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'I. 

r. BBE,IJ;Elll1E 
~ .. 
j 

t 
B HaJlleil: .IIpe~eii pa60Te/9/ H8 np~epe CIUm:OpHOi1 3JIeKTpO,nIDIa-

MYIllli 6h1JIa nonyxena qlOpMYJfa * (r. 33) ,lJ,JIII rrpORSBOMl1~erO cl1YHRlUfOH8JIa 

cIlYIU\lij1t! Ipauu Cft) (.J~. jJ~ y) B lWIIlIlI1rYPOLCHolIlIOM llpO,l~CTOI3JI.omm, 
ROTopaH B OTJIlf'-illO 0'1' crunnapraoro Bl1PWiWIlllJ.H (L 2G),IJ.J1.H C 
B KYJIOHOBOROJA I~aJIR6 pOBRe rr~ML1MO tf (;;/8,,-) ,nOUOJIHIfTeJIbllO conepIIU1T 

J - CPYHKIJ;1flO ri(LlBo ,t-J.To) , HaJIWU1e ROTOpo11 ocecne
tiRBaeT nunonaenae aaxona Taycca ~'Aó ,I-.J/; 1'1,= O non SHaROM 

{JlYHRU1fOH8JIbHOrO RHTeI'paJI8 no B8KTOpHOM,Y f'ÍOJIIO 8j; . BLlp8JKe

HRO (r. 33) ÓbL1l0 noxyxeuo 60S IfCnOJIb30nalIRR rp3.HlltIHillC YCJIOBRJA (L 23) 
TeopRIf nOStJij'llIeH11JA. B pesYJIbTaTe ROpp8ltTHOI'O nepexona R rrOCJIe.nHIfM 

BMBCTO (1.33) 6hUIO rrOJIYti8HO BRpmKeI!R8}Wl (;.ft) (1.35), ROTO

poe rrOMMMO .nBYX cf - éiJYHK lU1H J1(~~8,,) 11 /(8D) (aanaonax 
saKOH raycca YJKe B cB060.nHOH cPoPMe) .n:orrOJIHRTeJIbHO conepxar "KYJIO

HOBCRoe BsaliMo.n;eUcTBRe" LJ~tt B .nei1cTBR~. EWI BOCCTaHOBJIeH BR,JJ; 

(CM. npencrasaenas (I.48)-(I.5D» nponasonauero epYHKIUfOH8JIa ~
-MaTpHrm /t(f) (11,. e; 1f),. cooTBeTcTBYlOllUfn (I. 35) • 

3Ta tiaCTb CTaTbll rrOCBHmeHa perneHRlO rrpRH~ITHaJIbHO B8*HOH S8.natIH 
,I 

- nepexony K rrpOH3BOJIbHUM, OTJIHtlHIlM OT íl'f3i :: O li go :: O. Ó
OÓpa3HhrM' KaJIHópoB01iHllM YCJIOBW!M snna tp.l'gjl = O. Ey.neT rroKB38HO. 

tiTO ,COOTB8TcTBYlOllIee BHp8Jl<eHRe ,wI.R: rtpoaaaonmnero cI>YHKUMOHaJI8 cPYHKImA 

rpRH8. B OT~litiMe OT CTBH.nBpTHOro BHpaJl<8HIDI, Bo~rr8pBux,co.nePJKHT ~o

rrO~HRTe~bHHA tlJIeH B <PYHKU1fOH8JIe BsaHMo.neMcTBIDi, HMeIOO.tRít O,IUIH -H TQT 

JKe BR.n "KY~OHoBcKoro BS8RMo.neítcTBIDi" ,IJ)lR .Jl10601'O Bbl60pa orrep8Top8 ~ 

*Cc~ aa lÍlopMYJ.W. RS .paóoTH/9/ .n;aDTCH c rnrçppOR I, HanpEMep (r. 33) • 

11 ebUHhl1t'~cih<!t tJlC1'%i'fJV ~ 
t nLl~it~l:tS\ [lCC.'~~JtOBaUrmJ 

~L __~ ~ME:Jr~OTEKA 



H,	 BO-BTOpbIX,rrOMllMo- coztepxar .n:OrrOJIHHTeJI:bHYIO, O,nHY.l(pjl8J') 
H TY IKe ,UJlJl JIIOÓOro BbIÓOpa f/J.J' d-r!JYHRUHIO t(LJ Bo - dtl (~tB,), 
KOTOpaJI OCeCrreQHBaST BhlrrOJIHelme 3aROHa raycca ,IT)IJI BeRTO,pHOrO nOM HH

rerpaponanaa BJ" I10CJI8,II,Hee 06CTO.flTeJIbC'l'BO npHBO.ImT 1\ TOMj', 

liTO CBOÓO.n:HbIH BeRTopHbIM rrporraraTOp 0,nHOBpeM8HHO rro,nllHHJI8TCíf 

.uBYM YCJIOBIDIM, a SQxD8I\THBHbIM nponararop, ROTOpUM nenocpencraeauo BXO

,II,VlT B ,nMarpaMMHYIO TeXIn1KY, nocne B3aHMHoro SeIxIJ8R'l'llBHOro COKpall.l8HHR B

,5' -MaTpHue "RYJIOHOBCRoro B3aHMo,nBllcTBHJI" c O,nHHM M3 'lJIeHoB MC I 
'j 

XO,II,Hbro rrponaraTopa-, B OTJIllqj1e 0'1' CTaH,napTHoro rrponaraTopa, cym8CT J 

BeRHo pa3JIllllaeT pa3HLIe BhIÓOpllT oneparcpa ~. I 
1 

2.	 IlEPEXO,Il R ! -OBPA3HblM KAJUffiPOBKAM tjJJIBjI = O B
 
DblPAJi{EIIliUIX ,lJ,JIR I1POY13BOTIffilll1X ~YlIKllJtTOILArrOB :s -MATPVTllbl
 
MffiYlIKI.lVtll I'P1111A 

,,Um! ,nORBSaT8JInC'l'BH IWJIw5pon0'1HOH IUI 13ElplmHTIIO(;'l',Vl: $' -rilEl'l'p1'11UI, 

TaR ~e,RaK H ]J,7l.fl nepexona R l1IXH1:3HOJlhllh[M JWJIMCÍpOlllmM, lIéHlóOJII-JO y,rçoó

HUM ORaShlBae'l:CJI npe,nC'l'BBJI8HH8 (r. 50),)J)lR /(.rt) (íJ; ~ ti) : 

ir!) (1/; 0, 6") N eZjJ [iP~.x! e /C, õ .;. i /IJ'1í;:'lJ](I. 50}
 

';fJ.1JBJ'~tf~'f J(Z.J'(B,r h~ f(P.J'(BrA/f) .
 

. t.zjJ tlfl9;t [to . AJ'f{J;i>BY
- (f1Cs{- 'fICs õ}.;. 

c'Q/( 
~,.;in.t B,. 'f, tf)II 

!	 ~ (oh o, o, O); 

tf(l):: fi tf(/(t,.xJ);' $ tf == 
t,z
nJ ,/(t, Y); 

.. t"x 

2 

" 

JIarpaIDli.HaH $0 onpenenea COOTHOllIeHHeM
 

- - / ,C)r/lv ~z. D:Y
%t> (:z/-8,,' h y:) = y- /é.r)? 'l o /'-/,,;1 o "
 
(1.36a) 

rrre 
v ' . .//, V /12	 /) 

/,f.,..!' =~/ ~ - ~> /l--~j.7 =: o!.,#? - ~ c/i? » (1.36ó) 

e// 
8g4JeRTYrBHoe B3a:vIMo.n:eí1cTBHe ~r HMeeT BI1,II, 

~.t'# Sé c 
;J'/~r =- $~.f' -r L1 ,S;~t-,/	 z 
('?"'& ,;: f>': "r.l( /.'. ) D /"). A;?"; C __L :-~~ /)r)';'/z).(I. 37)

,Júzf -- tJ'/'cZ v .l"A'(z/o~(.z / L..Ir/hr - ~ ./P -L (:7 .P~ 
J'ft1' c.	 ·47,z-;t);'; t;r)-, 

rrte ~irr H L1~;''' -8'1'0 CTaH,IJ;apTHOe M KYJIOHOBCKoe B3aHlVlO.n:e:t1:cTBl1e
 
,Pt - -~ , ,,1.: ,/.- ~
 

COOTBeTCTBeHHo, a Be.JIH~HbI& :::: ;/-cI;/' 11 LI {.:rtl)=J't1r';/~'f'#/;;r;j!-
8'1'0 if?H3H'Iecrom cnaaopnuã TOI{ H ~Yfm.u;UH I'pHHa orreparopa JIaIIJIaca L1:.:r.~'~'
 

COOTB8TCTBeHHO • .LL.rm y.rr,OÓCTBa ;IJ;aJI:DHeí111Iero L13JIO)l{eHHH BBe.rr,eM CJIe.rr.YIOJ.UY1O 

CHMBonH~ec~o WOPMY 3anHCH. OÓ03HallHM rrpaByro -qaCTb COOTHOmeH11H (1.50),' 
6 e3 J-<pyHKIJ;d non 3HaRoM ~YHRI.l;I1oHaJI:DHOrO HHTerpaJIa, CHM,BÔJIOM 

/Ái Õ; if'~ , a npasyn -qaCT:D (1.50), B KOTOPOM nponanenenae COOTBeT

C'l'Byrom11x J1-<PyHIUt'tlí1: 3aMeHéHO na uexoropuã rrpOH3BOJI:bHHí1: (PYHKUMOHaJI
 

F =;::~.;-t; T//l- a; cr), oÓo3:.:.a'IIDA CHI'II'J30JIOM «/1./ O; ú/F~, IIpl1


'IeM «A; 6' õl,F=.f>=<tA;6;~/. O-qeBI1.n:HO, 'ITO 8Ta C11MBOJIY['IeCRaJI 3a


nacs npn -q;CTHOM nuoope ;= = d(P.P(Llc/. -A'c/"»j1~-("g,p -4jrr03BOJIJ-IeT
 

nepernrca'rs COO'rHOllleHHe, (1,50) B CJ1e.n:YfOlueM coxpauenaoa BH.n:e :
 

;€tj} (Á; C0 ?) = ~/l; s; ~/t!rív(8.,p -1l,;,j)J~4-M. (1) 

C ycreTOM" COOTHOllIeHIDI (1) M o'IeBI1,II,HOfi nonepevaocru rpyH1\.U110HaJIa «A.;r;;?1 
... 

~Ar~,.,\; ~ õ/ = ~A;r5; b// (2; 

JIerKO nOJIytllUvI 

!Cr!J(Al-d).; e, 6) =:«A~' 5, ffjJ(f, j e8.)1 - - dJ'AJ)t(ó'JI(Bvu-AJ'-djJ~~~AJJ 
BbInOJIHHIvl r enens 38MeHY 

BJI - B,/4 + (}J'~; 'f -I!xp (tj).) 'I; r-ezlf-i}JJf (3) 

B pe3YJIhTaTe 8TO~ ~aMeHbI tIJIeHbl, conepzaume ~), l1c-qe3aIOT H3 apryaen

TOB J> -<pyHRIJ;IDt, a HeHH-BapHaHTHbIe OTHOCHTeJI:hHO (3) -q;reHbI õ'~ fi-' 11 

J?lCsb 13 @yHmfuoHaJre ~A,/ «; ~I He IIpHBO.n:JIT It L13MeHeHHIO ~ 
B pe3YJI:bTaTe rrpeo6pa30BaHv~ (3) ITpH YC~OBHH, 'ITO BHeillHl1e WepMMoHHbIe 
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no~ ~ , ~ nOnaraIDTCH Ha CBOro MaCCàByID nOBepXHOCTb. (EOKaSaTenDCT

BO 3TOro ~KTa CM. B TIpHJIOJKeHUR A). TaKRM o6pasoM,RMeeM 

!t(tJ(A-I-tJA; 6; 6-) =(A; 6; 6:/d(2(B-A-dÀ}jt(8(8-A-d).~)~ 
....... A /\ A
 

=(1/; ~ 6/J(z(B -A»J(() (8 -A))) = fi(z) (A> Ô) õ), (4) 

~TO R ~ORaSHBaeT nonepe~HOCTb rrpORSBo~~ero WYHKUROHana ~ -~mTpHUU 
(1.50) Ha r~ccoBo~ nOBepxHocTR BHelliHllX wepMHOHHHX noneR. 

Iv1H Bn,IJ;RM, ~TO H8JIl1~Re ~BYX ,d-WYHKIJ;IDI BMeCTO O.n;HOn, TaK se, KaK 

R HanR~e ~orrO~HUTenDHOrO KY~OHOBCKoro BSaHMO~enCTBRH B RHTerpane 

(1.50), OTnR~aIDmRe Bb1P8JKeHRe (1.50) ,I(JIJI rrpoasnonrnuero WYHKInlOHaJIa 

~-fI'"IaTPLiUhI OT cooraercraymuero CTaH,IJ;apTHoro BhlP8JKeHIDr (eM., xanpa
Mep7-2 /), ae BHOCHT .n;onMHUTeJffiHoit cneIU1<!JRKR rrpa .n;OKaSaTMbCTBe ero rro

Ilepe~OCTU_, M OHO aHanOrMtIHO .n;OKaSaT8JI1>CTBy,npUBe.n;eHHOMY B CTaH,IJ;apTHOM 

c~J"1ae. RaJKHO nomepxayn,; ~TO B xaxeo'rae A B COOTHOllieHMM nonepe-raoc
TU (4) MOJKHO Bbl6paT:b JIlO6yID cPYHKI.J:MID, ae saBHcmuyro OT BHyTpeHHero nOJUI 

uHTerpKpOBaHHH L9~ , B ~acTHocTu,rrpoM8Bo~HHtt WYKHuuoHan OT BHeillHero
 

n~ ;9~ . Bbl6epeM B Ka~eCTBe ~ B (4) WyH~OHarr*/
 

) =A (tf;J) ::[-1/(/;;))([/1) 9. - ftlt: /lD (.%0>1- 't'~:X) 7 (5) 
-00 

KOTOpbln,o~eB~Ho,R~eTCRrrpoeKTopoM Ha noneA:1) s /1,)1 -I- flrf/.A- t'tJr/1), (6) 
nO~~HRIDmeeCH ycnOBHID 

.I' (t) O 
I  t "AJ' =. /3 / rI}

B CWIy noxaaaaaoã HaMH b6me:ft reopeaa uOJIe tJ'1"", ,B ~OnOJIHeHHe K 

YC~OBHIO I~;t)== CJ, npa YCJIOBHl1, ~TO tIeTHpeXKOMfIOHeHTHoe caooonaoe 
noae ,AI.,.,. uo.n;1lliHíleTCR ypaBHeHIDnvl MaKCBeJIJIa, aBTOMaTlftIeCRH no.n;tIRRfIeTCR 

YCJIOBHIO 
tt)'

::;-J1jtJ== () , a ypaBHeHIDI .n;BlmeHWI .zt1lft aero MMeIDT BR,It 

0,.4.# P. . T8.Kl1M 06paSOM, Bu60p napaaerpa rpanaenruoro rrpe:I; 

oopaaoaaaaa :.J. ,ItJISI snenaero nOJIR ~I' ' IlpHHa,IJ,JIeJKB.IItero MaCCOBOft nonepx-
HOCTH B BR,Ite npoercropa (5), npl1BO,ItKT K TOMy, 't{TO orrpoexmposauaoe no

ne li}} aBTOMaTH'tleCI\H rrpUHa,n;JIeJKl1T yJKe qmSK'tleCKoft MaCCOBOft nOBepXHOC-

TM: At:NI1~ JJá~A ~~Aa)6 OJufl 
~ I/',/" /Ti/' ~ rrl. .7 

*!npe06pasoBalllie (6) ,OlJeBRJt}Io, HBJIJIeTCR BHPoJK,1teHHHM, T.e. HKo6H
aa ero PtlBeH HyJIlO. Omtaxo MH: COB8pmaeM 'aTO rrpeoõpaaoaaaae Ha,It BHemmIM 
nOJIeM /1.1' , no KOTOpO~ se rrpOBO.n;J1[TeR ~RUKOHBJll>HOe llliTerpMp0m~~' 
a saTeM conpoaosnaea (6) KOMIleHCHp-yIOIIteft 8aM8HOft 8.,.N-g"p~~A lrA~ 
JIK06HB.H"KOTOPO~ paBeH e;IJ;Kmm;e. 
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'I; 

II 

'l'0 eCTh
 

t'J4r/1($)=- íl jIlj'~ tJ}' oAj,J=tJ.
 (7)c,: 

Will 6~~A CJ~eC'l'BeHHO orr}waT:bCH Ha 3'l'0'l' ~a~'l' ceM~ac, rrpM nepexo.n;e K 

.n;pyrrnvr, OTJH1tffibIM OT !1$, =80 = () 11 _~~ = iJ, cf -06pas')v. 
H1llv'1 KaJI116pOBO~H1Ii'il YCJIOBJiIRM. 

BH6HpaH B Ra~eCTBe WYHl\UHK A B COoTHorueHMM rronepe~HOCTK (4 ), 
npoexrop A (21:4) , JIerRO rroJIY'lliM ' 

/I ~ á) A /\~ /(1/ ,JI. ttJ,) (1/ ,//; 11),,,\ ~ 
Iift)(/?/6; õ) =- «A ~ Õ; b/cJ(! réj;,-/lrJ"}d( ~ (.8~-fi~J». 

110JIarM B nOCJIe.n;HeM q)üPMYJIe nneunrue LIOM Ha MaCCOByID nOBepXHOC'1'h ;4 
~ ~ "'" A =/lé 1~17: oA"'p - GlrJ"(P',4) = tJ , c ~eTOM COOTHOill~HHM (2), 

(7), He'l'pY,UHo rrOJI~Tb cooTHomeHKe 

/\-""'ó ~/\/\
/tft)(~/ e: ~) = ~/1" Õ; tr/J'(j"Lf~)t(g~)~ . ( 8) 

TaKl1M oõpasox, ua MaccoBoH nosepxaocra BHelliHH.X rrOJIeM A , b , (? Mhl 

:V130aBJiIJIMC:b OT BHelliHH.X BeKTOpHH.X nOJIeí1: A B apryaearax l-tIJYHl\UHf1. 

3TO 06CTOR:Te.JlDCTBO rraer BOSMOJKHOCTb nepeãra K .n;pyrJi'l'.Jvl ; -06pa3HhIM 

IffiillM6pOBO~Hill~ YCJIOBMmA c nOMOmbID JIHHenHOfi H~BHpO}K.n;eHHof1 SaMeRbr*/ 

.8/, -- 8v'"' -r- ~ f)(B) (9a) 

;?-~ erf';/ &('"J'J)Y; /-- ea~f-?&(gJ,)y~ 
(96) 

rne &(L1) =rZ~)-2-P~-~~J, 
(lO) 

.Hy.o6J1[aH_ KOTOPOí1 -ec'rs HeROTopM ROHCTaHTa, ne sanacmnaa OT nOJIen ~ , 

?- ,~ -, KOTOpaH,KaK 061l~HO, saHOCKTCH B HOPMMPOBO~HHfi MHOJitl1T~. 

ü'1'JVleTHM, 'ITO !'vIhl snecs Orp8HM'Il'IJIHCh JI.vJH8MHbUvrn no BjI 'K8JIHOPOBO'I

H1~nR YCJIOBKHMM, T.e. 9?~ B (IO)-8TO orrep8TOp, He- S8BHCHmHH 0'1' 

nona 8.)' (T8R, H8npHMep, 13hlOOPU ~ = (x-;f),1" l1JIK 90, = (J"JI B yc-

JIOB!1M f/JJ'Bj/(x)=() ' 38'u8roTRaJIM~OBKH cI>OR8 JIopeHI.J;a11 COOTBeTCT':" 

BeHHO. 

HeTPY,UHO B11,n;eTb, 'ITO S8MeH8 (9) )J,Jl.f! rrOJIeM 8.1' ' f ' f JIBJIJIe'1'

CR li8CTHblM My'!aeM KaJIHOpoB01ffiOro npe06p8S0B8HWI H 06JIa.n;aeT' C130MCTBoM 

x)3B.Mei18 (9) .n;JU! rrep~1íJ.na R .n;PYI'MM fflH6poBK8M 13 CT8H.n;apTHOM CJIYti8e 
6aH8 rrpe~OJKeH8 13 (CM. T8K*e ). 
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~.I'BJ' - cp JIB,JJ • em 
SaMeHY (9) B cooraomeaaa (8) MO]KHO nposecra .n;Byr'iIR cnocoõaaa ,
 

BO-IIepBHX."7 ITQJIOJiWM f.Al: "tA: (1,0,0,0) B '(Ia). - ToI'~ EMeeM
 
.(. 

l(iB) t(()B) - J'(CfJB) J' [d J4( BJ4 - 'dJl (Z'dr1(t B - <PB~]. 
Á.I:J~ 

. J 
C J"leTOM Toro, llTO BhIPaJKelille D(!~)- (9JB) ,RXO.n;mI.\ee B apryae: 
nOCJIe.n;He~ ti-epymrn;Rl1 t nc-reaaer na nOBepXHOCTlf (rpB ) = O, 3~1 
eMO~ nepaoã ti ~yHKUlfe:M t JIerKO nOJI~l1M 

cF(í8)J'(1l8) --- j1(;P8)t(t9-r~- ~~ft~)-f?B». (1280 

Bo-BTOPUX, MO]KHO nOJIOJKl1Tn B (IO) jIJ"'= (7 cP • Tor.n;a JIerKO rroJIY' 

1.lliIvl 

J'(t8)r!(88) -... tf(tJ'f8~ - fi,)l O-hBJ-2JtF(fJJB). (I26~ 

HeTpy:ItHO y6e.n;lfTnC.fI B TOM, llTO BhtpaJKeHR.fI, cromnae B KB8,1U)aTHHX cxocss 
B (I2a) 11 (126), so-nepaax, .fIBJImOTC.fI lta1lll6pOBOllHo-mlB8opHaHTHHMH BhtpWKE 

~/, r ,«, HHBapl1aHTHhI1'IIU OTHOCl1TeJIDHO 3aMeHIJ (3), 
11,BO-BTOpHX,B TOM, ~TO 3TO eCTn lia ~TO lfHO~KaK BeKTOpHHe nOJIJI 

,Jt,°(8) = 8,11 ~ t)1ePÂ.t',fJ( .6') 11 vecr- 1'8) =4 + p,pAr"18 )
 
ilo.zrql1HRIOlIU1eC.fI yCJIOBI1.fIM 1.1'.11;1.1= O u (;>JI~~ ) = O cooraer-
I 

crseàao , a BHÇlaJKeHM A(2)(B}x)=-(Z'JrJ(2J1BII)=_rd:B.(z.-f~'x) a
aJ 1. f tJ J':...., 'AJIA (B,:X).-D-re~BJI(x5)=\ -/rI> [(O)-'jJ'1t (r» j/~J) f4p!lIC(Z-jJJ] ((r'B~ CI» 

JIBJIRIDTC.fI rrpoeKTop~lli Ha COOTBeTCTByromne KaJIlf6pOBO~HHe YCJIOBKR. Ba,]KE 

no.zrqepKHyTn, O.n;HaKO, 'qTO lvlH ae .n;eJlaJnI napozneamrx 3aMeH B.)J +aJlA(Z)(B. 
11 fJM.,t fl.,NA "'(14) noz 3HaKOM WyHIrn;l10HaJIDHOrO HHTerpMpOBaIDUI no BeK

" ti) IZJ 
TOpHOMy nOJIlQ B"M • IlOJIJI)!te J9~ H eB"., C06l1p8lOTC.fI B apry
 
MeHTax J'~yHKIU1tt JIIDII:b B Cl1JIY HaJIlf'qH.fI COOTBeTCTByroutKX .n;onoJIlillTeJ'Ul
 

HI:DC J'~yH:KIUrtt noz 3HaKOM tJlyHKUHOHaJInHOrO aarerpaaa.
 

*/Ta RaJi HHBapHaHTHOCTn cnpoeKTMpOBaHHOrO nOJISl B d?l1KCl1pOBaHHO~
 
RarrH6pOBKe OTHOCHTeJlDHO KaJIH6pOBO~HHX npeo6pa30BaHH~ Ha~ HCXO.n;HHMH,
 
npoeKTHpyeMHMH IlOR.fIMH 03Ha'q8oe~ ~H03Ha~HYD .n;OCTRERMOCTn COOTBeTCT

BYID~erORanH6pOBO'qHoroYCJIOBH.fIL3J.
 

6 

~ 

BOCrrOJIn30BaBllillCn ePoprl1,YJIO:t J(/1u) = tieiM -lJ.IU~rroJIJI~IDII J'1Í1Jd.:t?= 
=Jetfta)J(it3)(3B)-DftB~, !(ilJJJ.JI ') = lei D !(altB) - (2g)(Q8J).Y~TIlBaJ'4 
,~TO KOHc'!'aHThldem~H d.!iD, KaK ooirsao , 3aHOCRTC.fI B HOpMRpOBO'illhl:H 

MHO~TeJIn~ rrOJIY~HM BMeCTO (12) COOTHoru8HHe 

(J'(tpJiBJI) t(OJ'JJj/Y8» . ' 
JÚJ)J1(f)8) - L!(fjJJlBI') !12J4JJ;k)(B5) /V (I3) 

A/tf('PJ!B,jl)!(D(zBJ- (2J))(flBJ). 

MIl BR,IJ;P.M, TaKlfM o6pa30M, 't1['O He3amlCIDvlO OT roro , MeMeM JIl1 MbI C 

-nOMOnu;,IO 3aMeHtt (9) 8oprYM8HT 'O,IJ;HOtt J' -:-'fJyHKUlfll; l~ -- ?J1g.J' '-B COOT

HomeHHH(81 .. Ml1 -aprynexr ;npyro:ti. /-:PyHKI\HH: í1~ ---9'~; , -pe'" 
3YJIbT8oT nOJIyllaeTC.fI O,IJ;l1H lf TDT ~e. HOKa3aTenhHbW .fIBnJIeTC.fI TO~ ~aKT, llTO 

nOBep){HOCT~3B,I(aBaeMaJI nocxemreã "-4lJyHKnHeH B cocmoneaxa (13), ecrs 
lia ~TO RHoe, KaK HYJIeBalI Kor.-mOHeHT8o CBOC>O;:J;HbIX ypaBH€~ .[v1a.KcEeJLila. 

'I'8oKHM. o6pa;30M., HyJIeBaJI 1.\00villOH€HT8o ypaBH~m[t1 MaI\CBeJIJIa :,IJ;JUI BHYTPeIIHero, 

noJIJI l1HTerpllIpOBaHll.fI,6y.n:yqM 3arraceHHOH B HCXO~HOM cooTHorneHllH.\8) co~ 

MemeHHeM .n;BYX tI'-<mrHK$1H /'(BD) M l'(íl~)Ilo.n;'3HaKOM HHTeIl?.aJIa, 

aBTOfv'laTR't1eCroI, c yqeToM HaJlli~JI. cooTBeTéTBj~ltteit ,IJ;OnOJIHHTeJlDHott ti ' 
CJ)ymunm, BIlnOJIH.fIeTC.fI 11 nocne nepexona {{ !-o6pa3Hl::IM RaJIR6pOBOllHbÍM YC

JIOBKRM B~8o P'~:: (). 
'faKHM oõpasou, COBepUJa.fI. B COOTHOlllemnI (8) r.p~ReHTHoB npeoõpaao

saaae {98o) Ha;IJ; BeKTOpHhIM llOJIeM 8,)1 H eorrpOBOJK,1J;aR ero -éOOTBeTCTBytO~-:

MH qa30BllMIf rrpeo6pa30BaÍlIDIMK t"96) .caanopmrx nOJIe:H 1"., y:- ,.c yqe-

TOM COOTHomeHlf.fI (I3}, nOJI.:rmMBM"E:'CTO (8) CGOTHOlIJeHHe, 

.: "'" .... "" . ~t?.)' A A A' . (JA'... "(14)
t€O) (~" tr; ú) «/t (A);. e: Cl/'(f!J~) d( o{f8)- .4!V 

, '_ '-(t8)(i8~>' 
JIJ 

SHa~OK ... I"V B .n;:aHHQlA -c.nyqae oaaaxaee paaea.CTBO Ha TOJIblCO. o .TO'qHOCT1)J> 

)tO .1iOpMHpOBO~oro MHOlItNITeJIJI, HO K C 'TO'qHOCTnIO .n;o HecymecTBeHHoro 'PeHOp

W1pOBO~HOro paCTIDK:eHIDr BHeIDHIDC crrasopnsx llOJIen (cM.IIpHJI021e!W.a A),. . 

OqeB~UJiO', ~TO ,J"- tfJ'yHKUHIO OT KaJIHÓPOBOtIHO-HemmapHaHTHoro ~paJKe

.EM IJ""B, B, Iij)àBffit JW..c~1i COOTHo~eIDUI (I4l M~H0 ~Q~ec'~:aeH1io~
penacars B B~e if/!J~~J=J(~)I(8J1-AJ4-'~J4A(tprll~.' OcymeCTBJI$I. Sa'DeM 
;B.,.HHTerpaJIe (14) KO~eHéHpymlI{ylO 3aMeH1 {3) HaJt U<>JIJlMH 8;," ..,f' .. F·o. 
Bbl6opOM ) =A"''''YA) , ~ yxrejQ~TOJK.1l;~TBa Yóp.n;a M ypamieHd ~BH
1temmJtJI.fI BHemmtx wePMMOHHl>Ot nOJIeI o , 6'" <CM. IIp:wt01itetm-e A·) "DJJJIy

'i 



'l11M*/ 
(15) 

1?t'j)(A~;;'hJ'V ('~. ~ ';;/(fJ1'IJ/~Â~?Jd(D(2B)-(2tJ)(()B5» 

O'leBYI,IJ;HO, t{TO B CMJIy orrpeaeneana fim (1.43) .n;JUI nona fi rrOCJIe.n;HIOIO
 

tf -CÍJYHRI.UUO B (15) MOJimO TQjlmeCTBeHHO nepenacars B Blme
 

cf'(Df!,8) - (jlY)(9LJj) = J7~cI-'(.8.-# -A~j), (16) 

rzte 

.tr/i : .t~o,) i/p = OJrf/? - ~ djl (17) 

-oneparop CBoCío.n;HILX ypaBHeHJ~i1 MaKCBeJIJIa. TaKHIvI oopasoa, MH .n;OKaSaJIk1,
 

'lTO fl>yHRI.J;k10HaJI
 

j((fJJ) (A,. 6,,6) :o «A; s, õ / J (rp.JI(B,JI - AJ4) ;(1/'BJI) =
 
~ - I .JI. t211 íJ
 

= &:li l,}'oIx[õ/Csô -f-;rA ICJlr J. 
(18).!f} /iJB,? OJ 'f$J T" {XX! t'[jJf,x ! elo -/I .11;C;: B Y- õ Ks 'f 

-- fies õ} -f-S;:I(8) Jf>h)JJ(fjJ.!'(B.I' -AJ'~d(~JI(8.1' -AJ'~ 

na MaécoBotí rrOBepXHOCTl1 BHernHk1X rrOJIetí Il ,f), 6' cosnanaer (c TO'l: 


HOCTI>ID .no HecymecTBeHHoro HOpMHpOBO'IHOrO MHO~TenR 11 peHopl~OBO'lHOrO
 

paCTmKeHIDr) c rrpOMSBO.n;.íll.l.\IDII WYHK1U10HaJIOM Iê~) (/f~' s; ?), orrpene


JIeHHHM COOTHOrneHk1eM (1.50). oTOT WaKT OSRa'laeT, 'ITO rrpOk1SBo.n;.HlltHe éPyHK


~OHaJIH ~Ii} 11 ,/(.[1'/ npencraaxmor o.n;rry k1 TY JKe s: MaTp11UY na Mac


COBO~ nOBepXHOC~k1. 

NlH BIUJ;k1M, 'ITOrrpOk1SBO.n;.HlltHH éPYH~OHaJI (18), B OTJIM'Ik1e OT COOT

B€TCTByIDmE?rO cTaWJ;apTHoJ:'0 BbrpaJKeHHR /, sanamaero ~-MaTPk1IJ;Y B :KB.

JIk1ClpOBKe t;J,IIB., = o B KOHçlJI1rJlpaI.U10HHOM rrpencranaeaaa, conepxnr non
 

SHaKoM ItlHTerpaJIa .n;onOJI:HHTBJI::bHYJ) ti' -<PYHKlUflO OT KaJIk1CíPOBO'lHO-UHB8.pk1aHT


HOn HyJIéBOH KOWillOHeHTH lPaBHeHk1ll N~KCBenna 11 .n;OITOJIHk1T~I>HHH ~yH~OHaJI
 

BSak1Mo.n;e:M:cTBIDI: ~ ~t , k1MeIOmnti O.n;11H k1 TOT JKe Bk1,!( KyJIOH(>BC~Oro
 
BSaID.o1O.n;eHCTBIDr (1037) .n;.JI.ff JIID6oro BhI60pa orreparopa ai-" B' YCJl;OBMk1
 
~ r ' (?,:;B~ = O. i' 

, */Bf3.JKHO rro.n;'IepRHyTI>, ''IT~ MH ITpk1 aTOM nO~10 .flHBa.PHflHTHOCTk1 WYHR-, 
naosana L1~ (;r",) HCrrOJ1I>syeM MHBapUaHTHOCTI> i/'8J1 'Oi. 8tFio -LJ8 -;1. (1/1)
OTHOCk1TeJIhHO l1lJeo<Jpasommdi (3). (} • jj. 

... 

Ilosropaa YJK~ rrplIMeHUTeJIDHO R npOMSBo.n;R!Ue1v'IY ilJ~TRKImOHaJIY /(I'P) 
Iterro'IKy paCCy)l{,D;eHk1il {1.35}-(I~50} B oopamoã IWCJIe.n;OBaTeJil>HOCTM, He

Tpy,nHO ÍI(}JIY'I:l1TI> .n;JIJI j((fl')(A;6; ?/iE./CíP')fY} GJIe.D;yIOlIUie npeacrarore-

HIDI: , e.Tr 
~t'?,)(?') "'" ;;e, ea:jJ tLP;(j.}.,L~t (J~Y'}Jtf(~.8)tfa8),

JU' (19) 

('P')~j') , ~é'.t'/./Í 
firfJ)(Y) =- Co (j~'I'/erz'p L~út (Y'),? (2Ó) 

a cooTBeTcTByroIU~ (18)-(20) rrpOk1SBO,D;RIl\k1ll WYHRI.J;k10HaJI k1MeeT' Bk1,!(: 

C('~)-(,T) /VPj,~I" /Z's;rj) ~ ~~4),l-j7J· (21) 

, . J1(?J8}~(~8). 

B gJopMyJIax (19)-(21) lICrrOJI:b3yIüTcH ROMrraRTHHe 060SHa'l:eHIrH 

j =('.B; J?-..,Y/, y?=- (:4/'Õ;'~)~ rT=;(r{,;P~ 9). (1.41) 

B 3a!\JIIO'IeHRe a Toro pasneaa OTMeTI1M, 'tlTO HaJIU'll1e .n;BY:X: cf-.{pYHK

uIDi B BhIpBJKeI{IDDC (18)-(21) nocne nepexona R rrp0k13BOJ1I>HOI'lty J!. -o6pas

HOMY KaJIl1ÓPOB01IHOIVry YCJIOBHD· B~a flJ.I'fjJ" = O ecrs CJIe.n;CTBue HBJ.m

'IM .n;BYX f ~YH~ B MCXO.n;HOM, ITOJIY"'T.!eHHOM B pesyJ1I>TaTe RoppeRTHO

ro nepexo.na M3 WaSOBoro npOCTpaHCTBa B ROHWMryp~OHHoe, Bupa,p:eH~R 

(I. 3J). EcJIU .1Ke B UCXO.n;HOM BUPBJKeHk1:H, !\aR B CTaH,1.tapTHOM IIowco.n;el 5 { 
conepxanacs 6hI acero onna t -4!yHKIJ;l1R, /'(80) MJIU d(1J'li/), non 'SRa

ROM 11HTerpaJIaA TO 3BNleHa*/ (9) o.n;HOSHa'IHO IIpk1BeJIa ClhI K HaJIM'lillO e.n;k1H

CTBeHHO~ ti -ÇpyHKIUm t(5Z7~)B rrpeo~a30BaHHOM BHpaJIteHl1k1 .n;JIJI ;e, 
'ITO U npozcxonar B CTaH,1.tapTHoM nonxone 5/. 

:Eme pas nonxepxaea, 'tITO IryJIeBlliI' KorlimoHeHTa ypaBHeHI1H WJa.KCBP,J!Jffi 

,IJ;JIJIBeKTOpHoro ITOJIJI L9JV ' BUnOJIHeHl1e ROTOpOn B Wa30BOM rrpocTpaHeTBe 

k1HTerpHPOBaHRH OÓecne'lRBaJIOCI> coru~emeHUeM COOTBeTCTByromHX rro.n;RHTer

paasnsx l' -WyH~H, TOJIbRO B nameanonxone BhIrrOJIHHeTCH k1 nOCJIe ne

p exona B ROHWurypa:r..UW!-lHoe npencraaaeaae , !\aR no, rax k1 nocne SaMeHbt: 

(9). BCJIe.n;cTBk1e aToro 06CTOHTeHI>CTBa UHTerpMpOBaHk1e BO Bcex BhIp8jKe

Hl1JIX (I8)-(21), KaR k1 B éPasoBoM rrpOCTpaHCTBe, 'rrpOBO.n;k1TCH no .n;BYM (a 

ne no rpea) HeSaBk1C:vIMl:lM KorrúIOHeHTaM nona 8qN , B COOTBeTCTBk1k1 c Ha

~U'l:k1eM Bcero .n;BYX ~k13M'IeCKI1X nO~Msa~H WOTOHa. 

*/TaR !te,:KB.K k1 BCTaBJIeHI1e ~.n;k1Hl1U1! .I=LJp(B)~tiJd(tp(B~/5/ 
B "Hak1BHW" cI>yHKUHOlIa..JThIllrtt k1HTéI'paJI l? aaaane ~8Jme-eB8.-l1ono:aa/ • 
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3. lIPOIIAfATOP j3ZI{TOP;TOrO nOJIH HeTPY.JJ:HO npoaeparr., l1TO rvraTpllIJ;a (26) ,I(e~crrBHTeJI:I,HO y.n;OBJIeTBopReT 

TI 8TOM pa3,n8JI8 ;,wl, JJ)JH npocroru, OrpamI"tfil.MCSl 'BHÓOp'oM ~ = /2;}1
 
TI (0)-(21), r'ne !l,ll- JU1HeiiHhIVL JJ:MElxImpeHrm:aJI:bHhIl1 oneparcp BMJJ:8
 

1l.JI =C 8/8X,/I 1- tI' ,a C .l1 tr!' - He '3aBHC,mnWi OT a: lCOHÓTaHTa
 

H 4-BeI\TOp coo'mercmenno. BbI1.IUCJIYIM COOTBeTcTByroIlUüti: TaKOMY BbIOOPY
 

.971' rrpOH3BO,1J,.ITll.\HH 0YI1I\W!OH8JI CBOÓO.n;HbIX W-YHRrm:i1: rpMH8, B03HMRaIO

wüt B HalUeM nonxo.ne, 13 COOTneTCTBV[l1 c (21), OH MMeeT BM,rr, 

(/1.)-: - Cl'/Z)/. -')/Ct:J (/1/"?/ '?) = c /1/. Y/ Y J -= O /V
 

N ,;$8cR7;t.,f);t {!!Q<!jJ ,,$'o (8/ r: y),t-pv.x[.(J~;'" (22)
 

~ Til ~ ;?*J}J'{/l8)J'(~B). 
jlerRo mr.n;eT:D, erTO rrparan eraCT:b CüOT-HomeHHR (22) ':DaRTopH3yeTcH na 

rrponasenenae cTaHJ];apTH~Xo npoaanonmuero (IJYHR1U1OHaJIa CBOÓO.nHblX 0epl\'1ll
OHHHX í:QYHKI..lJIll I'pHHa c." e-(~~) H nponanonamero epYHKIJ;1lOHaJIa CBOÓO.n;-

HblX BeRTopHbIX ~jTHKI..lJi:i1 I'pnna C-;4-)(/j . 
r/Z~ - C .s't/ - .(/Z) •
 

/V o
C." (/(;; e, P) (~iJ )&0 (vi); (23) 

c:~ l) = ft;r--~ f ~jJ ifi 'Ix [ tf IC s f + ~ 'f + 'f j).i- exjJj!fx J:J [-ss. Yj 

tje $c (:r-/IJ = (,tl!)-f}t,peiP(X-J)[m - p- t't] 

-OÓbf!IH1ll1 (pepM1'IOHHbIll nporrararop 

c;"t/) =ff/JJ8J' ea:jJ i [ 1BJ'IC;~ B1J 
f jJ'BJ'J j'(fI/BJ')â{/./BJ') (24) 

C:ttBOIl1íICJUIM )(.;) .,iI.rrH aroro cnenaeu B (24) aaxerry 

BJ'(x) -- 81' (x) -I- <p~ LJ!:/(x -/)By(J} 7 (25) 

A (4), . 
rzte r.iaTpuu,a t.JjliJ .n;OJ1HHa O'blT:D nonoopaaa 'l'aRHM oopaaou, l1TOÓb! 3Ta aa

!lleHa, no-nepmrx, He flleHHJIa 6H apryaenroa rrommrerpam.nux J -íPYHKI.uÜi 

B (24) ll,BO-BTopblX,~m}Il1Tor.;.a.nadI::! nepexpec'nrue , r ;e. conepxauiae j,)' 
M BjJ tVI'€Hbl B COOTHOllleHl1l1 (24). 3TH Tpe6oBaHl1R onpeneaaor t.'IaTpllrur 

L1;~O,n;HO 3na-mo (l'ilH ne xacaeuca rr01\8 rrpOóJIeMbl ooxona rrOJI:tQCOB),;1 

B BMI1YJIhCHOM npeztcrannenna OHa m,ieeT Bl1,n: 

fIZ);:. • f I
 
L1J'Y (Ie) = - ;'z zfi'P - (Il/C) (lCjJfliJ I-lCy/lJl)

{26)Z~:-(2A:f fI' 'li> + (ZIl)(1l1C);;2/tl_(~IC)'l(X.J''l1J f
 

f Ki'tJ') f (~l[ /li - (~llf!2ít2::~2K)' }/tJ' IC1,
 
10 

.IJ;Byi·ií YCJIOBllJIlvl 

.JI (n.) jI (ltl
12 Llj'jJ (It) =1;LJj'Y (X) = O, (27) 

1
 rne oneparopu IZ,JI 11 .tI' B HMrryJI:DCHOM rrpencrasaeazn MMeIQT BI1,1l;
 

!lI' = CIC,JI + t,)' 11 t.l' -= (f~) 1C,jI -IC 2[1' COOTBeTCTB€HHO. B 
peSYJI:DTaTe BblnOJIHeHAA aaMeHbl (25), (26)' rrOJIyq:i1M*/ B\'lieCTO -(24) COOT

HOIll8HH.e 

i 
I 

G:Jly';)~ rY.CflJ;'z,j 'J t-j i.J'(xJL'{:; (a; -/l)jtyJJ,
I 

{28) 

I 
II Blip~eHHe' (26)1 TaKMM oópa30M, eCT:D H8 ~TO HHoe,KaR rrporraraTop Ka

JIllÓPOBOl1HOrO nOJIH, ROTOpblH, B OTJIl1l1lle OT CTa~apTHoro rrporraraTopa (1.2) 
~. cf -oopaanoã RaJUIÓpOBKe fl.l'BJI = O, o,n:EoBperlieHHo y.n;OBJIeTBopReT 

,n:Byt"'l YCJIOBUmvl (27) rro l1rlCJIY cF -WYHIliu-rX B (24). Cm,'iMeTPUl1HOCT:D no 
HH,IJ;eKCaM j' , "iJ II l1eTHOCT:D nponararopa (26) OTHOCllTeJli,HO 3aMeHbI 

f IC "",'-,1(" .Ql1eBH.n;HhI. 'tipe3BbIl1aHHO BaJ[HbUv\ VI cBH.n;eTeJlhcTBY1Oll\Ur... B rrOJI:D3Y 

rrpaBHJIhHOCTU HaIllliX nOCTpOeHMH HBJlReTCR TO OÓCTORTenhCTTIO, l1TOnpOrra
I; 

I 
rarop (26) ne conepzcrr tVIeHo f3 m!,l:{a Cj(t~lZiJ -I- ZiJ /Z..I') I1 

C,t IZ.)'fl Y • HaJIM'1l1e TaIGI.X '1JIeHOB upuaeno ou R 'ro\'1ty, l1TO 1\8JII1ÓPOB0l1

HaFI 1IHBapllaHTHOCT:D :: -uarpmtu ouna ou napyuiena ,n8JKe BÓOpHOBCROM 

npl1ÓJI-IDKeHHH. ,i.J:eticTBUTeJI:bHO, .n;HaI'paI',~MlI T}IITa ~.I4HO~~OTOHHoro OÓJvieH~, HJIll1 e"'e -- aHHUrllJUIIJ;Vlll 1 napyiuam, ÓbI KaJIllÓPOBOl1IfYIO llHBapllaHT-

HOCT:D . s: ~1'iIa'I'PMU11 B 110p.Fr,IJ;Re j- 2. , aa cver Toro, '!TO '!JIeHh!, rrponop

U:MOHaJIbHbIe(ZJllljl /- ! ~n.JI) wm:~n,'\l ,3aBHCRJIUlI8 OT npOlI3BOJIhHOrO B8KTopalv., 

B OTJlHtrn8 OT 'lJI8HOB.,nponOpI.tHOHaJIbHID::K..rt~,"f.f1Z,,4-K:v~I'.K;.f'n,))folC~Jl,t", 
ne YHl1l1TO)K8.JIHCh Óbl na rJIaCCOBOH ilOBepXEOCTl1 l1eprvH10HllblX nOJIeti Õ Vi (f 

,P/, -v IT"'TT
saKOHOM uerrpepunnoc'ra CIIMHopHoro TORa. vÇt = o: dtl' Õ. ,u,cw~ee, ~eH, 

rrponopnaoaam.auã f"l'Jtp a (26), KOTOpblH TaKJKe ne YHUl1T01KaeTCR na 

rMlCCOBOH nOBepXHOCTH 3aROHOM .Hf.rrpepOIBHOCTll TORa, BXO,n:llT B (26) c o,n;

I 
I ,IDIM 11 TeM 1Ke R0'3<fxIlllI.U1eHTOM -i/it~ JVlR JIIOÓoro asoopa 12-,)' z , KaR rro
I 

KaSaHO B ITpHJlOii\eHllll E, 3q,weKTllBHo COKpaIuaeTCH c I\yJIOHOBCIGIM B3aIDvlO

,n;eHcTBlleM LJ s.: ae .naBaR: B~a)l;8 n ?-M8TPV1.UJ. ,I Tal<HM OÓp830M, 'B<IxIl8J<Tl1BHuH nponararop , KOTOpl:Üi: Yili.O HüIlOCp8,nCTBBH-' 

HO BXO,1.UlT B .nllorpaMMHYlO 'l'eXIB1KY BM80Te co cT8H.nap'Í'Ho!1 BepllU1Hol1 K8Jl. 
f 

OTJUiY80TCJÍ OT (26) OTCYTCTB118M .\lJIeH8 ~Y .. uponopnnonansuoro fJl Z1 : 

r.. ·· 
*!KoHcTa;TY Jfl2J8JJ f(tz.JIB"J,f(,(/'lb) -exl -i 50 (8) I'IIIl, sax ooas

\'
 ·HO, BI"JIR)'qaeM B .HOpMHpOBO'tJ:Hl:.Ut l'iJ.HOiKHT~. ;
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I 
,~ ~ 

/l;~tH(Ie) = /1;~ (Ie)- J5,y (s), ce-~(~)= -12J'7r/iê1-. -(29) 

PaCCMOTpIDvl pa3JIl1'íHble CJIyqaH BbIoopa IZJ' B (26). (~4). llYCTb 

Il = (1,0 ,O,O), 'tITO cooTBeTcTBy'eTt'aMllJ1I>TOHOBcRorvly, B, == O, cf'
oõpaaaorsy KaJIl'ICíPOBO'tIROMY YCJIOBvHO. T0r:',n;a (IZ2-) = 1 , 1'1 

mrpaseaae (26), (29) JJ:JI.F[ )\ (IZ) eF/ rrpJfflliMaeT Bl1.n : 
LJ,jJj) 

!CJlKiJ - (,,,!ti)';' !C,/J ~y)(zJr;2 7LJ;:erf(lC)Lz = - ~ 2 {jJ'U(fie)'" - 1(.2' Y I 

(30) 

Jf lvlbI Bl1,1J;11M, 'tITO aTO Bbrpa'KeIrne ç:OBIIa,IJ;aeT c BbIp8JKeHHeM ,n;JLfI nponararo
pa B RyJIOHOBCROn RaIDICípOB~e 19'B", = O, ao ae co CTaH,Il;apTHHM BbIp8JKe

HHeM (I.2j B RaJll'IOpOBIte Bo = O. 

Buõepen reneps IZ./I -= C~B (26), (.29), -qTO B Roop,n;1iHaTHOM npen
CTaBJleHHll coornerc'myer npOH3Be,n;elOOO rf(é.~,pB.I') f(DBo - do(8J1BJ'Y.-v 

/V 1(;,'8,,) ! (80) non 3RaROM RHTerpaJIa B (24). Herpynno 
mmeTl> , 'tJTO MbI cnona rroJIyqHM BMeCTO (26), (29.) I\yJIOHOBC:RH11 rrporrara

rop (30). 

Paccnorpme reneps CJIyqa.:tt nsõopa fl..I" raxoã , 'tITO (a [,) -=O~ 

nanpnaep /2/, = (0,0,1,0). 'tITO cocraercrayer J1-oopa3HOMy YCJIOBHIO 

aRCHaJI:bHOn l\BJll1CíPOBKl1: /3.3 = O • BaToM CJIyqae BMeCTo (26), (29) 
JIerKq 1I0JIyq11M 

A (Il) e.l.f/;c) I __i...- JQ. y _ rz.,f J(,jJ f !te n Y f rz. Z ICJI /(i/ )
 

LJJ'Y (I /(/l.2) -= o - lC'"l([J' /a«) (121C)~ )
 

11 aTO BbrpaxeHHe connanaer c rrponararopox !<YMMepa (1.2). TaIlliM oopa

301~, nropzvaoe KaJr110pOBO'tIHOe YCJIOBl1e íl 'r;ó (8) = () "CJIe,Itl1T" sa 
BblOOPOM fl.jJ B rrepBll'tIHOM YCJIOBI1H 12 JIBJI = o. H Ha1Il .nozxon R KBaHTOBa- I 
IDfiO, B oTmitrne 0'1' craanapraoro nonxona (CM. (I,2), CymBCTBBHHO
 

paaaasaer 'CJIY1ffiH ssoopa oneparopa rt. .
 

XaPaXTBPlIO, tITO, sorna B CTcumaPTHOM nonxone BllÓOP ~!l 

ri, =~ B (L 2)', (L 3) npKBO,IUlT It npOTlffiOpB'U"JII) c KaJU!6po- :1 
BollijoA HHB8pa8HTHOCTl>IO,paCqeTOB IIBTJIH BwIbCOH8 16 (Rama npoue,ItyP8 < 

:KBBHTOB8HWl nOKB3HBaeT, '11'1'0 RBR pSS BaTOM CJlyqaB nponararop I\YMMépa ~ 
(10'2) ae I'O;ltHTCH, B aeooxonaao Ópa,T:b acIlÍlel\TMBH&ii nponararop- (26) ,(29) .. 

IWTOPhIX COBITa,n;aeT c I\YJlOHOBCKMM nponararopou. 3 TO ír,8 BpeIv'lH B CJlY

'tIa e ,Bbleíopa n: =(0,0,1, O) nau nponararop (26),(29) connanaer 
c KY~UJepOBCKMM (1.2). O.n;HaKo JfMeHHO B 8TO~ cJIyqàe, KOTOpblH COOTBeT

cTByeT BH60py KaJIHOPOBRH t?3 = 0, KaK pas M HeT rrpoTllBOpeqHH c pac

qeTOM neTJlH BMJIbCOH3 B .n;pyrHx KaJIMeípoBKax. 

C .n;pyrou CTOPOHbl,Mb! B~1,I(HM, 'tITO B cxysae TaKHX BblCíopOB /Z.,jJ B YC

JIOBMH a Jt'B
Ji 

= O, npa KOTOPblX 1J,é (1Z?,);4j U 1Z..... '""'C..t:"" , lITO Co.OTBeTCTBY

er raKHM 1IlI1pOKP HcnqJII:>3yeMbII'v1 l\BJlHOPOBRaM, RaK, HarrpHMep, cnercnonoonan 
n' = O, HJl11 KaJIHCípOBKa "BHe1IlHerO JillimyJffiCa" - n//P ,r,n;e f- 3~0 

BHelllHHll 11MrryJII:>C 'tIaCTH1Uol, l\'lbI. B1i,I(I1M, 'tITO rrpu pacxerax uecoxonano Y't!Jil
TbIB8TI:> nonoxnarexsnue , nponoprtaoaansnue (Ilg) 11 (/l~)"~ tIJIeHbl B npo

naraTope (29), KOTopble He B03HRKaDT B CT~apTHHX rrponaraTopax. 

B 3aKJIIO'tIeHl1e OTMeTl1M. 'tITO B 3TOU CTaTI:>e rrponeneaa rrponenypa 
RBaHTOBaHl1H na rrpnaepe aõexeaa CJ1Y'tIaJI. O,n;HaKo nac 3.n;eCI:> 11HTepecyeT 

nocrpoeaae reopnn B03MymeHHl1:" B paxxax IWTOPOU ImaHTYlOTCJI CBo~o,n;Hhle~1 
T. e. ae caMo,n;eíacTBYJWlHe, xazaopoaoxase 1I0JIJI. B TO BpeMJi
 

RaK HenHHeiHoe CaMO,IleUCTBRB RaxaOpOBO~llX 1I0JIeH B Heaoe-


JIeBOM eJIyqae, OCí'be,n;l1HRJIGl> c .JÍarpaIDKl1aHOM B3aMMo,n;eí1cTB11H c ,rrOJIIDllJii 1VIa.


r epna, nrpaer pOJIb ,n;orrOJIHHTeJIl>HOrO B03~Iiyll\eHHH. Talorr.,1 oõpasou, ypasne


HID! ,n;BJiU\eID1ff, ICB8,1U)aTI1'tIHaH <I>oPMa ,n;eRCTBHH, uponararop M BTOp11lIHOe xa

JIL1CíPOBO'tIHOe YCJIOBUe ,n;JIJI CBOCío,n;HPtX BeKTopHhIX nOJIefi O,n;Hl1, 11 Te xe RaK B
 

aCíeJIeBOM, TaR H B HeaOeJIeBOM CJIY'tIaRX. l108Tor'IIY B paxncax TeOpJI11 BOSMy


meHIDt sce HeTpHBHaJI:bHHe I131'lleHeHIDI reopna rrpH nepexozre K HeaCíeJIeBY
 

CJIyqaIü caasaaa c ,n;Y:X0BbIM cexropoa TeoP:lt1Jii/ 5 I. Paccnorpenzo 3'1'01'0
 

Borrpoca Cíy,n;eT ITOCEJImeHa CJIe,n;yromaR CTaTl>H.
 

) ~

*',VIx HYJKHO OTJI1NaTl> 0'1' TaR nasusaeaax "xacrux'' ITOJIe1t! ílHra-IVI11JI

.nca , '1'.,e. cài.to;b;e'1t!CTByIOmn ~IJ!6POBO'tIHbIX nOJIeR, He n'saIJIMo,n;eMCTByIOlIlKX O 
nOJI.mvlli Ma.'1' epaa, 
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IIPR1IODillE A 

JlOKa3aTeJIbCTBO nonepeaaocrn npoaaaonmnero WyHKIJ;M:OHaJIa !ir?,) (A; 6; '6"), 
3anaBaeMOrO CooTHorneHlleM (I8),TaK Xe,KaR H rrorrepe~OCTR Hcxo.u;Horo 

WyHKIn10HaJIa. 0:.50), ocymeCTBJIJleTC.fI- c rrOMOmbIO rrpoBe.n;eHIDi lI ROMII eHCKp yIO

men" 3aMsHH (3) non 3RaROM WYHRIU'iOHa.JIDHOrO llHTerpa.n:a. B pe3YJI:&TaTs 

ee nponeneaaa, c y-qeToM nonepeaaocra (2) !Í?yHRI.UWHaJIa /Il~' .5; ~.> ,a 

TaroKe ToiK,IteCTBa t Jl(;.11,1/) = O, aerpynao rrOJIyqRT:b CJle.n;yIOmee COOTHOUIe

mie '.u;JlfI BeJIlrn1HH cfIC IZ) ~ IC (A -I-8A; 6; 6") - f(,(A; Õ; ~) B l1epBOM 

nOPRllRe nO.A : (. 
tIC(fJ) =(1/; Õ, 6*/â(tpJl(BJ4-A.f)S{lJi(B~-A.J}·. 

(A.I)

.'!jff!cs), cf -j f) lís õ1 :») 
rne , KaR R paasmet CRMEOJI <A; õ, (f/F> 03Ra'la€T rrpaByIO'tIaCT:b 

{Ia} (HJill{I. 50)) t B ROTOpOtt rrpoaaseneaae .u;BYX J -1JyHRIU'itt ,"3aMeHeHO 

na ~OHaJI F . COOTHomeIDi8 (A.I) - aTO TOJK,I{eCTBO Yop.n;a ,1tJIH npo
R3Bo.n;mI{€rO WHRImOHaJIa $' -MaTpRUbl tf (jD) (Ai 6; 'if) , R OHO aHaJlOrll;qHO 

COOTBeTbTBymme~ CTa~apTHOMy To~eCTBY Yop.n;a/tJ/ , OTJlR'tIaffC:& OT Rero 

HaJIwmeM .n;Ol1OJIHllTeJI:bHO'tl J' --<PYHItIUiR R .n;Ol1OJIllliTeJI:bHOrO RyJIOHOBCRoro 

B3aRMO;te'tlC'TBWi no.n; SHaROM HHTerpaJIa. 

O'tIeBn;ItHo, 'tITO .n;OKaSaTeJI:bCTBO nonepenaocra WHKlU[OHaJIa !lrf.Jx(ll; (J;"ff') 
no BeKTOpHOMy" aprYMeHTY CBO.u;HTCR K .n;OKa3aTeJI:bCTBY Toro, 'tITO npaBaJI 

'tIa,CT:b 'COOTHOmeHll.fI (A. 1) oõpaniaercn B HyJI:b npa llOJIOJitemIR uOJIe! e; u 

er Ha MaccoBYIO nOBepXHOCT:b 

J'/(,(?') (A; e, õ) = O~ 

A Ao 
rne /C~ õ ~ 6"ICs ~(). 

~TOOH y6e,n;RT:bCR B BHnOJlHeHHH aToro COOTHOmeHKR,paCCMoTpRM rrpOR3

BQ.7IbHyro .n;RarpaMMY, ilOpOJlU(aeMYlO, aanpzxep , cpopMOtt 

fAIC~ e =P":X1J";;t~ f(Xl)). (xJ.)JC.-s (Xl. - X:L) Õ(X1)} (A.2') 

r)te 

, -lCs-(~~ - :x:~) -lCs %(xJ - Xl.) ,. (il-".JJ' -m)S(:XJ - x«) 
B npaaoã ~.CTR 'COQ'l,'HOmeHIDI {A.I). aTa ;l4PIarpaMMa R306j1axeHa aa pRC.I. 

CI1JlomHol·JIHJmel aa -.ItmrpaMMe aaoõpaaeaa CBepT-RB. (CIlltHOJnndt nponararop 

·Sl:.{ZJ-.zl.)=i/l//xJ-X':L)) 2JU1'l'PeHHero nona l(z~) 1{S lÍlóP~"H 
(AóZ) 'c ~eROTOp~ .zij>yrRM nOJIeM -f(z,) , BOSHJc1KaX)IIt9JI B· pe3YJIbTa~:enpQ-

, 7 

II 
, " 

Be.n;eHRH WyH~OH~HOro RHTerpkipOBaHR.fI no BHyTpeH~l CllUHOpH~l n~l 

f ,T; .n;BOitHOtt cnnonaoã JIUID1eft tI306paJKeHO ~yeUIHee IToJIe õ(Zz) tIS 

cIJopMH (A.2); rryHRTkipHoit JlRHHeft, pasnensmneã $.rtx - ~~) II ICs (Z.i -:x~, 
H306pazeH qaRTOP .A (X.i) ,a 6JIOR c Cl1MBOJIOM M H306p8JKaeT OCT8.JI:b

HylO 'tIaCT:b .n;HarpaMMbt, CTpYRTypa ROTOPOit ne RMeeT 3Ha'tIemIJI. AHaJItITR'tIer cxoe BhIP8JlteHlle, COOTBeTCTByx>mee 3TOit .n;1'IarpaMMe, RMeeT BR,u; p'l,z 11(x)· 
.t(x/ICse) ,r.n;e 

;\1 JJ:x/ICs e) =}9;X" Jf;X, tO(x- ;Xl)~ (Xl)ICs (X,- X,) Õ (x,). (U) 

IIepexons B illv'mYJl:bCHOe npencrasaeaae, nepenauea (A. 3) B m1,1J;e 

t(X/lCs 6}=pflC~ (K-)jJ"P5c. (P-I-IC)/Cs(f)õ(P) tqJÍi(P+JC)xJ 
. (A.4) 

R BCJIe.n;CTBRe ypasaeaaa .n;BIDKeHRH íCs (f)~(f)= (1'J!1j, +!ft}6(f)rrOJlY'qRM 

t(zllCs õ)/Õ€l1n =0. 
Heoõxomeao rro.n;'tIepKHyT:b, 'tITO TOJI:bKO HaJIR'tItIe WaRTopa A B (A.1)

(A.4) rrOSBOJIReT liaM rrpkipaBHJIT:b HyJlIO JIeBHe 'tIaCTU 3TUX cooTHomeH~ noc

JIe rrOJIoJlteID1H'rrOJIR Õ aa Wl8.CCOBYIO rrosepxaoo'rs , He 6Y)J;:b aroro ÇPaRTopa 

B To~eCTBe Yop.n;a (A.I), CRTYauHfl 6HJla 6H COBeprneHHO llHOft. TaR, EMeCTO 

,ItRarp8l'llMH, aaoõpaaeaaoã na pRC. I, MR RMeJIR 6H TY xe .n;Rarpar'lIrlIy, HO ões 
IIYHKTkipHOtt JIRHRR,pas.n;emnometl \Í)aRTOpH ICs II 1(0$-1 (.n;narpalilM1:1 raxoro 
Tlma Ha3bIBaIDTcR - "onaCHbIMR" .n;1'Iarpar'l1MaMI'I/Z /), a BMeCTO cooTHorneHID\: 

(A.3) R (A.4) ~m MMeJl1'l 61:1 cooTHorueHtIR
 

t(zjlCs e) = PI(XJd'lXz.$c. (a: - X.iJ!Cs (X1- xz)6{xz)
 

HÁ; (:xl/ís õ) -JJ'P$c. (p)/ís (p)6/f) lXjJ[iPx] 
COOTBeTCTBeHHO. TaKKM 06pasoM,H3 rrOCJIe.n;Hero COOTHorneHHH B~HO, ~TO 

HyJl:b (1ft:" lJ õ(p) COIq>aII\BJ1CR 6H C ilOJIlOCOlvls;. (?) = (l-l-In) -~ 
BCJIe.n;CTBue 'tIero COOTHOmeHRe nOrrepe'tIHOCTR He BHITOJIH&nOC:b 6H. TaRRM 06

pa30M,TOJl:bKO HaJIR'tIHe waRTopa A B rrpaBOn 'tIaCTn TO~eCTBa Yop.n;a 

(A.I), 'tITO COOTBeTCTBYeT HaJIR't!RID B Roop.n;RHaTHOM r.Ip~CTaBJleHRR BH.u;eJIeH-

HOtt TO'tID (TO'tIKa:z. B COOTHomeRRR (A.3), WUI .n;orrOJIllliTeJI:bHoft nepena
'ql1 mvmyJl:bca B IDMlyJl:bCHOM npencrasaeaaa (HaJIRlllie ~ (PI-IC) BMeCTO 

$e. ('p) B COOTHomeID1H (A.4)) , .rt.em;,eT~Rarp~ ,Rso6paJKeHHyIO xa 
pRC. I "aeonacnoã", TaR KaR noJIIOC [(P';')C.)-InJ OKa3HBaeTCR IlOJI!OCOM 

rro ,IijJyroMy (~paB1mTeJI:bHO c (,P~/It) ô(.P})apryMeHTY R ne cozpauaer HyJl:b 

(,P~In) õ(P). 

_ B 3aKJIlO~eHH~ OTMeTliM, ~TO eMR ~ ilOJI..1iMH RHTerpl1pOBaHIDi 8,)' , f,
f COBepmaeTCR JIHHettHaJI aaaeaa (9), (Ia), ROTOpaR aeoõxomesa ,nJI.fI nepe
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xona (L 50)-(18) K J-bópa3HbIM Kalm6pOBO'IHhllVI YCJIOB11ffi'II BL1,1J;a f~ = 

O, TO 3aB11C1U/IOCTb napanerpa () OT BeRTOpHOrO rrOJIR 8.1' npRBHOCHT B 

t Ii(p) ;D;OrrOJlHHTeJIbHble "onacnue" ,IJ:}raI'pa.IVIMH, OITRTb-TaID1 nopoxnaenae 
't!JleHaMM PrJC.s'f :vI "ffCs õ B (I8). HeHHBapnaHTHhIMM OTHOCMTeJIbHO (3). 
Onaaxo, 'RaR CarvIli 8TH u...J1eHhI, rax 11 rropoxnaeaue Mf/IM "onacaae" ,n:I-iaI'paMIvlbl 

L1M8.lOT TO'IHO TaKOÍÍ xe BItI.n;, xax :vI B CTaH,IJ;ap'I'HOM CJIyt!<ie/.2 /, rne .n;OI\8.

3bIBaeTCR, 'ITO HaJIHtrn:e "OrraCH1IX" .n;MarpaNIM rrpMBO.n;1'IT JII1111b R HeCyJ..QeCTBeH

}ffiM peHOpMHpOBO~{HM rrpe06paSOBaHIDTIJ BHeillHliX ~~lliOHHhIX nOJIeÍÍ €) 11 eJ 
B B1ipaJKemn1 .n;JIH npoasnonmuero 0YH1\.U110HaJIa jj - MaTpl1J.U,l. 1108TOMY 3'1'0 

.n;OKa3aTeJIbCTBO 6es l1Sr.JeHeHHM nepeHOCHTCR Ji[ Ha Halll CJIy-qai1. TaKHM 06

paSOM, crpcro ronopa, B npasoâ 'IaCTl'I coornouenaa (15) HYiKHO SmlIeHl1TL 

6:; õ -- z Õ, ,~ Õ, rrte Z - 8TO HBKOTOpaH JIHHeHHaH 

onepanna na MHOJKeCTBe perueHl1ll cnoõozmoro ypaaaenaa Its Õ = O, 
a Z = JOZ+%0 -, aro .n;l1paKOBCKI1 COI1pIDKeHHaH onepatraa. Onaa-
KO M1! OC'raBJIHeM 3Ha-lOK aKBMBaJIeH'rHOcnr 11 B coo'mouenaa (15), lllY!eR B 

B~~Y, 'ITO o6eHM 'tlaCTID'i! 8Toro cooTHorueHHH cooTBeTcTByeT o,n:Ha 11 Ta iKe 

peHopMl1pOBaHHaJI s-l'iIaTp11IJ;a. 

Pu e. t 

IIPillIOmm E 

.L(OKaiKeIVI, 'lTO BhTPaIK'elille dj'p (íc) = - ,,'!JJ ZiJ/ jt2. B nponararop e 

(26) 11 nonoxaarezsaoe "KYJIOHOBCKoe BsaHMo.n;eticTB1'le" L1 s: B IÍJYHK


uaonaae B3al1M0.n;ei1cTBl1.R '.st:· a:})::peKT11BHo COI\PalllaIOT .n;pyr zrpyra , H8 na

BaR BKJIa,IJ;a B rrpOMSBO.n;.ffll\l11t WyHKIUiOHaJI 5 -r-,IaTp11IJ;hl.
 

Haaoonee y.n;06HblM .n;JIR a '1'011: UeJIM OI\8.SblBaeTCR npencranneaae (20) .n;JlR
 
, , .. lila) (A~. e; õ), xoropce rrOCJIe BOCCTaHOBJIeHIDI COK'pa

meHHUX OÓOSHa'IeHl1H (1.41) c y-qeToM cooTHorueHHÍÍ (1.37) (23), (26), 
(28) R (29) aamnuerca B BH,n;e.... + 

!i(4) (A; õ', õ): eajJ[JJfXd~[J'~(x/Jdx-:jJh-{j)J+ 
I J (a) e/f/. d I L J: ~ ) J' }

-I- t tIl (x) L1J'Y (x-j) JAy(/) + TIAjI(x) ~y X-jIAy(t)
.JJ 

.f!<l;)J{i [stt(A; e; 6)+ L1 Sl:zt(~ (f)]), (E.I) 

rne dI'; (~-/I) ~ - i Ll- j (.:x -!)2J' Zil - q;ypLe-rrpo06pas Bl:l

paJKelOOI (29), $íu (A; 6; 5') =JfrJ".xlJi/: r:&?J'II.p-$CTaH.n;apTRIDt lÍlYH~OHaJI 
BSa.l1MO~enCTBIDI, LJ $/.:1 (6; if) = - (Jz.;,t) 'rJr.r'/!f-[;;,D~-jJ/7 - "KyJIOHOB

csoe B3akIMo.n;eilcTBl1e", --<p11SH'tleC~ crrl1HopHIDt TOK,.r/"=:. fi';' õ 
a L1-f.x-tf) -<íJyH~R I'p11Ha oneparopa JIaIJJIaca. 

PaC~blBaR B p~ no KOHCTaHTe CBH311 rrpaByro 'laCTL COOTHomeHIDI 

(E.I), rrOCJIe rrpOBe.n;eHKR HeCJIO~HHX rrpe06pasoBaHHli nO~KM B rrop~Re 

~~ COOTHOmeHl1e 

D / -/' (Y'Uí (4) ) eff / -I' r st (4)11'1)
11/(IZ) (A.; s, õ JJ JÍzt , LlJ'Y'/ = IC /a» ( A; s, Õ ~tíz.t" LJjlT "rl-

f- L11C{1Z) (A~' e: ()jL1$:t) J;,y). 
(B.Z) 

. e// / ~I ~ (IlJtlI)
3,n;eOD BeJm1UiHB. !C(Il} ('A; Õ, õ/tillt J 1!.f~ /' passa npaaoã -qaOTI1 OOOTHO

meHWI (B.I),B KOTOp·oil OTOYTOTByIOT nOCJIe.n;HHe caaraeaae :t3 rrOKa3aTeJIRX 

~ : 3 KonOHeHT , a BeJm"qRHa Ll!t{Il) pasaa 
l 

. D ir f/, -1. L C' L I iJ.ZPh I'ItA-iTf/,)
L1 n: (12.) =- %. ,h ~ lo_-I-J'õ ,J etf6' ( -~ ;;, ~ "D / f

+ j[(h$cklfij-·J.J*~-iJ.'J]f 
I (~}

"i~ 
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...
 

~fft: s:~)~~ J~9iA J(-f (1/:A~)YJ + 
I rL L (1.. z 

JlA )2J7(2 ( 
I-%LJA.; OJ'ilJAr -t J;h ~ ')J . /,' 

HeTpy,IJ;Ho BH,I1;eTb, tITO riepaoe H narce , nropce 11 tIe'rBepToe cnaraexae B 

COOTHOrneHH11 (B.3) B3al1MHO COKpamaroTCR, a TpeTbe cxaraeMoe, rrpe~CTaB

JIeHHOe CYMMO~ ,IP3J'X ,IJ;l1arpai;iM, JtI306pa.JKeHH1lX na pHCYHK6 2, panno HyJIIO B 

CH.JIy '1' eop eMliI cI>appH. 

TaIGllVl 06pa30M, ~:iU rrpo,n;eMoHcTpvrpoBamI ~OKa3aTeJIbCTBO BliIITOJIHeHID! 

paBeHCTBa 

D /, -j' C' e.I.I (fi)) I - I se (1l)f'H) 
n-fIZ) (A~' Õ) Õ ,J ,ízt) L1J'; =- 1l(1Z) ( !l; õ, e /$tizt ) L1J1j} 

(E.4) 

BO ,BTOpOM nOPMKe no 3" . .LJ:OKa3aTeJIbCTBO (E.4) B CJIe~yIDmKX rropansax 

rrpOBO~HTCR cOBeprneHHo aHaflOI'1'ItIHO. 

ABTOp11 OJIarOnélpml A.A. CJ.raBHOBY H C.A.OpOJIOBY 38 ][O.J:[e~:3HlIe oo

CY)1i.,IJ,8HYIR. 
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