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HacTOB~aR pa60T8 DOCBE~BH8 DOCTpD6HniD H HCCH8~B8HRID pasHOCTRHX 

exaM li)1H ocecKMM.eTp}!qaax. sa.na-q T6DPH~ ynpy rDCTH. PasaocTHHe cxeMH 

CTpOBTCB HCXO~ H3 8REHB8H6BTH0~ B8pHaUROHHDn DOCT8HOBKH p8CCM8TpH

B86MHX sa~a~/I/, Ha pa9HOCTHO~ C6TR6 BapaSUROHHHA rrYHRUOOHa~ annpoR

cm~HpyeTCB c zcn~soBBHHSM KB~aTY,PHOH WGPMY~ 
npRMoyr~HHKOB,a p82-' 

HOCTHaff CXeMa BHBO~TCH H3 ycxoBHH MHfiHMYM8 ~Cxp8THOro ~CHana. 

florpeillHOCTb annpoRCRM8~H p8CCM8TpHE86TCR H8 o6o6meHHHX pemeHHBX H3 

, 1z+s 
:KJ18CCOB Wf J S:::: 0, 1 

1 
f::: 2., ec , 8 CXO,IUiMOCTb p83HDCTHHX CX6M 

HCCJ16~6TCB TID l46TO~ 3HBpreT~BCRZX H6pBB6HCTB B CBTD'IRHX H0pM8X 

W! H c /2 , 3 •4•57 • .IlDK638H8 CXD,Il;PlMOCTl:> p83HOCTHHX CXBM co CRO

pocTb!J 0 ( /(t+SifnX/~ IUBW,,.),ao~ pameaae u npaaa)l)!eltl'lT npo

CTpaacTBY w;+s, S.=:: 0~ 1 
7 

-p! 2> co . 3TH P63YJThT8Tht MOJ!tRO pac

CM8TpHB8Tl> R8R oueHR111 TIDIB "c:aepxcxo,n.m-AocTz"/6, 7 I .IJ)1.fl nmteHHblX. R 6R

JIKHSHHHX OJ16M8HTDB. 0TM6THM, ~TO p83R0CTHH8 CXSMH nnR 38~~ T60pHH 

ynpyrOCT:ti 1!3/4 , 5,S,g,lQ/ HCCJ16.IJPB8Jl:IICD H8 p6ill6RW1X H3 (] 4 • 

B nepaoM naparpa~s c~opMy~poBaRH ocaOBHHS ocecHMMeTp~ase sa~

~H Teopz~ ynpyrocTH R npKBe~eH aeo6xo~un MSTeMaTaqecRHn annapaT 

~ TI0CTpD8HRR H RCCJ16~B8Hafl p83HOCTHHX CXSM. 

Bo BTOpOM naparpa~e llOCTpD6HH pa3RDCTHH6 8TITIPQRCKM8UHH TIOCT8B

Jl6HHHX 38,II.8~ H ;IJ.OR838HH anp3.0PHH8 0U6HRH MB HX pEHU6HHH B CSTD'qHQt\ 

HOpMS w;_ (W). 

B ~pa~beM naparpa~e npoBe~aH Hcc~e~Bea~ norpalllHOCTH annpoRcH-

M8UZH H ;IJ.OR838HH 

HHX aop.~ax 'Nz' 
OU6HRH CROpOCTK CKO~OCTH p83ROCTHHX CXSM B 06'1'0~

H (! 

§ I. TiocTaHOBRS sanaq" 

I. 00CT09rui8 ynpyroro THUS B R8Z.,llO:A: ero T011R8 onpe,n.eJIRSTCH BSR

TOpOM ynpyrHX ll6p8M6:116HHJ!. B Clly~ae ~~~6CRHX ROOpjlj'!HaT npH RS

JlJtf'qHH 0C8BDfi CRMM8TpH.H 8'1'0 B8R'I'Op 'U(J()={fl,6c)~U~{~))"'{U1,f.f1.), r,n.e t(.f

npoSRUlif.l B pa,n,aSJIDROM H8llp8BJ18RHZ X..f , 8 U%.- npD6RIJ;WI B 0C8BOM R8-

llp8B~6HM x,_ • Teasop ~~opMa!111l! ~= (t,.,e,, E,;,!f,) onpa~lJJ!et

cfl -qepea nepeMemeaan 
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T6H30p H8llPf.ll!t8HH:i:t 0603HB'tJHM R8R BeKTOp-CTpOity d': (~4 1 "2z. 
1 
dJ,, ~.z), TO 8T8 38BHCRM00Th ~6TCB tJ6pe3 

UT=Dt•, 
(I.2) 

r)\e a-• ( £•) 03H8~89T B6RTOp-CTOR091\, TpSHCTIOHJ!poBaHHHJ! R () (6) • MaTpz:ua D CHMMSTPKt!HB H noJID;W:TBJII:.Ho onpeneJieHa, a ee SllBMBHTil Bupa~aiDTcB tJepes Tex~ecRMe xapaRTepHCT~RH MBTepaaJia - Mo~nn KUra E 11 !Jyaccoaa v II<!. EY.J:(eM paccMaTpl!BaTh JI30TponaHe, TpaHCB6pcani:.HO-H30TponHHe H OPTOTpona~e MBTepnanH. B 3TKX cny-qaax MBTPHU8 1J l!M69T Blll\ ()VIR y)I00CTBS 38TIJ!Ci! )\86M J)-
1 

) 

E(<-V\ 1 1-'\; 0 i e 0 1
, .:. ..>;, 0! I i _ f ~~ 0 

.:D = 0-v}{l-j, - D-'= 1; o 

-1 
j) = 

Sifm. 1 '~ ' S~»t 2(t+>' "a-v; 0 e < r. 3) ... _l!_ 0 ~ E 
.1. -.!'1. 0 "· E, 

ll1
= t 0 ' $~11\ 

. ' -~ E", 

L 
E, 

-~ 
EJ 

-~ e, 
.i. 

"• 

0 

0 

0 

.L 

"· 0TM8TUM, 't!TO B CJIYll88 H60,IT.HDPOJJJ-llDC T6.JI 3J16MBHTH dv MBTp.Milbl ]) MD!'yT 38BHC6T:b OT npocTpallCTEBHH1lX D6peM6H!iHX. T8RH6 np~tM6pH MO!tHO HBMTH B pa60T8/I3
/, rna 3T8 3BBHCMMDCT:b 38~H8 't16pe3 HSO~opo~yiD T8MTI6p8TYPY TSJIB. ITpe,Ill.IOJIO!!tl-Il\1, liTO CJU(BCTBY!OT TIDJIDlKHTBJl:OHI:::l6 DOCTO-.RHHHS (o H ( 1 , TBRJ.:te, 't!TO BHDJJIHSHU HBP8B8HCTB8 

f'' 17{,'? 7 ~ 9])( ~ f'•'flJ.{, 7J.~d<«J(1,1,I,o.5), (I.4) )J)IR RSJK)IOrO E6RTOpa 9 • ('f,, 7v 'fJ• 'f~) C .U6i!CTE.!T6.%Hl;IM~ ROMDOH6HTBMH 7,-, ;,1,, .
1 4 • 

COCTOHHH6 paBHOBBCI!.!l ynpyroro T6)]8 BP8~6HHH fl • [0, 2>r] On:f!CHE86TCH CHCT6MOi! ypaBH6HHil J!RM/I' I 2/ 
2 

Lt< =- f L ~~ (x,a;, )e, + f ~3 e, ~ !=, a.Jl (I.5) "' (~1("'1 J( 
"' 

' r.zw e, , i- =- 1, 2 , - 8,URH!.f'I:IHH6 BSRTDphl RDOpJ!nH8THHX DeeM, F::z {F:,I '2)-- E8RT~p MBCCOB!:lX C.HJI, 8 tfi.~c - HDMDOH6HTH T8H30pa H8DP,fL'ft6fill:M • OrpaHH't16HHHB pemeHH.R ypaBHBruta (!.5) B CJiytJae CllJIDillHJ:U T8JI npH X:,= 0 6y)zyT Y.ZJ;:)BJIBTBOPf.!Tb YCJIOBWIM 
u,<x)=O, ~(x)=O, -t:,=O • (I.6) 
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~ ypaBHBHKR (I.5) xapaRTSpHHMH HBliAIDTCH CnB~bUHS Rp88BH8 

ycnoBH.B. 
I. KpaeBHe ycnOBHH napBoro po~: aa ~acTa r, 

38,II,3HH ll8p6M8'.U8HIU! 

1l(x) = !{•), u r:; • 

rpaiDl!l)i r 

(I.?) 

2. l\p86BH6 ycnOBHH BTOporo po~: Ha ~8CTI1 r; rp8HHUH r 38-

,U8.RH H8llPflllt8HH:R 
2 

L "i· cos (n,x, )e. = f <-<), x ~ r; , 
•• ' J J 
'J' 

r}l.e n SCTb 8}1,11ll~R!lll B8RTOp BHemHel! HOJI>I8B R r 
3. YcnoBWI netmo;rr.vi'llHDCTH: aa -qacTEX r;-) TJ.,_ 

sa;n.aHH YCJIOBw:l 

(I,8) 

rp8HHUH r 

u/ u) ~~ - ~"-/ 
r.·· r.• ' 9x2 ,.. - ~X. r.• (I. 9) 

J J '3 :s 

MH OCT8HOBZMC.R R8 OJI8.I1YlllltKX ;u.ByX Rpa813RX. 38,11.81:!8X. 

3a~~aSl (napBaB RP86B8H 38}1.8~8 CT8TH~8CR0ll TSOpHH yn~rOCTH), 

Hal!TH pameHHS ypaBHSIIM (I. 5)' ROTOpoe aa rpailln16 r YI\OBn8TBOpa6T 

ycnoBHHM (I.?) • 3TC1 3a~~a O}I.803Ha~ao pa3pallll!Ma, 

38n§'ll8S2 (CMBW8HH8.R nepH0~6CRaB 38~1:!8 CT8TH'll6CRO~ 
T60pHH yn

pyroCTH). l!8l!TH pameHHS ypaBHBHHH (1.5), ROTOpDS H8 TOp!l;lX r;- H 

r;+ Y)IOEneTBOpaaT ycnOBHHM nspao~aocTH (I.9), a aa ocTan•aoll ~se

TH rpaHHUH r; - ycnOJlHro (1.8), B aTOM o~~as 38~~8 pa3pamHMa, 

ecnz BHTIOnReHo ycnDBHS 

f/" fi dx + } .o:, f, rls = 0 , 
Jl. ' r. 

a 6~HCTBBHH06 p6W8HH6 ~anSRRBTC.R yCJl.OBH8M/l/ 

(I.IO) 

j x, '1, clx = Q • 
(I.Il) 

2, llpH HCcnB)IOB8HRH 38}1,8~ 51 H 52 H p83H0CTHHX OXSM, ROTC

pHS HX annpoRCHMH~J!J'f, HaM noH8Jl06HTcH CT~RTYP8 Hop.! W!(JI.), s.l,2.,3 

BSRTD~YHRual! Jl UHnHHJ1PH~8CRDA CHCT8M6 ROOp)IHHST, STy C~RTY~ MOM

HO onpe,UBJUITD CJIB,Il;YK:lltLiM 06p830M! 38llf1WBM TpeXMSpHHB ;n6R8pTOBH6 HOp.tH 

Co6oneBa VJ{ R nepal!)lSM R UllnRHJlP~BCRHM R00p}l,llll8TaM, npao6pa30B9ll 

D6p6M8HRH6 M B9RTOp-¢yHRURH. C y~e~OM 0C6BOfi CKMM6TpHH nony~MM 

/1« ff>~;w) "' ! U IIL,f-i>.) = ( J .-, /<t/
2 <1. ?". 1•<1 1~ o," + ~:, 

(I.I2) 
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U~d, = vrail>t«x { ~~~(, 1~'1} 1 W.,/Jl) xc.ll. • ' 

L 2 ~ ~~" - !Jf[ 2 / ~~ 12 ['(l> u,)' 'fl•·)'j J;j' W}.(il) - 1...12 ,f;., )~·"b'j + i=1 'i1;. ;; ~if l'ix-4 x, x + {uH"fcl.) 

u" u . { l"t_ I I 0 
u, I ' I '"·I ] w• (.JI.) = vr-a11rzax ZJ1 -~.r· , 1~. :;:; > ;; 1><~ , - KE.ll. .. J 4 

., 

(I.I3) 

(I.I4) 
II U C, (..11.) = vral m~x ~~~~:),.!, F I~=: /• ·· } • ..,., x.e.n. c. J • ., 0TM6THM, 'tJTO EC9 BB8.nEIHHH9 EHIII8 HOp.iH CO.Il8p!C8T ESC X., t t3:TO .RBJIR6T-C.R ecrecrBeHHHM ~ cny~aa UHRaanp~eoRax ROOp~aaT. B ~~aeMmeM HaM 6y~T H606XO~H DORyHDPMH Z HDPMH 663 E6CO, llx 0603H8•mo "epea H'C.D.) : 

( f • I,. • )'It s lui = {L.h~/dx H~t, =LI~I (I.I5) H'C-") Jl. ,., ; I H (.11.) <•0 H"Cil). 
C4'Dp.tylli1py6M HSCROJI:&RO BCllOMO!'aT8JII:.HllX H8paB8HC'I'B, RDT:Jpl:l9 6y.D;yT H606XO;uHMH llpH flCCJI6,Il;DB8ffiUI CXO;Iij!MOCTH p83HOCTfl.liX CXeM. 
JleMMa I. I. IlycTr. <!YHRili!H 1t DPHR8,11JI6UT w; (11) • Tor)l!l cnpa-B8,1Vlm3H HepaBeHCTBa 

Jx., M'cls ;f; M r• 
G { 

J dx, j /~(xJ)'-Ix, 
0 0 

~~ H' 
"'i(Jl.) ' 

;;. N!J/f.!J/q~/1', S;>0
1 hi, (.Il.) • 

(I.I6) 

(I.I7) 

(I. IS) 

c nocTosaaoa M , He aaBHCRil{ea oT t<. • 3JtScJ> r~ - aeRoTopas "acTr, rpaHl!I:W r, .125 c12 ecTr. o6nacTr. c lllliPHRDli IJ , ae nepece-RalOO!eli DCH X,= 0 , 
]DRa3aT8RbCTBO JTHX HSPBBSHCTB CA6~8T H3 OdmHX TSOpeM BnD~SHRH /I4/, a T8R~e H3 H6p8E6HCTE (l)-(3) H3/I5/, CTp. 24. 
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BEe,n.eM o6o3HalJ.erum ; 

(I. 19) 

(1.20) 

IJpH HCC}l6,UOB8HW! CT8TZtJ6CRIU 38.Jl8'tl T80pH~ ynpyrOCTH cy:ueCTB6H

HY10 pOJl:O HrpaeT H6P8B6HCTB0 l:\opaa/1/, ROTOpoe BHJ?81K86T 8l'iBHE8Jl6HT

H0CTh £(~) H J)(u) 

JleMMa LZ (Hep3BSHCTBD Kopaa). CymecTEYBT nocTo.RaHaR k 0 , ae 

38B\1CE'U8fl OT U. , T8RaR ,llTO 

E (u) ~ K. ]>(u) , if u.E w; r12J. (1.21) 

llpll 8H8JH136 TIOI'})eUlHDCTH annpDRCHM8Il.HH B8atHY10 pOJI:O Y1Tp86T CJ18,m'

Kl:II8P. neMMa. 

]eMMa 1.3 (EpsM6A8-THAb6epTa/l6/), llyCTh flu) - r&H6HHwH orpa

HH~enallii ~ylll<W!OHan B npocTJWHCTB6 H"'C..Jl..) 1 T.e. Jlr•> / ;ffl4/ui/Hrt'' 

ROTOplill oCipa:.uaeTCR E HY JTh H8 TIOJIHHOM8X CT6TIBH.H. k;. • Tor;na JZ.) 

/fr·>l ;; ~ '~'w+'{..a.J (1.22) 

0 DOCTOR!mOlil: f...1 , He 38BH.C~l!Il6M OT (.(. 

3. JlnR yllpD'J!6IUU:I 38TI!1CH I'I paCCYlK.ll6H!1f. 6YJl6M p8CCM8TpHB8T:O Tip!MO

YTOJlbHYIO o6nacT:& Jl= f X= rx,,x.:): 0 < x...c < l.t I a(!; lf,2). Bc'e p63)1Jll,T8-

TH 0CT8IDTCR B CM}l6 ,UnR 06Jl8CT8M, COCT8BJ16HHHX H3 TipHMOYTOJI:OHH¥.0E CO 

CTOpoHBMH, TI8p8}1Jl6Jl:OHHM.H OC.RM lWOp.IUlli8T • 

ilnOCROCT:O (X,,X.t) llORpD6M C6TRO~ .Q.R.'"" f X.""- (Xf~Xz.): X.,,... (t..,-0.5)~.,, 

i=o,1, ... , x2 =i,l,, ~~o,±<, ... , l.,=z/.10-11,-~), f,= !,_IN,_ J. 

1J:epe3 iJ OdD3H8l.JHM. MH0l!t6CTBO 7f3Jl0E C6TRll:, npnH8.I1)18JK8:UHX: 38MRHYTO~ 

o6nacTI1 li=:Jlur , a llepes w - ysJIH, np~aa.u.neJKamMe oT:Kpl:lToV: o6-

nacTVJ ..(l ; r; w·' w -. MHOM€CTBO rp84HllHHX. Y3JIOE; w.; ( w~) ' 

d',... ~ ~ 2. - MHOlit€CTBO y3}10B G6TRJ1 W , J1llB lWTOpHX OOC8,Ir.H.Hfi Y38Jl 

E m:npaBJJeHJB'l X'..c aasa.n. (Bnepe.n) To:.:e np:~ma.u.ne:!rn:T ~ (B TBIUtx. y3-

JI8X MORRO BWHIC]lf!TI> p83H0CTH H838,U (BTI6pe~) B HanpaBn~HJ1ti X~ ). 

ilp.l-l: p8CCMDTp6HtU!. nepno,mrqeClUIX: 38;o,all 6y,ll6M VI:CTI0}1:030E8Tb C6TI<y 

W~=WU{X<w, >,=f.} R (,_: fX< j. A:;= t.} . 
.IJ..nR CSTO'G.HliX <l;yHR~, 38,1I.8HHHX HB {ij , 6yne~ J1CTIOJ11,30B8T:O 0116-

,m'IO!IlHB 0603H8ll8HHR/Z, 3/: 

J= ?{1<)= ?(X11 X2 )) .X-::(X0 X.2.)= (x,,~ 1 -'2() €-;;)? 



Ey.n;eM roBDPHT:&, taTo ceTO'tJ:Ha.R /fYHRI.UUi 1 napHO.IUI'tJSCRaa no nepeMSHHDit X.2. , SCJIK y.n;OBJI6TBO];I13:6T YCJIOBMM 
)J<•.,oJ: Jrx,,f.), ~rx.,l,J:31l<.,e,.t,), o < x, §- P,. Onpe,neJIRM C6TO't:IHH6 aHBJIOrH CRaJl.RpHHX npoHSB6)J.6HHli H Hop/2 • 3/: 

[~,v-]; f yv-x, H' (/"": y,v; +)>'>' IIJI~r ... /I~H ~ ['j.~);' (I.23J 

/~,tJ'/ = /:;,~rl ~ T Jif.Y,l,' HyH :!..; "/!, (I.24) L,r(! J" "/{ i.,C[) oto , 

EnR CBTO"HUX ~YHRUUli, o6pama~XCR D HyRb aa rpaHHQS (" , 6y~M RCDOJI:&30B8T:& 0603H8'tJ6HH6 

(y,v): L rx,f.t, . 
X•W (!.25) 0np6,l\6JIRM CBTO.H!IB BHBJIOrff EIIPB<BHRil J>f•) ll E(<t): 

lV;>; "'~;; IJ<. 1' KJ, .,); x,ty,,t'R,~ + J; :fH. 1 z. w 1 
(!.26) 

(!.27) 

+ L. K. ( y,., ''!.x..l + 2_ t, ('d,x. + 1.., >') K,K, . 4>1-nwJ w;,w:;. 
Onpe~JIIIM HOIJ'R 

U ~ K/ s. /I:J IJ~r.,1 "' 1V;J) + IIJ «\ cr.2aJ 

/liTH "'lltrl : su:p /[>r,~j]( ) 1 ( J 'HJ 1-1,'-•>cw; ~;fv P~f1 ' IIJ /~(.,~ ~:,; yr.J • !.29 . 
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Rnfl BRBO~ BDpHOPHHX OU6HOR parnaHRfi p83R0CTHHX CX6M 6y~T ae-

06XO~H H8ROTOPH6 BCDOMOr8T6nDHH6 H6p6B6HCTB8. 

~eMMa 1.4. ilyCTb C6TO~RaE BeRTOp-1yHRU"£ V" o6parnaeTCE B HynD 

aa rpaHHU6 r C6TO~HO~ 06AaCTa "' • Tor~ cnpaBe~BH H6p8E6HCTB8 

E1 C.r)~ (l2-1)ll1 (u}? (1/i-1)(~+ l-J !v-f. (1.30) 

~R838T8nbCTBO 3TOro H6p8B6HCTB8 rrpoBO~TCH DO aaanoraH C ~OR838-

T6AbCTBOM C00TB6TCTBynnero aapaBeRCTBS·as/3/, CTp. 328-330, C y~a

TOM OCD66HH0CT6n URJIMH~~8CROn r80M6TpRH. 

~eMMa 1.5 (caTo~a~ aaaAor aepaBaHCTBB Kapaa). RnH IDD6o~ ceTO~-

aon. !fYHRIJ.IDI IT , 38,UaHHDi! HB ilj , Cllp8B6,IVIHBO H8p8B8HCTBO 

(1.31) 

r;ua TIOCTOEHHBE 1<0 H3 (1.21) • 

.IJ:OR838T6AACTB0. CHB'I:!8JI8 BOCTI0JlHSI6M CBTO'tJHyJO <};yHl'illlm tr R_..YCO'q

HO-!ll!H6~0 )10 ~HRUHH 'hx) H3 TipoCTp8RCTB8 'fV.' (Jl) (cM/9!,/15/, 

CTp. 65). BHTIOmR6HH H6p8B6HCTB8 

E~(.rJ l: (f ... f.(}.J'fc(ii'J, ])(U'J;;: o.zJV~rJ. (1.32) 

Tor~ (1.31) cna~6T H3 uenoqaa R6p3B6HCTB 

~ (li):;, (f +f.; (tJ'tE(V') ~51(, ])(il) l: J(1 1>!W). 

0TMBTHM, tJTO nOCTORHHBH K~ as (1.31) ae 6y~T saBzceTb OT l 
acna OTHOill6Hl!6 ~.I R, orpaHR!'laao CBepxy aaROTopol\ nocToaaao~. 

~6MIAB 1.6. Rnfl !ID6oJI CSTOqaoJI ~YRHUHH V" , 38,llllH1lOn RS W , 

CUpBEB~HBH H8p8BBHCTB8 

2 

Iii; k. itr/1 • ' 
W,(w) 

(1.33) 

v-' xJi ~ k, L X, u·j l,R, +- K4 [ v, 1 ]~ 
~- " 

(1.34) 

//If" 1/C!w) ~ 1< 5 /1,/:l /111"/l.,ilw), l~:l>!in{tJ,J (!.35) 

C DOCTOBHRHMH /(2. - 1<5 t He 38:BHC.RJIUThtH 0'1' t.r B. f?._ • 

noR838T6AbCTB0 H6p8BeHCTB (1,33) H (1.34) HMeeTCE B/5/. Rnfl 

npRMoyronbHb~ o6nacte~ z ¢y~~~, o6pamanmaxca E HYXD aa rpaHEUa , 

aepaBeRcTBo (1.35) ;uoaasaao a'171. Ms aroro ~acTHoro c~~an cna~vr 
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001l{H:fi CJiytiaii Lf 3H8J10rHlJH06 H6p8E6HCTBO )J)IR ,1(6R8pTDBIDC TI6peM6HHI:iX (m/I5/, CTp. 74). 

§ 2. IIocTpDeHHe pasHOCTHHX cxeM 
I. Pa3HDCTHYID annpoRcm.tamno 3a~tJI1 S1 c o,n;aopO)J.HHMH Epa-eBH-MH yCllOBll.F.IM~1 (L 7) 'nOJIY'I'.IaM, r1CXD,IT.R H3 ee B8pH8I.l;HOHHOfi DOCT3HOBIUI! B npocTpORCTBB BBRTOp-¢yHRil,llil !{ t W~ (.fl.) 1 y,llOBJ16TB0pnJOOUI;< O)li!Opo)<HHM YCJIOBIDll'd (I. 7), H8fiTH 3JI6M6HT, peallil3JKXQID1 MMHHMY,M B8Pff8D;HOHHOrO tfYilRI1l!OH3Jia 

H•)=2.WI•) -2 !ful'"x1 olx, (2.I) -"-r11e 

(2 .2) 
DOT6HI.U18J11H8R ::wepriDI ynpyrotl .z:teif:DpA8Iij-Hf. EcJUr Rp86BH6 yC.JI0BI1R (!. 7) neo)lllopo)li!He, TOrJ1a MnnllMyM lC«) m~eTcfl na Mao,.ecTBe Vr.fl)c.Wf(.!l) !f.yHI<lnt:fi, npHHnM810U{IDC 38)laHHbi6 3H8lieHIDl H8 rparurue r . 3a~tJ:e Sl. coorBercrEyer EBPffaUMoaaa.R 3a,II;a'tla aa MHHliiMYM !f;yRRrwoaana 

u .. )- 2. W(u)- 2 {/uF.-,cfx- zjuf,><,dS (2.3) Jl. r; 
H8 ll0)JM!l0M€CTB6 ifYHRI1'!li M3 w; (Jl..) 1 nepRO)l;M~BCRaK nO nBpeMGHHOa x. • 

i!cnOJI:b3YR J.lHCI<P6TH38WHO oOJiaCTH .I2 , 
~YHR1l,li0HBJI (2.1) E Bfil\9 

38DHID6M B8PH8~0HHW1 

](«)= L ff(ell€f-2Fu)Y,Jx, 
e.:. e~ (2.4) 

r.n;e e;.- 3J16M6HT8pHaR .R'I6tiEa (3JI6M6HT) C6TKH 4.J C npa:aoit Bepx:ae:tt :aepnmHDti:By3Jie X;.-=(-¥'f:,_,X2 ;..
1
)ECJ.-nw;, Lo=l~,l.t.), acyMMIJpo-BaHHe DpOBO~TCR no BC6M R~6MR8M C6TRH. B ~a~~OM SJI6M6HT6 e~ BHpa~eHfifl fi3 (2.4) annpoRCMMHpyeM no HBROTOpO~ RBBIIPBTYPHO~ ifOPMyne, DP6.IlBaPHT6JIIoHD 3EIMSHHB npoH3Eo.mme pa3HDCTHHMH DTHO~eHHRMn. BBe.n;eM Bupa!tt6HIDI 

(2. 5) 
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e-- = ( £~, e;,, i", r.;-J = ('k<,, Y••·, *, ~._ + 1zx.)' 

ROTOpbl.e 0Dp6,U6Jl.9H.bt COOTB9TCTB6HHO B YSJIB.X (.X_,i-of, Xl.iz-t), (X_,i J X2 ;, - 1 ), • • • 
( x4'-t_" 1 X.z.:~,) H (X1;., 1 X.z;:1 ) Sl16M6H!_8 e; . B CJIY't!86 nepeMSH-

H!lX RDag'<j;HUK6HTOB OdOSHH~HM 9i!l6 ~epes }) (X) M8TpHIJY, 3l!HM6HTH 

ROTOpol\ BS.f!TU B TO'II<6 (x,-O.oh, X,-O.>A,) • 
Ly,neM HCTIOnD30B8Tb 8DDpORCRM8naD 

JjEJJt",.,clx ~ O.Jof,l(, (x,-0.5~) [~++ .£ f++~ 
e, (2.6) 

tOTOpyD MOXHO pacCM8TPHE8Tb R8R annpORCHM8~D npH DOMO~H nmHSRaHX 

HJIH 6HJllilR6i!HHX 3J18M6HTOB C npR6JIH~6RB.HM BgtiHCJ16HH8M M8TPHUH 11 11t6CT

ROCT""/IV. 

CyMMHPYR (2.6) no BceM aneMeHTaM e~ , nony~HM BHpa~eaze 

W/l , HDTOpoe npe,UCT8BAA6T annpORCHMBUHID aaepma JlS<)'D!l'HllH" 

W!i'J) = f [ LX. e+1~> J:>'r•>l'i~>· + LX., E-(,) D1<J t(x>"' 
t.J/IlW"t w;nw; 

(2.7) 

AnnpoRCKM8UHJO EHPaJKeHJUJ jl t< F x., olx Momo ocy~ecTBHTb 
paaHHMH cnoco6BMH B 38BHCHMOCTH OT rna~OCTH ~YHHURa F • Mu npa-

HHM86M, 'I:JTO l. f. 

"'"'1' "' f' . 
f/F11.r,d•;;; (~,y) 1 ~1•)~ 4-f;I J }J,F~)&/{,uw. (Z.S) 

Jl. ' • r,-l. '-!, 
~ .., . 

B CJIY~ae rl!a,ll.llruc ~yHRUHl! F nocJie;nHHI! HH•erpal! B (2.8) MOlltl!O BH

~HcnnTD TipH6n~~6HHO. 

HTaR, ,ll.liCRpeTHaR annpoKcHMalll<.f! Bapaau.oHRoro g'yHR~~oHaJia (2.1) 
HMS6'I' :BR,Jl 
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AH8JIOrH'tJHD TIDJIY't188'I'CR M annpORCHM8~1H Bapmu;aDHHOrO !fyHRit"WH8JI8 (2.3) /WI 38,!1a~H S2; 

Il(d)=21V~{·/)·2 [~,g] -2/'f•J~,, 'fix)• -' }x,fds, Kf(;.,(2.IO) 
11 ..r,.(z €'; lli'i 

r~ (;. CDCTDMT H3 TO'tJ8}( C8TH£l r , Jl8iK8!1~aX H8 r; 
BupaMHH6 1-J{ (3) npe)ICT8BJI.H8T CllMM8TpH'IHYID RB8J\P8T!l~HYID ~Dp-

MY OTHOc:-:TSJThHO R0MDOH6HT .JlE!<j:Op.18IJ,r1l~. \13 HepaBSHCTBa ( I.4) II onpe,Wi-
JISH!!Sl EK !J) no \tO!J'YJIS (1.27) cneiJYST 

21't !3) ~ ('• E~ f;J). (2 .II) 

2. YCJIDB;JR H8 MHHIIMYM \]'y HR!ll!DH8Jl8 (2. 9) C~OPMYJIMpyeM B CJI860lt 
<f0PM6 (B \l'D!J'6 cyMM8TOPHOrD TD<Jl8CTB8): CSTD~HYID lj'yHRll!!ID 'I• 06pa
l!l8Rllij'IOC.H E Hy Jib H8 rpafU!U8 f' , H830BSM )J.HCRpeT HHM pe!118HH8M B8pM"8-
UH0HHOfi 3ana~H (2.I), 8CJIH T0~6CTEO 

(2.I2) 
BHllOJIHSHO /WI R8llt)lOH <jy HHU!!H tr , o6p8lt(Bili'.j6l!CH B Hy JU, H8 y-
3)lec'I. ~ ( '1• II') HBJI.H6TC!! CI!MM6TpH~HOi! 6HJIHHSi!HDi! ~OPMOil\, ROTDpaH 
CDDTB8TCTBY€T RB8l\p8T~HDl! ~D!J'B kft ( ~) 

Tom:.necT-BO (2.12) npencT8EJlff8T JtUCltpeTH06 EHpa:Kemre ypaBi!SHRR ra
llS pRHH8 l\JI.H HCXDl\I!Df: 38)1a~H • IJpH lj'HRCHpOB8HHOM ;j BHp8.<8H1<8 'N, ( ;pr) BBJJ.R9TC.R Jli1:H6fu!HM Orp8HWJ8HHHM (tyRIU.WOH8JIOM B npocTpaHCTBS C8TDl:!HblX 
!fyHRWI:ti II, CJI8JJ;OE8TSJibHO, ero MO-KHO npe,ncT8EMT:b B EL1:,IJ,6 

l!CXOl\11 !!3 (2.I2), (2.I3), C~OPMYJIHpyeM p83HDCTHYIO 38ll8~y 
ropaR CJDTEBTCTByeT sa~qe S1 : HaMTH ceTD'tiHYID ~YHRUHID 
TBDpH!OOzyJD ypaBH6HHID 

A(j= (Ji' X~ w 
H YCJIDBHRM 

')j=O, 

(2.I3) 

S1t.. • RO-

(f y )lDBJI€-

(2,I4) 

(2.I5) 
ITo onpe.n.eJieHHID pa3HDCTHID'l oneparop A CHMM6Tplt'tleH, a ns (2. II) H (I.30) C~6)ly6T 

(A;j,'J) = 2hJ~!(j) ~ (I• E~((J) >0, 
T.e. DH nJJID!II:HTBJI8H. Cne,rJ,DB8TeJI:oao, sa..uatia SJ4 
M8. 
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3. Aaanora-qao tfoJU:YJJ.npyerc.H FI pa3HOCTH8R 38;u.a'tia S2"'- , annpoRCH

MHPYIOJJ.BR 3a;ua-qy 52 : B npocrpaHCTEe ceTDl!Hl:L'< q:ymmJtfi, nepFio;ru'l'tl6C:KI1X 

no, nepeMeHHD:A. Xz. aaMTli'I Q.'YHKmuo ·~ , Y.D.DBJI6TBDPHIOOlYIO cyMMaTopHOMY 

TOJi\,Il;eCTBY 

(2.16) 

CBTO"tlHDfi 1YHKIJ;H.P! tr • AaaJIOrVI"tlHO 

np0B8,D.6HHHM BHIDB paccy~BHHHM TIOJlY"tlHM 

(2.17) 

Ha MH0~6CTB8 D8pli'I0~6CKHX qyHR
~ HM66M 

[A~y.J]~ 2 r.Jti~J ~ ('·E~r') ~o, 

T.e. onepaTop Ax aeorpFiuarene[i. Hc:<:O,u.R ll3 BYJ.;ua BHpa~eaR?. 6-t r1) 

CJI6.IJ,OB8T6JlbHO, HYJTh .HBM6TCR TO"tlKOi:l: CD6KTp8 onep8TOpa 1\Jr , TIPIIP!6M 

C TO'tJHOCTbiO ;no DOCTOEHHOrO MH01iiJ!IT6JlR q;yHRIWB € 2 BCTb 6~HCTB6HH06 

H6TpMBa8JibH06 p6ill6Hn6 D~OpO~DM 3a;na"tJFI. ~ pa3peiDHMOCTa 38~l!Ji'I 

(2.17) H606XO)\IIMO, ~T06!l npaBaB ~8CTb d)* 6Wla DPTDrOH8nbH8 ~yHR

wm e, . )lo6aBHM R 4?* nonpaBRY ll , T .e. 

(2. 18) 

Ecllil ifl R 'f B~RCJ!Jl!OTCH TO~HO DO ~O!>'YJ!8M (2.8) 3 (2.I0) C00T

B6TCTB6HHO, To 0=0 B CRny ycnoEI!~ CLIO). EcJI• 8TR (jOJ!'YJill peaM

aoEeH!l npl!6llii'<6HHo, TO fJ = 0 (I~ I') . EI\HHCTE6HHoe pemeane BHI\6IDIM 

C DOMDmbiD C6TD'tiROro 8H8JlOra YCJlDBHR (1.11). 

C<fop.ly11Mpy6M p83HOCTHJ'!O 38.D.8'ti.Y 52( , ROTOp8.fl annpORCHMfl}JY8T 38-

.Il.B'tly 52 : B DpOCTp8HCTB6 TI6p~!O,II,I1.'tl6CIUU DO X2 C6TO'tiHI:lX Q.yHRWJn 

HanrR perneaae yp&BESH~ 
(2.19) 

y;uoEJl6TBDps!K11\ee ycnomno 

[J,' 1] " Q (2.20) 

c npaBo~ ~acTbiO ~* onpe)(6n6HHOli B (2.1?), (2.18). 3a)l8~a S2~ 

O,IT.H03H8lJHD p83P9lllHM8. 

ll' 



4. JJ:oKa!lteM anpn:opaHe ou:emm ~ pcrueHHti pa3HOCTHHX 38J(8'l S1 1... 11 52t • PaccMOTJl'!M caa•aJia aa.n:a•y 51( .. 
TeooeMa 2.1 • .IJJI.H pemeaon if paawcTHul! aa.Iia'" \2.14), \2.f5J cnpaBennHBa anpMDPH8R DU:6HR8 

13 n.A ~ K, uq, a HJ c<.:m w2.(4)) w1 (~) 
c nocTORHHOil K,=r,rrz-1)(4!f.'+8~'J/ru4le.'Hlt;). 

JlDRa~qrf!JILOTBO. YMHDIKHM t2.14) CRaJIRpHO 1-18 ;J • M3 onpe.n;eJleHruJ onepaTopa A no ~opMylle \2.I3J Cli6JIY9T 

2 VJ(r~)'= (AJ.-g):N, 0J. 
!·1Cnu!IL~YR nep8B8HCTB:J (1:.30) , IIO.IIY'IaBM 

(',(li-1)])irJ) § JM.~>i ~ 1/.fl/ ,_,J !IJII w rwJ N!!w) ' 
OTRYM eJI€,tJYST l2.2!). 2 

Z nepe.i1.n;eM R OU:6HR6 pe:~eH~'lil 3EiJ.l;Blm S2A.. • 
TeopeMa 2.2 • .!IJm pememrn ;j poaHDCTHDti :lOI\D'M (;c,W)-(:'.20) CTipaB6)l)IME:a anp!10paa.a OUSHI\8 

I!~ I/ ,, ~ !(1 { II <P II ,_,, + «4' IlL . + l 0 I + I Q I 1 "z (k!) W, (W) ,( !',) (£ .• 22) 
C DOOTDRHHDfr k f , H6 38DM0.Rli.{8.H' OT j_ 1 71 0 11 Q 

.IT,oR<J38T6JII>CTBo. YMao;Km·:i ypanasHae {2. I~.') cRaJIRpHo mJ j , 
ziV~ ('J) ~[A"(!,~ J ~ [.P,;j] +l<f•;Jf + E[;j2 ,1]. 

iionoJII:.3Y.R nepanencr:ea (2.1I), (!.31) .a ycllDBMe (.2.20), TI'JJ1ytntM 

(2.23) 
CR8JJRPHH6 npoasBe.neHMR B npaB'Ji1 ttaCTt1 ororo HepaBeHCTEa DU6HM"M, ncn::))I.b3Y.R HepaBSHCTBD I{OUlH-l·yHatWBC!WI'D M DiVHIKY (1.33) l16MMh! 1.6; 

1[4>.~] +-h.;J?, I~ /(<ill,,_,, 11~/(,,, d'l'll( (Y.)/I~i/L '"} '- IN.t l"') rv2 ll.t.l) ; t:.~ V 210 

~ ( (l<f.J( <-<! + k21/!PIIL r ) !(j 0 , • 1\!,<w) z (•) W2 (w) 
Bupa•IteHMB lJ.J. ( ~) H3 (2 .23) oueHMJ"!I. CJI13Y, .vtcnoJJE.3YR HepaneHCTBD (1.34) ,16MMH 1.6: 

JJ~r;;) ~ ~ ( u,t - [:J,,1J'), w;rw) 
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nocTO.RHRaB BHpa:KaeTcR 11epes K 3 ~ f<4 H ne saBVlC!1T DT { " 
• C y~6TOM (2.20) aTa H·3p8B6HCTB9 Jl:9!JT OUSHiiJ (2.I9). 

3aMeT.J.aHMe 2. I. Hs noJiyllenHoM or(eHIUI cne,eyeT e,n;aHCTBBHHocTn peme-

wu=t pasHOCTHOtt sa.n.alln SZ k . Ecmi y-qecTb Bt!.U nocTDRflHDti 6 li(S 

(2. IS), TO aT a Dlt6HK8 BHpa :caeT ycToM't!HBDCT:& pememU! pa3Hocrao:~ sa,u.&

tt~ no npaBO~ 'li8CTa 4?* M npnBofl '48CTM Q ycnOB./!R (2.20). 

3aMell8HM6 2.2. llopvi3 W~-t}(W) Oll]6.TI,611R6TCR TID \fOf1!1YJ16 (1.29) 

H6RDHCTPYKT~!BHD. Il03TDMY !1HT6peG npe,U.CT<:!BJlP.IOT OU6HR.\'I 3TD}i HOJIIH:il 'tiS

peS 6o.noe npocTHe BHpa:~eavm. Eclill ~ npe,u.cTaBM8TCri B .u.naepreHTHDrA 

B!!,IJ.8 

TO JierRO TIOR838Tb, T.J.TO MJI;l66'1' t•'l6CTD OU6HR8 

II~ II (-•) 
'IJ

1 
(W) 

np11lleM 

. . rr ~ ++-, 
If" ~ ll E-- , i, = ;(1 ± o.sfi, , 

a e±-"± DllP6.l1.8llillOTCfl no (fop.oty.naM (2.5). 
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( 2. 25) 

(2.26) 

(2.27) 
<<,rz. 
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~ 3. HccJie.U:oEaHM.s cxD.tmMDCTM pa3HDCTHIIX cxeM 
B aTOM naparpa~e HccnepYsTcR cxo~MDCTb pa3HDCTHHX exaM B ce-TO'tiHl:lX HDJ:MBX YJ_i 1i C • 0cHDBHYIO poJIJ, npu UCCJle,nOB81HlH CXO.TI:ff-MDCTM Hrpa8T np8.D,CT8BJl8HJ16 norpeillHOCTM annpDHC!'llvl811,HI1 B .IU1B6pr8HTHDM BM.n;e M ee DI.«JHRa npH IJDMOl{l-l: JieMMhl EpaM6Jia-I'uJI1>6epra Ha pemSHID1X M3 w;+s ) '5 = 0 ~"' ' P= 2) C<J • On;eHJ(8 CXD,WiMDCTH CJIS,l:zyOT H3 CDDTB,6TCTBy-IOO!HX anprmpHHX Dlj6HOR )l)JJl 38)18~ (3.I) ',; (3.23). 
I. PaccMorpHM 3a.n.al3'y S1 i. .. '!Wl norpemnocrn Me rona X• Jj-t.l TIDJIY~HM pa3HOCTHYI0 38,IJ;al3'y 

A l ~ ":f-(x), x< w, :t(x) = O, X~.(', (3.I) 
r.n:e ':t- ()()= <;P- Au- norpeUIHDCTb annpDIWHMBW·m. <;7:ymUU1!0 "'£6<) npe.D;CT8BVJI.1 B )lMBepreHTHDM Bf!,n6. 06D3H8'tiHM 'ti8p83 

e"e<x!·{~,(~,,sz): x.,-0.5A"':;; 5.,:;;, x,+o.5J.,, oed,2] 
3JI6M6HT8PHYIO R'qSfiRy C IJ;6HTpDM E TD'tJRe X~ 0 

e±.," {~Ee!x): ~,.=.x;_±O,o~J,a~.,,z ,e•=e, e"'~e"{x!"{~"(~,if,J: 
x., ~f., ~ x.,~(, > Xp·o.sl..f ~ Jr ~ xfus4r,r,3-oC I) <h 1, 2 0 

YpaBH6HH6 L l.l- F =0 nponHTGrpzpyeM no e(.K) , no,neJlliM Ha ,r
1 

/., t2. H TipH68BilM R "'.£. (x) • Y-ql1ThlB8R .IJnBepreHTHHI{ Err;q ypanHeHM.fl 11 ero paSHOCTHD~ annpDHC!-iM8I,4:1H, norp8111HOCT:D ~ 38DUW€M B EM.IJ;e 

(3.2) 

(3.3) 

(3.4) 

(3 .5) 
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r)J!l c(j On8M6HT!l "8TPllL\bl ]) , C J"'STOM (I.I) !1 (2.28) C0CT8BJ!EJ>-

!IW9 i[C.C) J16I'RO BHp8"K810'1'Cfl 'tl6 pe3 pemeHHS U • 

iljiCTb ROa{Jt1aU!ii6HTl:l 'J'.J. IT0CT0f!HHH9. Ouerum <f;yHKIJ;MlO i-(•) , 

9CJHl: peU16HH6 I!CXD,llHOE 38)1.3'tll1 npHH8,JJ,ll6.KUT np:::>cTp8HCTEY Wi (..fl.) • 

113 (3,3), (3,5) H (1,1) >IM66M 

7-c•> o/ ( A J"',)) ,) ('( (+4,)) A J·Qu,) 
" = t1 ""')I•- ~e iii" J<.z + 12. i ud, ~u.t~ -~ ~ 

" . ~ 

+ ol, (f (~ ·(~t'''j- f I? dx,) = r, + r. + [3 • 

1 ll:z. e .... ., 

Il!lpm<ea>te I, HBillleTcH n"HellallM orpaa•~eHH!lM iJ:YHKL\blOHanoM E H\a) 

DT ¢YHK!W.l1 U._, , ROTOp!:ti'I o6pall.t86TCR B Hj'Jlb H8 DOJillHDM8X BT0poi1 

CTeneatl. Tor;u.a no ne~1M€l 1.3 MM.eeM (Cionse no.upo6HH.e paccyiK;u.eturn MO~

HO HB~TH r/I?/) 

I I, I ~ 1-1 I [ ( u, ~. t· { ff[C~;)' t~~~ 1 Jx 1 '>!.. 
e• • 

AHall.Ortfi:!.HD ouem1Eamcn H CJlaraeMHe 11 
n I.l .. UROH'IBTSJU:,HO 
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~ C DDCTOHHHHMH RDS¢¢MDM6HT8MH 
• 1 r I :; 1--1" I hI' cxJJJ' l~u , H"' • (3. 7l 

" '1 Wz(e"; ' 
3.IlSC.b DDCTDBHHBB Md. 88BHCtiT OT W!- HOJ:NH ROS.~MJ:J,({6HTDE J.fj" HO H8 36BflCHT OT mara 1,_ fl pemem'LR t( • CJls,n,::>BaTBJI.bHO, OUBHI{8 (3.6) cnpaBSMHBa a MH C}!y~an nepeMeHHHX RostMnUlleHTDB. CJioJW.ee DJ.WmmaeTcB ~YHRIWR' 7cz) . PaccMDTPHM ee TISIJBYID RDM-noHeHTY B cnytJae DOCTD.RHHHX o/;j • 113 ll:p3,UCT8B.11SHIDI (3.4), 38RO-H8 I'yRa (3.5) >! (2.28) 0}!6,I(ji8T 

~(•>_ ~ { -.!. J ••• r - ... .r, ~ .. , " ~. )> d?', ., "h 2 

(3.8) 

B ll6jll30M CJiy-'t186 I1M66M 

7-r~> ... 7'2) .!... o(2) '1rzJ = I +I " ., + x, 7-1 ' (1 -1 z ' (3.£) 
rll.e 

(3.10) 

0naHRM DOCJI8,II:OB8TBJ1.bHO 3Tl'J 't:IJIBHH. Bupa.t6HH8 r, .RBJIBBTC.R JWHeltHHM orpam.PISHHHM !fyHRUProaanoM B H3 
or (J'YHl{tlliH:! V"a. x1 t.f1 , RDTDJ)HM odpa-r.QBBTC.R B Hy.JU, HB IJ0JiliHOM8X BTDpo:A CT6DBm1. Tor.ua 

II 1 " H /Ri' (lt )-i { f)ft"~lv-)• (l'")'ja~ ).lt• " = x_. '.:z. 2L\,JI:3 + ~·3 x) :§ e ' .,. 
~ ~JA(rd,KJVjJ x.[{~;)'+~(l~/+~f}d·}~ 

1'/' D I -'\i ~ ,._, " ((,~.h.) Or., II (3.II) >f. (t>') 
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AHanor~I'I1HO ouemtBaeTcB H qneH r •. 'lnea 7-~(2} 

1:~ (.1 ;;: J{. )._ ] ~ 
• e~2 ~-~ ".t. 

DTHSCSM K 

-{oj 

7' 
, TBI\ 'liTO H806X.D,WIMO OU6HHTh 

= cl ~2 [ I l ff o-1., J d ] 
H ' .< Uzxf,X, + 12~.~. e 1~·~~. ~· ~· . • 

0tiSBl1,UH.O, 3T0 BRP8'K8HH6 TIPG.ll.CT8BJ1H8T JlliHS:fultlli orpat-UltiSHRIDi ~yHRI.Um

HDJl B H3 , I<OTDpblfi o6panaeTCR B ayn:o aa nomllloMax BTOpotl: crenean, li, 

one ,ll'OB8T6JI:bHO, 

(3.12) 

i 2 - JlHHSti:mrl\ DrpBH.HtiSHHll:t\ iJ;yHRll,liOH8Jl B t-\2. RDTD.PJ;ill OCipa!i~86TCR 

B nynn na no ;~~mort.a:( ne pno}l cTenelli!-. 'Ior.n:a 

np~ TIOJIYtii1M 

17-:''/r.l-dA!'(t,l,ljijM, •./- li•K l x.w '•=M~,(3.I3l 
~ (ez.) IX_, Hz(ez)l :~ ' 

% 

ilO,U06HO OU6!E!!B810'I'Cfl l1 BCS DCT8Jl:OHH6 '!JlS,tbl. CJlytiaR: I!6p6M6HHUX ROScfti:H

U,:16HTOB p8CCMaTp!1E86TCB aHallDrHtili.O • 

TIOJIO~'fM 
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Y(x) ~ !.... 'if•J 4.!.. (x 7''' )_ + ? 10' x-.w, XA I x... <1 J(i X.z ) (3.15) 
M reopeMa crrpa.Be,ZVIHBa. 

TeopeMa 3.1. llycn Roalj',<J'r<11!16HTH ypeBHeHIIH (1.5) npHHa,l[,1Je~aT npocTpaacTBY W! (.ll) , a ero pemeiD!e U. npnaa)l)ls!<l<T W}(.Si.) Tor.na )l;.1IE norpeD!HDCTM annpoRctmaUKH "'±-rx) , TIP6.1lCT8BJ16HHO~ B BVr,® (3.15), Cllp8B6~BH Oll6RRH 

' lf':X) I € ~-(/~ ,. (.(, K,l. ri I• N'o!:ce') ' XEW' (3.16) 

c noCTDRHHDfi · H , He aaEM:CR!l.ISti DT wara { M pe;neHMH tl 
3BMSlJ8HM6 3.I. EcJUI pemeHM6 u. npHH8M61KffT w; (.12] ' TO Cflp8B8AnKBH Dll6HRH 

(3.18) 
38MS'q8H.I{6 3 .2. BCJUf J<OS![lfHJJ,I16HTH ypE:BH6W1.R (I. 5) M3 RJI8CC8 W,! ( jl) , a ere pemeHl!e - H3 w; {I/.) , f'= 2, ~ ' TO 

' l~c~;,J~MIR)Ix,K,gS• ~~~ ,.(•w,«>=o,<,2, p=2,u. (3.19) 
I · l41fre~) 

Ouea ... CRDpDCTb CXO,IWMOCTH pa3H0CTHO~ 38)\S~JI 51/._ ]J)lfl pe-1Jl6HJ1Jl 'i sa!la~n (3.1) cnpeB6!lllHB8 anpnoprwa oneuRa (2.21). Y~HTiiBBH ;MBepreaTHHll BH!l (3.15) rrpanon •acTl! ":},>- l! oueaRy (2.25), rrony•l!M 

(3.20) 
qT06N DOJIJlJHTb OU6HRY CROpDCTM CXO~OCT~, nPCT8T0lJHO DU6HHT1 DpBBYID •aCTb (3.20), HCDDAbSYH (3.16)-(3.19). 

TeopeMa 3 .2. llycTb Roa\[\):lliU!eHTII de_- ypaBHBHIDl (I. 5) npl!Ha)l-JI6.181' DpOcTp8RCTBY ~]'::$ (.Jl) , a e I'O p6ill0iill6 - w;"${.fl), S::r. 0
1 <t 1 p~~oo. 
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Tor)l.a [l6.il6HH8 pa3HOCTHO!i 38)l.8~11 51(_ CXO)I.l!TCB R pe!U6Hl!l0 JICXOJl)!Oi! 

aa)l.a~ 51 B C6TO~HOl! H0!l"6 w;(w) , llpli%M Cfip8B6)W!Ba 0U6HR8 

D f>S i 
N~-ql/, & H ht/ lfn~,l"lk// •ts s.o,1, p· 2,04, (3.2Il 

W2 tw) W (CJ2) 1 

c nocTD.fUlHD~ M , ae 38BMCH~e11 or mar~ /.., u p61.li6HH.R 1l • 

J\DR833T6HI>CTBO. 0U6HRJI (3.21) B cny~ae S• 0, f: 2,"" II S•'f, 

!'""" nerRO cne,eym aa aepaBeHCTB (3.19) 11 (3.18). PaccMoTpi!M cny

tJ.ail S.:1,f=l , :!cUOJib3YR (:~-.16), DDJI;)ItiHM 

1171''11 ~ HI~I'(I.(•,x,u·n~uz, Y,u)"·~Nigl'li~ll . 
L,(w) ,..., "'• (e') W~(Jl.) 

0cT8JThHHe ,n;aa cJia.raewx .uruor 

Cyw.MHJ>Yfl 3TH aepaaeacraa, nonytEIM aCIWM.yiO OUSHI<Y (3.21) ~ B cny11ae 

S: ~) f= 2 • TeopeMa .uoRa3aaa. 

38M61I8HL-!6 3,3, Ecnu IW3clQ:.mJ,ll6HT~ Jq pa3pUBHH6, TO 38,U8ti8 

5~ 1v cxo)l.l!TCB co cRopocnro 0(/l I ') .IWl npoHaBon~>ao~ Jll!Htm 

paap~ma 11 co CROpocTbK> 0 (/~ /*) , Ror,ua Jll!Hi1B paap~ma npoxO)I.l!T 

ti6p63 Y3JIH C6TKH. 

OneHJ<a CXO)I.l!MOCTJI B C8TO~HOii H0!l"6 C (w) CJ!8,Izy6T 113 (3.21) 

II H6[l8B6HCTB8 (1.35) H8MMH 1.6. 

TeopeMa 3.3. Tiycro aunonaeaH ycnoBRR T6Dp€MH 3.2. Tor.ua rnMBBT 

Mac To oueaRa/ 0 Hs / 1 '*)t• f 
1/j- ~/ CCw] § M !1-t/ h ~ ffdW;-s(->1.)' (3

•22 ) 

P" •,~' 5=0,1' ~*~ ~i" { R,,(l 

3. PaccMOT[li!M 3a)!a~y sz~,. . )l)!J1 X• ;-u JIM66M 38)l.8~y 

.. ~ -.,. 
n 1: ~ "St , X G fAJll" , (3.23) 

[z,,1]= Q- r~ .. ~J = jfk',u,dx- [<~.,~]=a. (3.24) 
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(3.c5) 
0T.M6T.V.tM, '~:!TO 38,!1.8'tJ8 (3.23)-(3 .~.5) O,UH03H<.:.'tl.HO p83})61UHM8. JleMCTEH'I'6Jl.bHO, }'CllDBU6 

[ -f•, e, J " [ ~~, e, ] - [A>ru, e, ) = 0 
,®CT8TD'tJHD l1)1..R pa3peW.11MDCT.I1, 8 (3 .24) - .ll}l.R 6JJJ1HCTB6H!·:l:OCTJI!' p€JU6HI1R. Bo EHyrpeHHMX ysllax norpetuHDCTb annpoRCMNi8U:H1 "'i"~ npe~CT<~B-.7l.RSTCR B Bl1.UG (3.15) III .Il)lS1. H€6 CTI[J'6.E6.I!)mEJl Oi!GHIUJ (3.16), (3.17). OcraJIDCb oueHMTb ~"1f> H2 rpaHMUe ~ • Cne;rr;yR p~;1CCYiit.U6HMM n. I, TIOJI}''!Jillil 

z p -i 17''(,,/ Hd~/ (x,~,~,) P flu 1/w'w') , x e r, , 
, r 

h'~',,!,~H/M(x,te,r;; N~</1, ,. , x~d,, <>:·0,2. 1 "rle ! 

(3.26) 

(3.2.7) 

TeopeMa 3.4. Dyer:& EWIOJIH6HH" ycT:DIJ\"Jl TGOIXHH 3.2. 1or.ua peill€H!16 p83HDCTHOii 3U.U3'tJI1 S2 f... C:·:O)llfTCB J{ p6trr€Hi1IO l~CXO.WiOF 38,WJ'tlJii 52 B C6TJ'tJHDf1 JJOpM€ w; (W) , DpiflJ:SI\', CDPBBG.ML1I~8 DU8Ill{E 
. . p US(1--f) 1/if·~//Wf§/vfln/ n~tf HS ) .)~0,-1,p~2,i» (.3.28) 2 IVP (.Jl ) 

C TI:JCTDJJ!lHOfi 1--i "7 0 , HS 32BKCR .. '!6ff JT { 11 fl • 
JlDR238T€JlbCTEDo ,Ll..riR ~ Cllfi211CJVH!E8 Dl~C.P.P2 {2o22): 

2 

h II . ~ k~ { 2. N"''/( +I~ I+ IQ.I} W-'(w) oC•O ( L2 (W) 2 (:!.29) 

Ouemm (3.IC), (3.17), (3.26)" (3.27) .uaiOT 
1' h (-'>J'I l'l!tS(f-_!_) L, { 'L ~l-1n r1~11 ,s~o,1,p~2,,.,. «·O 2 ('-') WZ"r_n_) 

f Ec;m c;P I:! <p Blftl:MC.J.!RIOTCR no qopi1Yll<JM {2o8), {ZoiO), TO 'D=O l'.nR CXO)I,l'1Nl0CTll JJ,OCTa'l'D"HO, ·"TD611 }0( ~ ft...l ( /..j:L o 0CTaJlDCI, OJJ:S-~ 
HHTb B6Jli.f'tJUHy Q_ o l'CJB1 Of!G.J(CTC>BiW. 66 Ii E;!JLC 

Q ~ L:" H ( * f( ~· 112 JJ. - x-, o, en) xew.:rr e&.) ' TO ,UJlR CJiaraeM1!X B CROCiR8X MOiKHD OpMJMH:!~Th JI6::1MY LpsM6JUJ-fL1JI:bCiepra, 'tlTO O!WH"2T€JILHO ,Il;SCT 

Ia 1 :; 1--1 JR J'+s '",''.;."r--"->, s.o,1 . 
Do.n;cTaBJUiR 8Tl1 DttSHRH E (3.29), nony'tlJ-IM (3o28)'o Teope.Ma .n;ota38Ha. 
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3aM6~8!ill6 3.4. Ouean (3.21), (3.28) TIPH S=O, pot C0Ell8-

;r$10T c DU8Hl{ar,m. liJl.B mrnetiHUX I! 6arumefiHHX KOH6'll.HHX aneMSHTD~II, l 5/. 

B cny~a• S=A, p= 2. 9TH oueaRH corJiacyiOTcH c oueRRaMH H3/15/ )lllH 

3]1}U:'I:DTW16ClHIX yp&EHSHHtl BTDPOTO DOpr!,IU\8. 

3aM611.8at1e 3.5. IIpe;u.craBneHMB narpeumocra annpoKcHMamm B .rumep

reHTHOM Ba~e a ee accne;u.oEaHae npa noMa~ n~~H EpaM6nn-~n:&6ePTa 

ll03E0Jill.Jl0 TIOHL:!3HT:b Tp660E8HH.R TJ18.n;ROCTH pe!llBHID'l DO Cp8BH6HWIO C paQo

TBMw'4•5tB,S,IO/. Bnepml€ T81CJ~ DO,WCO.U )J)lSl. 3JlJU'ITIT~6CRHX yp8BH6!mtl: 

HCll0Jlb30B8JlCH B/17/. 
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