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BBeJteuHe 

H3BeCTHO, QTO CaMHI OCtpHK Bonpoc 6KCHOMBTHQ8CKOA 

reopKK nona - Bonpoc o ee uerpHBHan~uocra. MuoroqHcneHUae 

nonHtKK nocrpoeuHa MoAeneA npHBena noxa num~ K p~ ycnoBHl 

Ha nons H HX KOMMyTaTOp~ HeCOBMeCTHMHX C HeTpHBHan~HO" 

~-MaTpBUel C CM.,HanpHNep, I HnH 2). 0AUOI H3 T6KHX 

nonHTOK 6Hna nODHTKa rpHH6epra 3 H HonymaH~CKOrO 4, KOTOpHe 

K 06HqHHM DOCtynataM 6KCHOMaTHQeCKOI teOpHH A06aBHXH 

COOTHOWeHHe 

{A{xJ,A(YJj:::: A(.x-y)-+ jtrx.Y,?J/l(PJe4 
(I) 

xoropoe B p-npocrpaucrBe c yqerow rpaucnauuouuol HHBapHaur­

HOCTH ( npHBOARDiel C #rx, y,R) = 6' (..¥-.B, ';1-R) ) npH06petaet 

6oxee npocroa BRA: 

[ /lfl'), /lftl} = LJ(P)b(f'~"'j) + /(f,.PJ/1{1'+~). 

BcKope nocne 3toro Po6HHCOHOM S Ha OCBOBaHHH TOZA8CTBa 

.futo6H ,Jtiii ~YHKUHH ~ (f'! 9) H cna6ol JIOKaUHOCTH 6HJRnOKa36Ha 

ee TPHBHaX~uocr~. OAUaKo cyllleCtBeHHHM nyuxrow 3toro 

AOKa3aten~CTBa 6ano HCDOJI~30B6HHe C&aJIBpHOro xapaxtepa nOJIB A. 
Hanpoep, AJIR BeKtOpHHX DOJiei !?,_ (!') HetpYAHO npoBepHTJt 

QT 0 ~YHKQHJI 

~~ Cll .-£e () .. (~7'J=o.P.J Jft 'J ~f. 

YAOBnetBOpSeT ItaK TOZA8CTBY HK06H, T<aK H YCJIOBHD noxan~HOCTH. 

O~xo raxaa ~HKUHJI e(~ npoTHBopequr ycnoBHD cnexrpan~­
uocrH. fiocneAUee ycnOBHe, COBM8CTHO C TOZA8CTBOM Hlt06H, 
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OKa3HBa8TC8 HaCTORbKO KO~HK, liTO BOOd~e HCKnDqaet BCBKYD 

B03KOZROCTL pacceaHHa qaQTHU B KO~enax THna (I). 

2. OtcytcTBHe pacce3RHa 

JleiCTBHten:&Ho, nycu Jl(,rJ, /J(xJ, Ct;; H T • .Jt.-Hadop 

aenpaso~x do3e-nonel nlldol te&3opsoR H "a3otonHqecxol" 

npapo~, KOMKyTaTOp KOTOpUX paBeH 

[ArN, .13r9j= AA!Jri';Srf'+fJ + ~; {,P, 'IJ Cf,P+f J. (2) 

Hcso, liTO~JlS HenpOTHBOp84HBoro 3~fiHHS TaKOrO BH~a KOKMyTaTOp 

~BEUHH ~A~ H ~~c ,ltOJlJ:BH Y.JtOBJl8TBOp8T~ T0~8CTBaK 
H!todH: 

[ t_c (/+fJ~E fl -f8 1:9/ c:c(,+~ k) + 11.,,.., "'<~"· /(.P/ 8.?: ~k}Srl'+f~~r-~; =o 
(3) 

r ~; (;,~+;; 4c~/kJ + "'"""A,~ A,r,· 4r _-,2kjJ1(P+f+-t')=O 
(4) 

H ycioBHD aHTHCHKMetpHH npu nepectaHOBJte nonel, t.e. 

~: (P,9) = - ~~ (9,P) (5) 

AAi!,{f>)= -Ll/3/1(-p). 
(6) 

liJUI roro 4TOdii saHTH orpaHHqesu sa ! ( 1', '1 )
1 

Hanarae­

we YCJIOBHeK CDeETpaA~HOCTH, .ltOCTaTOQHO CBR38.U 6' ( P, 9) 
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~YSEQKIKB BaltKaRa H BOCD0~30BaT~CR pe3yAbTaTaKH 

orpaa•qe&KI I ' 2, B8Jlar&811YX sa RHX 3THK yCJIOBR8Ke 

3n npoo.urr Hac K 3a:UillleBHil, w o 

j) C / P"r_; 
np• (P+rl>o oA[J(/','1 -:,eo 

XHdO f~ >O, AHdO y< :> 0. 

TOJl~KO KOr,Jta 

(7) 

Bo yc.IOBHe cnelttpa.IJ,BOCTB se ,JtaeT HHKaKHX orpa~eHHI aa t 
npa npocTpaacueaao-no~odsow f' + 9 • TaKHK odpa3oK, lr~9; 
KOJ:8T dHt:& 3aDHCaBO B BH.D;e 

~: (;;r_; = J(t:) c,~~ r~:9J+ Jr.; )c + .Yt/.)d+ ~'(.j )cl (a) 

+ J (tj)e+ X(J1)e +X fA)/+ X~~) I+ 
+ J ft~Ji + Xtz~Jf + l X~~), 

r.Jte J GJ )-xapaxTepHctuqecKas ~Hxuna, paBaaa I ton:&Ko !o1'f, 

Kor,Jta fe .!, 'le J. ;o+f e: k C /J, IC 
passu 1,2,3, npaqew odnacn J = ..1 o3saqaeT sepHDI) noni I·.<-

- HBJ:HDil nony , a J = 3 - BHeJDHocn csetoBoro xouyca) B 

paBSHt BY.ID B OCTaJlJ,HHX cnyqaax,a C, ( o/, c/ H cf,P· -

SeltOTOpHe ~SKIUIH HKOY.IbCOB f H f • ltpoue TOTO H3 

COOTHOmeSHB (5) CJle~eT, liTO 

~: (1,9)=- c8;('J,f3) I 1;/r~f)=-- ~: (f,;>J 

u t??.,. 
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YcnOBHR CD8KTpanDHOCTH H aHTHCKMM8TpHH (6) ~nR ~YHKUHH 

npHBO~RT K cnenvDmeuv ee BH~ 

LIAB (p) = )' {zJctEJ {P).,. ff.<)~~ {1'), 

r~e 
-
~8 ( ,P);:: - (fe/1 (-1' ). 

(IO) 

nepexoxa renep' K coswecTHOCTH ycno~HR r7) H (J), 

3aM8THM npe~BapHT8nDHO, qfQ ,ltn.H ~OKa3aTenDCTBa paB8HCTBa 

HynD B8.KYYWiOrO O:IH,ll;a.HHJI Tpolteoro H BYCmHX KOwtyTaTOpOB 

~OCTaTOQHO ~OKa3aaD paB8HCTBO HynD DpOH3B8~8HH.H 

!JC f)E 
-6AI3 (f, 'j)bc:t> (l'-ff,k)_d£F{-p-f-x), 

ll03TOMY B T0~8CTB8 (3) ,ltOCTaTOQHO paCCMOTp8TD TOnDKO cnyqaR 

t~ ::> 0 • Ca.wDl BaJJIIIW ,li;II.H Hac cne.ztCTBH81l nOKMDHOCTH 

.HBnsercs oTcyTCTBHe B (8) cnarae:uoro c X ( :1;~~/, T.e. 

t (3,~) = t 4~) = 0, 
(II) 

KOTOpoe B KOH~e KOH~OB H DpHBe.zteT C OTCYTCTBHD paCC8.HHH.H. 

leitCTBHT8nDHO, ecnH f€:3 
1 

fe3 H Kc3, TO,KaK H8Tpy,ltHO 

npOBepHT~ paBe&cTBO (3) y.ztoBneTBopseTcs TOX.zteCTBeHHo. Cne.zto­

BaTen,ao, xoTa dw O.ltHH H3 3THX Hunyn,coB ~onzeH ne~T' BHYTPH 

CBeroBoro xoayca. llycn f' e :t , 9 t 3 , 1"\ c: 3, npa'lell 

P+ye 3, k+fc3
1 

lr-ffJc 3 
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(T.e. cnyqaR (1ffJ) ). fipH 3TOK ycnOBHH T0~8CTBO (3) 

CKKBOnHQ8CKK KOlBO 3afiHCaTD one~~ Odpa30K: ( AXS 

DpOCTOTY 3MHCH KY 0DyCKa8K CDBOn t C HH,It8KCaKH) 

(t~)0~) + ~~)07) + (J7)(;;) = o. 

llepBoe H nocne,JtHee cnarae11oe B atoll paBeecne paBHH synD 

· B cmny (II), a BTopoe .n;a.eT ( npm L = t ) 

h.~: ('I, /r-) c~ (fnr,p) .. o. 

Ecniii ze f c 2 ( T. e • cnyqaR ( i ~}) ) , TO 3TO DpBBO,ItHT 1t 

hd =0. 

PaCCKOTpHil T8D8pD CHTya~ 

To~eCTBO HJtodH ,ltn.S Hee Hll88T BH~ 

( I 3 ".3) 
I I 3 ' 

(,~ )(J) + 0:)( ~) + r;;)~:) =0. 

BTopoe H Tpene cnaraewe paBHH HYnD H3 (II), a nepBoe .~taet 

c c =0 

H, cne.ztOBaT8nDH01 ( H~ (9) ) H 

c c ::.Q, 

Toqeo mxol ze aeanaa cnyqaes 

( 2.33) (/.Zj) /123) ( t-<3) ( /.?3) 
223 ) .J.Zi I (3-<3 I 1~1 I 131 

( 112) (1111 (.l.Zi) j:U/}(113) (!123) 
/21 J 1~) 1 (.ZI.Z 

1
(313)

1 
tJI u -<.32 
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npHBO~T COOTB8TCtB8BHO K tOKY, 'lTO 

cloi=Jol=o col·cdo ec/=ecl=o clc=olc=o 
I I I 

fc = /c =o, cc = cc =o, jZ =jc=o. old =c:id-o 
jc/=Jd=o ec::eC=O "f;/=};;-o. 

TaKHW odpaaoK, MH npKXO,JUUI x 3aKJIIlqeao, qro 

< j/f;rr, ~ 8r1 Jj c r,. j '<!teJ>o, (f1;/.c'f "'" •JA,.t!JSrN·•·tJ. o:
12

) 

Cne~oBaTe!hHO, paBHH &ynll II BCe BHCMB8 KOMMyTatopw, 

fiOCitOn:&xy OBH BHpa18.1ltCa qepe3 IIPOH3B8)1;8HH$1 t {~ 9) 

tHna (12), npB'181l nocne~Be tpB COKHOIHT9na KU81lT B TO'IHOCTH 

BB,Jt (12). 
O,JtBaKo aa atoll ocaoBaHBB KH e~e ae HMeeK npaBa ~enat:& 

3aKHD'l8HHt 0 tpiiBHan:&HOCTB llO~enB, DOCKO~KY BaKYYJlH08 

o:auaaae noHaoro Kooyraropa lt;:9P!/-1'-'i) notca e~e ae 
tt8 }, 

odpatBHOCh B Hyn:&. 

IlOCKOtpKU, ItaitOe ycnOBB8 Ba 3ty B8nH'IHHY ,D;aet TOQeCTBO 

(4) c yqero:u cneztTpaJUxiOC!B (IO). Ilycn f'c:t, lj63.~ ;nf~l 

(cnyqalt(I,J,1}). Tor.Jta cHMBonaqecitB 

{J~) (2)+ ~J)(:t) -f (z~) (3) = o. 

Tpet:&e cnarae:uoe paBHO aynll B cany (10), a nepBHe ~Ba .Jtallt 

- - E 
CA~ (!',f)~ (-f>-f) + ~F (91 -j'-f)J;A (!') = o. 

t::F (IJ) 
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Cnyqal ze (2,3,2) npaBo~t zt ypaBaeaaD 

~:(P.9) /;~(-!'-~) + ~~(y,-1'-f)tA {.P)=O, (14) 

ltOTOpoe Cn8,1W8T H3 (D) H (9). 0CtM:&HHe CJIY'Ia.H, ICB.It 

aetpy.JtHO npoBepBT:&, aBTOIIaTH'l8CKH Y.ltOBn8TBOp$lllTCa B CHJIY 

(D) 11 (14). TaiQDI odpaao:u, aa .JtaHHo:u arane & ae :uozew 

odparat:& B ayn:& .JtBolaoH Ko:uwyrarop nonea. lan:&Helmee paccwor­

peaae od~ero cnyqaa npe.Jtctasxaetca HaM 3aTPY.ltHBteX:&HHM, 

n03TOMj' .ltll$1 BHRCH8HBR li8IaHB311a ,11;81CTBHR ypaBHeHBR (D) 

OdpatHMCR It 'laCTHOlfY Cny'lall B8KTOp8HX noneH. 

3~ Be&topase nona 

Kax yze roBopanoc:& Bsme, .JtnR ctcanapasx noxeH He y,D;aet­

ca DOCTpOHrh liO~enH,OTXH'IHOI OT OdOd~eHHHX CBOdO,JtHHX 

noxeH, KOr,D;a ~BOIHOH KOMlfYTatop nonel TO~eCtBeHBO odpamaet­

CR B HYXh 5• 0,JtHaKO ,JtnB BeKTOpRHX noxel taKaa B03MO!HOCt:&, 

Bood~e roBopa, ae 3axpsra. Hetpy.JtHO npoBepat:&, aanpHMep, 

~0 

~; ( ~ 7) = /( ~ fJ I} ~[9(1'' f)f'x -j'(r?Jf..} 

aBtOMaTHqecKH Y.ltOBHetBopaet YCHOBHil '(J~ nOCKO~KY 

~·e (I, 9) G;,m (~f r, ~rj :::0. 
j 

9 
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(Ha CaKOII ,Ilene IIOJ:BO DOlta3aU, 'ITO taJtoe !.jK JIBJUI9TCI 

e,llHHCTB9HHYII pemeHB9K,Y.IlOBB9TBOpam~ OlROBp9119RHO (1J) ). 

YcnoBze 1:e (D) c yqeroll CPT-HRBaPB8.HtBocu 
J? k Jc 
b,·. (-!',-?) = I. ( !'. o) 

.I 'J ' 7 

paanozeHBI tzna (8) B (10) ycnoBBI (9) B teR3opaoro 

CBOICTBa C,il< B {JCe 

k If 

C,i(-!',-9)=- C'/(!','1),· J:tf-f'J=J:e(PJ 

DpBBO,IlBT Jt CBI3RU 

K ell( c,i r?. 9 J = - '.!. t ~ f J 

B 3aii9H9 paBeRCTBa (IJ) Ra 

If / /( 

ciJ (?-rJ(J,..ef-!-'tJ = c~ r-~-r, f)?:.i fPJ. 

llO,IlCTaBnii.B Cl),lla BHpa1:9RBe (14) llli BaXO.ItHM, liTO _1>(1", 9) 

,llOni:RO HII9T& BH.It 

./( ~ 9 J = c;(f'~tt~;J Llff 1fP~t/)+ S('(JErf.Jll(l'/fP•r/), 

a 

tJij (f) = Cr ~ij ~( !'~£(,Po) + li !Jf (f')' 

r,lle U(f~o)t:o. 

(15) 

(17) 

(18) 

(19) 

nocKoTpBM renep&,xaJtHe orpauzqeaua aaxna,JtHBaet aa 

tpedoBaHHe noxan&aocru. Heodxo,ltHIIYII H ,llocraroqaHK ycnoBHeM 

Toro, qro 
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} fx. y) = Je ,jJ:x+ ;fY_;o(/', 9) = 0 

aBnaeTca npe.ttctaBneaze BH.Jta. 6 

r>f'<A x-Y 

j {P,9J=/c!v;rs.£(~-r.-v.Jd(rt-r-u/-s) )if(u, ~/''~'f)· 
lna nonyqeHHI ze (17) ,JtOCTaToqao, ll'fOdH 

'}f( v, .s,~+ 9) = if?(r,nt;/)CS(s J(f?{tt+f'+'J)-S{u-r>-rJ), 

(20) 

(21) 

r.e. U('j;f.n9.1) He aaBuceno or nepBoro apryMeHra. 3To ycnoBHe 

poxoBHK o6paao:u cxaau:aaetca aa TpHBHan&Hocu S- Ma.TpHIUI. 

leiCTBHTen&RO, BaxyyMHoe OI:H,IlaHHe .ltBOIHOrO XOJ4YYTaTopa 

npHo6peraer renepL BH.tt 

<[!)IJI'J,~.tt!£A,.. ft-r/J 'V (<ZY(rJ-~ft~)2(rf'+f/)l} ~(f'•fJ.., (22) 

a ~yp&e-o6pa3 3aDa3,1tHBaD~el '~YHK~H ( c:u., uanp., 7) 

'i.je. ( f/ 1.k)= (23) 

= (£;'"(!') Z)'(-1r) + ;(Jr{-f )~J'{-x) + :;() {I');{>?- 9 yS(f'+f" I<")' 

ue ~~ RJ,..- nepecrauoBoqRa.ll • aanaaJtHBaDUII <PYa:a:~• qacuu c 

RYJieBol IBCCOI • fiOJI!o3Y.IlC& TenepL 06HqHWI npBeliOII 7 IIOJ:BO 

HaiTH npeqHHByl) !PYHJtUHI) "Tp9XBOCTKH" 

7:,J'e (~ 'l_x )= (T(.4rnAft)41.-c1>o = 
(24) 

= If fi K'e ( .Pl-f f.t+ ;c-lJ ~ ( .P+ f'f'l'r) · 
( ,P~ i[ J(f-l.,._-E)(k-t?<'E} 
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H3 3TOf0 BHpaX8HHH HCHO, q70 uatpHqHHA 3~8K8HT pacn~ Ba 

NaCCOBOA DOBepXHOCTH 

-!;m ftf~· Kz Z,je ( !', ?, K) = 0 

r: ?/ .kc~ 0 

4. 3aMDQesHe 
• 

~.e. $=1. 

HTaK, K0~8~b B8KTOpHHX no~el llH 0Ka3a~Cb TpBBB~bHOI, 

XOTH H BK8Hbmel CT8D8HH, qeK K0~8~b 060d~8HHHX CBOdO~HX 

RO~el, B TOK CKHC~e, qTO BepmHHHaH ~HK~BH BH~ MaCCOBOR 

DOB8pXHOCTB ~H Hee He paBHa HY~Il. Bno~He KOZ8T CHYQHTbCR, 

XOTH H Ka~OB8p08THO, qro 3TO CBOICTBO cne~BQHO TO~KO ~g 

B8KTOpHOR KO~e~H H qf0 MOXHO BaATH npBKep ~pyrHX DO~el, ~g 

KOTOpHX ~H3HQeCKHR pacna~ He 3aDpe~eH. O~KO, H8CKOTp8 Ha 

3TO, B ~lldOR KO~e~H no~el llB pacceaHH8, a,c~e~OBaT8~bHO, B 

po~eHHe qaCTHU, KaK DOKa3aHO B pa3~e~e 2, HeCOBK8CTHKO C 

DOCTy~aTOK cneKTpa~bHOCTH. B 3TOM CMHC~e TaKaS M0~8~b He 

·•. npe~cmB~aeT ~H3HqecKoro HHtepeca. 

Cne~ll~M marou ~on3Ho dHTb ycnoZHeHHe uo~exH. Ha 3TOM 

nyTH,HaM KaX8TC~HaH60XbmHR HHTepec npe~cTaBXSilT cne~ll~8 

,JtB e B03MO!HOCTH. 

I) Mo~eHb C ~BOltHHll KOWyTaTopou THna 

{!A(x J,A (y !J ArB/= J It x. Y, z, j )/lr§ J oil, 

12 

B ~ODOXH8HHe K KOTOpO~ 3~HO BaxyyKHoe OZH~HBe OT 

KOJWyTaTopa ( {A(xJ,A(YJ.l>;, ~.d(x-v) ~ < At~eJ>o;o. 
TaK xe KaK H uo~exb nz-nonen oaa pa3pemHMa. 0~&~ B otnHqHe 

OT llH-no~eR, T0~8CTBO H&OdH 3~8Cb XHB81HO H BK8CTe 

C YCXOBH8M CD8KTpalbHOCTH DpHBO~T TO~KO K H8KOtOpOI 

~ODOnHHT8XbHOI CHKK8TpHH ~H~B ifnpH nepeCTaHOBKe ee 

apryKEHTOBe 

2) Eoxee cno:ma KO~en c KBa,JQ>auqaoR 3aBBCHKocnD 

KO~Tatopa OT DoneR 

(Ar~J,/IfYJj= LJ{x-yJ-r/!rx_y_JJAtJJolj.,/crx_Y,}, 2 J/-"fi~A~J}<9~, 
T.K. KO~~~OHHHe COOTHomeHBR B p-npoctpaHCTBe He dy~T 

yxe QHCTO anredpaHQ8CKHKH. 

B 3aKXIlQ8HHe MHe XOQ8TC8 BHpa3BTb rnydOKJil d~aro~pHOCTb 
H.T.To~opoBy 3a YHOrOQHC~8HHH8 D~O~OTBOpHHe )I)ICKJCCHH B 

npo~ecce padoTH, a Ta&ze H.H.AqacoBy, H.~.rHH3dypry • 

B.r.cepdo sa odcy~e.axe pe3,YnbTatoB. 
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