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A H H O T A U 1I .H 

IloJiytieHo Y.I\061rne Bh!par,,te1rne ,1.vrn B0JIH0B0ti cpymtn;krn 3JieKTpona 

C ylleTOM KYJI0H0BCKoro Il0JHI JVIR ()QJI:b!llMX ltI MaJiblX Z , t!1'0 nos

B0JIHJI0 3arr11car1> raM1,m1>·ro1rn:an (3-_pacna;n;a,u;;rn rrepexo,n;oB rrpo113-

BOJII>Horo nopHJI.Ka 3anpememrn. PactteT yr JIOBh!X Koppe1um;r1i1 npo11s

Bo.n;11xcn Ha OCHOBe npeo6pa30Bam1n CTaTMCT~tleCK011 MaTpm.i:11 IlJIOT

H0CTH B pesynbTaTe pacrra.n;a. HcnOJIL30BciHK8 MBT0,TI;HKH IleDHHCOHa, 

T8H30pHYX c~epHQ8CKHX onepaTopOB M o6o6ll.{eHHHX c~epuqecKHX rap-
~,· . 

uomuc no3B0JIHJI0 noJiy~HT:&. Bblpa>B:eHne .n;Jrn j3 - f _;, K0ppen.H~:v111 c 

yqeToM noJISipi,rnawrn (3 -''·aKTHBHLTX a,u;ep np11 nepexo,u;ax np0H3B0Jib

Horo nopR,ll;Ka sanpemei-nw, B K0T0P0M Bbl,D;eJieHbl ,B 3aMKHYTOM BH.n;e 

yr JIOBaSI qacTb 11 KBa;n;paTliqHhie ltOM6r.,maumr KOHCTaHT B3aHM0,IJ;ei-1cTBHSI. 
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BBe.n;emrn 

B CBSI3H C OTKpbITl-teM Hecoxpauenvrn: "C.leTHOCTH B CJiac5ux B3avtMO

.I(eticTB11.fIX 60Jihmoe · snaq;HYte np:0:06peno HCCJLe.n;oBairne KoppeJISIUHOH-

1111x. ~qxpeKTOB IlpH r -pacna~e .· opvteHTl1l)OBaHHbIX II.n;ep • 
.. - . ·- '• . ·:• 

'B .n;amrntt pa6oTe npe.n;narae:rc.H M~x9.n;•·· pacqera Koppe1rnn;H0Hm,pc · 

3qxi)eKTOB np11 /J -nepe:xo)l;ax np?~3.BOJih!1.or9 -~9PR,1l;Ita sanpememu1 ! 

B JIHTeparype I-6 no,l(p06HO paCCMO,Tpemt TOJI.hlCO pa3pem~HHhl8 Il~P,e""'. 

XO.l\H, nepexo~h! nepBoro sanpemenfrn ;¥ . "Y~HJC8.,~:&HHe nepexo,11;1:i P?;,~po-
- •• ,, •. .\ .• · ).·;,. '\l 

ro sanpeniemrn:. 0 rrepexo,n;ax rrpo_H~BOJibHpro nopH.n;Ka vtMeexcn pa6o-

Ta .IIoJirHHOBa 5 , o,n;HaKo Hcnon1>syeMast HM MeTo.n;nita Ka1.\ex·c~ .n;onon1>-
: _;"' ,-~ _,, , -:! t ~ '- . ' '--:: .. . ,.,. ··r, ·1. , ' • ~ Y , •• -: • , ..••• , , , . • ·-

HO cnoRHO~, a noJiy'-IeHH11e pesy1q,TaT11 Tpy;JtHoooo3pMMWvr.; Ciro11t-

HO~Tb p~;q&;!\3qxpeiTOB npvI (J -rrefie'f 0.I(~X npOH3BOJibHOr
10 sanpe

ll(eHl1H B 'cioJII>~en qacTM onpe.n;eJI~~TCSI Teli, . q~o BJIUSIH.MSI KYJIOIIOBCKO

ro nonn B sanpemeHHhlX nepexo.n;ax oqeHb cymec:rBeHHo, a Yll~T "3Td~ · 

ro BRHHHHH .I(OBOJILHO CJio~eH. B ps,n;e pa60T 3 , 4, 5 , 6, 7 , 8 , nonyijfkci. 

B1IpaJCem1e 'B0Jl1I,OBOtL !PYHKll,mi anertTpona C ytteTOM KYJI0H0BCKoro no-
~ . . . . 

1rn:; HO B.ce ::,TH :BLipairt~muI. ,n;axe AJUI Ii~pBoro sanpem~mrn: rppM03,I(KM, 
. :; .. '. : .. ~·· ; 

:0: 11MU Tpy.n;Ho on~pnpoBaT:b. O,n;naKo 
0

BT?, CJIOiitHOCT:b OOTJSICHSieTCH, npoc-
. ' .. ·• ..... '• 

TO npeBbilll0HMeM TOtIHOCTH, 3aKJuoqaromeucH B TOM llTO, C .0,I(HOM CTO

pOHhI,· YlIMTI:JBa~TC.H TOJ11KO MaICCltMaJII>Hhie MaTpHttHLie 3JieMeHThl rrpH . 

pasno~eHMH no creneHHM f>Z , a c ,n;pyron croponhl, no BTopoMy. 

ME!,}I0MY napaMeTpy Z '22 
, KOTOputi nop.H,n;Ka f Z , pa3JIOXi:e}U1.fl He 

npov13B0.IUiTCJI. EcJm 1te yqecTI> MaJIOCTI:i KaK pc :rait H Z e 2 
, TO 

MOJKIIO IlOJiytrn:TF, y.n;oOHoe Bh!pa~emrn )(JI.II BOJIHOBOtl Y!YHKI.Urn 3JieKTpo-
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Ha C yqeTOM KyJI0H0BCKoro no11a • 
.. :t.": 

MeTp.n:, pacqeT~ 1toppe;rnq¥.(0HHLIX 3·<I4,e1CTOB' IiICilOJib3yeMut{~ ".' 

,TI;D.HHOH. ~a6o~e, ,OCH;·BaH HO.·. n~~odpa30Bam,rnx, ~CTaTH;;~~~CICOit' MaT

prtUbI IlJI0TH0CTH .ancaMOJIH , ;~~p ~ pe~yJI~T~;~ 'pacna,IJ;a. 3To,T: ~-~e'.it~,IJ; 

KaJKe;d~ '6onee1 npoctHM '-M nar JIH:n1niIM, q.eM. 66Ninrn ~cnoJ1:&syeM11it B 

JH1Tepa't'fpe 9 ,'IO~~ 'IIpvtl1ieHEiH11e 3'T0I'0 l,rn'To,n;a.''()&JI,,O <6!:il noqTJ,1 HeB.03-

MOAtHhI~; 6e3 3Ha1B1:s('ia1t Ha3hJBa·eMOH M8T0)Umt11}Jiemu1coHa II, KOTOpa,H; 

K 'coi~iiemi~, en(~ He, nonytii1.1fa l!IHpOKOif H_3BeCTHOCTI1. (IlO~TO~ 

H3JIOieih1e e~ ., noMe·meuo ," B ripHJIO}Kemni) ·~ '. 
;:_.-;,: . ·.··: ~-,.<, .. \. _-:7· .,. .,, .. • . '::,: .. , . ·,' 

qrp~~n11-1~~c~ pacc.MpTpeH11eM ~,?fI>K,oif-f ,~~o
1
f pe~_nuiirn ~.~_lil_· pa·c-

na,n;e-; opirn,HT11~9~~:H~~-x )l.D:8~. ,n~J1 'r/3~7pac,~aJJ.e_ -~~?M~_BoJI:~H;9t:o· no~ \ : ; 
pH,n;Kci _sanpeme,JtltHI •. Yt!eT noJiap~sg:i.uirn: sneKTpoaoB HJI.H HanpaBnem1II· · · 

.. ~- .~ ' .,. i - .,, .: \, ;. J ., ·- . . ·._ '; . ;· ' ; • . •. - •·: \ . • . --.. . • 

BhTJI53Ta H~,~il?,¥H~O '· ,} • e •. · _f.n;ep OT~a~M ,"·'~pq~~A.fT ~R .·_ n·~; '~~anorHTIH~·n ·.•·., 

cxeMe •.... . . ... r, .. t 

T tl.,., ·.: l~ f.i 

--;:. ·: :rf cBsrnk :::c ·: TeM, tITo ,.ho'cJfe,n;.tim.f'.ittcnepmie11TaJI1Hhte'. ,n;aHmrnr: .. r'- J · · 

nocTaBI'1JUI no)i:. 'co1.memrn cy1neCTBOBam?e- TOJib'l:fOvifBap:HaHtOB •· ·(3 '- -B3a11.-

MO,Il;0HCT .. 1Hi!I s ;'. 7}:: '\11 p ( yqt'eif BC;e 'BapMaiiTb!. ;-·,,, ,;[ ·,_ L.-., ~.'. _: ;;.•. 1v 

. ,.,"f•.: .. ! ? ·.·; ~~: ('; ;. -. -~-~ _~j .i:. -~ (~- J",:, 

n :':11 r· ~ : " .1) ': j~ ; ;· ·l•··· ·:; t'£!. }:ij{(. 

.,. 
!. • ~.'s t.:, ~ 

f( 
".;_ -~ t i ·-- }.~ .{ ·, ,: r ~ '\• 

<t·. ; r·-J: ..;,:, ., "'r = -, ~--- ··: " 

.. ('"•' <{ ,., .{'_" '. 



I 
I 

I 
i 
I 

I 

I 
I 

I 

-. 5 -

f ,~ =: ~ 'X;~ ...:2z.e4 ; 

' . £ -= 21-e 

2.~/l({'GJ=L{f; M?/iMJ,ri11~ ,· __ 
j . #1-t"f'=N l . . -- . .. . ·- -. 

(e i frl f! j /M}._ -yiinTa'pmitµ, ~P84XpMUHeHT_ KJie6rna- Top,n;oHa
13 

'Ye#( (n) - -ccpep¾qecKaSI rapMOHH~a,·· HOptmpbBaHHa~ Jo;,, . .(t;J/2c/n ::=:I, 

'VF -opxo!jPMHpoB~Hl-!~M ~~HH~J? 13 npocxpaHme mHa -i, v/ lj.,":fr, 
tymcru•rn 1frt< RBJISieTC.fl ?emeH~1eM ypaBHeIUUI JlnpaKa, C. yqeTOM KYJl0H0B

cKoro no;rn: vL Jl!Meex Ha· 6ecK0Het1nop.n1 acv1M.nTOTYiqecKoe n0Be,n;e1me: 
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(-J 'l;;jz -i'iJ/J1 {f z +f 1/ _ -if?. +7.'11 e1 2/Y'l 
1frr ·· ~j'e . , +ftt(! (I.2) 

3Ta cpyHKunn onHcHnaeT nocne Bsa1u.rn,n;etfo~BHs:i' 'na 6eCKoHeqHocTi1 · · · 
~;i,,' 

GJieitTpon, MM~IOJ.nMi1 onpe;:i;eJI~HHoe Hanpl3.BJietrne 1n.mym,ca p B . npocT-

pancTBe Y1 onpe)l;e'~~l!HYIO npoeitumo cn11Ha . f' I 4.. ·, 

Ilpll _T~KOM BhIObpe BOJIHOBOil q)yHKU.:V£111 ·3Jl0KTpOHa MCKaJKeirn.e J!,Y-
< ' '.• -~ . 

]lOHOBCKOrO IlOJU! B a.n;pe He YtlMTh!BaeTCR. 

.f•. • ~ ·, 

BBe,n;eM 06031~a-4enne \ 

. 
.· J ' ' + 

., .. ., A111 
;-' =: £ ~'fl;.r-t-f)1 JSZ;·fz_'N (l/ 

r1 c2. /"1 (I.3) 
' 

PacKp1rnan B (I. I} ,· ' 

C":fh™Y. no j . H HCUOJib3Yfl T9i!C.n;eqTB~ 

Al -A I (-➔;· · I5 n • 'ffr = f{ ~ e , noJiyqMM 'E.ct.1·t~e( L~-e' ~-e 
/i j"R 

r.n;e 

' (-) c,O . 

,~➔ - . ===· L :'ft · · 
ff- {!_=:=O 

:(I.4) 
'· 

,· : .. ~ ' . 

'f'? ( 

t;,_, ~- 1z) Ac1 . . v· · ·; .... · r·· · · &-:!-,,_ czl ·; . z l' . - . ..,, . 
- ¥,:)ii'; ·: . I . ' '' ' V .- ' V: 
- _ . ~~ (zJ A}': cit). '.: r .. -~ PJ..1 (zJ(?Jtr· l 

. ' '. ' ' '.2.' ·:· ' ... () .. ; . ' ' . ' i ' ' . 2, ,. . ' . 

<ft 
' ' 

I f ' •. · /1' ( ( . . : .. .(."'"- .· . R 

4 I 
&4.L e_{z_ JA ~,/ + ~- ; ,, {z/ A. ,l!~f 

- 'II ,.X 2t. .. sf{ <.-[ it ( 
- JI :;;.w:-< , \•, . _I .-

[, 

/l I . p :· 
w . ._ . _ it+-:. . e-- ➔➔} 

Fe-1-{:,eN 61 Aee,. +t-r;.f, t-/z/ A re 1. (s ('_/ 

. ' 

·v; (I .. 4a) 

f?f ;' 
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Moimo no1tasaTb, cMoTpri:, Hanpm.a:ep 16, qTo . 

r,n;e rJl(tr~) . IlOJUIHOM Jlei!B.H.Il,pEl OT {tfe) • 

Cne.n;oBaTeJI:bHO (f0 srnnneTCSI BOJIHOBoi{ cpymcn1rn:t1 pa3pelllemrnx 

nepexo.n;oB, a ~ /! -Toro .3a11pe_men:m1 ( ! -~ I ) • 

TaK KaK B xeopH~ /3 -pacna.n;a yqHTHBaexcn noBe.n;eHMe n.¢. 

-aJieKTpoHa T0JibK0 B6JIM3Yl uaqana Koop,nHHaT, -· To npM paccuoxpemn1 · 

(3 -nepexo,n;oB npo1-1sBOJibHor.o sanpem·emu1 (BKJDJttaa paspe~eHHh!e 

nepexo,nu) Odh!'4HO Y"111THBU!OTC.fI TOJibKO HaMc50JI:&IIII-ie lAaipHllHh!e s.neMeHThI 

·no prz. · ( p . -HMny11:r.,c sJieKTpona, Z -pasMep a,npa), TaK ua3u-

BaeMoe sanpememte no o:rHomemrID pa3Mepa H.n;pa.\t ,nJIHHe ·BoJIHh! sne1c

rp0Ha. Il03TOMY MO>KHO y'i!.e B BLipai-temrn BOJIHOBOlt <pyH.trn;1rn1 3JleKTpoHa 

(I. 4) OCTaBI1TI> HaMM0HI>illYBJ creneHb /'-Z , COOTB8TCTBYIDlllYIO pacc1,mT

p1rnaeMOMY nepexo.n;y, KOTopaSI 11 BoV.,n;eT B HalHJOJil>ll!l'IM MaTpvitIHh!M 

3JieMeHT. 

Ac11Mrrr6~M1ta q1yHKn11Lt &}t(z) ·11 r;tcJ npH !''l ~< I ~ae:rc.a ·qiop~ 
MyJiaMvt: 

<Sl' (c.),;,::: B;i? (2Ptlr
1 J::;1. X 

~ [ [ Yie- Xf'- ->i(v-r)] + [Ji~ -tXj~ +i'(ii1-rJJ 2}t~ } 
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-- /4 B ( ~·t-1 .(?::;;:, /-fe t'-) =: /e 2-p,)· ··· vU · 

'}( [ [ ¥ j l + X'jf + i ( v +f ,r + [die ~ Xje ; 1' ( V-f ~ ie3- J 
. Z/;t2+I 

(I.6) 

BoJIHOBaR qlyHKIU1J! 3JieKTpoHa. pasperneHHbJX nepefOAOB (f o MO-
f 

~eT O~Tb nepenHcaaa 

. .· . , J
1

- I( f ) V: 
</Jo -= cl ( 2pr) Q., (eTeJ r (L. 7) 

r.n;e Q .·~ _e_ d_-f f-{ +1'(ptf!l . I 
o· - £+n-r J,( +l-1--l(v--:-f( . 

/1== vf~z~ 

, cl··- B-1..0 {iii (/r+f+l(v~rJ) · z, .:;.c . 
·:-,. 2:. . . 

IlpH MaJI1IX Z (ItOr,T(a MQj!!HO npeHe6pet[b 1 e4 ) m,rneM .• .. •'.. ;, . . G { ) 
- . ~ c-#1 <-f-M . . . .. (~ - .(/-+z i!e 2.p )J~zr <? . ..,,.,,., , · .liµ · ' 

f< . · •· £+~ (1+114 
1 

', (I.7a) 
~L . . ' 

IlpH °l:~0 .. ~ ne~e~0,Il;11T B HyrteBOij .tIJieH pa!f!OXeIUi.H fIJIOCKOM 

BOJIHhl 1f f ~ • 

.J])rn 3anpe~eHH11x nepex:0,11;0,B BOJIHoBaJI ~YI.IKJJJ1.H; :,~eKTp~aa ~ .. · . 

.n;aeTCSI cpopMyJIOH (I. 4)' 0,T(HaKo )VIS! npe,n;eJU,Hh!X cnyt.IaeB dOJI:&l!Il'tX I,1 

MaJIHX Z MOiKlIO ITOJiyqHT:& 60Jiee npOCTh!e BHpaiitem,rn .... PaCCMOTpI1M 
. ,,• 

(f}e l1 BJ.rne,n;eM ycJIOBHR, K.or,Ita Z ... CtlMTaercn MaJibJM 11JUI ·OOJII,ill1'HI. 

OrpamitIHMCH TOJII:,KO paccMorpeHMel.! cpyHKIU•di C,,-1-J,.e {c) . H Ce-,, f {z) ' 

xart ICaK ,n;;rn ~J. /+( {zj l1 li,_i f-{ (~ BCe Bb!BO,lUl aHa.JiorwtII-IH. 
it! . , , . · 2, .. . 

Acm.mToTmta 6~.1 0 (z) 11 {iJ.e (z) npu I.JP.~:< l ,n;aeTcsr q)opMyJio:ti 
.<· z1C Zf · /-

(I.6) 

., 

,\,\·, 
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,,. ' 

3aM:0THM, tITO Ilpl[ m.1,euoqmJX pactieTaX MO'3:HO cqv1TaT1> /4?. ::::f 

c oqeni xopomen_xoqnocTbID. 

B Bblpa:xteHHJ.1 JI.JUI it,f {z) BTopott _qJieR B qmrypH¥X, _CKOOKaX M0Hb-

. Ille neptrnro ,Ha i,mOlICliT0Jlb letpz , H MM MOY.CHO npene6peq1 .. Ho 

B BL!patemt11 JI.JUI·-~;, f {z) 3T0r0 Clf..eJU.lTl> HeJU,3SI t TaK KaK nepBhIM tJJ1en 

nopSIJJ..ka le z. , a nxopow f 2 • 

E_OJI:blIIHMH z oy.l'(e:M CtIMTaTh TaI1:Lte z ' ));jUi KOTOph!X BbTilO}l-

HeHO 

·· nnM 

(1 .. 8; 
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. PaccMa:qnu3aJl )~aJiee o;r.nolllemrn ~/,t (z) K ~-f, ef<), noJiytrni1: 

/y ~ ½ 
u-e-1 ~/-, e l"S -:.:::: _t1 ..... 
'I z 

GR:f:. ,e {z) ,. 
. . .· f " ' 

3natIJAT l.JJieHOM &;-'i,:e _A 1;z ·: n .~ MO]{HO_ npeneCipeq1:, 

no cpaBIIeIUUJ c t;J e {r) 11;;t c Tott i:e T0l.JH0CTI>IO, c KaKoiii Z 
2t 

Cl.JHTaeTCR: ()0JI:blliMM B CM:bJCJie ~p11:rep1rn (I .. 8) .. 
. . : . . A f§ 
IloBe.n;euvre --=;;- B 3am11c11Moc:cu ox Z noKa3aHo Ha rpaqnuce, or-

z:.. 
Ky,u;a BI1.T(HO, tITO ecm1 ·xpe6yeMaSI TeopeTtPieCitaR TOl,l:HOCTb nop.H,IJ,Ka 

15%, TO 60JibiIU1M11 Z MOiiro :C4l1!TaT:&£· ~ 25:JO,· a ,lJ;JISI IO% 

l Z 51 . .Ii.1rn cpaBHe1urn np11Be.n;ena Kp1rna.fl sa:sncHMOCTvl f 7: (f~ 1Mev, 

't~to-nAt} ox l , T .. e .. · Kpirna.11 o6Htmo~ TeopeTM'l!ecito.ri Totrnociu c 

ItOTOpoi1 Y'UlTbIBaIOTC.H T0JibK0 0CH0BH:&re MaTpHtlJUire 3JieMeHTbl np» p~3-

JIJIO~~:Hl1SI no CTenem!M f 'Z ' a OCTaJII,.Hbie OTOpaChIBUIDTCH ... 

. EcJIH ycJIOBHe (1~8) H8BL3B_ CQHTaTh BhlDOJIH6HHM, TO BUpa

J:CeHne (I.4a) i:11H lft 1,w:l:;Ho pasJiaraTI> no_ cx\eneHr.M le 2 
.. Kp11-

/ 2. -;-2. 11 7J S 
Dhle 2'.:: e , l': e , r: '2 · n T .. .n;. 110Ka3I.-JBaIOT Teope:n,p.recKyPJ trOtIHOCTI,, 

C KOTopon MO~HO OCTaBJIHTb Te mm MUh!e CTenem'I ? (22. B pa3JIO~e-

mn1. (f7e .T(JIS1 ,n;amrnro Z .. TaK .n;na Z %" 30 Heodxo;ru1Mo orp~-

mtcrnx1:,cSI T0JI:bK0 Jivrnet1HiiI1m no Z qJienaMM pasJioxe1rn:a. 

BOJIHonan cpyHmJ,v:i.fi ({} (1!"?-f) B. CJiyt.Iae OOJI:Ol!IHX z 
(I~8)) sanzmerca: 

(B CMbICJie 

0 

C 

( 

l 



- II -
1050 I 

0,4-0 

2. 
Ze4 

0,30 

a20 

0,15 

0,10 -

z 
0 , •• IIU4S4U 

10 20 30 
'I 

40 
IJl<ll. ... , .. 

so 
r--=- ,iJ H ~ :Ii I.I:! -,,.wa l .!!11 11 linetllj, 

70 80 
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/0' j ( ~-I It) · ( Oe (ere)) 
'f f = ae 2ft) 1'-r (-:re}(<Yir") . . 1 / 2J, . .(I.9) 

r,n;e Q == E +11,1 µ.-/7-,..i(v-&, 
.. ,e p !e-f + 'i(v+1 J i 

,:,. 

~ =: r2e-1J 4--1 1 f·le 2 
-4-~ f !f-tJj ft# 

- 'll 

B .9nyqae Manux Z CF :f:. .30) BOJIHOBYIO .(l)yHKn;Iu.>.aanpem.eu--_____ ,, ,, 

HhIX nepe:xo,n;oB <(}e. M0'1tHO npe,n;cxaB11~:& B B:t-1,n;e: 

.</} = [ al! -1s-ri6J] .Ziff I /~I (I.IO) 

f 

r;n;e \ • I? . 
a =: (1.pr) 1l (-e) 
e (2.t-1)// ~ n / 

. ' 
~ .. e-r ,,. 
/(, -=;:: {'tf'l} . 2f'-I ~· ze2. (J! /;rej. j[ 
(! . (2f-l)/I 2/! /'-I ( I' ,. 

.S:-..L..... <;. _..., ...,_ ~ _..,. -, . . ::: ~ { )' . .. (-0 -,1 
ilf' I' - {¥fo ,:°,_ff! v;. , · J's -IO , 

IIepBbIH ·tIJieH B <ft . SIBJISieTC.fI t -ThIM qJieHOM B pa3JI0!:emnr 
C 

,, IlJIO,CKOti BOJIHE no ccpeputieCKUM BOJ!HaM B't>JII13H natzaJia I<Oop,nirnax 

(f'? .(< I ) , a BT,Op~t('"o6ycJiaBJIHBae:r nonpaBKY, Ha KYJIOHOBCKOe . B3a.k- \i 

.Mo,n;eitcTBHe. 
·., 

:-~ Ip ,~,-
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< \\' 'i 

3aMeTm.!, tITo ycnoBHe (I_.8) ,n.JISI 60
1

m,umx Z · 03nat1aeT, 

4TO B BupazeHHH (I.IO) nepBHD qJieH 0~ nJIOCKOll BOJIRhl OT6pacuna-

eTCH, Tait KaK on MeUbllle- BToporo. B~nHo~a
1

SI (!)ymtu;~.fl <f}f .B (I .. 9) 

np:v. MaJmX "Z nepeXOAMT BO BT_opot:t tIJieH B (I.IO). 
t. t ·,' 

.1 ;·"; • 

§ 2 .. raM~1JI:bTOIIMaH .(} -paq_na,¥,,s ,M MaTpldtIH~e 3Jl0M811lThl;· ,., 

OTBe~aJJll(I,Ie 3a nepeX~ J.=: e • 

KOT ,n:a ll0'.l'.HOCT:& O(jmaa ,'popJJa ra¥J!llb TJH11ana J ,(} :-p?Cna)(a, 

ne co~paH.nercn, Mm:teT . 6µTb . 3an11caHa 
12 · 

.,.,,, ' . ' . .. ; ' ·•· .. . 1.IF . ,~ 

HtsauM. =L { G ('1/f> OK 7'1} (¥~\OK(/~} -r ,· , 
.. K · . 

. • "· _,_,'{:](i,cii)Dbz Cf~,'/{?} '!'::·.,,. 

r,rr.e 

Ov == Y£ 
_Cf c= /s':!'{f/t) ·. OA -:;}-J's 

'Bee ,IJ;~CS!Tb noc~.t6~HHhIX Cf '\i ·c,: ' 1~odBihe\'.FoBopa,' k61,u1heicei'" 

B Bl1,TI;e 

L' ' Ii(~) 
c../..·:::-:/,+ ·t 

' . -~r 
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r.n;e (o<J - ' - . 
flee(} ==L .CK (11}, oil jt!;)(<!!e O/(((+o(Js}<f~) 

.... , /-( ~· ' ·<< ' ' . ... . , . •·' . 

. Ct'~ 1t<;,r+°'c:/, 
. ,. . "-~. ,: .... ,.,• 

-o(~'+ f 

' ~ ! ,•~. 

J '• i 

B c11yqae cnpaBeAJUiBOCTK .n;BYXKOMilOH8HTHOi1 Teopirn Hei!TpMHO 

¼.,=20, ecJrn: CllUH He~TpMHO napaJIJieJI~H ero MMilYJihCY, MJUi !Ir-,= O 
,t·· '. : 

B nporHBHOM cnyqae~ -

EcJili· iil:e .n;Byxx01inoHeH'r11a11 reopzu1 uecnpa:se.ivrnBa, To Mitxep-

cpepeHUijfI M_e~.n;y 1-1~+1 i,1 llc-J paBna nymo nocne cy11MY1poBaH1u1 no 
., 

npoe1tu1111M cnl'rna HettrpHHO, :r.e. so Bcex cJiytI:anx,· Kor,u;a aanpaBJie

Hme cnHHa B on!:i!'te He qnucc~pyexcn, 1e1: · 3Ha'-rn'.t' · 3rpj)eKT ox · · H tls;;uH: · · 

pa.Bea cyMMe sqxpeKTOB · 'oT He+, 1'I fl<-, • 

Ilo3TOMY :MO:-XHO paccMaTpnBa:n,. 0,l(HH raifflJ[bTOHHaH !Ice,(} .H TOJih-
·. ' . . . 

._ \ :·, .. :: \ \ . ; ' . 

KO B OKOHtza:reJU,HOM pesyJiiTaTe IlOJiara.'l'.b ?O 1lUIK IilHOe 3HatteHme 

ex_ • TaKoe. J)a3-6L1em1e fl f2auM Ha fl(+/ . H He-, 
•.\ ;i,,. t':, ~, :.:,1 . .,, •"·;·• ,'\ 

ynpomaer Bee BHKna~KHG 

Pacc:Mar'pirnaH H (...t) KaK onepa:rop' )\eitCTBYIOll{Hn Ha BOJIHOBYD 

cpyHKI\lUD SI~pa, H onycKaH .IVUI ripocl'0l'!iJ',.0nepaTop CZ- , nepeBO,D;.fi-
. . :· ,. -. ' . :·. 

mH~ HenTpoH B npoxoH, nonyqHM K3,(2.2) 

( 
(o() , (ex/ )(-H( o<) = (. 1/3 + ~ lp 1/3 /s , Y12 (I~ cxJs) <f.;) + 

-t ( c};J- 'f C:'"1;3is )j .. ( %/;{!+o<fs)'fJ + (2.~ 

+ f Cr~!J/3 G;:K c·'h: 0 i'K (t~f-o<fs-)t/'v). 
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B1i6epeM BonHoayro q>y~KUMID ine1eTpoHa 'B 1n1.ne- (I.IO). XoT.a 

, 3TO TOJil>KO CJiyqati MaJihiX Z. (z :f,30) ., , ,HO OH Kal.leCTB0HHO MOX8T 

on~~aTb ~ ,c11yqa1:t 6om,miix Z . , ecincB (~olO) noJlO)IHth:· · t?e ~:o. ·., o 

. · .. _.\ ➔ '·,. . . ./' '"' ': -'!> 

f.l\,t A - 0IJ8P_f1,~.C!.P~ .. Cil!dHa ~;tpa (M8.TpliUbi Ilay;m.) ;; Vi·:: , r.ne. · _.,.,.· .,,, ,. ' . 

K -~umyJU>C HetiTpirno, ~ -cnHHop,_ OillfCHBaDm141i',~cri'Jl'.'i1Ei~- ' 
oo _,, 'oO ➔ , . '•:. \F\.:. \,;'. 

A.~2:\qe ._,
1 

B .=-L ~ 
, : e-== o, . .. ~- . ·.. e-:q,.1, , · .. 

TpRHOo 

·· 
1
• .·,,:;.J,1:n.<eiiemrn ·cmma.:a,n:pa:rL1!. nP,H ·: ;; ;!3_:.;pacna~~: o6~cneinrnaeTca 

onepatopoM. )e:.1 (ii:)-~ B I1aMMJI1>T6m1aHe :·Hco1~~ QJI8HaMij,, 3al3»CHil(~)4H OT 
"ii ,.,.. stBJISleTcn. ·· ,[ A-r,±(1f'!i1J}.e-l:'"l.. 
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MoxHo noKasa:ni, ino ·-

[ A -1-± (f3+if )jf24
U = T, (af+fe{/'6J)J : g~~y,; 1](h.V) 2 

, • ,. • i .... ' ... • f ·'·,_ , ... ·. . . '.- ··,., .. ·., 

~ ~ '?"5"""1 ti1 ,f11 . ,Jc} V· /.➔ v . if 1-1 /4. fn ~ ➔ l ·,f) (2. 7) = ~ L ? ~ f-J 1.' (pl?, lefl.iflt/ L G)(fS Jt.-111( 'rvff,·Sv 1 '? . .· 
f q=O,t . #1 · . , . _ p+S=:/' ' 

. ' . ~ ' ' 

r)(e 6y;i:eM_ ~tlM?a;~ 3~~-(;i:Jt~ Eap11aHT013 s ' T·' M p . H 3::::-f 
,D;JUI V .- }i . A -. , ; ~-~ f'r(fr~_s"J t,-r;;f:) -o60dll\~l~HaH. ccpepMttec~~SI rap~ ~ 
:MOHHlta ( CMo np1rno1Cemte Ill), -r;~ -cq>epwqecxmtt T8H30p. B npocTpaH-·· 

CT Be cmuta 11'2 ( cJL.1. npmxo:1e1rne II), 

nji11 q=O , n~~ t, )o =p ,· (pR/° =f--rl: o{ ~ cc, a.d(l'soo/fal f.z 
. f (f (('l.p-l}f.'('J..S-l).'.1 

npll ff,, = 1 ; n{ \= e-f, p,-p-l; (FR/' ::::lt?2f rr/; ot. f. · (,.!ff (f!soo /e,,/ J.?iJ. 
_ _ . · rs f l(zj-tJH(2s~tJ.'-' zp 
(2s--l)// == 1 nru s ~() 

B cpopuyJie {2:. 7) cyMuHpdBaHHe noBceM p n S , oc5p~3YI>

JilHY c . f -rpeyro1u,1nnt, se.YeHeHo cy1-tMoiii n? p+s = P , TaK Kalt 

yq1n:1:1JBaeTC.ft,TOJlbltO MaKCHl.IaJILijHlt MaTpicnndt 3Jle.M:eHT no f'Z· , T.e. 

C ~HLtMaJll>HOil CTeneH~l'.> f Z , o IlO,ltCTaBJUUi (2. 7) B (2.6), IlOJiy-

qm4 ra).UtJibTC>~Ma~ f((«}· ; .B,,KOTOpOM 9ri~a.BJI8Hbl TOJiLKO rJiaBHr;If} 
~ ·"· ,;.:.~- , {,_ .. . 'f •. 

ttJieHix B pa311OX0HHli fiO p,z ~. _ . ,., 
__ 01.1em1 :renepo onepa~opm /3 , j~ , fJ's ~ Cp~;l.Hn11 Kw~e

THttectca.SI 3Heprmt ~· npYIXO'ASHUSUiCSI Ha' .ByKJIOH ij; /,~JJ;Pe: ,paBHa no nopn.n; ... 
. ' IO. 20'"M . . ·_, vH~Ki?C~ -a· I ' 110 rr· . . . 

KY B8JIJ4'.UiHht . - ' eB' OTitYJta C . ~ "'-:- '. -:-10 '1: .•; 03T0MY Heo6- ,, 

.XO,I(}1MO CtmtaTl p = 1 ' a Is -, 13 Js 'nbpSI;I(I<a, .f .. (, MaTpulqHLI0 

·0neueHTH c f s- vi f /s ia;rr,y,: :1:1e1u1iuum o,n;aoro nopa,nKa, uo pa3JIMq-
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! 
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Hhle, Ta~ Ka,1(. OHH :pa3JIHllHO nepeny:nrnaIOT 6OJibilll10 H :MaJn,re KOMTIO-. . . ' .. 1..7''. . ' . •. ·.. ,, .. i . ,:· ._: 

HeH,Thl BOJIHOBUX cpyHKD;Jit~~ ':~- . H~_JUI8TC~. ,Ma~,~M n_ap8:M~'f POM .~ ~6Ht.I~?. 

npeae6peraercSI no cpaBH.eHMD q ~;i;11mn\ett •... 
• •✓ "}-' ,' • .., • ••• < •. - ' :,. ' ~ , •• 

·,. .. raMH~~TOHHail f3_ -.pacn~,n:a. ,n;Jrn\san~eiq~~~t~ro ~epex,o,n;a. c ~si:t· e · 
HeHH8M cmtHa st,n;pa L1 J = e ( e ;:;,- 2} ' . K H3M8HemteM ,tI.,e:r~q,CT11 Lrlf=(-} i 

• • . • i 

~ : ,:- ' ., 

· +E1·f c-t'{pRt!f,..(M, ti'J[~(,(JA:~:1(1,ft ;,,c (~r:: (1,eJJ+ 

(2.8} 

r,JJ.e A (f{rJ '? R>:::: v +(I +c1.r __fa} r 9 x 
. L t.Jf l ~ 1 I f' . E +fJ'I 

X LJ2 c1,, (-/fir~ '½.M (t[ndfol/J}, r/ ], T,/) {t-.t(~lJ) rt 
p+s~f 
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,_ --~~1mn1,~o·H~,aa (3 :,:...pac~a)J.~ .n;na ."YHHKaJii;Horo" nepex·oJI.a, r.e. 

nepeioia c ·usMe1iemieu 'CllHHS. "'tt)I."fja ··1J:T..-t+I ff ,fai!eiieml!et.t tISTHOCTH 

L1 fi=f) t MOlte:r 6bll'l> npe.:n;cTaBJI8H "B '!Hi)I.6: 

· )fr.,;, ~rt/0t'iP/<(<r¼f(,.,(l1Jr,'ts;[c;°9A::;:{t,fJ:~?~~·J1,eJ] 
. . {t;_o 9) 

B TaKOH sanHCH raMMJILTOHHaHOB S)I.epHO~ oneparop Bw~enHeTCR 
: . ' ": ';: f, <·. ,. . ~ '.'.. .. ·. ~ ·.. . -

B_ .:SH.It~ q4iep1iYecKoro onepaxopa}, r~e ~\ _onepaTop, npeoc5pa3y1nqeroc11 npH 
. • •, '.. . ·. • ' . . . '· ~ \ . ,. ·r 

Bpamenlil~ no HeK0T0p0MY Henp'oBO,Il;HMOMy npe.n;cTaBJI0HuUO rpyrm~l :apa';... •, 
meHHH. ,. 

. ..:.·- k·: ... . , .:• · r !, • -- • , , : -._ ·• •• .• ~- -... ~ 

3amtIIll8M HaH60JU,Wme',fio B8JUilllUte' '( -IlpH pa"aJIOlteH~UI TIO CTene-

H.flM · prz ) Marp1r1.1HHe aJieMeHTH, oxBetta1murn 3a nepexo.n; LJT=t (t~o), 
:..--": . . t'~;,\ 

.. ;B ·T8.~JIHAY·-~ ,. \ 
. . ,.,,' · .. · . •.' 

-~ 

;'." '. 
~;. 1· 

,. ·:\ i. '; •., ·,:· . '') ,-, ·;... 

~ \ .~.\.\ , .. \ . ' \~·: \ •. 

\ ~ I;-.!( '\ ..... , ·, 'j. 

: .. :,, '· 

~ 
' (\ 

'· .. \ :· 

~" ~ 

·:_':- r .. ~-~ .... \ 
1 

\/ • ,.,.t·, 

.,\ ~ 

' 

·.' \ .. 
··~- '. 

+ 
\ · .. ,\.i 

;. (i .-· ... 

.. 

' --.f 

j .~;. 

t- ~ 
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----= =-=--=-=-=---===-= ===» .. ======-========== == ~==~-~=== ~ 
Pa3pemeHHhie nepexoA~ !! ·. ·· · ;,_ · IlepBoe sa~peuiemfo 

==.: ==== '===:::====== = .> ·-====~.;J. -·====··· =_;;====:::====:::=. ======·. ·== .. •. = 
II II 11 . 

!J J-0, 1; L1T=-1 :: Bap111aHT :: L11"-= a 1, 2 . L1 Tl=-1 :: BapHaHT. 
II II I J 11 · · 

====== ========I============~==-=====~===·-==-========~=====-=== 
: ·:: 

II II / I/ II·, '• A 
II II . ·'-. OS'> ti . 1 
II ·•11 11 ·. 

H 5, V . // .• :-~ J; > .... II ••· p 
H II {., (); 11 . 
II II .-' II 

ll U < J Js) II V 
II II 11 

!l ; 0 .A .!! < sf3t~> !! T 
!: !! ?~ 2{(?n'J/. t sr> · ·- ·- :! ·· T A :: '·, 
II ., '.,. · II '•, . , II ) 

:: n ze2. ~ ~ > <('°ii> :: s ;~;;v 
'IF••.·· II . ... . 11 J 

ll ff:? el. z~xs> <(txs> 11 T,·1 A ·:.!r,, 
... -II;. II , . II 

.!! , .. !! Ze~· <~2~(~~/s)); <\'Y~({~;<s))l! T; A ';"1;:1 ·-~ · .. :yr.n 
n •. .. t· _.· n. . . , n . 

. II II ·-. '.,' . ,; II r 

== .· .. r= _.====== .. ·. "T· ·" .·; •. ' ".• ==:-==== :· === .=== t ::: ,.=========,. ' -:::::::::::::;:;. • == 
... Il_~peXOA ,. L\ ~ .. e , Ll Tl'==- (-)

1 
, , \ { f ?-2-F ' 

--== ·.' ,. ====== ' ... , == -== ·== ·=====-= ~ ===. '=. =· i ====:. ======..:.. ----~--=- J; •;··: 
V II 

t € 2 
( 1l_ e-,, ¼-t-(,~ ( ~ ,{s) > 

?e 2 <te~2r~ ¼~((e-t}"it,ts)) 

2 e 2. < rt ~-"-p /r ¼~ ((t-(t:!, ti}> 

< ie !e ... ("i'l) ). •.:, :t! 
II 
II 
II 
II 
II 
II 
:I 
II 
II < t t-1 i ½,J1{{e-1J~ 11} > :: 

(}~ 11 
II <. 'l R-1/3 /, ¼,tt {(f-f}n, f S) > I; 
II 

-------------------------=-==-================================= 
"Ymu"aJibHhlii" nepexoA 

----. -- ~---------------------------------=-==-==------=-==-----II 
Ii 

n T.A II / 
II 
II 
II 

-=~=====-==---=------------------------------------------- ----
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. e 
TaKMM 06pa~01i, sanpemeHHNit /3 -nepexo.n; LJ J.~ ! , Ll :Jf·::::{-J , 

{f":J<2) Oll_pe,D;eJis:e:rcH ,l\8CliTb~ pa3JUiQH~ MaTplitlHWU 3JI8MEntTaMMo 

3aMeTlU4, lJTO ,IJ;JUl 60JU,ml1X Z (Z i 4-{J-+50) MaTpHllHNe 3neti0HT~ THna 

Ze2 <te-,½ / 60JH,me MaTpliqHNX .311e~eHTOB THna <zf~ )' .· ho nop5!.n;

r..y J38JI-H)UfHH 

pRzize¼,>-::::: pRc::: o,os 
pf-I <ze-r 3fe / 

~ \ 

..11•' 

llO3TOMY MaTp:Ml!HblMM 3JieMeH;aw Tl-ma. (z ".%) MOlffl~ npeHedpetU,, ~ 
j3 -:-nepexo.n; onpe,n;eJUieTCS: TOJU,1£0 IlSI'.U,I) MaTpHllHID.ffl- 3Jl0MeHTalnI. 

K STqJAY pe3yJII,TaTy U0D0_. TaKJte npM,D;TH, ec,rn: B Ka'll8CTBe B0JIH0B011 . 

<pyHKJ.tMK B3H'?L IHapaJB:0HH8 ee ,Il;JUI 60JU,mKX Z , CMo cpopMyJiy (1.9) • 
·,\ . . . 

ECJIK ~~-- _eme yqecTh, ttT0 1r-pacna,n; OllHCiiIBaeTCS: Jllt6O BapHaHTaMH 

$ , . ··r ii P , .. RH60 V. ,~·: A , TO sa·· sanpeuteHHbtH /3 .;..nepe-

XO,l{ LtT-:::.- f , A JT=(-Je (t~2)oTP,0tJ.aDT., JU1illb lJ0THpe pa3JIHqHhIX MaTp_Mtl•. 

HlilX 3Jl8M8HTa B CJiyttae C>OJI:&WHX Z 11 BOCe:ML ~.: cJtyttae MaJlb!X ·• 

• :·, .. 
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,. 

§ 3., MaTpHtja rtJI.Q...THOCTH ancau6JUI OJ?H6R"THp~BaHHliX a,gep 

-H yrnoBaa KODpenHHHH 

lf'. - Ilp11 M3Y\l8HlUFyrnoBNX 3tpq)eKT,.OB ,!tJIS! OilMCaHH.fi ,.aHCaMCIJUl1~9PHeHT~-

.. ipOBaHHblX SI,D;ep: 'B0Cll0J[b~yeMCSt CT8.THCXH\lecKOH :MaTplU~eit TIJIOTH().C',J:H 

9 .. Ey).{e:M Cl.U'ITaTb t \l'XO H.n;pa l-t'M8DT CllHH J .,c.,.np,oe~UJ/tSlMJ.1. 

M = -J, ... , J , np1r<leM cocT0~1rn:e c onpe,n:eJieHHHM 3Hal!em1eM 

MarHHTBoro KBaHToBoro l!HcJia M ·, on:ritc1,1BaeTca B0JIB0Boi cpyaituiieki 
~ . 

: : ljl M • 3JieMeHTbI Ma?pHUli IlJlOTHOCTH p~, onpeleJUIIDTCH: 

:·, ,.:: . ; ·: ---~~ .. ·. ,: · __ : __ ; :t/: : ·· ·.:.~-~ ·.: ,. ' .. 
ll~aroaanuHNe sneMeHTH 'ftrM::=lJM HMeDT CMHCX qwcen 3ano~nenHH, 

_/r • e •. Bep~!!?Hoc:re_it Toro,,_ \Ito s;n;po HMeeT npoeKIJ.Mp cn11na M 
I • I • ~, ' I ', • ; ' ' \,; • '1 • ' • '. ,:;; • ' •"\{ • 

BM6panHyro och KBantoB.a~isr' · 

(3.2) 

' ., . 

Ha 

' · .. . '., ... . 
, T 

. ____ p~3~~x11M ~a~p:liuY nno,~Hoc~~ f _ no 

. ·one~aTo:paM r;;. ( CM. npr;uioJ:eHK,e II): -

J ~ T ,r _p -=-~ f ~'Je ''l'Je 
'f 'a: 

(3.3) 
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, :r: Ml J 

r)le fr; =E; (-! - (T~M,~M'!9x}f,,m' ... 
, , '. M-11:-~~-- _:_, . . ... . 

:r 
KosqxpHnHeHThl pasxoxeHHH. fr~ o6hlqHo HasuBanrcH nenpHBO~HMHWY 

T8H30p8.MH llOJISipHsamu1. EOJUf. .sa.nanu, l11-ICJia ,3anoJI.H8HH:H B.~OJU, H8lt0-
-;,, 

TopoJt OCH, · e,n;HHMqH!i.tt B8KTOp. KOTopo~ oo_oanaqHM qe,pe3 ,T : ·,. · .. , .TO 

B ···sTOM cnyqae: 1 

.··. ~· .(,-

' >·!'•. • ' .• ~ .. ,.,,.,· J ··. "' ·:.:' 

,frx -:::::,•f'/ 0 ~ (-)x r;,_.}('(f,} 
1· '{ • • ~ ,_, -~ :'J ' 

.. 
1 .,., r: •• 

, .. • ~ ''.'O ''t_: ll 
.. (3~i4) 

r,n;e :T ~ -:T-M( ·. . f'lo -= ~ (-) . JJ ry,-M/Cf ~} QM 
,, . 

. . T . 
. BeiUf1U!Hbl f 'lo C 'lO\f:HOCThD ,no MH0JUtT8JUI, 3aBMCSill{ero '.lOJILKO OT J 

'H " ·-;: ·coBna,l(anT C 1 oc5N4HO 15BO;ltsl~HM.HCSJ: tlMCJia>.m . if,"., ~:J.Jnpe).(eJISUJ-
. . 

IqHMH CT8Il8Hl, n·o1u1pH3aIUUt.· · ~.; : . '} ·:· 

BMeCTO B8~HqHH f~ y,n;o6HO BB8CTH CT8Il8HH IlOJIBpH3aUHH f7 , 
:T ' ' ' . \. . 

CB.S:3aHHhl8 C f po COOTHomeHH8ll: · 

.. .., 

if .... 
\' ', 

. T 
. f>90 -

: .. fr _, (:r:r.r-jJq 1) .;-
(2.J-t-<;+f).' (21-<()! D -:r 
r c2!>,'J 2. C 29_+1 J. J 1 ° 

., .., .i• . . ~. • ' ;_ : '}· .; . : -~ : ! r. ~ .. :' ,,, {:3".5) 

3to cooTHomeaHe Bhlpaxae:r TOT cpaitT, '!To. cTeneH:b-.\~·011sip1n~atii'1H He 

l40Z8T 6LTT1, cSOJiltme 8,Il;HHHU!i, T • e • . p; i /. --~·r•, . : 
1

·" 'i , . 

•,• • {..) •:-,; i, :•:: • I . •: I ; ''•. "( 

. IlycTL :renepL s,npa ~-0 .CllHHOM Ji . nepeXO)VIT. B, pesyiJ.L'.l."a.Te 
• . ' ?.' '. :·f ·t· i' ..... , ..• ··1 

I 

I 
_j__ 
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pacna;n;a, onMcuBaeMoro raMMRhTOHHaHOM H , B HeKoxopue ,npyrHe 

n,n;pa co CUMH~~{ J} . ', o' ··'To},na ;nek~H;:hl ,Ma:rpHD,hl UJIOTHOCTH ,noqep-
. . . ,t-: 

Ber~ 1,n;pa onpe,n;ensrotcs: 

.P 1, == L <Ji N/ H, :r. M> p;~, o; M'I ,.,-,: 1 -x, tv' > 
HM' .• . . . (3.6) 

raMHJihTOHMaH H Boer,n;a MOJ!CeT 61:l?:b npe~c:ra.Bne~\ :a BM,ne 
.• '? . .· . . , . ;. . 'i . : e .: . 
H ~L (-J~-A-#1 8~ 

i!iit · · , .{3.7) 

r ,ne 6y.n;eM Cl.JHTaTJ,' qxo' 8~ 'H,ne·pHllit onepaTop' ,n;ei:tCTBYDntHit Ha 

B0JlH0Bhle cpyHKUMH a;n;pa H npeo6pasy10m111ica no· HenpoBo,n;HMOMY npe,n;craB• e .· . 
JieH~~ rpynn,w. BJ)aUlE?Hldt nopa;iuta-: f • A-~ -fPYHitIUIJic,~· He COJ1i8P,~<i-

··, ·1" .I ,.., 

maa .a;:cepH!i!X onepax.opo:s ,t Ho, ona.;:.·MOJt.eT•.· s~~HC~?,:b_ ox o~epaTopoB ,):1_C,~;;< 

,npyrMX tiaCTHU, yqacTBYIDIUliX _B peaKD,HH~' 

. t 
· MaTpHt!Hhle 3JleM6HThl OT onepaTopa: .8 ,._, onpe,n;eIUW?,;CSI JC~~ 

Hanp1u4ep 13) · . 
. . ;~ Jt_ -I½ ) < J, ff ~~JI.Ji> " ' < J. /¼ \ 6~J J1 I½ 1-= (-) (~ ~ ~,-A{ /R~ J 2R+/ 

. , , ,. , ; : . , . . ; . . ._:· e .,, ,;-: , -%-

( t I¼ I B:+1r,AO =c~i"·~M(P, tv,_,-iv,/e .. ,J "-J~:~ir,;,-- (3•5) , ,_ 

BBO,Il;Sl HeTipi!BO,Il;lil,UiJe TeR30p~ l llOJISipH3alu•n~ HitJaJihHOrO If KOHetl

HOro: coc±onHMI, cpopuyJiy (3.6) Moxno npeo6pasoBaTb: 
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<;f 7-,.. )7))) 11.t-+l {J.j T11} (-) f9,-x ::::: L L L L (--) ( J(2.L+f)(1<1°+f J J;- ~· 'lo " 
</ C I.. t?t fz. ' ft fz L 

._.,. ,,:·•:·· .. ·• .. , '.,_::.~.::,i-'·:·. :: ,-. .... . , __ ; __ , ... •· 
/.T ft ·el -\/I ,·,Be'I , ~(."/ . ,z;(frt?.J -x.. 7..' ~,u1 B 1 I T.>1:·v· f ITi1L "-'1eMx0 /l/??)JLM f/ D-1. ·-

H+.X,..,,7< . Tyo, -Xo 

(J·c/9) .. 

r,l4e · .. , . I 
1~ 

···•(·· 

-· { kt~}·· 
. K,t l-( t l(:3 

-cm,nl?TPHtlijblit Ko3cpqnuu1eH; . 4>aHo17• 
,, I, 

MaTPHua nnoTHOCTH ,l4oqepHero H,l4pa sanHmeTta 

. . '}T~,FL p;; T;!}. ' ' ,, ' 
~ . . '!'X .Jj 

ripH'4gu·yrt 6epy±cn M:a (3.,:g). Tait KaK p ;'f ente He HOpWipoBaHa ycno- -

BHeM (3 ~ 2) :aepostTBOCT:b npouecca. nponopitHS.HaJn,Ha 

W{flfl} ~ Spf'"l"f ~rJZJJ-·{·1 f :t ' ,,,.· :-; · r. 
Ii 
,1 

• ··, J -, • ''"'" ..• ' .~. ,. 

Hs·cpopityJIH (3~9) nonyqm,-·~•-c. · 

s p~ ~ L]fJt1°L_ <-_J
4

+T; [J:•r;~]" /J ·- , ~'P, ;,\ .. , ·. , - f f2. f 
9 C - f 2. '. . · · (f. fJ _ 

:,0;11t·11r,> (J1 116
1
' nrl L.ff-x. Y1.~. · 

r,l4e · · · · ·· "£ .. · ' · 

1 ~ ' ·>. , .. 

·3a1ieTHtt, 

"· 
cS'J:o) '.' 

_, 

{

•' J-j Ji q O { _I • _. ; 17 
,e, fz J½ j . -:-CKMM8l'p}it,1Hbrl KoaqxiuUJ.H8Hl' PaKa ,. 

q:ro·:· ·s/.9r/ v.rpaeT ·pti'Jih KBa,l4paxa Mo;.ryn~- i.faxp11:qnoro·, 

3JieMeHTa, ii Il03TOMY Toqaoe BHpa~e1rne ,D;JIH .ztmp<pepeHI:Ufa)U,HOM BepOS!Th 

HOCTK pa~naAa ~aeTCSI cpop~IYJIO~ ' J . . . ,.,, ' ., 

_ :· c/tJ'-_~ 2 ,r __ ,S/Jj/~ (OE , , . r: 
: 1::.., /. '. ,J . .': '( .,, 

r.zte r E -ocheM B cpa30BOM llpOCTpaHCTBe o6pasoBaBl!IHXC.f.t tJaCTHU, 
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OTHecem1H~ K e;~inrn:ttROMY 11H:repsa.ny_ no1rnoit 3HeprHHo Ecirn. xe ~HTe-
. ?...Jr 0 

peco:aaT~C.f! TOJiblCO yr JXOBhT1U/1 Koppe.nau;irUU!H t TO MHOltMT(" 1[b i. J E 

MOiRO HHrid tie yqiTYB&Tbe 

llp11 ~CC?IeAoBaimJJI KacKa,l\Horo pacna.n;a (aanp1.r:Mep, (3 -J' --:-Kop ... 

pen~mu1 npH (3 -pacna)J.e op~eH?l~ponaH~h!x H.n;ep), q>opMy~y .(3 t9) 

He,n;o DpHM8HHTh fi0CH8AOB6T8JI~HO H8CKORhKO pa3o 

B Ka'4eCTBe npv1Mepa np:vrne.n;eM B1Ipaxem1e ,n;irn yr110Boro pacnpe,n;e

nemrn f -pa.,il;:trtaUvrn lii3 Il0J1Rpv180BaHIIJ,IX SI,~ep. faM~iJibTOHM:aH pa,n;Ha

i~110HH0f0 nepexo.n:a 3am1c1iraaetcSI B BM,J.i;e: 

.... · H -= Cl fl)~ ~ C-->r Y"-;-r cxy, 1e) ~ r ~ 1~ v 

rite A= c A .. exp iK(f~) ;,·-BeKTOp-noxeHIJ.HaJI 3ne1tTpo1.1arm,1:THoro - - --,. no;rn:, · C -== Ono!. e1 -'i j.,:...c,( R-i_ -BeKTOp noirnpM3a1nn1, Ao -HOpMH:po- . 

BdqaaH nocfoa:HHaa, K-Bemi1llHHa mMnyJI1>ca · j';'iKBaHra, · 

~y· ·. ·:..e,I(HH1'ftiHh1H BeKTop · B '· ·11anpaBJieH11:t! m.mynLCti .... · :. 0 -2KaaHra, 
t. .... '> tJ 
/\1 v- l{ r -S!JJ;epHh!e onepa.TOpbl, CB.fI3aHIUle' JJ;pyr C ,npy'ro!i'""ripoCTiU!H 

COOTHomeRHSMM, RBHHj ~H~ KOTOp~x He ·noRaA06iTCB npHisyq~iHH 

KOppemuurnHlU:JX 3lJ',q)6KTOB' Y;,.'r {X7, ,{ i) ... oooori~emms ,,crpe ... 

puillecKaa rapMomirKa ( CMo np1rnoxem1e ill). 

·. '•. ),. 

YrJIOBOe pacnpe,I(eneHM~ 1.1arn1<1THhQ{_ 2-nom,HHX· y -'ltBaHT.OB npM. 
. I 

pa,1u11a1~MOHHOM n~pexo;te .J-;. J OlUlCI:irnaeTCR rpopMyJioi-1.: . 

y(/~ofe) ,0 ;:;, rr GI oA-,.f l9°)~YrxCYJfJ~ + 

(J,,II) 
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lTepBuM 4JieH om-1cuaaeT Heno1mpY13oBaHHoe Hs11yl!em1e 1 a BTopoit amrn:n

TH4ecKH-no1rnp1-rnonaHHoe ( 8CJIH CX.-= r , TO - U11pKJJIHpHO-IlOJUlpM30-

BaHHOe). 3TOT pe3yJihTaT COBna.n;aeT C pe3yJibtaTOM ISO qT06~ nony-
. :\ 

qHTb yrJIOBOe pacnpe,n;eJieHHe 3JI0KTpHqecKHX 2-x IlOJihHMX y_-KBaH-

TOB Heo6XO.D;HMO npo·113BeCTM 3aAleHY cl..- :r + o( 0 

§ 4. YrJH>_f3~e KO:Qpensgt-n~ npM 3anperqenHoM /3 -pacna,ge · 
• I 

opHeHTMpOB8HH~X R~ep 

PacqeT KoppeJIRUHOHHHX 3qJ<peKTOB CBO.D;~TCH K nwq~cJieHMID 3Jl0MeH

TOB MaTpHUhl IlJIQTHOCTli .n;oqepHero R,n;pa IlO q>OpMyJie (J.9)o raMJIIJI:&TO

HH8H 3anpemeHnoro (3 --pacna,n;a, npe.n;cTaBneHHHH B 1rn.n;e (3. 7) , 
J 

.n;aeTCH BUpaAeHM8WA (2.8) H (2o9). B ~OpMyJie (3.9) .D;JIH _p
1
t 

CTOMT cy:v..Ma no, BCeM MaTpHt!HhrM 3Jie1teHTaM, COCTaBJieHHblM B KBa.n;paTvttl

Hbie K0MdnHa~J.11-1 THila: 

...::: Jt\l(pR) "!, Yi., (t,rr, ~.:nu r, > (Jf ll(rR) 
thYt, (e,"n,'z,S) II T; r 

, r[l'(!.1 Li.) 
HaM dy,neT ,l1,0CTaT04HQ HaitTH J LM 

(4.I) 

, COOTB8TCTBJID11{yD 3TOH 

npOH3BORhHOH KOMTHH8UHH MaTpli4HMX aneMeHTOB, a Bee OCTa~hHHe qne

H~ 6y~yT HBRRThCH Rliillb 4aCTHHMH CTly4aHMH 3Toro o6mero BNpaxeHHH. 

1'1TaK BHqHC.TUi.M !f {L,L2.) 

LM , COOTB8TCBJIDmyv npOB3BORbHOH KOU-

\ 

l 
f 
I 

I 
h-
i/ 
:l 
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3TO Bblpai5:eH~e Ha,l(O npocyMMvtpOBaTl> no npoeKUl'lSIM CilHHa 3JI8K'IpOHa 11 

Heitrpirno, a Taitlite npoHHTerpHpoBaTh no nanpa:aJieHHSIM m.myn1,ca HeiiTp11-

HO, 

HcnORb3YH MeTO'AHKY, pa3BHTYD JieBHHCOHOM (CMo npMno~eHHe I), MOX· 

HO IlOJIYllMTb: 

(4.3) 

r).le {) L. (. L.1 fr 'J,r 'l_r Tr)-== { C".JT J; 'fr~ f~ " 
(o() Li_ ~ fz '?2 Jz . . . f 

. ) ) D<. <?11 :>{ Crz r,, ,1 (~ ,J7 '> ( <X{J,,f.fz)f _) 
XL-_..,,~ ' ,,~ f2-S-1. L ( E' +M; + J; ]z. ~IYJI J L l (£+t-./ +fr ft. (l'-1-1/ I " 
Ptf-~-:::t,p1+~1.=",.. · .t 

,< L (- °'-) t .> J(2L +r){2n9, +r)(lt1rzff){Zft-t-l}(tG.f-f/{2(lff/{2?,+l}(2r,.+tJ(2~,+lj(l'<1.-ff) ,. 
t p 

_ _ sl(Lrfi'<rf<i1?,frrS, .f't.~) 
x ( s, sz.·do /-to! (fr,/r:. ou/ Po)( L £loo /po) Lz t,_ '<1. 11..nr,_/ri Si. ' ''J 

L . 
$ ,,corJiacHo o6o3HaqeHH.ffM JieBHHCOHa, npe).lcTaBn.aex co6o~ rpaq> 

CJie,u;yIOUlero Bl-i)l,a: 
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~ r:r h --1 t•} 
A,._._ ;iv, ,-,. 

/
" i ~~, ~ 

I . ' 

/ 

',/) 1;,' 
f· .f _ ·- rt , .. ., { -, ' ' , ! qf ,. ,,., 4 

l ,, /,, c-.; ~ - t, ' ·, 2 
✓,, t, i'le ~ 

/

1 it I/ l " 
('H (·1 ) 4"'- o :j 'ii", '-,,, 

~--1/,::::---.,_!i,l'':, --.:;-- . ,· ~ 
JI. ---. .>f ~- I . ·-, 

~,.,,,,.,,.,,. ........ ~ ---,.--...~-- -.,_..., , "'-1._ 
_,...., -.-.,,_ I .. -~.. -"• '" ' .,, '.. 

I '- • I' -- --- ' ~ ·• (+l '<r '-- (+~ f ~ l..i > ____ >-·-..;"""----;)' i;O 

'· t'; I) ~----"- . / t'h ... ,-·• / 
. ,., c-;' . . ... ~ i. • . ~ V \ 7.· / 

~.:i. 1{I n ,.. 
.~, J'l'l. --- / ! 

.!._,., --, ( , E (~) ? I ~- •• -tJ ), ,i..._ 

', • • ~ I / 

'"~ ('1.... ' . . , :t V ./• 
,, ~. 

.,.,.. • I" ' (+> ' '{' .':"!ii,:- i: . f)-:,l'.(• : ..• ' , . (..2_ '·~ 

i;:rL 
,._) -eCT!t npocTO q~1C.i10, 3aB}>IC.fHl4ee OT :eem':'.l.!lUi 

I 
Lt ' 

L2. ' fff 

f,,. 
':---.~-

., . U l'_e JJ;,
11 

s xl ero MO~HO .BhI-:,nrnJil'ITl> B J1JJCOM. K0!1KpeTHOM CJiy~ae, 
.,_ '-' l ·-· . : ~ ; . · ..-. t ., -1- •'; ;r..,, ,: . ;· ;." 

Hanpm~ep, era ~OKHO npeACTaBHT~ B BHA8: 

j ., L -2--, ">' ,- .(?. 1-1dl2. ,1: ✓ 1(2. NJ/'_, Pr +f1--tG +f'J. -tj; -f. l-{_.-L1 --- / . / . '-h / l' j,t, 1 J, }3 I \:- . J, 
- 1.- L- . ' \. ·. .. ' ". 

it fl_ h . C 

\ .. -:i, ... /"-.. ·},.,, ' . : 

. f" it{L, 7 J. j,_ 'i LI~ I ir ldt'PJ f S',Sz.~l·[ill'ttY,'11S1.lf_t1~,,.f"h·,;z.lfr,1:P11 ff . 
.., . H a (2 j' , ~1r <(" lt. ' L1 Li. L t 1 ...!. ) J ' I ' l ' I ' {) • • • 

..l:.'11~1{ 1'1 l 1.·11. i." , ... \ ' J.. J. .i. ,: 2- 3 n -r. J.,i .)3 t:: }_2,u J1.J1J>y 4~4) 
'l 1.. (< 'L l {'2. I ' L '2;- • ·,"~- . •. . ·. .• .,... ·-' , ,:· 

3a.M8'1'11M, qTo KO~qxp1uu1eHThi (flaHO Tr.tuj'JHiipOBB:Hhl B pa.6QTaX 
19 

,·
2o, 

•,\ u·o,.,,i-.t1•.-.nn~e;1•"'··· Pa·· vo. ,~- 17 
r,.,~4, ,."\. -~?_':.f1 ~Jil.i.w;.t!'J. ;. l~.L'\i, ~ ,1:,yq., D _ Ci, r--

· ... } '\ 
· ... ....,, -~- :t : 

IlerKo BM~BTh, 4IO 

, ' 
L S oo.na;na.et c.1rn,n;yIDme11 cm.uie'.fp!tteU 

''w••••" • ~ • •-

,, ·_" !, 

s L/f,' i;,~::/;,~, .t:t,r/~ ·s~(:::::;:;;;;
1

5

:, l9)···. 
. · .. · " ,.(4.5) 

/'"' L_ .~ Ir frf'-r "Zr f1 ;'• •. ' ;: · 
L<(~-<J ( :. 1.. (i 72 lei }'z, -npe;rr,c·raB.rrne·r 

,·. 

coOoH nonuHoY c1eneHH (t; f-fi.) 
'· K - ,,;-.. , .,, .. 

OT f. · 11 06Jla.,l\a0'I c;fMil.ieTpuH.:;;'.i 

L . l L /J ·--~ / L 4 a_ .,., , /""l - . . L ' f"z ,;;; s ., 
·) / ( t'f 7 1 < lJ r -- I / / <. • 1 J '· I • ~- t.,\',.- · .. lx ('of., I, LL{~ fz (1 '"(i / vxf I L.1 lr 1r l>t .ft l 

( 4,,6) 

l 

;' . l 
{ 

i.. 
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. ·. (L1L~} 
Ilo..n;cxaBJifUI '!JLl"f . MS; (4o3) :s (!)OPMYJIY (3o9)- H cyw.mpysi no 

( e(.J 
3,1.1;ec1, no.n; ~ -II0H1'IM8.eM Ty K0HCTaHTY B3a}n,rn.nekicTBHst, K0'I'0pa.a 

CTOHT nepe,n; 1m.rp;1qa1:1fA1 3JieMeHT,OM (Jtl((rRff1'¼ (~i?/is}/19-s ·raiiiuu,±o-
i ' '• 

HHaHe (2.8) H (2o9)o 
,, '., ... , . 

liTa~.-wopicyna ( 4o.7) ,1.1;aeT BHpaJXeirne .rvrn xeHsopo:a •. tioJI.Sip11sa:iurn 
,11;0;!~,PHe~o 'H,n;~a noc.ne /3 -nepexo.1ta npOHSBOJU,HOr O riops;tia.: . 
3a,npell.{el{_Hflo .. Tenep1:, C nOMOU(b:O 3TOM. cpopMyJrn JierKO MOXHO pacct!MT8.l'1i 

' '."' ' .. '<, . ,. •. . .• 

·, .... ,, 

JIID.~Jl}e ~toppensu.1;,t0HH~e sqxpeKThio 
• _. .... -, • • : ! , •• 1_ .r· . ,:,~ 

.. , .. ' 

Yr no»oe pacnpe,neneirne 3Jieic-rponoB, J:rnyttaeMl:lX ma ~ o.nHpirnoBaH-

.( 4.8). 
:,. ,. 
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17,n;e Cf o Vi3A18H~eTCR OT ~IyJrn )I.O. Mem,mett 1,13', ~eJ!li1'9:KH . , ,2 J; 
.,_, \ ) '. \ 

MJIH 

2 ( f-r{/. ;:T _J, 

BlilmrnreM eme ~OPMYJlhl ,D;JHl i (3-,-J -:-K~ppeJI_HUYtiyt_, C yqe.TOM. nOJUl

pY!3~U.HJII MaTep11HCK~~ HAep trpH MSJI'.yr-1em1M,.: aen,o;rnpi,rno·BaHHhi'>~ [' -~BaH-

:roB. MY11bTMITOilhHOCT1-f )\ npH pa,ru1a1urnHH0M nepexo.n;e J+ -7"' ]j 

W(<JJ)A--£ L,L (Oo~ '.l(Le',r;.Jl /rf};A-t,rf?oJfJi2J/R,~. · 
, f=UTHf.re70 L ).~• ,_ .1, (/ :T /I_ 

,,_ , _ . _ . - - . . _ _ , . (4.9) 

rie - JJ(2e:r0 l/tl)· - -ri6o6me:am,r~ noJIJAHOM 
1Ile1lct11,1I.pa 

! 
. ·. 1·, )·t . -~: 'i· . '\ , .. , 

(cM.·~pHnozea~e m). 
~" . . ~- ' ' . . 

1 i ~ \ :._1 ·;•~( ·. ' ~' (,, • 
,. ·, t, 

\i, h. 

E·CJIH. MaTepMHCKiile Si)I.pa He IIOJUlpMSOBal-lbT' TO 

.·: ·c __ J)' ~,'tL_·,:,_:; 1?'(f_ ;(Al:_r,rfr0J{ l}7'-~-J \Ri1o 
., .. W._\:·.i .. \- ,_- . r I , ... , q J.1-~ , .. 1) __ . . ·" - -,, -- - .. t;_..,,,.,.,.,u,., ., ... _,. -•.,,• __ . . _ I , ., .,._. ;• 

:·:/:.1 

f - ~,,,ur-lC" . .._ . . , ... . . . i, •. '~-, "'· . 

i , 1 (4.J0} 
• I, ~ • • _./ 

3aMeTV£M 9 ~To :a To Bpe:11,u1 KaK np11 paspeme.HH11x_ nepexo)J.ax fo-/..:.. 
., . . , . ~ .:.·,,:.. . _•, ··•;:: f( ... · . ': ' •.· ... ,, ·. )). •. ,·. ~./ 

-KoppeJrn:u~iI npK pacna,n'.e neno.nnpM:st>BaHH.blX k).(ep otcycTByet\ npH 

,3:'"~PJ~e~Hli~' ~~Pe~o)(aX Olia. ~~~l!T Mm~. Hallli'!Me . fl:.U't . "KoI)peb
llJ~H roBOpH·T O' TOA{, 'C.ITO B ·pesyJlbTaTe'' f3. -nepexo~a; ,n;titfep}Hie'. s(n;po 

•• ~. . ·. ., '! ""iV•t·:·_,~l . ·· · .. , '}' · .....• ,~ ·· 

noirnpHsyeTcn, npw:ieM Hanpa.:snemie nonap:~rnau.MH onpe;n.·ensieTCSI BeKTo-
~ . 

polli ·': .e. , a .s ero\Jiai_pHue .n~H~fi~ .. ~-;.Jt ~}C~_sbl~~111:_,q~. ~~T~hH1:n,Te~soph1 

nonsip~sau1-u1. Ilp:m: pa3pemeHH1:!X nepexo,l\a~: ;a. }fa'l:P¥JU.e. riµ-o.THO~CTH . .n:o-
• , ' I ,,, •' • \ ,:~.; ·, • • 

qepHero H)J.pa MOX0T ClHTb OTmFIHhiM OT HY JUi Jrn:mb Tens op, no1rnp1-rnau:vrn 

nepBoro paHra, Ta~ isa'K Y!'!OC:m,u:itM 3JI.eKTpOHOM MOM6HT. Offp.e)J.e:JrneTCH 
. ;~ ' ' 

I 
J 

\ 
I 
l 
' 

L. 



r 

JI 

TOJlbKO ero CilldHOMo Ilpld 3anp81Il8UHHX nep~xo.itax, 3Jl8KTp0H yHOCl:1T ente 

R 6onLmo~ op6HTanbHHl MOM8Ht, llTO H o6yc~aBJIHBaeT CHJlhHyn nonspH-
·, ... ·•··. . ..· . J: ~ 

3aUHID ,ItoqepHHX s~ep. 

' .!'. ,. 

,, _, 

·•f·. 

· .. . ~-: . l: • . . }, 
.• ... t , .. 

-·.·· ... 



; ' 

- 32 -
T 

3 a 1c ·n IO q e ''H 1,:. e : ' " ?' 

.· .. \' ' ~,/ 

'.·t . }_ip·: F 

B pa6oTe nonyqen npocToi1 BJ.'l,n: B0JIH0B0H q)yHKUm1 2JieKrpona c . . -~ -::-

yt1 e TOM KyJlOHOBCKOfO IlOJIR. _3TO Il03BOJIHJIO 3amrna.'iu raMHJlbl'OH,~iiaH .· 

13. -pacna,l(a B yp.:toCiHOti ,n;JIH. pactJ:eTa cpopMe H c Il0M0il{:blO l.!eT0.J,\vIKH, 

pa3BHTOI neBHHCOHOM, paCCQHTaTh yrnoBHe pacnpe,n;eJieHRH 3JleKTpOHOB 

H f-J -KoppensiuMro npM (3 -nepexo.n;ax npoH3B0JihHoro nopn,n;Ka 

sanpemeHHR. KaK yEe rOBOPHJIOCh, yqeT nonapmsauHM GJieKTPOROB H 

(3- v -Koppe1rnu1rn: M0iteT OHTL npoBe,n;en no Tok1 :m:e cxeMe ... 

HcnoJ[b30BaHHe MaTplU\li IlJIOTHOCTH aHca6JIH opHeHTllpOBaHHblX/ 

a,n;ep ,n;na yqeTa IlOJIHpHSaUHOHHliX GqxpeKTOB OOJia,n;aeT TeM npeKMY~eCT

BOM, qTo Il03B0JiaeT cpasy BN,n;eJIHTb yrnoByID SaBHCHMOCTb KaKoro~JIM60 

3$p8KTa OT OCTaJihHhlX napaMeTpOB. Pe3yRbTaT~ § 3 MO~HO npHM8HHTn 

He t0JI1>Ko B Teopvrn: (3 -pacna,lia, Ho TaKjte npH kiCCJie,n;oBaHJ/iH Bcex 

pacna).(oB 11 peaitrudi, r,D;e HMeeT. MecTo saKoH npeo6pas0Ba1nrn MaTpMUbl 

flJI0TH0CTlt (3.6); 

B 3aKnDqeHHe np~nomy rxy6oKyro dJiaro).(apHOCTn npo~eccopy 

.ff.A. CM.OpO,Il;ltHCKOMY 3a IlOCTaHOBKY sa,n;aqji ki UOCTOS:IHHhln lilHTepec K 

net, JI.,I( •. Ily3KKOBY sa 60JihlllY10 U0M0!l{b npH Bhlll01IHeHIU1 pa60:n1, 

n.A. MaKCHMOBY 3a ~eRHhle 3aueqaHH8 11 ,1.l;HCEYCCHM. 

L 
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IT P M Il O ! E H li E 

, x/· . I. Me:ro;uuca JieBHHCOHa 

IlyCTI, mMeeTCR cyw.re. no MarHitTHhtM :KBaHTOBi-lM tJHCJI8.M OT HeKo

Toporo timcJia Kosqxpxm;HenTo:a, KJiedma .... rop.n;oHa. B»e.n;eM » paccu0Tpe1rn:e. 

CM:MMeTpkitlHblit K03cpqlHUH8HT BHrHepa, CBSI3aHHbiit C YHHTapHJ:JM K03qJ(pH

UH8HTOM Knedma-rop,n;oHa COOTHOrueHH8M: 

(
. · · . . . • . ~ i-J~+/ /.-mr,J:J~/J 
Jil2. fY1r'l11t /j~ Jz.j m) ...:.. v{J) (-) : t-J ,.,, 1+11 -M . 

C:HJJ:MeTpr,1t.1I1HX KOaqxp1n~M8HTOB Bt-irHepa: 

' 

(IoI) 

IlocTaBmM :B COOTBeTC?Bme C CHMMeTpH4HhlM K03cp<pHDJ18HT0~ BHrHepa 

y3en C Tpeiur 'JUtHLiliMM: 
' ):y); 
Ji 

X/ 3,n;ecb M3JlOlteHh! pe3yJU,TaTH pa6oT JieBHHCOHa11 , npHtieM Bee ,140Ka-
3aTenbCTBa ony~eHhl. 
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npHqeM YCJIOB:0:MCfl., tlTO JWLHH!! )i° 6y,n;eT HCXO,i(SIUl8ll :.J/13 Y3Jia, ecJrn fr1t· 
. } L :' 

CTOHT co SHaKoM: mnoc, Ii Bxo,1uuqeft, ecirn "lil/ CTOHT co sHaKoM 1nrnyc, 

H qTo ysen, 6epexca co 3HaKOM (+) .npM pacnonoxeHHH j{ )~)~ 
B HanpaBJieHHH npoTMB qacoBoif cxpe;K1t M ~~ 3HaKOM (-) B npoTlU3HOM 

cnyllae: •. ~ Cooo;raome1urn; (t~2) ·µpu 3T0M s~nL~Inyxca:: _; .: ;~ . _ _ 
. . . ' J . 

j i., : .. • , . ··• ,· ,,, , , • Jz . . • . ,. Jr. . . . 1 . )3 
··:-;l"•·· 

(+) .. ,,.::-.·:r;·-1. ~ /"..;;,) •. :,e• (-+) = (~} , ; (+) =- (-). -· - &) 
1 ~-· · ;;i .. · ·f

1
~s1.+5, ·f··., · S3 ·· : .. i,+1·1.+)3 ·yj~ ·· j;+J~~j; ;;{ .... _• . ... , 

. .·., l :.' -...· \: ., ·:-:, . ' . . •.-.,, ' _; ·:,.~· '. _:, . '; . ·.:· 
~-\ :,:~ . ,,) . [ ' . .· 

}1. .Jt .' · J.2,,:,_ · ,,· . ' ;; )2.. i,;.. · 

(I.2a) 

Cyw.mpoBamuo .. ,no 1,arHiiTHOMY lIHCJIY in, ·· .n;Byx JIHBHH .c o.u;1,rna~o, , . ' . ' ' 

BHM apryMeHT0M j II0C?8.BMM B C00TB8TCBH6 coe.n;HH8HHe 3TMX JiirnHll, 
. j-n-, 

np:tfllih4 o6n3aTeJU,HO ,·Ha.JllfllMe tpc;i,;,oBoro MH0JimTeJrn .f-J ,, a JI_liH:~-rn 
. ' :. . .... . :.~ , ' './. ·,. \' . 

.IJ;OJii.tHl:l . BXO,Il;HTh O,ll;Ha B ,11;pyry10 •. Jlanp,1~ep: 

~- JcM,+j·1:.-wi· 1_+12..;x, / i, li::.'-5 )(j, qt q2 )' ( J~t, 12 ·)· -= 
11 

L(:) · .. ' .. ·:, \M,~t-l¾ t~~JC1. l-witf,~1. ' ... 
ftf,m1.,<1. 

f, . 

(+) ~ ' • 
. _..,___<;-t-J,G.J' 

(I.6) 

·,· 
.,r·~ 

Ilo11yt1HBlllYIDCSI qmrypy· Ha30B8M rpaq10M, B &OTOpOM apryMeHThI )j }i 1~' .. 

._:· ·;~f. J 

Ha30BeM 3aMKHYThIMH JIJrUU1SlMH, a apryMeHThI /J, , 1, H ;:·: , , 
,. . ' 

no 1.1ar:mn:m,1M KBaHTOBhUJ t111:c.na:u Koxop~x HeT cyiurnppB~H~rn: ,. cBo6oinhI- ,_ 
• ; I;·' ' . ' 

W4 KBaHTOBaHlU:ilJHI t!KCJiamt, HJIFI CB060.Il;HhtMH K0H~a:w1 • 
. c·, .. 

. ,,.--- f, ~· t ~· • ;, : 

TaKHM o6pa3oM, n10601t cyiw:e no MarHHTBhIM KBaHTQBl:ii:M llHC_JiaM OT 

CH:w4eTpM1.1HhIX KOS(p(plU.\~8HT013f BJArHepa MO!:,HO llOC,Tll.BHTl> B C00TBeTCTBMe 

1/ 

.:...\ 

'.\t- '. ,,r :f:"· 
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onpeieneHHHki. rpacp.· rpaq>bl ·· uoryT 6:f:lTb · He38.MKllYT!Uilt' (no Heit0T0pHM 
?• •·• ~ , -: r"'-, -~ . 

MarHHTHbIM KBaHTOBbnd:- QMCJia.M HeT. CyMMifl)OBamu1), KaK ·, B · np~iBe,n;e·1moM . 

npNIMepe·, 11· sawtHYTbIMM (no· Bceit'· M&r:mtTHhIM KBaHTOBlilM ·QHCJlaM npOMS-
f ; ~. # .' : ~ ~ ' . . . ✓ , 

Be,n;eiio cywupoBaHHe) 0 Ilpinie'pa:&U?I 3aWCHYTHX rpacpoB .•MoryT CJiy~HTb 

CHMMeTp:rt1qn1:1e K03qJ{pHUH6HTH Pa.Ka H <l>aHO 17 ,19 , 20 : · .:: 
(-). ~-) Jz 

{ 
j, i,i,1=(+/'. .i, · ,

1 
f ;: t ~:}-=(+/.k <cJ 

e,, e 1 R:; j . ~ f, 
h. > K 1 K1 K3 R~ . . 

2 

(-, c--, -:::,e-j -. ...., 

Ey,n;eM 06osaairn.T1> saMKHYTHM rpacp. OT npoH3B0JI:&Horo tlHdJia Kos~'"'.' . 
l, . ,i·, 

q}HUH8HTOB BvtTHepa 6JIOKOM 

UflU r; 
(I.8) 

. .... .... ' ·, .· .:, 
ec,rn Heooxo;un,o Bbl,n;eri, saBHCM!rnc:n, rpacpa oT • apryMe~toB /, )2 ... ;.., , 

M • ) .~ • 

cl, '1'2.: cs .. H~3tiWCHYTh!e rpaq>I:Z co CBOdO,!(HHMH .warHHTH~H ttHCJiaMH y 
II. • .. • " • . 

apr.yMeHTOB' }1:;' )2..' , ••• ' )1-1 dy,11,eM o603HallaTb: 

1---',,.._ i 

i 
' - Jn (I.9) 

T8JUi c:aoii,CTBa 3aMKBYTl:IX JUUUJi1 .H Y3JI0B B rpacpax: 

. : ~ 

1) . 
SAtt)3 J 'Zj f- J F ,' ::: {--) . C:-J= t) (+) 

' . (I.IO) 
' h ' 
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1'1,:a;,.JlD,6an cyMMa ,91' K0:3~HAi4t?H~oB,.B11rHepa npe~~T~~M~f-~> B B~)J;~' 
. . . .- . ,, ,· . . 

saMKHyToro,;_ MJIH Hesm..n,tHYTOrQ., rpacpa. PaccuorpitM He3aMitHYfhle rpaqni. 
. . - . .,.· . . ' . . . . . . . .. , ~-- '. . . ' , . 

TaK KaK QB:tit, :soo6me: ro;sopa, M_OryT li~.eTr, .. ot.teBh. CJIOi:rn:yro. CTpy_KTYPY, TO 
. . _. • . i. ( ; 

B03HHitaeT, sa.n;a-qa :Shl,1.emn::o uaw6o.ne.e,. npocTyro .. K9M61i1:aaij~i0 R_3 cBoCSo.n;HhTX 
,· .. ·~ · ... _, . ·::, __ ,_ :i · . .. :,~.: \ :_-,,'.\~·-:·,_,~, '. ~'>-···,:: 

MarHHTHbtX KBaHTOBHX 'CIJ4Ce.n.·· 
; ... ·i,- t· ,. 

. . ' 

HaVIOOJiee npocToif KOMChrnaL\Mef.t C~060)J;Hh1X MarHM~lfbDC trnceJI SiBJUI-

DTCSi TaK H8.3h1BaeMJ:iie_ 0606ll{eHHI~e K03Q.)4Hl!UHSHTH BHrHepa;_':· 

··.' '.''. ' ' ) . 
. J1--·,J"" -¼; ... A.,_~{~ •... ;~~•· ,,_,, j,' 

' 

J
A · ,~ ¼1:,, 

(+ . / ;-
- , (-J 

/ ~1 qt C-J ', ·./~- a,._J 
(+) ' - - - -\ . • 

l .• : rl \ )'1 
,U \ ·• , "' vj1 ,t. .,_· ·:·:• 

(I.II) 

r,n;e Bee. /r),r: . B3RThl co 3HaKOM nmoc • OpHeHT8.lJJU:1 Y3JIOB H napaMeTpOB 

a.1· .. ·. H~'oripejeJ1enHa·, ·'HO ·~KicYrpOBcilia B K~X)l;OM OT;il;eJihHOM· c.n;y-qae. 
•. i ·· ,. · > · . -:, ,: 'r , , .. ' . . • 

Cnoco6. CB.118~ 1 

apryMeHTOB ;;, , , ~r·, ·j: ;;. · napaMeTpa}.Uf· 1BhHSmpaeTCff 113 

~~. 

coo6paxeHHit y.n.o6CTBa .. B K8.it)i;OM ICOHKp:el'HOM CJiyqae • 0606ll{eHHhI8 K03q)q)Id;.;. 

n;~eHTH B.urHepa OTJIWUIH ox :ay1u1 np1f )'cJI0Bvu1x: 
' ' . ' . ' ~ .} ~-

. a) )t ' ..... ' J,,,, o6pa3ylbt MHOfOyrOJU1HHK C n;eJiblM nepliMel'-

J)OM, 

6) f111 + ..... +Wft1 =b 
.. t 

·•-.\.,; i't: 

~:• ( . 

0TM8THM OCHOBHhle CBOWCTBa: 0606U4eIHU:!).C.: K034J(Pl1U.MeHTOB BHtHepa: 
; i • • l 

' 7 . . '(. J·. "" / ... ') :· .· J:+· +J· • 
. ~ . . 1 .,. ~ 

;· a1·~·a"'•l M1 .... ~"' = (-) . ·\ . 
... .: ·~ ) V , Jr "•1'1 -

a, .. , a".; {-/41, , .. -"'" 
. "! (J.I2) 
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n.. 

V (af) ... (a~~J:)\l '( 11 ···j .. )\l' . ·(\···}~ )-=TTc-Ji_..t~y~ (I •. 13) · 
~ . ,, ., / tt,,oa'1·} 1,1,\1···"'1-. tf1 ... a.,..., -IM,<••·~.. • · · • 

1~-t .. . a1 ••• a"'_' 
IlOJibsynci,_ coo~Homeu1tS1MM optoroaaJibHOCTK .(IoI3) Moxao HesaMK-

HYThl~ rpaql (IO 9) rtpe)(CTaBHtJ> B BH)(e t· 

:·F( ./~ ... /: }-==- )7'(a,/ .. /at.~, LR(a1~ •• a,._j/J, .. .j: > 1( .a · {; >;·~·!:;)·. 
1'11f'-, ;...,,,. ~- 1/ '/ (•- k•) Jf1t••• '1 

·.. ·, . a1 ••• a~.,.•, . , "·.•. .. ..- . ,... .. , .. .. . . 
. . -£ UcMiJ • . . . . . . ( + o .I4) 

R/ . · ') ~t)iu r/ J, ... J .. )· t l ( J, ... J .. )· ·· 
r.2te {a, . .. a .. -.J,Jt•··J.,. = ~ - r ( Mt··· M,. Va., ... a ... > l-1t1,,..;-,.,... .. 

""'<··· #1 .. 

npHqijy ,· R{a1··· a:,,_,; J~.s :j:,) 'y'!/,,e SiBJUteTCH. 3a:mt1tyTHM rpaq>OMo 3aMeTHM, 

ecJIH B rpacp'e F (!r::~:: )·' lifiC'l:L CBOC>O,ltHbIX Ma.I'HMTHhlX. tU,tceJI ~:CTOIAT; 

co 3HaKOM u1u1ycf; TO' B 3T0M. CJiytlae npaByD qacTh' cpopMyJUJ (Ii;;I4) r:::: 
'">'12.J I • · 

Ha,I(o··,ioMHOimT:& Ha (-)'7 £, ·r;n;e cywa ;;: '6epeTC.8 no / 1• 1 

••,·,·•.' 

. 
I). F 

J :l·, 

I .. 
.. ·, 

2). (:-)s,-~1 s. []Jr}, 
' l¾-i,-'1¾2 

. ,• - . ·, . 

F }z. F 
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F 
. 

I-!-~,--,- Ji 
I ,,_ Ji .;L. (dJ 

a· 

f;-: 
., 

Lt) O I I ?I= J,/ . • ' ·Jt .. . 

. ,,:,'(,,a, ~; ... · I ,..., J, 

--· ·,., I . 5).
0

1
. '::·p . 

- 1:~ . (:··).?.J~+-~J~ ~(4i}(a:) ·t · · F · r· '>- -, " 
I ► 11 =- - L,.__;, 

a1 ai 
I f!!" Jr ,t}f?..'X~~ ,_. 

I I "' j S' I t--j' , L.--..J J~ 

Talt~M o6pasoM, )I1060ll sHe~aMKHYThI~ rpaq:>, ~0XR0 npe,J:LcTaBKT:b B' 
: f .,.· • ,.,.J . 

•1· ' ...• , • 

BM,u;e cyMMhI. npOk13Be,u;e1n1~ 3aMKHYThIX rpaq>OB Ha ocfo6ntenmie K03(pqll-1IJ,IieH-
. / 

TH B~rH~pa. 
\ r·: 

!'. "ii ;<r'.BbNHCJieHHe. 3aMKHYTHX '.rpaq>0l:1 · np0H3B0,I(l1T CSl nyTeM- npe~c'.l'aBJI6HJMI .. •. . \ . . . .. : . . ~ . ,. ., . 

JIIX:1'.;B"'. Bt-t;n;:e: cyt~m- OT, Ta6yn:upoBa}iHN.X K03(!X{HU-lH8HTOB. Pc;l.Ka M taao,? ~ . , .. ,,•,·I.;,, -il, , 

CBSI311. 1 f:,; .oTmt' BBe,;n;eM.rTaK Has1irnae1zyro · on_epa~~.10 paspe3£l.IU1~ ; rpacpoB. 

rpaq> F-:' . Has1:.rnae,:c11 .pa3p_e:3aelAbIM no,, J!MHMHM- · j;.,,";1 )~: .·· . ,-, ecJI.~; .. 

. OH npe,n:cTaBHM B BM)J,e: ' . ' • . " " ,•: .,, ,,. , - ' J1 .. ',, . .. .', ·., . '· ~ .r ,' . 

. •;c,F(;; ... J~} =,:El:::: '0i--~ ~ l 
J .. 

.. '::{I/15) 

IloJib3Y.t!Cb coornome1rna:w1 oproroHaJn,nocTH (I.I3) rpacp F MOJI\'.H0' -
. ~,. i {~·. 

npe,1LcTaBJA'.rI, B :.B11t)(e ., , . ') } ··1 

ru; ... 1~J 'Efa,; ... rt/r; (h:');~.J1~,;;:; (;;.-1~/a, . .:,,.,,) . ) , :, .. i 
- ·•· (I.I6 

::-·· a,··:(/"•'3; / i' . ...... ' .. · :~> . ' . .. . . :··:·····:··· . 
rll'e . , , .1 ,, ..... -----· .. z:··(J•··-ff-1;..) . .-.: ____ {;_J ··')~-- (·· 1 1 ) r"t • I . ... • 1 l . (• J't . 1 ••• '1 

;:; (J1••Jot;·t?_.:.:~~:l J-, '(-)l=I . €': 1,1_, ••. 1«.. ~1-~-«t,.;. -1~:L~~:=;·'.: 
• . "'•/ -., '41,._ . VI ( • , ... - ,. .. ... t \ 1· .. • . ' ) 

• • ·'-- ,,,. _:::· ,,_; ·•~.N-,..i) Jt·••J,.,. :;-_ ., .....•. , 14:·~:; .... 
/;(Jt ... J~, a1 ... t!__,;)~ J.i~fi~~}~-='-- ·: !i?~,---;M .. } ¼" .. :Q,..3 i:1'1;; •. µ11,- 'r 

IIp111Be~e1! p.a)( t1ac-rl(ptx cnyt.taeB:, · ·· · , · · 
:~·; ~r 

· l 

' 

L 
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F,=6,-~ ✓~j;:1(~,i- w1 cBJ 
t:)~ Wj@ 

1 
~--:JI -- ~ 

.IlyTeM paspesamrn 3a,wcnyxu:x rpaq10B noJiyqaIOTC.fI rpaqn>I 60.11ee 

npoc?oi1 cTpy1t.Typu., TiocJ1e.n;oBaTeJI1>HhlM paspesanMeM rpaq> mo6.oii cJioJt

Hoc:nt MOl!HO C:BeCTll It cyw~e OT CHM1J!8TpHqH!iJX K03¢<pMUReHTOB PaKa H 

<l>aHO (Io 7) ~ B Ka:qecTBe HJIJil)C'!pan:irn :t,i3JIOltellHOM :MetOJJ;lUtli np1rne,n:eM 
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CyMMHpoBaRI-ie no napaMetpaM ,npoH3Be,JJ;e1n-1vi rpa.cpoB ·srn.1ure-:cc.a 

,neHCTBHeM, o6paTH:hlM paspesamuo w • 0CH0BaH0 Ha CBOliCTBe (L,13) 

o6o6meHHiiIX K03<pqrHu11:eHTOB B){rHepa. Ilo3TO!zy. npii cyMM11po:aamn1 :110 

napaMeTpaM HCil0Jib3yeTC1i $0PMY-lla (1.16) .: 

·! 

,, 

-I 
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. IL, T.EH30PllliE OYEPHt!ECHME OilEPATOPtfKX/_ 
. . ' •:' ·,, 

IlycTb v-:, (<o=-➔ --·, s) opT0H0_pMMpo:aaHBI:lit CllHHop ... B npoc?paHCTDe 
~ s . 

cmrna l'-1 · ,o ,Qµirnop 1J6 sam~cuBa.eTc11 B BH,:n;e cTondna_ :vrn (25+1) 
q11ceJI, KOW¥8 (JyJI.eM 06os'!,aqaT:1; (7!;),, l'Jl,e r . xait l!a3b!Ba9!,!Hl! 

cmrnop1uitt liH,ll;eKc, .npHH.HMaJOIJUdl 3,ltalleHJUI - SJ, ... ,· $ • Ycn'01h1e. ,., 

opTOHOpMMPOBKH samtel::1Ba8TCSI:' 

v: +v:";T L (vt 1*(v:,J~ -_ <k6' 
. . · , t' .. · ·•. Jr ••. ·. 1. . ., (II,J) 

Bb16epeM B KatJ0CTBe ·:6a8H0a C0B0KYDH0CTb'•0pT0H0P~~p0Baltijh!X .\;'/:C- · 

. cmrnopoB l:•.x: ' ItoimOHeHTht > KOTOpllX paBHI:il: '( 

tx:Jr ='cfsj' 
I • 

s 
Jho6ott cnYI_Hop __ V O Moli:eT 6:b!Th rIOJiytfeH nyTeM H8K0T0poro Bpan\eHH~ 

CJ=(<./1 {},'Cf} , r,n:e Cf. , 0 
. s 

Te Ml:l :X'6 : 

, Cf -yrJihT 3imepa, 6a3HCH0ii CHC-

~: =L 06~6 (w/ x:, 
(IL,3) 51 

. ·s 
r.n:e :l)G·,6( w) MaTpIAtJHhte. 3Jl8}.!8H~hl HenpHBO)l;K:!4QrO II;pe,.u;exaBJI_~H.l;iSI 

. rpynnhl Bpame1urn: Ds ... 
s 

OnpE:1).l;em111 reHsopm,iil ccpep:;,1qecKHf1 onepaTop J 7Ge B npocxpaHCTBe 

xx/ D; ~TOM: llYHI-CTe HCllOJI:&30BaHI,l pesym,TaThI Reony6JUHCOBaH110it pa6o
TH Il.llo Ily3KKOBa. 
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cnima (') cne.n.yrom~iM o6pa3oii: r, 

-,-S ~• S-6 1 f .5 5 + . ''lff;,:-.~ C-J .. tSS 0,-0 '/rx) X,, X", 
,.,.,.,,.,,.:. ·•.-'S:..".6''=-X' . . ;,·. ·, .· '·. . ' . 
·\L·;;,, . .· , . , '(II'~4) 

9ciM,~;1u~1:
11 

~To· x: ·X : 1 +;· npe.1tcfaan.aet co6ott KB~~paiity~ 1it1t•·,.; · 
'"·'•·'·'·• ~l,·. ·t ·. ., ,·,,, ·. ',· ,~: >,. . ~ 

pKI\Y: ,.- 8):l;~CTBCHHhl1'i OT.1Ui"Uil:lil OT HYRE MaTpJfCJHH1i 3JI8M0HT KOTOpOi ·· 
,•· ,, ·;,\>• :) \ . ' 

CTO~T·· -~~-- nepece•IeHJ,H1 0 -CTpOK11. JtI 6 / -C~OJIC>Ua 11 pi:tBfai e,n;:vnrn:-.\ ;, ,r 

,. . .ih· 

ueo 
I .s ', 

JierK01 Jiivi.1teTb' qTo nprl Bpamemui :7?'J< 'npeo6pasyeTCSf no J:1en'1rn-

BO,ltl'IMOMY·· iipe.n;CtaBJieHHD .rpynnhl !BpauteH.MM nosPSJ:.1tim , C/~ . , o Oneparo-.s 2. ' ·. ',' ' 

pH -r,,a( o0pa3yllT (2 S+f} Jl;IKel1HO-H03aBHCIIIIIIX MB.T,pll1' B Jlpocrpa!l~JB€ 

cmrna S _ . Marp11nu lrae B3a11111109pToroHaJ11,HH ll, c1111cxe · 

. :.,_ .. ,.: s+_ s 

",Sp T;~.n ½!x'···· v, ~r' fn' . 
·, N.\: . s 

YcJIOBHe ap:MliTOBCKoro conpl121t8HH.!l ,lVIH -r;;x in.mer 

IS+ X ~·S . 
lrx· -== (-) tr,-x' '-~-· 

-.:\ 
(II~'5) 

I 

•·t 

BM)!;: 

r • 

:, ··-c11.6) 

I 

3aMeiM·~, ;'~TO B, tiaC1T1!0)l :cnytia~ '.cnmna 1 -f· il onepaTophl ; 1:;;:.\. 
HBnHIDTCH KOM6MHaID1RMM MaTpHn TiaynH 6· t 

• • 

7· 

r 
'i"" ½x 

- i'"i5',.: ::t 16'., ± ' <' ' ,., 2. ,· ·;-

t 
.-=r ~ .. •"' ·2' .C,..;. •,' -

'J'( -q,± 1 ,, ,; .. ''" , .. , ,, I •.•. ,· ,. , ., . . . 

~ X -··o 
. / ' 

{-,.\., 

s Crf.,,7) 

.;_':.) 

-.,.:, 

•'"i,•:· 

I 
i 

; 

! 
I 

l 



- 43 - . 

. s' 
· TaK KaK onep'aTOp!il Trx o6pa3yIOT IlOJlHYIJ op:roroHaJihHYIO CRC-

TeMy Ma.TPHU B npocxpaHCTBe (25+1}
2 

H3MepeHHki, TO M0!:H0 pa3JI0lKHTI, 

no HMM. npmrnBoJU,HY~ Matp:mzy , A . :s _ 3TOM npocipancxae c MaTp:i•P-1-

HhlMM 3Jl0M8HTaJJH 'AG 6 ( '.~ 

s s-
A- L Ar?( 7;~ 

f ?C . ;, 

(II.8) 

s +A ~ 5-GI A. Sp T9x == L-C-J _ (sse;;-o'/92('}. 66' 

6-6':::::X . · 

Koaqxp~nHeHTli pa3JIOX0HuUI :MaTpHn;Li':'. llJIOTHOCTH •. _. 9 no ccpep11qec-
'. 

!(LUA: T0H3Opa:M Ha3hlBaJOTCSI aenpoBO,D;MWMH T8H3opa1m Il0JUlpH3anmH, 'HJIH 
. . s 

CTaT~CTH48CKHMH T8H3opaw H 0603Haqan?CH qepes _f)7ar. 
. ff 

Kor.n;a npHXO)J;HTCSl MM0Th .n;eno C npoM3B8,D;BH8HH.flMH OT C>OJihmoro 

qHcna c~ep11qecKHX T8H3opoB, TO OKa3liBaIDTCH none3HHMH cne.n;ynmHe 

cpopMynu: 

== L ~crt1<r1-1"·(r,frr1 
1 'l 

'2-!Je x ~ X 1 + ... +'X~ 

~ ~-S -r,S .. ,, S r' 11tY1 '/1..'JC:. r;.,,3!'.,. -
I 

(II.IO) 

' .,... 

== ✓cr1}(?1)"• ('1'1) s I 

11A. 

l 
I 
! 
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B 3Tli1)::_ q)Opl.fY JiaX BB0,Il;6Hhl Ol'.JO3H6.\leHl1H JieBMHCOHa (CMe np1rno-
. '.,. :i,, 

~emrn., L1): "} 

Bl!tJ11c/lliM ~ke M!lTpll'tinlll aJiei.nm'l o! c<j)ep11tJecK.oro ,re11sopa Tj~-- • 
B C0CT0RlUUi' 0flHCMBaeM0M c_n1rnopm'1 7)6 ( CMe cpopieyn:y (II,3)) .. 

HeCJIOXHhlil ~acqeT npitBO,D;F!T lt pesy.nb-raiy: 

-s~ ~s s s-s ' · V (~J 
v-6: 'r7 v-G . t-J (ss6,-o/10J 'r"" '>1 

(II.II). 

r,11e · fri!((:f} -c<j,ep11qecltlUI. rii.pMOH~\0 OT 8,IIHHllqHoro. ll6KTOpa r, 
. 0~s 

onpe~en.ruomeroc Ha.npaBJ1eH:r1rn cm1na, omiICblBae1mro cnHHopoM vs , 

H 11opMP1pOBaHHM y Cjl O!IJ1e11 J I Y 'I"'- CS) J \ff -== 4!i . ' (~ o,JJJlOOHee c11, 

DpHJIOlt8HHe fil). 
'·,~··J/.".~:~ \.""~.-.: 

,1.,·, ,, 
,.•·,:• .\' } 

; )' 

L. 
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lllo OEOEll\EHI!PIE C<PEP1FIE_9l{HE <l>YHKillU1 

CqiepwiecKyPJ rapMORHKY nopa;um 

C KOMnoHeHTaM:H 

-:;,, 

OT S~liHMqHoro B8KTopa a 

e<" -= -J Livi. e C:n <f 
a~=- -s~ eJ~_'f . 

ai = ~ 0 

6y~eM sanHC~BaTb B BM)J.e 
. . ~ . . . y; (ct}-== (-) ~ ✓ t-t«J ! L p ( a7!) ( a~ +1·ay)M e~ ~-i-.•,H ot_a.;- ( · . . J1"1 >,:. o 
. ¥ 

~, 1 ~ (a)=- (-) ~ t~ (Q) (Ill.I) 

B ?8.KO.H f 38.IlvlCH cq>epii'-IeCKHe rapMOHJAKl'I ,aopMMpOBaHtI YCJIOBKeM: 

J;;~C-J~ ~~Cc:Jt:-~,CaJ= j](al). 
HJHtI f l y;Jafi2 da = ~ cm.2) 

V {a) = ✓ /,,?7' V: ( 0. (f) == (-(VI jre--1! p't e:n&'f 1°'-,p 
IR~ 2<21-4 lel,<,f , . ce+,,.,.,., e t( 1 (ll!.J) 

EyAeM Has1:rnaT1> o6odu.teHH0~ ccpepHttec:&otr cpyHKUHeii nopH.zr.ita L 
T8H30p, 3aBHC.flll{Hll OT HeK0Toporo np0M3B0nbHoro qHcna ccpepwqecKHX 

rapM0HHK pa3JIYf4Hh!X B8KT0p0B H TeH30pHI:lX ccpepitrqecKMX onepaxopoB M J 
npeo6pasyvmidtca: npH Bpame1urn no Henpvrno.zr.v1M0My npe.a;cTaBJieHKIO rpyn

m,: Bpan\OHMlt nopsi,u;Ka L 
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.l'-;,-

. ~M{f [n(p€,sVi T/J T/j = (JJI.4) 

= ;r: ( ('z,.,f' jLN JL (n1vx JR,,}L (rS97<>/nv) /p(eJ'&W ~:, T.,_s, 
M -rf= M V-tX::"'" Jt-t o 

T. e, ~:. ( ii} Cltl!a,!!!lBae:i:cs c t6 (;ry B MO'MSHT · J1. . , MOl.ieH.T fl 

. -,S, /J 

CKJia,IJ;HBaeTC!l C '1'X. B MOM8HT (: !1 MOMeHT f CKJia)l;hlBaeTCfl 

-r Sz. 
c ' ,z f •· B MOJA.leHT L • 

PaccMo:rpwM no,n;po6Ho 0606me_1my10 ccpepHtieCityD q>yHKUY.U0 11 samrnsr

IJtYIO or ;n;Byx ctpep1nt1ecKKX rapMOHMr:: 

¼M ("' a, t. lJ -'- ,L ( tfP, "",.,, / LM; tM/aJ 'l,JlJ 
. . · "1

1 
-+#1:.:=H (lllo 5) 

3Ta q>yllKU1'1H 06.na,naeT CJle).(Y.Dll\IdMl-1 o4:eBH;l\Hh!Ml'.t CBOitCTBaJ.m: 

4~ I ._ . · /,,--f-4. +L 1 / I JJ _,,. t --; 
J LM (ft c( { t)--:= (-) .JL H ( <2. JI, fa (llio6a) 

.)• 

. 1f- . ru I -,. f} . fr f({ +L M 1/ I ....,. -r ) 
. J t. H ( ft a I fz t1 / = {-) f) . JL-11 (/;,a. 1 ~ j'/ 

. J 

: '!IL l( ( o a, ~ 7} ~ c[ ei· r;_ /'{ (i; 

/z ,,• (. /J -~ . , . -; 
.. /c10 l:r ll, (z f,-' r 

C·1 {7 t.r . t 

/~.) .~ ,. -------J1:;;:-,;~; 
l.: .,...,. f ,t , , 

/1 ,· ' Jl I _ .... ~ "➔. 'I; 

j,J tael 
{'( / 

(ill. 6B) · 

(lll.6c) · 

(ill. 6,l\) 

I 
l 



(illo6e) 
.,S .. 

3aMeT11M., l!TO TeH30pHhlH cqiepw1edKMti onepaT~ Ty:X. MO~HO 

CtlxiTaT.h cqiepwi'ecK'o~. rapMoHmKov.i OT :;.BeitTopa tt s ( J\.' -), Si") -
-Maxpiu.\ B npocTpaHCTBe cm,rna 

lit (II.2), noJiyqMM: 

s • Y4::t-IThlBaa HOpMHpOBKH. (II., 5) 

. . . 

IT03TOMY, ecJrn, B.,Bl:lpaxeHlitH ,n;JUi ½11 (fr.a,f{l} BM8CTO, HanpMMep,° ){~2(i/) 
s 

CTOHT T0HBOpHbIH onepa:rop ~ , TO BCe CB00:CTBa (illo 6) BhlllOJIHS-
-t"i.tJ-J1 -:,,- - . 

IOTCJI, ecnH noHt1:MaT1, no,11;. BeKTopoM· t? MaTpHIJ;Il S ( .rx, S1 , Si!}· , · 

3a MCK}ID\t0Hi18M (IU. 6e), r .n;e Heooxo.n;~r:Mo· IlOJI:b30BaTl>CSI 3S,.KOHOM npeo6-:- ... · 

pasoBaHMe, rensopHl:lX onepaxopoB (II.9), llTO .npHB0.IUiT K peayJibTa~y:. 

tM •(Tr,~·· re:) = (~/$+L { :, ~•! f r,_; 
IIpM paclleTax Koppemn.{H0HHblX aqxpeKTOB' r,IJ;e y~UiTI:rnaroxc.a '.i!pM 

uanpaBJI8HiUI (Hanpmtep' 13 -J' - Kopp~JIJ!UlliS! C ylleTOM IlOJU1pM3auirn 

pacrra,n;aIOll{liXCSI H,n;ep HJIM C Y'llSTOM Il01IS!pH3aIJ,MM 3JI8KTpOHa) · He06XO)U{

MO BH'lMCJUIT:b cyMM1! . Tlina: 

· ~ c-J~ t~ (cJ :!R.,-lu. c (li ct} e2 7) =:- P(f1a )
1 

t'i 7f' If c) 
~ 

Ey).i;eM:. H~SHBa:r1> ..... P (.(yt
1 
e2 7l Re) o6o6meHHLu.ru noJI:KHoMaMH Jie:mu~-

pa* O?M6TitiM OCHOBHble CBOi°tCl'Ba 3THX IlOJIMBOMOB! 

... 
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!1(✓_/i _,,_ /!- ·;t/f _,,. J _ (,-.J 11_J~I __ 11)0/J -. /7-'7/ o_ 7J) . r-a.. ,. 1 t;• C/·- . - .J .. ,,.a t'C {'zo •.:· t . I . ,Z <'1. -f f . . . , J t .. _ 
_ ·:; ·: . . . ... . 

li'r·· - •-'"'·-~1 -; 0 r? r-..,., 1 !J/ ~ a,, [./(? .t'c -:::: _of& J,e o.c/ 
.• " \ . . . ~ . ;· ' 1 

{ .':: 

O606me1rnue n~J1V!Ho:M1ir.'Jielt8.H;i;pa: npe)J;c.TaBJUUOT :.co6o~. 11ceB9Sl.i0i!HI:!e 
•., . ~ : ... . ' . '· ' ' . . . ,' ., . . . 

KOJ.!O~!fa~HJi- C~a.11.llpBHX npousile,neHl1H. (a °f) , ( o.~) .H. ( 7/c'') 11 npmqeM 
. . . . . . . . ~ ·. . . . . . : . , ~ . ' . . . ~ ' 

_ ~ c~{zfj ( ➔ i}l:('(4 ➔ l<i(---,Jlf:1 . . . . (P( Pr "ii, fz -; I ~c) == L..___, I(, K1J6 a 6'; a <!) {f C; . , "f~ (fi-~ ~-f.;· -

K.+«, I( <. 4-tftt-eJ -::- ~7HOf!,'f 
1 t+ J, ~ 

. (J' ( e~ 1x, ei 1_f e, c)=: £ ( a [1'2J) / . 
1

l 
.. . ... •' .. • • . • /'J +~ +( .. 

· 0 ! ! !,( a:aj'" ( ith I('( iic7 "~ 
• ' . . • .. \ .·: 1 -: .· ' ... · . t( "t°f<t-t-t( -~ t:'of t:. l _2, : . 

.. . . f >.. 'Z.. -z. , · 'Y'" · -t;,+~f <5 ·== 1teJt.erHbf!'1. 

. . . .. ') •:: i. (lll ;{9) 
• • 1 . c ~ ~ ~ . . 0) r,, <t ~-

Ko:,qxpHu11:eHThI' l · K, Kt X3 -H ,(.J ff. l{,z_ Kj . HBJUUOTCSI ,11;ei,tc·TBt1TeJII,IU11Il1.. :, 
. I 

'tlKCJiaLrn ./ 'B: 'O'Jiyllae' -npo1.fSBoi.t:&HhlX · lf . , l't.· , . ~ . · HX :BhP-IMCJIIAT:& 

He'. 'y.l{a:JJOCb o _. O;n:BaKO ·'.PaC'ctU{TaHO. Hec:K·om,KP' t.taptHhlX c11y:qaeB. H C· > ;' · 

IlO:MOI.qbID pe1typpeHTH0i! <pOpM.yJiht 1{0E:HO nony~H'X:b '.BhlpaJKemie o.,ItJISI. mo6oro 
) I . ! •· ' • ·j 

ododiqeHHoro IlOJIHHOMa nejre.H,npa. 
/ 

' .{ t :•: . ,, 
' 

. ~Cl'Hhle c11y:qa11: 
., i • : • • • -~ ! , . . t , - ('..,. , -~ • :~: \!: ;_ . ., . ..... ,: 

j?. (. _,. --/· ➔)-- _ r C-> 11) (--n , /J a -~ ',{I · 0 c - _; O:c, d V -:-'-.' J ;,p · a#/ _,, .) . q, .. ·., r1 J ,; tpt-t_ 2.f1+f r( . ..• .... "' 

!i'(£({Jk'7 /l C) ~ 2fot{i;2J)t-l'~r~~r2;,.;~: (J:(if/'' 
·9(f ;t, ''(i?~I/ 1/ /c ;.:. c_,/«j0 , /,.ij {. 'fl_(zrllJ(a'cJ~_-·i 1(ti)(tc)j·· -

. " ,· . (- . I (f'(Jf'-J.. . .. . .. .., . , ... 7 . . 
• 

1
•· •· • '. i ~ ; . ' !~ ,<. , • • • • • -. '•· •• 

0 
•· ;· .·_' ,.\ , ; ; • •, ·,: •• • , I 1 

fJ' ( f o( .1{il r 2 t };..,. (-/Hie ! (; ' s-< , , . 5 p (ae;, l3(£1C/(i/'Cj-(rui)] -t 
. . , . (2e-1J2..e(ee-ft}(2e+2J(2e+1J 1 q_ · • I: · 

. ' 

' ' ., .. ··. + %{a"ii) [ 3( afa'cJt- i] j • (ill.IO) 

t 

I 

I 
I 
! 

...... " 
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PeityppeHTHa~l ,WOPMY Jia 
' "· ·,. \, 

2 ( 2 "~ -() {i"c} tJ> (trt, (<1:'7f)if{e~1l t) ·-== 
•,:--r 

i,. -.::. ·•• ·, 

~·' . "· ~,., 

( <",-/{ +R+f }( f, -(; ,;? ,-2) (R,+ e, +1/(f, f-(i -e!_ IJ (q a, r1;-2J;f If f J+ . 
(2e-r/(2f+I). ' ....... ! .. ·I , ... . 

✓ ( <', +1 + e-pc e,+e. +f-1/(~ f,H'• ;'t-1,w;+iF f-2} - j>1ic; ~-21?r;21c) ; ; 
-t- (2R-'l){2<!-I) . · (. I · .J< ·· ,. -· 

. ,_ · r.· ... :r::: ·_:· (ill.II}(- J:;: 

·: . , ~ ·:: t •· z:-:·. ·, ., . , '.t • •. 

4>opM)'na (Ill.II) si111rneTcs ,t1acxHN11 cnyqa.e,M o.~metl pe.KyppeH~Ho~ 
• I ,1; · f 

cpopMynw: (. _ .. , 

-· . ' 
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