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§ I. 
B pa6oTe B.A.MaTBeeBa H A.~.TaBxenHAae/1 / HccneAoBaJICR 

UeTOA KOrepeHTH~X COCTOHHH~ AHH H3yqeHHH B~COH0..8prerz~eCXHX 

npo~eCCOB CHHbH~X B3SHUOA6HCTBH~ BAPOHOB. 3,1{eCb M~ non~TaeUCR 

yCTBHOBHTD CBH3D 3TOrO U6TOA8 C KBSpKOB~UH MO~eHHMH, paCCMOT

peHH~UH B padoTaX / 2,J/• 
'/'t!./ 

PaccuoTpHu ypaBHeHHe : 

{f, 2
-t- 1;_2.+ V(rx,-xz>t.J}~{X,,Xz) == o, (I) 

xapaKTepH3yD~ee ABHXeHHe KBBpKa (I) H 8HTHKB8pia (2) B Me3oHe. 

9To ypaBHeHHe COOTBeTCTByeT npeAeJiy, B KOTOpOM He yqHT~BaeTCR 

HapymeHHe HH CflHHOBO~ CHUUeTpHH, Hill U3 • 3AeC; Mbl TIOJID3yeMCfl 

H 
eX = 0/ I, 2, 3 . 

BBO,I{H 3BMeHy nepeMeHH~X, p83AeJIRIOU(yD ,i:lBH4iemte He30HB KBK 1.\e

Horo H OTHOCli!TeHDHOe ABHXeHMe KBSpK8-8HTHKBBpK11 

I -"' 
~=yP-

I 
:;- h 
~. ( " 

rAe~) 

CneAoBaTeJIDHO, 

;:z+ ~~. = f r,Jz+ fz) 

!) 3HBK p OTJIHQSeT onepaTop OT pHKCHpOBBHHOrO 

HMTIYHI>CS ueaoaa, KOTOpbiH Od03HBqHM 3HSKOU p 

J 



l 

TaK~M oopaacu,ypaBHeHHe (I) npHBO~HTCH K BH~Y 

{ f z + ? 2 + 2 v ( y rz;) <;' (X, JL) .= 0 . (2) 

PaCCMOTpHM ,l!BHJtteHHe Me30H9 KSK IJ,eJIOrO C onpe~eJieHHbiU HMI!YJII>

COM F . Tor~a, noJIO~HB B(2) 

-/(/'X) 
fj/(x,,Xz) =- e /P(f), 

(3) 

nonyt~HM 

{ t1 2
+ t(t- ;2 V(ltf:J} lf'(J):: 0, ( 4) 

r~e 
/1z = .Pz npe~CT8BJIHeT KBS~paT MSCCbl Me30H8. 

flpH iJellieHHH ,rpaBHeHI1i.1 THna (4) B03HI1KaeT cylileCTBeHHaH TPY.l\HOCTI>. 

Hanpi1Mep, pa1:cMoTp11M npocToi1 cJiyt~aH, I<Ol,.n;a noTeHIJ.l18JJbH8H WYHK-

l(JIIH v COO~'BeTCTByeT rapMOHI1tleCKOMY OCIV'IJIJISITOpy 

21/ ( r.r rlJ = (A>. r 2 + c I 

r~e c - HeroTopaa nocTOHHHaH. 

B .l\BHHOM cJiylae uo~Ho Han11caT1>: 

(5) 

{
Hz+ c , (-

0
°2

2 .,. w'-[..')- j_· (- 0
71

: + t»'J.,;,{rrp-=o. 
lo o< =1 f~ (/ (6) 

I!OCKO~l>KY onepaTop B JieBOM tl8CTH npe,liCT8BJIHeTCH CYMMOU onepa

TOpOB, ,lleVJCTBYIOUli1X H8 p83JII1tlHble K00p,li11H8Thl Ju~. , pellieHHe 3TO

ro ypaBHeHI1H ~OZHO Bhlp83HT1> np0113Be.n;eHI1eM 

J 

Yr J):: !!. r"' rr.,J, (7) 

B KOTOpOM (J'Z. 

I- vr.L + UJ1.!o2
) ~ (J.) = Ao r, ( !o) 

• I 

4 



o2 
2 'l.) (- () r: + UJ r,( ~ u.,J = 

A - cooTBeTCTBY~~He co6CTBeHH.ble aHaqeHHR. 

nnn M2 H3 (6) UOJiyqHY 

KaK H3BeCTHO, peweHHR ypaBHeHHH OAHOMepH.biX ra~MOHHqecKHX oc

~JIJIRTopoB (8) HM6~T BHA 

~(f.)== Hn., (!IW fo) e-¥ loz 

J-./;, (i.)- UOJIHHOM.bl 9p

MHTS. T8KHM 00~830Y,M.bl llpHXOAHM K CJieAY~~eMy p~weHH~ yp8BHe

HVIH (6): 
l . -(J.2+fLJ~ 

y (J) = N { !!o Hn., ( ,;z;;- ro( J} e . 2. 

;V= ~i. ( 9) 

KaK B~AHO, T8KOe pe WeHlil6 H6IIpHeMJieMO, T8K K8K1 111lCKOJII>Ky J1 c 

npo6eraeT BCe llOJIQ~HT6JII>H.ble 3H8qeHHR, KB8Ap8T 118CC.bl MO~eT llplii

HHM8TI> OTpH~8TeJII>H.b16 3HaqeHHR. 

,ilaJiee, peW6H.116 (9) HeKOB8pH8HTHO 0JI8l'O,l\8pfl llpl!CYTt:'rBlii!O MHO-

e-(fo~ +- -f~} ~ 
~li!Tena • TaHoe aaTpy.n,HHTt:JibHoe noJiolleHHe 

C KOB8pHSHTHOCTI>!O YO.HO 6.biJIO 6.bl VICUp8BHTI>, eCJIII 6.bl BMeCTO 3TO

ro MHOllHTeJIR M.bl HMeJilil JIOp6H~-HHB8pH8HTH.biH 

5 



llTOObl ,ll,OOMT!>CI! aTOrO, OTMeTMM, t!TO nepBoe H3 ypa.lHieHMH (8), KpO-

Me peweHHfl - J z 'f! 
'f:(J.)=-e • 

HMeeT TBKllte P•!WeHHe . f~< ?' 
f:(f..)=e 

.bOCllOJIJ>SyeMCfl 3T1'1M peweHIIIeM, OCTBBHB ~JIH y;; ( J.,) npeliCHUe Bbl-

p8l!l:eHHfl. Tor~.l ~JIH OCHOBHOrO COCTOfiHHH /? • .:: I? .x = 0 

JIO peHIJ;-HH~B.]H·lH:!J!Q~ pemeHMe ___ ..... ~~····" .. . --···~-.. ------·-· 

~----!;;>. _1" r r J o AI e '!.' - f ') ~ 
(IO) 

/ 0HO, O,li!IBKO 1 He HOpMHpyeMO B OCiblllHOM CMbiClle, llOCKOJIJ>KY HHTerpaJI 

/ f~':""'JJ. 
paCXO,liHTCH. MteH-~ BH,ll,Y TaKYD CHTyan;HD, B pa6oTaxf2,J/ 

JIO npe~JIOllteHO B OCHOBHOM ypaBHeHHH (4) llOl'IO~HT!> 
--- :\ ---·-----(!_0 .:_ / f~ ,i 

Ct!HTBH !, - lle~~~TBe~HOti ne}JeMeHHO~i. 
HopMy < Y', ;i/ > onpe,lleJIBM KaK WH'I·erpaJI 

J ~ j yl( r J !.f r r J J r, J r 2 J rj r1 f T 

-"' 

(II) 

Cihl-

J.,H,llHO, t!TO np 1 TBKOM onpetJ:ej!eHHH HOpMbl perneHJ/16 (IU) HBllfleTCH 

HOpMHpyeMYM, ~l'IH Hero 

< ~ Cf > =- )!'(Je-w rz J r) lf = G 71 .. (12) 

fipOIII3BeAH a y~aaueHHH (6) 3BMeHy (II), llOJiyllHM 

H + C - c_ - --.: + CA.J' f"" r ( J: :::. 0 
{ 

l )
4 

( () :z. • • 2.)0 w ) 
a<; I (} !., 

6 



\ 
i 

TaK KBK cobCTBeHHNe aHaqeHHH onepaTopoB 

COOTBeTCTBYID~He HOpYHpyeYNM pellieHHHM, pBBHN 

(/<!?o< +I)CAJ /J,. :=: o_,I,,Z. 

TO " H 2 =- yc +- Yu..> + 2__ 2c.v J?"' 

H MHHHM8RbHOe 3H8QeHHe /1 2 
peSRH3yeTCH B OCHOfHOM COCTOHHHH, 

Kor~a Bee 

lJOROJKHB 

/?0( = 0 

H 2 =: 2 c.un + H.
2 

/ 

r~e n - HeOTPHUBTeRbHOe uenoe Ql1CRO: 
't 

n=Z.'n ... 
tK.=t 

----......___ 

(I3) 

WTBK, C DOMO~biD yK838HHOM npoue~ypN M~ DORYQl1M KOB8pH8HTHYID 

WOPMY BORHOBO~ ~YHKUHH fV 
cneKTp ,1.\RH 

ilOK8lKeM, QTO p8CCMOTpeHHe yp8BHeHHH (6) npH yK833HHOM CllOCOOe 

ero Tp8KTOBKH 3KBl1B8ReHTHO p8CCMOTpeHHID 4-MepHOr) rapMOHHQeC

KOrO oc~nnaTnpa no cnoco6y, HanoJKeHHOMY B pa6oTe (I). 

Ilpl1HHB BO .13Hl1M8HHe (13) ,npe,D;CT8BHI4 STO ypaB ieHHe B @OpMe 

{ !1~ +- (+ u..;"fz + 76<.1- H.zj frf} = 0. (I4) 

!UfRRHTOpa 7> 
. ' (IS) 
~ . 

ilDCKORbKy _L 
? ct. = t j, "' a J 0( 

7 



t \\ 
npeoopaay~TCH K8K qeTgpeXB6KTOpH,MH BR~HM, qTQ H 8MflHHTY~ 

a, a+ TaK~e npeo6paaywTcH KaK qeTHpexBeKTOpH. YqMTHBSH TpH

Baani>HWe KOU.1YT81.UIPHlible COOTHOWeHHH 

[ 1oi 1 r~J = <JOI,/), 
no;nyqau 

L-o., , c!/1 J :: - /o~,fl . 

KoMMyTaTopbl uex~y 

(15) cne~ye~·, qTo 

a« H uelE,Zl;y 
+ 

a(){ 
(16.) 

BCe p8BHH Hy~m. ~3 

+ -a.()( a()( -
VJ2. r: + '! .. 2. 

~w 
+ 

.7/>(l)i 
-:z-

flOSTOMY ~ 

CAJ'(+- '/+ <f<-<J =k(w''fp(2 + '?~)J.,, ~ ~(..0 = 
+ _L,. T 

..:: :;. G.U (~a.)= 2vv 6 J.,"' C{"' a .. 
w = 0 

a ypaBH6HHe (14) aanaweTCH TBK: 

( 

2 ~ + ~) . A.f ~ 2 (A_) ~ J u o"' a"' - Ho p = o . 

BaKyyuHoe c•JCTOHH.He cacTeMH 

P= /o> 

(17) 

(IS) 

onpe~enHnoc:; B pa6oTe Ill KBK cocTOHHHe c e~aHKqHoi-1 Hopuoii 

<oto> =I, 
X8p8KTepHay~MOe COOTHOWeHHHMH 

0 ()( I 0 > = 0 / ()( .::- 0., I, 2, 3. 

PacKpHB STH COOTHOWeHHH, yqHTbiB8H (15), flOJiyqHM 

T.e. 

I _Q_) 
Cla = ~ (vu r"" -,oi.O< Q rl)i. / 

I o 
i:A,a<=.~{W{o<+VJ) e><=I2.J v :2.. (c.) 0( I I ,/ 

I 
(~ 0 

I 
- J;,w ( W fo 

8 

0 
IJT. ), 

(19) 



H KOOp~KHBTHO~ ~OpMe COOTHOW6HKH (19) BKBKB8R6HTHH ypaBH6HHHM 

(20) 

0TCID~a B~TeKaeT, qTQ f KMeeT ~OpMy (10), a C yqeTOM HOp

MHpOBm (12) BH,l\HO, qTO BBKYYMHOe COCTOHHHe (18) B KOOp,l\HHBT

HOM npe,l\CTBBR6HHH xapaKTepHayeTCH BORHOBOH ~YHK~KeU 

u_, rr/- F~¥ '-'-' er'z. 
y; r r J -= -77 e -= 71 

(21) 

PaCCMOTpHM 0,1\HOKBBHTOBHe B036y~,l\6HH~e COCTOHiHH 

+ 
(((1 I o >. (22) 

HeTpy,l\HO y6e)IKThCH, qTo UHH HBRHIDTCH C06CTB6iH~MH CUCTOHHKH-

MH ARH onepaTopa 3 

-2 . }.x.c< a"' a .. 
C1( = ,. (23) 

C 6AAHHqH~M C06CTB6UH~M ~HaqeHH6U. 

,l{eV.CTBKT6RhHO, B CK1IY KOMMYTB~KOHHbiX COOTHO!lltlHltiH (16) 

3 J 

.::: -L !!<><"' o.,l a+tJ Cl.o( lo> -+-L :J"'""" at)( 7o(PJo> == dpJo>. 
()( =- c ()('-:. 0 

fiOBTOMy ,1\RH OAHOKBBHTOB~X COCTOHHH~ H3 (17) IOnyqHM 

H 2 =- H/ +- .:2 UJ . 

PaCCMOTpHM OO~ee B030Y~A6HHOe COCTOHHHe,CO,lleJ~a~ee ~KBBHTOB 

)t-1-= Z: E J, j2 .. . J,.. aJ, ciJ~ · · clJ, I o > 
( J, J~ ... Jn } 

9 

(24) 



+ 
TaK K8K BCe 0. j KOMMYTHPYIIT Me&,l.\y COClOil, 

" -+ 
Oj, •.. a;,., 10.> 

CJ4MMeTpl4qHo no C THOWeHIIIJO K JUJClOii nepecraBOlilte 14Hl.(eKCOB J . 

il03TOYy M~ BCer~a MOXeM CHMUeTp1430B8Tl> B~paaeHHe (24) 14 cqJ4TiTI>, 

qTo BeJIJ4qJ4Hbl E: ... J" 
• I h 

CI4UMeTpJ4qHbJ no OTHOWeHHD K JIJOClOii ne-

peCTSHOBKe HH,l\eP COB j • ilOBTOPfifi npel.(~l.(Ylll14e paccylltl.(eHHfi, OC

HO~SHH~e HS nOCJ.el.(OBSTeJII>HOU 14CnOJI:b30B8HHI4 KOUMYTBUHOHHbiX COOT

HOllleHHH (16 ), He~·pyl.(HO yC5e,I.{J4Tl>Cfi, qTo (24) HBJifiJOTCfi COClCTBeH.,. 

H~Y.H COCTOHH~UJ[ onepaTopa (23): 
.3 

"')' + -=:;-' c + + 
- 0 J"'<><a,.a« ~ _c..J, ... j,., CIJ.···O-j ... Jo>= 

ot=c (;,··./,) 

+ ... 
n .c.~. c 1; .•. .J~ aJ: · ·· a1 ;., ;o>. 

(J,·. ·/,..) 

CJie,I.{O~STeJII>HO, i3 ypaBHeHHfi (17) ,1.\JIH COCTOfiHHfi (24) noJiyqJ4Jt 

UOEeT OK83~B8T&Cfi H OTPHUBTeJII>HOii. B03I>MeU, HSOpHMep, COCTOH

HIIIe 

(25) 

C Ol.(HHY. BpeYeHH~M KBBHTOY. 

HeTPY.l\HO noHHTI npHqHHy 3TOrO. ~e~CTBHTeJII>HO, l.(Jifi COCTOHHI4~ (25) 

V = (ci, + a~;Jo> 
14llH, BBKAY (IS; I 

';.J = -;;:; fo / 0 > 
T. e • B KOO pl.(HHc THOU npel.(CT8BlleHHI4 '"" ;. ..-2. 

w= _!__ UJ ~ e :rr~- f ') 
I ,;;;;; n ).:o 

IO 



H y.;*<;' = _; ( u.: 12.. ~t e VJ ( r.'--T/ 
2w 71/ Jo · 

Ho ll HSme~ npOl.lMYP6 npH BblnOJIH6HJII4 HHTerpSUHH i!O f ,llJI!I 

Bbi'QHCJI6HH!I HOpiW Mbl ,llOJili:Hbl nOJIOlltHT:& fo = c'f,_ H HHTer-

PHPOBST:& no Be~eCTB6HHOM r~ 

I <».1 2! ...,! 2 -<.AJ .. (f,/ + f 2J 
<<f, 'f>= 2~ ( 111 ... (- f,_/) e dr . .lrzdf3 oiJ<(. 

_..., 

k1M6HHO HHTerpSUH!I no MHHMOR OCH "f 0 1 KOTOpll!l 06ecnetU1B86T 
2. 

KOBapHSHTHOCT:& H noJiouTeJI:&HOCT:& cneKTps, f1. Bl!3biBaeT OTPHl.lS-
2. ~l 

T6JI:&HOCT:& HOpMb1 1 T.K. npH T8KO£t flPOl.l6,llype fo =- >~ < 0 • 

0TC!O,ll8 !ICH0 1 tiTO HOpMS COCTOHHH~ (24) 6y,lleT flOJICJitHT6JI:&Hiil 1 6CJIH 
+ 

B HHX He CO,ll6pllti4TC!I HH O,llHOrO onepaTOpS 0 0 JIOZ,ll6HHH BpeM6HHO-

ro KB8HT8 1 H&npHMep, KOr,ll& 

{. . . = 0. 
o,i,,JJ .. ·J,., (26) 

,Ilelr!CTBHTeJI:&HO, B CHJIY CHMMeTpHH E J, ' .. j n o6pau.aeTCH B HyJI:&, 

eCJIH XOTH 6bl O,llHH 143 HH,ll6KCOB j paBeH HyJim ~ cyuua (24) npo-

BO,llHTCH JIHW:& flO 3H8ti6H14HM j~ = 1,2,3. YCJIOBHD (26) MOZHO npH,llST:& 

KOB8pH8HTHbl£t X8p8KTep. Bo3:&MeM H6KOT0pbl£t BpeMeHiflO,ll06HbiR BeKTOp 

e, HanpHuep e=p. ITycT:& BMecTo (26) BblflOJIHeHbl ycJIOBHH 

'i:_ eo( Eo~.,i~ ... j_ = o 
"'~" 4 .. 

ITOJIO:U:M B (24) 9.u, · · · 9J,.,j,., fJ,· .. jn =-? J. ·• J,.,, 

aanHmeu ee B BH,lle 
+ .j 

tv-<:::;'""' <7· . ... Cl·. IJ. , <Jj· .. <Ajhlo> r - 0, d J, J, c/ JJ, j n ( ) 1 " · J n I ' 

t.;,. .. ;,.) 

YCJIOBHe (27) npH TSKOM 0603H8ti6HHH 6y,lleT 
3 

L. a e« n . . = o 
ol.:o doJ.« ({)(,J:z . .. ;,., 

II 

(27) 

(28) 

(27") 



Boa:&ueu ;nopeHIJOBCKOe npeoC5paaoBaHHe L = L n ·- e 

aylllllee BpeMeHHYil OC:& (n°) HB BeKTOp e : 

e :::. L no 

H BBe~eu HOB~e aunJIHTY~~ 

a~ = ( L-' a)o( 

a.,. = ( L a') o{ • 

, npeoC5pa-

(29) 

B CHJIY HHBapH~HTHOCTH CKqJIHpHOI'O npoHaBe~eHHH ~BYX BeKTopOB 
3 

( u~ v) = Z 9o~.ot u"' vo( 
«.::o 

( '.-(I L v) = ( L _, u I v) . 

IlOaTOUy 

(V = z (/ . . . . . ~· . r; . . (L cf'). . .. (L ; I 
1. I 0 > .= r . . tf.J,J. c1o)"'J, (J, ... ;, J, JJ, 

( .1,· "/,I 

,__, I +/ ..,., 
== 2_. (}_: i . .. q.; . .~· 17. . a.~.· ... ~:., 1 o > I , , d·1 I #"h n (J

1
,, ·Jn 1 r;, .. J,) 

(30) 

I L -1 _, ) 
r~e '/.;,' .. .i, ::: ( ' ... Ln '( .;; .. ·.I~ . 

3~ec:& IIIH~eKc 5 :; L ~ yKaabiBaeT HOMep HH~eKca 1 
Ha KOTOpl:ilkt ~ei1CTByeT 3TO npeoC5paaOB8HI/le. C ~pyro~ CTOpOHI:il, yc

JIOBI/le (2?
1

) Bl ill~ (29) Cly~eT 
.~ ~ -0 .::::~ j"""" ( L n")o< o< J. . .. .~·- - , 

Pi:O I ..t.J " 

T.e. 
3 -1 

E. J"" o( r n.J, ( L, 7) 0(, j._ . . J.., == o 
ol.=c 

IlpHMeHHH K CB<•C50~HbiU HH,l.leKCaU J~ . • · j.., COOTBeTCTBeHHO 

npeoC5paaoBaHHll L :' · · · L-; 1 no;nyt~HM 
__ !_, I 

?: :-;; io~. d. ( 11.) C( 'l D<, i, ' .. j" .::. 0 

Ho y no BC<l ( n" )a paBHbl HYJIIl, Kpo.ue ( 17 c)" == I • 

12 



CJie~oBaTeJII>HO 

I 
OTKy~a BBH~Y CHMMeTpHH 'lJ·

1 
.•• ,~',., llO OTHOWeHHIO K:l BCeM HH,L\eKCSI.t 

' ' I 
), ... Jn BH~Ho, liTO 1i .. . /, oopBIJISeTCH B ayJII>, ecJIH xo-

TH os o~HH H3 HH~eKcoB pa:seH HYJIJO. 

TaKHI.t oopa30M,B npeACTSBJieHHH (30) paCCM8TpHB8el.tOH BOJI

HOBoa ~YHK~HH (24) npH YCJIOBHH Tp8HCBepC8JlbHOCTH (27) HHAeK

CH j npoOe~aJOT TOJibKO 3H811eHHH 1,2,3 H D03TOMY B BHpa~eHHH 

~ He COAepEHTCH HH OAHOrO BpeMeHHOrO KB9HT8 • TIOCKOJib-

KY KOMYYTS~HOHHHe COOTHOWeHHH H BSKYYMHOe COCTCHHHe JIOpeHU-

HHBSpHSHTH~BHAHO, 11TO HOpMH y TSKHX 

Ha YCJIOBHe Tp8HCBepC8Jll>HOCTH (27) KSK Kp~TepH~ AJIH OTOO

pa ~H3H11eCKH ~onycTHMHX cocToHHHH yKa3HBaJiocb I pa6oTe III. 

B03l>MeM CHCTeMy OTCIIeTa, B KOTOpOH paCCMETpHBaeM~~ Me30H 

TIOKOHTCH 1 = 0 H paCCMOTp~UA peWeHH e ypaBHef.HH (14) ,He CO

Aep~a~ee :speueHHHX KBBHTOB B ASHHOH CHCTeMe. AlH aToro noJIO~HY 

Cj/( f)=- e 'I- rD~ f(f) 

T • e. 143BeCTHOe ypa:sHeHHe TpeXMepHOrO rapYOHHtleC KOrO OCIUlJIJfftT_f)Jla: 

8an.11weu pemeHHe c onpeAeJieHHHMH 3HS11eHHHMH op6I.TSJII>Horo t H 

PSAH8Jll>HOrO J17. KB8HTOBbiX IIHCeJI ( o/) 

Y\e,m (f)=Ne-'":J{t)e;2 F(-llz, t-.J ,wJ) ~~,., (~ Y) 

;-l'= 11,1 + 2w (2nz +e)' 

I3 
(3I) 



r ,n.e AI - nocToH mh!e HOPMHPOB!m, m - KBSH'roBoe t~HCJIO, 

onpe,lleJIHIOil\ee npo ml.\HIO op6HTSJII>Horo MOMeHTa1 Fr-n, t+-], 2} -

BhlpO~,l(eHHaH runeJreoMeTpHt~ecKaH ~YHK!.\MH. TaKHM o6paaoM 

lf'( J) = )/ e- ~_i( [)!';" F(-nl, I+ 1, UJ f) ~'" re,y). 

(32) 

Ho Bh!paJKeHHe (f)~ ;--(-11?/ e~-!, w r/ ~,., (6l,!f) 

RBJIHeTCR TIOJUl::iOMOM TIO OTHOill6HHIO K KOOp.l(HH8T8M 
~ . . 
f.;,J=-!~2,3 • iOSTOMy, K8!{ H CJie)\OBaJIO OJKlll,l(aTI>, B01I-

HOB8H @YHK!.\HH (3.~) npe,liCT8BHM8 B WOpMe (24), B KOTOpO~ HH,l\6KC~ 

J~ npo6eraiOT T>1LbKO 3HatleHHR !,2,3, a Ej, ... ;,. OYll.YT Be-

JU!IU'IHSMH, 38BIIICilli(.~MH OT KBBHTOBh!X tl:HCeJI n 7 1 tl rn. 

Ecmr BL!p83HT:b B ·~OiJMYJie (3!) e qepe3 nepeMeHliYJO S = 11
2
/ 

noJlYtl:HM ceMefiC~'B•> napaJIJieJII>H!iX npHMhiX TpaeKTOpHU Pe.l(llte 

IlpllltteM 

f:::: t!(s) :::: :i:; (S- (II/+ 'tu.d?zj 

,<:," = /'(}I J'J,l :; ~ J, 2 , . , 

I e;·s) = ..2c.u 

(33) 

(34) 

Ilepei1,LJ,eM Tenepn 1: nonytteHMJO ilJOPMYJibl 11-T AJIH aMnJiwry~bl pac

ceHHliiH l(BYX Me30HOB npH Bh!COKOll SHeprHH. Ilo 8H8JIOI'HH C pa60TOH/I/ 

Bh!6epeM onepnTopHwi noTeH!.\l18JI, onpe.l(eJIRIOlllHH TaHoe pacceHHlile 

B BliJ.l(e ci ,.) ,.L ~ ii~ii) V· 
W ·-· - · z= c:.- G · J e - c J= I ~ =' .J, e I 

v. 
J, ~ tX =o 

3 z flo~.o~. v C"') 
Jle 

14 



/If I 
OTHOCHTCff K nepBOMY Me30Hy (Il ?/ Xe -

KO BTOpOMY (II). 
ci,il/ 

C.~~e - nocToHHHhle, xapaKTepH3YIOI!lll1e B38111MO,l.letl:cTBII1e KHapKa 

(j:=.!) 11111111 BHTHKBapKa (J=2) B (I) C KBSpKOM (e= I) H11H 

aHTHKBapKoM (e = 2) B (II). EopHoBcKaa a.MnnHTy,lla pacceaHHff T 

W (.I,JI) 
onpe;lle11H6TCff MSTpHqHhJM 31leMeHTOM TIOT6H~HS118 B38H-

MO;lleHCTBHff Mellt.L~Y COCTOffHHHMH: 
_,· tf'X + p'x') 

~<fa = e /t2 o1> 

(36) 

a HMeHHQ: 
( 2 JJ/ g ( r r 91

-;;- I'~ rr s, t) = 

(37) 

r;lle 

I5 



B STOH WOPMYHe He yqTeH a~eKT 06MeHa M6~AJ KB8pKSMH H 8HTH

K.1::S8pK8MH B qac rHuax (I ,II). B ~a·HaoM cJiyqae 1'8Koit y11eT CBHSaH 

C 60HbWHMH S8TJY~H6HHHMH. He HCHO, B qaCTHOCTH, K8KOit CT8-

THCTHKOH llOHb3CB8TbCH npH 8H8HH3e a~eKTOB 06MeHa KBBpKOB. 

3AeCb 1 O~H8K0 1 HYKHO OTM6THTb 1 liTO 6CJ1H CllHT8Tb KB8pKH pe8J1b

HO CyU(eCTBYIOU(HILH ll8CTH1.(8MH, TO MODO COCH8TbCH H8 npe~CT8BJ1e

HHe 0 ll0~8BHeHJIH npH BbiCOKHX SHeprHHX 06MeHHbiX a!MJeKTOB. 

o nocne~Jiee BpeMH ~OMHHHpyeT MH6HHe 0 TOM, qTo llOHH-

TMe "KBSpK• eCT:> npOCTO M8T6M8Tir11l6CKOe llOHHTHe, HCITOHbSyeMOe ~JIH 

OllHCBHHH CBOkiCU a~pOHOB. B TBKOM cnyqae BOllpOC 06 '.]6MeHe 

KBapKOB Mez~y )68HbHbiMM wHsHqecKHMH qacTHl.(aMH MOEeT Boo6U(e He 

p8CCM8TpHB8TbCi. 

4T06bl Ha~TH BblpaaeHMe T HS ~opMynbl (37), BblllHCHHM 

I v (~) 1 
( 0 I 0 I .i, l I o, 0 > . 

~JlH STOrO ITO~CT8BHM B (35) HHTerpaHbHOe npe~CTBBHeHHe 8 -WYHK-

1.\HH 

(38) 
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~ -

flOJIY'IIHM (u<l 

< o ·, o, v./ ( 1 o, o, > -= 
I 

-- tK(X-X) 1 <t!jJ< 1 -<<f~l( 1 " "' 
I [< . I • • ( 

-(2n)" e ,oje f/O)(O/e f/0)(2.p~-Kot)(1.?.t+Kot),lK.. 

BBHAY (15) 
I r = ,r;:- (a ... a) 

v2w ' 

)' I ... 
l =~(a' rc/J 

!I03TOMY HeTpJ,llHO fl0K838T:D, 'liTO 

<ol e'~.JI<.f!o> = e ~ 
-(·e x.r' , ~ < ~ '1 e ~ 1 o > = e '(<JJ 

H npe,llCTBBIIIT > ( 41) .B r1JOpMe 

< ' V ,.JJO o'>-= 0,01 ;e , 
I 

- I J 'c(.(-x~ £ - (2,7t e eJ"' (J k- Xot)(:<p:' +K(II} cl.«:.. 

KaK BJII,llHO, OffO He 38BJIICJIIT OT JIIHAeKCOB J~ e 
paaou, H3 (35) nony'IIHY 

(41) 

(42) 

TaKHM o<5-

J<o;o) e'-<c·ur'x'Jwri,ii) e-t'rpx-t/x'Jjo,o'> /J((lx' = 

= . .f-· /' a;JlJ-,!_ firyo-;;Jxe/ry'-~-,P/K'ez~l (.2} -.K}(Jp'+K)r.lx/ulx'= 
{ ~ ~J,e r~ n)" jC 

J,(=t 

. r ~ (JJL .2 --1 J(l = c(.l"J ~~ G..e Srrt~<·f) ~<q'-J<-p'J erw (~f-x)(J/.,.Il} ti.J<.. 

I8 



BH,li;HO, liTO 
/(;: !'- 1 = r'-1'' 

2;;-,l( = J.p-r~-f)=f'+f ,~ :1j> 1
r1<;:2.P'+f?

1
·/'t;::/''+f' 

Frr+K-.P)Jrt'-~-1/J = Srr+r'-13 -p') J'rf/rl< -!') 

H noaTouy ,li;HH paccuaTpHBaeuo~ OopHOBCKOH aunnHTYA~ Ha(37) nonyiiHM 

2 (i jj) (p-f)Z 

r= / L. G.' r;:;+f/HfJ'+r'J e '-:i:W,~ 
. .1,~ 

J,~;l 

HO r _;; +r;Jr~'t-1'} := ffJ +/'~ 2- r;;- r'J'- = s- u 

~TaK, OKOHIIBTeHLHo nonyqaeu wcpuyny MaTBeeBa-TaBxenH.ztae: 

r.zte 

'T't I /' .:t... / ( ~ ') = t ( .J-u) t7 e.~ ... 

..L. G r•:iiJ 
G=L · . J,e 

.,,e:t · 

(43) 

(44) 

KaK DOKB38HO B paOoTefi/ , MO~HO BOCllOHL30BBTLCR TBKHM 00p

HOBCKHM npH0HH~eHHeM B KB116CTBe IIHCTO MHHYOrO KB~3HllOHTe~Hana 

rayccoBcKoro THna, on»c~Ba~~ero ynpyroe paoceHHHe paccuaTpHBae

u~x .ztBYX IIBCTH~ npH B~COKHX 3HeprHHX. 

PaCCMOTpHM TenepL HeKOTOp~e cy~eCTBeHH~e MCYeHT~, CBH3BHH~e 

C llOHylleHHeM ~PMYH (43) H (44) H C.ztenaeM HeKOTOf~e oOoO~eHHH. 

TaK, paccuaTpHBBH B (4!) B~paEeHHH BH.zta 

< o 1 e ( E'.; .( f 1 o >, 

3BMeTHM 1 liTO ileKTop I<= tjJ- 'f) HBHHeTCH llfOCTpBHCTBeHHO-

llO,li;OOH~M: Kz-= t = r_p- ?J2<o 

19 



I! OSTOMY B ClflC~ eMe l..\6HTpa M8CC, r.n.e 

l<o=jJ·-cCj'.:=o, 
(45) 

TBKMM obpBBOM,B CHCTeMe OTCqeTa (45) COCTOHHHH 

tE J<j e ~ /1'::> 

He COAep~aT Bf6M6HH~X KHBHTOB. 

,L(anee, ~DpMyJibl, BHBJI01'MqH~e ( 43), ( 44 ), MOjj(HQ TIOJiyqlflT:& He 

TOJI:&KO .ZJ,Jlff KBB~pBTMqHQrO TIOT6Hl..\H8JI8 (5), npHHO.ZJ,H~ero CMCTeMy 

K 4-MepHOMY rapMOHHqeCKOMY OC~HJIJIHTOpy,HO H .ZJ,JIH oonee OO~ero 

CJiyqaH HeUjeCTB 3HHOi1 CJiYHKIJ,M.I'I V (r X, -x~ /) .I'!HllBp118HT8 

( x, -x,) 2 
• ].(Jcral'oqHo JII1ill:&, qroobl coocTBeHHSR l)}yHKIJ,II!H 9"(?) 

.ZJ,JIH yp8BH6HII!H :4), nplll B~illeyKB38HHOM CTIOCOOe ero peweHIIIH Ill HOp

M11pOBKH, COOTBlTCTBY~~SH HBII!MeH:&WeMy COOCTBeHHOMY 3HSqeHH~ 

ff
2
= H.~ Obi JIB •Jhl e.ZJ,.I'IHCTBeHHOU, c roqHocr:r:.~ .n.o Ho pM.I'IpoBoqHoro 

MHOlltl1TeJIR H l1M<!JI8 BH.ZJ. 

f'(f)={'f(fJ ,C=~ 

!f - BeJjeCTBel!IIBH ifJYHKl..\l1H fz." He~ > o · 

Ho pMl1pyeM J> , npl1HHB 

J~J 'f(r·Jdr.df,if3Jr~::: t. 
-00 

B 3TOM CJiyqae l KaqecTBe .ZJ,Bl1lKymerOCH OCHOBHOrO COCTOHH.I'IH 

e-£jJX/0) 

BOCTIOJI:&ByeMCH gyHK~HeJ..i e -t'f'X !/(f) 
<oiAIO) 

J~Jrco A rq') ch dr~ clrj )j., I ?' :::'f. 
50 t . 

-0() 
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Tor,lla BCB npo~eAYPa Bbl'llHCJieHHH 6opHoBcKol.i aMn LI1TY.&b1 T, Hcxo-

W I,if 
,llH H3 noTeHI.\HBJIB , OCTBHeTCH HeHSMeHHO!Ii mJIOT:& ,1(0 !lJOpMy-

Jibl (41), KYAB cne,llyeT nocTBBHT:& 

<oJiE_;Kflo> = J]e·~JI<f f/((jd.,, .. Jr,. 

(O'I/€t.k.f'Jo> = J}e-t'€tKffpz(f'}ciJ>Jis- (46) 
-.o 

~3 C006pazeHH~ KOB8pH8HTHOCTH HCHO, 'liTO 3TH BbiJ8XeHHH KBK
2

WYHK

I.\HH 'lleTbl~eXJeKTOpa k MOryT 38BHC8T:& JIHW:& OT HiB8pH8HT8 K : 

< o1 /E..;KfJo> =;:; {KZj /, <o'te-"~""' 1 /o> := !JI t~<') 

(47) 

Tax xax 'll8TblpexBexTop ~HBnHeTca npocTpaHCTBeHHOl0,&06HwM, AOCTBTO'Il

HO onpe,&enHT:& nHm:& F r-.K 2
). 

Ho H3 (46) 
F(-1') =- j e-l.Kf .fO fi) J. f, 

(48) ..-

r,lle _/('l) = j fJ.(- f~2- 2~ dr't. 

9TOT npHeM onpe,&eneHHH rr I< 2
) )(Jill 1<. 2 < 0 ll03 BOJ!HeT paCCM8TpH

B8T:& H cny'IIBH, KOr,&a 

';fL(- r.:- r~) 

y6YB88! HS 6eCKOHe'llHOCTH He ,l(OCT8TO'IIHO 6biCTpO, 'IIT06bl o6ecne'IIH!:& 

CXO,l(HMOCT:& B 06bi'IIHO. CMbiCJie HHTerpanOB (46): ... JJ ei€j ;({- Ej "-• r~ :{'(- fy'- j') c1 J," J f'l . --
21 (49) 



TaKol1 CllytJ:ai1 B03HlcK8eT, "anpuMep, ecJiu 

2 /1 - 0( {?;" 
'jJ(-2l·"'--'rre / 

rr. e. 

u no,n;uwrerpaJJ:&Hoe BIJuaJKeHue B (49) ;L(liR I 1<, I> tX He CTpeMHTOR 

K HYJIIO npM 
2. ·-.) r" ... r·-.,.... · 

l!031'0MY MU onpe~eJ:ReM F (1<
2
) ~liH I< 

2 < 0 c IIOMO~:&IO (48;. 

b03Bp8THBWHC:& K qJOpMyJie (41) H TIUB1'UpMB npe~u,n;y~Me npeo6paao

B8HHR1MU ilOJiytJ:MM B ,l\8HHOM cnyqae BMeCTO (43) H (44) 

r,lle 

(50) 
L 

BM,l\HO, 'l:TO BCe OTJllltJ:!rle COCTO!riT a,n;ec:& B 38MeHe QJOPMtiJ8KTOpa ev"' 

!})opu(j;aKTopoM ~It) , II = 1~ ff , KOTOpUH, BB~~y (48) 

Ill YCJIOBHH HOpM~pOBllll BOJIHOBOH l~YHK!l,Hl-11 T8KJKe 06JI8,ZJ;8eT CBOi1CTBOM 

;; (O) = :f. 
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§ 2. 

J3 § I Joihl IJSCGMOTpenH npocTyiO MO,l(en:& Me30HJJ, liS OCHOBe 

yJ)SBHeH.r.H1 H3 pa6oThl /2/. Tie.[.Jetl,ll,eM K o6oOU\eHHIO noJ.yqettHhiX pe-

3YJJ:O'i'STOB HS cnyqav, MO,LJ;enJ.1 6ap.l!IOHOJ3, X8pSK'repH3YE MOH ypSBHeHHRJ4M 

113 pa00TY /'J/. ,/lBH 3TOPO Mhl ciyaeM J.1CXO.ll.HT:& !.13 CJIE ,LJ;yrull\ePO ypaB-

HeHJ.1H: 

2.__ f. r U(rx,-X,), (X,-X3 } 1 (Xz-XJJ') yrx, 1 x,,x3 ) 
{ 

J_., ;;_ . .. 1 21 
.j ~I .I f 

r).(e d 
D :::: /q"'"' (}XJo~. (J~(J( do _, 

> ::: ~ '21 3 ; C>l .:: ~ I, 2, J . 

PaccM01'P!.1M AJIH IlpocTOThl cJiyqol-1, Koraa 

V((t,-X2 )', {X,-X3 )~ 0 2 -XJ)J::: 

= v { (X,-X,/-t- (X,~X3)'-+- (X,-Xl)) 

(I) 

(2) 

M BYaenHM a~HMeHHe dapHOHS KSK ~enoro H OTHOCHTeB&HOe aBH~eHHe 

KBSpKOB, ,l(JiR qero BBe,l(eM nepeMeHHb18 

X· =-X+J· J j 

r,=Vf:J 

. .2-. 
2.__ ;:.=o 
' )J 

.!=/ 

Jz =- f[ J + 

r~=-.J!y-Jii: 

f[z= (3) 

iie.[.JeCTSHOBK.l!l Me...:,11,y X, 
1 

X21 .X 3 13hlp83RTCH 13 !IOBb!X nepe-

Me11rih1X npeo6pS30B8HHHMH OT!)BJKeH.l!IH .1!1 llOBOpOTB J
1 

~ • 

TaK, Hanpl!!Mep, nepecTaHoBKe 

h.~ J3 
COOTn8TCTHyeT OTpBJKeHHe ~ ::::. - 2: . 

llepecTaHoBrte r, ~ J 2. COOTBe'r<.:TByeT 
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(9) 

ftHhAilOII H 

(S) 

~ ,.,.f,, :="'' r "'h'e "')II/';: 1 : ~ "'~ = d e ""' e.. e ·v 

l'I:J~JtPrrnM n~ltaa:g 

. ~ e.J!z -ft 1/1 xe _f ::. ~ e,, c..!.l -y, e 

A'no.:teou 

(ir) 

O.Iih 'JRlt~g (~) B~ 

. (~ f-~ 1/' ' ~ 1J + t f-) ~ ( e '~; 



IJ03TOMy 

TaKl1M OOJ.i330M, :iPBBHeH!1e (I) MJlKHO npe,IICT8Bit1T:, B Bl1.lle 

PaccMoTpl1M .I\Bl1lKeHl1e oap11oua KaK uenoro c onpe;,eHeHHUM HMnyni-

coM p, ITODOlKHB B (7) 

TIOJIY'!HM 2 
(:: t- (r- J< f- Vtj'+ ~)} lft/; ~) = 0, 

(b) 

r,lle 1/2 c:::: ?z 

!1 rrp!1XO,l\l1M K 38~aqe OITpC,lleHeHHH COOCTBeHHNX ~yHKUHk l1 ~06CTBeH

HWX 3H8QeH!1M M2• 

4To6u Hsde•aTb TPYAHOCTe~, CBH38HHWX c HHAe~BHHTHOCTi~ 

noyeuuoBcKoH MeT]JHKH, KaK 11 B § I, ITO!iOii(HM .e (tl) 

:/c ::: rjl" / i!, c:::: ,· .?~ 

c .eea~ecTBeHHb!MH Jy 
1 

2" qepes HH-

Terpan "" 

J·Jr'\y,rJ rr;}Jt) J.,(j d\-t: 

J1y=-djc!J~, J~t~cJrJ~~. (9) 

'l'8Kl1M 00.[)830M TIOJ!jl.J8€M 38,1\BQY 0 COOCTBell!lb!X ijJy.!KL(MHX ypoBll€Hl1H 

HOjJMHpye~b!X B CMb!CJ!e (9). 

MW Ol']J8Hl1'1!1MCH jJ8CCMOTpeHl1€M ~I.'Om>KO TBI\!11: ITOT€HL\!Il8n1Hb!X 

lJ!YHKL(l1i1 V 1 ,L~J!H KOTOpb!X C001'Be1'CTBY!Oci\>'li1 Gilt KTp C00CTB€HHb!X 

25 



~HCI<peTHbill i1 llOllO;mTell:bHbiM il llPMllOllOJKHII, liTO HBHMeH:&wee COOCT

z uZ. 
BeHHOe 3H811eHH6 l"f = ''• He 3bipO;.KAeHO il COOTBeTCTBye'f 

s-cocTORHHJO, T. e. nJe~nol!OlKHII, liTO npH II= li. HlleercJI 6lllHcr

BeHHas, C TOIIHOCT>~ ~0 HOplli!pOBOIIHOI'O MHOXHTellH, COOCTB6HH8H 

!f>Ylll<L\HH BH~a 
,II= .!f(jz+ i1), 

r;~e f - .BeU1ecrBeHHBH WYHI<L\HH oT y 2
.;. 2.z.. 

EyAeM HopM~poBaT:& 'f 

J~J ~(d~J olyi = 1 
_.., 

(II) 

(12) 

H 0003H<:Jti8T:b COCT:)flHHe (II) K8K / 0 > • Tor~a OCHOBH06 COC-

TO!ii!H6 C i1MllYJI:&COI4 p OyJJ.eT 

-lpX e IO>. (I3) 

PaccMOTpHM cpeJJ.HMe 

<ol ei.qj/0/:: J~J et'l(fJ 'jLd~Jdti- (!4) 
_.., 

J = 1,2, 3. 

~JIH npOCTp8HCTBChHOll0,1.\00HOI'O II€Tbip€Xl:!€I<t0p8 I<: l<l<o. 

TaK KaK COCTOHHH~ll) i!HB8pi!8HTHO no OTHOW€Hi!IO K nepeCT8HOBK8M Me~ 

f, I r2 I JJ • .see CiJ€,l\HHe (14) paBHbi: 

<cl ei.q.i Jo> = <ole··JJil:tlo> 
(IS) 

il .BBl1/I.Y JiOpeHL(-Ht B8pHBHTHOCTH 3TH cpe,llHHe MOI'YT 38l:!HC€T:& OT K 

TOJI:bKO II€J.l€3 K
2 : 

1
·K. t. 

(ole 'Jio> -=Foc 2
), (16) 

8 T8K K8K I< - llj)OCTp8HCTB6HHOllO,l\OOHbiK 4-l:!eKTOJ\ MOlKHO .BbiOpaT:& 

CHCTeMy OTCII€T8, B KOTOpOH X. 0 = 0, 
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ror~s 

(17) 

r~e 

B CHllY ycnOBHH HOpUHpOBKH (12) BHAHO, llTO 

,Fro;= 1. 
(18) 

P8CCMOTpHM 8HTHCHMMeTpHilH~H TeH30p, COOTBeTCTEyD~H~ nopeH

UOBCKHM B,..8BBSK: 

lf.t, ;3 = i:.. { XJ;" ?_,; ;3 - XJ,p ?.-~ ., ) 
..1 =I 

Ha OCHOB8HHH (6) nonyllH.M 

A=J.':i+i>· "" .3 r .J 

(19) 

i,= IJ7' iJz-=-IJ'I+Ifr, i>j=-/l'l-fl! (20) 

HO 
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CJie,l\oBaTeJI:&Ho, 
II') ((') 

/;',..,~ = 1'-f.t,;J f- H ~;> 

I~ ~ ~ 

H.,-,;<1 .= X.,~ - X/1 ..Po~ 
3 (n) 

M l<) -· "')" (J, -J , - ? · D ' ) 
II t>/;4 -· )-;-; J;"'- 0 .;1~ ) J,f J1 oi . 

TaKMM o6paao11, 

!i tt} 
TeHaop If~~ npe,1.1CT8BJieH B BH,l\e CYIIM~ TeH-

aopa "',f3 , OTHOCH~erOCH K ,1.\BH~eHH~ 6apHOH8 K8K ~eJioro 

H
tt) 

.11 "'·;§ , I:OOTBeTCTByKllqero BHyTpeHHeYy ,1.\BHllteHHJl KBapKOB 

B 6apHOHe. 

Ha OCH0:38HHH (3) H (20) llOJIYIIHII 

M r''J .11 12 IT IT -+-
; ~"'~fJ = vj- f"' vs ?,o - VI J;J 11.1 ?ot 

~(-V! 1C( +II 2.)(- VI1~ +II t~J-(-ff ~~+II 2~){- Vl ?o~ +VI rei)+ 

+(Vly" + lf~oi)(Vif~- +If r~)-(ff y~ +IIi!~){ If ft>l +II>.)== 

- Yo~-7fl- )p ?ot. + la r~- 2f1 >"'-. 

T.e. uro - li. oJ + H t2) 
I I «;t-' - "',;' "',_17 

(1) IJ 12} ., 

0,,4 =='" -11" - # (tJf / If"'; !I = ;::-ol .s;,- ~~~ Jo( . 

HeTPY.l\HO aauerHTL, qTo 

MYTI.1PY~T c onepaTopoM 

)J tt) 
17 .,,j1 

H /1) 

"'';4 

.. /- JY-~- fe-t- Jz+ Yf)'2+E')_ 

BXO.l\HmHM B ypaBHeHHe (7). 
28 

(22) 

H 
12) 

/1.,,(1 KOY-

(23) 



(I} M !<') 
P83A6JII>HBH KOMMyT<HJ,.I1H H .11 / r c onepaTop HA (23) oqe-

B.I1;!\HO, oOyc;no:sJieHa BbldopoM (2) noTeHIJ,viBJII>Hoi1 IJ!YH\1.1,.11.11, B o6-

ll\6M c;nyqae, KOI'.l(B 

V ( 1 ~ ~} .:: U (.A',-.Kl)/(X,-.K,}/ (%,-,1,) / = 

- v(Jr.r.- 2 ...!..(.r )2 2 l) _ 2 vJ .Y - i2) / 2 tJ)' r i 1 r- / , 

C COOTBeTCTBYID~.I1M onep8TOpOM 

/J32+J?7+ .J<,.v 
oJ H rZJ 

6yJJ,YT KOMMYT_.11p0ll8T:b He ;Y .11 ll OT,i(6Jl&HOCT.I1, 8 TOJII>-

KO .11X CyMM8 
{() -

H.,,;a 
(1} AJ !l) 

H r / ,..,_/1, 
«fl "r 

h03B,!)8T.I1BLIHC:b K yp8BH6H.I1HM (8) ;l(JIH C06CTl:l6HllbiX JjyHKIJ,H:l1 .11 pac-

CM8Tp.11ll8H 110KOH~.I16CH COCTOHH.I1H JD; o , MO~HO .11CI10Bb30B8Tl> 

;l\JIH HyMepaaHH 3THX COCTOHH.I1H yrJIOBb16 MOM6HTbl, :B<IHB, K8K OClblllHO, 

.11X KB8J;p8Tbl H 11p06Kl.I,H..I1 H8 K8KyiO-JI.I100 OCI>, H811p.11Mep, H8 OC:b ol:= 3. 

Aei1cTB.I1TeJII>HO, B CHJIY ynpMHHYTbiX CBO~CTB KOMMy~a1.1,.11.11, ypal:lHe

HHH (8) COBM6CT.I1Mbl C ;l\0110JIHHT6Jll>Hb1MH ypaBHeHHH~..I1 

{Cf;(fl-e,rt,rl))t'==O, {fjxfJ3 -m;')v=o 

{ [i >~ ft- t./fz +!)) r= o, {L2: >< f)
3 

- !?1;} f= o 

JJ D - /) <.. I/) I 
1::1 c

2 
- 'J11 2., . / - C, , )?1,. ~ · 

/ ..> I / 

I') /J - r!z ~ rn.J- ~ r::2. 

(24) 

!1epe!.1;!\6M Tenep:b K p8CCMOTpeHHJO qaCTHOrO CJiy1l8H OCIUlJIJUlTOpHOrO 

noTeHIJ,MBJia, KOr;l(a 
G-02. 2 Vry.zr 2~ = T fjzr i-/ -r c 

w / c .:: CQ1'ld.l. (25) 
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YpaBHem:Ie (8) 3am!UJeTcH B cJie,n;yiOil\eM BI1.Z\e 

T -t-('(+ ~<;t'}-t(T2-t- C:: 2
2)+ c 'f!J,~).:= o. 

{

, N2 . " . ) 

(26) 

J311,n;Ho, trTO H811Me u;mee 3HatreHJ1e 1'1
2 

Ciy,n;eT 

!f/·"3(Yw -c)
1 (27) 

8 COOTileTCTBYIOil\8 'I HOpM11pOB8HH8fl C06C1'BeHH8fl \f?YHK!.(I.Ifl 

z "'-' ot. cz) p ~ yty2+ ~') =:: (2";;) e- Zj'"t, + . 
(28) 

A~.!. . 
~T06~ 17o O~JIO llOJIO~J1TeJI:&HO, B~OepeM c TBK, lJT06bl 

2CA..J-c>o. 
~CKJIIOilHB C 113 ypBBHeHJ1fl (26), nonyll11M 

{
H 2-H.z. ,u2. ~ "'-'' 2. l7 · 
-~· -r (fLr -;,;- j 2 r2u.)-t-(S + '12 +2<-'-')J p.::a_ (29) 

bBe,l.leM KB8HTOB~e 8MnJli1Ty_Z(~ ,llJifi rapMOHHileCKHX OC!.(HJIJIHTO{lOB, K8K 

H B (IS) H3 § I 

(.-<.),-t-( =--- -£ / 
(

. . + I("'-' ) ao( := 1/W 2 ,I.e tt) , oo( rw 2 Yo( 10( (30) 

I ('·'-' . -t- I <AJ , t. = - - i! -1- t r) £1 =- r- i! - { r ) 
o< v0" 2 "' .>.x I 0-< ~fw 2 Ol .) 0( • 

BH.l-\HO, trTo aMnJHlTY.l-\bl a1 a-.-
1 

f, I+ npeo6paayiOTCH 

K8K 4-BeKTOp 11 ~,1.\0BJieTBOpHIOT CJie,n;yiOil\HM KOMMyT8!.(110HH~M COOT

HOUieHHHM 

r -t- ) - r1+ " 7- · Lao(, a11 = tj"'f'l 1 L• C(, 111- tlx;s. 
(31) 

0CT8JI:&Hble KOMMY'IBTOpbl Mellt.LJ.Y HHM.i.1 p8BHbl HYJIIO. 

C llOMOil\:&!0 BBe,l.\eliH~X 8MllJIHTy,21; ypBBHeHHe (29) MOlKeT ObiT:& 38-

lli.ICBHO B BH,ll;e 
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(32) 

T.e. 

0CHUBHOe COCTOHHHe C X8p8KTepH3yeTCfl CBO~CTB8-

MH 
ao~ to>= o 

) 

t.,(/0).:=0 

< 0/ t; :=: 0 . 

ilOBTOPflH paccy~AeHHfl H3 § I,MO~HO y6e,l\HThCH, qTo o6~afl wopMa 

co6cTBeHH~X WYHK~HM ARH ypaBHeHHH (32; 6y,l\eT 

·-( 

"'-> 6 + + t-r ?? 

f.::. ,L-..- .,;; ... J't// 1 '·"/s aJ;··· a;'t /t'',~,.Us /O';:; (33) 
(.)._/' =~112_.3) 

8 COOTBeTCTBY~~He 3HaqeHHfl KB8AP8TB M8CG~ paBH~ 

(34) 

liTO Obi o6ecneqHTh OTCyTCTBHe B Bblpa~eHHH ( 33) Bp•~MeHH~X KBBH

TOB, B HeKOTOP0>1 ,1\BHHOH CHCTeue OTCileTa MOlKHO HdllHCBTh, K8K W. 

B §I, COOTBeTCTBY~~He yCJIOBHfl TpBHCBepCBRhHOCTH. 

PaCCMOTpHM COCTOflHHH C onpe,l\eneHH~MH C: H ( 2 , KaK H 

B § I 1 HBIAeM Anfl HHX 

T, K, OC~HJIJIIITOphl C a W. & He B38HMOP,el!lCTBYlOT ( (,{ ... a. 
B (32) BXO,l\HT 8,1\,l\HTHBHO). 

Ho, KBK H3.tleCTHO, ,1\Jlfl CyMMapHoro MOMeHT8 
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(H '/: = ( H'')+ H fZ),l:::: L~ L >'-I) 

IU'JCJIO L piiBHO 

L=t;+t;-v / 
)} :=::~/, ••• ~-~-~-!~-~/. 

lloaToMy ~JIH co~TOHHHU c onpe~eneHHWM aaaqeaHeu L 

Ht. = 3 w ( n + v + !... ) + H.2
. 

ECJIH BWp83HTb ~ 11epea nepeueHHYIO s = Hz. 

ceueHCTBo napanneJibH~X npH~x TpaeKTOPH~ Pe~Ee 

N'2. 2. 
S-t'•-n-ll S=-H, - ./ .3t-U L = L r-~J = 

npHIIeM 
I !.... 'c s) = 3~ 

B~IIHCJIHU B~paJeHHe 
' . F2 

, K f . £ liT K-Jj <oJe .)jo):::;<oJe /o) 

Lila ( 30) noJiyqn• .... 
Q.+O 

if= Vw 

, TO UOJIYIIHU 

(35) 

(36) 

H llOTouy, llOJih3YHCb KOUMYTBI..\HOHHWUH COOTHOW6HMHUH (31), UOJiy

trHM 

II ,,.-z- + ,. ~ + f2 
i 3 KIJ ' 11.3;;; K. (a+ a) .3':.u i t!JZ; xa c' tl..s"';;; K a . e tl=e = e e e 

OTKy~a 

T.e. 

<of et'K.fj I o> '-"= 
K.z. 

eTc;; 

Frt) = 
..1:

eJw 

' 

(37) 

B03Bp8THUC.fl K Oelll(eMy CJiy1!810 UOT6Hll,H8JI8 V {j/ 2 + 2
1
) H 
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nepei1AeM K nonyqeHHIO !J)opuy.nbl ,1J,j;fl aMITJIHTYAbl ynyyr Jro pacceRHHH 

A13YX oapaoH013 (a.na 6apaoHa a MeaoHa). !Ipa aToM Of.MM npeAno.na

raT:&, qTQ ,ll,O COy,ll,apeHHH ooe qaCTHl.\bl 00~8,1l,810T 1!8HAeH:&illeH M8CCOH 

13 CBOeM cneKTpe, T.e. HX COCTOHHHHMH fiB.liHIOTCH 

a nocne coy,ll,apeHHH 

e-t'f.x /Or> 

/ 

,Z.l.,fl noTeHl.\Hana W , xapaKTepaaywU(ero paccMaTpalaeMoe pacceHHHe, 

Bb16epeM TO ~e Bblpa~eHHe, qTo H B npeAbiAYiileM napa~p~e: 

W rz_liJ- · ·- G r~.~.7J V· _, 2__, . .le Jf 
J;t / / 

.4, t") (38) 
V:/e=LJ~~~e 

/ o/. = c / 

V (.I.} /1 /\I I I /1 1 

J,e:::. Po,.(~ S(xj-Xt)+ S(XJ-Ye)~)+ 

-t- (,f f ( XJ - ); ) ~ J' ( XJ - X t) J:/ ) ~ . 
3,1J,eC:& Jj X· r / J 

/\I 
OTI!OCHTCfl 1\ qaCTHl.\e (I) 8 jJ-' .Xt 1< (II). B 

cnyqae, ecnH (I) ftBJIHeTCH Me30HOM )=""2 

eCJIH qacTHl.\8 (I) ecT:& 6apHOH, TO )= ~2/3 X·=)(+r. 
J l" 

r,ll,e BbipaJKaeTCH qepea nepeMeHHble J, ~ I~OpMy.1I8MH Tlma 

(3). 4aCTHl.\Y (II) Oy,ll,eM BCer,ll,a cqHT8T:& 6apHOHOM, Tal\ qTo 13 (38) 

~I rAe ,~ 

Tana (3). 

x;:::: X
1

-t r: I 

13blp8~810TCH qepea COOTBeTCTBYIOii(He nepe!.lef.Hble t!!OPMYBSMM 
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EopHOBCKym 8MflnMTYAY yn~yroro pacCeHHMH unpeAeBMU C DOMO~b~ 

BblpaJKeHHH 

(:2. JJP J (9+ c(-? -/) To: t) = 

=- {~o-o I ,·,r){~9'x';wr~u; -t'(;:u..-_P')('Jj I 
~ ' J1 I e e OI oiT ). ax Jx ', 

rAe, KaK o6hltlHc, 

S-=fjJr,P'f, f-=fjJ-f)~ 

~OCHOBHO no~TO~HH paccyJKAeHMH H3 § I, nonytlHM 

<Ox C?rl1~;t I oi o.il >.::: 
= (2~)'f !e /Kcx· x1 r; (K2) tj- (K 2

) {r1; -k}(Jj/+ .e!) dK. 

OTC~Aa, ~cnonb<YH (38), nonytlHM 

/(_P-K• ::: 2,P -(j'-f) = ,P-r9 

2;;'-r.K. ;~ 2,.P'-t-(fi..,P'J=;;'-r9'1 

34 

(39) 

(40) 



TaKHM o6paaou,u~ nony~aeu ~opuyny M-T 

CpaBHHBaa ee c ~opuyno~ (50) 113 § I, M~ BH.l\HY, ~T(• eHa OTHO

CHTCH KSK K U630H-Ue30HHOMY1 T8K H M630H-68pHOHHOMY ynpyrouy 

pacceaHHJO. 

KaK yKaaaHo B paooTe (I), HS!tl,l\eHHYIO 6 opHoBnKyD aunmtTY.l\Y 

T UOllUIO l1Cfi0R:b30BST:& ARH ilOCTpOeHHH COOTB6TCTByiOqero KB83H

llOTeHUH8R8 H HS OCHOBe KB83HllOT6HUH8R:bHOrO ypSBI!eHHfl nony~HT:b 

donee TO'lHble .ll~p8JK6HHH ,l\Rfl SUllRHTY;LJ;bl paCCeHHHfl, HOlKHO, O,l\HSKO, 

Henocpe,l\CTB6HHO BOCUOR:b30B8Tl>Cfl ~OpMynoltl (4I), C'IHTSH T SMURH

TY.l\0~ pacceaHHH, T.e. npeHe6peraa nonpaBKSYH K 6•JpHOBCKouy npH-

6nHxeHHD. Tor;n;a, YllHTNBSH,~To 

;; ((1) :::: ,f (()) :: /, 
..t 

nony~Hu, KSK B pa6oTe (I) cne,l\yJO~ee BblpalKeHHe .l\RI no~Horo ce~e

HHH npH BbiCOKHX 3HeprHHX 

KaK BH,l\HO, 3,2:\eC:& MOEHO HHTepnpeTHpOBST:b 

2 (fiJI) 
J,e . 

KSK fiORHOe ceqeHHe Cfc~,t) B38HYO,l\eHCTBHfl j -rO KBSpKS 

(SHTHKBSpKS) C t -KBSpKOM (SHTHKBSpKOM). 

B TSKOH HHTepnpe~8UHH nony~aeu 38KOH S,l\,l\HT~BHOCT.H 

(42) 

KOTOpN» paHee ObiR paCCMOTpeH pa;n;ou SBTOpOB, HCXO~fl H3 ,l\pyrHX 

COOOpalKeHH~. ~HCCKyCHH 0 npe,l\enax llpHY6HHUOCTH 38KOH8 S,l\,l\HTHB-

35 



HOCTH H cpaBH6HHe ero C 3KCnepHM6HTOM 0HRH npe~M6TOM MHOrOqJ1c

R6HHHX pa6oT, H 3~eCb MH STOrO BOllpOCa KacaTbCR He 6y~eM, 0TM6~HM 

TORbKO,qTQ B ~aHl!Oi1 CXeMe cpa3y BH~Ha HeOOXO.l\HMOCTb cymecTBeHHOrO 

yroqHeHHR ~OpMyR (4l)H(42),TaK KaK npH HX BHBO.n;e MH He yqHTHBaRH 

HH Clli1HOBOJ1,HH 11:IOTOflHqeCKOI! CTpyKTyphl qaCTH~, a OCHOBHble ypaBHeHHR 

He co.n;epxaT HHKru:HX HapyWeHHi1 CHMMeTpHH, o0yCROBR6HHHX CllHHOBOll H 

11130TOllHqecKOti ·)TpyKTypaMH, p83J!WqJ/IeM 3Qxy6!{THl:SHbiX MSCC ).. H 

1 , n K.sapKo:l. EcJIJ/1 Bee lKe HCllOJI:&aoBaT:& (41), TO/ T.K. Tor.?la 

.l\H!J}(j;epem.(J/IBJI:&Hoe ceqeHIIIe ynpy1·oro pacceflHIIIH np111 s .__,. '"""' npo

nop~IIIOHBJI:&Ho 

Mbl IlOJiyqHM COO~'HOUI6HJ/16 

(43) 

8,1.\eC:&, l\8K CJie;;yeT H3 paOOT (2), (3)/ QJYHKU,HH /f (f)/ Jii f) 
C00Tll6TCTBYIOT <•JI6KTpOM8rHIIITHbiM ipO !JM\[J8KTOp8M C'1'8JIK>lll810U\HXCfl 

qacTHQ (I), (11). COOTHOW6HJ/16 (43), llOJiyqeHHOe Ha OCHOBe ,1.\py-

riiiX COOOpa*eHH~,npiiiBO,l\1/lTCfl B MOHOrpa~J/11/1 KOKK6,l\H / 5/. ~ pa60T6/S/ 

HM8iOTCf 8H8JIOrlll tiJopMy Jlbl ( 41), l:S KO'fO tJbiX .tJM.eCTO llOC'l'OflH

HbiX ~~e cTof T WYHK~IIIIII j.~;e /f) . T<JKoe oooe5i!leHHe HeTpy,ll

Ho IlOJIY't!HT:& U I ,l\BHHO~ CX6Me. ,iJ.Jifl 3T01'0 ,l\OCT8TOqHQ BM6CTO 8-
06p83110ro aaKota Ba~uMOAeWcTBIIIH KBapKoB (38) B3HT:& paaMaaaHHoe 

B38HMO,l\6UCTBH6, ilOJ!OlKJ/IB BMeCTO (38) 

"">"" v l"-) 

w = ( ~ '"'<X ..Je .~,e,O( , 
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r,l(e 

,1 I ;: <' c'-c ,x. I 
If/: r x') = (.'" 1 ~ q. ( K. I e CX..k. • .;,e Jt:lJ/ ~ .~;e 

(45) 

Tor,l(B, ,l(OCJIOBHO ilOBTOpHH TBKJde Bbi\IHCJ16HI4H, BMeCTil ( 4!) no

JIYli14Y*) 

PaccuoTpi4Y eil(e O.l(HY B03MOlKHYIO q)opMy onepaTopnoro noTeHI..I,MBJia 

\A1 , KOTOp8H ~JIH ynpyroro pacCeHHMfl \IBCTMI..I, 

e-,';Jx/Oz> / e-,,Pt.x/o.JT> 
(47) 

npi4BO,l(HT K •.rouy lite peaynnaTy ( 4!), liTO H flJOpMa :38). flpe.l(JIB-

raeMOe H3MeHeHMe COCTOHT B 38MeHe B (38) TIOJIHHX &Anym>COB \18C-
>'~ "'I 

,P_,JJ THI..I, 

(48) 
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r,l(e _A/- HOpMflpOBOl!Hble MHOJKl1TeJik'l: 

AI= .2 , ecMl l!aCTl1l.l,a HlJJIHeTCH MeaoHoM 

_/II= 3 , 8CJHI l!CJC1'l1!..(8 HBJIR8TCH 6ap!I!OHOM 

~OK8JK8M. Cel11.!8C, l!TO 

S<ol[ Or I ei (P .. q~) 'J W tilT) e-' (/'·ul'lx') I OI Ou > J x rlx' = 

.::. J <On OJ I irr;x .. 9 '/J W ,rJIJ e_<'rpx--j"xt;J Or Ou )dx dx'. 

BBl1AY (40) ,l\JIH ~Toro AOCT8TOl!HO AOK838T~,l!TO 

A I r1) .~ dJ) / o o I v,..... .~'"·' I o o.- -
/ v /V '-... ii I J

1 
e 1 11 ) -

- _ cK(X- x') / f · 1 

- (2n)" e lj (J<t; {ir.~<l)(J;£_ -l<c~)(.2;}/+ /1)/)d~<. 

,iJ.JIH 3TOrO }J8CCM11Tp11M Bblp8JK8Hl1e 

r--- cot.} 

< oj£ oJ 1 ~· e 1 or oJI > :::-
1 

(49) 

- _/_ f<o 0 llif ,·KX_; ti<.XJ ) I -t't<Jt~ _,·..,x~D' )/ 1 
-(2JIJ'f ff 1 (1 ) 1 cx e + e ?,;,o~. (ft

1
.xe ~ e te

1
"' IJJOll)ca . .= 

(50) 

·- '2_!_)~~1<01/ ( f; ~ iK Y_, ~ e''u,;~ at.)/ OJ ><Orrj(ol e-<K xj+ e-t:.Cx~1~ )j 0;7) dK 
(, 7l I ) - f~o( 1 .<:. · 

Ho ' 2_ 
D -tt7 "'x / r· - <Tot·~ " .J,cl. J,O( 

'd ol -ttl -, 
r;, ot - <?' ol o( 'd x, "' ~, / 

,......__ (o<) 

<Oro~ I~ e I OI off> = , I 

!J03TuMy 

I j ' I ' I ..=- U<(X+f; -<'K(X+ft./ I 

(17Jj'f <01/e (J.~~t)( -K.:t}/Or><.JJJTie (21)"' * J(.,)j0f)clx.= 
/ 

I ( ' K X') ' ' I 

(.z 71rJe'll.( - <OIIe'K.f;(2P -t<c~.)/o1 ><0ii/i<~CJe(J;9~ + Ko~.)/O.ff > JK. 
Jl.l r 
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T8KMM 06paaou, COOTHOWeHHe (49) 6yAeT AOK838HO, ecnH U~ yc

T8HOBHM1 qTo 

_Nri)<fJr/i"f;(!J.!; -Ko~)/Or>=- !;O:W-Zi£ -!<.,) 
.l,oi 

(5I) 

AI rli) < 0111 e'.l( r:(~jJ,~ +X«)/Oj[ >::: li {K 2) (2.,{ + "-«). 
I 

BHAHO, qTo AOCTSTOqHo ybeAHTbCR B cnpaBeAnHBOCTI OAHOrO H3 

STMX COOTHOilleHHH, T.K. Apyroe 6yAeT ero npRM~M )ReACTBHeM. 

~oKa~eM I-e aa cooTuorneHaM (SI). HAeCb aMe~TCH ~ cnyqaa: 

I)- paccuaTpaBaeMaH qacTa~a RBnReTCR MeaoHou, 2)- qacTaua 

HBnHeTCR 6apaoHou. AnH I-oro cnyqaH B oooaHaqeH~Hx § I 

~. :: £. :r 2. p. = o + € . not. 
~ J .J ? , J'"' r o< .1 (• 

n :::.rr; :a_ t- I t - I l o{ ,:;.t ()(. (} f« ) I - / 2 - -

nonyqm.t (01/ /.:fj (2 o. - Kc~)/ 01 )= ( 0
1

/ /EJ J<. 1 (f) -Ko~ '"t; ?., )/Or')= rJ,ti. ro~. 

= fj/<=JKf jJ(f2)(fo, -Ko< + t'€Jffo~:,.. ;f«) J'(j2) cJ, f = --
-JJ'il(r f2(fe;d~f( B -xo~) + i}Ji<}.~"' -· -~ 

d yz( ;z; d~ r 
f.~, 

- :I( 2 2 A t' 2 2 .1._ "" f 11 
~ . 

-. e Jrcr;Jyj{f.t-ka~)-xJ"""jj 'f(f''hJ., e dyJ = 
-~ -d:> 

00 

=: JJ eiK: f Jl2(fJ c4f (~-X« -r ;_"')-= JS (l<l) (~- ;:_0) 
-~ . 
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0TCIO,l{8 

AI ri) < tlif /K.rj (2.~~ -K.~) J O:r ~ ;:: 

= 2 < 0 I I e' ~ f .i ( .2 /.;;..,< - K "') I Or > = ;; ( k.lj ( 2 ~ - j('K) r 

trTo ,l.IOKB3b!Dae~~ (SI) ,1.\JIR nep.lloro cnytrafl. 

,l(J!fl CJIYl!BeB O<lpKOHOB, ytrl1Tbl.ll8fl Cl1MMeTpl110 OCUOBHOrO COCTOH-

HHfl I OJ> no O'l'HOllleHH!O K nepeCT8HOBK814 M6lltAY f j, 
MOJKHO H8fll1C8Tl>: 

!I) (Kfl• 

/11 < 01 I e ( Z I: J - K.,) I OJ > = 
J,~ 

-= 3 < Or{J.t:J, (::?.f,,o(,- U.")/ O:r>-= 

-J I /17,:"(2/\ -?' rz2._)1"'>-- <the J e1 3,Po<-K"' +-<-(rf,..ot VI :3.,r.. v:r -

~ {l.i- 3Ko~) j/ If i'J If 1(jt+2V d~J J, ~ -t 

+2 t'q J.ffj ,· ff K.!J J. 1.. <Pt(l.lz+c.Vd ~.~ = 
rfol()l. J e 2 -oy,. ; (J "tJ 

= ( :z ~ - J Kr;~ -+ :. 1 
K()( 3 ff II .i. ) fj. ( )( 1) =-

( 21£ - K,;~ ) ;:; ( K 2) . 

HTBK, (5I) ,1.\0!838HO l3 OOOHX CJiytraflX K Tell C8Mb!M ,l.IOK838HO 
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GOOTJ:O.ilBl!I1B ('+:!). CJJel.l,ObB'l'BJl:bHO, llOTBllL(l'WJI (48) llpl1rl0~\11T 

K TOitl JKe 6opHJBCKOI! aMn,mTy,L~;e T .zom yllp;yror o yacceHHI1H 

qac·.nnJ, (47), I!TO 11 noo.rcHll,I18JI W 113 rtOPMYJibl (38). OTMe-,..._.. 

TI1M, 1!'1'0 llOTBI!ll,I18Jl W MO~HJ pBCCMBT1JI1BB~:b KBK B3811MO-

ABl1CTrl~e l!epe3 KBOpKOh~e TOKI1. 4Bl1CTBl1'.rBJl:bJIO, ilOACTBBIIHH ~ 

(48) HbipB~BHl1B J.l,JlH 4-MepHO~ s -WYHK!l,l111: 

C (j, _ ;il) _ _ <k(XJ --X~Jj l' I f' ' 
J t - (2,?)' e .1:., 

llOJI.Y 'll1M 

''"' 
W=/~ 

J,e 

,<Iil)J/r.£J_,;IiiJ, . . . . i·<•xf -tt<-X~o')Jt.. 
(.. 't /~ /" ( tKXJ •-"~ JJ.)I/0 e t e' /t 

,, ~.e te IJ(It (52J ( 2 77)1.( j 

rlBBJ.l,BM 'lB~bllJBXMCpHbiB llllOTHOCTl1 TOKS j' -I'O K1bpKB Bb11JBKBHI1H-

Ml1 

]J (X)=;'{~ /)(X-x_;)+J'(X- xJJ,~), 
(53) 

01'KYAB ll0JIYI!l1M 
Ji;(X)dX =JV~. 

B c;Jyqae MeaoHa 

)/ ( 0 I fJ I 0/ = 2 < 0 If.~· I 0 > = 2 <o I~ -+ ?~ I J) =- p, 
a B cnyqae dapl1oHa 

;V < 0 I p; 10'> = .] < 0 I PJ I 0 ~ = < 0 If, f f2 .,. 13 I 0 ) :=c l. 

KaK Bl1,l\HO, HOPMl1POBO'lHbli1 K03QXiJl1ll,l1eHT A/ Bbl<iJ.!BH 'l'SK, 'lTOdbl 

< o 1 j t (X) J X I o > = p . 
P8CCMOTpl1M ~yp:be-KOMUOHBHTY OT BBBJ.l,BHHOA I!BTIJpBXMepHOA llllOT

HOCTl1 TOKS (53): 
4I 



~· ri~ I<) =JL (lJ(X),/~< X c/X-= :,Iff; ~,'A:x:,; e <'HJ~). 
(54) 

TDrA8 (52) MO~HO npe~CT8BHT:b B BHAe 

W I~JJ __ J , ~· (fj lJ)!J r.!J 'Y r.O) o!. 
(. ~ .I ,. • 0) J ~ (-k) ;: 

.1,/! I J " ' 

ryt.V 
Ho H3 (54) CJie,il,yf T, ll:TO Jj (K) 

nponOpl.\HOH8JI:bHbl COOT.IleTCTBeHHO e <'Kx 

(ill 
~ (-k) 

- ,·~x' 
H e 

(55) 

0YAYT 

• C APY-

ro~ GTopoHbl, Oop!iuBcKaR aunnHTy~a T ynpyroro pacceRHHR qac

THI.\ (I), (Il), K<>TOpble ;I\0 CDYA8peHHR 06Ji8,1\8JIH HMnyJI:bC8MH P.~ 

)J 1 
, 8 llOCJie C<>YA8peHI1R 1, 9 1 

, onpe,l(eJIReTCH M8Tj.!H4HbiM 

W
f'J (I.il) tk(X-X') 

KOMllOHeHTOM <l>yp:b!: qJOpMbl 1 CTOHUIHM npH e , 

T8KHM 00p830M 1 CCOTBeTCTBYIDUIH~ onepaTop 6yAeT 

• y ")' /' (I, il) "1 d) 'I { il)( Jt) 
( (27))'1 ~ 1.:7, t!. ./_;· {.K.) J~ - . 

.~; t. (56) 

B cnel.\H8JI:bHOH CH<:TeMe OTQiieTa, KOr,1\8 

-~"= o, 
(57) 
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onepaTOp (56), Y8TpHqHu~ aneMeHT KOTOpOI'O onpeAfHHeT ~OpMy 

aunnHTYAU T , npHMeT ~opMy~>: 

· 2:... z:_ c'~ll) y, a~rJ :J. r.lf)r-1?), 
t(2n)+ .t,e .; e l'58) -',e 

) ,/(IJ ·-x- ._ ... 
rAe :J ti ... .N ( -' K. J. _, K.. xJ· a) 

i ( K) = 2 I, e + e !_,· 

V
(0) ··- _, . __ , 

r-f rliJ _ _ .:!___ ( /)' e'K. x~ , .< xe 1 
J~ (-J::)- .2. r~ + e .Pe) 

-HHH J.rAJ --) =J -<"K'Xj(AJ (X)JX A='li 
J (K e . .~ -~ , 

j 

npHqey 
-~ , 1 1£) 

I /J. - /V ( - ..... . (X)= T ?,;· JrX-xj)+t(X-x;J!'.t} 
) -

]truJ (X)= :a'{;{ Jfi- ;;;-f J(X-7/)1:_) 
(59) 

KaK BH,l\HO, onepaTopu (59) MOI'~·T p8CCM8TpHB8T:&CH KBK 06WtlHUe 

TpexMepHwe llHOTHOCTH KBBpKOBUX TOKOB. 

1'8KllM 06p830Y, B Cilei.UI8H:&HOi1 CIIICTeMe OTC'~H:T8 (57) 8Mll

HIIITYA8 T onpe,l\enHeTCH COOTBeTCTBYIOIJlldM M8TplllqHJilot aneMeHTOM 

onep8TOp8 (58), HBHHJOJ(ei'OCH HJ/1Hei1HOJ..! KOM6J/IH8UlleJJ OT npOIIIS

Be,l\eHIIIJ..! tlJyp:&e-KOMnoHeHT TpexuepHwx nnoTHOCTeii C>9) KBapKo

BbiX TOKOB. BwpallteH.IiJH (59), O,ll.rl8KO llOCTpOeH.bl no oOp831\Y llHOT

HOCTeJ..! TOKOB CK8nHpH.b1X 48CTIIIJ..L, K8KIIIMR,BepOHTHO, Hen:&3H CqJ/I

T8T:& K.B8pKid. 

r-J fill) I 

*)Ecn111 B nwpalKeHHH W saMeHIIIT:& GJ~t. S (X> -X e ) Ha 

_,[ I,jf - I _ _!_ r t ,·I<.(XJ-J(~) 
't'.;;e (S, (xi XeJ)-f.lnrJ:l~e rs, K )e 'J.~e 

TO BUpallteHIIIe (58) npeoopasyeTCH K Blll.l\Y 

q _, t.lJ <y UJ) - (58' / - > 0 . { S' - .;~) :!. ( ?) t./_, (- J::/ ) 
(lnr ~ "'le ' -' e 

.~,e 
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