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•. 

BaJKHoe 3llatl8HH8 B OOBP8M8~0'1 ~8HK8 HM88'1' B®leK'l' OBMO

IlpOHSBOJILHOI'O B03HHKHOB8HWI Jn!HBMH1l80KOI'O ,ItBJil>H8l'O nopsmI<a B 

OHO'l'8MaJC KBaH'l'OBLIX H3JIY1l8,'1'8JI81. 00HOB0'1 ,MR: OnHOaHHJI 'l'aKOI'O 

&®leK'l'a 0'1'8JI IIp8,ltJIOE8HHLII 'J]J,{KK/I/ r~'l'OHHaH 

. t +- -1 H0 = fc.,a~ +tw~Ra +tf(R 'fl +a R. 1, CI) 

r.zte (/,, 1 tl,r - d030HHLl8 onepa'l'OpLI 8JI8KTpoMarHHTHOI'O llOJIR:
1 
~ -

"lB.OTOTa ~aooMaTPHBaeMol Mo.ItH, R 
5 

, R + , · R- - KOJIJI&KTHBHLie-
. . 

onepa'l'Opl,l ,ItBYJCYpoBH8BLIX H3JIY1la'll8JI8I, f.V o - 'la0TOTa nepexo.zta. 

JtnR I'BMHJll,TOHHaHa 'JJJ,iKKe (I) Y.zta&TOJI noxasaTI, BOSMOJKHOOTI, 

nepexo.zta OHOT8Mli dJiaro.ztaPJI B3aHMO,It8IOTBHD H;3JIY'ie.T8JI81 'l8p&S 

llOJI8 B 
11

0B8pXH3Jiy,u1T8JitiH0811 OOO'l'OJIHH8 1 HOOJI8,ItOBaT:& Jn!HBMHKY npo

~800a BLIOB81lHBaHHJI OHOTew, llpH KOTOpOM HH'l'8HOHBHOOTI» OKa3LIBa8T

OJI nponop~oHBJI:&HoA N1 
( N - uoJio HSJIY'l{aTeJieA/2, 3(. 

0TM8'l'HM 0Ylll80'l'BOBaHH8 HHT8rpaJia ,ItBHJt8HWl y OHO'l'8ML1
1 

OnH

OLIBa&MOI rSMHJII,'l'OHHaHOM .IlHKKe: . . 

a+a +-R3= ~, 
"l'l'O JierKO npoBepHT&, · BLl1lHOJIHB KOMMYTa'l'Op [a+a + R 6 ., /lti] =-(), 

CoOTB8TOTB8HHO, MOlKHO'l'OBOPHTI, 0 ooxpaHeHHH "lHOJia "Boad~eHHI" 

( "itaOT~") B 0HOT8M8 1 B TO BP8MR KaK OOxpaH8HH~ ,8H8pI'HH doso11-

H0'1 H KBaSHOllHHOBOI llO'JJ,,OHOT8/2/ . . ·· . _' ; . . 

1;wa +a +- 'Ii w0 R'6 = tnr¢' 
HM88'l' M80'1'0 JIHnit, B p&30HaHOHOM OJiy'l{ae W = uJo, 

M8TO'JJ.. HOKJIJR8HWI dosoHHLix nepeMeHHHx, npe,nJIOJ1C8HHLIA BoroJIJO

doB~4/, .ItBJI. BOSMO~OO'l':& MaT8M8.'l'Hll80KK OTpororo KBaHTOBOI'O pao
' · /5 6/ 

OMOTP8HM .Tn!HBMHKH OB8PXHSJIYll8HWi' 1 
• IIpH BTOM Y'{8T H80,ItHOpO'JJ,,-

~oro; JIOp8~8Ba ymHp8HWi B sa,naqe 'JJJ,iKKe 80T8CTB8HHLIM o6pasoM npH----- 7 

r 

i· 

1 
\ 

' ! 

BO,lUiT R BO_3IDIRHOB0IDIRl 3RCilOH0HUHaJII,HOro MHO.lK.HTeJIJI, COOTB0TCTByro

mero saTyxrumro ROppe.JIJIURH, B BHp8.lKemm ,nJm pasHoBpeMeHHoro ROp

pe.IDITopa RBa3HCIIBHOBHX nepeMeHHHX. B TO .lKe BpeMR raMHJThTOIDiaH 

.IlHRRe, a TaIOKe ero MHOrOMO~OBaR li IlpOCTpaHCTB9HHO-Heo~opo~HaR 

MO,lUi(pHRar.uut HliRaR He Y'll!THB8.JOT B38.HMO~eilCTBHe CBepx:miJiy'laTeJII,-

HOll CHCTeMH co cpe~oft, B ROTOpoft OHa HaXO,lUiTCR, H ROH9'iHOll TeM

nepaTypH cpe~H. HHHe 3RCnepHMeHTaJII,HOe HCC~e~OBa.Iille RMeHHR CBepx

HMY'leHHR IlpHBO,lUiT R Heo6xo~OCTH yqeTa CBOHCTB pe3OHaTopa, ~

RIDie ROTOporo MO.lKeT cymeCTBeHHO H3MeHRTI, napaMeTpu CBepXHSJIY'i8.

Te~I,HOrO HMny~1,c/7.,s/. 
IIocTpoHM raMHJII,TOHHaH, Y'll!THB8.JOIIIHH ,nJIJl sa;n:a-.:rn: ,1XHRRe HeH,JJ;e

aJII,HHH xapaRTep pe3OHaTopa, B ROTOpOM peaJIBsyeTCR CBepxn~emre, 

H CBR3aHHHe C 3THM IlOTepH. HaH6o~ee MO~OTBOpHHM OI<a3HBaeTCR nyTt,, 

ROr~a cpe~a npe~CT~ReTCR B BH~e Ha6opa He3aBHCHMHX: OCURJIJIBTOpOB 

(qx>HOHH) H B RBHOM BH,JJ;e 3aIIBCHBaeTCR B38.HMO~eilCTBHe RBaHTOB MeR

TpoMarIDITHOro IlOJIJI C 3THMH OCrat)IJIBTOpaMH. TaRoft nyTI, aH8JIB3HPOBM

CR, B -qaCTHOCTH, ~IDHCe~OM/9/. 

Ey~eM HCC~e~oBaTI, raMHJII,TOHliaH 

H= HD+ Lhf(i/lf + 2 !i':R,[l/a+-a+--t,} ·, (2) 

JJt-tJ f 'I 
r.ne -1?4 ' ,(Jf - 6O3OHlihle onepaTOpH po;imeHIDI H YHHllTO.lKeIDIR "RBS.H-

TOB IlOTep1,", lflf - HX llaCTOTH, ~, - KOHCTaHTH B3amAO,ll;eftCTBHR, 

.lIJm Hero cymeCTByeT HHTerpaJI ~H.lK9HliR 

a+a+ R3+2',+~=~. 
1 

(3) 

OCHOBHM ~e~L ~M&He:fuuero paCCMOTpeHIDI - no~TI, BHpaJKemre ,IVIJI 

RHTeHCHBHOCTR MeRTpoMarIDITHOro H~eHIDI CRCTeMH C raMHJII,TOHHa

HOM (2)' He BRJIIO'll8.JOIIJ39 6030HlihlX nepeMeHHHX -'; ' It;+. 

I. O:r: .. ehhiK\iiiL.il i:m:nrryy I 
tlt\"".~SH-il UC~ '!,.llO!launO ; 

6HSJlf.ff1TBH A 



• 

CocTaBHM ypaBHeHIDI ,IJ;BWK9HIDI ,IJ;JIJI qx)TOHHHX onepaTOpoB 

;-ft.a~wa+; R-+-f~o/ , 
. d t- + R+ "' tJ+ 
l 7lfa = -u.Jtl -1 . - f Y1 -tJ'/ . 

(4) 

Ypa.BHeHIDI ,IJ;BW!t9HIDI ,IJ;JIJI onepaTOpOB .t, , I,+ , COOTB9TCTB9HHO, 

HM910T BH,IJ; 

i }t-4= r, -#;+}ya ., 
(5) 

'd_ t2 + tl+ + t tff""lf = -if, -61 -t,a . 

Hx qx>pMaJU,Hoe peweHHe 

~/tJ=J/tJ-i1[.e-lVtf{t-~{ij/r-, 

~t(t} =f/(t) +itp ~!~(t17ddr, 

-/;[r) =={{t;,) e-lPf (rl), 

-fttJ=1·t(to}t'¥f(t-t;,).'6) 
tp 

Bocno.m,syeMCSI MapKOBCREM npH6JIIDK9HH9M JJ,JIJI a ' (1 + : 

a (r:)':: a !tfe/tlJ{t~J, a +{rj-:.:·a+ft)-e-1'•.,(t-r} 

Tor.na no.Jif!aeM 

1,rtJ=l/tJ-i~, attJU:._lf" +1r ot~-1/1;1) J 
J/tt}= -ft(t) +-L i,a+(tJ {-l !,_'II/ +tro{e,o-~) J , 

(7) 

r,ne Mil BOCilOJI1,3OBa.JmCI, o6ll'Ull:IM npe,nnoJIOiK9HH9M to - - o::> 

H COOTHOW9HH9M 
t: "f {r 1, t-t., J .el -,wr =- S -en ~x - i ..£... ~ 11 o{{) 

tQ Cl t--- T " . 

4 

.., 

IIo,ncTaBJilU! (7) B (4), npHXO,Il;MM K HOBHM yp8BH9Hru!M ,nJiff onepaTO

+ poB /1. ,.(J 

fr a = -i{ w_-r/J 6J)t1 - fa :...,/ R-c+ F , 

ft/l+= t{t.4 +-!Y,J)at-- f a+-+-t/R++F+-, 

r.ne BBe.n;eHH o6osHa~eHHSI 

- "<:; .eJ!.._ 
/j,W - L. ~, w-iu . , . q , 

r==-£rr f ?t/ofw..c.lf;), 

F-=- -i 2 ar,t,, F+_;_ if~, J/-. 

(8) 

f . 
Ta.rum iKe bw H r B03HHK8lOT /

9/ ~ OTJ!Ht{HOM OT Haruero no.n-

xo.n;e; F , F+ HOCSIT xapaKTep "c;ry,w.IDrux crur."/IO/. BmmweM qiop-

MaJII,HOS peweHHe ypaBHSIDIB (8) 

r.ne 

a(t}=a(tl-'J A +-J=, 

a f-(tj -=!i+rt) +t Ir +-+1=: 
aft}= ti ft) .e -r[;)'(t-tcl- ii tr-t.,J , 

(9) 

a-t-(1 ==-af-ft;,)_glc:Y(t-t;)-f_ {~-to), t-w_=w +Llc.,; 

A= S.ef-!l,1-fe_ J{r-c-JR?d/f",, A+--{ cf,~-i}(t-t1R7d.d,, 

F :"{.i-1"-Y-,J{t-~1=(r)dr, F-t-= 5~flt3'-Ji){t-rJF7rJt1i-. 
t . ~ 

TenepI, no~ BgpaiKSHHS ,IJ;JIII RHT9HCRBHOCTli 8JI9KTp0MarHHT-

HOro H3J!ytl9HWI. !Io onpe,neJISHl'llO·, 

]='Ii"" j <a+a> . 
3ammreM ypaBHSHH8 ,IJ;BHJKSIDIJr ,wuI onepaTopa /1, t-a : 

5 



ij,a}i=-1 R-f-a +pa+R-f i,J,j/+f~cz+J, 
Ilepeit,neM K cpe,!UOOA R RCIIOJII,ayeM ( 7). B peayJII,TaTe rro;zyqaeM 

-j, < tJ-t;,>== tf<Pa>-i/<.tl+fl>-f<'~~>+<FIJ>+<a+P (IO) 

B rroc~e'AHHX TUieHruc IIpOBe'AeM RCIOJlOqeHRe 6oaoHH!ilx rrepeMeHH!ilx IIpH 

IIOMOll(H ~eMMll BoroJII06o:sa: 

<fl.+ F>= -if t, <a+ f >=-lj-4r Jzf <[ {, q +J> = 
=--i~£1 lld f/jf_ J/..E_ +-itotf..,-Vy)J}==l ':R.7l4[iL +trtl(w-yt)J . 

f 1 l 7 2 to-ff f ~y , (.,j1'f 1 

< F!t > == (2. ar, <4"+u1> =-i 11 11, < [ ,t;~a ]>= 
, f . 

=--fl>', 1t,J-u1,{-l}{-i~ +-Jro(CJ~}l3=l>r/1t,f-1:://. +r,d[£J-tf)J 
{ Tf f r'f . • 

3'Aec1, MH RCIIOJII,aoBaim ( 7) , KOMMYTB.UKoHHoe cooTHorueHne [a., a +-J::::. I 
R o6oaHa'lHJIH Jt,f - '!.RC~O 3aIIOJIH9trn.lI COOTB9TCTB~9H MO,Il,H T9p

MOCTaTa B Ha'l.BJII,HJ:lli MOMeHT, OIIp9'A9.JI.filOm990.II ero TeMIIepaTypoii. 

HTaK, 

< F-+-a > +- <a+-F>=£tr{~;e,ll1 rffoJ-Y,.)=f:JZc-v • (II) 

IlpRMeHmI qx>p.cy-JW (9), rro;zyqaeM 

<Rt-a >=<R+il>-'J-<R+-11> +<,R-t!=-> ' 

<rft-f(> =< 5.+ R>· -1-Lj <ff f-/{;>+< P-R> . 

CHOBa IIOJll,3yeMC.II ~eMMo:li Boro.mo6oBa ; 

6 

.... 

<· 

\ 
1 
I\ 

~ R+-lf>::::.t'; n <[11,l<+-J> 

<a+-R"> =,lf?Z <[A: R"]> , 

r'Ae Jz, - 'lHC~O 3aIIOJIH8lUIB MO,nli l:lJI9KTpoMarHRTHOrO IIOJI.II B Ha'l.BJII,

HHH MOM9HT, qTo OIIp9'A9Jifl9TC.II COCTOrullieM IIOJI.II, B CB.fl3H C OTCYTCT-

BReM IIp.flMOI'O B3aRMO'A9HCTBH.II KBa3RCIIRHOBOH IIO~CRCT9Ml:l C T9J:MOCTa-

TOM 

<R-tJ:'>=<R+><J:->=O , 

<P"R>= <F><R>=O. 

0KoHqaTeJll,H09 BHpaJKeHRe ,nJifl RHT9HCRBHOCTR R~eHH.II: 

I-=tw[-r<t1YJ>+rn,,.,+;Y<R"'ll>+<A +-1t>)+ (12) 

+n;;L{<[R+; A]>+-<[A+,R--:1>). 

I1TaK, KOppeKTHHH yqeT.B3aRMO'A9HCTBR.II co cpe~OH IIpRBe~ K IIO.IIB1I9-

HRIO ~OIIO~Te~I,HHX 'VI9HOB B BHpaJK9HRR ~ RHT0HCHBHOCTR 1 B TOM 

'!.RC~e -r <at-a> , oc5ecne-q:irnruo111ero aaTYX~Re, CB.II3aHHOe c KO

HeqHOH ~oc5poTHOCTI,R) peaoHaTopa: r = (,,,)Ia. 
B (12) BOUW1 cpe~HRe OT KBa3RCIIHHOBHX orrepaTopoB. Bli'l.llC~ 

RX, RCII0~3Y.II MapKOBCKOe IIpRc5JmJKeHRe R rrpe~CT~eHRe O H80~Hopo~

HOM ~opeimeBOM ynmpeHRR, T.e. 6Y'A9M rro~araTI, 

R7t} l'.l:: R]t) .e lv..1(r-t')- fr{t-t'), 

R+-(r} ~ Rt-(t).t-if,J()(r-r)--f,Jt·-c). 

lIOJIY'l,a9M .t , -~ - .d../; ..t) I,_,,, 
<R+A> = <R7t)R7t)> ~etfw.,-'-")ft-,-;- £/d-t-r /1' ~r ' 

tfl 

. <A +R>=<R.,-{t} RJ;)> [e-lf"'"~J(t-;j-~(r-t-f){t-1r · 

" 

7 



TerrepL ncrrom,ayeM cooTHomeH.lffi 

t ,itz(t-r}-J(t-r)J,.., ia+t 
~ ~ at - ,e p,r t t.,--p> a +"7 , 

(l 

[Rt-(t), R1tJJ ==~l{dt) 

n o6oaHa'!.HM 
1-L 

,e r r ~ r- 11, z 1...1 · L) = / (!J-tuc) + I/ r(+- r 
B1:1paJK8HH8 ,llJlfl HHT8HCHBHOCTH 3a.IIlllli8TCR B Bn~e 

I=- "liw I-r<trt-a>+(1l«, +r<R+l/>-t£1tr<R3> J . (13) 

IIoBe~eHne <R+R> n <Rs> B 3aBHCllMOCTll OT BpeMeHH 

H8.H,It8M, rrocTpoHB nepapxnro RHH8THqeCRHX ypaBH8HHR .JJ,JIB cpe~HHX OT 

KBa3HCITHHOBHX onepaTOpOB C HCilOJ!I,3OBaHll8M M8TO~a HCKJiroqeHIDI 6o-

3OHllllX rrepeMeHHllX. Ey~eM HCXO.Il,llTL ll3 ypaBH8H.lffi ~BillK8HllR 

i, fr </P>="wc,<[0,k\J >+f <[f!7✓ R] fl> +f<at-[@)JrJ>. 

McrroJILayeM )l.)IR tl , tl +- npe~cTaBJieHne ( 9), yqTeM HYJISBOR BR.Jia.u 

CJiyqaIDiliX cHJI. Tor~a ypaBHeHHe nepapXIDI coxpaHReT o6HtJlll,IR B~/ll/. 

ft <&>=-,·<,,_•u<[IJ1R3 ]>+-r(<[R; &JR->+< !<YtgR)>)+ 

+f?Jf'(<[[R1; /PJ,R-:J>+<[R~ [~l<-JJ >) · 
O6pHBaR nano~ ypaBHeHllH C HCilOJIL3OBaHll8M npn6JIWKeH.lffi xaoTnqe

CID!X qiaa <l<f-/{R
3
> ~ <R.+-R-> <Ra>, npnxo.n,nM K 38.MKHY

TOR CHCTeMe ypaBH8HHR OTHOCllT8JILHO nepeMeHHHX 

J,=<!<3>, ·31-J?.= <R.+-R>, lJ3~R/>: 

8 

\.1·:. 

L 

fl: j, 
1. 

. 1/ =:- -r/.t -£n Ff-1 

1Jf..e =£Ffo,J1t-Zf'f-t-+-£nl'fx+lln1f
5 

· (14) 

1Jf =-R-rf1t-,Yf t-rr,!, -£1tf'f, f-f-nr,,e-1/n/f, 
CpaBHllBM IlOJiy'i8HHli8 ypaBH8HllR C (13). MOJKeM 38.IIllCaTL llHT8HCllB

HOCTL B B~8 

J::::/Jw {-t<at-d>+f'lt,.;·- j$Rg>J (15) 

BHJ)alK8Hll8 ,llJlfl llHT8HCllBHOCTll ~aeT 'A1i<fxpeperuma.JILHO8 ypaBH8Hll8 OTHO

CllT8Jil,HO nepeMeHHOR 1 ;- =<a +-tt > 

~==- -r,, + rn,,, +rr~ +£nf'f, (16) 

IIpncoe.n,nHAA (16) K (14), noJiyqaeM CHCT8MY .n,ncp:,I:epe~a.JILHHX ypaB

H8HllH, IlO3BOJIR!O!JtYIO qnCJISHHO Oilp8~8JillTL <a +-4 > B 3aBllCllMOCTH 

OT BpeMeHH H, COOTB8TCTB8HHO, HHT8HCHBHOCTL. 

B '18.CTHOM CJiy'iae -n = 0 (noJie B Ha'l.aJU,HllH MOM8HT OTCYTCTByeT) 

CHCTeMa ypaBHeHHn ~onyCKa8T aHaJIBTHqecRoe HCC~e~oBaHHe. Tor~a 

rrepBHe ~a ypaBH8H.lffi (14) o6paayroT SaMKHYTYJO CHCT8MY. HM8IOIIzylO 

HHTerpa.JI ~WKeH.lffi fr.+ 1/-£ft = tf71if" ~M , OHa cBOJmTCR 

K .n,n@leperumaJII,HOMY ypaBH8HHID C pa3~8JiffiOlllHMHCR nepeMeIDWMH ,llJlfl 

/1 
;¥, =-r(M7/~+£ft) · (17) 

CooTB8TCTB8HHO, 

\ hJ, r 
J 1/l..£1(-M = t +arm;t-

(18) 

HHTerpa.n: B JieBofi qacTH (IS) 6epeTcst12/: 

( flJ:, =- t fk/i, ~ 
J Jt-£fr-N 1/11+-I YM+-1 

.9 



IlPH 8TOM Y'iRTima8M' '!TO B CJIY"W.8 Ha'lalll,HlilX YCJIOBHH f1 =IV/£.? 
'f .e = /v ( IIOJilIOCT!,IO l'IHB8p'rnpOBaHHrul, H8KOppe.impoBa.HHaJI Cl'ICTe

Ma) N2 M==- ,_,._ • 
. I/ ~ 

BH6epeM KOHCTS.HTy ( U'lt4f=. -rt° ) B IIpaBOil '10.CTl'I (18) TaK, 

~T06H IIpl'I t =. 0 6HJIO f 1 = IV/£ : 
rf' =-1-~ N/£-f . 

YM+{ VM-t-1 

Tor.na B MOM8HT t/J , Kor.na f1 = 0, l'IM88M 

r/t. _,-1 _ _t__ ~ i 
l 'b I - V M +-I ---V M-+~I= 

T. e. BpeMH sa,n;eplKKI{ ij, ~ f 
11:TaK, 38.Bl'!Cl'IMOCT!, ft OT ~ l'IM88T Bl'I,Il; 

,y, = 1- Vij+-1 tl { rtW+l (t-f) 5 .. (I9) 

11 BH'illCJIJl8TCH B'HBHOM Bl'I,Il;8! 

lj; =-r(Nt-1} ~ £{r;tj:j;j (t--f')J. (20) 

JJ.ruI '/If IIO.nytla8M yp8.BH8Hl'I8 

Pf! ==-ffit-/n41 +-r(N+l)~ft/!/lf+l(t--1)], 
(2I) 

KOTOpoe pemaeTCH M8TO,IJ;OM Bapl'I8ll;Pll'I IIOCTOHHHOil. Ha'i.8JII,HO8 YCJIOBl'Ie 

1" lt:o=0. t-

11/ = J {J'n,.. +r(M+l)~·'YJ"Jf9+1 (r-F) J ]~ -rft-Jr . (22) 

10 

PaCCMOTPl'IM lfHTerpa;r ~ t-t 
-c · . -c-t ~ ff (.£.i+{)1 

jJdRfs/r-fJ)e'}r=J~-:Bf✓l~l';;J=J;✓t J ~81 £~'1 · 
tJ l' ·-f 1 ~ +i'e .,__ 

£8/ · .el:13+-r)1 Jr · 
3aMeHott rrepeMeHm;~i! X = .( HHTerpaJI J e"'.cq-1-£~:ts4-I 
CBO.n;HTCH K J 1 '£ 1 dx. B 06111eM CJiy'lae TaKott HHTerpa;r He 6ex + x+-
peTcH B KBa,n;paTypax. Ho o6H'!HO («13·==FVM+I, If MOJ!t8M IIOJIOlltRTl> 

x y/£B ~ I , Tor,na RHTerpa;r Jierno 6epeTcH: J 
1
(:,JL = -/+i +C. 

B 8TOM IIpH6JIRllt8HHlf • 

f r(M+t),&ec/i /riM+t(,-f)je-r(t-~r = 
(l 

= r(M+-l)P-r(t-f~-1 (r l:r: =Pf M+-f t-f(t--TJ - , ,I,~ 
r M+-1 J (X+/)1! . (X+fJ ..t 

~ . I 
r.ne -£ r(Rif F £rVJ--1+-/(r-t} 

'><,= -t ,, ><,==-..e 
B pesynTaTe IIOJIY'la8M 

<a+ ti>= ?z,..,(1--,1·-P}+ £VM+1 ✓-J'(f-,,_~rf!W7r ,ih,,.m-z)<23 ) 
~ +-f ~ r~ • 

,lmqxiiepeHUH!)yH IIO BpeMeHl'I, IIOJiy'laeM BHP8.lK8Hl'I9 .ItJIH HHT9HClfBHOCTlf 

If Bl'I,Il;l'IM, '!TO yti8T r B8,IJ;8T K BO3HHKHOB8Hl'IIO aCHMM9TpHH HMIIyJI!,Ca 

H C.n;Blfry MaKCl'!MYMa. 

IlpHBe,neM pesynTaTH 'illCJI8HHlilX paC'l8TOB. Pema;raci:. CHCTeMa 

yp8.BH9Hl'Iil (14), (16) C Ha'laJI!,HHMlf YCJIOBHHMH: 

11 - AJ 'ti =IV 11 - Al.e v. -n · ttl-F , ,z J (/ 3-7 J t1.f- . 

BH6Hp~ N = ro
3 

,r=5· IO~.qiYHKmm fr ~ep~poBaJiaci:. TUtCJieH

Ho: BHa"lBJI8 (!lHKCHp0BaJIOC!, 3Ha'l8HH8 • r =I07~=2• I0-2ru_ H Bapi:..apo

BaJIOC!, ")t : IIOJiara,m n = 0 ,I ,2 ,3 ,IO; 3aTeM IIpH (!lHKCBpoBaHHOM 

'J2. = I HSMeHHJioci:, 3Ha'leHHe r : r =;= 0, IO?, IO~. 
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f>Hc.I. 3aBHCllMOCTl> RHTSHCHBHOCTH OT Bp8M8Hll DpH r..;_ t'flef 

H H3M8Wlllllt8MCSI 'Jt • 

t~ 

l---------------;:1-\ 

f>Hc.2. 3aBHCRMOCTl> Bp8M8~ sanep;KRH OT Jl npnr;ctaiti. 

12 

Xapru<Tep pesyJU,TaTOB OTpaJKeH Ha p:uc. I-2. C POCTOM7Z,. MaKCl!MyM 
L paCTST :u. C,ItBHraeTCSI B 06JracT1, M8H1,lllliX Bp8M8H DpliM8pHo no 

mrneiiHOMy srucoey. Crra.n ,IIPOHCXO.IUiT M9,llJI9HHee HapaCTaHHSI, y HMIIyJII,

COB IIOSIBJISI9TCSI 11XBOCT 11 ,1!TO COBIIa,naeT C SRCII9p:l'.!MeHTaJII,Hl:IMll pesyJII,

TaTaMH (cM_/l3/). IlpH qlHICC:HpOBaHHOM n C poCTOM r CHll

~aeTCSI MaRC:1'.!MYM lH c.n;BHraeTCSI B o6JiaCTI, MeHr,llllix BpeMeH rro Jiora

PHqMH'!ecRoMy saRoHy. AcHMMeTpHSI :l'.IMIIYJil,Ca :l'.IM99T TOT ~e xaprucTep, 

'l.TO H BU8h!Ba9MaSI H9HYJI9Bh!M JZ, • BeJIB'!HHa 1/w CJia6o BJIHSieT Ha 

peayJI1>TaT ,llJISI I , ee B pac11eTax rroJiaraJIB paBHoii 1t • 

ABTOpH 6Jraro.n;apHH H.H.EorOJIIo6oBy(MJI.), 11.K.Ky,lU)JlllqeBy, 

ID.~.K:uCSJISBY :u B.l1.IOKa110By aa o6cj'lK,ll;eHHe peayJII,TaTOB. 
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