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@1974 06'be<)UH<?HHI>IU UHCIIUifYif Jl(}epHWX UCCAe<)oaaHUU ,4y6Ha 

I. B pR,ll,e sa.no'I TeopHH R,ll,epimX pem uiDi H CTpy~:TYPhl R,ll,pa 

B03HID<aeT H806XO,nmJIOCT:O rrepexo.na OT EOOp.nHH8T OT.ne.m.HhiX 

'l8CTHIJ; l{ rrepeMeHHHM HX OTHOCHTeJI:oHOrO .nBHlK8HID!. EcJm pac

CMBTPHBBeMhle '!8CT~ COBepW8IDT ~HHTHOe ,nBHlKeHHe B IIOTCH

UHBJie rapMOHH'I8CKOrO OCUHJI,ll.HTOpa, TO ,l1..lm peweHIDI yJ·;a38HHOH 

sa.na'IH cymecTByeT <$Pei\THBHa.H TeXImFa - rrpeo6pasoBaHH.H Ta.m.

MH-MOWHHCKoro /I/. O.nHahO ,l1..lm JIIDdb!X .npyri/IX IIOT8HUH8JIOB ee 

Herrocpe.ncTBeHHoe rrpRMeHeHHe HeB03MO~Ho. TeM He MeHee, pasJia

ra.H 1/ICKOMble ciJYHIU\IIIH ITO 683HCY C06CTBellHb!X cpyHla.uffi rapMOHH

'!eCKOrO OCUHJIJI.flTOpa III HCIIOJI:o3Y.H ,l1..lm IIOCJie,nHHX rrpeo6p830B8HHe 

Ta.m.MH-MoWHHCKoro, MO~Ho rrpoBeCTH pas.neJieHHe rrepeMeHHhiX. I'po

Mos.niWCT:& H M8TeM8TH'I8CKHe Tpy.nHOCTH Tm;oro CITOC06a llpHBOMT 

Y TO~, 'ITO OH pe,nKO rrpHMeH.HeTC.H .na~e .nJI.H IIp06JieMhl .nBYX 'l8C-

Tm.J;, .nBJIDitYIIIHXC.H B rrpOH3BOJI:oHOM IIOTeHUHaJie,H OJU31ffiCieTC.H CO

BepmeHHO HerrpHeMJieMHM .nJI.H sa.na'l c 6o.m.mHM 'lHCJIOM 'laCTHIJ;. B 

,naHHOH pa6oTe pEi3BHT MeTO,n Bbl,neJieHIDI ,nBHlKeHH.H l\eHTpa T~ec

TH rpyrriibl 'l8CTHIJ; (KJI3CTepa), H8XO~XC.H B IIOJie IIpOH3BOJI:oHO

rO rroTeHUHaJia. llpH aTOM WHKL\H.fl BeyTpeHHero .nBHJKeHH.H I' JiacTe

pa, C'IHT8IDII{fl.HC.H H3B8CTHOH, MO~eT X8p8KTepH30BDT:&C.H HeHyJieUI

MH op6HT8JI:oHblMH MOM8HT8MH. 

YMeCTHO OTMeTHT:O, 'ITO ,nJI.H ,nByx 'l8CTHIJ;, .nBHlKYJIU1XC.H B I!O

T8HUH3JI8 By.nca-CarcoHa, no.no6Ha.H sa.na'lCJ 6ww peweHa Eai1Ma

HOM H KaJIJmo/2/ ,l1..lm MOMCHTa OTHOCHTCJI:oHOI'O ,nBHlKCHH.H ) ~ C , 

O,IUI8HO HCI10JI:o30B8HHbl:i!: .ltiMH MCTO,n He ll03BOJIM nepefiTH ! MOIIeiJ

T8M _A 4o (] H 60JI:olll8MY 'lHCJIY 'l8CTHU. 

2. PaCCMOTpHM H.neiD HOBOI'O MeTO,na Ha llpHMepe Bll,ll.eJieHH.H .nBH

~eHH.H UeHTpa TSDitCCTH {llT) .nByx 'IDCTHU O,nHH8iWBOH MBCCU, IIO

M81I{8HHbiX B IIOJie IIpOH3BOJI:oHOrO CcpepH'leCKU-CHMMeTpH'IHOrO ITO-
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T8HIU18JI3 (HlllK8 ,l\JLfi KOHl peTHOCTJI paCCMaTpMB88M IIOT8HIU18Jl TH

rra By,l\C8-C8ECOH8 c5e3 cmm-opc5MT8JlbHOH CBR3H). 

l13BGCTHO, 'ITO ,ll',.m! ITOTGHJ:l}!aJia rapMOHH'IGCKOrO OClU!JlJ[flTOpa 

(I'Q) BOJIHOB<iH <})yHKUKH ,l\Byx HGB3DHMO,!I,GHCTBYJOIIlJIX 'l8CTHU C CJM-

1illpllliM MOMeHTOM H rrpoe,IJ:.{Heit L. /'/ MOJKeT OllTb rrpe,l\CTaBJieHa B 

Bl1,I\C /l,J/ 

(I) [fnA (p;j y-,_ ~ (i; ) j •-= L~~, r) N::J L 1 '~/t ~ fl L / L f.,~ I~J f~~ 17;] 
,_Jvf •? ~ L/1 

N /.• . ~ A · . _ ·• ( n,l' w1L _ 
--.- .'~./_JL' \.-, ... I/~- If _2 . "' = > L. L>i,. f.i t-i '-J '1"1 i::J'/: uv ((frJ 

,;;; IJii · · ' '· cl '"'~Jl (2) 

3,l\GC:O HCITOJ!b30B3HLT UepeMGHHllG: · t = i,.t - -'~2 i.' = ~ ('~ -r ~-j 

(3) ·"1' - ;; r- ~- 0:.: ,z -~ 

KBaHTOBlle 'IHCJiu ,, i xapm TepH3YJOT MH.I\HBlf.IIYBJ!bHUe coc-

TOHHM <wC,Hr( B OCl\MJL)IJITOpHOM IIOT8HIU1£lJl8 1 a 17) H 1',1(1 

OIHICLIB:..:JOT COCTOHHH8 OTHOCHT8JlbHOrO ,l\BHJK8Hlffi H ,1\BHJKGIU!.f! llT 

B llOT8HIU13Jl8X TOl'O JKe THII8. <l:>ya.KUKH 

il {., / ,, \ :..... ·- ' ) . ~ t/ ' > (/ ") 
(4) Cf'J'' .. ts ,~·, . ...: l_<,n~tN/.JLJ11,r~n!'1L TA·.il-\ 

/1 N 

Hrp8cT po.lTh 3<})<})e1iTMBHoi1 paJUWJlbHOit <})ym;rum .I\BlllKGHIDI UT c 

opdnraJibHUM MOMeHTOM A • Oya1r.um 'f~·.a ( ~) rrpe,ncTaBJieHll 

B Heil c BecuMH, onpe.ueJIJieMuMl'l oc5oc5meHHblMH Eo3<})<})m:(HeHTaMl'l 

TaJlbMH-MoWHHCi.oro ,, " \ N!.l L i ''/.., '1 f~ L ) . ,lJ,.rul: 

IIOT8HlU1:8JID By,nca-Ca:::coHa (BC) <})yHl\IUfiO .I\BYX '!8CTHU OcJbl'IHO 

IIpC,I\C'1'3BJ!JilOT B CJI8,II,YJOIJ18M Bl1,I\e/
2/: 

'rrf.n,( . - -.-/:'fi~Z,_ , i)] , , - , . - \ T-, . -~ " J - . v' . ;, 
(5) ~ i.f',11,r1

rl 1 ; f;,~l,rl'-)j = L c~~::,-::_~ L ~(4 1 1,1lfi). , 
' i..../'1 > !l '1.. /, LM 

r,II,e B OTJIH'IJIG OT ~pL~Jlll (2) <})aKTOpH30B8H8 38BHCHMOCTb TOJ!b-
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KO OT HaiipaBJieli:Jd Bel:TOpoB ~..... :H R. . llpelfMYIIteCTBa 

!lJopMH ( 2) , ITOJlHOCTl>ll cpaRTOp:H30B8HHO:I B nepeMeHlWX ·::., H 

R. , ITO CpaBHeHHil C pa3JIOJEeHHeM (5) O'!eB~. lloaTOJ.!Y H 

~ c~aH noTe~a~ BC norrHTaeMCH npe~cTaB:HTb ~yx'!aCT:Hq

HYJl <})ytiKUHil B BB,I{e (2). PaCCMOTp.HM COOTBeTCTBymnrii KOa@J:H

UHeHT paanozeBHH: 

(6) f'Yl\~~~LM(/.."5) = fL'~tJ(Jfr,J/~~)~M c;~,~(~/ ~~ffrtf. 

3~ecb cfJnze;, a:;_) J <f?1J. ( ~) cyn C00CTB8HHlle <})yru;IJ,}Ulf B 

noTe~aJie BC. 

Jl.rui ~8JlbHefulero HeoOXO,IUim HMeTl> B BH,IIY O~HO CymeC'l'BeH

HOe OTJI:HqHe noTe~aJia rapMOHH'!8CKOrO OCUHJIJIRTOpa OT nOTeH

UHaJIOB KOHG'IHOI rJIYORHH. Jl.rui nOT8HUH8Jl8 rapMOH:HqeCKOrO OC

UHJIJIHTOpa BCe COCTOHHliJI CBJI38HHlle H H800pll <})yHJ Infii 'l~ ;, H 

¢N,1, SlllJIJmTCH ,IUICKpeTHblMH H800paMH. EoJiee Toro, H3-38 YHH

K8J!bHOI CHMMeTpHH OCUHJIJIJITOpHOrO IIOT8HUH8JI8 CYMMHPOB8HHe B 

!lJopyYJie (I) orpaHH'!eHO COOTHOmeHHeM 

·-t) ?n ~JI +- 'n ~f.. - -Zrz+-J -r-..<1\1' ~ /J • 
\ T -" 1 ' L1 .._ :Z ' 2 -

Ha-sa aTOro B !lJopJ.\YJie (4) cywmpc>BaHife HC'leaaer. 

Jl.rui noTeHUHaJie BC ycJIOBRe (7) 1 BOo6me roBopH,He RMeeT Mec

Ta, H B CJMMe no n. A B paaJiozeHIDI (2) MDryT YtiBCTBOBBTb H 

COCTOHHliJI Henpepl:lBHOrO cneHTp8 ( TOr~a CyMMHI>OB8HRe 38MGM8T

CH HHTerpH})oBaHHeM no aHeprHM). Bonpoc o BKJ!a,D.e Henpepl:lBHoro 

cneKTpa Oy,l\eT pacCMOTpeH B ,1\pyrOM MeCTe. anecb ze MH orpaHH

'IBMCH !lJopJ.\YJIHpOBlW:l! MaTeMaT:HqeCKOro peD,enTa BIRHCJI8HHf! HHTe-
T n,l'., "l ~ L/'1 ~) ,;; _ 

rpaJIOB L n A;«- < ;.:_ , npHro~oro ,D.JIH Jlll6llX <})ymiinfii 7~11.). 
qTOOH B~~ B HHTerpaJie (6) 38BHCHMOCTb OT yrJIOBllX 

nepeMeHHllX n R , IIpOHSBe,II,eM B llO~HHTerpaBLHOI <})ym:UHR 

nOBOpOT CHCTeMH KOOp,l\HH8T TBK, 'ITOOH uanpaBJieHMe OCM Ol COB-
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I18JIO C B8KTOpOM ;( • IlpYI 3TOM K8lK,l\8R Il3 CifepM1!8CKIDC 

<Pymaurn, BXO)l.JllliiDC B no.nh!HTerpaJibHOe Bb!PaJKeirne, npeo6p8sy

eTCR CTHH,l\apTHUM o6pasoNi
4/. HanpHMep, 

(-1 /- i - ' ,~-
" -- \ ' . -1 p \ v z -

(8) ·, ~~ ) = L ~ . · '· -.: J It - ' _...!. ) 
~-~ n.1 '! , n.1' 1\--r '' tr't ":.-t 

. ' ~~ ~- {1 

r,l\e 'l'H.lfi,,ll.a yJ.83lffi88T H8 npm!a.lVHl~'l'l>- K HOBOH CKCT€1'1.8 KO-

Op,l\HH8;, a CHMBOJI _1:: B aprJM8HT8 -~ -i!JyHimJill 03H8"!Cl8T, 

R -~ ~ 
'!TO OI1p8,l\8JUI10IIIH8 IICKOMhiJl IIOBOpOT yrJII:l OOJ!epa '7'_:, If c:- COB-

") . ' 

IIJ,l\CliOT co c<iJepM1!8CRHMH npoeriUUJMH Be:KTopa I. 0:_ II C""l • I A ~< 

( Tp8THR yroJI OOJ!epa f ,l\JIR H8CTO.Hill8I'O paCCMOTpeHM He 

B8lK8H). 

PRe. I IIORCHR8T CX8Mj' CJIOJK8HM B8liTOpOB B IIOB8PHYTOH 

CYICTeMe J·00p,l\YIH8T. Ji1CIIOJib3YR 0"!8BYI,l\Hbl8 COOTHOlli8HM M8JK,l\y 

83HMYT8J!bHUMH yrJiaMH: 

(9) I ./, 
! -~ I; 

' " 
;:, -r /{; 

·, 

rrpoBe,ll.eM HHTerpaUIDO no rrepeMeHHO~ f<; B npaBOi! '!8CT:Il: 

COOTHOW8H.i!R (6). B pesyJI:bT8T8 ITOJIY'!HM: C f~l:~ L \ ,-'-' 
.-'',r~.-·,f2 i..l'/ _:;- .-2- l_ 

. A,)-·--
(IO) 1 ,., \u ' - t,.::/1 r1 

.'?11 ""'.z.. 

m, "'z1'1 c~,rllz ~ .. r -r) 
~ t. J \ .z. - - "'1(. - - -I .A " f' "• "~ 

~ -i1
..,: ,,{c.c,>),S:_;!r,2 ,'J,(-l~ >2)<x. "' f~1 /_, (lf:'r ~ 0 cf.,~t;_ (1/2- ~f)' 

,. J._\ ~~) er'r(1 (u-/:;-t, J P.:'"(c_('..,::'i_) £\'\c.o--59-"-)Jlc.b- .. L ~St. 
T .,_, ., 1 -r2 -1- /\ 

:Jtf 
3,1\ec:b 1: i - HOpMHpO~amrne rrp:e:coe,IUllieHHble nomrnoMI:l Jle:.:a.H.n-

pa, CHMBOJI KpoHe:Kepa ~~ 
1

. ,l( eCT:b pe3yJibT8T IIHTerpa:mm IIO 
''1T \.l > 

'-[_ , a iiX>PMYJibl .D.ll.fi 
I ~ 1 

c 
(II) -Cc \ L-'1: 

1 

Q 
Cg:l t- ~l-

K +- ; Ct:r t~ l< -+- ~ "d bi 
)~2-.e-~') -- .. = - (,.., C)-) 
y'A. -r t;+ k ft.wtfli ~ "-) "vJ u'1 -v'l-

R- Turs~ _ _ /(- ~ CM_Sr 
y'R.z. ... .!I1'_RJt~~ == h:z(~I1)U'1~) 

1;6 

JI8rLO IIOJIY"!810TCR H:3 piiC. I. 
. . (; 

IlpHMeHRR iiJoPMYJibl C'JIOlK8HM -->(} -i!JYHiiruili n CBO~lcTHI l-:O-

~KUH8HTOB KJiedrua-rop,ll.OHa, rrpeodpasyeM (IO) K CJI8,ll.Y!Ol!I8MY BH,ll.Y: 

·I 1 L .· 1-~.,~,--_,.~::.. ,,111 y _,' ,, __ 
I ( , __ ) < I 1 L._ t"'-- 1'1 f 11 - ·,:: -1 , J 
"""- "(· ,.- I '~, { (I2) j - "'f tt Hz t z L M): \-

'- (1-).=-.L 
"'1/1/{ ;1- ----;· ,.-...., . 1 . . 

n1r1 nztz.n'\{_ - V~'/l.,_.f · .,. , i . ( -~ 
rl_, (I!)= I:>. -_------- 1/, ·- u_'. ",'.t 'z .~.,, ; 
y·A . ~. 2Lt--1 ~f1. . '; 

L
--- ,,l c~ ::~. 11 L (-i r1 t; L ,:-:> ~--, _ .:_, ~ 1-,- ':

1 
• ~ I 

~ ,--) n'!J'' ,_. ·-.; ( u•-Jvf {', ·"'"-l, 
. Y. c: X - 1 < A <_, ' z 

I',l\8 

( I3) 
N 11, n x: ....:_ ) ;; ; ( .. ·-1 •--

, ·- < f ), ( 1-6-1 ~-L ~ ,- 0 :,. ' ' ' / ; • 

CpaBHHB8.fi iiJoPMYJibl (6) II (12) c (2), 38KJII0"!8eM, '!TO .11 ,1\JIR 

ITOTeHD;RaJia,BC )UlyX'!<JCTM'!HaR iiJyHiil.lRH MOlKeT 6!1T:b rrpe.ncTaBJieHa 

B iiJopMe (2), IlOJIY'l8HHO:It paHee TOJII,JW ,1\JIR TIOT8ImYI8JI8 f0. 0,1\~ 

HaKo pa,ll.HaJI:bHaR ~.r.um ,1\B~eH.I!.fi UT Bb!PaJKaeTcR B EH,ll.e ,ll.Bon

Horo HHTerpaJia (I3) /cpaBHH c qopMYJIO~ (4)/. WopMYJia (I3) 

HBJISI8TCR ,l\OCT8TO'!HO Odl!I8H, OH8 CI1paB8,1\JIKB3 1B '!8CTHOCT.i!
1

H ,1\JIR 

OCUHJIJiffTOpHI:lX iiJyHI<Iuili • 

Ilo3Bp8l!lcl.fiC:b Kp83JIOJK8HHIO (5), C IIOMOIJU>RJ (6) >I (I2) 38-

/

' >1 r -n. f': 
I1Hlli8M WYHKUIDO 1 

., v - ~-__' ) B BH,l\8: 
)/1 ·-i, ' 

J· · -- .,~ .. 7 ;· ,~ .~ ,7 1 L 

f
-}1, 1 ..., , r:z " _) , - r ,. -1 . ·' -' ,., ,-

, ) ) _ ,.; I ' .__; -~ 1 -•" • ' 
11 t ,, , " -· - - 1\ .::_ I ,, \ - /\ 

_), 1 " 
( I4) 

3TO Bblp8lK8H.i!8 TIOJI83HO ITpii paCCMOTpeH.i!.i! rrpodJieMbl ,1\ByX B38~ID

,l\8HCTBJIOl!IHX H~<JIOHOB, TIOM8l!I8HHI1X B R,ll.8pHyro MaTepYIIO. 0HO .naeT 

TO'!HOe peW8HII8 sa~aq:e: BM8CTO ilpH6JI~8HHOI'O pe3yJI:bT8T8, B!1pa

JK8HHOI'O cpopMYJI3MH (30) II (35) padOTbl / 2/. 

3. PaccMOTpHM HeroTopble 

sToro neperrHWeM cpopMYJiy 

-:- Yl ,: _..., .:. '' \ L 
//) 1 -1 ~ ~ 

cBoilcTBa iiJymnnm '1;:1 r 12 · • 1JIR 

(13) B CJI8,ll.YI0.8M BYI,ll.e: 

7 



d; 1 ., ' ' ( /!_ _ ;; ',1 d_ f -N,i'f;,' ("":z.)dJ ti) 
"'""'n f. r>, r, n J L } ~-, - J · , . 

i A -~"- 'Lr1 n,f, -~t. T-n.x 
(15) ~· ~ ' 

.. . i(r-~r-/\,..!.1. L 1 1 .L1L(1 ~fzL p"'p"p~ 
,,.f..,-~_-1) ).-'( zLct•c; occ.-· r:; ~-~. 

""""i.f.,t'.) " ., ' D i1' X u , :\ 1.1--t:---2- ·-(., Ct fz. L l. -{5, -P---
(__t . . i-( -t-r 0 ("1 ~ ,). -r 0 (f..' 
. 1~-=--f. T f. f. if-.IC "' -

»u)n.:.A,CLJ .:.1 1.1 L ~ ~"c' .,J ~, ~!.. p if j) ~ 'l~r.¥;~dcM<i'h 
-r '( 0 )l L t1 '!-K -c r;. ~ J' 

~.,;: 1 1<:: -;:.~(x-~,-f.) 

3~eCb,B OTnH'!He OT IIpe:atHero ~a (13), SIBHO Y'IJTeHa Clr!Miot:lT

pHS! no npoeUlHS!M f'11 , t-<.z H ~ H OCTaBneHh! TOnbKO Heno

BTOPIDOIIIHeCSI cnarae'Mhle. JierKO BH~eTb, 'iTO HeHC'ieSalOIIlHi BJ(n8)l. 

~aJOT TO~KO 'IJieHH, coxpaHJD:liiiHe 'ieTBOCTb, a HMeHHO, y~OBJieT

BOp~e ycnoBHJO: 

(16) 
(-/) ~~ -r t:z " ·f- -1 

- f.-t) 

IIonaraSI B ~PMYJie ( 15) ) == 0 , npHXO.IUIM K Bypa~teHHJO, SRBH

:aaneHTHOMY !lJopM;YnaM (12} H (20) HS pa6oTI:l /2/. B pa60Te /2/ 
HHTerpaURR ITO 83HMYTB~HI:lM yrnaM He npoBO,IU!naCb; aBrOpH,BC

ITO.I:b3Yll <}l&Kr KOllll.laHapaocn BexropoB ~, ~~ -~ 1o1 R, no.llar8.JIJI 

cfr = {_' , 'iTO JJ.JISi ). = 0 3KBHBaneHTHO HHTe-

rpamm. 

IIonesHo OTMeTHTb, 'iTO B HameM no~o~e nepexo~ K sa~'ie 

nyx 'iBCTHll Heo~ahoBol MaCCI:l Wlil, HHHMH cno:aaMJri, 1t 6onee 

o<lnteMY, '!eM (3), npeo6paSOBaHHIO KOOp,IU!HaT _ 

- - - - !!. i2 ~ i" 
i = ¥11 -i1 T- -'lf, -~--?. A1 = er1 -rp,z .... 

- J - -

~ = 1-~ .• 1 R t-~-<~ -t .... I - . 
(I?) 

R = ''21 '1, -r~.z ~ 
He HSMeHfleT nOJIY'ieHHHX BHJIIe pesynbT8TOB 1sa HCKJlll'leHBeM TPH

BHa~HHX MO,IU$1KauiDl B ~pMYnax (II) .n.rui cc1 ~ H Cb1 bt : 
8 

j 

\ 

J 

\ 

(IS J • ') () ,(, ~> .... ~ ''*- - (3, r- +('t?. ., t.&1'ti: 
'-'UJ -~ - ---, I -1-., ,, 

(1 fJ,,:L R -r ,11 • • ~ U"$ t-i· 
~ i..{" = ¥ f ~- --

:.L A4 
KoM':5HHHPY.fi COOTHOIDeiUfJI (4) H (I3), ITO~ .n.rui CJJY'Iafl OC-

IJ;HJIJISiTOpHWt !flyHKnd CJie.IIYJ)Ilzy10 qx,pMYJIY :rvm o6o6memrux Kosqr. 

~JilliWHTOB 't'aJIDJm-lbinnroROI'O _j3/_:-

. j' z. __;-:"'1~ 712 ~ n ~ L , )). 
(19) ( n-~ A!/.1 L / n1~ n-<.!;. L? = j k,">c!R y-~ (A?) '/j,;./ 1.; • 

./ 

3Ta HHTerpa~Ha.fi ~pMa MOEeT OK838TbC.fi 6onee y~o6HO~ ;IJ)IR 

BwmcneHd, '!eM opHr:ma~Hh!e ~JlMYJW pa6oT 13, 5/, oco6eHHo 

.ltJUl o<liiiBX rrpeo<lpaso:aamm 1 oop,IU!HaT ( 17). 

B aeKoTopwc sa,na'!ax~ HarrpHMep, rrpz pemeHJm ypaBHeHHSI 

DaTe-TO~CTOyaB / 6/ Tpe6yeTC.fi B~enBTb OTHOCHTenbHOe ~zxe
HBe ~yx '!aCTJW; np:e: sa~aHHHX cocTomm.ax ~mteHHSI UT, r.e. 

Heo6XO,IJ,HMO paSJIODTb ~yxtrnCTH'iHYJl ifJyHKIJ;Im no liOnHOMY Ha6o

py f JV'/J M;l ( R) , onHCJ:maDIIIeMY ~mteHBe UT B noTeHIUtane BC. 
IIowpa'iHBa.fi CHCTeMY KOOp,IUIHaT B nonoaeHHe oz tl •[ , aHano-

rH'iHO npe.lU:I.liYIIIeMY noJIY'iHM: _ -~ !.I J L 

(20) rct-~.r~)~tp,f{J] =I L c ~~~-~# cf~A (/J) 
11 ':lZ Ltlf NA .A.M>'.I 

Y. D. );' '11r '?z ~ #.d L \.-...- , 
.1 M,J 4il) "'r~ ( 4.-) }), H-ft/ D~ ) ' 

r~e B TO'IJHOM COOTBeTCTBml C ¢lopMYnaMH (13) H {II}: 

J. ,,r, ~~k'-dL _ r:; /2). .,..-{ j ui . 1~f' i; /-1~) J) r~), 
(21) ~ 14) - t 2 .<L-r f. !",t:, % TIA 

_,\ . nJL ,...._, 

I A ::\ L C t'1 .(a p H1 {( i) r~ , ~- . 
J( c X 0 ): rf t(, ')? ~ (U"SlT-r) I v (U':S 1 ) )< 

1 :.t If 1 [< ') -• 
t(H P.]( (!,_ 1')2/'/)d L-

1 :2 >< ~ ( u-1 v.t) A. c- 1\ en "1:? . --;, ~ , 
.- ~ {) t ... f, a;~, L~ 

cr, f)~ = -z--R~ 'i Cd f:h = z I i 
(22> ·f rz,' .. z 

.2 2. .\..:. , z. z. .J. n .0. 
),1 = R + -4 - {;! ~ (.<'j l:fR- \ .. = J{ -r ~ t-V:. Lt'i '-'t • 

tropM,YJW (20}-(22) ~allT TO'!Hoe pemeHHe sa~a'IJH, 
9 



pacCMOTPeBBol TOXLRO upH6~8BBO ~ pa6oTe /G/. 

Cuoco6o•, oUHcaBBBM B&me, nerxo nonyqBT~ 40PMY!Y AXR uapaoro 

MBTPJABOro 9JI8M8H'I'8, cnpa:ae,llJIBByl) AXR npoBS~.U.BOrO KOB8'11KOrO 

~eH'I'pSXDBoro noTe~axa ~~CTJABoro ~saBMO~elcTBKK. Pe8y.u.TaT 

HMeeT ~ : 

j} ,_!l* - -,)flO ,_)X: (i ;1 cf;z c/7 -r (/) 0 tz)J:, [ ( z ) Yf/-zl -7:,_/;j /;,3fJ ~f' .,,t., z~ M . f L -
IJftLI (, ITL 2 g Lftl 3 

( 23) /' ,,t II !II ") c lr0. L C'~!.,L 
= _.:}__ I !! 2jl(J z-'.l?. v(z c(CoJ Bz- L K,.r-K,<K. "j.?-K3 ~' 

:};__--r( u l<fK3 a:._ 

' x;,L;' z,J'f,~i_,!z2 )Y,,//7.)1;!,, 1~ 
1'\1"-kj K,- 2-Ky ) 

),-) I] (CM8_,)f} (C<JsCJZ- x 
c...f :t C2 2.. 

I
} "3 . ~-Aj 

f (ws f}z) A (u;s c?,-) 
3 ~ L~ 2 • 

06o6oteHile UOJIY'ICHBBX pesym.TaTO~ B8 C~SI yqeT8 CURBS 'ISC'l'IIQ, 

&44JeRTO~ 8H'I'HCHMMeTPHS8QIIB ~'18C'l'JI'IDDIX cbBJt,I(JII, 8 T&De fileTS 

CUHB-op6HTam.BOrO B88BMO~eiCTBBH B o60JI0'18'1RO. UOT8~JI8 upo

HSBO~CB Benocpe~CTBeBBO. 3TO CBSS8BO C TeM, 'ITO JUOMRBYTH8 

ycJloZHeBHB ae saTP&rliQ181l'f upo6Jie& ~e.11eJDU1 p8,lllam.soro JODJte

lUU! ~8H'f'P8 TD8C'l'H (H.IIH OTBOCHT8X&BOro ,ltBD8JIIUI) BS ~8C'l'H'I

BOI ~' 'ITO H 6YJIO Dpe,JtMeTOM B811ero paCCMOTP8BU (c•. UO 

&'l'OMJ no~~ iiK>PMYJIH (I) - (3) pa6om 1231>. B snecne upuepa 

yxueu, 'ITO yqeT SBTBC ... eTPHSSQIIJI upiiBe~ei' Bcero Jlllllb 1t urum-
. t+s.-r.-J. 

JieBBD B iiK>PMYJie (!5) ~onoxaBTenaoro 4eBTopa ( f + r- f) ), 

r~e ,<:,' B T- UOJlBBe CURB H BSOCURB Uapli BYKJIOBO~. 

4. llepexo~ K sa~qe 6o:~~ee qeu 11J51X · 'ISC'l'IIIt upo~eiiOBC'fPIIJlYS 

118 upoepe Bli'DICJieBU HSBCVTBOro ~ '1'80piDI o( -paCU8Jl8 n I 
HH'I'erpax a uepelqlB'l'u: 

. . L/'1 f . ' -, . 'X.: - 1/ j 
Ac/t2}34 ~ -~) =: /~~~ ( ( l~)J,~t~ ( i 2 )J. _ 7;,3 c;' 'Z5 /. l?yi~ r z~ !_/]..,-~A-t 

!234 ( . ~~ ., f j« . .· '} ~ - - - ) . - ,- c~-
( ~ 4) ' fcx: 1?, , ~ ,}3 j J, · fz J3 , 
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RO'l'Opd JIBJIBeTM ~BTIIBBOI i.tJyBltnHel JlT o( -ltJI8C'l'epa B JJ,Iij)e • 

(~eel> liB, .onyCK8ell ~Op&, CBS3811BH8 C 8Jl'l'JIC-8TPH88nK81) • 

Hcuo.u.syeu nepe•eBBRe 

(25) 
~ I ->r = j/j[ f'Z:- .::Z.z.) 
~ , I . 

f 2 C:C /17 (7:~ J[L,) 

J- 1(- - - -'- l 
3 = 2 <', + <'2- 'l.3 - .z.,. 

~=~~~~~+~~~]. 
~ ~ ~ 

tyJ!Bnall Jo( (f;, ~,t:) 8C'll> upoCTP&BC'l'B8BB8JI '18CTD ~JIBOBOI 
itJyma:tJm o( -'18C'l'JIItli 

v (? 
1
- 7) _ _l (f) 'i {Q-) _,roofl) )-;;JQt)XoJ~) foo(Q~) = 

Ac( 5_11 z_J ~3 - oo 1. oo ft 

(26) % 3 2 

(4) exp (-~ L 1,-) 
.!( 2 ' 1. ' 2;: f 

t= 0, '134' 'r-2. 

0'1'MeTD, 'ITO cbBIUtlDI OTHOCJI'fen&oro ~emm: Yaa (!,) B • 
OTD'IJI8 0'1' C.llyq8B, p8CCMOTP8BBOrO B pas~e.le 2, DPHB&.nJieD'l' Co

BepmeBBO HBOMY r8IOI.Jil,TOHII8&y, 'leM HCXO,miH8 o60.IO'I8'1HJle ~YBIUtlDI 

Y".e.. (~J. 
' ' 
B WJiKLUUI (26) yrrreBH TonKo S -cocTOJUIJUI OT&ocnenao-

ro ,1Ulllll81UU! BYKJIOBOB, oCSpa8YDJUIIX eX. -~CTHitY • (Boo611(e rOBO:pB, 

8'1'0 TOX&KO nepB08 upB6JIKKe&Be, CM. BKKe). 

llOCKOX&KJ lt00p;p;IIB8'fll OT~eXDBHX BYRJlOHOB BiJPU81l'l'CB 'l8pe8 

uepeueBBBe ? I . J R cooTBOIIeiDUDIJI >t ~ ..:.... -" 3 ) 

"" = R. +L + I = 12. + lr 1 2 r2 - f2 /12 

(27) 
'L2 "= 

R+i; __ L__ R _J: 
2 f2 .== f2 10. 

~= 
- Y f - T R-~ + ...d_ = R3't +--.£ 

2 !2- r2 

-- - I f R;, - 32 --z'f- R - ~ - .2. -
2 Y2""' Y.Z 

II 



8C'l'~BeBBO BIAKCJIJI'l'lo lle8rp8.1 (24) C.I8,1F3DIIDI odpa-. IIJrrerpii-

PJJI CB8'18Jf8 IIO IIepeEBIIIIII ~ • I CIIOCo<Soll, OJIIIC8JIJal 51 z. 

B p8S,.8.18 2, IIO.JYUIII DO,lilll'l&rpa.tloJIOI JIII.P8lleBIIe (24) B BQe IIpO-

I'I,/'t~t,/l,J~ ,.,.,.. (R- ) 
BSBe..&IDIII t.JIUCltill o <I z "2 B 

., '"J ~ ~v·fy jy i'J-rs<l - 00 

.1 ooo (/ ( R3v) , 88BilCIIIIUIX 0'1' ~ft Il'f uap ayuo-

aoa 

R_,z = ii -r- i; 
2 ~"' = R- ~ 2 

Teuep:r. .IerRO IIpOB8C'l'B BB'l'8rp81liiD IIO II~BBOI ~. , IIOCKO.n.-
..,..,,e,."zi~/,_"'''0-) L"-'~"Yfv~Jv..,w(R} 

ICY C'l'p.JK'tjpa tyBlU(III _j_ooo R.-z 14 ooo 3Y 

8.B8.10I'J111118 C'l'p.YK'fjpe BCXO,lllDIX 000.1101181111JD: tyBlU(III. 0KOB'I8'l'UUO 

-- (cpaBD c (lo}DIYJIOI (13) ) : 

(28) A j~2j~LtLNR)= Bj~zj~"L·R) '( (Q-) 
f23Lt { f234 { L/'1 R 

(29) 
Bjt2j3<tL(R) = '!!_!__ ~ (-)I(CJ~z,ivL ' 

1234 J/2 L+f ? 1<. -K 0 

xj¢"'!,~,t;o?i;R JiJ "3 tj/lyt'yoflj(RJy} P fcos6].) P -fcos&R, ).1,/!)J/olldC:,s ~-
J':z (• 12 jJ'{ d'2 f> ,jJY y j 

0 

CO:Bep1118BBO 8.B8.110l'B'IDIO IIO.QUII'fCJI (lopiq.IIH ~ ~~eerpua IIepe:a:pa

'l'lfJt C 1118'1'011 COC'l'OSJDII O'l'BOCII'1'8.11oBOro ,IUDDE8BIUI B;JJUOBOB 

oZ. -'18C'l'JIIUI c .\ ,c o , aeo<Sxo~~o :BBe,JteBIUI KO'l'opa nu

'fY'8'l'CJI JVIRJIHMJI IIO YIIPJ'I'OIIl p&CC88BIIIl dBC'rpBX 8.18K'l'pOBO:B B8 G-
pax "He /BI. 

Pact~M' ~~eerpaJIO:a uepeKJS'l'U ~ K.II8C'l'epoB c Bni'l'IBI '11110.1011 

'IIIC'l'BQ JDie8'1' "r1 oco<Seoocn, wo aa Ollpe.1t8.li8JIJIOII &'l'SIIe B (lo:p~J.Ie 

ftDB ( 29) xOIIICSJm:llpy"mcs t1JmQiul llT cyduac'fepa, CO.Jtepa~~~ero 118'l'BOe 

'IBC.JIO 'IIIC'lBQ, C :BOJDIOBOI ~d IIOC.Ie.v;&el B8118'1'BOI 'IIIC'I'BIUio 
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HB'l'erpiiPOBSBBe Jierxo upoBO,llJITCS: H B aToM CJJY11ae, c y11eToM saue

qaHHa, c~e.llaJIJioro nepe~ ~puyxol (IS). 

TaKHM odpasou, DO xpaiBel uepe B up~e uoaHo ~eZRT:r. 

nBHK8BBe ~8H'l'p8 'l'SK8C'l'H KJI80'1'8pOB C DpOHSBOJibHHM 11HCJIOM ~8CTHno 

:E4nJmCTB8BBHM OrpaBJI'Ie&BeM RBJIJI8TCS: npe.u;IIOJIOZe&Be 0 TOM, 11'1'0 BHYT

Pe&BIIII (lymatJm KJI8CTe:pa lfJsrtopzsye'l'CS: H8 KOIIIIOB8H'l'H, 88BHcmlllle 

TOJibRO 0'1' 0~01 DepeMeBHOI Bsy'l'peBHero nsHKeHBH. 

5. PaccMOTpHM HeKO'l'OPJ:Ie upHMeHemm BSJiozeBHoro BHIJie (flopuauSMB. 

Bee pesy.u.Ta'l'H, o6cY3.naewe BDe, IIOJIY11eHB npz Y118Te 'l'OJibKO 

1 S -cocTOJDIBI OTHOCII'l'em.Roro ,ItBDeHBR HYRJlOHOB, C PSAB8.111oHHMII 

~(26). 

Ha pzc.2 IJpHBe,JteH& BRTerpaJIB uepeKpH'l'JUI ,lVIII J.UJYX H t~eTypex 

118C'l'Hn ( (a, 6) B (B) COOTB8'fC'l'B8HHO), BY11HC~eHBHe C 060JI011811HH

MH ~ D0'1'8ImJ!8Jf8 :00 ( CIIJIOIDHH8 KpBB&e) DO qlopMy1J811 ( !3) 

11 (29) ,1lJlS s.u;pa c A = 2IO. ,ItJJJI cpaBHemm DOK&saHR pesynTa'l'H 

,lVIII D0'1'8ImJ!8.18 I'O (JIYHK'l'HP) • Op6JI'l'8Jlbmd MOMeB'r ,ItBD8Blm IlT 

L = o. KaK BB.IUIO, BO BHYTPeHBel o6.18CTB s.u;pa HHTerpaJIH uepe

KPH'l'lUI ,lVIII DO'l'eHQBS~OB BC B I'O ~00'1'8'1'011&0 Xopomo COBD&n&DT, 11'1'0 

He JIBJJJie'l'CS: H80ml,ll8HIIYII, DOCROJlbley BCXO,n&He 060~0'!811HH8 riJ.yi11CQlUi 

B 9'1'01 o6JI8CTB T&Kae 6.11H8RH, DO'l'ONJ 11'1'0 D8paM8'l'pH IIOT8ImJ!8.110B 

BH6p8BB HS yc~OBBS COBD&nemm cpe~eR~8TB11HHX ~COB ~ep /4/. 
O~xo wm o6Jl8C'l'B R ~ Ro HHTerpaJIH DepeKpH'l'JUI CHJib-

HO pa3.1111QaDTC.B. ARa~OI'B'UIO CJIY1181l ,ItBJX ~80'1'BQ / 2/, o( - KJiaC

'l'epBHI BBTerpaJI IIe:peKpY'l'lUI BM88'1' CJie~ee 8CBMII'l'O'l'H118CKOe IIo

:Be,D;eBBe: 

A ooo . J - ·I I ( R :> Ro ____,._ exp 1 -/18rrq2t:, t-:ls! R • 
123 '( L 
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BBH~ Toro, ~TO lliMpHHa pacna~a REa3HCTBUMOH8pHOrO COCTOHHRff 

OITpe~eAHeTCH JIOBe~eHHeM HHTerpa~a nepeKp~THH B TIOBepXHOCTHO~ 

oo~acTH, nepexo~ oT od~Ho ..rcnom,ayewx odo~o~e~~x <iJyHKI.J.Hi1 

ro 1\ WHRL\RHM TIOTeHI.\MB.lill BC DpHBO~HT K cymeCTBeHHOMY l'J3MeHe

IlliiO Ee~l'JHI:l llll'JPHH, 

PaccMoTpHM T~nepb c noMomnro Hamero MeTo~a ~op~KTopw, 

FOTOpble OTIZ:CblBBIDT aqxpeKTbl R,I\epHOii CTpyKTypbl B np~ peaKUM

HX nepe~u~n J\~acTepoB. B npocTefuileM B3pHaHTe TeopHM, I\Or~a 

He ~HT~BaiDTCH OCTBTO~HI:le B38HMO~eHCTBRH Me~ HJKnOHBMH ne

pe~aHHOl'O I:~BCTepa, qiopMf>aETOp npaliT~eCKH ~eHT~eH COOTBeT

CTBYIDIIIGMY HHTerpa~ nepeKpblTHH, CTIOC06hl pac~eTa EOTOporo pac

CMOTpGHH Bblllle. llpn aToM BHJTpeHHee ~IDKeHHe nepe~mmoro F~ac

Tepa orrpe~eMeTCH cTpyKTypoii Ha~eTaromero R.npa. 

llpo~e~py, od~Ho rrpHMeHHeMyro ~AH no~eHHH ~acTepHHX 

liJoprhJlar:TopoB, paccMoTpHM Ha npHMepe pem UMH ( 
6 L L-, , L ) , Hay-

tJeHHOH ~M pMa ~errmx R,I\ep c A ~ 40 191. CHatJa~a MeTo~oM 
Tnm,rvni-lOOlllHHCKoro B~eAHeM ~IDKeHHe l.lT ;x -lU!aCTepa B Mo~e~ 

fO, I!pHHHNJ8H I1pH6JIIDKeHHe OMHBFOBHX p03MepoB l\JiaCTepa H hOHe~

HOrO R,I\pa. \!JopMf>Bl\TOp HMeeT rrpH 3TOM BH~ OdO~O~elJHOH BO~HO

BOH ~YHr\UMH H 3aTeM c IIOMOmDID v\ e a- ,/,optic npo~e~H ~ WHE-
/ 

UMH l.lT ·~ -~uC~~. ~~eHCH B noTe~a~e BC, MO%HO IT0~0-

6paTb aCHMITTOT~ecxoe noBe~eHHe, onpe~eMeMoe :meprHeii peai\

UMH. Ec~H OTIHCaHHHH Bblllle MeTO~ rrpHe~eM .1VU1 R,I\ep C A ~ 10, 

TO ,nJIH MaccoBHX ~Hce~ A ~ 40 (paaMepH ~a H Y -lU!acTepa 

38MeTHO OT~3IDTCH) qiopMf>ai\TOp B MO~e~ r0 rrpe~CT8BAH8T C06oii 

cynepnoan~ HeCKOJThKHX odo~o~etJHHX WHK~. H, xaaa~och Ol:l , 

np:HMeHeHHe "t t'tt- ,/q,f~ npo~e~H HC HBM8TCH OIIpBB~BHHHM, Ha 

pHC, 3 IIOK838~ peayJ!bTBTH H811l1IX pac~eTOB 'X -'JBCT~Horo qiopM

¢aKTOpa c odo~otJe~HHMH ~YHKUMHMH rroTeHUHa~a BC .lVUI A = 40. 
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CpaBHHBBH 3TH qiopMiJaKTOpH ( CfWOlll~e 1\pUBhle) C COOTBeTCTEJIO

mHMH B8~HHBMU, paC~l'JTBH~ B MO~e~ r0 B rrpn6JIIDKeHHH O~H

Hal;OBHX pa3MepOB KOHe~HOl'O ~a H l ~aCTepa (nyimTl'JP), 38}JIIO

lJ8eM, ~TO qiopMa KHTerpaJia IIepeKpl:lTHH onpe~eMeTCH He CTOJThl\0 

OTHOCl'JTeJThHHMH p83MepaMU, CKOJTh}.O B8~HHOH op6nTaJThHOl'O MO

Jv18HTa COCTOHHUH, B KOTOpHX O.I\83HB8JOTCH nepe~aHHI:le HJKJIOHhl, 

TaiUM 06pa30M, WoPMPaKTOphl, HCnOJTh30B8HHI:le B padoTe / 9/, OKa-

3HB8IDTCH ~OCT8TO'JHO pea~CT~HI:lMli, IlOCKOJ!bliY paCCMBTpHBO~HCb 

TOJThJW EoH¢ni'yparnni ) 6_, /p, -: -:! , I (! odoJio~eK. 

iloJie3HO OTMeTHTn, qTQ pactJeThl no ¢opMyJiuM (13) H (29) C 

o6o~o~e~~MU WHR~ no•reH~a~a BC no Tpy~oeMI:ocTH cpaBmiW 

c pactJeTaMli no MeTo~ TaJ!bMU-MoWHHCKoro ,nJIH oc~~TopHHX 

cpyHI\I.J,Hi1, 

6. B HaCTOHI!leii pa6oTe pellleHa aa,I(a~a Bhl~e~eHHH ~IDKeHHH ~eHTpa 

T~eCTH K~acTepoB B R.npe ~ pea~cT~ecRoro o6o~o~e~Horo rro

TeH~aM npH 3a~aHHOM COCTOJlHHH BHJTpeHHero ~HlteHWI E~BCTepa. 

O~HaYO ocTaeTCH TIPHHIU1nHaJThHBH npo6~eMa nocJie,IiOBaTem,noro no

CTpoeHBH WHK~ OTHOCHTeJ!bHoro ~IDKeHWI HYH~OHOB B R.npe, 1\0-

TopaH He MOEeT 6HTn pemeHa 6e3 YtJeTa OCT3TO'JHHX B3aUMO,Iie~CTBnll 

H npHRUMna ilay~. TeM He MeHee p83BHTbiH MeT{)~ Ql;aablBaeTCH no

Jie3HHM rrpH pac~eTe a6COJIJOTHbiX IHl'JPUH x - pacna~a. aHa~ae 

CTPYKTYPHHX a<IxiJer<TOB B np~ peaJ ~ nepe,IiatJn I;JiacTepoB, a 

TaKJKe B peiHeHUU HeJ OTOpHX ~yrHX npo6~eM, 

B 3aJ\JIID~eHUe BBTOpH C'JHTBXJT CBOHM npWITHHM ~OJirOM H06Jia

rO,IiapHTb ~.A.I'apeeBa 3Ci no~e3Hhle ~HCKJCCRR. 
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