOTeHUH8na 

B HacToSiruee.:speMSI Mhi erue He pacnonaraeM. o6ruefi· TeopHefi cRnhHhiX B38HMo-

.aen'cTBHii:. nosTOMY HeT BUOnHe ~13ep,ao_ii: TeOp~TR'Iecjmii: 6a3bl .llnSI _ 8H8JiH;8, 3-H8'1HMOCTH 

KaKRx-nH6o npu6nH)KeHHhiX MeTo.aol'it 13 _qacTHOCTH ·onTH<IecKoii: Mo.aenH, TeM ·He. M.eHee. 
, ' . • - t . ' • 

B03MO)KHbl HeKOTOpbie BeCbMa 06IUHe ·saK/£JOqeHHSI 06 ycnOBHSIX llpHM.eHHMOCTH -STOH MO~' 
- i - - - ' .. , .. - : '' . - - . 9) . . 

,aenH, HnH 1 . ,apyrRMH CnOB8MH - KOMnneKCHOI'O• llOTeHUHana B38HMO.UefiCTBHSI , .lJ.nSI STO-' 

. ro ypasHeHne _Wp~.llHiirepa .anSI cncTeMhi ·asaHMo.aeitcTI3YJOIUHX qacTHU (.an·SI· KOHxpeTHo

cTH ,aanee 6y,aeM I'OBOpHTh· 0 rr -MesoHax R HyxnoH.axJ sanHruer,/ 13 5H.ae ueno'IKR ' . . ' . . 
' . .· . , . 

- _penSITHBHCTCKII HHB8pH8HTHbiX ypaBHeHHfi: 13'·: HMnynhCH9M npOCTp8HCTBe: 

W rh 
ij '+'j I, 

(90) 

r .ae. 

.+. - .+. - - . .,<E- H.l<j> i -:£ . 
'i'i --~ (k ;.k • • - i';l'j 

' 1 2''''~ki) . . _ 130nHqBaSI. cPYHKUHSI 1 OllHC£IB810IU8SI B03MO)KH0eJ peanh-
- '1 ' ; 

~oe HnH BHpTyanhHOe COCTOSIHHe. '18CTHU. npH B38HMO,U8H~TBKH 1T -Me30H8 C HyKnOHOMi 

' k 1- nMnynhChi .-~aCTHIII__g __ :: .. mmK~SLa~ep_r:g.s!__cncTeMhii, Ho- raMHnhT~HHaH ·He~sanl\w.aeil." 
CTBYIOIUHX ;'~!iCTHlli' Wij - ~nepaTQp. ~38H-MO,aefiCTBHSI 1 , OllH~~!B8loiUHfi po)K.zleHne. (Rn~ no-

~ ' ' ' 

. rnorueHne) qacTnu npH nepexo.ae- i -+ j, 

. ' . VIs BCex cPYHK-UHfi , 4> i ,rrpn · paCCMOTp8Hllll OllTH'IeCKOfi Mo.aenn Hac IIHTepecyeT-

nnruh cPYHKUHSI W2 e 1{1 (k; p .) .. , omichiBaJOruaS! ynpyroe pacce.sJHne rr -;-Mesoua c. nM-

.nynh(;OM k1 li, k H8 HyKnOHe C HMnynhCOM k2 e: P .lJ.nSI 13bi.lleneHHSI STOfi cPYHKllllll 

nepennweM CIICTeMy ypasHeHHfi .( 90) 13 13H.lle:. 
\ ~ . ' -~ . . . ' / . . 

'( E·:_ H ) 1{1 =I W2j cpJ 
- - .· 0 . j~2 - - (91) 

! ' ' 
.__, __ 

-(E-:-Ho) ~j ~j~ wjk Cpk + wj2"'. 

· 9) .. - - .. ' - - .· I 31 
· B Rsno)KeHHH sToro naparpacl>a Mhi cne.aveM pa6oTe . • 
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.. 
;., ., 

.: . . • c ', 

· .Ll~mr sTope> a .ypaa.HeHHe · Ha , ( E ~Hol 1 .c -~OM01llhio "aneMeHTapHott ,MaTpH~bi pacceSI~ 
,· 

_\- _.....\ 

' . . ' ' . /93/ ' . • ' ' ' 
.( 0 caoricil'iruc . STOii /MaTpHUbl CM,IIO.llp06He'e .·· . lt ypaBH9HHe ( 91) MO}!{HO npe.llCT8BHTh .. · /.. · .. "' ·;· .. 
B ~IIepaTOpHOft ~OpMe:., 

(E-H~)t/t=W' 
' -· ' ·,' . .• 

. ·. 

·, 
/~. 

_,. 

0Tc~:O.a HTepauueil: nony'IHM_.ypaaHeHHe .lliiSI HHTepecyiOIUett,_Hac <jlyHKUHH 
/ ' .r 

/.i Ecim npe.lliiOIIO}!{HTb0 'ITO 
.:. ·• j· 

f. 

; ' 

·, ' .·.. • -· ·- ...; .;_ . ·, 'A - ~·.:.. .. _ .. - :..: . 3' I . ' [. 

·. TE-"&(k: p) I t/t (k; p)·=J·G(k;p;k';p'J l(l{k';p~)d(k'p') 
·. ' •. .. . . • • c . . ' . . - . .· '. :. . ' . . , 

·--·. 
:r.lle onepaTop ~ ,\.' 

:a .. , .' 

.. 

. ' 

' '> 

( 93) . 
,·. 

(94) 

.Llmr pea~bHbiX npouecco_a H ~afpuua ·. ~r ' ua-:aa MHHM~CTH · <!JynKUHH 
~ ... ' 

'• ,. 
'-· 

A I -~ 

'6y.lleT fa~ a:~~ ~Kna.i:t. B MHHMYIO 'q8CTb onepaTOP,,a . ~ G .• TaimM. o6pa30M·. cmepEl~~p G 

ianSieTCH·' i<oMrineKCHbiM ~- . H · aT'a • Ko.Mnner<ciiocTb o6ycnoa!IeHa p~an~HhiMH . Heyn_PyruM:n ! 
.... . ~ ~ ·:. 

npoueccaMH. -. 
'I . . ' ' ' J _:' ·.' .•. . : • -:' \ '- . . . ' •• . ' ·.. ' •· 

8 CIICTeMe U9HTpa Mace.. Tf -.MeaoHa .H H)'KIIQ~~oJ_Jl~t..P. = Q.:i .... Y.J::!8~~H..E£...~~2 
\ . . . . . . ~ -- . . ... 

• /· t. I _-.._ -~ ' 

fE- EN(q)-: -~rr( q) }tft_(q)~ J. .d(q;q' )·~( q')_d· 
3 

q', 

I.' 

a,; B: _KO~p.llHH8TH~M. npettCT8B1laHJ:fH; · 
.. ~ 

·" 

J 

·.·.-~--

' .• 

(95) 
,, ... 

·,· :.-
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(96) .. 

•,. 
', '1 E~·HN(fl_~H~ ~~)l~(x)=J~(i";x1 )tfr~i;) ci3?Ci '· 

\' 

r.oe ·ricx)li N H. (x) 
, TT ,· ; 

' ' ' ··' ' ' ' ' '\' ' 

raMi:tnhTOHHBHhi ,cso5o.oHoro .ll~H)K9HHH rr ··-MeaoHa H liylino;;; : 

Ha •. 

.r··. 
B3aHMo.oeitcTsHe aTHX qacTHII s .o5meM, criy~ae' onpe.oeriHeTcH HenoxanhHhiM one-
. " '' ' ' ' .·. '/ ·, ; ' ' ' ' .... ' " ': ' ' ' · .. 

paTOpOM 'F ( x; X' ).oiluaxo; eCJIH :ncxo.oHaH CHCT9M8 ypasHeHHli' ( 80) 'JlOK8JlhHa, I TO ' 

. Heno~an bHo6Ti:. s ( 9S) . np~.oc'ra~n;;eT':. co6oit · ~HLU ~ ·. pe;·Y ~hTaT. aalm~H .1:1: ~oop.oHHaT~oM 
' ' • , . ,. ~. ; I . ~ • . : . .~ . . ~ . ',:' •. ." . , :. ' .. •, , • '.. :· . • • 

npe,llCT8BJ19HHH T~ro. cp8KT81 'ITO B38HMO,lleilCTBHe .38BHCHT OT CKOpOCTeil: 

' ' ' ' ·, ' -· ' ' ' '· ''2: ; : ,' 
JF(x;x'.)tfr(?)d X1·=:F:(x;·v )tfr (x) ,. . / . 

r.oe F 
i 

. xoMnneKCHbiil · on~pa1:op saaH:MoileilcTBHH1 ~a~~c~~Hil oT ·cxopocTejf qacTHU: 
. . "' . . '· . ' .. . ,. . 

", ., 

F(x: v2J .,; I 1/kl 
~ ' ' ' ;k' 

I 

·=·I ' k 

' ' ' • .. ··. ~- ' 'k 
{F(x;Xi) c<Xi,:...x) ~r~ci"x~· = --. · · - .. arron ' ; . · (97) ~ 

-;; .. · 

1/I<I· Fk<x> ..;~--
/ 

•, 

., 

; KaK BH.llHO, soo5me rosopH~ He' cywecTsyeT KOMnJieKCHOrO 'nOTe HUH ana, KOTOPhiA' Mo:iK~ 
v • ' ~ ' ' • '>- .•. ' ' • • 

HO 5hiJ10' 6bi CBH38Th c onTH'IeCKHMH noxaaaTeJIHMH npenoMneHHH H nornoz.UeHHH rr ·:.. 
• . -~. ' • • • • o · . ' I 

M930HHb!X. BOJIH BHYTPH Hyxri(ma. 'O.Llaaxo 5 'cnyqae· ripHMeHHMOCTH reoMeTpH~eCKoA 
. ;' ·'' . . . ' 

OnTHKH 
,, ' 

,._,· . . · · ikx·. 
tP ( X)= tP 

0 
( X} e .. H 

rJtfr'<<x>· · ... o .. <9s> .( 
>ax

1 ! ·,: 

B 9TOM cnytlae onepaTOp '< ei) CBO.llHTCH K~ 38BHCHLUeMy OT HMnynhca '18CTHUbl KOM-:-' 
• . . • . • 'J 

nneKCHOMY noTeHUHany , '2 ~' ' ·. I .· ,; ' ; ; ' 

F (X; v ) I .. F ( X ; 'k. ) I 
. .· • • '\ . • . :. I~ •' 

. ;.-- < 
',• 

:..__

T.e. yci"IOBHH npH.MeHHMOCTH reOMeTpH'IeCKOil OOTHKH- C0Bll8,ll8IOT· C, YClxOBHeM cywec'TBO' 
- - ' - ~ '~ ~ . 

saHKH xoMnnexcHoro noTeHuHana s · ypaaileHHH "WpeilHiirepa.; B Tex )Ke, o6nacTHX HyK-
• - - I ' • • , ' 

JlOHa, r.oe aMnJIHTy.ll~ rr'' ;,:,Me30HHOA BOI:\Hbl aaMeTHO. M9HR9TCH 'Ha nP,o'TH)KeHH_H· .llJIHHbl •... 

";BOnHbl it' • cne.oyeT HCnonb3oaaTh '5onee o5LUH9 COOTHOLUSHHH. \. 

. ' npHM9HHM.OCTh. onTH'Iecxi!L.Mo.z:xenH y,nyqiuaeTCH' npH nep~~.cii~..._~!!_~!;!!l!!!:f-.llJIH~- > 
- ~ ~ \ : ; • • ' • - • ~ ' ' ' > ' 

,. JIBM.~BOJIH;--:-c·· . " . 
. '/ ' -~ . 

. '. - ' .. 
,llpyroa n~.llXO.ll K SH8J1H3Y '~.ll~pHoA ;. cipyxTyp~. OCHOBBHH~IA Ha' anna paTe M8TpH- . 

i ~. . ..._ ' . ' ' . . ' 

.·. 
I. 

,~.__, 

. ·· . .'·, L . .._ 

· .. 

. ~ . . ' 

'cj 

/ 

.· .. p 

, .. 

., 
): . 

.·' ; \ 3 

<P• 
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:, 

' ' 6 /95/ c ' ll.bl p8CC9SrHHHr H9Jl8BHO Dpe,llJIO.>KeH 5 pa OTQ ' .. • . TpyKTypa B3aHMO,lleACTBYIOillHX 

· ' . '18CTHU npu aToM xap4KTepusy~Tcsl HeKoTOpbi w al}ll}leKTHBH.blM noTeuuuanoM, KOTOpbiA · 
( . . ' . . ' ' 

Ha ISOJtbWHX pSCCTO_SHHHX COBD8,ll89T C KOMDJ19KCHbiM DOT9HUHMOM B38HMOJleACTBHH H 

·ero 06bt'IH'?M .DOHHM8HHH 1 8 Ha MElJlbiX paCCTOSJHHHX SIBJ1S9TC~- H9KO~OpOA l}lopM8JlbHO~ 
\. 

. _B9J1H'IHHOA He. HM9IOuleA -, npoci-oro I}>H3H'I9CKOrO CM.blCJ18
0 

.· · 

· o 8.2 •. B.bi'Iucneuue onTH'IecKux KoaQ:J<PuuueuTos . 

VfHTerP.a~bH.Q.ELn>~~-Keuud89.LonpeJlenseT.Koa~l}luuueuT'· K (r) · 'lepes· sHa'leuira .-- .· 2 .· 2 
71 (p). 3aMeHOI nepeMeHH.biX r "'U --~- p • V, . 'x l}lyHKUHA 71(yV_);.. 71*(V), 

K*(u) · = K (~) . aTo ypasueuue cao,lluTcsr K ypaaue~uro A6en/7if: 
. ' 

- J J 00 d 
71 •cvr~~J _.K*<u> u ... 
.··. _ .• ..;~ · .··.vu~v 

/96/ ' · pewene KOToporo xopowo . H3aecTHO : 
·--~- ·, 

00 

K *(t)a -4/rr f .. 
t 

d 71 *(v) 
dv 

dv = -4/rr r d71(p) dp (99) 
yv-t -·:r2.dp 

,'': .· '' 

,· ' 
_3Ta· «tJopMyna yJlOISHa B T9X ;CJ1y'I8.11X1 KOrJla H3B9CTHO 8HAJ1HTH'I9CKoe Bbipa>KeHHe. · · 

71 "'71 ( p) ·lO); OJlHSKO JlJIH B.bl_'IHcneHHH K ( r) .·no aKcnepuMeHTanbHbiM aua~eHHHM 
· -- 'I · ' • : .. · . . . /84/ 

. 1}>83 _ 71 t 15oJ1ee y JlOISHo. 'IHCneulfoe pewimue HHTerpanbHoro !}> ypaaueuus . { 89) · • Jlna 

ST~ro ypaBH9HHS ~¥.~~~-~IOTCH CHCTeMoA mt,~eA~bi!t/ an~~~~K_'IeC~HlC-tPahHeHHil 
·. "Tpeyrolt&uoA" !}lop~..:..- .__ · 
----- ··:·-----c~I.:;- ;__~~-. -:-.•.. ---:-~-~ 

. \'· X t =e,'!.e k ( re·' :~ee• i e =0 i 1 ;;2; ... L I 

~+-~~~-.c.:,.·~_:~~~:_._: ___ '_~-~--- . I.··-

\ ... L ·. · .... 

\ 8 t ;.. 2 '!. n ( ~r e~ ) 6ee• ; ; i . ' f•=l . -..., 

· < iooa>· 

( lOOa) 

. j . 

. r.ae. 

10) . . ' . ' • . .· ' .. - ' '• ·, 
. . c:l)opMyna·~(99) DOJ1y'I9H8 T8X.>Ke COTpyi:xHHK8MH:¢>R3H'IeCKOro HHCTHTYT8. 

_____ JL6y.aanewTe ..Q.oMOKOWeM: H CeiSaCTbSIHOMo .H 6naro,llapeH r.JloMOKOWy 38 'oauaxoM
. . . neHH8 c -peayn~TaTtwH-ero .seoJiytSffiiJ(_688HH.bl~CBbi'IHCJllHHA.--AHa1JR!H'Ie~I(O~- _!>f:}weuue 1 

)'pUH8HHJI (89) pacc~aTpHB8JlOCb T8K.>K8 IS pa60T~/81 •• · ·· · - . , ; · 

\ .. 

;·,. 

\ . 

\. 

. . 
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... ·_p . c 2 
t\ee• = ~ rhl . rd 

p \/r2....:: 2 

\ ·, . 2 2' 
'=yp -p -,\fp2 -:-p2 

e•+l e' . e· · .. e 
( 101) . 

I" I 
.\' e· ·· .~e ' . '··.· ; ·~-~ 

I 
. r '( . 'e = ~+ 1- Pe ) 12 

L ·- .nonHoe "'Hcno ¢a3, 
',.(I 

Bonee MenK:oe pa3Gnem1e HHTepaana HHTerpupoaEiHHSI He _LlaeT. yny"'llleHHSI TO"'HOcTn, 
~- - •, . . . > - . . . -..-.-. . . ' . ' 

TfiK KaK u.3 ;a~ceSIHliSI '"'aCTHU c LlnHHOil: BOn.Hhi ?i:, ~ Henb3SI nony"'HTb HHcPOPM~U~~ ~ 
.... • :: •• \ >. lj'.. . . . - . . . . ' . 

npOCTpaHCTBeHHhiX o6naCTSIX t\r < :\ • 
\ 

B Ta6nn~e XJ.Lu.:..1,1a puc. ·. 30 nprmeLleH.i:.r 3It,a"'eHHSI Ko~_¢¢uuu~·Hia nornorueuuSI. 
c- . . . --·~·--· > 

k ( r) , a hi"'HC1l!llUt~Le.Jxo_¢a3aM.:..H,~Ta6nuu~i-X 11 .' H all:6~nee TO"'HO n.~nu"'una k ( r) onpe..; 1 

LleJ1SieTcSI. e o6nacin cpeLlHHX 3Jia<ieHnii r ; IlPH· ·Manhix u npu 6onblllnx · r . . \ . ' B hi"'ncnen-

· ~hifi1 Koa¢¢n.uu.eHT nornorueuuSI Lla:me ·no· 'nopSILlKY nenu<lnHhi ¥O:meT ue coanaLlaTb. c 
·' • I. ! .., \ . 

HCTUHHhiM (cp. puc, 21]o )J.nSI 6onee .TO"'Hhrx 3aKn.ro"'eimfi ·Heo6xOLlHMo '3Ha~nTenbHoe 

yaenu"'enue TO"'Hocnl H3Mepe!mtt ce"'eHHSI ·u ( 0) ·,. n B nepnyro o"'epeLlb ~. n ·o6nac1'u 

· 6~:>nblliHX yrnos. 

B Ta6nuue X1 Y npnseLleHhi TaK:me 
J ' 

3JiaqeHHSI CpeLlHeKBaLlpaTH"'HhlX SJ.Qe.pHhlX 
.··~--· .. 

paLlliYCOB HyKnOHa 
--:--·~-~--:----, --. -/ --:~----~··; 

· <r 2; =- fr 2 k(r)d
3 

' . 3 
''~- . { k ( r) d X 

- ~ -··--- -~- .. --

X (102) 

.! 

·BenH"'IiHa 9THX paLlli_YCOB OKa3hiBa_aTC_SJ n):m6nll3lljenbHO ~Oit :me, .. 'ITO II BenH"'HHa . lJ: . 

"aneKTpH"'_ecKoro" u "MarHn~noro~ paLluycon npoToHa,_::;:r 2 :>~ =(0,8 + 0,04l.W~-:-.'' 
. . ·.. . ~-""' ........ ~-................... . , "'""-·~--.. e,m .. ~.,""··: ... ..-.. .,~·._::;'"': . .., ... ~::··.,. ..... ~-~~-··. . . . ' 

nony•IeJIHhlX H3 'Ollhl TOB C· pacceSIJIHeM 6hiCTpblX aneKTpOJiOB,. 0LlHaKO B OTnH"'Ue OT 

\ 

' .; I ;__;..,___.....,.,.,.---";~'""-· ,__ •. ' -' . ' • 

nocneLlHero dny"'a.H, r Lle, reoMeTpH"'eCKHe pa3Mephr · "'a~THUhr-:-ny"'a ··. ( aneKTpoHa) uaMuor~ · 
' ' ·. •./ . . ' .. 

"\ r-

Mellbllle pa3MepOB ,HyKnOHa, H H3 OllhiTOB C pacceSJJIHeM MO)KHO HenocpeLlCTBeHHO nony-

"'HTb cBeLleHHSI .o pacnpeLleneHHH aneKTpuqecK~ro GapSJLla 11 Ma~HHTHoro MOMeirTa. B 

nyKnoHe; a. cnyqae pacceSIHHSI · .HLlepHhiX _"'aCTHU. pa3Mephl pacceusarouieitcs1 "'aCTHUhi, . " , . . . ~. . . . r . 

OLlllOi"'O riopSI.ziKa C pa3MepaMH HyKnOHB H Kp9cPcPHUHeHT k ( r) "cnO:lKllhiM I~l!Terpanb- :, 'I 
' . . . ' . . . . \ 

nhrM o6pa3<?M 3aancuT oT ~efi-.HLlapiio~ame~c.:r.J3a o6eux a~auM~g~UcTnylorunx 
·;l . •. ' . 

'" ,"'aCTHU, 

\. 

'~ .• 

.,. 

{";--: 

C.· '., 

·' 
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· Ta6J1Hua . A:1Y 

OnTHQeCKH~ ·K03qnuu~eHT. norJIODteHHR k(-z..) 
(B ···.elHHHUaX1 10+13cll) 

' ~ ' ., ' . ·. 

... 

' 
/ ' 

r-----~----~-----~--~-~------~--------~--------~--~-------------

. ' ·~ . 

. 'Z· ~00\ 
p-r 

·T=b15Ei~&._ 
. / I . . . . . . ' 

· ' 1 ' • • · ,I", • ; , I 

K~-P I 

T:: /, 5'· E";)B 

--------------------------------~-------------------------------·· , r· · · ,I 

. , 0,1 .. 

0~2 

0,3 

.0,4 

0 5 . 
' . ' . 

"' . 0 6 I ' .· 

A 

0,7 

0 8 
' 

0 9 )! 

' 
,:10 

·' 

2,65 

. : 2 

,1,4 

I 
' 0,7 

\:';-

'0,5. 

0,34,' 

0,24, 

0,18 

0 I3. ·. 
: ' ' 

0,1 , 

'0 '65' 
! , ' . 

II 

'I I 

' 

'' 

.00, 

~ 00 

c<» 
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. ' 
0 85~ 
' 

0,59 

o;39· I' 

(),26 

0,19 

0 13 
' 

ii,45 

1·14 
I t , 
I 

0 94 ' . '~. 

0,75 

. 0,53' 

0,46 

0,33 

0,24 

·o·,1a· 

0,13 

o,oo 
'0 05 ' ' 

,o,~4 

0,28 

l '' ~,24 

,; 0,21 1 

·.0,17 

0,13. 

0,1 

0'07 
' 

0,045 
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' I 

0,008 

/. -
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I 
. no csoeMy .<PHaK'lecKoMy CMbicny. 'onT~'lecxua ·. xoa<P<PHuKeHT nornomeHHSI 

'k(r) .. ap(r); '<-103> 
- .~ I 

r.ae p (r) ~ · uexoTopaH · ycpe.aueuuaH. nnoTHOCTh H.aepHoro semecTaa, a a·- ceqeHHe 
' < '··-~·'·\ 

n·~I"nOUlEIHHSI '> na.aaiomeA '18CTHUbi 1 . KOTOpoe1 • B0~6Ule. I"OBOpH~ 3/lBHCHT OT ee ::m'epr.HH • 
.. ·· ·· .. ····~-

EcitH "i8CTHua-MHW9Hb ueo.ziuopo.a~a no: csoeMy COCTaBy (aanpHMep, npH MMb!X'.napa-
' - ' • '• !._ I ' . ·, • - . . . . • ! ' . ~ 

·Me.Tpax y.aapa cne.aye_T Y'lHTbiBa'rb xepH 'urx'noaa), TO k (r) o_npe.aenHeTcSI c:yt.iMoA 
' ..... 

,'c"inOHOB THII8 '(103): 

k(r)=ip (r)+·a·p (r)+ 
' .• 1 1 2 2 

(104) 
' 

Tax KaK 1-o.WocT!. HaBeCTHbiX B ilacTosmee speMH axcnepHMeHTaribHhiX .aaHHbiX :I 
, ' ' . ' 

aesenHKa · H aHa'leHHH k ( r). a · ci6nacTH Manblx r · onpe.aenHJ?TCH o'leH~ · nnoxo, ·To <jlop-

Myni.I ( 103) H ( 104) npaxiH'Iecxu npHao.iiHT K· ~llH~a~o~biM peaynhiaTa~. ecnH ce'leHHH 
... .. ' ' . ' : 

B38HMOllOACTBHSI ·c, KepHOM H· 'nepH<jlepueA H~ CH.nhHO ·pa3mf'I810TCSI IIO CBOeA senH'IHHe • 
. . ! 

··. KaK ~O~aaanH p8C'l9Thi1 B cnyqae p-p B38HMOllOACTBHA 1 .a TllK>Ke IIpH B38HMOllafiCTBifH 

npoTolios. c. rt . H ..;.;.k_=MeaoHaM.,~~-cp~~L~~L~3) HBnHeTcil xopowHM n[m6nH)K-eH~_7M• 
·, 

eaTa npeno~neHHH: 

n(r)=and p(r) (106) 
\_: . ' 

' -13 
r > 0,5•10 CM 3Hil'IOHHH ~oa<jl<jlHuueuTa· ~ (r), . ' 

'Vfa puc. 30 BHllH01 'ITO IIpH 

B cnyqae rt_-::P-~-~JC. P:O:P. B38HMO.aeACTBHfi ~paKTH'IOCKH 'coana.aa~T~_8To y:KaabmaeT Ha; 

:T~1 .;;c~:IHH,el a (rriT) ~.11~~~:--~~;~~;~-~~~~~:;~-·;:;~eHH~~ ·. a(rrN), •• Paami'IUIO ·. 
'· 

Koa<jl<jlHUHOHTOB k (r) r , Henb3H npH.aasaTb 'cepheaHoro aHa-
'• 

OIIpe.aenSIOTCSI O'IOHb He~O'lHO. 
. . . . . ' ) . ~ ·. 

C TO'lKH. 3p9HHsl' MO.z:ienH, B KOTOpOfi HyKnOH H llHTHHyKnOH .COCTOSIT H3 KOpHil , 

H M030HHOA; o6onO'lKH 1 cn~llOBah~ 6hl O>KHllllTb1 <iTo Hll ,6on~WHX pac;TOHIIHSI~ r :::·to it . 
·. BenH'lHHa IIOI"llOUleH~SI B ~ny~ae p-p, H p-; B~~HMOllOfiCTBllfi 6yLX~; IIfm6nH3H.TOnbHO 

' . ,• .. ·. •· ',' ' ,: . . -121 : . .· . ', . ' ' . 
OllHHilKOBOA ( cp. § 2.2. H3 pa60Tbl ' . ) • O.aaaKo. BblqHCneHHbie 3H8'lOHliSI . k ( r) paanH- . 

: . : ·. ''· . . . 

'lll!OTCSI 6onee 'laM BllBOe. f1o-BHllHMOMY / 9TO CBSI3SHO C TOM, 'lTO llnSI paC'lOTOB 
' ' 

1 
HCnOnb30BilnHCb O'IOHb HOTO'lHbiO 3H8'l.eH_HH. ~H<jl<jlepeHUlldnhHOI"O C9'l9HliSI,' . p -p 

·HUH. ' 

··.· 

/" . ' 

'. 



\• 

., 

) 

106 ! 

,' 
'I. 

"'· \ 

•. 

I,., 

Ha M81lbiX paCCTOSIHHHX ll01"'110IUCHHC 8HTliHYK110H05 3Hll'lHTC1lbHO npeBOCXO,IlHT' "' 

nornomeune ·npoTonoB n ;., -Me3oHoB. 3To, MO:>KHo o6'bHCHHTh 6onhWHM ce'{eHneM · 

81UI~l"'lf11SIU~Il K~pHOB 'npOTOHli II anTHnpOTO,Ha~ Pa3HOCTb .k c(r)= ~p(r)- ~PJr) 
xap~KT.epn3yeT cTpyKTYPY KepHa,. vf3 ~pnBe.aeHnhiX 3HA'l~HHl1 k(r) · cne.ciyeT,' 'iTo· y.aBo~ 

. . . . . 13 . . . . 
Clfllblll pa.aHyC Kepna 2rc ~··. 0,4.10- CM, T.e. r c .. it/MC •t• I 

3na'l~HIISI KO<Hp~Hlli!CHTD. k (r). B cnyqae k-- p . B38HMO.IlElilCTBHst :3U8'lHTC1lbHO ,\ 
' • ' J 

HIDH:e,. '!eM B .llPYl"'IIX C11Y'l8HX1 803MO)j{H0 1 STO CBH38ll!' C TCM1<'lT~ CC'leime (1 n. 1 
. · · /60/ ·· · · · et. 

118 KOTOpOe IIOpMI!pOBD.HO. CC'ICHIIC . u( 0) B pa6oTe .. 1 HB11SIOTCSI Clf1lbHO' 38HH:>K,OHHbiM, 
.. ' . , 

Ec'nu ·.ann uop~npoBKif Hcnonb3<?BD.Th 3naqeniie. u ef . , nonyqeimoe aKcTpanonnuiie!l U3 

' o6naCTII MOH bWliX aneprn!l 1 TO KOScPcPIIUHCHTbl . k kp :( r) H. k llP. ( r) OKD.3b!B810TCH 

o.anoro nopnp.Ka BC1lii'IIIIIbl, O.anaKO l;e I HCHO, H8CK~1lbKO TAK~H aKCTpanonni.inn. ceqeJIIISI 

a0~ oaxonua. 3.TOT oonpoc TP,e6Y:eT. eme yTo<lnemtn. 
' - ' . 

. i~ .. Bb!WO OTMC'Ill110~b. 'iTO npu T:»l Ba8 anepreTU'iSCKASI 38BiiCUMOCTb cPil.3 x<p) . 

. ~'cTaHOOHTCSI, O'IOHb cna6oll.• C TO'IKII ~p~HH~ Q~.fli~CQKO.ll_,M(?,D-_~_J.lll S!_9_9~}~,aeT; 'iT?' ' 
• . . I , , , I 

npn 6onhwux aneprunx. cTaiiOBHTCSI ue · 3ABHCHIUHMII 61- aneprlin 'ceqeuust u . B cpop-· 

. My';;~-;~~;-~~-:;:~~: Koaci:Jctmun~~T n,6rno~~nnn 1 Mom~IO 
npn6111DKCllllO :38niiC8Tb B Bli.llC! -.·· ·"' 
' 

i . k
1
(T;.r).,.:K(T).k*(r), 

"'•...-" ,···~ ...... ~--···- "' . ... . .. ~ '(107a) 
'0 

r.ae K (T) ""a (T) I a rr ., . ; a k*(r),e k(T* ;r) Koaq>tlmuueuT nornomeiiiist, : 

nooecT!lhill 1!31 onhiTO.B np~ 'ueKoTopcill aneprm1 T =,T * . 

B TaKOM me ouhe MO:>KHO 'npe.acTaBiiTh Koaci:Jci:JnJmeuT npenoMnmmn: I . . . .. .. , 

< :n (T;r) =·v.(T) k*Ck:) •. ( 107a) · 

¢ynKIUill K ( T) 11 ·v (·T) MO:>KUO. on,pe.aennTl> no cpaDueuun c SKCnepnMeuTanbHbiMif 

ce'lemmMu ~ ( T) , .. ~JT~. ·~ e'e (~) .llnn a~oro n cPOP¥Y~a~ '(23-)-(2§) cne.ayeT nono~HT~ 
' ' / I 

-, ~ e (T) ... K (T)-xe ·; a~· (TJ ~v (T) a*e ,, (108), 

. f . . . . . . . . ' . • 

. rf.Hl rjJA~I>l Xe II :g"'e QllJlOAO/Hllll>l c llQMOI.l.\hlO cpopMyll (88) no li3DOCTilbiM 31lll'lQIUIHM 

,- '( . ) /79, 00/ . 
.t r . 1 

' 

1~1/l PIIClo ·2,0,7 (nyi~KTIIPQM ) . yxa::H\1;1>1 . OOlJOIIIISI (1 (0) • 81>1'1HCnO~IIbiO no onpo-; 

ACWOIIIIIIIM- TAIUIM ollptlOOM ·::lllll'IOIIIIIlM K (T) 1 l<m~ 1HI.Ilii01 a~Cr!OpllMOilT U TOOpiHI xopo-
, '• I \/ 

IUD COJ'IJtlC)"IOTCilo 

,i. 

,/ 

; ,· 

\. 

,::_·.)• 

'"r··· 

:,.._,. 

.. 



"·· 

I. 

. I /91} 
:O.naaKo, ,KSK IIOK83811H pac'leTbl . i 3H8'19H!HI '\ ~- (T) T8KHM cnoco6oM onpew?- ( 

. miJOT~SI, p~eHb 1IeT~'IHOi H3MeHeH~e B911H'IHHbl. ~eqe~Hi( B~ero 11Hnib ·. Ha 1%..:.2% Bbl3biBaeT 
c' \ - I·-· , "•_' , 1 • f.-· ":I '• ·~.' '. ',, ' 1 

• ' 

H3~eHeHJr'e v(T)IOpS!.LlKll 50%~ ' .\-

,,._ .. _ 

.. B .. ,cny~ae Tt.,. N asaHMo:OeitCTBHH MO)KHO~nony'IHTb 3H8'1HT91lbHO '6onbill~IO -TO 'I~. 
HOC'rbo eC11H ,Ll~SI ~OIIpe.neneHHH, -~ (T) HCII01lb30B8Tb.~bi'IHC11eHHbl9 ·c' IIOMOUlbiO '.LlliCIIep:_ · 

CHOHHb!X CO~THO~e!IH~ ~H~'l~IIH~ ,.peanbHOit '.i~c-iH·· :~~nHTY rib! D ( T; 0). ~-. co)K~neH-~~.- . 

a .n~yrlix ·c~-Y~~nt sirrM: c~~coGoM. MO~Ho o~pe.neri~Tb ·,. ~ (.T) ~Ho~a nH~b ·.no' n~pi:O~y 
' ~ •• ' • ., J • ·: •• ~ - •• -·..,' _.\ ·._ ...... • • • • -

. r ':BenH'IHHhlo TaK K8K ./ 3H8'18HHSI D( T; 0) . H3B8CTHbl. ae.nocTaTO'IHO .TO'IHo.:·' -

.. EcnH ~Ha'le:HSI ;~•.(T)_:;·~3~~~TH~I 0 . Tci·rr~ ~OpMynaM (22) H. (28) HeTpy.nab; Bbl"7 
' . . ' . . . .. . . ' . . . . . . . .,. / . . .. . .. . . 

';, 'IHC11HTb ~enH'IHHy pea~b!IO·fi: '18CTU 8MI111H'.ry.Llhl, ~J T; 0) (cM.p}fCo 31) H 'ceqe~He 
~e.nH<iJpaKUHOHHOrti, pacceSIHHSI . 

(toe) 

: . .nnn yrnoB 0>0° ', .. : 

, I 

\ 

;._. 

:'' 

. '\ - ',·- ' 

P,Hc. 31. PeaJ1bH8SI '18CTb aMII11HTyahi ynpyroro ... Tt - p P~3 
. ceSIHHSI rrpu aaepruu T= 1, 72r Baa ( B _e,D.ua~u~,.. 10 , , eM h 

I '· 

1. 

·' 

'I 

' \ 

'•, 
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:·..,. J' 1, 

-.:v-·o··s,, 0 

'Hoii· Ani-!Hbi 
' .~". '. ' ,.il,' 

B _ nocnennne· ronhr- neonnoKpaTHO BbiCKa3biB~nacb _MbiCnh, 'ITO na caMoM nene,~ 

MO)KeT cyweCTBOB~Tb npeaen' rrpHM~HHMOCTH o6bi'IHOI'O rrpOCTpaHCTBeHHO..;BpeMeHHOro' 
F • • , - •'. • .·~ ' ', ' , • ' , 1. • • " , ." 

OllHC8HHR CTpyKTypb! '18CTHU 1 CBR38Hllb!i1: c- qymecTB.OB8HHeM HeKOTOpOlt "aneMeHTap-
,:-:1·· .' 11)',':- '·-_.: .','·. - I ,·•, ·.,· · '•' . ·, - .·, ,', ( ·' 

HOH AnHHbi". • 3Ta. MbiCnb H_awna CBOe Bb!j)8)KeHHe- B paanH'IHb!X B8pH8HT8X TeOpHH 
'. , . ~ . . . •' '• /, ~ ... 

"nenoKan'bnoro nom1" nnu. "nenoKanbHoro ;:aaani\.OneiicTBHR". (C~.-; HanpnMep;-. pa6o~,: 
/98-100/ ' - ' ' : • -, -' , - ; , '. , , , I • 

_ Tbi 1 rne npuseneHa nonpo6nag. 6H6nnorpacpHR). C _'IHCTO aMnHpH'IeCK9l1 _TO'IKH 
l -· . ' .. --· .. ·' . - ' . . 

l .· apeung Moilmo 6bmo 6hr. roso}:mTh o -·HenoKan~:>~ocTir,· iorila ·oKa)KeTCR · ~esoaMO)KHbiM. 

.ncronl;aosaTb ynpyroe pacceRHHe qacTmi _ KaK cpe.ci,c'fso uayqeHHSI nx cTpyKTypbl~ 

., 

·'! 

' EcnH . npu' -~ .... 0 'see yrr~yroe _paccegnue ~~KOT~~oii: BHYTP~HHeH 'o6nabTH 
<' < 

! . . . . ' . - < < •• :. ' ' < • 

r·.< r o· 

6yn'eT cTpeMHTnCR .K. nucppaKuiwHHo~y pacceSIHHIO Jia "qepnoM wapuKe .. panlfyca 

TO yrrpyroe paccegnne y)Ke He 6yneT nasaTb HHKaKoii. uncpopMBUHH 0 BHyTpeHHelt . . . / -__. . - . ' 

r . -~ . . 0, 

CTPYKType. STOll. o6,nacTH, .·H MaKCHManbHaR HHqlOpMauusi 6yneT orpaHH'IeHa cseneHHSI~' 
' ' - - . ''-

Mil 0 BHeWI!HX < paaMepax II uiapu~a". 'B . 9TOM c~yq~e BMeCTO ()llHC8HHSI npOCTpaHCT~eli-
• , ' • •' ·. • ' • - I , ' ·':' •, • ' , ' •:- ' • •\' < • • / o \ ' 

Ho-speMeHH<;>ii cTpyKTYPbi 6one~ !'la)KHhiM ·cTaHeT' sorrpoc o- B03MO)KHbiX .rtaaanax npespa-
• . . .•• ·' .• ' • ,· .. ' ··. ,. 1 ' .>~ . 

'weuug I _'IEiCTH~bi I!p~ ee ' B3aHMOAeHCTBHRX-c 'iraCTHUeH 'nrqa. BelUf'IHHa ', I r 0 . c STO~ 
' " ." . -- ~- • - ., • - ' . . •·. ' . f :··· • • ~- • • • '., 7' 

TO'IKII 3peHHR II eCTb TOT· MaCWTa6 AnHHbl 1 KOTOpbilt OI!penenSieT '" HCTHHHYIO. HeliOKanb··' 
- ·"'--:\ .- • ' •• • < ~ , • ' • ,. - ~ • 

HOCT~,. T,e. :rrpenen irpHMeHHMOCTII. ~poc:pa~CTBeHH()~~pe~eHHOijO OUHCBHHSI CTpfKTypbl 

' •raCTHUbi, 

no 'CMbrCny CKa3al!IIOI'01 :paaMep_ HeliOKallbHOCTH_ r o He AOli)KeH RBliSIThCSI 
'.·-~ . -.• ·- . . ·, ' • • • r . "' ~ ', .. , .\. ,: ·. , . \ ~ 

.KaKoil:-TO yHUBepc·allbHO~ Mttj)OBOH ITOCTORHHOH, a MO)KeT aasnceTb OT pona·53aHMo-
.. J' 

neitCTBUR. 
'~ •'. 

TaKHM o6pa,aoM~ c 'I)ICTO aMnHpH':ec~olt TO'IKII ~peHHSI sonpoc' o · uenoKBllhHO~TH 

. csgaaH c acuMIITOTH'Ie!cKHM rroseneHueM'. KoacpclmuneiiTa . k(r) '(nnH .6~nee o6uie, .. .... . . . 

cpaahi 71 . ) . rrpu · r..;, 0 .' H '~T -~ oo • . - e . . -

via rrpnse.deHuoro B ;npeilbrilyweM rraparpacpe: oriT~q~cKoro aHanir3a -~Hnao, 'ITO 
,· • • ' -.. • • • ! ' • 

cl!aMe'laeTCR, TeHneHUll£! K B03HHKHOB.eHIIIO "qepHOTbi~ B UeHTp8llbJ;IO_lt' o6naCTH HYKliO-. 

Ha. 

·ewe 

Oil~aKo. KaKo~o · 6y ne;r noseneli~e Ko;cpcpHuHenTa rrorno~eHHSI npH nepex~ne K 

6onee _Mall hiM ~na'leHHSIM.. r ( r 
1 

;, · 7t ) ..-.ewe cosepweHHO neSicHo. • mn · . · .. 
. . . ' \ . . . .• : . ' ·.· ' /84/ 

11) B- nsno)Keuui. :noro iiaparpacpa Mbl cnenyeM paGoTe ·• / • 

r 
. \ 

--, 

., 

i' 

' ~~ 

·nbm'• 

-,! 

nprr. 

Ilj)HH 

·.nSiel\; 

HHBll 

IIHB8 

_ rne 

;lb 

·anTE 

seK1 

··Tem 

i· 
rme 

. rrpn 

orrpE 

I 

'· 

nn.!l 

i " 
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Vb cPOpMynbi ( '70) BllnH0 0 'ITO CyiUeCTBOB8HII9 "'19pHofi" o6naCTII r. <· r 0 HaKna~ 

np11 r < , r 0 • . 11 

1T 

J ya(fJ) Jo ( r.Sin (J 

0 ~· 

J 

( 

. Sin (Jd(J .. il: Ci to) 

., 
. .LlanhH9Hlli99 H3y'I9HII9 SHepr,eTH'I9CKOfi 38BIICHMOCTII ynpyi'OI'O paccesimiSI IIM99T 

- \ 

. npHHUIIITIIane.aoe saa'!EmHe. 
. "' 

.. ' 

I. 

MIIHHMan,hH,biii, MacruTa6 npocTpaHcTBeliHo-speMeHHoro onHcaimil·. r 
0 

, · onpene-. 

JISieMblH p83M9~0M, ;'lepHOI'O lll8p11Ka" 1 ~0)!{9T 6bri:b BBeneH. B TeOpHIO penSITIIBIIC~CKII
IIHBap1I8HTHblM o6pMo~., .Llmi s:roro ciJasy ·pac6emiHOfi1 BOnHhl · .TJ e t KO;OpaSI SI~n~eTCsi! .! 
IIHB8pH8HTOM,. 6yneM· paCCM8Tp11B8Th KBK cPYH~UHIO nBYX' IIHB!ipllaHTHbiX Benii'IIIJI,, 

i . J1. ,2 
(piLP .. )' .. 

P· PJl. 
D 

. J1. 
'·(lt~t 

I 

&~vaf3~ nonHocThiO aHTrrc~MMeTprr'I~Brlt ennHH'IIlblii TeHaop 'leTBepToro pa~rai Ma/3-. 
aHTIICIIMMeTpli'IHbiii .TeHaop MOMeHia Konrr'le~TBa nB.II)!{eHHSI; P - 'leTbrpexMepHbiii " · ·· 
. . . . ·.· . ' ' . ' ·. . ·.. : '. . J1. . . ,· . 

. B9KTOp SH9pi'HII-IIMITy'nhC8_BCefi CIICT9Mbl B uenOMj • Pp. -. t~KOfi )1{9 B9KTOp nnu OTHOCII-

. '. T9nhHOI'O nBII)!{OHHSI paCCOIIB8IOrUeficSI '18CT11Ubl. ll '18CTHUbl-MIIlliOHII 
12 ) ·: 

~, ' ' ' r 

\ •. c ITOMOIU.hlO 9TIIX IIHB8p118HTOB "'lepHbifi ruap!IK": MO)KHQ onpeneniiTh K8K ycno-. 

BIIO H8 ciJasy: 

.,. 
e· 

ioo . ~ ecn11 D/F < 
2 

D /F>, r o ¢aaa · TJ e HBnSieTCSI K~He'IHOii BenH'IIIHOii •. npn 

( ll2) 

) ' 
··, 

' . 2 ' 
B o6oHx--cny'laSix · F 2 Po , rne fl~ - HeK~TOpbiH nocTaTO'IHO 6onhlliOii IIMITynhCL 

onpenenSIIOlUIIH H8CTynneHIIe ~'lepHOTbi" • 
\-

. ; s'enii'IIIH8 D!F 'sian~eTCSI -~nepa~o_poM, ITOSTOMY. HepaBOHCTBO ( 112) onpenemiHO 

nnSI ·ero co6cTaeHHbiX aaa'<leHHii. B c'HcTeMe ·ueHTpa Mace, rne 

. ' . --., ~ 

; ;· 

p =0 
IL 

,· .. 
' \ 

J. 

1 

.· 

I 

\ 

I 

'· ' i 

\ 

!, 
1 ~ 

ji 
1: .n 
I' 
t' 
1! 
li 

·\\ 
il 

-!: 
j· 

!! 
ll 
!\ 
!I I. 

II ,, 
i: 
I' 

-! 
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,.--, 

2' 
D -· M 
.F. = ---p-2 

\I,• 

·.,\'' 

P(f+l) 
p 2 

.. , 
~ .. ~· 

;· ,. 

'(113) 

··. 
~pexM~pHhrii, MOM~i1~ Konn:'leCTBa .OBII)!(eHn:SI, a p-TpexMepHhrfi HMnynbC 

' ~ / • ' / • • < 

~·riiocMTenhnoro .anM)!(eHHH.- · KaR: BH.OH<?• 1_senn:qaH:a D IF penSITHBIICTCKH HHBapn:HT-.. 

HhlM o5pa30M orrpe.aenSieT hapaMeTp CTOilKHOBeHHSI, 
! ' ' . 

' ... ·I' I ' 
8.4. Crrn:HoBaSI n: n:aoTorrn:qecKaSI aasn:cMMOCTh orrTH'lecKnx Koa~~nuneHTOB 
. ~~~~~~--·--~----~----------------------------~--~----~~---------- \ 

KaK 'y)!(e OTMEl'l8ilOCb B .. §: 6,3 1 rrpH yqeTe CITHHOB li· H30TOITHqecKHX .CnHHOB I 

aMnnn:Ty .a a paccesi~n:SI HMeeT a'Haqn:T~nhHO · 5one.e cn~)!(Hbill sn:.a, . '!eM (22). <Paab{: paf:"": 

ceSIHIISI 'B 9TOM cnyqae• 38BHCSIT; B005!lle ·: I'OBOpSI1 He ·TOilbKO OT .op5HT81lbHOI'O 'lliCil& ,· 

n8Ll810lllefi '!SCTH!lhl e I HO H. OT op5n:TanhHOI'O 'lHcria pacceSIHHOfi 'l8CTH!lhl e I ;;, e 
. . : .• _ ... · ' ' ' ' . .· . /61/ 

. , 71 "'71 pp;(S;J). ( _s - CYMM8pHhlfi cn.IIH 1 . J ,:-7 MOMeHT C,TilllKIIBBIO!llliX<;:SI qacTH!l ) ~ 
I . . 

0.0H8K~ .OilS! ~83 MQ)!(HO no-· npe)!(HeMy HCI101lb30B8Tb OnTH'IeCKH'e · BhipaMeHHSI. (8S) H' 
•.. . . .. ' . ' . . 

( 89), ecnn: yqecT61 'ITO n_apaMeTp · y .aapa:, a, cne.aoaaTenhH_D., 'n: 1nornomeHne. na.aaro

mnx , , 'I~CTHU BHyTfHI: 'I~CT~!lhl-MHWeHH 1 ~np~.ae~SII~)TCSI ~p5HT8~bHh!M 'IIICilOM .-~ 
3H8'leHIISI f• cne.ayeT' pacCM8TilliB8Tb npn: 9TO;,:;· K8K' napa~eTp1 onpe.aenSIIOullifi CnliHO

'ayiO aaBncnMoCTh o~Tir'lec~n:x' Ko~~cl>n!ln~~TOB~ K~oMe -~oro~ a q-,opMynax (88) ~~-·(89) 
. n?58Bl!TCSI n:aoionH'leCKIIfi HH.OeKC T.• 

.. ... 
'·' .. , \. . 

· Ecnn: cHoaa npe.ariono)!(HTh, 'ITO .anSI onTH'lecKrrx Koa~cl>rru.rreHToB' cnpaae.nmtBhr 
.. . . .. . . . ~. ' . . . . : . . . ' . ' . 

npH611H)!(e~Hh!e Bhrpa)!(eHHSI ( 107) 1 , TO ll3 c'paBHe~~g ~- 9KCnepn:MeHT81lbHhlMII ceqe-HHSI-: 
I . . . . . . . ~ 

MH 'n".aaHHhiMH no rronSipn:aaun:n: MO)!(HO onpe.aenHTh sHa'leHHSI · K. · ( T) · n: v 
5

' .·( T) 
, .• • , t . .~ · · S, _r .. 1 , T 

K co:lKaneHn:10 1 n:aBeCTHhre B HaCTC)SIJllee speMSI 9K<?rrepn:MeHT81lbHbre .aaHHbre oqeab 

HeTO'IHhl n:,· K8K- nOK8381lH pacqeTb! 1 .l:lllSI- HX OIIHC8HifSI' nplii'O.OeH' WllpOKIIfi. IIHTepB81l 
/ ·, '- • . I • ~ • > • 

·: aHaqeHrrii K. II s,_T 
... 

1's T' , 

o I 

r ,,· 

HeTpy .OHO noKa3aTb1 ''ITO nonSipli38UHSI pacceSIHHblX 'l8CTifU 
' . k ·. '.. ( . ' ' 'Jl03/)· ~ 

o5p,amaeTCSI 5 _ Hynh, 

ecnn: n S,T~ 0 n:nn: 
). 

'-

~. T -> 00
, Cp. § 6.2 n pa6oTy · • ·. 

'1 X. 38KiliO'IIIT.ellbHbie 38Me'I8HHSI 

TaKn:M. o5paaoM 1 ace_ ifaaecTHhie . aKCJiepn:MeHianhHhie .aaHHhre no· ynpyrHM 
'\ ; . . . •, . . 

aaanMo.aeiicTBIISJM 6hrcTphrx, qacTrru MO)!(HO o6'bSICHHTh TeopeTH'IeCKH. O.aHaKo aTo 
' ,, _, ' .. \. ; . '. ' . . J . . ' . ' . ' ,' ' ' 
o5ycnoaneHO . He CTOilbKO K8'1eCTBOM TeOpliii - K8K Mhl .BII.Oenn: Bh1WI:) 1 TeOpliSI ynpyi'HX. 

··j, 

"' I ', 

.r' 
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B38HMO.JJ.eHCTBHfl UpH_· 60llbW-HX' 9Hepr~SIX ewe. TOllbKO H8'1Hil89T pa3BHB8TbCSI - CKOllbKO 

rpy6ocTbiO 9KCnepHMeHT811bHbiX. ·:naH!IbiX. TaK K8K B 118CTOSIWP.e ape~.Hl !leT IlOClleJJ.oBa-
. . { . ~ 

Telli:,HOJt TeopHH. CHllbllb!X B38HMOJJ.eHCTBMH 1 .TO 'o6bSIC!Ielllfe; 9KCnepHM9HT8JlbHblX JJ.aH-
< ,, ' - --. '· • 

Hhix no Heo6xoJJ.HMOC!il csSJaaHo c nocipoeilHeM nonycpeHoMeHonornqecKHx ,MoJJ.enbnbix 
. . 

TeopHi11 no:0o6_HbiX onHca_aaoil Bbi.We onTH'I9CKoii TeopHH • .llnH JJ.811bHeiiw~ro paaBHTHH. 

T8KHX TeOpHii HY.>Kilbl. ~OBbi.e 9K~nepHM9H;allbHbie · cpaKTblo · 
' ' '·, ·'. 

'' 
· EcnH ocTasaTbCH s npeJJ.enax 10 -.20%-hix -TO'IHOcTeii, c KoTopbiMII shmonaHeTcSJ 

B H~CTOS!lll9~ speM~ . 60.TlbWHHCTBO aaMepeHHii, ~o_. TPY JJ.HQ O.>Kl1Ll8Tb, 'IT06b! B' o6nacTII 
, c • .... • - '. ,.:_. • ' - - '. - • ' • ~ ' 

aaepraii nopSIJJ.Ka · aecKO.TlbKHX JJ.eCHTKOB Bas y JJ._anocb nony'IHTb c:;ymecTseHHo HOBbie 

p_eaynbT8Tbi. · .rianbHeltwali nporpecc npe.>KJJ.e acero CBH38H co 3H8'1HTe,,bHbiM noBhi-

. WeHR eM· TO'IHOCTH. H3MepeHHlt H ynyq~eH!l9M 'HX M9TOJJ.IIKH. 

B .lacToSJmee a·peMH aecpas1iellao 6onee sa.>KHbiMH HBllHIOTCH nosTopHbie. naMep~:

HIIH npit OJJ.Hoil"' II ·Toii .>Ke aaeprHu c uenbiO ua6opa cTaTacTHKII a 'ucK.TliO'IeHHH cHCTe

•MaTH'Iec':!{ax owa6oK: · qeM-" 10..:. 20%·-bie H3MepeiiHH .. npH ~ecKo~bKHx auepr11'slx. 
-· ·_; . .· . . . ·-. - ' . . . - "·- - " 

9KCnepHMeHT811bHOe HCC119JJ.OB8HHe·· KOTO" 

· pb!X npeJJ.CT8B.TlS9T H8H60.TlbWllii HHTepec: 
> ,· '< - ' • ~ • • I ' • • • 

--·-' ( 

1. To'IHbie 113Mepe_HHH ceqeHRH u . ( 0) .. npH soaMO.>KHO 6onbweil aaepr11a paccea-

B810l~l!iXCSI '18CTIIU~ TaK!le aaMepeHHSI JJ.8JJ.YT B03MO)KHOCTb yTO'IHIITb H81IlH. CBOJJ.OHHSI 

• o6 onTa'leCKHx · KoacpcpHuHeHTax a onpe'i:xenll'rb TO'IKH, s KoTopbix onTH'IecKaH -TeopHH 
. ' .- - . 

ae cornacyeTCH c on~>ITOM. Oco6hiii-:RHTepec: npeJJ.cTasnH.roT 113MepeHHH s o6nacTH 
><, • - ._. : • - ,/ ' •• " " •• ~ ••• ~ • • • •• • -' " _ ... 

6onbwHx yrnos, · TaK · KaK OTCIOJJ.~ MO.>KIIO nony~HTb caeJJ.eHaH · o cTpyitType ueaTpanb- . 

HhiX- o6nacTeii <tacTau - Hx KepHax. 
• ' • --~ • ...· ! -- • ' 

a p:,- p pacceSJHIIII s o6na-

CTH aaepraii 5-:10 ·Baa, rJJ.e ce'leHRH p- p' II' P- P .saaHMOJJ.eiiCTB!lii. eme cymecT-
/ 

BCHHO p83llH'1810TCSI1 8 JJ.llliH8. BO.TlHbl- A 
' . ' - r . 

'ITO UpH 60.TlbWHX aHeprRSIX CC'I9HHSI u ( 0) B cny<i~e. p- p If ·P '- p 

.. KOB~lL Via cpaBHeHH~ yrnOBbU{ pa?npeii,eneu'oit MO.>KHO UOllY'IIITb CB9JJ.9HIISI_O K9p!18X 

HyKnoHa 11 aHTHHyKnoaa, ~3811MOJJ.eilcniHeM KOTOpbiX _ s ocaoBHOM o6ycnosneHbi npouoc-
' ' ~-

Chi aaaHrHnSJuim. Oco6oe. BHHMaHHe cneJJ.yeT yJJ.enHTb 'o6nacTa 6onbWHx yrnos. 

3 • .LlnSI oueHKa aenH'IHHbi ceqeHHH . k-" saaHMOJJ.eiicTBIIH oqeab aa.>Kao aHaTb 

.. 
:"-
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TO'IH()CTh lf3.MepeHHM B H8CTQ51ritee BpeMH,HeBennKa If 3H8'19Hif51 KOScPcPHUifeHTa .norno:-

~eHH51 k ( r) 'onpe,llen~IOTCSI oqeHb H~TQq~o', " - ' 

4, .lJ.ng Bbl'llf~·neH~SI peanbHbiX·'I~C;ett: tlMlln~TY.llbl 'ynpyroro 

k :- 'p. pacceHHHH oiJ:eHh. Ba:xmo onpe,llennTh. Ha on biTe .ce'leHne 
. ' 

p - p ,·< p- p '' If 

, a ( 0) ... _ npu _ K8KOM-
' . J 

~H60 3H8'1eHHH.9H~prHH. .T »'1 Bsil •.. TaK K8K B o6naCTH M~nhix,yrnoB 6onhilHJM 

BKna.ll. ,ll8eT KynoHOBCKOe pacceSIHHe 0 TO npaKTH'IeCKH .llnH aToro. Heo6xb.llHMO · BblllOn"':' 
• I • •,, 

HIITh .llOCT8TO'lHO TO'IHb!e H3MepeHHSI B • HeTO'IHOM. HHTepBane yrnoB OKono. 8 = () . noc·' 
,. • ~ '· ·. I • . _.' _,. /. -· • . ' . \ 

ne ~ 13bi'IHTaHHH KyitoaoBcKoro pacceSIHHH STO onpe.llennT .aopMup0130'IHbie. nocTOHHHbie , : 
. . . - . . '' ,< . . ~ . ': '. ~ :~ : • . • . . :· ; ~ ' . . ' .: . ·. . ' :-..- '- ; . ' 

13 TeopeTH'IeCKHX Bb!pameHHSIX ,ring. D (T) •. ,lJ.ononHIITerihHb!e CBeheHIISI M()JKHO rrony'IHTh' 

u3 a_ Hanuaa nH_ TepcjJ~peHunn Kyn~Jiol3cKoro .i H.llepHoro pacceSIHHH: · 
v • • 

. .lJ.mi, 6onee' · TO'lHoro -onpe.lleneHHH •. D (T) . Heo6xo.llHMbi naMepeHnH ; npu HecKonh-
·- ' 'I • ' 

KHX 9Heppng~ T?; 1 .EsB, 
'J. 

5,· !B H8CTOS!Ul9e BpeMSI noqTif .Hff'lero ~He 113B.eCTHO. 0 CllHHO:BOl\ 38:BHCHMOCTII. . . ·.--. - ' , . _. ' 

B38UMoael\CTBIIH npu 6onhWIIX 9Hepr11srx; no_ZTOMy, ilaMepeJ;Iiie hon'srp1138UHII np11. 

T > 1 EsB ~a~me npe.llcTaB~SieT aHa'IIITenhHbiii ~HTepec: . . . .. ' . . ' --- · .. 

. VfccneJloB8HH
1

e. BCeX 9THX. BOllpOCOB ll03BOnUT y,TO'IHHTh II .lleTanlf311pOB8Th . . . . ....,. ' ' '. . 

'I,'eopuro u no:OroTOBHTh_ nporpaMMY '.rianhHeiiwllx 11ccm~:Oo13aHHii, 

IlonsrTao,. 'ITo orpoMHbiil: uH;epe~ npe.llc'l'aBnHIOT _Bee· liaMepeiirni np11 · sHeprngx 

T »10 ·Baa, BoaMomH<>, 'ITo ·.!lame rpy6bie ·naMepeHH~ 
. r· ' -/ . . 
llpll T8KHX' 6onhWHX 9HeprHSIX 1 

MOryT .llllTh K8'19CTB9HHO,HOBbH~ peaynbT8Tbi. -0.llH8~0 TO'IHbie' 113~epeHifSI 13, o6naCTH 

MeHbUIHX SHepruti:npe.llCT~BnHIOT ·'B HacioHmee .BpeM~.' OC06b!M ~IIHTepec, noKa He 

6ydyT Bbmo/meub; ,TaKne 113MepeH~;, Tpy.ll~o omn.llaTh aiw'lnTerihHoro npor'pecca j 
.-' ' .,, 

B .. JI8WIIX ·3H8HHSIX, 

" 

·,-

B aaKniO'IeHHe C':IH_TaiO cBoiiM npiiHTHbiM .llom;oM BbipaaHTh rny6oKyiO 6ixaro.llap7 

JIOCTh .ll.Vl. Enoxunueay,aa MHOrO'IIICneH!Ibie o6cy:IK.ll9HifSI H ue!IHb!e .COB9Tb!, M~e 

npllstTHO T8KJKe no6naro.ll8PHTJ:; B.C.f'pii~IIH~·. s.KMuxyn, s.H. Ubiran'o~~ ll B~A~Wax'..: 
6aaSIHa aa IioneaHbie o6cym.lleHnst 11 aaMe'laHIIst. 
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