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npoae.neH OCH088HHb!tl H8 ..QifCnepCHOHHblX COOTHOUJ9Hifs:!X /!J..C,/ OH811H3 ynpy-

roro pacces:rHHSl y -KeaHTos npoToHaMif snnoTb .no 300 Mas. L!n11 o u e HKif .nen-

' CTBifTe!lbHblX 'IOCTeR 8Mri1llfTY 1l npH Q = 0 HCri01lb3088H bl llJ OCTb .ll.C . ¢OTOpO>K-

.neHife nlfoHos Y'JTeHo s 6onee wnpoKoA oonacTH <:~HeprnJ:i , 'leM paH<'e . LloKa3aHa He

ooxo.nHMOCTb Bbi'IHT8HifSl 8 .'l .C . /no KpalfHeii Mepe, .011!'1 O.llHOR 8MriJIIfTY.llbl/, ns:rTb 

nOCTOs:!HHbiX Bbl'llfT8HHs:! Onpeaens:rro TCSl Ll11HHHOB011HOBblM npe.oenOM H Bblp8>K8lOTCfl 

'!epea aaps:r.n If MarHHTHbJR MOMeHT HyKnona . OueHeH bl an<PctJepeHunanbHble ce'!eHHR K 

nonRpnaaulfR nyKnOHOB oT.na'ln. Oocy >K.naeTcR y - N pacces:rHne npn BbiCOKKX a H eprHRx. 



Ill 
l. B cne.a 3a pa6oTofi renn-MaHHa, r onb.a6eprepa H THppHHra .O HCnepcRoH-

2 
H ble COOTHOWeHRSI /.a .c./ .O ilS! y- N pacces:lHRSI, cnpa ae.anRBOCTb KOTOpblX B e -npH-

/2 I 
6nH>KeHHR 6biila c Tporo .a oKa3aHa 6oron1060BhiM R WHpKOBhiM , npHM eHSIIl HCb K 

/3-7/ /3/ 
aHanH3Y aKcnepHMeHTaltbHb!X .aaHHbJX a pS!..ae pa6oT • 4 HHR H CTpo¢onHHH 

anepBb!e npoaen H Bhi~HCiteHHR ce~eHHA pacceSIHHSI a nepe.a .ann aHeprHA 

TOB annoTb .ao 2 10 M <:Je . HeKoTopbie Ka'lecTBeHHbJe oco6eHnocTR ::laDHC HMOCTH ce-

l l/ /8/ 
'leHHSI pacceSIHHSI Bnepe.a O T 9HCprHH 6bJilH YK83aHbl pauee B , a TaK >I<O B 

/ 4/ 
K anc paccMoTpen y- N pacce nHHe Ha npoH3BOilbHbJe yrnbJ np H y~eTe MH-

HHMallbHOrO 'l HCIIa COCT O SIHHA . npH 9TOM HCDOilb30B81lHCb HeKOTOpble Heony61IHKOB8H

Hbl9 pe3yllbT8T bl r enn-M aHa){ n >K . MaTbl038, 

/5/ 
AKH6a If CaT o paccMoTpenu paccestHHe Ha a e HyneBbJe yrllbJ , .QnSI Bbi'IRcne-

HRSI K OHCT8H T Bbi~ I! T8H HSI B HeKOTOpblX .Q .C. OH H lfCll01lb30Ba.'1 H T eOpHIO B03MyWeHK H , 

/ 6/ 
B 6blll H .aeTanbHO paccMOTpeH bl .a . c • .OilS! scex wecTH HH B8plt 8HTHbiX QJYHK-

U KA , X8p8 KTepR3Y IOIUH X aM Oil HTY .OY y-N pacceSIHIHI) H B npeHe6pe>KOHHH HeKOTOpbl-

MR a¢¢eKT8MH OT.08~H n poBe,.aeH .Q HCnepCROHHbiA·aHallH 3 B 061laCTH 9 H OprHR BllllOTb 

..00 200 M 9B. 6b!ll0 DOKa3aHO, 'ITO yqeT cPOTOpO>K..OeHHSI ORO HOB B S - COCTO SIHHH 

npRBO..OHT K 3aMeTH biM H3MeHeHHSIM B OKOilODOpOrOBO A 061l8CTI!, npH 9"10M ynyqwa

eTCSI cooTBeTCTBH e ..a HcnepcHOHHoro aHaltR38 c aKcnepHMOHT81lbHbiMH .naH HbiMH , B 

aHepreTH~eCKOA 38DHCHMOCrH 8MllllHTY..O R ce'leHRfi llOSIBilSIIOTCSI OKOilOOOpOrOBble He-

M:lHOTOHHOCTH. 

H ecMOTpn na HeKoTopbre pa31tH'IHR B ony6nHKOB8HH biX pa6oTAX, ca n 38H H ble c 

npe..anOJJO)J{ OH HSIMH 0 'l HCite Bbl'IHT8HHfi B Jl , C . H 0 M8KCIIM81lLIIOM MOMeHTe Y'"IHTbi 

B8eM blX COCTOSIHHII, 06 LUHM Llii SI HHX OK838J18Cb H e B03MO>K HOCTb llOilY'IHTb XOpOwee 

COr118CKe C 9 KCDEip HM eHT81lbH blMH .Q8HHbJMH B 061l8CTH 9HeprKII OKOilO 160- 200 Jv'.3B. 

/ 9 7 10/ 
B pSI..ae pa6oT • ' 6bina npe..anpHHnTa nonhiTKa nHKBH .a HpoBaTb pacxo>K..ae-

/ 11 I 
HRe y q e T OM BKil a.a a .Q HarpaMM bi n oy . O ..aHaK O npS!MOe H3MepeHHe BpeMeH H >K R3 -

H H tr0 -M e30Ha
112 1 

H aHallH3 BODpOC8 0 3H8Ke DOitiOCHOII 8MllllHTY .Ob/ l
3

/ npHBe-

llH K TOMy , 'IT O y~eT aMDitRTY..Obl n oy He MO>KeT cywecTBe H HO C Ka3aTbCSI Ha pe3ynb-

TaTe 8H81l H38 , 

B csn3R c pac x o >K.aeHK eM pe3ynbT8TO B aHanR3a c HM eJOW R M K en aKcnepKM e H

TanbHbiMH .08HHblMK B H8CTOS!WeA pa60Te DpO BO.Q HTCSI OCH OB8 HH bi A H8 .O HCnepCHOHH bJ X 

COOTHO WeHHSIX aH81lH3 y-N pacceSIHRSI 0 B KOTOpOM Mbl , DOM HM O yqeTa cPO T OpO>K.Oe-
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H HA ll HOHOB a • -cocTOHHHH 1 6onee TWaTenbHO paccMaTpHsaeM sxnaa o5nacTH 

BbiCOK KX SH9prHA1 8HanH3RpyeM BOilpOC 0 'IHCne Bbi'IHTaHHA B ll.C. H, nonHOCTbiO 

Y'ITH OTlla'ly HYKnoHa, oueHHBaeM paKee sseaeHHbie senH'IHHbt Ri (v ) npH Q' • 0. 

2 . CBst3b HKBapHaHTKbiX cPYHKUKA Ti (v, Q2) c aMnnHTY aaMH Rl (v, Q') s 
114 I 

CHcTeMe ueKTpa Mace I c.n.M. I npHseaeHa B ¢opMyne 11 I paooTbi lxoTopast 

aanee OTMe'laeTcH xax pa6oTa A I . OnpeaeneKHR Ti (v,Q 2) H Ri (v,Q 2) eM . 
1131 

8 IJtOTOpaH aanee OTM9'189TCH KaK pa6oTa 61. 0603 H8'19HHR B HaCTORW91! pal5o-

Te coanaaaiOT c o!5oaHa'ieKHRMH pa5oT A H 6. 3a ecb 'lepea 

HbiX 3H8'iKOB OI503Ha'I810TCR aMnnHTyllbl B C,U.M, 

Tax xax cornacHo onTH'iecxoA TeopeMe 

lm ( R 1+R2 ) • 

To s npeanono >KeKHK 

8CHMilTOTH'i9CKH npK W -+ M 

~ .. .. 
4tr 

w ' - JJ 2 

2iV 

C1, (W) .. Conat 

~ +R 3 -+ W2-v • 

npeanonaraA a anee, 'ITO npH w .. .. ace 

n p K w .... 
2 r1 - r, .. w ; 2 r1 + r, .. w; 

T2 - T4 -+ IV; T, + T4 .. Const ; 

...!!.L.. , 
4ft 

npR 

Ri - v 

r, ... w 2 

r, .. w 

Ri !5ea aononHKTenb-

Ill 

w .... 

121 

R3 / l.A I nony'iaeM, 'ITO 

/3/ 

T aKHM o!5pa30M, a npHHRTbiX npeanono >K eHKRx a.c . anst T 
1

, T 
3 

H T 
5 

aon>KHbl 

coaep>KaTb oaHo Bbt'IKTaHHe, s TO speMR xax anst senH'iHH T
2

, T
4 

n T
6 

a.c. Mo

ryT 15b1Tb H81lHC8Hbl 683 8bl'iHT8HHS1, 

an st npoaeaeHHR 0U9HKH 8MilnHTYll 

aocTaTO'iHO aan~caTb a~. a nst T., 
. I 

8HT V 2 
V•IIL -Q4t 

ll epeXOll HT, KaJt H389CTHO, B SHeprH 10 

R
1

+R
2

, R3 , R4 , R1 +R, + 

OpR Q2 
• 0. npR Q 2 • 0 HHBapH-

Y -KBaHTOB B na(5opaTOpHOA CHCTeMe II£ 

lxoTopaR a aan bHeAweM o6o3Ha'laeTcst 'ie pe3 v I. 

K ax BHllHO H3 ll . A I, a n R cny'laH pacceRHHSI snepea cPYHXUHH T 
5 

R T 
2 

+ T 
4 
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CBO! lSITCSI K , TaK 'ITO .a . c . .amr T 5 H T 2 + T 4 

<UtBIIBS119HTHbl . 

PaccMoTpHM cPYHKUKK 

~ (v.,)• -}{ T, -T, -v.(T2 -T4 )]•-{j( R1 +R 2 ) 

f, (v.,) •" ~ "'....1f.a._[ R, +R 4 + 2R1+2~1 1 .v 

F (v.) - ~( r, + r,)"' (A ) 
2 

( R, - R4 ) 
3 2M M 

npH if = 0 

141 

Via npHse.aeHHoro BbJwe o6cy>K.aeHHH stcHo, 'ITO .a.c • .anst cPYHKu iiA F, ••• F4 

.aon>KHbl co.aep>KaTb o.aHo B bi 'IHTaHile. Bee senH'IHHbl B npaso a qacTH / 4 / - s c .u.M. 

2 
EcnH yqecTb, 'ITO / npK Q = 0 1 aMnllRTy .abl B na6opaTopHo A C H cTeMe / "n"/ caR-

3SHbl C COOTB9T CTBY IOWHMH B911H'IKH SM H B c . u.M . COOTH OW9HH SIMK 

( R
1

+R2l - Wo (R 1+R2 ) 

M 

TO H~ .a .C, .011 Sl 

r.ae 

A W 
[ R3 +R4 +2R1 +2R, ] • _ •_ [R3 +R4 +2R,+2R, ] 

M 

( R - R ) A • ( _'!gJ 2 
( R - R ), 

4 J M 4 J 

~ ~ nony'laeM 

D A (v ) - D (0) • ~ foo ~ 
• , 4 • t,4 rr v, v'-v] 

DA (v)- v D' (0) .. 2~" f oo A'·i (v) dv 
2,J 0 0 2,J '( '> ' rr Vt v v -V0 

A A 
Dt • Re (Rz+R2) 

D~ (0) • -2,i • 
A A 

D3 • Re (RrR3 ) D~ (0) • -2 [ I''- ( ..Jg-12
] 

D
4 

(0) • - .£. >.. ( 2 + >..) , 
2M 

/5/ 

/61 
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a 'iepea Ai (~) 0003 Ha"! e Hbl MHHMbJe 'iaCTli COOTBeTCTBYIOLU H X t..AnnHTY.Ll t 

1.1 "' ~~ - MarHliTHbiA MOMeHT, a ll • - aHOM8nbHhlA MarHHTHhlA MOMeHT 

HyK .TIOlla . 

EcnH a c . u.M . oooaaa'IHTb 9neMeHTbi aMnnliTY.Llbl <PoTo po>K neHJH! nliOHO B 8 coc-

TOHHIH!X C ]~ 312 "'epea 

E 1 - ! 9n 1 12 I; 

E
3 

- 19n . 312- I ; 

+ M
1

- IMarH. 112 I ; + E2 - 19n , 312 I; 

+ M 3 - IMarH. 312 I; 

TO COOTHOWeH HH YHHTapHOCTH npliBe.ayT K paBeHCT8aM 

M 2 - IMarH. 312- 1, 

, I' l I' l , lm R1 • vc I I E1 I + 2 IE, + _ I E 2 cos 0- - I .\f2 j I , 6 

fm R • v l iE 1
2 +~ IE 12 

cos fJ- jEJl' + l_ prJ + Re (EJ• M.)I 
, c 1 -\ 2 • 12 4 • 

l m R, ,..-v
0
l }lEl+Re (E; .!t, JI, 

171 

16 I 
K OTOpble Sl8n H IOTCSI OOOOWeHHeM COOT8eTCTBYIOWHX paae HCTB 8 , BbJpa>KeHHH llnH 

l m R2 oTnH'iaJOTCH oT Im R, aaMeHoll Ei .::t Mi AHanorH'IHO Bbrpa>KeHHe .anH 

l rn R
4 

MO>KeT ObiTb non y'ieH o 113 lm R
3 

, a Im 'l
6 

H3 Jm R
1 

171 
B non Mo.nyneM aMnnHTYLibJ 8 npaaoll 'laCTH noHHM aeT CSI cy'l.tM apH biA axnaa 

rpOTOpO >K.aeH HH ,+ H 11° -Me30H08, 0TMeTHM 0 'ITO 8 npe Heop e >KeHHH pa3HOCTbiO 

Mace Me30HO B H HyKnOHOB COKpameHH e HHTe pcpepeHUHOHHbl X 'lneHOB, HanpHMep , B 

' 1Eol2
+ 1/41 2 

npOHCXOLIHT B CHny H30TOnH'ieCK OII CHMM e TpHH B npouecce cpO T Opo >K-

Li eHKR nHOHOB. 

npH 9 T OM 

A z(v)., ~a v I IE,l2 + j.U1 j2 + 21El + 2 j.ll3 j~ _L IM J' + _1_ IE, j2 1 
471 6 6 

AlvJ • v l iE/+ j.lt1 l
2 + _!_je I'+ .1.. j.lt l2 

-l-'1 + 1. E I'- IE + lM 1'1 
:l 2 3 2 , 2 2 , 2 2 

A (v)=- v _ lY_ I IE 1
2 - j.lf j2 + j.lf -..L E l' - IE - ..1. .11 I' I 

J .If 1 
I J 2 2 3 2 2 

181 

A4(v) + IV- .>Iu - w liE 1
2+ l\1 !2+ _£ l\·1 12+ A_ 18 1

2
- IE - _1_ \ I r- l\1 - .1_ F: , , 

'~TT t 1 1 3 2 3 2 J 2 1 J 2 1 
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M 0 >I< HO ::t 0K838Tb, 

.LJnS! l:ITOf'O ,!lOK 8 }1<eM , 'ITO Jl1li1HHOBOllHOBOH npe'l,C11 8Mfi1111Ty ,'1bl npo-

T11BOpe'111T 3H8'le!I H IO l:ITOR Be.TJii'l llHbl, fiO.TJy'lae:~-tOH C flOMOlUbiO d . C . 6f>1 Bhi'I IITBHHSI, 

K 8K HOBCCTHO, np H v • f) 

a.c . 6ea Bbt'IHTBHHSI n n st R1 + R1 H MeeT BHll 

Re [nlv, J + Rjv,) 1 = J 1 (" 
-rr v1 

113 / 10 / cnellyeT , 'ITO 

x/ 
'ITO npOTHBOpe'I HT paoeHCTBY / 9/ 

/9/ 

/10/ 
~ (v) 

T a KHM o6paaoM a .c . 6ea Bbt'lllTBHKSI :::tna a:-.~nnHTYLlbl R1 +R 2 npoTto~eope'lliT 

Tpe60B8HHSIM penSITHBHCTCKOA 11: rpa::tlleHTHOH llHB8pH8HT HOCTH, H8 KOTOphlX OCHOB8H 

!lJlHHHOBOJlHOBOA n penen . 

0TM eT ii:-.l , 'iTO 803:1-10/I(H hle npaBHJI8 CYMM, CBSI38HHhiC C KB8L.lp8TOM M8f'HHT-

HOr o MOMeHTa , ecn u npennono1:; 11Tb 6e3Bbi'IHTaTe nbHoe n .c . u nst 

fi810T B npSIMOe n pOTHBO p CYHe C .UJJ«HHO DOt JHOBbl:-.1 npe,nenOM , 1-\ OK l:IT O B HLt HO H3 /6/ 

H /8/ , 3LleCb OC06C HH0 cy t tlCCTBeHCH BKll811 pe30H8HCH0f'O COCTOI111 Hst, nponopUHO-

H8JlbHbll! 1.11,1' Peayr.bTBT coxpaHsteTcst, ecn H Y'tecTb /•J il cneHHO ea>t<HbtA/ BKnaA 

S -cOCTOSIHill1 , KOTOpb!H yMeHbi J.8eT acj>cj:lCKT HBHhlH BKJ18Ll l.tf31
2 

n p8 BH110 CY:I-IM ,U1JSI KB 8Llp8T8 :l-18f'Ht-ITHOrO MO:-.IE'HT8 O'I C Hb 'IYBC TBHTe!IbHO K 

COOTHOWeH H IO 8MfiJlHTYLl 

SIX /uanpH:-.~ep, npH E 2 

<pOTOpo>t<neHHSI E
2 

H M
3

. llpH HCKOTOpblX COOTHOWeHH

/ 5 / :; lV\. 3 I !>!O>I<HO olpHiiTH K npOTHBOpC'IHIO. 0'l. 11 8KO B nac-

TOSI LUCe apeMSI CBell CHHSI 06 8H8JlH3e cj:>o TopO>KLl(~HH SI H e H 8CT OJlb K O TO'III bl , 'IT06 bt 

yTeep>t< Ll8Tb, 'I T O aKcn~ploteHT8JibHble .::I8HHble npoTKBope'l aT npaaHny cyMM • ..Qanb

HeA wee yTO'I H CH H e aHanHaa cj:>oTopo>t<.-te HIHt c uenbiO nony'leH H SI ceeaeHitfi o6 aMn

JlHTy.nax E
2

, 1V1.
2 

H E
3 

KpatiHe >KenaTe.nbHO . 

X I AHaJIOf'II'~HbiA pe3y.TibT8T Ob!Jl nony'leH 6 . H . r p1160BbiM . 
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ToT ¢ axT , 'ITo a.c . 6e3 Bbi 'IHT8HHH n p H BOLlRT K onpeaeneHH bJM •lpaoHna M 

Cy\t M, Lllll'l H9 K OT Opb1X npOU9CCOB M0)!{9T n p 9LlCT 8 B1ISITb OCTpbiA HHTepec . TaK , .!lJlSI 

TT-rr - paCC9 SIHHSI SH81IOr H 'I HbJQ C 006p8)!{9H H I'I / a npHMeH9 HHH K .!J ,C, OpH .;>' -o 1 

npH a OaRT K 38K1l ~'I9HH~ 0 nono m HT 9 1lbHOCT H .!l llHH p 8CC9 SIHHSI a S - COCTORHHH 

npK M811 bJX 9H9p rHRX 8 0 H ~ 

To )!{e cnpaaea nHao a nR 11 - ~ H u ., 
n-. \ pacce RH H R , 

5 . EcnH a aononH 9 HH9 x paH ee aaeaeHH bJM p a ccMoT peTb c a oAc T ea cpy Hxun l!x l 

F, (v
0

) • ( T
2
-T

4
) ' I l l! 

F
1 
(~) ,.. (T2 + T4) ' 

/ 12 I 

F1(v0
) "' T 1 ' 

/ 13/ 

T O MO)f< H O yOe a HTbC R, 'I T O FI.•M 
l; (v) 

SlallSIJbT CR H9'19Ttl bJM H cPYHKUH RM H v , H e 

coaep)!{ S W HM H non~oa , a 

P RLl Xa. npH v -o.., 

- '!eTHSSI cPYHKUHSI V 

Fl,1, 1 .. v·~ 

c non ~coM aToporo no-

T aK 'IT O a .c. a nR sTHX cpyHXUHA He co.aep )!{ aT B bi'HIT8 HIHJ, H cnonb30BS HHe 9 TK x a .c . 

M0)!{9T OK83 8TbC R 0 0 1l93 H blM , TSK KSK npH y'l e T e cPO T OpO )!{ Ll9HHSI a COC TO SIHH RX C 

J~ 3/2 y r noaasr aaaHC HM OCTb a Mnn HTYLl Ri (v, Q2
) a c . u .M. npe a c T aenReTcsr 

B B H LlQ 
R1 • ,~ 1 +2f.;, +2·~2cos ()- ":1 2 

n, .. "t1 +2 "1, +2~ , co• o- ~, 

n,- ~1 -ff>, +2&,cos 8 +} '1!1,+ C( ~J ' ) 

R • ~ - ~ + 2"'1 cos 0 + 1 & + C ( 'IJt £ ) 
4 1 .t' 2 ' ,, 

/ 14/ 

~, • - $ - C ( "! c; ) 
2 J 1 

R,--"1,-cr£, '!! ,> 

H Xa p 8XTQ pH3Y9TCSI a O C 9M b ~ cpyHXUH RM H 3HEprHH ~ i '!'l i , C( &J • ~, ) 

cr.,, .7;,> 1 K OTO pbl e B bl p 8>K 8 10TCSI '1 9 p93 Ri (v,O) H R' i (v,O) 

VI a / 14 / c n e ayeT , 'ITO a o rpaHH'IeHK H BKnanoM cocT O RHHA c ]( 3/2 

x/ 1 
3Hax ' oaHa'lae T LlHcf:ic:Pe p e HuKpo aa HHe no Q H nOC'!Te ay ~ ·u nn n e pex oa 

X Q1 ,.1), 
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'" d cosO ) 2 = -1&2 JLL R'l • .~· . .. 2 1.!J ~( 0 ~ ~ 
~ 4 a o' Q = M 4 v: 

, 4"" •V
2
o R' = R =- •;1 • -

2 4 2 
Jfv:2 

0 

H 

114 1 
B n nHHHO BOnHOBOM npea ene 

( R + P ) ' = - 2 e' l + 0 (1) 
l "2 Wv "' 

(R. + R , )' =-~ [3+2(1+ .qZ]+ O(v) 
~ • 2M3 

/ 15/ 

1161 

npoTHBOp9'1HBOCTb / 15 / C Lt nHHHOBOnHOBblM npen en OM / 16/ 03 H8 '189T, 'ITO o r-

p8HH'I9HH9 COCTOHHHHMH C ]~ 3/2 H9CnpaBeanHBO LtS>K e B o6n &CTK M Qn b JX 9Hep-

rHll:. YcnOBKH xpocc-cHMMeTpKH aaons.T KKHe MaTH'I e CKHe nonpa B KH nops. a Ka v;_il 

'ITO COOTB9TCTByeT J'leTy CO CTO HHHII: C 6onee BhlCOKHMK 3 H8'19 HHHMH j 

npoaea eHHe aHanH38 CO CTOnb Bb!COKOA TO'IHOCTbiO flOTp e6yeT B B9 Lt9 HJHJ HO

BblX QJYH K U HA s-HeprHH H paCCMOTpeHHH 6onbu. ero 'I Hcna n . c. B aeaeHK e n KarpaMMbi 

n oy He pewaeT OTM9'19HHOT'O npOTHBOpe'IHH. 

Bee oueHKH aMnnHTY a 3necb npoaeneHbJ a npeHe5pe>K e HHH R'i (v,O) 

a. Pe3ynbT8T bl Bbi'I HCneHHA nnH aMrrnRTya Ri (~) 
:2 

Q = 0 npHaeaeHbJ IlpH 

Ha rpaQ:JHxax. 3HeprHH y -xaaH TOB vo Bbl pa >KeHa a aons.x nop o r o a o A a H e prHH 

:2 v, .. 150 MaB, 3Ha'leH HH aMrrnHTY n - a n on11x e '/,uc' 

2 :2 
0 (0") = IRJ +R, I + IR, +~ +2R, +2R. I 

LtOCTSTO'IHO 8MilnHTJll H 

6hlnH HCilOnb30B8Hbl Lt8HHbl 9 0 n OnH OM C9 '19 HKH B3 8HMQ-
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.:le~C TBHSl y -KaaHTOB C npoTOHaMH, BltnlO'faSl BTOpoA MaKCHMYM H C9'19HHe p o>K-

.aeH HH nap nHoHoa . 3aaHC KM OCTb A/':,) npHae.aeHa Ha puc. 1. PaHee Mbl npeHe-

6pera'lH BKnaaoM o6nacTK 9He prHA, 6onbw HX 500 M 98. P eaynbTaT oueHKH aMnnH-

Ty.a&r R1 +n2 n p H8eaeu Ka pH c . 2 . 0cK08Hoe paanH'IHe c npe>K KHM H peay.nbTaTaM H 

cxaaanocb a o6naCTH I < llo< 2, r .ae 8 CHny KOMneHC8UHH Llll HHHOB011HOBOr O np~ 

.aena H a HcnepcHOHHoro cnaraeMoro 3 Ha'feKHH D1 (v
0

) 3aMeTHO yMeHbWaiOTCSl. 

0TMeTHM, "'ITO HM9l!HO 9Ta o6naCT b 9 K eprHA OKa3 biBaeTCSl 'fYBCTB HT e.nbH OA K H3Me-

HeHHIO A/v0 ) • 8 TopoA MaKCHMYM 8 4 ,(v
0

) COOT89TCTByeT BTOpOMy MaKCHMy -

MY a Q:>oTopo>KaeKKH . 

np u OUeHKaX .aeACTBHT ellbHblX 'laCTeA aMnnKTYLlr OT11H'fH blX OT R, +R2 , K o -

TOpb!e Tpe fiyJOT 3 K8'fHT 9 llbHO 6onee .QeTa11bKhl X 9 KCnepHMeKTa 11bKblX .Q8HH bllt 0 Q:>o

TOpO>KLl9H HH0 Mhr orpaH H'f HaaeMCH o6naCTblO aHeprHA ao 300 Mga. llnH aMnn HTya&r 

R1+R2 OKa3bi889TCSl 8 03MO>KHblM npO.llBHHYTbCH 3Ha'IHTenbHO .aanbwe, XOTSI C 

pocTOM 9H~prHH Heonpe.aeneKHOCTb c BKna.aoM Q:>oT opo>K.aeHHH nap I H 6onhwero 

'f HCnal UHOHOB C K83hlB8eTCSl 3aMeTHO. 

115 16 / 
8 pH.ae pa6oT ' npoue cc y -p paccestHHR npH 9 K eprHHX 300 - 800 Mae 

paCCMaTpH8a11CSl KaK U HcpQ:>paKUHOHHhiA C Re!U « lm Ri • 3Kcn e puMeHTanbHoe 

HCC119.llOBaHHe y -p pacceHK HH 8 o6naCTH BTOpOrO MaKC HMyMa npe.acTaBnHeT HH-

T epee K8K 'fYBCTBHTe11bH hlA MeT OLl K3y'feKKH C8MOrO MaKC KMyMa. 

EcnK, npeKe6peraH aceMH ReRi • orpaHH'fHTbCH MliHMbrMH qacTSlMH 

8M011HTY a H paCCMOTpeTb lllfWb BKnaa , nponopUHOHallbH biA ~~ ~ 2 
t T O H3 111 Cpa -

ay nonyqaeM, 'fTO 

.1 ~ r. ,.R ... n "' o ; 
2 4 I 6 R • lm R "'-2 1m R • 2v IF: 12

, 
I 1 3 c ~ 

161 
a .::1 Hrt.cj.>epeHUHallbHOe Ce'leHH9 paBHO 

a(8) "' ~(7+3 co!l8) = ~(7 +3 cos 28) , 
8 2 

117 I 

1161 
'ITO coana.aaeT c peaynb TaTOM M HHaM H • T oT >Ke p eaynhTaT .anH aH.aa yrnoaoro 

pacnpe.aeneHKH OCTaeTCH cnpa B e.llll HB biM , ecnH 8 /7/ OT11 H'IH O OT K Y11H TOllbKO 

M
3 

( R1 .. R2 , R3 -+R4 ) • npH O.Q H08peMeHH O OT ilH'!HhlX OT HynH E s H M 3 

I n p H Re Ri .. 0 I 

a ( 8) • ( R~+R~ ) 7 +3 cos2lh JOR~4cos 8. 
2 

1181 
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O.ana.Ko, Kax noKaabiBaJOT nawH ouenKH, a uaqeuiUIMH Re (R1 +R2 ) s o6naeTH sTo

p oro M8KeHMYM8 nellb3H npene6per8Tb. C STOA TO~KH 3peHHH BTOpoA MBKeHMYM pe3-

XO OTliH'l89TeR OT /3,3/ pe30H8Hea, B 06118eTH KOTOpOrO 

Re(R
1
+R

2
)«1m (R

1
+R

2
), 

PeaynbTBTbi 8bl'lHenenKA .anH R ± R , R +R + 2R + 2R~ 11 
3 4 3 4 I • 

R,+R, npHse.aeHbl HS. pRe. 2-4. npR Bbl~lleneHHH .aHenepeHOHH biX HHTerpanoB 

2 2 2 2 
oTnH~HblMH oT uynH npHHHManHeb IE

1 
I ,1M

3 
I 11 /E

3
/ , npH'IeM .anH IE 

1 
I 11 

2 /6/ 2 
I M~/ Henonbaosanaeb anepreTH'IeeKaH aasHeHMOeTb, npRse.aennaR 8 , a /E3 I 

npHHKM8110eb OTilH'lHbiM OT HYilR 8 o6naeTR aneprKA 3,1 < V 0 < 5,8. 

OTMeTHM, 'ITO .aa>Ke 8 oTeyTeT8He MHRMOA qaeTu R 1 + R 1 .aeAeT8KTellbHSH 

'ISeTb 9TOA 8eliK'lHHbl OTI1H'IH8 OT LlliH HH08011HOBOrO npe.aena, noeKOilbKY .a.e. y.aos-

neTBOpHIOT HH88pB8HTHble ¢YHKUHH Ti (v,Q2 ) 

u (Oj npH8e.aeHbl na pRe. 5, r.ae .anH epaanenaR npz•e.aen pe-

aynbTaT 4HHH 11 CTpo¢onHHH .anH 

.aae TeR 8 oKononoporoaoA o6naeTH. 

<\ (0°) 8 e.u.M •• 3aMeTnoe paanH'lHe na6niO-

7 • .llna ouenKH R
1
-R

2 
11 R

1
- R1 .a. e . 161 ne.aoeTaTO'IHO . PaceMoTpHM ¢ynK-

URIO 

F(v).,_L¢(v)=~[(T + T\'-v(T +T )']. 
w' 2w:z 1 J :z 4 / HI/ 

KaK MO>Kno 8H.aeTb 113 /6 ,4 1
1 

F (v) .. Jfl R1 -R2 - 2Mv (R -R )! 
'1 ' 4 • 

W(!V +M) 

/21 / 

PaeeMOTpenae .a.e • .anH F (v) np11 H38eeTnoM R, -~ .aaeT 803MO>KHOeTb oae-

HBTb R1 -R2 • B paeeMaTpH8S.eMoA HSMH o6naeTa aneprHA Koa¢¢BaHenT nepe.a 

I R3 -R4 I a / 2 0 / HMeeT nopH.aOK Yf M , o.anaKO, noeKOilbKY 3HS'lenae R,-R4 

8ellHKO I no epa8H9HHJO e Rz-R2 I , 8TOpblM enaraeMblM 8 /20/ npene6peraTb 

B8e.aenna.ll 8 /19/ ¢ynxu11.11 ¢(0 B811H9TeH 8H811HTH'l9eKOA ¢yHKUHOA V c 

paape38MH 8Ll01lb ~ < v< oc 1 KOT0p8S1 YLl08119T80pHeT cne.ayJOWeMy e80ACT8y 

xpoec-eHM MeTpaH 
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cf>(v) = ¢ *(-v ). 

TaKHM o6pa30M1 .anSI v<<vt 
if>(v ) SI81ISieTcsr .aeikT8HTe1IbHO A cpyHK UH eA H 

a 

¢(v ) ~ s+bv1, 

F(v) = ¢<v) .: a ( 1- 2v )+ bv1+ 
AI 2+ 2.1/ v --:.J! -y-

/211 

1221 

/23/ 

,'V\ bl 8H.OHM, 'ITO nHHeAabiA '11I9H 8 F(v) 
flOIIHOCTb~ onpe.aenR9TCSI nep8hlM '11I9HOM 

8 / 2 2/, Vf3 / 20 / TOr.aa cne.ayeT , 'IT O ..!J.IIR M81IbiX V 

R 1 - R,= - e'(l-3v)+O(v1) 
M M 

H liHHeAHbiA '11I9H 8 R1-R
2 

H 8 F(v) 
flOIIHOCTb~ Onpe.ae1IR9TCR Tpe608 8HH 9 M Kpocc-

c HM 1\t eTp!iH, 'ITO no.apo6Ho o6cy >K.a aeTcR 8 B. 

B8e.aeaHaSt 8 / 19 / F (0 R81IReTCR 8H81IHTK'IeCKO A cpy HKUK eA v 
M K 8.Q01Ib vt<v < oo H -oo< v<-vt K I KKH eMaTK'IeCKKM/ non~COM npR 

11'
2 

=.11
1 

+ 2Mv = 0. 
Tpe6o8aH HSI K pOCC - C HM MeTp HH npK80.QRT K COOTHOW9HH~ 

a .QIISI MaliblX V 

F (-v)= M2 +2,V v F• (v) , 
.112 -2.!/v 

F(v),;;-~ {l-2v) + O(v2). 
lJ .'tl 

c pa3peaa -

npHM9HRSI cpOpMyny KOw K C KOHTypoM, K306pa>K9HHbiM Ha p H C o 6 npH p-+oo, 

K F (v0 ) H 3an HCbi88St .a . c . c 8bl'fHTaHHeM, nony'laeM 

F(~) .. - ,fO - &) + ~ ( 'v)dv = _ e'( 1-2-XQ) + v~ p j lmF[ _1_ + M
2
+2!tlv _ l_] dv + 

' ,U 2rrt ·c {v-v
0

) .If ;I/ rr ·vt 7 v-v
0 

.\12-2Aiv v+v0 

v! f F (v+ i, ) dv+ v: f F (v- i t) dv 
+ 2-;;T c. Y'( V-'i>) ii'J e- v'(v - v

0
) 



13 

H 

/ 24 / 

rne 

/25/ 

T aK KaK 

H3 /24 / onpen en HTb ReF (f
2

) He ynaeTCSI H 3Ta senH 'I HH a sxon lfT KaK c eo6 on-

H b!A napaM 8 Tp , KOTOpblA He06XO.Ll H ~1 0 o npe .Ll811 HTb, HCXOll Sl H 3 3 K Cn e pHM 8 HT811bH biX 

Ll8H H biX. npH orp8HH'I8 H HH <}lOTOpO>K .L18HH8M B COCT O SIH K SIX C !~ 3 /2 

+-} :¥~7.11 (]E1 ]
1 - ].it1 ]

1 J-:- w7/1 Re(EJ .11 1 - E1 .iiJ Jl . 

Ha pMc . 7 npHsea eHbl p ea ynb TaTbi oueHKH Re ( R1 - R1) c noM OLUb iO /24 / s npeae-

5pe>KeH HH BK118LlOM , nponopuHOH811bHbiM ReF c-1~2) 

nnSI oueH KH R, -R, npH 

pacCMOTpeTb <}lyHKUHIO 

Ll . C . Llll Sl KOTOpOI! RMeeT BHll 

Q1 = 0 , K8K 3TO BHll HO 11'3 /4 ,B/, L1 0CT8TO'IHO 
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Ret/J(v
0
)-1/1(0) :: 2rj ( 

T7 t 

ht l/l(v) dv 
~...:;;ozr 1271 

r ae , KaK 3To cnea yeT K3 12 ,6 I , 

a 

t/1( '>)==- e2 2+.>. 
11'2- I 1281 

I'J 2 1 2 2 ' 1\J 2 2 lm •iJ(v)==(~l-w[ _ (I.E,i-i·ll,i)+Re(E~ .\13 - .ilf E_,)]+_·•_[J (i~<;3 J-IM3 J)+ .\1 6 (\1 + w J 

+ ..L(iE j 2 -[.~f ! 2 )+ Re( fi: ;M 3-M; E
3
)]l . 

4 2 2 

129/ 

Pe3yn&T&Tbi oueHKK ·'?e (Rs -P..6) anR ~' . () npR 
If 

P..e F ( 12) • 0 npH-

seaeHbi Ha pHc. 4. OueMKH sen H'I HH R
3 

± R
4 

H R&- R6 
1 Rrp&IOWHX OCHOBHYIO 

pO.'lb B Jl R¢¢ep9HUK&nbHOM Ce'leH HH npK 1/
0 
?l 

1 He CRnbHO OTnH'ISIOTCH OT no-

ny'leHHbiX paHee 
161 

nony'leHHbl9 p93JnbT8Tbl npeJlCT&BnHIOT KHTepec C TO'IKH 3peHHH K3y'leHK R 

161 
3&BH C K MOCTH aMnnKTY Jl s 6 nK3K nopora HOaoA peaKU HH • B aaH H OM cny'lae see 

0U9HK K OK83bi889TCR B03MO >K HbiM UOSeC TH JlO K OHU 9. 0TMeTHM 388HC HM('ICTb &Mn-

n HTJJlbi Re ( R1 +R2 ), 3Ha'leHKe K o Topoa npoaon>KaeT yMeH&u..aT&cR H Bbiwe nop o ra. 

3TOT pe3yn&TaT JK83hlB89T Ha TO, 'ITO H Li nR apyrHX npouaCCOB pe3K8R 38 BKCH -

MOCTb MHHMbiX 'lacTe.l% aMnnHTY Jl BbiWe nopora MO>KeT npHSeCTH K CM 9W9HRIO OKO

nonoporOBOrO MHHHMJMS I HnK MaKCHMyMa I Ce'leHHil OT nopora pe&KUKH , 

Pe3yn&TaTbi Bbl'lKcneMRA c nOMOWbiO Ri (v,O) an H yrnOBbiX pacnpe aoneHKli 

J 

a ( 8) = ~ D
1 

cas 1 8 
I== 0 

anR 8 0 0 0 0 
90, 135 , 139 K 180 , a TaK»<e 

nnR nonMoro c e 'leHHH ynpyroro 

pa CC9HHHR 
OJ = lJ + .J..D2 
~ 0 2 

H Llnll ~OnHpH38U HH HyKnOHOB OTJl8'1H npH 0 
0 .. 90 I1pHBeaeH bl Ha p HC , 5 , 8-12, 
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1 ! 01 / 17 / 
3KcnepHM9HT8nbHbl9 Ll8HHbl9 CYMM HpOB8Hbl B H K 03cPcPHUH9 HT 

6nH30K K ayn~ eo eceA o6naCTH aaeprnA 2 . 

3KcnepHMeaTanbH bJe naHHbie , no-eHnHMOMy, yKa3bJea~T aa nono>K HT 911b JJ OCTb 

e e .nH'IHHbl Re ( R -R ) 
$ 6 

• [l061iTbCSI 3TOrO, BBO[lSI 

Tpe6oeaaHe nonomaTenbHOCTH npHBO Ll HT K 60nbW HM /oTpHU8T9.nb-

HbJMI 3H8'19HiiSIM ReF('1'l) 
2 

t 'ITO O[lHOBpeMBHHO 3H8'1HT B.nbHO yeenH'IH88eT 

B C949H H 9 H He npHBO[lHT K yny'IW9HH~ COrJ18C HSI C 3KCnepaM eH -

TS.nbHbiMH Ll8HH blM H o 

Heo6xo.anMo oTMeTHTb , 'ITO eHe o6nacTH 1 1,3 HM eeTCH y.aoeneTeo-

pMTenbHOe cornacne .a n cnep c HO HHoro aaanu3a H 3KCnep HMeHTanbHb!X .aaHH biX . B 

o6nacTH < II < }
1
3 

1 
OC069HH O 'IYBCTBHTenbHOA K Ll H CnepC HOHHblM 3cPcP9K-

0 

T8M, Tpe6yeTCSI, nO- BHLl HMOMY 1 p8CCM0Tp9HH9 BKn8Ll8 6onee B b!CO KHX COCT OSIH HI!. 1 

[lnSI 'lero H906XO£lHMO 6on b W9 CB9Ll 9HHI!. 0 cPOT OpO>KLl9H HH nHOHOB B wHpOKOA o6-

naCTH 3H9prnA . 
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