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I. B a e I! e a H e 

Ai!Ha6aT~ec••~ 6aa•c onpegeARSTCR RaR nonaun aa6op peme

HKft RB8HTOBOMBX8HH~BCRO~ 38~~H ~YX HYROHOBCRHX ~HTpoB/l/ 
A 

h sz> ('i;R) = Ei (R) ¢_. ('( R), 
' ' ' k' /., ¢. ('i; k,R): z ¢. (z; k,R), 

(Is) 

A z a 
I -- J..jj...,.- __!:._- _t_, 
n-;.z. .z.Cl. zt' 

ZA : I 'i.,. Fl ' ~ = I 'i-F I . 
3)l;6Cl>: t ,;.,.., : (!VC,..), S= ((~)- aa6op c~ep~SCRllX RB8HTO

BHX 'I:IHCBJ1 flO I018CCH~HR8IJ,llil Dd'bB,JlP[HBHHOrD ,8TOM8, f:c. (R) < 0 H 

kjz > 0 - aaeprHll aneRTpoaa (MJOOHB) B none l1BYX •ynoaoa

CRWC IJ;BHTpOB, k - m.mym.c 3Jl6RTpDH8 D];JH .ItBH!lBID'UI C DOJlOU-

TBnbHO~ aaeprm:e~, 8 ROOp~STH 
~ ~ 

Bpaw.a:mtBitC.R CHCT6MB ROOp,llH.H8'I.', DOCTpOBHHO~ H8 DPTSX e" = e 8 > 

e~ = e4> H e, = eR . cllJ!aaHRHX c BauopoM l ;z; (eM. 

PHC. I). B aTOM cny~ae nDT6RUII8n:&HaR aaeprHR aneRTpcaa ( _,.,-_ 

M630H8) ,_ ,II;BHJKYIUBrOC.R B RYJIDHOBCROM DOJIB .ItBYX .R.Il.BP Q B i C 

sap~.I$MH ZQ. a Z; , uaxO,IJJJiitH.XCH aa paccTD.RHZH R.. ,n:pyr 

OT .upyra, HB. 38BHC!-IT OT orA6HT8UHH MBlK'bR,U.BpHOif OCH 

R={Re<l?~ /3,4/. 

(I) 

J!DM 

rge 

B npe.n;ene /1.-> 0 EOJillOBHe ifYHRUHll 38)lll~ll llllYX USHTPOB 

nepexo,n.qT B :sonao:sHe 1;y HRIJ,HB o6'LE' .romeaaOro aroMa c sa pa-

z = z ... 'i. ;:; . 
" i . 

h~ V>.t''(t);::: £:C}~(!J}(t)' 

' 

(I6) 



Plio. I. ila6opaTopHM (X I' Z) 11 EJl8111HIOO!M-
~ 

OR ( ':f "-) 0 BSKTOpoM fl CIIOTeM>I ROOp,!\H-

HaT. Ji.Iq)a IIOM8~8HH B T01liO:'! a.. H C t 

aJieKTpDH (~-_,.eSoH) - B TO'fey C. ;[/1 e <j>} 
- KOOP.I111H~Tll B8RTOpa K B CIIOTeMe(X Y Z ) ; 
t Z 1> 'f f II { ~ /;.if}- KOOp,!\HllaT11 BeKTOpa 

z B CIIOTeMax (x 'J:) 11 (X YZ) 
COOTE6TCTE6HHO. 

X 

z 
z 

llonpaBRH R 3HeprKM H R BOnHOEHM ~ Dd~~HeHHDrO 

aToMa npH R << 1. H3Becrau1'1/, ao B .n.aaao:M: paeloTe Ml:l orpaHH-
'tJHMC.f! TOJI:E.RO rJIBBH'biMH T.IJ16H8MH B p83JlD.I!t61illP!: £ ~DJ 

l - ' B a roM cJiytJae op6Hram.a~ MOMSHT ~-i[ t V-t J 
ll ¢!''0:') ' . 

3Jl6R'l'pOH8 

COXp8HR6TCB H RB8HTY6TC.R H8 DC:& e'E . IT pH R -0 DOD Z 
11HCCJ:83aeT" 1 H Sa OCD KBBHTOBa.llliJI 8CT8CTBeHHO Bl:l6pa.T:D OCb 2' 
Jia6op8T0pHO~ CHCT6Ml:l ROOp~HaT, B ROTOpO~ CBR3:& M6~ ~HMSHH

RMJI SR6HTp0Ha II R~p OTOYTOTBYST/
3•4/, 

~Todu npocne~TD TBRDfi nepexo~ oT Bpama~ancH CHCT8Mll 

HOOpiJ.llHHT (X~;;) H na6opaTopaon (X Y' Z) B npe.n;eJie 

/1.->0, aeo6xo)JJlMo aaRTII aoi!MnTDTl!Ry EOJIHOEOl! ¢yaH!1HII Y(z~if) 
CHCT6MH TpeX TSJI B npe.n;ene 06~6~H6HROro 8TOM8 H, npez~ BC6-

ro, HCI!MDTDTIIHY P6lll6HHn .io{K) H .-( (R, k) CIICT6Mll ·o6li!<HO

B6HHHX ~q.16psHUR8A~HHX'ypaBH6HH~, OTIHCHB8IDmaX OTH0CRT8HDH08 

,IJ,BHEBfUIB .R,nep no nepeMeHHO~ R B a.ItPia6aTH'tlBCROM npa;n;cTaBJie

a~5/. 3Ta 3H~~a paruaeTOB E HBCTOBI!IStt pa60T6 0 DOMOI!IbD npe

o6pa30B8HRR ~8Hra-~aaol6/, xopomo H3BBCTHDrO B TBDPHH p8CC6R

HRR 3A6RTpDHOB H8 MOBSRynax. 
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B RBllSCTBG npHMspa aa~neaaa~ acKMnTDTHKB cpaBHMBDeTcB c 

perueaiDJMH R-1 
.. ( (R), no.rry-qeaaHMH npH DPflMOM Byqw.::nerum 

3H8'16HH~ ypOBH6~ 8HepraH CBR38HHHX CDCT8RHH~ M630MOnCRYHH 

pd,«. /7/ C flOMD~bKl anropHTMDB, pa3BHTHX B padOT8X/B-l3/. 

<. AcllMnToTnEa wmeHJI~ J, (n npn fl.-. o 

H a~a68TH'I6CROM npe~T8BA6HMH 38~'1M TpeX Ten C Ryno

HOBCIUIM B38HMO,ll6~0TBI16M BOAHOBaR {j.yHRUI1Jl CMCT6MH pa3JI8r89TCfl 

UD 8~8d8TH~6CKDMY 683HCy/5/: 

rJJ;e 

ODHCHB8IDT 0THOCHT6nDH06 nBH~6HH6 R~ep 

M~ " M, " ""P".rr,aM" z~ " 2, • CRCT6M8 06HRHOB6HHHX 

~~~epeHU08nbHHX ypaBHBHHfi, ROTOpoe YllOBnBTBDpaDT ~YHEUHH 

..lJ (~) , llM66T BH/5/ (B 6~l!JlU8X e ~ j; = "'~ ~ i , 

- M8CC8 8JlBRTp0H8 HnM M630H8) 

N.; 

{f ( ;;, + Z,ft E"r) - v;, L~)J Jy) = 1; l'./K).x;.(~) , 
J•" 

(3) 

rJJ;e 

(j.•) 
~ ~ ~( , 

(4) 

3.n;ecb (t1 t:') - TIOJIHl:i!~ H860p RB8HTOEKX til~CeJI, X8pBRT6PPl3YKJ..O:HX 

,1Uii.Jllt6HM8 ( n) 3Jl8:RTpOHOB Ill 0THOCJII.T6JlhH:J8 ;n:B!HI.6HH6 (c-) R.ll8P 

Q. H g , 2: 03H8ll86T CYMM!ol'p':>E8HH6 TIO liJilCRJ'6TH:-,~~y R IfH-
J:ti 

TerpHpOB8HH8 DO Henpepm!HOM:V cne:KTp&M 3-Rrt8'4H .U:SyX llf'HjTIOB (I) 



+ 
(5) 

r.ne t1 1 H., h1 - napa60JU.Pi8CIU16 RB8HTOBHB lJHCJI8, X8p8:HT6PH3Yl0-> ., 

~tlH6 8,IU1868TH'ti6CIUiti CiasB"C IlO RJiaCCH!JIHR8I..UU1 p83'b8.IUIH6HHOro 8TO

M8/l,I2/, J - RB8HTOE08 'tiHCJlO DOnBOro Op6HT8JlDHOrD MOM6HT8 

f C!1CT8MH Tp6X lJ8CTHU, ~ - 06:U66 't!HCJIO pel!I88MI:.IX nap 
ypaBaeHVIJ1; En'C"' - oaepnm CHCT6MH Tpex T6.ll E uearpe Mace, 

U .. (~) - O<!<leRTCIB!!H6 il0T6Hl1!!8Jlll, Ebf'JHGR6HHH6 B pa60TaxiB-IZ~ 
'I 

D MHTepecyiOOlBM aac cAy"ae Z~ = z, = i aa6op napa6DJIJ!"e-

cJU'lX RB8HTOBUX 't!HC6JI i = ln.111z. rn] S = [r!.z w.] CBiJ38H 
' C H860pOM cciJepHti6CRHX RB8HTOEW{ 'tiiiCSJI i = (tv£.,_,);;. S ::(C..,_;) 

ilpDCTHM:! CDOTHO:ll6HI!RM/I/! 

N= Vl 1 +t+.t 

j 
J41+{+:f + (-) (6) 

COCTOHHHH C lJBTHHMH 3H8lJ8HMRM~ f ~ - CDCTORRRR) H C He-

lJBTHHMH 3H8'tJ8HHflMH £ U -COCTDiJHHH) X8p8RT6pH3YIDTCR CD6-

C'l'B€HHbiMH 3H8'tiBHM.RMH p = (-)t = (~,'<) DD6p8TOp8 HHB6pc.trn: 

fi ~- ~ RDDP.IU:Ul8T 3JIBRTpOaa. 

llpH MaJIUX R BCTGCTBSHHO nepe~TH OT RABCCH¢HR8~H peme

HMfi Jz(R) DO napadonH~SCRHM RBSHTOBHM ~HCR8M p831S~H6HHO-
rO 8TOM8 K KR5CCH~HR8WiH DO C~6pH~BCRHM RB8HTDBHM ~HCR8M 06~
~HBHHOrD 8TOM8. TaKOMy nepexo~ CODTB6TCTBYBT DPTDrOH8RhHOB 
npeodpasDBBHHS/51; 

( ~:) = A_, ( ;;; ) ) (1 -1) A=~ 1 1 
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ACKMTITOT!i!K8 acl!qJeRTHBHHX TIOT6H1UT.8}10E ~rJJF' :lf~l"tF)J~'~'p'(R) 

H8H~6H8 E pa6DT6/l2/, 0CT8ERHE E CaCT6M6 JP8EH6Ha« (3) RHillb 

R-· E6)JJ!ItJi16 tiJI6Hbi i'V B P83JlOJK6IDIM a(f:<f8RTHBHI::IX TIOT6HUM8Jl0B 

ITO CT6ll6HRM p_-f., np~,U6M I< CHCT6M6 Y·P8BH6Hl1i1" (fl'l::.-01 :f
1 

... ) 'M.~vt(e,J)): 

}(1+1)-z,., + H,..,~ ;.mp j. (R) = 2. (2.) ~ j 

Rz. ""'f 

-z) ,., J 1 c~) + Bo' j1 (~<)} 
== R lsl1Mf,iro1-.l.f -"l.t"1-if t.m.p,tY11+.if it'1+:1p , (3a) 

/5,12/ 
r~te S' , 5 ,~ , 

,,, . , ~ £(£+1). { "'"' ,ee . "'~ 
H,'"F•""f S'(k-k)S1e'S',M', 

e>"' '~-~1 ,g"' ,·[s"'"''S'ee's-"'~"''l'i 
'~r. t"' p "'"' JV't~,N e,., c-( ') , , , 

o 1<-1< oe·e o. ',..-J 1"1. .,... , 

¥~ .. ' ~(1-rS',.,o,.,•. +'ii,..s, .• )t.z. 

· [(r-,.,+J)(n,.,)S'.,: .. -1 + (J"+»<+i)(r-...,)5.,:~ .. ]. (46) 

g:;:,.,,.,erq:t = [(t:;m+t)(U:m)]t.z. 

KaR DDR838HO E paCIOTS/5/, MM69T M6CT0 COOTH0ffi6HH8! 

{J( ) Z 2 H'"' 1 <" B(1l . I~ l'i' ' (8) 
HJ - "'+ ""'" ""'" o,...,, + . . , =<t.mi'J'"3 (r- ) t.mpr .. ;; 

,~ ' '-"'P>"""P . rt, 

r~te J = L + e - noJIHW opCI~T8Jll>RIDi MOM6HT CHCTSMbl TpeX TSJI, 

a L z { - op63:T8JIDHhle MOMSHTH DTHOCHTSJI:&Horo )(EI1JKSHRR 

R~p R 3J!6RTpOH8 C00TE6TCTB8HHO. Bee TPH MOM8RT8 3a~aaal2/ EO 

Bpa!JlalOOlellcE cl!cTeMe RDDP~taHaT ( • ~ z) aa ~JHRUI!llxf5/ (eM. 

(Ia), (2) a p11c. I), KDTOpHe lijll!! R-+ 0 nMeiOT == 
e:r 

.::: .,.'f et 1 e, J"'• > = lf.,.,.:r (.,., 'f, e,<I>) = 

~ [z (1 + s.,o)r>f { Ye ... C 19;'f).%l: ... , (4>, e,o)+ 'fe_,.(";'f)( .. ,C<i;E\Or) 
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- Ct!:6pM'tl.6C:K!18 rap,-tOHIDCV1 C DOJIOliUITGJI:b
T 

ROil gason !{OH;u.DHa-iliOjlTJIJ!, !lJ- ( ~ 8 0) - HOjl!M1pOB8HH!l6 ,., 1<11J } ) 

]) - ~YHHUIH! BuHepa, onpeAeneHHHe B pa6oTaxl'21, "':r- co6-

CTBBHHOe 3H8'tiBHH6 npoe:KUHH Jz MOM6HT8 J Ha OCI:. Z 
Ra6opaTOpHo« CHCTBMll Roop~HaT (eM. PHC. I). Tor~,corJiacao 
pa60T6/G< HM6eM: 

(Sa) 

rAe 
~-l-1. 

t1 t+"' 1. + (-J) 
G,.,.. = (-.1) . [Z(HS" .... )]U. (10) 

LO 
- OpTOI'O!!aJII,HOe llp606pa30Batm9 'laHra-iPa.HO, C c,., T _.,., - ROa~gii!-
UHSHT!l Kne6rna-TopADHa/l4/. 

Pe!I18H!1.fl CUCT6Mbl ypaBH6HMi1: (3a) HlUBM E E~~.US 

:r r eJ rl..+i. "'-I 

j"~l' (R) ".X"'e"'f (~<) = f G """' R A "'lf' (II) 
oLI 

r.n;e A N£f - cToJI6e~ npoHsBO.JibHHX IWa<I;(h~r:m:sHTOB. IJocJie no,n;-

CTBHOBRII (II) B (3a) C y~STOM (8), (9) II (4a) nony~IIM CI!CT6My 

JlRH6~HX aJirs6paHtiBCRaK ypaBHB~ ~ Onpe,n;BJIBRHR CD6CTB6HHHX 

3H8~9HIIli X ~ o( (o<H) , al: ol. ( €, J) II C06CTB6BHiiX B6RTD-
re::l poE LY-,...,rJ.. 

2: {"'cot+<) s..,.., -<t mJm,l cr-ttlt m'Jm,>G~~ .. = o (IzJ ,.,, 
o~(1'11, ..... ,)~ rttc:~ce,J). 

Mcno~SYR CDOTHOWBHHB (8a) H CBOi1:CTBO DPTDrOH8JlbHOCTH npeo6-

pa30B8HHH (10) (eM. ITpl!nOM6HI!e), nony~IIM 

G~~ { c((ol+i)- L(i.-fi)} =0, (I3) 

T.e. l36RTOP c.e:r 
"'" 

np.~ !fHHCHPOBaaaoM L BBJLR6TC.R co6cTBea-

6 



RHM E6liT0poM CHCT€MH (!2), ROTOpOMY CODTE6TCTBJI6T C06CTE6HH06 

3H8lJ8HH.6 c/. (d.+l) = ~ (LH), OTKy.rr,a 

{ 

d. = L. - )J.1I!l peryJI!lpaoro perueallR 

d."- (~+1)- )J.1I!l aeperyMpnoro pemeHilR. 
(I4) 

J\JlR R8~)10~ naj)H [ H :T BOB BD3MOIK!IHC 3H8~8HilR L H8X0)1f!T-

C.R DO DP8EHJly TpeyrOJlbHMR3 J:r-tf * L ~ {S+t I C y-qeTDM npBEH-
T-f- L Jia OT60pa (IQ)' i + (-1) 1'0 , a rn npoderaeT 8Ha~BHilR 

rn::; 0
1
1

1 
... , »ti.vt (t

1
r). 

Od~ee pemeane CHCTSMH ypaBaeann (3a) Mo.ao npe~TaBHTb 

BBH,Il;6 · ) J €1' L+i LI \"' ej L -(Lt.J. J 
.iNl (R) = L G-,.,L R A IVCf+ L_, G-~L R- AJVtf• (!5) 

~ L L 
-(L+J) r 

)\JlR peryMpaoro pe2!6HilR A 11 e f = 0 , a BSI\Y'lH~ ROs<!>-
L> ) cfHIJ,V16HT A Ntp onpe)leJIBBTCR H3 cooTHO!!leHHi1 (I5 np.lll liHC-

neHHOM pemeHHH CMCT8MH ypaBH€H~ (3) C TP8HH11HHtiD yCllOBHRMH 
{'/(J 7<...., :1. 

J:(O)= Y(R )=0 H YCJI0Bll6M HOJl'lMPOBKH L S .f.; (R)JR = i . 'd pi ,., j ::i. o _, l I 
B npHnD~SHHH npHB6il,8H HEHilli BH)I MaTpHn G. WJ, H 

~L 

HSIWTOpl:lX R860pOE J .f 3 H £ ~ 2 H p8CCM0Tp6!fhl HX. H6ROTOp!:l6 

CBDtiCTB8o 

3. ACHMTITOTMR8 BOJIHOBD~ ¢YHRgHH CMCTSMH Tp6X qaCTHU 

npH R---+ 0 

B npe.nsne R. ~ o BOJIHOBBR (jlymnum CI!lcTeMH Tpex 11acTH:o; 

llpHHHM86T BH,Il; 

:r e:r :r :r.:: (z/) = R-
1 Fe" Jr,.../z.) .f Y.:. .. ,C~ ~ 8;4> )j,ve..,(R:(I6) 

3,D;6C:& CyMMa no 11/e C00TB6TCTEY€T cyMM.vrpoB8Hl1ID no rl 1 H t'l.z 

B onpe.I(eneaHH (5) c y~eToM (6), :JI.,_e (z) - pa)(llaJThaaa RY

JIOHOECKBR !fyHKIJJi.R 06':&6,11.HR6HHOrO 8T0Ma C 38p.H,UOM Z , <fyHR-
t:r 

!lM Y. (11- <( e <f) OTijle)IBRSHa COOTHOW6HffBM (9) 0 r.I(e ~ 'f ttt~ttr 1 .) ) 

7 



X8paRT6pH3YIOT ,JJ,BU!K6llii6 3JI6RTpDH8 ED Bp8:.U:8IIJii(6i.tC.R CHCT6M6 RODp-

)1l!H8T (X~~) (eM. puc. I). 

C ~yroM CTDpDHU, ~H~6HH6 SJIBRTpOH8 npH 

8CT6CTB8HHO/?/ X8p8KT6pH30E8Tb yr.ll8MH ~, :e 
Cl-:'!CT6M6 RDDp.n;1H8T (CM. pHC • I) .H EMSCTD cfyHRUlH! 

HCTIOJlb30E8Tl> ifyHRIJ;!IO ( 'MJ' = ""'-t + m.L) ; 

donee 

B .ll860p8TOPHDn 
2J 

Y.:.~, (~ <; ~ ¢>) 

,_, (eL)r e '"' 
Y ... , (Ji.f;e,,P)=L c e:..e L.mL Ye ... /J§;i)YL mL (e,.P) (17) 

me=-£ • 

RDTDp8.R npenCT8BJIRBT co6oM yrJIDBYID ~80Th BDJlHOEDn ~YHR~H (2) 

C!iCTeMU TpBX TSJI C DDJIHHlVJ MDMSHTOM J B Jl86DpaTOpHDfi CHCT6M6 

KDOp,:mmaT. 3T8 DDCJIS)J.H.RR q·yHRlUi.R CBB38H8 C Q"yHJUUISfi (9), 38,UfiH

HDif ED Bp81ll8Kl!llBtiC.fl CliCTSMS KDOp,IU1.H8T, npeD6p83DB8ID16M (10) 

1Joara-il'aH/6/ 

er r ... e ~ (CL)r tr 
Y:,- (VJ;'f,e,.P)= .c= Y., (-J";.f e,.P) G-.. L <rsJ 

'"'T I > • 
L =l:t-e.l 

Hs Oilpe,ll6JJ6HIIH (18) CJJ6!l;Y6T CBDiiCTBD (Sa) npeo6p830B8HIIH 

G e J ,U.l18rDH8ID130B8Th ROPHOJIMCOBO B38.1-!MO.IJ;Bf:i:CTBH6, TIOCROJlb-
»<L 

KY nocne~ee no.RBJIRBTCB RBR cne~TBHe nepexona as na6DpaTopHo~ 

Cl-:'!CT6Mll RDOp)J..t!H8T BD Bp8!Q8KlillYBJC.H TipH OTIMC8HHVI CHCTSMH TpSX TSJI. 

ilDACTBBJJHH (lo) H (15) B (16) H IICllOJJb3YH DPTDrDH8J!bHDCTb npe-

06pa3DB8HHfl (10), nDny~HM ~ acnMDTOT~RH perynapaoro pemeaaa 

BHpaxeH!1e 

{19) 

(19) 

8 



llpa R =0 

L=O 

H6HC'tl€38IOIJ.lH~ 'llll6H E CJ!V!Me (I£) ID!\66T KB8HTO-

BHe 'tum.na 
' "'" = 0 

T"'r = b b 
, H llDCi\OJI:bKY Ct~'~'~tOO e1 """e.t\o<J> 

TO c Y'ISTOM (I?) C::lDTHDiJ!6Ht16 (I9) ripl!M6T EM)\: 

r,na, B C00TB61l'CTBVIil C rJopMyJJ.D'fi (15), 

o.r _ ( Grr)-<o. 0 -tj r (R) = 
A - ,.. '-<"' " ""r"'F 

"''F 11. ~ o 

'"opMyng (20) B (2I) l\lllOT Op8RTI!'l6CRMW ]l6!16TIT OOCTp0611MB 

rJI8BHDTO 'l!JI6H8 8C~MTITOTI1IHi BOJl.HOBDi1 ll'YHIH]J'lM 0HCT8Mbl Tp6X T6Jl 

B Jl86Dp8TOPHOtf CMCT6M6 I<00p,m!H8T ITO H3B6CTHHM 3H8'16HID1M !fYHR-

j J . 
Wt'fi tve.,.,.lR.) npM R ~ 0 , aaM,neHHb!M np.vr 'tll1CJI6HHOM perne-

HHH CI1CT8MH ypaBH6HHH (3), COOTB6TCTBY~~X paccMDTpe~~~ 38,U8l:Jl1 

EO BpamaromefiCfl CHCT6M6 RDDp~H8T. B ,nencTBliT6Jl.1HOCTH, K8R BI1~0 
OJ 

ANrp ,nocraTO'l!HO 3H8Tb H3 ( 21), ,li)lR H8XOlK;IJ;6HirR ROS<ftlU:'!WISHTOB 
:r 

.X ,..,,,U> c "' = o. B CJJY"'ae J' = 1 

npaanm.aoe noae.neaHe npu R-+ o )WCT!iiT86TC.li JIH!III:. npH BR)l!O'll6-

HHJ!.! B CHCT6MY YP8BH6lli1M (3) TIOT6HI.lH8JIOB V.:,,.\J"'' (~) 

IIJI.HI<Jillill( CBR3b 0- H 11 -cDCTDRirnM 38)J.8'tJil ;n;syx USHTPOB 
1 

Ta6muw I H 2, r)(e saa~6HIDI J 2p6"~ CR) npa !1.- 0 

ocymecT

(cM. 

)\!L'I 

CJIY'ti86B f/<~ = 2 a f'/0 = 8 pa3JILil:I810TCR H8 H6CROJlbRO ITOPfl,llROB 

E6 llifi.JRHH) • 

4. ~ac~eaaJ,IW npmMep 

Ha pac. 2a,6 a 3a,6 npHBS!\SHH rpa1HRH, a B Ta6mo~x I a z-
H6ROT0pHe 3H8~6HIDI ifYHRUHA fr' .f;ve""f (K) OCHOBHOro 

( J= O, >r=O) II B036yJit)\6HHOrO BP8!U8T6Jil>HDro (J= 1, V"=O) 
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COCTORHRll M630MDJ!SHYJ!H ? d)'( /7 I. 3TH <l;yHJ<llHH 6HJ!R HSl!)16HH 

DpM ~HCfl8HHOM pemeHHH 38~~H illTypMa-]HyBHHRE ~ CHCT8MH 

fr', = lx2=2 H J'<, = 4x2=8 JpBBHSHIIil (3} C MSCCOi! /'1 = 6,~63 II 

rpamftiHLIIVIH yCJIOBRRI\.n:l: 

j"'' "'f (ZO) = q 
i1s Ta6JHUJ: H pzcyHKDB cJie.n:yeT, -qTo npH R- 0 nDBe.neHI1:e 

BOiiHOB!!X ifYHHUl!J! .XJ' (K) OOI!CilBSSTCR ifopMyllOJ! (15} J1llR COC-

TD.f!HH:ti C J:::: 0 y .'~L9 DPH J"V;, = 2, a J1)JJJ COCTORHH:H C J = :i 
l!Hm~ np11 /'10 = 8 . 

TAE.Ill1UA I. 
Bo.m!OBHS </JyHJ.<J.Jrm CBff3a.!!HHX COCTOmmll (J"=O,lf=O} II 
IJ'=I,1f=O} M630MOJ!eJ<yJill p Y , IIOJiy'Ie.inme rrpi 
immreHHoM pememm a6,lla'll< (3}-(4} lii/J! 10=2. 

J= 0) 1T=O T=11 V;:f) 

R fi.-'JJ<<j R-'j2fOu _,j I 
F. 1S6j R-'J2f"• 

0,001 1,532E-2 2,003E-6 2,656E-5 5,285E-8 
0,002 I,54IE-2 4,009E-6 5,328E-5 I,544E-7 
0,003 1,55IE-2 6,0I9E-6 S,OI7E-5 2,88IE-7 
0,005 I,570E-2 I,005E-5 I,345E-4 6,303E-7 
O,OIO I,6I9E-2 2,0I9E-5 2, 731E-4 I,816E-6 
0,015 I,669E-2 3,04IE-5 4,I59E-4 3,367E-6 
0,020 I, 7I9E-2 4,072E-5 5,63IE-4 5,2I3E-6 
0,030 1,822E-2 6,I58E-5 8,702E-4 9,650E-6 
0,050 2,036E-2 I,042E-4 I,537E-3 2,097E-5 
0,075 2,322E-2 I,589E-4 2,473E-3 3,890E-5 
0,100 2,626E-2 2,I48E-4 3,524E-3 6,038E-5 
0,500 9,480E-2 9,386E-4 3,508E-2 5, 700E-4 
r,ooo 2,0I4E-I -2,954E-4 I,066E-I 3,674E-4 
2,000 2,855E-I -9,757E-3 2,I65E-I -6,756E-3 
4,000 I,056E-I -I,324E-2 I,256E-I -I,65BE-2 
6,000 I,962E-2 -5,I05E-3 3,460E-2 -I,OIIE-2 

IO,OOQ S,BI9E-4 -3,299E-4 2,422E-3 -I,589E-3 
15,000 9,573E-6 -7,835E-6 I,3I5E-4 -I,I82E-4 
20,000 I,B72E-7 -I,744E-7 8,966E-6 -8,730E-6 
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0.3 

0.2 

0.2 

R-'.x.zp6v (N,f2,&) 

---, 
' ' ' ' R-'t (N::2,8) '-

IS~ <I \ 

PHc. 2a,6. BOJI.H.OEHB !fyHKU,J1!H OCHOBHOro COCTORHIDI ( J".=·~ IT-=-0) 

M830M0.0:8RY.O:!I p.l «. : ij'yHJ<UllJl ..fJ,6J (/I.) npeB!f

maeT -'•r•~ (.<!:) BO Beall o6nacTH HaMeHeHl'IJl R ,H 

66 lii1CJI8HH08 3H8'ti8HH8 D})H J/.._,.0 H6 38BI'ICI1:'1' DT 

p83M6pROCTH ~ CHCT6M!I ypaBH6HHll (3), 

(2) 
Eea y'tleTa_ RDPHOJI.MCOBa BsaB:Mo,ne~cTBH.f.l B. ·~' 

"'ro-t ... v·• 
B ypaBH6HHH (3a) M, E ~8CTHOCTH, B ~yxypDBHSBOM np~6P.~~BHHH 

( tv,= 2) noBe,llsHHS pemeiD!l! (3) npH R ->0 onpe.o:eMercB B!l

paMeirneM 

(22) 

B cny~ae T=O 
t+1. 

OTCD,na CJIB.II:.YBT npaBHJlbH8R 8CHMllTDTlfl<8 ,.... R :J 

ROTOpaR C0Xp8HRBTCR npH pacmHpeHHH CHCT6MH ypaBHBHHH OT 

/V, = 2 DO IV, = 8 (eM, pHc. 2a, 26). 

II 



R-11'l~'u { Na=2,8) 

PHC. 3a,6.-BOnHOBH6 ¢YHR~H B036y~SHROrO COCTORHHR 

( :r~ 1, lf"=O) M630MDJ16BYJIH 

BO BC6~ o6n8CTH H3M6H6HBHRH 

UpaBHADH8R 8CHMllTOTHR8 ¢yHKQRH 

F J-'"' : npH N., =2 

R. .xj,..c•> >>i4 r,.(•l; 
~ . 

..Xzpr;. (R) cne,ny-

8'1' 113 Cl'IC'l'6Mll (3) llpJI f'lo = 8, B 3TOM CJiy-qae npH 

1\ ~ 0,005 .X2 5: (R) > ~sr;: (!<) • 
f" d 



T!EJIRUA 2. BOUOBUe \I!YJ!K~HH CBH88HHOro COCTOHHHH ( J; I, 1f"; 0) uesouo~eKyllli pd)'l H 

oTaome&HH HX KB8/IPSTOB, nonyqeaaue np• ••cneaaou peweaa• aa11a•• ( 3 )-( &. )MH II, "8 

(i,,'i.x,, <z R ·!.x R-'i2 p.-. R·'.izprr. (J•P'/iz] R"'x3J"3 
_,j 

R H<>J R '''!:i ' 
O,OOI 2,6ISE-5 I,504E-4 2,127E-4 2,000E+O I,035E-7 I,267E-7 I,500E+O 
0,002 5,253E-5 I,5I3E-4 2,I40E-4 2,000E+0 2,076E-7 2,542E-7 I, 500E+0 
0,003 7,904E-5 I,523E-4 2,I53E-4 2,000E+O 3, I23E-7 3,824E-7 I,500E+0 
0,005 I,326E-4 I,542E-4 2,ISOE-4 I,999E+0 5,234E-7 6,4IOE-7 I,500E+0 
0,0!0 2,692E-4 1,590E-4 2,247E-4 1,997E+O 10062E-6 1,300E-6 1,499E+0 
0,015 4,!01E-4 1,639E-4 2,314E-4 I,994E+O 1,617E-6 1,978E-6 1,498E+O - 0,020 5,55IE-4 I,689E-4 2,382E-4 1,990E+O 2,I87E-6 2,675E-6 I,4%E+O 

"' 0,030 8,580E-4 I,792E-4 2,520E-4 I,978E+0 3,379E-6 4,I26E-6 I,49IE+0 
0,050 1,5I6E-3 2,008E-4 2,80IE-4 I,946E+0 5,977E-6 7 ,263E-6 1,477E+0 
0,0?5 2,438E-3 2,298E-4 3,164E-4 I,I%E+0 9,6?2E-6 I,I65E-5 I,450E+0 
o,roo 3,475E-3 2,609E-4 3,539E-4 I,840E+0 1,393E-5 I,657E-5 1,415E+0 
0,500 3,477E-2 8,604E-4 I,O?IE-3 I,550E+0 I,591E-4 1,6IOE-4 I,023E+0 
1,000 1,063E-l 7,204E-4 1,9?2E-3 7,49?E+O 5,385E-4 5,315E-4 9,740E-l 
2,000 2,17IE-I -6,327E-3 2,393E-3 1,43IE•1 4, ?40E-4 1,388E-3 8,57IE+0 
4,000 1,259E-l -I,597E-2 6,407E-4 I,6IOE-3 -3,5I5E-3 I,I3IE-3 I,035E-I 
6,000 3,3%E-2 -9, ?IOE-3 4,335E-5 1,994E-5 -I, 9'7-?E-3 3,332E-4 2,835E-2 

!0,000 2,247E-3 -1,483E-3 -5,547E-6 I,399E-5 -8,39IE-5 I,556E-5 3,449E-2 
IS,OOO I,163E-4 -I,049E-4 -3,523E-7 I,I28E-5 -2,092E-6 4,718E-? 5,086E-2 
20,000 ?,569E-6 -7,3?5E-6 -2,0I4E-8 ?,458E-6 -I,I46E-? 2,I67E-8 3,574E-2 



BM8CTO 8CMMITT0THKH (22) C~6~6T HCIT0Rh30B8Tb 
8CMMDTOTMRY (15), KOTDpaR nony~SHa C y~STOM ROpMORMCOBa B38H
MD~~eTBRR (eM. pne. 3a, 36). RnR DO~y~SHHH 8TOH aeHMDTOTMRH 

llpH ~HCRSHHOM peiDSHHM CHCTSMH ypaBH6HH~ (3) H606XO~O p8CmH
PI1Th 86 OT fVo = 2 .11P /V0 = 8 a TSM C8MliiM Y'tlSCTh 38I.l;6DR6W:'I6 

nap eoeToHa~ Zps ... - Zf"... " 3d•
3 - 3d7i3 • lla RBao-

Gcr ro BllpBI!tSHHR .IJ.)1R M8TpMI..J; ~""'~L , DpHBSASHHblX E llpZJ10Ht8HHH, 
CRS~IDT COOTHOIDSHMR 

KOTOPJ:.IS H8'tlHH8IO'l' EtrnOJIH.RT:&Cf! C TO'tiHOCT:&IO rv IQ-3, H8'tlHHaB C 
t;• R = 0,02 (B e)1l!anuax Cl, = --., e =I;="'~= i eM. . <\ t11.ae 

TB6n. 2). 0TM6TI!M, •ro CBH3b C d -DOCTOHHRRMH (m=Z,) B03-

HJ.:rn88T JIHIDL npH J" = 2, T8R K8R BCSr,J¥3 rM ~ J 
COOTHOlllSHMR (23) MOryT CJiyUTh .If)IR ROHTpDJJ.fi BWH1CJI6HHti 

npn peme!IHH CHCTSMH yp8BH6HllH (3) (eM. T86R. 2). 

5. 3 a R n ro -q e H H e 

B npe~nymax pa60Tax15/ H8MH dHJIO DOR838HO, tlTO ECS H3-
B6CTHH8 Tpy ,lJ,HOCTH, xapaRT6PHH8 .IVlR llBYXYPDBHSBOrO DPHdJHi.ISHH.R 

( ~ = 2) 8~868TH~6CRDrO MSTOnB peiDSHHR 38n8'tlH TpSX T6Jl (HS
BepHOe Ha~~O OT'tleTa 8HeprHfi, He~ aCHMTOTH-
Ra pememrii npn: R _.. ~ 11 T • .n;.), HatteaaiOT, ec.Jm B pas-
~o~eHHH (2) HCITonh30BaTb .n;ocTaTo~o naHH~ Ha6op 

( J{ , >> :1) 6asi!CIIHX .I1BYJ<!1eHTpoBHX ipym<JJ;lll. To'll!o TaJ<M 
Me CHTyaUHR B03HHR86T npa H8XOR~6HHM 8CHMDTDTHRM peme~ (2) 
B npe,neJie II...,. o 

CHCT6MH TpsX 

TSR np6T8PTI6B88T PH~ pa3RH~RHX, CBR38HHHX Me~ 0060~ R3M6H6-
HHii: 
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a) DpDHCXO,ItH'l' pa3,U6JI6HH8 SJISRTpOHHOro H .R;nepHOrD ,llEkUt6-

HaM, T.e. 38BHCKMDCTh OT ROOp~H8T 

6) H.3M9HJ!8TC.R OCb RB8HTOB8HID3 Op6H.T8JlDHOrO MOM9HT8 e 
aJieRTpoHHoro .D.BHllteH.H.R: oT ocn R BpamaKII{e:Rc.R cHcTeMH Roop,lijil-

~ 

HST (CBH33HHOM C B6RTOpOM R ) R OCH L: na6opaTOpHOl! CHC-

TSMH ROOp,IJ,KH8'!'; 

B) O,!IH0Bpe116HHO C 3THM npoHCXO,ll/<IT H3M6H6HR6 apryMeBTOB (">~) 

_.. ('!.'iJ ~) BOllHOBWC ~HRJ1111! Sl!eHTpoHa, T.a. ,IUIII~eaae 3JI6RTpoR8 

ODRC!ll!86TC1! T6Dep:& B JI860peTOpHOl! CHCT9116 ROOp)IIIHBT (X :f Z) , 
a ae BO BPBII!II_.OS (x~z) , l!SR npa p&BiiOHCHwc saa'!eHH1!x R; 

r) 38BRCHMOCT:& OT yrJIOB 8 II op R 8CilMDTOTH118 (15), 

(19) pe,ll/<IBJ!l>HWC ~YHRI1!lll .i; 0) onpe,ueJI1!aTC1! MOM6HTOM L 
OTHOCHT9Jl:&HOrO ,IJ,B~Ut9HKR .fl,U8p, XOT.fl J'p8BH8HnR (3) H ~CXO,IUi09 

pasnoJKeane (2) JIJI1! ~HRI1!lH Y(z, il) sanncaa11 B npe.ucTaBneau 

DOJI.HOrO MOM9HT8 J CHCTSMH TP6X TSJI. B ,JJ,8HHOH paC!OT6 llOR838-

HO, liTO BC8 8TH CBD~CTB8 npe,IJ,SJlhROro nepexo,na R-0 8CT8C'I'

B8RHO cne~IDT zs acHMn'I'DTH~ecRoro perneaaR cacTeMa ypaBaeaH~ 

(3) 083 JIOD0nHIIT6Jll>HHX BCRYCCTB6HHIIX npeo6pa30BSHHli (THn8 ~YBR-

11!lR Bl<llll'l6RB1! B T,JI,), 6Clll! pe3116pHOCT:& fV. CHCT6MII (3) Bll-

6paHS JIOCTBTO'IHO 60Jil>mOl!, 

llonylJSHHH8 B ~aaon pa60'!'8 COO'I'H0ffi8HRH B9CDM8 B8ZRH DpR 

0DHC8HHH .R~pHon pe8R~H CHH~638. B ~ -M63DMOH6RYH8X H30TODOB 

BOJIOpo~/15/, npH DOCT8HOBR8' rpa~B'IRIIX yc~OBHll 33,!1H'IH p8CC61!

HB1! ,unR peaRI1!lli THna/16/: 

d;< + f _,. f)' + J. 

8 T8RI<8 J1J11! DOCTpo8HID! SCilMDTOTHRH BOllHOBOl! lj'yHlll1!lR ''f" (t, j{) 
TIPH R- 00 ( "- .(<. R.) c 'I'O'tiHOCT:&KJ J1P ~JISHOB ,-..; R-2 

.BKJIIO"'PITSJU,

BO, ROTOpaR C!y,neT p8CCMOTpeH8 B DOCJI6~DmHX pa60T8X. 
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B saKJIKJ'tleHae aBTOPH CiJiarO.Jl8PflT ,U.EaRa.noBa, IO.H • .UeMROBa, 

~.B.KoMapoBa, Jl.li.CoMOB8 H M,IJ.~aWtMaHa 38 DORB3HH6 o6cyllt)I6-

HWl, O)IIIH H3 8BTOpOB (C,i1.B,) 6JiarOIIOPMT ~.KnaPJ<8 38 06Cyl<}lll

HMB H6ROTOPHX 8CTI9RTOB npeoCip8SOB8HHR ~aara-Waao. 

IIPHJ!OiitEI!I!E 

0PTOrDH8nbH08 npeo6p830B8HH6 
t.r e:I )+ 

G "'" = ( (x ""' YIIOBJIS-

TBOPfl6T C00THOID8HJiUIM OpTOrDH8JThHOCTR 

L HyMepyeT CTOJICiUH M.aTpHuu n npHHHM86T 3HB'tleHID:! 

jJ-e J,. L f II+tl, coBMecTllMHS c npaBRRBMH OT6opa (IO), 

~ RyMepyeT CTPDKM M8TPHUH H npo6eraeT pR~ 8H8~8Hnn 

m .; a, 1, ... , M LVI ( e, r). 

GmL 
J .{. 3, 

J=O; 

(lU) CHCTeMH ypaBH8EMH (12) 

~"' 2 HMeRJT Bll,l1: 

er 
G-,.. = s .... 

J>O t=o, L..=J; 

T= 1, C=1; 

L = o, ;, ; 

J=l t=Z,. 
' ' 

L = 1 3. 
' ' 

(
i -u \ 
u 1 ) 

-f3) 
..rz 
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J=Z C=1· 
1 ' 

L = J., 3 ; 

T=t, L=L· 
1 ' 

L =o<-1;,. 
' ' ' 

r= ~, e=l 

L= 7-,'t; 

T=3
1
t=k; 

L=1,:,,)5'; 

r tJ = 
L-t,.c 
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