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B padoTaX /l-4/ npeAnoseH no~xo~ It TeopHH HAeanLHHX H 

HeHAeanLHHX ( npHMeCHHX ) 0HHapHHX CHCTew, OCHOBOR KOTOporo 

RBnReTCR MeTOA ~HKUHR rpHHa H ROppenRUHORHHX $yHKUHR, 0AHaKO 

npu STOM ne yqurHaanocL anHHHHe Koneoanua cawoa Kpucrannu

qecKoR pemeTKH. B AeRcTBHTeJILHOCT H cneAYeT o:outaTL, qr o <t>ononnaa 

no~HCTeMa HrpaeT SaMeTHYD ponL, npHBOAR K nepeHOpMHpOBKe 

OOMeHHOrO HHTerpana, C~BHry 7;_ H T,A. 1 H1 B CBOD oqepeAL 1 

RBneHHR B ynopa~oquaaD~eAca no~cucrewe npHBO~HT K nepenopwupoa

Ke $OHOHHHX qaCTOT H MOAH$MKaUHH paBHOBeCHHX nonozeRHA HOHOB, 

B HaCTO~eR CTaTLe MH paCCWOTpHW oO~D nocTaHOBKY 3aAaqH1 . 
a TaRze OCTaHOBHMCR Ha BnHRHHH ynopRAOqHBaD~eRCH no~CMCTeMH Ha 

$oHOHRHA cneKTp qacror. Ann roro, qroOH nonyqurb Aocraroqno 

oOospHMHe pesynLTaTH, aocnonbsyewca weTOAow, np~noxeHHHW a caoe 
/5/ 

BpeMR B H pa3BHTHM BnocneACTBHH npHMeHKTeJILHO K warHHTHOR 

SaAaqe RsHHra B 161 • Kone6aHKH pemeTitK 0YAYT paccworpeiiH 

B nceB~OrapMOHKqecKOM npKOnKEeHKH /?/, AaD~eM B03MOZHOCTb 

ucnonL3oBaTL c<PopwynuposaHHHR B 12/ no~XOA K npo6newe ynopa~o-

3anHmew nonHHR rawHnLTOHHaH cucrewH cneAYD~M o6pasou: 
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Ha =-?i rrr,e. -~)-if- ~ra;-~; -t (/J";_,1p), (2) 

.-,. ~ --::- . ..,.) I -- ~) -z_r1 (,Q""'-Je/')= -T-0!'>(~""-12)' -f--:;r-·t/-(R-"'-R!" , 

r'\....,,1\ "A AA A A;? 
.,t.- (n...-, '?t') =- 11..&-)n- np n..., -rn.u r-:',- ~ . 

rauan»TOHHaH ~OHOHHOI no~CHCTeUH MOJBO 3anHcaT» B B~e 
" A .. II Az. "' . I'.""J- ·' 

1-/l'h -= ;E._ ~ /J.v + L ..2- lf-3 -f- L ...!:L (-!-""!?) T 
o<. .:iM11 /~ .!(M4 , J' .:?.Me (3) 

·-f E A .. (-1-/J:..,) -+ L2 'f>(Z, -R-~:) • 
"" :J.M6 'P r 

cp(ii;.- ~) - napHHI noreHIUIM B3aHuo~elcTBHJJ. B ~opuynax 

(I)-(3) . 
v ,) .; 

..e:f -.; -1 -f ·'!{; ' 

fJ= <fi!/> 
v-all KOWOHeHTa CMellleHHII f-ro HOHa H3 nonozeHHR 

I= 1,-t_ a; r=at:;1, (4) 

.; 
~ 
paBHOBeCHH. 

TaKD o6pa3ou, W~-~) , 41 [~ -:e;,) H -cr/Z -~) 
HBHHDTCH onepaTOpaMH no CM8~8HHIIM ~~ o ITOXHHI rauHnLTOHHaH 

cHcreUH c yqerow (I)-(3) npHo6peraer B~ 

II=- z. -tr
1 r~: -?J-+ 22 >or4.:-~J- -:n -er(,e_ -R}J.-,J r~, ~J-r 

"'.7' .. ~ ~ . "'~ (5) 
+ 22 _&_. ·+ 2. .3L_ + Z!.P..:.t../- 1 _ _L)h:_ -t- L.P/"(--L--L >/, • 

oi ~Md ~ :ZHe, ol. \4H_,q .:ZH- • ~ .21'14 :;zHI(.' l' 

AnnpOKCHUHpyew raKHnLTOHHaH (5) cne~D~K MO,J;eXLHHII 

rauHnLTOHHaHOM : 
2. 

"(<?J 1 -~ .J !"' :'(" ., P .. 
H - .z_ E. ~/\ x"'.6 a;.,-" _ Z!... i;,.-11 ·-,? "'""'~) + L!_ - -t 

"'Jl / / 1 ~ r . ,._ tlH.e. 

Az. z. ' -1 7' " ~ I I r · "' + Z ~ -f L!.Po~. {-L--- )/J.v -f Z!..P/3_1... ___ ·- )1'1, 
j) tlMA o<.. tll'1.4 ::11'16 j'l ://14 ~Hp, -

•I j .) •/<--' (6) 
rAe .x~ = v.t- ~ -~, -t~ - BapHB.l\HOHH!le 

napaueTpH, rroAne~xe onpeAeneamo. 

Tor,~;a 
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<N-/;·cc)) = L2< f/'(,Qj_-R_"';,) -tr'rll_-?,)/'/">_.,- i 22~/:<;z~;:::l_,;)-
~ F 'r 'j'J' , /.l'h 

~ < .J, (n".,._J!,sJ>E<- < -tr(~-~)- t-r >/',;• (7) 

nna onpe~eneHHR BapHa~HOHHilX napaMeTpOB HUeeu ~Ba ypaB

HeHHR, KOTOpHe cne~DT H3 ycnOBHH MHHHyYYa MO~enLHOI CB060~HOI 

3HeprHH / 6,7/ 

t}t'- vi?/' c;;(~-£:..)-rv}v/'2-'ri: -R;J+Y"./v/'1J(.i;. -~)<.-.;.> =o, 
/ I· · (8) 

.if(~- ~) ·- -t~ ::- 0" 

npHqeu noreH~aanY c THnL~ol onpe~eneHY cne~DmHM o6pa3ou: 

r-17i' -;:-, . _., -:;, . • r..t ........ ,I .-4 ._,.!. tul ~l.!t 
-t.f' tll.o~-- ~) = < 4( ,(!,;.. -t!~ )~h= exf'{ I ~ < ~~ a.r ~J, V..< v.. Jrr(4ut-?'./\ 9) 

H T.~ • 

rauanuoHHaH /iCoJ c onpe~eneHHWH no (8) 3HaqeHHHMH £:'~ 
·-';' 

H ~ OTBeqaeT npH6JIHZeHHD HeB3aHMO~ICTBYDlllHX ~OHOHHOI H 

ynopH~OqHBaDllleACR no~HCTeM, CHnOBYe KOHCTaHTY H 06MeHHYe 

HHTerpanY B KOTOpYx, o~aKo, nepeHOpMHpOBaHY no (8), npaqeu 

~eKTY aHrapMOHH3Ma KOne6aHHI HOHOB yqTeKH BO BCeX nOpH~aX 

pa3nozeHHR no cuellleHHRU B npeHe6pezeHHH Heynpyraua npo~eccaua 

( ~eKTaua 3aryxana ) 17 I • 

nna ynopRAOqHBaDllleACH nOACHCTeUH no CTaH~pTHOA UeTO~Kef2/ 
MOJBO noCTpOHTL CHCTeyY ypaBHeHHA Mil aHTHKOIOij'TaTOpHHX ~HK~A 

rpaua G.. , KOTOJllll 6yAeT unvqan B ce6"a H ~YHK~HH rpaHa 
d 

"cu:emaHHoro THTia" 
.,.., . A ·-::'? -~ . A f-. A -yt • ~ -.,.. -'\ /;;:f. :J .. ;==t<<9_;-"fF{~-f--12,}1)/~ 'J)<.v; J-r=«'Ofi-tr{t!f-~,)'?j7 1''f )Jcv 

H T.A. 3~ecL f/t. Hyuepyer y3nY, 6nualmHe K y3ny r , 
ycpe~HeHHe npOBO~HTCS C nonHHM raYHn»TOHHBHOM (I). Ecna,~nee,B 
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CHCTeue ypaBHeHHR ~JUI :r d1 nOCTYJIHpOBaT b pacn;erfJ!eHHe 

J'o = ~ 4:'4: -r_r(Rf-~, H%.-~",),..,-? < f ·t.rr"{:-R}.J> G.~.; 

j't = <'< 4: E tr(a;-~·) 6-, 1 tlj ))w -7 < ~ 1-r(R;- ij.) > G-.2 
t 1 

H T.~., TO MH npHXO~M K CHCT8Me ypaBHeHHR ~R rpHHOBCKHX 

~YHKD;HR, HCllOJib30BaHBHX B pa6oTe / 2/ , B KOTOpoR 06MeBHaR 

KOHC TaB Ta -tr yqHTHBaeT ~eKTH B3B.HIIO,IleRCTBHJI C 

(IO) 

~OHOHaMH no (8) H (9). 3TO npHBO,IlHT K CHCTeue TOqHHX anre6paH

qecKHX ypaBHSII Hit ,lUI R KoppeJIRD;HOHHHX <luHKD;HR /2/ , B K03<M»HD;H8B

TaX KOTOpOlt He06XO~MO J!Hmb 3aUeBHTb 06MeHHym KOHCTaHTY -~ 

Ha ~YHKD;Hll TeMnepaTypH H napauetpOB CHCTeMH 1f(R;_ -~) , KOTOpaR 

onp~enseTcR no ~opuyne (9). EcTeCTBeHHo, qro H 3<M»exru B3aMMo

~eltcTBHR C ~OHOHaMH B paMKaX TeX HJ!H HHHX annpOKCHMaD;Hlt ( OHH 

o6cy~JIHCb B / 2/ ), NOXHO paCCMOTpeTb, eCJIH B COOTBeTCTBYD.HX 

~opuyJiaX ,IUIJI KOppeJIHD;HOHBHX ~YHKD;Hlt B 3THX annpOKCHMaD;HRX 

3aMeHHTb .,_r Ha :;;-(R:_ -~ no (9) • 

TaKHM o6pa3ou, Hau Heo6XO.IlHMO 3HaBHe napHHX KoppenRTopoB 
'I I" 

<'~.:.t,.~~ ~JIR .l- H _;v -xounoBeHT pa3HOCTelt CMe.eBHR B 

COCe~HHX Y3JiaX 0( H j3 • 0CTaBOBHMCR Kpa~KO Ha MeTO~Ke 

nonyqa!HR COOTBeTCTBYDDielt CHCTeMH ypaBHeHJilt. 

CornaCHo (6) MR ~OHOHHOR no,llcHcreuu uo,lleJ!bHhiR rauHJibTOHHaH 

H: c~)- E. ALL + z ~ + z __1!:!_ P .... n,.. -+ L.. __A_!:!_;1/: + 
'!';, - "' ./I.H11 /' .f<Mp. .x .::2H,.He. j'> :ZH;tl'1,.., ' j" 

,I/" ) !-' 
-t- _j_ L!_ 1:.1/l :r,/l !r"-"' (II) 

J. ~f I / J • 

M·l=HA·-NA. 
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BBe~eu ~YBKD;HH rpHHa 

.,~. I "'/').- Q'l'-' <<: -u"' (olt') 11...,. («' » :::= d"ft' ( ,Y;,ol)' 

.I ' ;4'. '""' <'<' ,11.,_, ( otJ I --v_.. :JJ>7 ='- jen.. (~f>J , 
) ,., /_ .I/-' ( 

<<' ,ue ~;1) ( ~""" tol}>) == je.-.. /•,ol) , 

. /-' ·'.P 
<c 11: (j,) / ~;., (/'>))) = .fen. 5.610 ), 

~,r.n- HH~eKCH y3JIOB, KOTOpHe HMeDT pa~C-BeKTOpH - .) 
.e/{ol)= .e,;(ot) + Ve (ot), 

mP(o~) = ~"'(ol) -t--v: (o<). H T.~. 

ITOCTYJIHpyR renep~>, qTo 
) " ;4'. - ) "' <<: Pe (ot,)/1.._ ;v,.. (ot))) ~ /7~ <<"Pe fol,) /u,.., (ot))) 

/ ''! /-' - /, I" 
«' Pe )/'•) IJ/'> V,.,. 0J)) ~ ~;1 .(cP;: !fil) fVn- !;S) 

' H T.,n., 

HeCJIOXHO nonyqHTb ,llJIR BBe~eHHHX cPyHKD;HR rpHHa ypaBHeHHR 

"'!f.' · I ,P 
-tv je,.., (a11, .x; uJ) = -z C.t <<'Pi (otl) ;v,.. {o~)'ihv, 

II" • ,i "' . 
Wjern (ol/', wj= 'Z.CL <'cPe(ol)/ Ono fp)))w, 

l,,V ' '( .v / 
W Jern 0,«'; uj = -z s_ << P~ ~) ;v,.., <d))),..,, 

o.J a/t; (f>,,?>, w)= iC~ <'<p/ (/'>,)/ o:: f;sJ'J?....; 
dl ) J / ' 

./ ·- ,1/V :fA ~ c t = . .-J- f- n,_ --~'-- -= -=- -t · ·r <1 N .:r S 
HI'> Hlf l'fl3 H,tr H-1 H.4 H/-1 A- ' 

C~-== _I_·+ /if> ~·= CX.4 -f ~ 
" 11& J H1r Me, H4 He, 
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Mlr l-It?> 

(12) 

(D) 
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npHIIeM B noCJie.n;HHX IRBeHCTBaX HcnoJI:&30B8Hii cooT'uomeHH.fl (6) 

pa6on~ 121 • 

~YHKnHH rpHHa, CTO.fi~He B npaBOI qacTH ypaBHeHHR (13), 

no.n;qHH.fiDTC.fl, B CBOD oqepe.n;:&, HeKOTOpuu YpaBH8HH.f!Mo HanpHUep, 

-' ' "'; ' -/ r. ',.,. .J,P'/ "'' ' "' w<< Pc (<>"f) /V,. toi) >>u.~ = ;;;; (e_,'JvP- -t L- -t.,• {, «'t{ {a!t}j'l/m (</)));;; 
/ rh /t-' , 

. - <<,-v...,-":"0;N~ta~J»~ 
ITo.n;craBJI.fl.fl no.n;06Hiie ypaBHeHH.fl B CHCTeuy (13), nu~qHM 

1,1' [ 'de r •/"- (j:;.~<' af-o .. ;., (alt. a~; W)=CJ 1 ·~· "'!-' -t- L_ 1:<n.• ( dJ,,ft) .-;,. (<>'t, :X;w)-
d' .tJT lhi"'' 

· c/'~""t'Ar;i',.;i7 
- -:7'/'1'1.,., r' " /J' 

(, /,.P .!,-"'' r. .u:,., . - • ,v'.-"' -
Ct.' Cle"' (<>"jl, W)-:= CL L_ -ten.• (oi,!Jt} (_j.z,;, (~ !}, ,v)'- q_,;,_.;, (/.J;,,A'4Ji 

·~. ""~"' ../ ~'/ (?'' / ./ --; 

::.. ,;_,., ' -') , r ">"' . ··- /~ C,15~7 w yeh! V a ;w) = c~ :; ..-t.,. • ., (Oijf3) {_je.n. ~Ad, w) j.-·.1?1 (o1f,a1, t.VJ_;, 

./., .)_tV ~-%ltml~ T7 .",) /'. ro.vjv/A A'u),i cv·a,.mc;',/>·W)=<; ~+L--te•.: to6!Jt)t_je..., y-1~r' '-'-. 
.;/' ' • ,2;; e'v' / "''"' o1 · , J 

Pa3JIOlQfM Tenep:& tPyHK!UfH rpHHB. B pa.n; ~yp:&e : 
- J~·;, ( y, "'-') . 

1_,., . . .t. j"" --~ .,(?re~;-;;;'tOI}) jem (.Y.-,d; wj=-;; 22jr (Cj,W)e , 

1 . if ~. -:·r( e('otJ-n?ftJJ) 
9,'::, (ol,j'>, Ct-:J= : 2_;. y!' ( 9': lV) e _ / 1 

Cf ··"''(e"'/ · ~- 11 -' ., y-, r!J)-.Ih (ol}_, 

Jj/: y.a~; u9-== : 2!. j'Jf/ (9--; w) e ' ' 
-v " . ~ ;;r er~,) -hJ')) 

_ .'J-' .£. -rr q, ~ rg wl e. !Je,., (1> 1,('>, DJ) = u ~ t/v l7' '/ , 
/ J ,, '7 

) ' 
a 3aTeM llO COClcTBeHH!IUI. B8KTOpaM -y· (c/) : 

221/ t(j')~#(i() = t'J' .I 
j 

) ..; ' 

.2}. -e· <f)e' lfl= rf:.t, 
,) d d dl 
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(16) 

t 
I 
I 
t 

H nOCTaBHK 3alaqy Ha onp~eReHHe C06CTB8HHHX 3HaqeHKR ~BYX 

MaTpHn, 'JJ_/)' 1 

H JO.z"J''ti() : 
-JV' ,vi . .~ ) 

"'>7 "'' f? -- u.l e· L-..U ;;-·d' 
~' . d 

E. ~ .!~(ir} f./'= w:''(r) ~} ' 
~ 7 .j ~ <7/ 

,P' 

"'~""' .J ,P' L ;o, = Z2 -te.m' 
,)/' "'_.Ju' 

;E. ~-Jt'(f)= L ~:, 1 e 1·;rlh'~(;3)-?ra~!) 
.P' ~/"-'' • ·I . 

/ .1./ 
Tor,Jta .IUI.fl cpyHxtnHH rpHHa j• nonyqaeK: 

q.ii~ _:j_ ~~' I ( A { 
d,. ,PJj 'IJ . 

- A; -) 
tv~- u>_.'t./ ' .. 

.J./_ './ _:i. '·I , -
'·

1 
"I f / I ) 

/.t -j/'=7/~.1 A..L co.J.-w/· c,vz-'0.!1. ' 

hi i ·I( ~ 
~=b~ ~~ 

&~ 
cv<-- cv. Jt-) . 

.4 

3.n;ec:& 
.t c -tc ~ 1 /,-- ~ -----;'f • v 

OJ - ~ ,,,' - - V(Crc>.;z,\ '-'1 -f ~C; ~ W· ;- _z '7 ~ ~ ,lq ;; ' 

~ I .,. v 
W:;_~= o; ;c~ ~: -f 1 V ti -~Jai + fCi ~a;· 

Cr ( ~-c, ,-t 
1}, = ,JR. ~(~· -fll) ' 

.B -== _£_L, ( C'; -c, W.;!L_R.) 
f .,i,e ~ II ' 

~ ~· c-, ('~ 
v .iR. ,4.l. = 

_ ~ r c1 -('J.w·'tt-R) 
A3 - ~R. l- ..z -;; , 

(17) 

(18) 

(19) 

(20) 

(21) 

c.l, ( c.-cz. ~~-R.) .1 l/, ~.t.. ,<f -; 
).33 -= -- -=-:.-:- c~· / ) R= " vcc,-c W· + ~c, CLuJ, • 

' ~,e ~ ' ""' ci ./ 
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