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A H H O T a q H R 

B pac5ore 11p1rne.zcem,1 .RBHI,Ie n1i1paxemrn .ICJISI Bcex 

~ ~ d ~+ HauJIIO)Caeuux :)'¼"i'eKTOB B peaKI~HH p + p- . + J(. 

C ytteTOM S- , f> - , d - cocronHHtl J< - ue3ona. 

I. BBe,nenne 

ITpH npoBe,nemrn qieaoueHoJiornttecrwro aHaJIH3a peaKrtHH 

(I) 

B oc5nacrH :JHeprHH nporoHoB - -400 - 600 U:rn neoc5xo.zcm.rn Bb!pa-

3HTE> Bee Hac5n10.n:ae1.me 0cp<peKTH B repumiax :JJieueHTOB S- -MarpH

Qll c ytteToM S- , p- H d-cocronHHtl ff.;. -uesoua. HecuorpSI 

Haro, ttTO aHaJIH3 B03MOXHlilX 110JI.RpH30BaHHl,IX 3cpcpeKTOB B peaKQHH 

(I) BeCE,V.a no.zcpoc5HO paCClID.Tp~BaJIC~ MHOrHMH anropai.rn [I-6' r2J, 
HH B o,nnon H3 3THX pac5or neoc5xo,nm.me Bhlpa%emrn He npHne,neHu 

.. 
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noJIHOCTbIO. B HacToamen padoTe .n:aHa CBOJJ:Ka Bcex,coOTHOilleHH!l, KOTopue 

MoryT dh!TI, Henocpe.n:cTBefIH0 HC □ORb30BaH!iI npH oc5pac50TKe :mcnepHMeIITaJII,- r' 

HUX .n;aHHUX. 

IT0CICOJibKY IT-Me30H SIBJI.IIeTCR deccmrnoBott qacTm~ett, . TO B peaKUHH 

(I) HeOc5XO.II:HMO ::m.n:aTb cnHHOBOe COCTORHHe .n:ettrpoua, KOTOpoe onpe.n:e-

mreTCR cpe.n;HHMH 3HaqeHHRMH meCTH He3aBHCHMUX MaTpHu. B KaqecTBe 
,'\·• (7,8) 

He3aBHCHMh!X Marpmt oduqHo HC□0Jlb3YIDT onepaTopu CnHH-TeH30p0B ¼, m , 
. . . 

.KOTOphle odJia.n;aIOT y.n;oc5m:nm rpaHccpopMaUHOHHblMli CBOMCTBaMH. OnepaTopu 
" 

cnHH-TeH30p0B 7;,.,, Y.II:0BJieTB0pRIDT COOTHOmeHirnM. oproroHam,H0CTH H 

Hopi.mpOBKH Sp t,m T;(, ={2s+1 )d:rrn t:r:n' . 
H Bupam10rcn qepes onepaTopu npoeKuH!l cmrna cne.n:YJO~HM oc5pasou ( 7): 

)\ {3 " . ·• 2 ½2 =2(Sx + l SY) ; +. [3" ·")' 
1

11 
=-2(Sx i-l Sy ; 

J3" "'A A I\ A 4/==- i (Sx+iSJ$2-t-,'.:,,(Sx+i$y~; " ~ 
"' 13 ,. 

~ 0 =v¾ Sz ~ 

+ - i ( A 2. \ 
l 20 - '[2' 3 $~ - 2) ; t, =1 Oo 

Hcnonr,3ya · .n;nR oneparopoB npoe1~um1 cnHHa .n:enrpoHa Marp:i:nw B 

1 ~O 1 OJ S)(=:{2 1 o 1 : 
010 

· ~o-i o \ 
_J:...i o-i ·: 

Sy-§' o z a) 

-

U
fOO) 

S-i.= o o.o ; 
0 0-1 

(2) 

DH.n;e 



fiOJiyllHM(O Qi J' 
T =.f3 o o o ~ 

' 
22 0 0 0 
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. (010) 'I: ==- ✓3 Q 0-1 ; 
21 2 0 0 0 

fTT. =-1:.. 0-2 0 . , 

~

1. 0 0) 
120 ff o a 1. ~ 

,_..,~'O i O) T =-~~ 001 ; U
1. 0 OJ Toa= 0 1 0 · 

11. O o D 00 1 (3) 

Jf.]m npor_tecca paccemnrn qacTHr.t HJIH peaKr.tHttBH.n;a A+6--C+d. 
cnHH-TeH30p& sa.n;aDTCR OTHOCHTeJIDHO CHCTeM& Koop.n;HHaT, OCD l!. 

KOTopon aanpaBJieHa B.D:OJID cKopocrH na.n:anmen llacrnr.tu A . TaKan 

CHCTeMa KOOp,Il;HHaT npHB~.n;eaa Ha pHc.I. Bu6paHHaR CHCTeMa RBJIReTCR 

npaBOtt CHCTeuon, OCL X, KOTOpotf-HanpaBJI8Ha TaKHll o6pa30M, llT06& 

ropH30HTaJILHOtt TTJIOCKOCTDD RBJIRJiaCD ,nJIOCKOCTD ~ 0 < • Cpe.n;HHe 3HatJe

HHR onepaxopOB cmrn.:.reH30pOB B KOHe'(JHOM COCl'OSIHHH C TOllKH 3pemrn 

YCJIOBtdl 3KcnepmrnHl'a Heo 6xo.n;HMO pacCJ.{aTpHBan B KOOp.n;1rnaTHOfi CHcre1.m, 
I 

OC:b ~ KOTopott uanpaBJieHa B)(OJII> BeKTOpa CKOpOCTH perHCTpHpye1ron 

BTOpHllHOtt qacTHr.tlil, (B uameM cnyqae .n;enxpoua), ncny11teHHon B HanpaBJie-

mm ( e, ~ J . 

non qacrmiu, · 

no BeKropy 

-
k - BOJIHOBon B8KTOP na.n;aD11ten 

TO OCI> 2~_H0Bon KOOp,Il;HHaTHOfi 

fi.,.,{f<xk'} . Onpe.zteJIHM 

llaCTHr.tlil, a 

CHCTe}.m CJie,ItyeT HanpaBHTI> ·. 

3nnep0Bu yrnu nepexo.zta 

OT crapon KOOp,ItHHaTHOtt CHCT8M&, CDSI3aHHOtt C nepBHllHli!M nyllKOM, K HODon 

CHCTe1,te, onpe.zteJieHnon HanpaDJI8HH8M D&JieTa Dl'OPHllHOtt qacTHlllil H BI,H5opoM 

ocH Olj • nnn 3Toro noTpe6yeTcn coBepmHTI> TPH nocne.n:onaTeJI:&HHX 

Bpa11t8HHR: 
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CTpOKH H CTOJidrtH HYJiepymc.fr OT - J 

cneBa uanpaBo. 

,TT.onoJIHHTeJI1,mze rrnm,:HTOJit'l BH,ll;a 

).'(0 J CBepxy DHM3 M 

-lmtf 

e 
. m1-rn 
i MO:llCl!O 

npe,ll;cTaDHTb B BM).'(e odmeM MaTpm.tbl TaK, ttTo ,ll;JIR nonyttemrn :rneuenTa 

· D 7 
cJie.n:yeT nm.rnoRHn :3JieueHT .r::, Ha cooTBeTCTBYIOl!lMe 

-imip . rn 1-m 
:3JieMeIITbl MaTpMI.{LI e · l ; KOTOpaR HMeeT BM)t 

,- - - - - -
I i 2<f i2cp i2cp 

-e 
- - - - -.2- -, 

t2'f L 'f I 

I 

I 

e ie -ie e , 
_ _ _ ----'----.l!Jlfl T-1 

. Llp r - -ii - - . tcp" 
, -te , e Le 

• I . 
LI/JI. llf -e , -Le I 

I 

( -- - --

I I I 

I -1 I-!, 1 l I -1 
I .• • I • • I. • I 

. -Llf 1 _i,1.p . -L'f -1,p r . -up 1 

i e , - e -Le e , le , 
r_ - - - - - - - - - - - -- - I 

-i2<p • -,21j) -i.2i,o . -i2<(J -i2cp/ -
e ze -e -Le e , 

- - _l ._ A.ITS! J"-"2 - - -·· 

(8) 

ECJIH Cf= 0 , a e - MaJio, ttTO m.teeT MeCTO )tJIR peaKqMM (I), 

KOr).'(a perMCTpHpyeTCR ).'(ettrpoH, HMeIOntHtt.npe).'(eJIJ:,HUtt KHHeMaTHtteCKHn 

yroJI - ID-!5°, TO C TOtJHOCTJ:,JO .n;o ttJieHon, KBa,D;paTHttHUX no 0 
nonyttaeu: 
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(1.) 
1 -IJ. e 0 

]) z /40 1 -fze 
D JB 1 

i -0 0 0 0 

e 1 -He 0 0 
(2) 

_D _. 0 t' 20 13' 1 - 2G 0 

0 0 ✓~ · 28 1 -0 
0 0 0 e 1/ 

2. TioJISipM30BaHimt1 11yt10K HYKJI0H0B 

TI HaCT0.flnten pa6oTe MC£10Jlb30BaJICR MeT0~ pacCM0Tpemrn nomtpH30-

BaHHHX RBJieHMt1 B.E.EepecTe~Koro (
2
). 

PaccM0TpHM n~aDntHtl Ha MHmeHb TIY'I0K np0T0HOB, 110JISipM30BaHH~X 

B nanpaBJieHMM ( -9, d ) no OTHomeHMD K nx nanpaBJieHMID ~BM~eHH.fI. 

CnMHOBaR BOJIHOBaR ¢YHK~M.fl TaKoro q11cToro aHCaM6JI.fI sa~aeTCR napon 
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I I 

r-co1.m;rerwH1:lX tmcen: Cj1 ~ 9112 1,1 12 ~c: 9 -½ 

1ITO6bl HamrcaTI, srnm,re nfipm:.:emrn 
I I 

ql U 9. 2 1mK cpy1m1tm1 yr JIOB 

' j,J , pacCMOTpMU KOOp,n;miaTHy!O CMCTe:uy C OCI,!O Z::: , HanpaBJie1mo!1 

no BeKTOpy· cmrna, MJIB' doJiee TO 1IHO' B KOTppon CTIMHOBaJt <pyHKUMSI m.rneT 

nn.n;: (;1= I; C:2= o. )\JISI nepexo.n;a B HOBYIO KOOp,!lMHaTIIYJO CHCTe-

MY Heodx~.11m.rn coBepnrnT~ O6paT11oe npeodpa3onairne cnnHopon (I4) 

f .cf ;I' } q,_ = ,< CJ1 + r c;-2 
I -X (Isl' ' q2 ==_ J3 9 j_ + 0 CJ 2 

MaTpmia KOTOporo paBHa: 

. ~ I e _i, ) ,( r ) I ~ 2 e f/Lfft-t-<p.2 

( ~ ~ ~ = ! . . . _i -f I - "'" J e, (¥,- ,, ) 

y 

C 

- i s i"', J E_i.- (<JJ2 -<j} ) 

e _l_ Im 
C..9-) ___ ;:.~ 2 ( 7'1 T L' 2 '-- T-', 

r,ne 'ft. 0, % - :3TTJI€pOBU yr JIU npeodpa.3OBaIIHSI. B HallleM c;ry1:me 

Cf1. :: S + ;" ; f.J = "()/, Y,2 "" - ; , OTKy,!la 

I n l (I 

(! =C.AP ,,J -20 
,1 J ?Fe 

I 't (' 

0 2 - si;.,,,, -:-,.9 2° 
I· 2· e (9) 
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TaKm:! o(5pa30M, cmrnoByIO cpyHKI.tHIO t.tHCTOro COCTORHHR nyt.tKa HYKJIOHOB, 

noJIRPH30BaHHhlX B HanpaBJiemrn ( · ~), S' ) ~ .MOJICHO 3an:vi:caT:r:, B Bn.n:e: 

r,1/,E 

06hlt.tHO B omnax ncno.,JII:,3YIOT nyt.tOK HYKJIOHOB, BeK;op IlOJIRpH3ar.tHH 

KOTOph!X HanpaBJieH B.IJ;OJII:, OCH elf . TaKOJ:l BM.I( IlOJISipH3aI.tl;rM B03HHKaeT, 
(/ 

ecJIH t.taCTHt.tHO IlOJIRpl130BaHHUU nyt.tOK llpOTOHOB rIOJiyt.taeTCSI B pe3yJII:,Tare 

a.KTOB pacceSIHHR nepBOHat.taJII:,HO ~nOJIRPH30BaHIIOrO nyq~a Ha Ka.KOM-JIM<:50 

SI.n;pe-noJUIPH3arope. Tor.n:a "-' = 90°, S = 90°, a 

RerKO BH.IJ;8TI:,, I.ITO cpe,n:H11e 3Hat.teHHR onepaTOpOB npoeKr.tHll CrIHHa Ha 

KOop.n:nuaTHhle ocH, onpe.nenneuue coOTuomeumurn (II\· 

2 .!'. < G~ > ~ I 01 i - / G,2 / 
. I , 

,< sx > = ·2 Re ( 9{92); 

<5y,,-,,--= 2 Im { 9:92), 

(IO) 
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B ~aHHOM cnyqae OKaxyrcn paBHJlMH: 

< b ~ > = I 9 i / 
2 

- { 92 i 2= _i_ - _£ = 0 ; .:_ 2 2 . ·Ji' •.Jl 

<sy)= 2 Irn ({:92 ) = 2 Im {A, r/~ ?2 el<rj= i; 

<ox>= 9 ~ ( 1{ c;z) ~ 0. 

3. HenonnQH30BaHHaR llHmeHL 

HenonnpH30BaHHYID MHmeHL npOTOHOB H9RL3R onHCaTL O~Hott BORHOBOlt 

cpyHK!{Hett, IlOCKORLKY TaKaSI 1.mmeHI:, npe~craBnsieT co6ott CMeCL COCTOSIHHtt, 

r.e. Heo6xo~HMO sa~aTL ~Be BORHOBUX cpyHKQHH H 3HaqeHHR Becon, c KOTO

pUMH nocne~HHe npe~craBneHu B MrimeHH. nnn y~o6crBa BUKna~oK Moxao 

sanHcarL -· 

<p=E1.o<.C2)-r 2.-;13{2). 

Ko3q>qJHQHeHru Ei H £2 y~oBneTBOpRDT npH 3TOM ycnOBHID 

I 2 I 2 .1 E.1.I .= E2/ =2 
H $opManhHOllY rpe6oBaHHID 

( r.e. o6e npoeKQHH cnHHa paBHOBeposrrnu) 

E/ .E 2 = 0 ( rpe 6oBaHHID CMe CH). 
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4. Haqan1>uasi BOJIHOBaSI IPYHKL(HSI ,YBYX npoToHon 

Ha
1
taJI1>HaSI DOJIHOBa.fI q>yHKI.tMR CUCTeM!,I )tnyx rrpOTOHOB, O).(fUI lf3 

KOTopux TIOJIHOCTl>ID fIOJI.fIPH30BaH, a ,1tpyron - Herto;rnpM30BaH, sanumeTCR 
B BM)te: 

~'u,2_\.= eikfC/1et (1) +~2 /3(1 >J. ( r; o( (,,?J + ,$.ft/-<)_/. 

TipM paccuoTpenMH (p-p) coy.I\apemrti nat!aJil>IraJI BOJIHOBan ifiYHitllHR 

)tOmma dun aUTHCJUn.teTp1rnonaHa, TaK lfTO: 

'K!\~ = J {1t: 1

(1, 2) - '1~
1 

( 2, 1)/. 
,B pesyJil>TaTe TIOJIY'!HM: 

fl . iki!. r ,7 -ih] 'l:'" = 'fj. tf q,o1 (il+q, ~(1 ~ e</2\ E - ~q, '\(2)+9, /1,2Ji c< (i). e J ., 
· + ff jq,«.{t) +q, _f3{1)}p{2>l'- &,o1{2J .. q,~{2)1 ~{1> C''''l = 

0c503HattMB 

npeoc5pasonaimst, · no;ryquu: 



r. - I2 -
m Es. fl.q y % y )!! 1k~ -i.ki!) o, I tkl' -ik;, 1) 
Ti =v'2'l l' .t 11,1 + 12' 11,0 le - e + ti (o,o cE' +E _j); 

w E2 ft y q1 y ~ I ik~ -ik?) C/.1 · / t'kc -ik-? J 
72== (:!' ll_92'l1,-! + {2' '(1,o)le -e -v,2{o.o(e + e ) ; 

r ,JL,r. 

t 1, 1 = c:J ( i) r:i. ( 2 ) ; 

11,o = J [ ol(i) p (2)+ f {i)d (z)]; '{o,u = J,-fp(t)cx.{2)- •~{1)~8/Z~ . 

\1,-.1 = p( 1). f {z); 

Pa:3JiaraSI nJIOCKYIO BOJIHY no Cq>epHtteCKlU.{ rapMomrnaM H HCnom,3ySI aCHMnTo-· 

THttecKoe npe.ztc;aBJieHHe .ztJISI q>yHKr.tH!l de (kr) = ✓2?J,, /4,_ Y2 (kz) 
npH k 'Z. >> [ , noJiyttHM ( 9 \ 

. iki 00 f . --, { llh- 2 -L h-y; _ - . ' . . . Ii fa:) . ( £,,,] 
e =Ei ~-(2f+i·2ih [ e - € ·½o (CIY:i-e); 

a T.::\.l{>l<E ·. 

ik1: -ikz · o0 f . [ t -i{kl- tx) i{kz- ¥) 7 f_ ·) 
e ±e. = k~ Pi·~ i /2l+( 1.±(-i) J.[ e + e j · Ye,

0 
(C<nfJ . 

. 
OnyCTHB MHOJ!tHTe ~l> k~ , He 3aBH CSIIJtHll OT yr JIOB (. .. {J,, 'f ) H · 

HH,IteKca e , a TaKJite, YttHTUBaSI TOJil>KO BXO.ztSilltYIO BOJIHY, naxo~HM: 

{f1 =EJ ✓:t; iy2e+/{[1-(-i)~[91 V,f Y;,0 {~e) + J~11,a )i{CiiJd)] -f-

. + [1. +(-1/] · ~ Yo.
0 

-};: {CC1 0) J · V2 '{ 1, , I 

'f2= <E2(fg /;2e+l-{fJ-r-1lJ[92 {1.-1 Yeo (01}.jeJ + -lf ;:,,o-l(es,,eJ] -

-[1-+c-1.lJ. J;. :ro.o. ½,o (~eJ J. 
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noirnoro MoMeHTa I H ero npoeKnHH fvl , Bocnon1,soBaBnrnc1, 

COOTHOWemun.m: 

r.ne (e,10M/l'17M) - Ko::i<I><I>mlHeHru Rnedma - rop.n:oHa, a "1 

~{Ci) - C06CTBeHHaJI cpyHKI.tHSI tiacTHI.tLI co CrtHHOM $ = I, 
nonmm MOMeHTOM . ;r H rtpoeKr.tHett nomroro uoueHra M. B nameu 

llaCTHOM CJiyllae nJIOCKOii BOJIHLI, pacrtpocrpaHSII0lllettcSI B.lJ:OJII, OCH 

npoeKr.tHSI IlOJIHOrO l.fOMeHTa J'1 paBHa npoeK!lHH CilHHa $>! 
0':t! , 
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5. Bo:rnoxm,re nepexo)h! B peaKr.tHH p.+p-------d.+:il: 
I ) 

• 
IIpH :rneprHH npOTOHOB - 600 M;rn Heodxo.nm.m npHHSITI, BO BHHMa-

HMe f, - , p - H d - cocTo~Hirn n+ -MesoHa B peaxr.tim (I) • 

3TO npHBO,ItHT K CJie,ItyIOlltHM B03MOllCHblM nepexo,ItaM: 

' Ha ttaJI1>Hoe / 

' ! 
1
$0 iD I 

i 
i 3F;_ 3£? 

I 3E ~Ji; i -
cocTOSIHHe I 2 2 I 

I 1 I 

I l I I I KosettHoe 
~1S1 

3 3

S1 Po 
I 

I 

3
,)1 d,2• I 3 

\ 
3s1. c1_3 COCTOSIHH8 ~d1 i 3~p2 \ 01. d.2 

i 
I 

' AMnJIHTy,Ita c' c' I ' I 

Cpo cf.2 
I 

CJ2 C'd3 C'dq nepexo,1.ta I S1, d1. I : I 

Cocromme ,Ite!iTpOHa Heodxo,ItHMO dblJIO o6o3HattHTl> KaK ( 
3 Si -,. 3 D:1 ), 

0).tHaKO, Ka.K H B npe,Ithl.ItYlltHX pa do Tax 1m nHmeM B83).te ycJIOBHO 
3

~ • 

0603HatteHHhl8 B Ta6JIHI.t8 (I) aMnJIHTY.Ithl nepeXO).tOB, Ka.K 3TO dy,IteT 

BH).tHO H3 ).taJII,Het!mero, OdJia,ItaIOT CBOMC.rBalm 3JI8M8HTOB ,s -MaTpHI.tll , 

cq>0pMy1rnpoBannm.m B ( 9). 

YttHTh!BaSI TOJII,KO Te HattaJII,Hble COCTOSIHHSI, KOTOpble CO,Itepxa.TCSI 

B Ta6JIHr.te I, noJiyttaeM BhlpaX8HHe ).tJISI BXO).tSillt8n BOJIHhl, OTTHCblBaeuon 

Cf1 H Cf2 : 



(I2) 

ITOCTpOHM KOHel.lHI:Je DOJIHODl:Ie IPYHK!lHH. ITOCKOJIJ,Ky D KOltel.lHOU 

COCTOSIHHH Hcnyc:itaeTCSI qacrm.ia co cmrnoM S = 1 , TO n Kal.leCTBe 

B0JIH0BHX cpyHKnHn HeOdX0,D;HMO HCn0JI1,30BaTJ, TpexK0Mfi0HeHTHI:Je D0JIH0BI:le 

qiyHK!lHH - map01rne BeKT0pli Y,.eM • 
ITpH ~TOM - ---\-;,,., ~ f ( li M- /', f" / ft ;]"M) ½,"': f' { 0, 'P) fo, 

J!BlI!ile BI:lpa:m:emu1 ,D;JISI Tex map0BHX BeKTOp0B, K0Topue noTpedyIOTCsr 

B ,n;aninettmeM, HMeIOT cJie~yJDntH!t DH.I( [rs] : 

V =✓T[ /T'&i Si,lB-d2~:y;-1 _ 2siM0-C-o1e.iF'f;o+J(3cos.!e-1) t,,1] ~ 
l 321 4JL Vs 'l, 
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~-;. JT f 1 1 z ) - 3 . . ''f'....... 3 . .z i2y;-> j 
'1121 = 41t L2f2' \...3cm, 8-i . {1,1 + 2Si,,,,0-~e -e. 11,o +2{2 SLM, 8-e . 11,-1 ; 

Y- ,-,..,[ 3 , 2 -i.2'1'-- 3 . -i.Y,- i ;; z ) -,,.. J . 
12 __ 1 =✓i/i 212 sWI e.e . y.,, 1 - 2 s.,,,,e-eo:ie e . 11,.,+ 2l20CI)"' e- 1 .11,d ; 

V .(Tl J1? - . f. -iy,__ t.<p - ] 
I220 = v<a:· 4·Si,,,G.c_me. - € - ::r.,,., -e. 11.-t ; 

,--;. ✓7"' L-1.. . -icp- - 1. . e iy,- 1 
1 210 = 4i". 2 s~ e -e · T1,1 +\,'2'.~e- 1,.

0 
-

2
sw, -e .

1
,,_

1 
_; 

"\./ . ,---. [ fT1 : -i,.p°- . .:... ✓? . j'I' -- J 
lo.10 == vrk- V2SIMB-e ·11,1-cwe.11,., - 2s=0-e · 11-1 ; 

---.. ~ ~ 

'(; 0 ~ 1 ::::: ✓'-I~ 1.1, ± 1 . I 

(I3) 

B KOBeqHOM COCTOHHHH co.nepxHTCH TOJILKO BUXO.l{amaa BOJIHa, KOS~

~HnHeHTU B KOTOpon CBH3aHu C K03~HQHeHTaMH A HaqaJILHOM 

BXO.l{HIIteit BOJIHU MaTpHQeit pacceHHHH S (9) CJie.nyromHM o6pa301.!: 
. I - ,-

B Te M - -L. s:eAJ"eM 
. e. 

(I4) 
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I • 

1Ro0cpqmr~H8HTl:l A 
iHatJaJI!>HOfJ BOJIHOBOit 
! IDVHKIU1H 

, Ta6Jim:~a TT 

.. Ro0cfxI>t11tHeHTl:l B KOHetJHOit 
. BOJIHOB on qiyHKttHH 

l=(o)~( o) iD __ 3C /_ ILq lj /Io U _ ff. ( ,7 ) II',, (· \/ ) 
2 ,-Ji ~2 i V2 2 • 2{Zo} \.2 71 ;;2(.2,0) V2 Cjz C,2 l 210 ~ 2Cj1 9'2 I 210 

i 

------'---------'-------...J--------,._--------' 
I 

3,Itec1, 060:maqeHo: Cs"" iCs 
I 

' a TaKxe Cd= - i Cd,_ • 

TaKoe COOTHOmeHHe He06XO,ItRMO HCnOJil,30BaT.L ,ItBaJJC,Itl:l: ,ItJISi HatJaJII,HO!! 
• 

BOJIH!:l 'PJ. ·' onHCl:JBaIOI!tett nOJISipH30BaHHl:le "Beepx" npOTOHbI MHW8HH, 

a Tartxe )I.JISI 'Pz. , KOTopoit COOTB8TCTBYIOT npoTOHl:l MHW8HH, IlOJISiPH-

30BaHHirn "BHH:3 11 
• 
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- I BAH 

PesyJIDTaTU Blll!HCJieHHH K03!p(pHQHeHTOB 
7eM 

. 3Hallemrn ..{._\ . npHBe),{eHU ,ltOCTaTOl!HO no.n;po6ao · B Ta611.2. B GKOdtmx 

y~asam,1 COC!CTBeHHiiie cpyHK~H ~)<- nOJIHoro MOMeHTa J1-1 ./\J B HallaJie 

. , ~ TaitliC8 HCnOJID3yeMue 

- )tJIH,CHCTe:r.m .ltBYX npoTOHOB' H B KOHQe - )tJIH CHCTeMU·TI-Mesona H 

.n;e!lTpona. 

KoHel!Hlle BOJIHOBiiie cpyHKQHH sannmyTCH B BH.n:e: 

~= o(i i.1 + fi i.o + ft t-1 

~~-cx2 i.1 + ~2 "\1,o + 02 i.-1 
(I5) 

Cpe.n:HHe 3HalleHHH cnHH-TeH30pOB Bllpa~aIDTCH llepes KOMilOH8HTll 

BOJIHOBllX cpyHK~H!l (I5) CJie~yIOntHU o6pasou: 

<Too> =.L (tO(i/ 2
+ I !3;(2+ I fd2

); <'I',./>:== -ff.'£. ( 0 (i3i +l: ft) ; 
1=1,2 l•1,2 

,, /":3',--.·( 2. ' ,:" .• <... T 10'>=\ 2.L lo<;/ -1 (ii J, 
1=1,2 

/.....,..... > ✓'3'---. ( 'l/- -/f-Y:). <-,_ 121 = - 2 ~ cl; ,3i - Pi rJ L ) 

i.t,2 . . 

<T;o'> = lf.L. 00(d
2
- 2 /pi/

2
-4-/fi 1

2
); 

1=1,2 

. . > ,--. *· 
<..,_ ½2 =: y 3 -~ o(,; {i . 

1,1.,2 

(I6) 
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6. Tio;rnp11:mgH0HUble 3gxf>eKTI,J B peaKnHM 

EcJill np0ll3BeCTM Bee npeo6pa30BaHllR, MCTI0JIL3YR ,IJ;aHHble 

Ta6n.2, a TaKxe BHpai!:emrn ,ll;JIR mapOBHX BeKTOpOB ~ (D) , TO -:re/11 . 

,IJ;JIR K0MTI0He HT B0JIH0BI,!X q>yHKHlli1 CHCTeJ.m ,IJ;eltTp0Ha H 11-Me3oHa nonyttHM: 

CX1,= i1[✓lcs+D2(3co_52e-1)] + ;/si.vi_C-i/lf'(c_- /1f;-,-CE>:i(
1 -~t+.'=· 

B q~ · 0 ci ew D 92 e c · ) 1 = - 2Sl/lll . co.s CJ. . o - 2./2 c.o_s . + ' 

11 = ~~ 5tM20- ei2:D1 - z2 SiM (). eap ( c_ +-{t?. cm, 0- d+); 

(I7) 
./ 

r.zte ( e, Cf ) - yroJI llCTIYCKaHlrn ,ItetiTpOHa, a 

(I7a) 

! 
) 

J 
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Cpe.I(HHe seaqeeHSI cnHH-TensopoB B o6meM cnyqae qacrHqeo nonnpHso

Baeaoro nyqKa Moxeo sanHcaTb B BH,I(e: 

<T) = <T)H.n. + P <T)nuA , 

r.I(e p_ CT8Il8Hb nonnpH3aUHH nyqKa npOTOHOB B eanpaBR8HHH OCH 

Dy • ITpH 3TOM: 

<Too>H.n.= Ta·+- r;_. cos 2 8-,- (4· cos
4e7 • 

r,I(e 
fo= _: /es(+ i 1<'-1 2 + tQn1 (-t-/D2 /

2
)- ~$Re(c: D1); 

"(", _1/rl 2 12.) 15' cl 2 3 GR. C-,/- ) a2 =~e+! -1e- +gl +I+ 2 /2 e Cs Di + 

+ ~ Qnol2
- 2 [D1/2

- G (JJ2 f2·); · 

i (9 {D )2. . .2 ']) /.2) 1s d 2. f == Lf , 2 -+ ID i/ - / o_ - g f. + I ; 
(I8) 

EcJrn: ,I(OnycTHTb, KaK :3TO C.I(enano B (IO)' qTo OCHOBHh!U nepexo,noM 

B peaKUHH (I) IlpH :mepr:trnx ~ 600 M:3B JIBRJI8TCJI rrepexo,I( 1.D2 --- 3S:.p2 7 

a nee OCTaRbHI,I8 rrepeXO.I(I,I uanonepOSITHI,I no cpaBH8HHID C :3THM OCHOBHblM_,. 

H npH 3TOM. npene6peqi, npOH3B8,I(8H'HJIMH H KBa,npaTaMH Manux ai.mnHTY.I(, a 

TaKxe nonolffln panmmH Hynro aMnm1Ty.I(H nepexo.I(OB 
3 F; ---- 3

(:,1 d2. 

H 
3 ,S -

3

S1..d..3 , TO: 
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I {, •;-, 
y - C (2 viO :7 * Jo - 1G I f2 - ·g- 1\ e ( Cf C ·) . 2 fo J 

(I8e.) 

,I!anee 
<Tio'-., =SLn0-costD(Ao+ A:1eo5e+'\2cos

2

0+A3C0~
3

e) 
O~u 7 , 

r~e . · · 
· '\

0
= ~ fl Im (('~Cs)+ i Im [CD1. + D2 {c-J: 

\. _ 1 14s-.y. (.*I) Fs 1 .. r_Jlf-.- _, ·. ; 1-yv2 'll_ Cs~+ + t:,· rn LU.+ \._D2 _11,.,, 

A
2 

= ~ Im[c~(3D,_+D1)] + 2~ Im (r! 1J~J; 
(I9) 

A~= f!{ Im [ d: (JJ1 - 3D2)] . 

(I9a) 
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Beponrnocn itenycKamrn J(et1TpoHa c 3a.JJ;airno.n no1rnp113arttten M KBa.JJ;py

noiurpirna1viett onpe.JJ;enneTcn cpe,JJ;u111.rn 3Haqemrn1m cn11H.:.TeH3opoB 6onee 

BorcoKoro paura: 

<....,...., ). t /3 . e up( · ) J =- -
2
- Sv,,,(). C,0.6 · e )), + iJ. .c,&,ze . 

1i H.fl. I.../ o 2. . , 

f'At ·. 

/3I; *). I-1~(_ D)* j 1 - * Vo=-,:2 mlJJoes + me ])2.-t- 1 .Do +2.jzim(C+C-); 
(20) 

v
2 

= Im [.n: (3.D2. -i-n1-)] ; 

a I 3fr'J-(~ 
))

0 
= 2 vs m cf" c.fo) ·, 

I 
V2. = 0 . ) (20a) 

<T11.'>non = ~ {feo!.0 { ~0 + ~ 1-e-o:.e + f.2.·ew.,.ze + ~3 -c.o:/0 + 

i2'f' . } 
+ su,}·e. e t ~'i + ~.r· ~ 9) · (2I) 

·1 

1 



- 23 -

r~e · 
R 

~ ( * . 
po=-./3 e(C+('sJ--f2Re(c!.D~)-Re ])oc_) ·, 

~1 =-·&Re en: d.+); * . 
t'2. = 3/2' R.e L ~~Di'): Re lDo ~-); 

~3 = f15' Re.(D: d/l; 
~4=- Re (JJ:e_)-/2l?e(e:D1); 

~· = 1/E· Re l .:D: ct+ J . 

a I /..-, •. ) { * 5" () f. ~ 15' 
~

0 

= v30· KE- l('f,es) + rrfi5 K.e LCj,2CdJ + 4 ,/31':ce(rpt Cdz.) : 

~: =0; 
I 9 r.? 0 1' ) 3S r:=; 0 I ~ ' 

~2. = - r:,vi5 ·Ke (<!"2 ~d1 - -4 13 ·KC(._ Cpz C"c'2) ; 

I 

~3= 0; 
~; = ~ /I< Re (i:,: e4,) + -f.13 Rdr,; e,1,) ; 

~; = 0' 

I 

I 
l 
l 
I 
I 

(2I) 

(2Ia) 
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\o=/f Re(c{c_) + Re [(D 1 -_D~J~-J; 
~

1 
=v'Is Re[(l)1--i-I>2fd+ ]- /f Re (e:d+) ; 

~2. = Re [(3Dz -JJ1-)~_]; 

~ 3 = ~ {,is- l<e {(3JJ2 -t- JJ1)*d+] . 

~ I &R f °" ) 1 JTs'R r, * ) S' '30 r, -lf ) Jo= - 2 e\.Crz~S - 2 2 e \CpzCd1 + 2V2 l\e"-Cri c/2 ; 

~'===0· )1 ' 

~; = ~ )I Re ( q,~ cJ2); 

~~= 0 

<T20>H.n.=lf { 10+72•C:0.5.Z·e +7q·c,o~/'0) 

. r~e 
no='(o ·, l 2 2.). 
q

2 
= 1f: ld+l 2 - 1@/D2l +[D1-l2+ /Doi -

- j IC-1 2 - i [C+ 1
2

+ ~ If Re (c1 Dz); 

tz4= tQnil2+ 2/Dol2
+ 9{D2!2.)- 1

{fd+lz; 

(22) 

(22a) 

(23) 
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a 

(T,. >.,.,= ,...,:;;•e {\, + ~' e.,e + 1,-,.,'e + l• =' e}; 

r.n;e lo= /[Trn (c!::.cs) -t- Irn[(1J2-Ih/c-]; 
1

1 
= ✓"Zi[rm (e;d+) -t- {is lm [(D1 -.D2)*d+]; 

\
2 

= Im [c~ ( 31)2 -t :Dj_)J~ iz Im (c: JJo); 

\3 = vF Im [(3D2...cJJ~/d+]. 

a 

(23a) 

(24) 
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< 1 /--, icp( . ) ½1>H.n::==svl SiM0-c.o~e.e . forJ2•C.m.<e ; 
r.1rn. 

a 

p0=J~ f<e(c~C+)+f<;Re(.Dotos)-2 Re [D;(:o1+.D2)]; · 

P2 == 2 Re [n: (3.D2 + _Di)] I 

, - r 12 . [sR I". * ) fo --Si <'p2 + V2 elCp2 Cpa ; 

o'==D ) 2 . 

<~1 >H.n.= ⇒ If C,Me{T:o +'t'i_-C!1¾0+ Lz·CD~ie + L3· cm.
3
0 + 

r~e , +Si,.,,,:t0,ei
2
'f (T:q+ 'Ls-~0) 3; 

1 (*) ./3' ,.~ 1.Ii ~) Lo=~ Im 1)2 e+ - 2 Tm \.,~sC+) + 2 m Cc- Do ; 

L1 == T'Irn (d: :Do); 
3 .. ~ 

L2 ::o 'l2" Im (])2 C+) - -k Im Ce':.. Do) ;. 

L3 = - f Irn (d;:Do); 

'Lii == t Im (.n; e +) + ~ Im (e~ :Do) ; 

'L == - & I - 1d11-..D. ) 
S 2. Ill'-+ o . 

(25) 

(25a) 
; 

(26) 
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r.n;e 

a 

r.n;e 
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r;= ✓-f Irn(r(z~s)- i B Im (C',~C,:J1.); f {3 Im(c;Cd2-); 

'T:1/""0; 

'L2
1 

== i {if Im Ce~cJJ + ~s--i/3' Im (cf, rJz); 

T'= O· 3 / 

I li?r,- ( -¾ ) lS .h' T - I JI.. )'. 'L4 == - 8 m CtzCc:11. - g v3 · J.rn \.C'fz ('q 2 ,' 

T.' = 0 S' 

W
0 

=JG.Re(e:1\)-2 Re(:n;.nJ- J fc_/
2

; 

W2 = G Re (n;.D1.) + 1ff /d-+J2. 

(26a) 

(27) 

} (27a) 

<T22>no.1 ~ f s01e·el<p{ro+fic{}~e + fz·Co!. 2 8 + '(-,(cos3 e -t-
+ SiN/e. ei2<p ( rq + tf,·W~ f} j}: 

~o= Im (c~ ])2J -Jf Im.Js~cs) - · 
t1 = V15 Irn(d: D/) - ✓¥'rm cd::cs);. 
tz== -3 Tm (c~ D1')~ 
~{!:,:::: - 3 & Im ( cl; I>2) ·, 
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tli = Im (e:_ ~ 1') ·
1 

'-fl, = ·lis' Im (n; d+) ; J 
"/ & I - c * ) 1. Gsr ~ r " . ) s ✓31 r " 10:::2 m ef2Cs +-i:p/z l'l"ll.Cp2C.J1 -1--q 2 lhtCrzcJ~); 

•"'= O· 11 ' 

'¥; = - ~ vf Im(~ Cd1)-4N[Jm (c/ ~J; I C2ea) 
I *" == 0; 
, 1. ✓'is' _ ( -x ) s /3 _ r. if. \.\14 = y 2 Im Cpz CJ.1 + 4 ·v2 Tm l<;,zcJz.); 

B 3aKJIJOqemrn aBTop npmrocuT dnaro.n:apHocn, JI.H.Jiarrn.n:ycy 

3a 11one3m,re 3aMeqamrn H nouom1, B paCioTe. 
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