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MarHHTOCTaTHKH Anfi BeKTOpHoro noTeHI~Hana 
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HccneAyeTCH HHTerpanhHOe ypaBHeHue AnH BeKTopHoro no­
TeH~Hana, K KOTOPOMY CBOAHTCfi OCHOBHafi SaAaqa MarHHTOCTa­
THKH. B OTn~He OT 6onee WHpOKO HsBeCTHoro HHTerpanhHOro 
ypaBHeHHfi Anfi BeKTOPOB nonn, paCCMaTpHBa~Moe ypaBHeHHe 
HMeeT 6onee rnaAKOe HApo, a TaK~e BABOe MeHhwee qHcno He­
HsBeCTHblX B ABYMePHblX saAaqax. HccneAOBaHHe HenHHeHHoro 
HHTerpanhHOro onepaTopa npoBOAHTCfi B rHnh6epTOBOM npocT­
paHCTBe BeKTOPOB-q>yHK~HH, RBnHID~HXCfi KBaApaTHqHo-CYMMHpye­
MblMH H HMeID~HX KBaApaTHqHO-CYMMHpyeMblH POTOP. IloKasaHbl cy­
~eCTBOBaHHe H eAHHCTBeHHOCTh peweHHfi ypaBHeHHR, CXOAHMOCTt 
MeTOAa nocneAoBaTenhHblX npH6nID1CeHHH. ~oKasaHa nono~HTenh­
Han onpeAeneHHOCTh npOHSBOAHOH ~pewe H, KaK cneACTBHe, 
CXOAHMOCTh MeTOAa HhIDTOHa Hero MOAH~HKa~HH. 

Pa6oTa BbJnOnHeHa B na6opaTOPHH BbNHCnHTenbHOH TeXHHKH 
H aBToMaTusa~HH OIDIH. 

Coo6llleHH8 06-i.e,o;HHeHHoro HHCTHTyra AAepHl,IX HCcneAOBaHHit )ly6Ha 1989 

IlepeBOA aBTOpOB 
Zhidkov E.P., Fedorov A.v---:-;-Yuldashev O.I. Pl J-89-473 
Investigation of the Magnetostatic Integral 
Equation for Vector Potential 

Magnetostatic field problem formulated as an integral 
equation for vector potential is investigated. In compa­
rison with more widely used integral equation for field 
v_ectors this equation has a weakly singular kernel and 
twice less number of unknowns in two dimensional case. The 
nonlinear integral operator is investigated in Hilbert 
space of vector functions which are square-integrable and 
has a square-integrable curl. Existence and uniqueness of 
the solution, convergence of successive approximations me­
thod are shown. Positive definiteness of Frechet deriva­
tive and convergence of Newton method and modified Newton 
method are also proved for above equation. 

The investigation has qeen performed at the Laboratory 
of Computing Techniques and Automation, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1989 



B HaCTOR~eR pa6oTe HCCRe,D,YeTCR HHTel"paRbHafl ¢OPMYRHpOBKa 3a'AatJli 
Mal"HHTOCTaTHKH MR BeKTOpHOl"O llOTeHQHMa B npe~OROXeHHH H3OTpollHOCTH 

~ppOMarHHTHbllC cpe'A. no CpaBHeHH~ C 6oRee IIIHpOKO H3BeCTHOR HHTerpMb­

HOR ~PMYRHpOBKOR MR B8KTOpOB noRR (I,2] 'paCCMaTpHaaeMoe HHT81"paRb­

HOe ypaaHeHHe HM8eT 60RbmyIO l"RWOCTb n~. a B 'ABYM8PHl:lX a~aqax K 

TOMY ge HMeeT B~Oe MeHbmee ~CRO H8H3B8CTHl:lX. oM>eKTHBHOCTb HCnORb-

3OBaHHR HHTel"paRbHOR ¢opMYRHpOBKH MR B8KTOpHOl"O noT8HQHMa 6b1Jla 

npo'AeMOHCTpHpOBaHa B a~aqe ~OpMHpOBaHHR o~opo~oro MarHHTHOl"O noM 

RHHeitHOl"O HH,lJ,YKqHOHHOl"O YCKOpHTeM Jil,lY-30 [3). 

IlycTb A - BeKTOpHbrli noTeHQHM, aao~ no ¢oPMYRe B,. tot A 
l"'Ae B - BeKTOP Mal"HHTHOA HH,lJ,YKqHH. HcnORb3Y~ ypaBHeHHJl MaxcBeRRa, 

ycROBHR ~ aeKTopa B Ha 6ecKoHeqttOCTH H Ha rpaHHqe paa'AeRa cpe'A c 

pa3HblMH Mal"HHTHblMH xapaKTepHCTHKaMH, H3 aeKTOpHoA ~OPMYRH I'pHHa no­

RyqaeM HHTerpMbHoe ypaaHeHHe MR aeKTOpa A [31: 

(I) 

- i -
r'Ae Q. -o6RacTb, aaHHMaeMBJI ~ppoMarHeTHKOM, r-:sjx-y\ ,M(x)=(I-_:;r )B(x), 

f (x, IBI) - a~aHHM ~YHKqHR,. qepea jB I o6oattaqeH MO,lJ,YRb BeKTopa B, 
Ac - HaaecTHliA B8KTOp, B~CMeMHA no ~PMYRe 

-A i j ~<1) 
C. (it) = i.: r:- ct~) ' 

,~ Qc, 

3'A8Cb 2c. - 06RaCTb, 3aHHMa8M8.fl TOKOBb!MH 06MOTKaMH, ~ n 2c:. .,. ¢ , 

~- 3~aHffHR B8KTOp MOTHOCTH TOKa. 
. 3 

Ilpe~oRal"aeTCR' qTO 2 - Ol"paHHqeHHafl o6RaCTb B R; ' 06R~BJJIIIM 



~SBOll rpaHHqeR r. llccneAOBaHHe ypaBHeHIUI (I) npOBO~TCR B rHnb-

6epTOBOM npocTpaHCTBe BeKTOP-qJYHKQHR [ 4) : 

H (rot. 9-) = l u \ 4 & l.~c~l. l"CJtU E. ~?.(Qf' J, 
CO CKanRpHl,IM np0H3B8'A8HHeM 

(ti ;ir).,_:::,. d. (u' ir) + (r-ot il, r-ot v), 
u/ire. H (rot,S?.). J.. '? 0 • l!epes l..2,(2)3 0603HaqeHO npoCTpaHCTBO BeKTOp­

lPYHKQHR, K~M KOMnoHeHTa KOTopwc npHH~ne~T \.,z.(SL), (., • ) - CKMRp­

Hoe npoHsBeAeHHe B l..~(Q)~ 

B nYHKTe I paccMaTpHBB.llTCR HHTerpan co cna6oR oco6eHHOCTbRl 

- i r - ( ◄ -\ (QM)Cx) = 411 si MC1)ic V °FJ d.Q:! , 'XE: Q , 

H CHHrynnpHlJR HHTerpan 
SM s rot QM 

.?, .3 
KaK onepaTopi. H3 l.iQJ B L2,(Q) . !liopMynHpymcn HX ocHOBHi.e cBoRcTBa. 

B nj'HKTe 2 YCTSHaBnHBaeTCR CY1ll8CTBOBSHHe H eAHHCTB8HHOCTb peme­

HIUI ypaBHeHIUI (I)~ a Ta.KJlte CXO'AHMOCTb M8TO'Aa nocneAOBaTenbHHX npH6nH­

llt8HHR. 

B nj'HKTe 3 'ARR pemeHHR ypaBH8HIUI (I) ·ycTSHaBnHBaRlTCR ycnoBIUI 

CXO'AHMOCTH HTepaqHOHHOro npoqecca &roTOHa Hero MO~!pHKaqHH; 

QqeBH~o. qTO B8KTOp MarHHTHOR HH'AYJtqHH, RBRRRl~Rcn pOTOpoM 

pemeHHR ypaBH8HIUI (I), yjoBneTBOpReT B o6o6~eHHOM CMbICne 'AH!p!pepeH­

qHaJibHblM MarHHTOCTaTHqeCKHM ypaBHeHHRM Ma.KCBenna. Ilocne pemeHIUI ypaB­

H8HHff (I) sHaqeHHe B MOJitHo onpeAenHTb B nD6oR TOqJte x a R-\ ( ilv~.,_) 
no qiopMyne 

E>c>t)= 4~ ~{(fi-5)V(~) - J.. (h~6)icV(M]~si + r,,tAc. , 

rAen -B8KTOp BH8i11HeR KI' HOpMMH, TO 8CTb ·HcnOnb3YR TOnbKO rpaHHqttI.8 

3HaqeHHR HaR'AeHHOro·BeKTOpa B. 

I. CBoRcTBa nHHeRHHX HHTerpa.11bHHX onepaTopoB 

CqiopMynHpyeM CBoRcTBa onepaTopoB Q H Z . OnepaTop Q: l.2(~)-\..z(Q.T 
BilORHe Herrpepi.seH H CaMOCOilplillt8H • KpoMe Toro, Q HMeeT KBaApaTHqttO 

2 

., 

c~HpyeMi.e BR o6o6~eHtti.e nepBi.e npOH3BO'AHHe (5] .·Ilpe~e qeM ycTa­

HOBl1Tb HeKOTopi.e CBORCTBa.onepaTopa s. BBeAeM 0603HatleHM. 

qepes II • II. H II • II .A.· 6y'AeM o6osttaqaTb HO~ B rKJib6epTOBHX npocT-
. . 0 ! 

paHCTBa.x l.i(2f H \-t(n,t,2) COOTB8TCTB8HHO. IlyCTb [6] : J(lt )-MH~llt8CTBO 

Bcex 6ec1t0Heqtto AH!p!pepeHqHpyeMwc coneaoHAMbHHX BeKTop - IPYHKQHR c 

KOMIIaKTHh!M HOCHTeneM, J/R.~) :._ 3aMHKaHHe j(v..?') B HOpMe 

_ (, 
3 'dA 2 ) \ 

3 llulllt(t~ = ifu l!> loxJ dx , 
~(2-1- MHOJiteCTBO 6ecKoHeqtto 'Aff!p!pepeHQHpyeMWC 4JHHHTHHX BeKTOMYHKQHR 

C HOCHTeneM B .Q. - MOTHOe B l.2,(2.)3 • 

0TM8THM, llTO~(~~-·rHnb6epTOBO npocTpaHCTBO co CKMRpHciM npo-

H3B8A8HH8M !> ":lu 'o ir 
(u, u-):f.(lt~ = ~ sl, 't>,c,/ '}l(k dx . 

1 'J K=i R 
JieMMal 

OnepaTop S: l..~(Q)~- l.2(2)3 HMeeT cneAYRl~e cBoRcTBa: S= S~ l!Sl\'- i. 
)!oKa3aTeJibCTBO. 

CaMoconplillteHHOCTb onepaTopaS .MOJKHO HenocpeACTBeHHO npoaepHTb. 

0TM8THM, llTO ecnH rpaHHqa r 'AOCTaTOqI:IO rn~M,Hanpm.~ep, RBM8TCR 

noBepxHocTbRl JlnnYHoBa, TO cneACTBHeM neMA!bl2.I HS [7] RBMeTcn Hsi\'- i. 
YcTBHOBHM 3TOT qiaKT, KOr'Aa r-nmmrnqeBa. By'AeM HcnonbsoBaTb cJieAYRl~ee 

CBORCTBO B8KTOpOB H3 J1.(R.?,) [6] : . 

_ _ (~,it'ci, rot u-) l.2.(R.~y = (u, ir)J"1.(R-z.) • 
rAe u, 1r G J'J.(R.!). 

CHaqana AOKWJteM, qTo 

\ISiJ-ll f: ll~ II , :w- e. ID (2.)3, 
. 3 

a aaTeM nocTpOHM Henpepi.sHoe npoAOJIJl[eHHe S Ha Bee npocTpaHCTBO h1(S?.). 
IlyCTb;;; E: <J)(si.)3, paCCMOTPHM JIHHelbii.R IPYHKQHOHM 'f(lf) '=(w, l"c1tir), ire. ~(IL). 

3ToT IPYHKQHOHM orpaHHqeH, TaK KaK 

(w,r-otir) ~ l\i4lUrotirij £ ll~l\\\rotv'l1.:Z:(1t:!.f .... UwUl\ir\l;r1.(R.~). 
CneAOBaTenbHO, B CHJIY TeOpeMH PHcca, CYlll8CTByeT 8'AffHCTBeHHi.R aneMeHT 

ue. ~CR-!;): (~.vh.1.cR-:.)=tfC-ir), -u=s~ci1-). c2> 
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IlOKSllteM, 'IITO u = Q -ur YAOBJieTBOpileT ypaBHeHHD ( 2) • IlyCTb ir.. - tr, 
- 0 

t\-c~,1,-. , ,, ..... E. :r (It!>) • Ha [6] CJieAYeT, 'IITO 

(aw, -\f.,):rLCRS) =- (w, totti=.,1. c3) 

IlepexO'Afl B paBeHCTBe (3) K rrpeAeJiy, IlOJIY'llHM 

( Q,a, tr) :rL(R_~ = ( 'W 1 l"Ottr) , tr 6. Ji (11.~), 

0TMeTHM, 'IITO Gw Ee. J'.1.ll~) t6] • Il03TOMY. BbIDlipM ~ ,s Q;.r' 6yAeM liMeTb 

Uo~u;1 C1t'')-= (ii, i-otQ~) ~ l\wl!llrm:G~~b,.(R.~~. 
0TKYAa CJieAYeT, 'IITO · 

\lsw \\ ~ ll w II , ~ e. CfJ(9.Y,. 

.naiiee liCilOJib3yeM TeopeMY O CYJlleCTBOBaHlili eAHHCTBeHHoro HenpepuBHoro 
G\ ~ 3 3 

npoAOJIJ!teHlffl onepaTopa S : JJ(2.) - h2 (.Q) Ha see npoCTpaHCTBO l..
2 
(Q) 

C coxpatteHHeM HOpMN (a]. 3To npOAOJIMeHHe 6yAeM 0603Ha'llaTb TeM Me 

CHMBOJIOM S ~ 

2. CYDjeCTBOBaHlie li enHHCTBeHHOCTb pemeHlffl 

IlpHBeAeM OAHH HasecTHbrli peayJibTaT [9,I0] ,KOTopblA 6yAeM HcnoJib-

30BaTb. 

JleMMa2 (IO] 

IlyCTb H(x, B )= Bir (x, !Bl) • H - AHqxpepeH~pye"'an no B npH Bcex 

x e. 2. <f>YHKqmt, HaMepHMM B .Q. AJIR . scex B =- R;~ • EcJIH, KpoMe Toro, 
i _ ~IHI 
/id= el lei( , li BblflOJIHJ'lDTCJ'l HepaseHCTBa: 

TO 

i 1 l. i 
F';,1.~'v*"?o, \l*<i, r 'iJ!ai, (4) 

lt1i.-M2l ~ci-v*) \11.-id . iceS?., (5) 

3AeCb Mi.. =Bt -Hi. , i. -== i ~ 2. • 

HepaBeHCTBO (5) Ta.IOKe 03Ha'llaeT, 'IITO 

· IIM1-R,.,1~~-v.)l\BcB2ij, C6) 
- - 3 - - - .- • 

rAe Mt, BtEl..2,(2) li Mt=(i-i~) rot A.t , Bi.= tot Ai. , L=i,'Z.. 

IlycTb o/ii\ - Q ( i ) i. -A 
""('IJ ~ A - 1 - r ttn. • 

CsoACTBa pnepaTopa Rd{(rt>t,52)+ H(rot,2) ycTattaBJIHBaIOTCJ'l B cJieAYIOilleA 
JI8MM8,, 

4 

• JleMMa3 

IlycTb swoJIHJ'leTcJ'l. HepaseHCTBo (6), IIQl\ =CH J..*-4v,,../(c(i-'J~))\ 

TOrAa: 

I) R. - .CliJibHO MOHOTO~~b!A on~paTop, TO. eCTb AM A1, ~E H(~t,2)BblflOJIHeHo 

(R.CA°1.)-R(A,.), A,-At)o(._ ~ }t: \IAi:- Az.U~ , J.E. (0,.1.:''·), C7) 

rAe ;t= O,S(H'l.,-l.)-,.o, ;/·=-(!.-\1*)~+J.c1). 

· 2) R. - YAOBJieTBOpileT ycJIOBHIO' J!Hnmm~a, TO ecTb AM Au A 2. e: H (rot, Q) 

BblflOJIHeHo \\R.CA.)- R(A2.) I\.,( ~ l \IA1 -Az. ll.i. ; J.. > o , (8) 

rAe l-=o,S(6+ ,Ji.2 + 4(2-Vi1-)). 

i!loKa3aTeJibCTBO 

llyCTb AA~A1;..A2, AM=M1-M1. AJIJ'l At.EH(fk>t,9.), 'AOKSllteM CBOffCTBO 1 
- ~ 
M;..; Li£SZ.) , t,. i, '2. • TorAa HMeeM 

(9) 
(R-(A1)-lt(A~) > t.A) = ~ ( AA- QAM , AA) + 

+ ( r-9t(AA- GlAM), rot ~A). 
()qeHHM nepsoe c;raraeMoe B (9): 

~(AA-ai.H,llA) ~ J.(llll'K112
- \\AAn11obR11). 

HcnoJib3YJ'l HepaseHCTBO (6), IlOJIY'llliM 

J.. (aA-Gbf\,AA) ~ c1.(UllA\12
- c(1-\J.i.)\IAk!ll\rotAA.\\J. 

TaK KaK AJIR JI106oro £ .,. O : 

Ut.A lllrot.b.A ll '- o,s ( [ IJAA 114 
t- c l rotAf\ \\?..) , 

TO 

.1.(c.A-Gc.M,AA) ?J:c1.(11c.A1{-c.(1-v.)(1½ I\AA.1\4+ f \ltt>tA"Kt))-= 

= J.l(i-C(!;-IJ*") 2~ )UAAl\2- l(!-\)i) ~ \lrotAii:I\?.). 
()qeHHM BTopoe c;raraeMoe B (9): 

., chit (AA- (hM), rott.A) ;,: n tbtAA 111~ ![rot c.K II n rot Q AM\\ • 
HcnoJibSYJ'l HepaseHCTBo (6), no;ryqHM 

" (roi:(t.A-OllM),\"OtAA)~ ~\lf"otAAf2
•• 

CKJIEl,IViBM ITOJiy'lleHHble HepaBeHCTBa,6yAeM HMeTb! 
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(R. (A\) - R.(A2.). ti.A).,_ ~ cJ. ( i- C (i-lJ<t-) ii) UAA. \\4 + 

Bb16Hprui 

IlOJiytrnM ( 7 ) • 

+ (v11- -,H.(i-V.) {) nrotAA\\2. 

€. = 1/H·JC.2.' - i 
c,(.C. 

Atta.norHtIHO AOKaauaaeTCH HepaaeHCTBO (8). liMeeM 

l\R(Ai)-ll(A,J II~~ ~AAII~ t~GAMII~ t- 2 l ( AA 
I

Q AM),,1 \. 
vlcnoJit:;3yH HepaBeHCTBO (6)' IlOJiytrnM 

u GAM 11: ~ (i+J.c,.) n t.Ml1'2. ~ <l.2 U 11:,tt,AJ. 
()QeHHM TpeTbe cJiaraeMoe B (II): 

2. I (AA, a 1.M).d ~ 2.J. l(AA, a AM)I + 2 \ ( rott.A, rt7f; QAM) \ f: 

{. J.( l llt.AU' + EdG.t.Mll1.) + e:\\t"otAA\12.+ fa.. ~rot OAM\\\ 

rAe c,.., €2. > 0 • .YqHTUBaJI (6), TOrAa IlOJIY~M 

II R.(A\)- R(A2.) u: ,f; cl. ( i+ t) \\t.Kf + 

+(i-'-61
~'c1 J..C..'2·(1-V'-)1.+ iz. + c2 (1->J.,,/·) \r-otA~\\2.. 

(IO) 

(II) 

Bb16Hpa.SI E,_ ~ 1/(1-\111) H fj =-ti- o,zs (2. - ✓~2+ ~(2.-\1._)) '-3 ji .ll1.(i-\1• )2. j, 
noJiyqaeM (8). 

CJieACTBHeM JI8MMbl 3 H TeopeMu 29.3 H3 [II] HBJIHeTCH TeopeMa. 

TeopeMal 

ipaBH8HH8 

R(A) =- Ac: ·· 
- 'I< 

(I2) 
HMeeT 8AHHCTB8HHOe pellleHHe A* 6. \.\(tot: IQ) ' J...E. ~I .J. '> )J,JIR JII06oro 

Ac 6 H (r-ot, Q'). 8To pe!lleHHe MOlltHO noJiyqHTb MeTOAOM nocneAOBaTeJib­

Hb!X npH6JIHH;eHHtl: 

f\..,..,.. = A ... -i:.(P!A ... )-Ac), ~-0,1, ... 

npH 3~aHHOM Ao (:. \\(n,t,2.), -C'=:(o, 7.,~/ e,_"l.) • CKopOCTb CXOAHMOCTH xapaKTepH-

3Y8TCH HepaBeHCTBOM 

rAe npH 

- - ~ -1. - -
~ A ... -A* II ' i: C°r-.:) @:-q,i II UAo)-Ac ll..t , 

-c = 1;, = "¥!./e.,, ct~ -=, i- ~fe,f: 

6 

:l 

l 
J 
J 

3. Cxo8HMOCTb HT8pa.IlHOHHOro rrpogecca HbIOTOHa 

icTaHOBHM CHaqa.na H8KOTOpue CBOACTBa npOH3BOAHOA ~me onepaTopa 

R. vlMeeM 

R'.(A)A = A'- Q F\', 

R'~ M'cx: i)ei' = (1- r:cit,\tn) 5'. 
rAe '6-= rot A , B' = rotA . 
Cnpaae,JJ,JIHBa cJie,nyio~an JieMMa. 

~ 
IlyCTb BUilOJIHHIOTCH npeAITOJioiiceHM JISMMbl 2, TOrAa onepaTop 

Ir (A): H ( rot, 2.) ~ H (~t,Q), A~\.\ (fllt, Q.) o6JI~aeT CJie,DyIOII\HMH caoll~TBaMH: 

I) R'(A) - Henpepuatto o6paTHM Ha H (rot,.Q) 

II R'(A)A't .;i, ~n A'/1.,_ • d G (o,J.*), A, A' E. .\-\(rot,~. (13) 
2). ECJIH 

TO l?,1 \ }l,!(tBi\) -;ns21) I ~ r I 1s.i1 -1s,.1 \ , 
YAOBJieTBOpHeT YCJIOBHD'~HnmHQa: 

(14) 

II R' CA,.)- R' CA2) IL.~ e!. \IA!. -A2. 11-4 , ,;. > 0 , 

rAe As. ,A2 G H(r-ot,Sl), ti= l {1+~e2) 112 • 

(I5) 

)loKa3aTeJibCTBO 

3aMeTHM, qTo a CHJIY HepaaeHcTaa (4), IIM'II ~ (i-·V-11) Uei'\I, 
I • 

noaToMy OQSHKa caepxy AJIH onepaTopa R npOBOAHTCH atta.norHqHo oqeHKe 

onepaTopa R.. AoKa3aTSJibCTBO HepaBeHCTBa (13) npOBOAHTCH aHaJIOrHqHo 

AOKa3aTeJibCTBY CHJibHOA MOHOTOHHOCTH onepaTopa R. • Cttaqa.na ITOJiyqaeM 

HepaaeHCTBO 

.<(A\~-QM'(S)&') ~ J.Hi-ii_C.(t--.J*))llX\12._ f C.(!-v~llf>'ll2J' 
rAe E '> o , c. -= II Q II , a TaKJKe HepaaeHCTBO 

(s',B':-SM1

(B)&1
) ~ \l*.\\1>'1( 

BY6Hpan t KaK a (IO), noJiyqaeM (13): 

(R'.(A)A!, A'L ~ ~ ll"N II! , .le. (o, J.l. 
CnpaBS)J,JIHBOCTb HepaaeHCTBa (15) CJISAYST H3 OQSHOK: 

7 



\1 ( R'.(Asj-[(A2))A,I\.,_: ~ Q(M(Bt)f>- M1(bi)°fi)\\.1s f 
6 ( .. cna~2 

+ nsa2)½. II (r1'ce;1) - M1(B2))p; \\ " 
6 (H.1.<:?.) ~ II M1(Bt)- M'(e;,.) ti II BI\ . 

YtrnTblBaJl ycnoaHe (14), nonytiaeM 

II (ItlKL)- ll(K2))A II.,_ ~ eJ. IIBt - &2 II\\~ II, 
OTKy~a cne~eT (15). 

,I:vrn pemeHHR ypa.BHeHM (1) paCCMOTpHM 11Tepa.QltOHH!irl\ npoqecc 

HbIOTOHa: 

A't1+1= it-(R1

(A.,)fi(1t(it,)-Ac.), h;,,O,~,--· (16) 

11 MO~H~HQHpOB~ MeTO~ HbIOTOHa: 

.Anti .,. An - [ R,' (Ao)f\ R(Ak)- Ac.) , n = o, i, ... . (I?) 

· IlyCTb A* - pemeH11e ypaBHeHM (l); Cxo~HMOCTb 11Tepa.Q110HH1,1X npo-. 
qeccoa (16) 11 (17) ycTaHaBnHBaeTcR cne,IzyKJ~en TeopeMoR • 

TeopeMa2 

IlyCTb BbUIOHHRIOTCH npe~nono~eHHR neMMH 2 H cnpaae,JµHBO HepaBeHCT-

BO (14), II R.(Ao)-Ac. ~.1:= t 1 

, ,JµH Ao, Ac.. 6. \.\ {t1lt,2). 

l) • EcnH Cf,=-~ < i , TO HTepa.QltOHH!irl\ npoqecc (16) CXO~HTCH K pemeHHIO 

l.:* a 3aMKHYTOM mape Ur• (Ao), r-' =} !/\'l."- i. 

CKopOCTb CXO~MOCTl1 xapaKTepHsyeTCR HepaBeHCTBOM 

\ Ah+, - A.\\.,_ !f: ! (~'I."'-~ 1)/ ( i- a,1). 
. 2,11 ... 

2). Ecn11 ~ < 1 ' TO HTepaqHOH~ npoqecc ( 17) CXO~HTCR K pemeHHIO 

~ B 3aMKHJTOM mape Ur• (A0), r-'= ~ ( 1- Vi- :t~it' 1). 
CKopOCTb CX0~11MOCTH xapaKTepHsyeTCH HepaBeHCTBOM 

!IA~ - A~t ~ ¼ (i-11~ 2. ~1')/11-i ;~· 
~OKa3aTeHbCTBO TeOpeMH 2 npOBOAHTCH_aHanOrHtmO ~OKa3aTeRbCTBY 

TeopeM 34.2 H 34.3_H3 [8] • 

B 3aKHIO~eHHe aBTOpbl B~T 6narOAapHOCTb rr.r.AKl1IDHHY sa nones­
H!,Ie o6c~eHM. 
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