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HaCTOSll!IM ;D;IICC8PT~ nocrunneHa p88:SHTMIO . pesyJII,TaTOB, 

llOJJY1l8HHHX r.B.~OBl,lM ~ HenOK8JII,HOtt KB8HTOBOtt T80Plill! CKa
MIJHOI'O noM/I/, ·:s KOHKpeTHWC ~HS~8CKllllC M0,!1;8JDlX.B Hett paccMa

TPR:Ba8TCH llOCTp08HH8 rpa;u;11eHTHO RHBapH8HTHOtt HenOKWibHOtt Teo

po nenTOHOB C YHRB8pc8JII,Hl,lM cna6b1M BSaHMO.n;ettCTBR8M H H8nOK8JII,

HOtt Teopmi aneKTpoMarwrrHmc H cna6wc Bsam10.n;ettcTBd c W-60-
sonoM. HeT HeOOXO;D;IIMOCTH I'OBOPHTD O SHa~emm 8THX MO.n;enett ;rr;IJI 

OnHC8HHH npoueccoB co cna6w BSBHMO.n;ettCTBHeM H pa;D;llarnIOHH:WC 

nonpaBOR R HD!, llOCROJII,KY OHR npaRT~8CRH HBJISJIOTCH e;romcTBeHHH

MH llJ)H KOHKpeTH:WC pac~eTax C llOMOutJ,D Teepe BOSMyllteHHi!:. 

B CBHSH C HOBl&ll: BOSMOllmOCTHMH ll0CT8HOBRH 8KCnepHM8HTOB 

llJ)H BHCORHX SHepmmc ~ B~Cnemm: BepoHTHOCTett COOTBeTCTBYD

lltmC npo~eccOB He06XO,ItID40 Y~THB8Tb BHCDme llOJlll.n;RR Jlll,n:8. TeOp:e:H 

BOSMYIJt8Hd. 0~81{0 cy111eCTBYlllllH8 nOK8JII,HH8 MO.n;enR cna6wc BSBH

MO,nettcTBd R aneKTPO;ItmiaMHRR w - OOSOHB HBMIITCH Henepe

HOp,mpyeMw.m, R ll09TOMy He ,Ir.alOT llOCne.n;OB8T8JII,HOtt H H8llp0THBOpe

-imBOtt TeXHmm pac~eTa BBCllll!IX llOJlll.n;ROB Teop.im BOSMy111eHHtt. B paM

K8X HenOK8JII,HOtt RBaHTOBOtt Teopu llOM OK8SHB88TCH BOSMOlltHHM 

paSBHTb TaeyD T8XHHKY, TBK_.KSI{ BB8,!1;8HH8 H8~0K8JII,HOCTH BSaHMO

,nettcTBHH ~aCT~ .n;enaeT BTR· BSBHMO.n;effCTBHH nepenopmpyeMblMH. 

IlJ)l! llJ)HM8H8HHH M8TO,!l;OB H8~K8JII,HOn T80p:e:H K pe8JII,HHM ~H

S~8Cltl!M sapgxeHHHM no.JIHM BCTaeT npoOneMa coxpaneHHH ~eHT

Hott HHBBPRBHTHOCTR TeOJ)HR. B ne~OKWibHOtt Teopmr, r.n;e CBB:Sb 

M8E;IJY llOMMR ocy111ecTBM8TCH ~Sl{T~ecRH B H8KOTOpott MWIOI oO-

nacTR,Tpe6oBaHHD mlB8Pli8HTHOCTH OTHOCl!TeJII,HO ~KWIDHOI'O ~

eHTHOI'O npeo6pasOB8HHH y.n;oMeTBOPMTb He npocTo. B .n;HCC8!)TarnIR 

STO OCYIJt8CTBM8TCH C llOMOIIIDD Cll8IJ;RMbHWC ~s~eCKHX npe,Il;llO~O-
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~emnt O xaprutTepe HeXOR8Jll,ROCTH B38.ID4O,wlftCTB:wl axeM8RTapHBX 

~aCTHn. B HaCTOSilJ!ell pa6oTe ,IV1H paccMaTpm3aeMHX MO~exen nocTpoe

Ha s -MaTpima, Y~BJieTB0~8JI Tpec5omurn.mA ROBal)aaHTHOCT:11, . 

ROHe~ROCTll, j'Hl'!TapROCTH, Ilpi!'mHHOCTH ll rpa;o;e:eRTHOll mmap:e:aRT

HOCTH. 

H nepBOll rxaBe BllelllpalOTCfi llCXO,JJ;Hlle XarpamtHaHll ,IV1H c:e:c

TeM B3W!MO~eficTBYXIIIIDC noxen. ,lJ)ISl MO~eJIH C j'Hl'!Bepca,n,RJ,IM CM

OJ,IM B3am.lO,wlllCTBll8M m.t.eeM: 

- ,'\ 

Xcx:):::. - .l ;rad llo1. w 'i>,.RJ.uJ: + 2.: 111, M(i.~-rn) ~-lxJ-
2 r j J (I) 

-e: lrt,.ll(~) e(i£): ~ ~ :(l<,)~V(ll)){~(7C}0o( !CtJ).· 

j/cl.. (x )- 8X8RTp0MarID!:TRO8 nO.1!8, Cyw.mp()B8BR8 BO m'Ope>M 

cxaraeMOM npoH3BO,IJ;l!'l'Cfi no BCeM paccMaTptmaeMllM ~p.!.HORRHM no

~ (j = e, /1, "e, ~ ) . B nocJie,l!;HRX cJiaraeMHX no~ l(x) 11 

Y& ) noRHMaeTcn 

~ ( 21'e (JC)) 
f. ('J() = . 

lJI. Ct) ) r 

v(x) = ( lf've (X')) 
llJ-.,,, M . 

(2) 

lI,mI C~8JI 8JI8RTpe>MarllllTHHX H CJiac5HX BSam.1O,wlllCTBHll C w -c5O3OHOM H368peM CJie.IJYl]ltltlt JiarparumaR: 

~lf.) = - -j : at1 II"' ~J ap n. c,o: + ~: ~- cxJ ( i. §-rn) ~ Cx>:-
J 

- -J: G}'., Ct} G)f: (x) + M2
: ~ (t) ~(>') - e:iwfl ('JC)fM; 

+ i.e: { W,., CJ)G/1 <x> - r;)".., cxJ ~r cxJ} ~ 1-1" t"J ~ <
3
> 

4 

• 

+ e 
2: { W,. l><) ~~lC") - ~ J-< -11 lX{ (tJ ~~tJ} .' flll ()() A.t4 ()()-'" 

+ /: { i<t)O.cvCx)\X,~ lt) + ~(icJO"'PltJ\,,\'.'..t({}}_ 

S~ec1, e: V"r, J 2: Glvf2 ·G - j'Hl'!Bepcam,H8JI ROHCTaR-
131 J vi I _ 5" 

Ta cJiac5oro 4--\PElp,moHHoro »aam.to.willcTB:wl ( G = ~ . 
Yl1p ) 

f'tlp - Macca npoiroHa. 

Ienco npo»epli!Tl>, ~TO BUClpaHHUe JI8rpaHlltlllaHll CHCTeMu B38H

MO~ettcTBYXIIIIDC noxett HH:eap:e:aHTHll OTHOCIITeJil>RO rpa,D;HeHTHOil rpyn-

nu RaJIHClpoBO~HHlC npeoelpaaoBaHlltt. 

lro~aJII,HO s -MaTpima aan:e:cHBaeTCfi B BH~e 

S = T ~p [ifdx ;!4,<xJ}. (4) 

lJ.mI noxy~eHllfi TeOpHH BO3MYJI1emdl Heoc5XO,JJ;HMO pa31IOlltll'l'b 8RCnOH8H

TY B (4) B pa~ no CTeneHHM ~,,., (x) :e: nepellT:e: R HO:{l,IMbliOMY 

npoHSBe~eHHIO onepaTOpoB noM corJiaCHO TeOpeMe B:e:Ra. Bll'IRCJieHRe 

MaTpR"IHHlC aJieMeHTOB ,IV1H ip:e:a~ecRHX nponeccoB C noMOIJtl,10 xpoHO

JIOI'.II'ieCRHX CBePTOR JIORaJII,HHJC noxeil: nl)HBO,IJ;l!'l' R ClecCMUCJieHHl:lM 

paCX(?.wnnm,!Cfi Bupalltelill8M. l!Toc5u nOJIY~ll'.Tl, ROH8'lHYD s -MaTpmzy 

:e: B TO lite BpeMSl coxpaHHTl> ee rpa,IJ;KeHTHYD HHBapllaHTHOCTl>, MH 

c~exaeM S - Mairpmzy He1IOitaJII,HOtt, npR"leM HeJIORaJil>hOCTl, BBe

~eM B Teopmo TOJil,RO 'lepea HettTpam,HHe noM. 

CYJileCTBYJ)T ~a cnococ5a BBe~eHllfi HeJIORaJil>HOCTH B Teopmo. 

IlePBlitt cnococ5 OCHOBaR Ha npe,Il,llOJIOllte!Ulll, ~TO B MMHX npoCTpaR

CTB8HHO-BP8M8HHHX oc5JiaCTHX M8l!t,DY JIORaJII,HHMH noJIRMH BO3MOlltlill 

.n;pyr:e:e ~ nPJ!11HHHOil: CM3H, OT~HHe OT Tex, KOTOpHe xapaRTep

HH ,IV1H ClOJil>m:e:JC MacmTac5oB npocTpaHCTBa :e: BpeMeHR. Hr.leHHo, npe~-
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~araeM c~e.IIYJ(llll!tt @13:lfliecrurll: nocTy~aT: 

Bee HettTpaJU,HHe llOJill B38EMO,Il,8ttCTBYD'l' 0 3apllllteHHmm aeno

I<8Jll,lillM o6pa30M. 

· MaTeMaT:II'ieOlU! BTO 03Ha~aeT, ~TO B narpaHlltR8H B3ru!'.MO~ettcT

mm BXO)J{IT He no1<am,HHe noJill V(x) II .Ill" tx}, a noJill 

N (f,x)= K.~ (e; o) v{t):;; f clLJ ll11 u-111 v(yJ C5> 

J/14(e,x) = !l11 (e;o)J/r'(x):::. Jc1LJJ{11 (1.-'1)//J-1(tJ) cs> 

lc'i (x-y)::: fl,. (ft~ a) crx-LJ)-=--

HenOI<aJll,Ha!l o6o6uteHH8.!l \J!Yllli~, o CBOttOTB8X ROTOpott 6Y'AeT OI<a-

38HO HIIllte. Coo6o,IJ;HHe xe noM aettTpHHo II woToHa c"lltTaxJTCH no

I<aJU,HllMR • 

.Jwyrott B03MOlKHml: cnoco6 OCHOB8H Ha TOM, ~TO, aanpmMep, 

nponaraTop cB06o,IJ;Horo aettTpmio 

S.,,c cx-LJJ = <ol T(-Jc,eJv(y))lo> (7) 

He onpe'AeneH npz ooBn8'A8l!lltIDC apryMeHTax X II Y • IIocTYnaT 

HenOI<0Jll>HOCTH OOCTOllT B TOM, ~TO npaB8SI ~acTb (?) He onpe'AeneHa 

He TO~I<O B TO'ql<S X = y ' HO lI B HSI<OTOpott MMOtt npoCTpaHCT

BeHHO-BpeMSHHOtt o6JiaCTlI B OI<peCTHOCTH TO~I<H )(:::; ':J. 9TO 03Ha~a

eT, ~TO B npaByD ~aCTb (?) .MOl!HO 'A06am!:Tb HenOI<aJll,HYD o6o6meH

HYD (pYHiamx> lI3 llOW(O)J{lutero npocTpaHOTBa HenOI<0Jll>R:WC o6o6uteHH:wt •. 

!pYHI<UBii/l/. 

B TOM H B ~py~oM cnyqasrx BBe'AeHIIe B TSOPHD nocTynaTa neno-

1<am.nocTH llpl!BO;IJ;llT I< H3MeHemm nponaraTOp0B aettT~BHX ~acTmi;. 

6 

~ 

,, - --p:. i.E 
(8) 

.1 .. ~ V-1 re:,,i1 
-P-i.t. 

... 
- f' - L'! 

Pa3~He Mellt,tly 1J$YMH llOW(O,naMH OOOTOlIT B TOM, ~TO B nep-
2 vr a 2 BOM llpl! BemecTBeHHHX p WQp.!~aI<TOp lf1 nonoUTeneH, 

a BO BTOp0M M0llt8T 6HTb 3HaI<OnepeMSHHllM, ~TO MOXST CYmeOTBSHHO 

yMSHbnmTb 'lllCnO paoxo~CH ,ll.l!8rpaMM B TeOpmi: B03MYmeHIItt. 0T

HOCHT8~HO cBolicTB ~OPMW8ltTopa npe~nonaraeTcH - c~e.u;yxmee: 

I. V (i) - ne~M WR~ nopa,I(E(a pocTa f 6: f£ 1. ; 

2• [Vr13,. = Vrr·*J j 
3. VroJ = 1; 
4 • j°duu.a V(u) ~ oa • 

(9) 

• Ilpl! BB8,Il,8HID! Heno1<am.Horo B3WlMO'ASttCTBIDi aettT!)8.lll>HHX no-

nett C 38Pf!X8HHl:lMH rpynna I<anl!6p0BO~HHX npeo6pa30B8Hlitt, OTHOCH

TS~HO I<OTopott 6y~eT HHB8PH8HT8H ~arpaHlltl'I8H, H3M8HHTCH H nim:-

MST cne,nymtd BH'A 

.1/l'CxJ -+J/r6d+ ~fCx), v{x) -v{')() ,, 

lt,c)--? {cx1e·le/{R(e!a)J~) iM~ lr~Je'·eK,,.(fa'o)f6<J, 
. t , (IO) 

Wr f:J)-;. ~M t-1ef!,,(e,, D)J<t~ ~+(x)~ ~+(.,.} ieK11(fJo)f(~i 

r'Ae .:Hx) - npo:e:eBo~HM WR~ lI3 ~pocTpancTBa wnm:i;d, 

HS I<OTOpllX onpe,IJ;eneH onepaTOp JC (e 2
D). 
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llpeo6pasoB8HM (IO) c npo:e:SBOJI!,ROtt (FYBR~ea .;/(x) lp()p

MaJibHO rapaHTHJlYM coxpaneR:e:e SJieRT!)OMarmITHOI'O TORa sapimeH

HHX noJiea. 3TO OSHa-qaeT, 'qTO Cn:e:H CB06o.n;Horo H B38BMO,Itetl:CTBYJ>

ll!eI'O aJieRTp0MarmITHoro noJUJ paBeH e~4/. 

H KOHUe rJiaBH CTaBHTCJi sa.u,a-qa: RaR BB80TH npoM8JtYTO-qey]O 

peryJUJp:e:38IllDD T80PHH H KSRHe nepeHOp,!KpOBKH H806xO,u;eMO npoBeo

TR, 1JT06H nOJIY"IHT:& ROH8"1HYJO, YHHT8JlHYIO, rp8.J'.U{8HTHO HHBap:e:aHTHYJ>, 

np:e:-cnmnylD H KOBaIJH8HTHYlD S - M8Tpmiy, OnHOHB8Illt.VlD 3JI8KT!)OM81'

HHTH08 H OJia6oe B38HMO;D;8ll0TBM JI8nTOHHHX H 6o30HHHX noJiett? 

Bo BTopoa rJISBe ~ooevr~ o6cyg.u,aeToa p0JII, peryJUJp:e:sa

mm B KB8HTOBO! T80PHH noJUJ, paooMaTp:e:BaJDTOjl onoco6H YOTpaHe

HHJI paoxo,v;maooTel B TeOpHH B03Myntemtlt H npoH3BO~OH BH6op 

rpa~8HTHO HHB8pHBHTHO! peryJUJp:e:a~OHHOtt npoue,uyps 'Al1ll S -
M8Tl)lm HOOJie,nyeMHX HeJIOR8JibHHX·MO;D;eJie!. 

YR83HB88TOJI Ha ,ll;Be B03MOlltHOOTH YOTpaH8RHH pacxo,v;maooTel 

R3 s -M8TPHnli• ll8PBM 3aKJIJJ'q88TOS BO BB8,IteHHH B JiarpaHll0!8H 

B381!M.O,ItellOTBM H8ROTO!)OI'O KOHe'qROI'O 'qHOJia KOHTp"IJI8HOB, onepa

TOpHM OTPYRTYpa KOTOPHX H l!X·JIBHM 38BHOHMOOT:& OT napmaeTpa 

peryJIJip:e:samm A no;n;6:e:paeToa TBR:m4 oopasoM, 'qT06H no,mocT:&D 

KOMII8HCH!)OB8T:& BOG llOBRHKanJtlle npH llli'qHCJI8HHH aMIIJmTY;D; paoxo

~ecs np:e: I\ ➔ 00 BHpal!8HHH/5/ • BTopaa BOBMOlltHOCT~ COO~OHT 

BO BB8;D;8H:e::e: TSKOI peryJUJp:e:3~0BHOit npone,uypu, B paMRax KOTOpoit 

ll8paM8TIJHB81lWl paOXO.nmrtllOS BHpal!eHd npoHCXO~ TSKHM 06paBOM, 

"ITO OHR OT8HOBSlTOS KOHe~6/. EoJm Ee B T80~ ,IteJI8Jl'l' KSR:e:e

JIH6o nepeHOlJ>ll!l)OBRH, TO.OHR OBH8"1WO'l' He npo:ne,uypy ycTpaH8RHH 

pacXO,ll;BMOOTeii, 8 nepexo;n; OT 0,l!JU!X, M8R88 y,no6HHX, R ,Iijlyl'HII., 6oJiee 

Y.n06HHII,. Q.JHBK"l801UDI ll8paM8TpaM. Boe nepeHOpm!)OBO"IHH8 nOOTOSH

RHe np:e: 8TOM Oy,uyT ROB81lllll. 

8 
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PeryJUJp:e:38J:tl[OBHM npone,uypa, cqiop&yJI:e:poBaBBrut BO BTOpott 

rJISBe, COCTOHT B CJ18.IIYICl!l8M. 

HeJIOK8Jll,Hli8 nponaraTOPH uettTpHHO H qiOTOH8 pery.IDipRBYJOTCE 

np:e: llOMOll!H cpyHKmnt R. J'( J< 1
): 

ua S,/ cxJ = _?_ rclN 'iv fe:,r)J<~J(; e-i.1<x 
<1 (2Ji )" J' ;; + i E. (II) 

fl.~ ~.(.; (x) = .k rdK 
flli)"L JI 

· i ~,Rr YR (-l11 K 1 (K; _ i.Kx e 
1<2 +it. . 

/ 

r;n;e cpyHKD;WJ 

• R (i.) = e,t,ep{-S°(r+iJ-'l-f+>.e_,Jir;:} C(E< i (!2) 

"< "~<i<f 

8HaJIHTH'qH8 B KOMllJI8KCHOtt Bepirnett llOJIYIIJIOCKOCTH r H y6HB88T 

no ft I B uett, BKJIJD'qM Bell!eCTBeHnyJD oo:&, RaR aKonoHeHTa no-

pg,IJ;Ka pOCT8 f4f+il4-1. 
B MO,IteJm O ymIBepoam,uw OJI86llM B38EMO;D;ellcTBHeM ,u,mI npona

I'8T0p0B S8IlffEeHHHX JiellTOHOB HOllOJII,3yeTOE 06H"qHM rp~eRTHO 

HHB8IJH8HTHM peryMPHB81lWl llayJIH-BMJiapoa/5/, T.e. peryJUJp:e:sy

lOTOJI HHTerpaJIH, 000TB8TOTBYICl!lR8 II;IIBJiaM, OOOT8B.7IeHRHM TOJI:&KO HS 

nponaraTOPOB S8pruiteHHHX JI8llTOHOB. 

B OJ.IY'i88 T80pl!H O BeKTOPHHM 6030HOM HOllOJI:&syeTOE BR;D;Oli3Me

H8HH8R ~eoKM peryJUJp:e:saD;WI IlayJIH-BMJiapoa, T .e • l3M6CTO 

!FYBKillnt 

e
0 f' n ( mt) h1r I H; x,-Xz.), Xz. --xi, ···1 x.,-x,), 

(13) 
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OIIRCllBanJt8tt D;IDUI, COCT8BJI8HBm1 HS nponaraT9poB sapaJJteHBllX 

'1!8CTHU (U8Jlll8.'IIHCJI8 0 H € OIIRCllBSilT nopa,noR T80p:e:H B03MYllt8-

mtlt pacCM8Tpm38.8MOI'O mnwa DO ROHCT8HT8M e H J COOTB8TCT

B8HHO ), paCCM8Tplll388TC.fl qlyHRIJ;lm 

· n ~ o 8 a+t-d ) 
7.eo =LCJ.efj\. n(m .. ,t\.n,,./\,MA;·x-,., iI4><) 

/ J .- I J r J> •) I '21 ") k- I J 

r.ne 

cl= a (1·9w) +),(a) 6~ 

A (a)= {o, a - 11:e-rHoe 

,i I Q - H8'118TH08 1 

(I5) 

a t;)w paBHO e,nmmue WIH HYJIJO B S8BHCl'IMOCTH OT TOIO, m488TC.fl 

:wm H8T B mnwe nponara-rop B8RTOPHOIO 60SOH8. 

OrpaHH'lleHH.fl Ha xoa~mni:eHTll C; H8RJI8,IJ;lm8Jl'C.fl B saim:c:e:

MOCTH OT CDOC060B ycTpaHeHlt.fl pacxo,IJ;HMOCTei B s -M8TpHUe. B 

D8PBOM no.n,co,ne OHH npmmM8DT BH,IJ; 

11 " ~ c;I\ ::O , ~=O, ~)21 ... 1 h-1 crs> 
J::.O 

8 BO BTOp0M 
H IC 

L c-Aj =O 
j:o ~ 

~= "11., .z) ... , n-S' 

~ tM 
L c./\, 4'/\·= 0~ • J ., J 

(I7) 
m= o,i, ... 

,=, 
r.ne S - 1!:HCJIO 3H8'11elid, ROTOpHe Dp:mmM88T H1 , 8 SH8'118HH.fl 

t1 H l't1 S8BHC.flT OT paCCM8TpzB88MOI MO'A()JIH; 0,.. - Dp0HSBOJil>

HH8 ROHCTBHTH, SH8'118HH.fl ROTOPllX H8XO'Af!TC.fl HS onpe,neJI8HHHX iim-

SH'll8CKHX Tp000Band. 
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Ilpml.flTM peryJmpHSSUHOHHM npone;eypa DOSBOJI.fleT nepe:ftTH R 

8BRJIH,n0BO:ft M8Tpmte lI 0,n;HOBpeMeHHO B 8BRJm,n0BY o6JiacTl> BH8ll!HKX 

m.myJII,COB, 'IITO ,naeT BOSMOl!tHOCTl, ycTpeMllTl, napaMeTp pecyJ!Jipzsa

:a;m O R 11-yJID. T8.IU!M 06pa30M, M8TPH1l:Hll8 8Jl8M8HTH B 8BRJIH,n0BOft 

06JI8CTH BH8lllHHX HMIIYJil>COB onpe.neJiil:JOTC.fl CXO'Aflll!HMHC.fl BHJ)8l!t8HID!MH 

H He saim:cs-r OT napaMeTpa peryJmpzsanim O • 
M8TPH1l:HH8 8JI8M8HTH B ~HSH'll80ROtt 06JI8CTH BH8111HKX m.lDYJII,COB 

8,1J;IUl.CTB8HHBM o6pasoM DOJIY'll8DTC.fl DYT8M 8H8JIHTH'1!8CROro Dp0,n0Jlllte

mm. 

B Tp0Tl>8ft rJI8B8 Ha OCHOB8 CJI8;DYl!lll8I'O ~SH'll80ROI'O DOCTYJI8-

Ta: 

"HeJIOR8Jll,HOCTl, BXO,Itl!IT B Teopmo TOJil,RO 'l!epes H8il'rpaJIJ,HH8 

DOJI.fl HeftTpmlO; DOJI.fl S8PlllJt8HHHX Jl8DTO~OB H 8JI8KTp0M8I'HHTH08 DOJI8 

OOTSilTC.fl JIOR8Jll,HBMR". 

CTp0HTC.fl rp8,IJ;H8HTHO mmapH8HTH8.fl H8JIOK8Jll,H8.fl T80PH.fl YHlll38pc8JII,

HWC CJI86HX B38l'IMO,nettcTBd JI8DTOHOB. BBe,IJ;eHHe B Teopmo T8ROIO 

11.HS6Hp8T8Jll,HOro" DOCTYJI8T8 H8JIOK8Jll,HOCTH, CB.flSllB8Dilt8I'O DO.flBJie

HH8 H8JIOR8JII,HOCT.H O H8:ftTp8Jll,HBM DOJI8M H8ftTpml0,M8T8M8TH'll80RH 

OSH8'1188T BOSMOl!tHOCTl, Bll60pa SH8KOD8peMeHHOIO ~0~8RTOpa B npo

naraTOpe nettTp.HHo. XOT.fl STO He YCTpaH.f18T B08X ynT~HOJI8TOBWC 

pacxo.noocTe:ft Hs pa,na Teepe BOBMYI118Hd, o,n;aaxo Teop:e:a: CTaHo

mrrcs nepenop,mpyeMott. 0K8SHJ388TO.fl, 'IITO paOXO.JJ;l!:TC.fl TOJll,RO ROH8'11-

H08 'lll!OJIO THDOB nenpno.nmamc ,nH8rp8M14 ~AHMana, COCTO.fllllHX HS 

S8MRHYTHX mn<JIOB, o6paSOB8HHHlC nponaraTOpaMH sapruteHHHX JI8DTO

HOB (p:110. I)• 

II 



i 
I I 

>O< -:~ 
J!.t. w(o)=2 Ii.2. w(D):O 

_A __ L_ A 
m.1. m. 2. m.3. 

W(b):::. J 

AAA 
III.'1. 1!!.. 5. '.fll.6. 

W(O) =- 0 

J=t J=l J=l tr tt 
,.JY.J. II.2. iV.3. lt.L.J 'JY.5 

1 v· 
W(P)•O 

w(p) - HH)(exc ~Harpa:w.m: (cu. pa6oTyl21) 
P:lil:c. I. 

/· 

3,IJ;ec:& BOJlllllOTruJ, HenpepmlHrui: H DYHKTHl)HruJ JimUm OOOTB8TOT

J!9rtr qJOTOHy, sapm1teHHllM JI8DTOH8M H se!TpBRO. IIPH yo-rpaaerum no

JlBJJJm!IIDCOJl paoxO)t111MOOTett B )]JX8 EoroJD06oBa CT8H0Bl!TOJl H806x:O,Itl!

MBM BB80TH H80KOJll,KO KOHTp'IJI8HOB, ODHOHBaJlltHX 'D[OTO H8hl)HHO

H8hl)HHHOe B38HMO,IJ;ettoTBHe, H no.JIHmt Jiarpa.mmaa BSSHMO,Ite!OTBl'!Jl 

npmwMaeT BH,IJ;: 
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~i.tt (x) = -e: l(i) llMfv.J: + ,;;. : l(xJ0.1. 1.. (x) lw.'+ 
. :z 

.,. h.:Sp{ M 1 .. M J,,.,cxJ}: + h.2:Sp{ 1.,diO(r>.,_0
11

-'J .. ,. a)'1;scx)) :,4, 

lI8) 
+ f.: Sp { t eiJ} (E;./u,_ -f.1.,. a) n,. ~,: + .l h J Sp { 1o1. ciJ 713 ~1 l<.t.p.6tJ }: + 

+ f h.,.-Sp {j-.6cJ[7,. c)(J, 1"" c,cJ]_ "Jp ltJ): 
r,IJ;e 

( '°Je'"J()"' })e'll} V/.0-< Vt 6cJ ) 

Joe (,c) :: \~lie>°-' \l.,.CicJ. v
1
p)0"' ~lt) ' 

(m; o) 
M= o mfl 

Rct 15 (>C) = o~ '111 (;() - 'o/1" ex>. 

TSRl!M odpasoM, B08 paoxo,nm400TH T80l)HH BOSMYJ!lemtll: C 

STEM JiarpaauaaoM BSSHMO,IJ;ettoTBIDl YCTpaHJlJOTCJl nepeHop.mpoBRO! 

xosoTaaT Bsam.io,1tettcTBHli e, ~ h., hi, h
1

, '1 'I l![ :f , 

a T8Rllt8 061:AHO! nepeHOIJ,mpoBKO! Mace H BOJIHOBHX 4'YHKmrit BSSH

MO,IJ;e!CTBYJl!IHX ~8CTmt. 

lJOJIH!il JI8rp8HEJ!18H BSSEMO,IJ;eiiCTBHJl JlBHO rp8..U.H8HTHO HHBal)HaH· 

'1'8H, llOCROJU,ey onepaTOp He!Tl)HHHOI'O TOKa 1«. (,c) He npeodpa

syeTCJl DPH rpa,Itl,!8HTHOM npeo6pasOB8.HHH. 

lJOJlBHBlllll8CJl ,IJ;ODOJIHH'1'8Jll,HHe ~JieHH B JI8rp8.HlltHaae B38HMO,IJ;e!

CTBl'!Jl ODHCHBaJOT 'lll!CTOe V-V BSaHMo,IJ;ettcTBHe, o cymecTBOBBHHH 

H :seJDitume KO'l'Op0I'O B H8CTOSII11ee BpeMJl ~ero He MSBeCTHO. KaK 

no~asaao B /7/, CYll!eCTBYll!IH8 3KCD8pHM8HT8Jll,HH8 ~He He npo

TlltBOpe~aT cymeCTBO:saHHD '1'8.KBX BSEU!MO,IJ;eilcTBd c ,I{O:SOJU,HO 60JU,

llll!Mli( ROHC'1'8H'1'8MH CBJlSK. 

CJre.izyeT 0'1'M8'1'H'l':&, ~'1'0 HOBOe v-v - B3am.tO,ll;8ttCTBR8 

13 (19) 



1:1a-a:a np1:1cyTcTBH.fl 1.1aTpmu,1 M He HHBap1:1aHTHO oTHOCHTeJII>HO 

38M6Hbl ~t ~ 'Jf' • ~8KTHll6CKH STO npHBO]tHT K p8811Hl1Hll B38HJ.IO

]t6!1CTBHH 8JI6KTPOH8 H jJ -M630H8 B BblCmHX nopH]tK8X T60pHH B03-

Myll{eHHll. 

.ECJIH BM6CTO noCTYJI8T8 0 "HeJIOK8JII,HOCTH11 HellTpHHO npHHHTI, 

nocTyJiaT O H6JIOK8JII,HOCTH B38HMO]tellCTBHH K8K HellTpHHO, T8K H 

~OTOH8 H Bb16p8TI, UHKJIHll6CKYll peryJIHpH38UHll rraynH-BHJIJI8pca C 

YCJIOBHHMH (17) H8 K03~WHUH6HTbl C;, KOTOpble B p8CCM8TpHB86UOM 

cnyqae npHHHM81lT BH]t: 

5 I( 

L c-A· =-o ,.o J J 

ttl 

L cj /\j -lvr Ai = a..., , (20) 

I<= 0, 1,2 ; m= 0,2/ 

TO BCe }tHarpaUMb! TeopHH BOSUYIJ{6HHll OK8lltYTC.fl KOH6l1Hb!MH. 

Tpe60B8HHe OTCYTCTBHH nepeHopMHPOBKH 38PH'A8 e , no 

KpallHell Mepe, BO BTOpOM nop.fl]tKe TeopHH B03MYIJ{6HHll B H6JIOK8JII,

HO!l 8JI6KTPO'AHH8J.IHKe/8/ ]t86T a.= o. BeJIHllHH8 KOHCT8HTbl a2 
xapaKTepHayeT CHJIY KOHT8KTHoro 4-HellTpHHHOro B38HUO]tellcTBH.fl, 

B03HHK81lll{ero BO BTOpOM nopH]tKe TeopHH B03MYIJ{6HHll no KOHCT8HTe: 

G. IarpaHlltHBH B38HLIO]tellcTBHH B aToll wop1,1yn1:1poBKe TeopHH np1:1-

HH1.1aeT BH]t 

£. (x) = -e; f(x} ~(x)f(¥) + G : f(xJ0.1. 'l.t (1<J{(t); + 
~H ff ' 

+ h, : Sp { M 1ei: <)( )J.,. ex>} : c21) 

KaKOB npOH3BOJI B npe]tJI8rae1.1oll UO]t6JIH? Bo-nepBblX, BB6]t6HHbl6 

~OPMW8KTOPbl HellTpHHO H qJOTOHa, 0 KOTOPblX H3B6CTHO Oll6HI, M8JIO, 

xpo1,1e C8UblX o61l{HX CBOllCTB. Bo-BTOpblX, HOBble B8pH8HTbl 

14 

v-v - B88llMO,IJ;efioTBIDl O H6R3B80THHMH ROHCT8HT8MH CBJI8Il '1.. R 

J • B paMR8X npe;zT,JIOllt8HHOi! T80pmI BCe 8TH B8.7JKqIDlfl npoR3BOJll,

HH. 

q8TBepras:r rJI8Ba IlOCBJilll8Ha nocTpoeHHID rpa,ll;l!eHTHO IlHBaIJliaHT

HOH S - MaTpRUH H8JIOKaJII,HOfi T80pHR CJia6HX H 3JI8KTpoMarHRTHl:lX 

B8aRMO,IJ;efioTBd O y~aOTReM aap.allt8HHl:lX B6RTOpHl:llC 6030HOB. B Ka~e

OTBe OOOT8BHl:llC ~aoTefi paocMaTIJlIBaeMaH T60pIDJ BRJilOl!aeT HeJIOKaJII,

Hlil!: BapRaHT OllllHOpHoll 3JI8RTp0,D;ml8MHKR, paHee nocTpoeaIWil: J/'81, 

H8JIOKaJII,HYID B8KTOPHYID 3~8KTp0,IJ;l!HaMHKY H HeJIORaJII>HYll TeOpHll OJIR-

6HX JI8IlTOHHl:llC B3aHMO,IJ;efiOTBm!: ~epes npoM8JltYTO~Hblil: BeKTOpHHfi 

W - 6030H. 

3JieKTp0,Il;llliaMmta B8KTOpHIDC 6030HOB·paoOMaTPRBaJiacI> J/'9,lO/, 

O,IJ;liaKO npe;zT,JIOllt8HHble T8M oxeMH IlOCTpoeHIDJ TeOpHR Hem,ss O~RTaTI, 

38Bepm8HHHMR, IlOOKOJII>KY He no1<asaao, KaR IlpoBO,IJ;HTI, nepeHO:[:MH

poBey B I-'\ -HOM nop.a,n;Ke T80plm B08MYI!l8Hm!:/II/ • KpoMe TOro I B 

/IO/ aJieRTpo,Il;l!H~eoxoe noJie c~RTaeTcs HeKBaHTOBaHHHM. 

~a~ecrum nooTyJiaT H8JIOKaJll,HOCTR, B paMKax KOTOporo 

3,IJ;8CI, CTJ)OHTOR S - MaTpnna, COOTOHT B CJie.ny:raneM: 

"Bee HefiTpaJII,Hb18 IlOJlll B3aHMO,IJ;eilcTBYIDT O sap.allteHHHMll H8JIO

K8JII,HblM o6pasoM". 

PeryJIHpR8anROHHM npone.nypa aa,IJ;aeTCR TaKRM o6pa30M, ~T06H 

JiarpaHlltHaH R S - MaTpima 6HJIR KOHe~HHMH. Y CJIOBIDl (YI) 

npmmMam BR.D;: 

f 

Lc-/•/=o K=o1.1 2"3,4· 
j :::C> I J , I J 

~ . 

~ ci/\7 ftiAj= a..,, m = o,z/1 
,I :::1 

(22) 
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KaK llOK838ll0 ./31, JII06ott nmur, COCTaBJ!eHHlltt H3 nponaraTO

poB 3apm1temwx: 'tlaCTHn, pacTeT H8 6liCTpee 'tl8TB8J)T01ri CT8ll8HH 'JI!r-

6oro BH8lllH8I'O mmyJil>ca, llOBTOMy npHH.llTlie YCJIOB:wI (9) H8 qiop,!

W8KTOP o6ecne'!HBaJOT BMecTe o (22) oxo,n;l!MocTL JII06wc .u;zarpaMM 

T80JlHH B03MYlll8Ultl1. 

PaoOMOTpeHHe BTOpoI'O ll0Jlll;n;R8 T80pHli B03MYJll8HHH ,wili BJI8R

Tpo.u;HH8MHKH W- 6o30H8 noxasUBaeT, 't!To H3 Tpe60BaH:wI rpa,u;z

eHTHOR HHB8JlHaHTHOOTH H YOJIOB:wI HOp,!HpOBRH llOJISlJ)H38IUIR BaKyyMa 

CJI8;IJy8T 

a..,= o ( tt-1 = 2,4). (23) 

PaBeHOTBO HY JOO ROHOT8HTli Q., BliT8KaeT R3 HOp.u!p0BRH , 

noJmpH38I'(HOHHOI'O onepaTopa B OllHHOJlHOtt 9JI8KTp0.n;mla?,!l![l{8/8/. 

B BT02 xe rJIB.Be Bli't!HOJI8Hli ll0JIHPH3amm BaKYYMa R llOllpaBtta 

K OOOOTB8HH01rt aHepro B8KTOJlHOI'O 6030H8 B B8KTOpHO! BJI8KTp0,DJI

HBWm8, oo6oTB8HHM BH8Jll'ID'l H81.iTpRHO, oo6cTB8HH8J'I aHepr:wi 3a

pmlt8HHOI'O JI8llTOH8 H nonpaBR8 B oo6oTB8HHYD BH8JlI'lm B8KTOJlHOI'O 

0030H8 B OJI86WC B38RMO~ettoTmmx. 

3aTeM npoBe~eHO ~Ra3aT8Jil,OTBO rpa,u;zeHTHOtt mraap:a8HTHOOTR. 

·s - M8TpHDJl B U8JIOM, T.e. llOK838HO 

L .£__ ( 5"' S )= 0. 
"Jx"• ••• UXJ-'M Olli,, fr,) ... lifl;.,Jt .. ) 

I h ✓ I 

(24) 

B 38KJIJR8mt8 o6cyg.I!,88TO.f! BOnpoo O Bli60pe ROHOT8llT Q ""1 • 

Pe3yJIDTaTli, R3JI0~8Hllli8 B ,DJI008J>TrumR, ony6.mntOBaHli B pa-

6oTaxf2-4/ • 
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